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(57) A power output apparatus (20) of the invention
includes an engine (50), a clutch motor (30), an assist
motor (40). and a controller (80) for controlling the
clutch motor (30) and the assist motor (40). In response
to an engine stop signal to stop operation of the engine
(50), the controller (80) successively lowers a torque
command value of the clutch motor (30) and a target
engine torque and a target engine speed of the engine
(50) to make the engine (50) kept at an idle. The assist
motor (40) is controlled to use power stored in a battery
(94) and make up for a decrease in torque output to a
drive shaft (22) accompanied by the decrease in torque
command value of the clutch motor (30). When the
engine (50) falls in the idling state, supply of fuel into the
engine (50) is stopped to terminate operation of the
engine (50). In this state, the drive shaft (22) is driven
and operated only by the torque of the assist motor (40),
which is generated by the power stored in the battery
(94). This control procedure can stop the engine (50)
without varying the torque output to the drive shaft (22).

Hybrid vehicle power output apparatus and method of controlling the same at engine idle
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

The present invention generally relates to a power output apparatus and a method of controlling the same. More
specifically, the invention pertains to a power output apparatus for efficiently transmitting or outputting a power from an
engine to a drive shaft and a method of controlling such a power output apparatus.

Description of the Related Art

In proposed power output apparatuses mounted on a vehicle, an output shaft of an engine is electromagnetically
connected to a drive shaft linked with a rotor of a motor via an electromagnetic coupling, so that power of the engine is
transmitted to the drive shaft (as disclosed in, for example, JAPANESE PATENT LAYING-OPEN GAZETTE No. 53-
133814). When the revolving speed of the motor, which starts driving the vehicle, reaches a predetermined level, the
proposed power output apparatus supplies an exciting current to the electromagnetic coupling in order to crank the
engine, and subsequently carries out fuel injection into the engine as well as spark ignition, thereby starting the engine
and enabling the engine to supply power. When the vehicle speed is lowered and the revolving speed of the motor
decreases to or below the predetermined level, on the other hand, the power output apparatus stops the supply of excit-
ing current o the electromagnetic coupling as well as fuel injection into the engine and spark ignition, thereby terminat-
ing operation of the engine. -

In the known power output apparatus described above, the torque output to the drive shaft is significantly varied at
the time of starting and stopping the engine. This results in a rough ride. At the time of starting the engine, the torque
output from the motor is used to crank the engine, and the torque output to the drive shaft is decreased by the amount
required for cranking. At the time of stopping the engine, the supply of exciting current is stopped while the power from
the engine is transmitted to the drive shaft via the electromagnetic coupling, and the torque output to the drive shaft is
decreased by the amount of power transmitted from the engine. Such a fall in output torque occurs unexpectedly since
the driver does not determine the time of-starting or stopping the engine. Compared with the expected variation, the
unexpected variation in output torque to the drive shaft gives a greater shock to the driver, thereby resulting in a rough
drive.

SUMMARY OF THE INVENTION

The object of the invention is thus to provide a power output apparatus which can transmit or output a power from
an engine to a drive shaft at a high efficiency.

Another object of the invention is to stop the engine without varying the torque output to the drive shaft, and a
method of controlling such a power output apparatus. i

The above and other related objected are realized at least partly by a first power output apparatus for outputting a
power to a drive shaft. The first power output apparatus comprises: an engine having an output shatt; engine driving
means for driving the engine; a first motor comprising a first rotor connected with the output shaft of the engine and a
second rotor connected with the drive shaft, the second rotor being coaxial to and rotatable relative to the first rotor,
whereby power is transmitted between the output shaft of the engine and the drive shaft via an electromagnetic con-
nection of the first rotor and the second rotor; a first motor-driving circuit for controlling degree of electromagnetic con-
nection of the first rotor and the second rotor in the first motor and regulating rotation of the second rotor relative to the
first rotor; a second motor connected with the drive shaft; a second motor-driving circuit for driving and controlling the
second motor; a storage battery being charged with power regenerated by the first motor via the first motor-driving cir-
cuit, being charged with power regenerated by the second motor via the second motor-driving circuit, discharging power
required to drive the first motor via the first motor-driving circuit, and discharging power required to drive the second
motor via the second motor-driving circuit; power decrease signal detection means for detecting power decrease signal
to decrease power output from the engine; driving circuit control means for, when the power decrease signal detection
means detects the power decrease signal, controlling the first motor-driving circuit in response to the signal to gradually
decrease the degree of electromagnetic cannection of the first rotor with the second rator in the first motor and contral-
ling the second motor-driving circuit to enable the second motor to use power stored in the storage battery and make
up for a decrease in power transmitted by the first motor accompanied by the decrease in degree of electromagnetic
connection; and engine power decreasing means for controlling the engine driving means to decrease the power output
from the engine with the decrease in the degree of electromagnetic connection of the first rotor with the second rotor
accomplished by the driving circuit control means.
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Thefirst power output apparatus of the invention can efficiently transmit or output the power from the engine to the
drive shaft by the functions of the first and the second motors. In response to the power decrease signal, the degree of
electromagnetic coupling of the first rotor with the second rotor in the first motor is gradually decreased. The second
motor is then controlled to make up for the decrease in transmitted power, which is accompanied by the decrease in
degree of electromagnetic coupling, with the power stored in the secondary cell. This structure effectively decreases
the power output from the engine without varying the power output to the drive shaft.

In accordance with one aspect of the first power output apparatus, the power decrease signal detection means
comprises means for detecting an engine stop signal to stop operation of the engine, and the engine power decreasing
means comprises means for controlling the engine driving means to stop supply of fuel into the engine and terminate
operation of the engine when the driving circuit control means releases the electromagnetic connection of the first rotor
with the second rotor in the first motor.

In accordance with one aspect, the present invention is directed to a second power output apparatus for outputting
a power to a drive shaft. The second power output apparatus comprises: an engine having an output shaft; engine driv-
ing means for driving the engine; a complex motor comprising a first rotor connected with the output shaft of the engine,
a second rotor connected with the drive shaft being coaxial to and rotatable relative to the first rotor, and a stator for
rotating the second rotor, the first rotor and the second rotor constituting a first motor, the second rotor and the stator
constituting a second motor; a first motor-driving circuit for driving and controlling the first motor in the complex motor;
a second motor-driving circuit for driving and controlling the second motor in the complex motor; a storage battery being
charged with power regenerated by the first motor via the first motor-driving circuit, being charged with power regener-
ated by the second motor via the second motor-driving circuit, discharging power required to drive the first motor via the
first motor-driving circuit, and discharging power required to drive the second motor via the second motor-driving circuit;
power decrease signal detection means for detecting power decrease signal to decrease power output from the engine;
driving circuit control means for, when the power decrease signal detection means detects the power decrease signal,
controlling the first motor-driving circuit in response to the signal to gradually decrease the degree of electromagnetic
connection of the first rotor with the second rotor in the first motor and controlling the second motor-driving circuit to
enable the second motor to use power stored in the storage battery and make up for a decrease in power transmitted
by the first motor accompanied by the decrease in degree of electromagnetic connection; and engine power decreasing
means for controlling the engine driving means to decrease the power output from the engine with the decrease in the
degree of electromagnetic connection of the first rotor with the second rotor accomplished by the driving circuit control
means.

The second power output apparatus of the invention can efficiently transmit or output the power from the engine to
the drive shaft by the functions of the first motor, which consists of the first rotor and the second rotor of the complex
motor, and the second motor, which consists of the second rotor and the stator. In response to the power decrease sig-
nal, the degree of electromagnetic coupling of the first rotor with the second rotor in the first motor is gradually
decreased: The second motor is then controlled to make up for the decrease in transmitted power, which.is accompa-
nied by the decrease in degree of electromagnetic coupling, with the power stored in the secondary cell. This structure
effectively decreases the power output from the engine without varying the power output to the drive shaft. The struc-
ture including the first motor and the second motor integrally joined with each other realizes a compact power output
apparatus.

In accordance with one aspect of the second power output apparatus, the power decrease signal detection means
comprises means for detecting an engine stop signal to stop operation of the engine, and the engine power decreasing
means comprises means for controlling the engine driving means to stop supply of fuel into the engine and terminate
operation of the engine when the driving circuit control means releases the electromagnetic connection of the first rotor
with the second rotor in the first motor.

In accordance with another aspect, the invention is also directed to a third power output apparatus for outputting a
power to a drive shaft. The third power output apparatus comprises: an engine having an output shaft; engine driving
means for driving the engine; a first motor comprising a first rotor connected with the output shaft of the engine and a
second rotor connected with the drive shaft, the first motor being coaxial to and rotatable relative to the first rotor,
whereby power is transmitted between the output shaft of the engine and the drive shatft via an electromagnetic con-
nection of the first rotor and the second rotor; a first motor-driving circuit for controlling degree of electromagnetic con-
nection of the first rotor and the second rotor in the first motor and regulating rotation of the second rotor relative to the
first rotor: a second motor connectied with the output shatt of the engine; a second motor-driving circuit for driving and
controlling the second motor; a storage battery being charged with power regenerated by the first motor via the first
motor-driving circuit, being charged with power regenerated by the second motor via the second motor-driving circuit,
discharging power required to drive the first motor via the first motor-driving circuit, and discharging power required to
drive the second motor via the second motor-driving circuit; power decrease signal detection means for detecting power
decrease signal to dearease power output from the engine; engine power decreasing means for, when the power
decrease signal detection means detects the power decrease signal, controlling the engine driving means in response
to the signal to gradually decrease the power output from the engine; and driving circuit control means for controliing
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the first motor-driving circuit and the second motor-driving circuit to enable the first motor and the second motor to use
power stored in the storage battery and make up for the decrease in power output from the engine accomplished by the
engine power decreasing means. .

The third power output apparatus of the invention can efficiently transmit or output the power from the engine to the
drive shaft by the functions of the first and the second motors. In response to the power decrease signal, the power out-
put from the engine is gradually decreased. The first motor and the second motor are then controlled to make up for the
decrease in power output from the engine with the power stored in the secondary cell. This structure effectively
decreases the power output from the engine without varying the power output to the drive shaft.

In accordance with one aspect of the third power. output apparatus, the driving circuit control means comprises
meane for.controlling the first motor-driving circuit to enable the first motor to make up for a decrease in revolving speed
of the output shaft of the engine among the decrease in power output from the engine, and controlling the second
motor-driving circuit to enable the second motor to make up for a decrease in torque among the decrease in power out-
put from the engine. In this structure, the power decrease signal detection means comprises meane for detecting an
engine stop signal to stop operation of the engine, and the engine power decreasing means comprises meane for con-
trolling the engine driving means to stop supply of fuel into the engine and terminate operation of the engine when the
power output from the engine becomes equal to zero.

In accordance with still another aspect, the invention also provides a fourth power output apparatus for outputting
a power to a drive shaft. The fourth power output apparatus comprises: an engine having an output shaft; engine driving
means for driving the engine; a complex motor comprising a first rotor connected with the output shaft of the engine, a
second rotor connected with the drive shaft being coaxial to and rotatable relative to the first rotor, and a stator for rotat-
ing the first rotor, the first rotor and the second rotor constituting a first motor, the first rotor and the stator constituting a
second motor;. a first motor-driving circuit for driving and controlling the first motor in the complex motor; a second
motor-driving circuit for driving and controlling the second motor in the complex motor;

a storage battery being charged with power regenerated by the first motor via the first motor-driving circuit, being
charged with power regenerated by the second motor via the second motor-driving circuit, discharging power required
to drive the first motor. via the first motor-driving circuit, and discharging power required to drive the second motor via
the second motor-driving circuit; power decrease signal detection -means for detecting power decrease signal to
decrease-power. output from the engine; engine power decreasing means for, when the power decrease signal detec-
tion means detects-the power decrease signal, controlling the engine driving means in response to the signal to grad-
ually decrease the power output from the engine; and driving circuit control means for controlling the first motor-driving
circuit and.the second motor-driving circuit to enable the first motor and the second motor to use power stored in the
storage battery and make up for the decrease in power output from the engine accomplished by the engine power
decreasing means. ’

The fourth power output apparatus of the invention can efficiently transmit.or output the power from the engine to
the drive shaft by the functions of the first motor, which consists of the first rotor and the second rotor of the complex
motor, and the second motor, which consists of the first rotor and the stator. In response to the power decrease signal,
the power output from the engine is gradually decreased. The first motor and the second motor are then controlled to
make up for the decrease in power output from the engine with the power stored in the secondary cell. This structure
effectively decreases the power output from the engine without varying the power output to the drive shaft. The struc-
ture including the first motor and the second motor integrally joined with each other realizes a compact power output
apparatus.

In accordance with one aspect of the fourth power output apparatus,the driving circuit control means comprises
means for controlling the first motor-driving circuit to enable the first motor to make up for a decrease in revolving speed
of the output shaft of the engine among the decrease in power output from the engine, and ‘controlling the second
motor-driving circuit to.enable the second motor to make up for a decrease in torque among the décrease in power out-
put from the-engine. In this structure.the power decrease signal detection means comprises means for detecting ‘an
engine stop signal to stop operation of the engine, and the engine power decreasing means comprises means for con-
trolling the engine driving means to stop supply of fuel into the engine and terminate operation'of the engine when the
power output from the engine becomes equal to zero.

The above objects are also realized at least partly by a first method of controliing a power output apparatus for out-
putting a power to a drive shaft. The first method comprises the steps of: (a) providing an engine having an output shaft;
engine driving means for driving the engine; -a first motor comprising a first rotor connected with the output shaft of the
engine and a-second rotor connected with the drive shaft, the first motor being coaxial to and rotatable relative to the
first rotor, whereby power is transmitted between the output shaft of the engine and the drive shaft via an electromag-
netic connection of the first rotor and the second rotor; a second motor connected with the drive shaft; and a storage
battery being charged with power regenerated by the first motor, being charged with power regenerated by the second
motor, discharging power required to drive the first motor, and discharging power required to drive the second motor;
(b) detecting power decrease signal to decrease power output from the engine; (c) controlling the first motor in
response to the power decrease signal, to gradually decrease the degree of electromagrietic connection of the first rotor
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with the second rotor in the first motor; (d) controlling the second motor to enable the second motor to use power stored
in the storage battery and make up for a decrease in power transmitted by the first motor accompanied by the decrease
in degree of electromagnetic connection; and (e) controliing the engine driving means to decrease the power output
from the engine with the decrease in degree of electromagnetic connection of the first rotor with the second rotor
accomplished in the step (c).

In accordance with one aspect of the first method, the power decrease signal detected represents an engine stop
signal to stop operation of the engine, and the step (e) further comprises the step of controliing the engine driving
means to stop supply of fuel into the engine and terminate operation of the engine when the electromagnetic connec-
tion of the first rotor with the second rotor in the first motor has been decreased to a release position in response to the
engine stop signal.

In accordance with one aspect, the invention is also directed to a second method of controlling a power output
apparatus for outputting a power to a drive shaft. The second method comprises the steps of: (a) providing an engine
having an output shaft; engine driving means for driving the engine; a first motor comprising a first rotor connected with
the output shaft of the engine and a second rotor connected with the drive shaft, the second rotor being coaxial to and
rotatable relative to the first rotor, whereby power is transmitted between the output shatt of the engine and the drive
shaft via an electromagnetic connection of the first rotor and the second rotor; a second motor connected with the out-
put.shatt of the engine; and a storage battery being charged with power regenerated by the first motor, being charged
with power regenerated by the second motor, discharging power required to drive the first motor, and discharging power
required to drive the second motor; (b) detecting power decrease signal to decrease power output from the engine; (¢)
controlling the engine driving means in response to the power decrease signal, to gradually decrease the power output
from the engine; and (d) controlling the first motor and the second motor to enable the first motor and the second motor
to use power stored in the storage battery and make up for the decrease in power output from the engine accomplished
in the step (c).

In accordance with one aspect of the second method, the step (d) further comprises the steps of: (e) contralling the
first motor to enable the first motor to make up for a decrease in revolving speed of the output shaft of the engine.among
the decrease in power output from the engine; and (f) controlling the second motor to enable the second motor to make
up for a decrease in torque among the decrease in power output from the engine.

These and other objects, features, aspects, and advantages of the present invention will become more apparent
from the following detailed description of the preferred embodiments with the accompanying drawings. '

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view illustrating structure of a power output apparatus 20 as a first embodiment according-to

the present invention,;

Fig. 2 is a cross sectional view illustrating detailed structures of a clutch motor 30 and an assist motor 40 included

in the power output apparatus 20 of Fig. 1;

Fig. 3 is a schematic view illustrating general structure of a vehicle with the power output apparatus 20 of Fig. 1

incorporated therein;

Fig. 4 is a graph showing the operation principle of the power output apparatus 20;

Fig. 5 is a flowchart showing a torque control routine executed by the controller 80;

Fig. 6 is a flowchart showing essential steps of controlling the clutch motor 30 executed by the controller 80; -
+Figs. 7 and 8 are flowcharts showing essential steps of controlling the assist motor 40 executed by the controller 80;
- Fig. 9 is a flowchart showing an engine stop-time torque control routine executed by the controller 80;
= Fig. 10 is a flowchart showing essential steps of controlling the assist motor 40 executed by the controller 80 when

the engine 50 stops operation;

Fig. 11 schematically illustrates a power output apparatus 20A as a modification of the first embodiment; -

Fig. 12 schematically illustrates structure of another power output apparatus 208 as a second embodiment accord-
. ing to the present invention;

Fig. 13 is a flowchart showing a torque control routine executed by the controller 80 in the second embodiment;

- Fig. 14 is a flowchart showing an engine stop-time torque contro! routine executed by the controller 80 in the sec-
ond embodiment;

~+Fig. 15 schematically illustrates a power output apparatus 20C as a modification of the second embodiment; and
Fig. 16 schematically illustrates a power output apparatus 20D as another modification of the second embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS -
Fig. 1 is a schematic view illustrating structure of a power output apparatus 20 as a first embodiment according to

the present invention; Fig. 2 is a cross sectional view illustrating detailed structures of a clutch motor 30 and an assist
motor 40 included in the power output apparatus 20 of Fig. 1; and Fig. 3 is a schematic view illustrating a general struc-
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ture of a vehicle with the power output apparatus 20 of Fig. 1 incorporated therein. The general structure of the vehicle
is described first as a matter of convenience.

Referring to Fig. 3, the vehicle is provided with an engine 50 driven by gasoline as a power source. The air ingested
from an air supply system via a throttle valve 66 is mixed with fuel, that is, gasoline in this embodiment, injected froma
fuel injection valve 51. The airffuel mixture is supplied into a combustion chamber 52 to be explosively ignited and
burned. Linear motion of a piston 54 pressed down by the explosion of the airffue! mixture is converted to rotational
motion of a crankshaft 56. The throttle valve 66 is driven to open and close by an actuator 68. An ignition plug 62 con-
verts a high voltage applied from an igniter 58 via a distributor 60 to a spark, which explosively ignites and combusts
the airffuel mixture.

Operation of the engine 50 is controlled by an electronic control unit (hereinafter referved to as EFIECU) 70. The
EFIECU 70 receives information from various sensors, which detect operating conditions of the engine 50. These sen-
sors include a throttle valve position sensor 67 for detecting the position of the throttle valve 66, a manifold vacuum sen-
sor 72 for measuring a load applied to the engine 50, a water temperature sensor 74 for measuring the temperature of
cooling water in the engine 50, and a speed sensor 76 and an angle sensor 78 mounted on the distributor 60 for meas-
uring the revolving speed and rotational angle of the crankshatft 56. A starter switch 79 for detecting a starting condition
ST of an ignition key (not shown) is also connected to the EFIECU 70. Other sensors and switches connecting with the
EFIECU 70 are omitted from the drawings.

The crankshaft 56 of the engine 50 is linked with a drive shaft 22 via a.clutch motor 30 and an assist motor 40
(described later in detail). The drive shaft 22 further connects witha differential gear 24, which eventually transmits the
torque output from the drive shaft 22 of the power output-apparatus 20 to left and right driving wheels 26 and 28. The
clutch motor 30 and the assist motor 40 are driven and controlled by a controller 80. The controller 80 includes an inter-
nal control-CPU and receives inputs from a gearshift position sensor 84 attached to a gearshift 82 and an accelerator
position sensor 65 attached to an accelerator pedal 64, as described later in detail. The controller 80 sends and
receives a variety of data and information to and from the EFIECU 70 through communication. Details of the control pro-
cedure including a communication protocol will be described later.

Referring to Fig. 1, the power output apparatus 20 essentially includes the engine 50. the clutch motor 30 with an
outer rotor 32 and an inner rotor 34, the assist motor 40 with a rotor 42, and the controller 80 for driving and controlling
the clutch motor 30 and the assist motor 40. The outer rotor 32 of the clutch motor 30 is mechanically connected to the
crankshaft 56 of the engine 50, whereas the inner rotor 34 thereof is mechanically linked with the rotor 42 of the assist
motor 40.

As shown in Fig. 1, the clutch motor 30 is constructed as a synchronous motor having permanent magnets 35
attached to an inner surface of the outer rotor 32 and three-phase coils 36 wound on slots formed in the inner rotor 34.
Power is supplied to the three-phase coils 36 via a rotary transformer 38. A thin laminated sheet of non-directional elec-
tromagnetic steel is used to form teeth and slots for the three-phase coils 36 in the inner rotor 34. A resolver 39 for
measuring a rotational angle 6e of the crankshaft 56 is.attached to the crankshatft 56. The resciver 39 may also serve
as the angle sensor 78 mounted on the distributor 60.

The assist motor 40 is also.constructed as a synchronous motor having three-phase coils 44, which are wound on
a stator 43 fixed to a casing 45 to generate a rotating magnetic field. The stator 43 is also made of a thin laminated
sheet of non-directional electromagnetic steel. A plurality of permanent magnets 46 are attached to an outer surface of
the rotor 42. In the assist motor 40, interaction between a magnetic field formed by the permanent magnets-46-and a
rotating magnetic field formed by the three-phase coils 44 leads to rotation of the rotor 42. The rotor 42 is mechanically
linked with the drive shaft 22 working as the torque output shaft of the power output apparatus 20. A resolver 48 for
measuring a rotational angle 6d of the drive shaft 22 is attached to the drive shaft 22, which is further supported by a
bearing 49 held in the casing 45. : :

The inner rotor 34 of the dutch motor 30 is mechanically linked with the rotor 42 of the assist motor 40 and further
with the drive shaft-22. When the rotation and axial torque of the crankshaft 56 of the engine 50 are transmitted via the
outer rotor 32 to the inner rotor 34 of the dutch motor 30, the rotation and torque by the assist motor 40-are added to
or subtracted from the transmitted rotation and torque.

While the assist motor 40 is constructed as a conventional permanent magnet-type. three-phase' synchronous
motor, the clutch motor 30 includes two rotating elements or rotors, that is, the outer rotor 32 with the permanent mag-
nets 35 and the inner rotor 34 with the three-phase coils 36. The detailed structure of the clutch motor 30 is described
with the cross sectional view of Fig. 2. The outer rotor 32 of the clutch motor 30 is attached to a-circumferential end of
a wheel 57 set around the crankshaft 56, by means of a pressure pin 59a and a screw 58b: A central portion of the
wheel 57 is protruded to form a shaft-like element, to which the inner rotor 34 is rotatably attached by means of bearings
37A and 37B. One end of the drive shaft 22 is fixed to the inner rotor 34.

A plurality of permanent magnets 35, four in this embodiment, are attached to the inner surface of the outer rotor
32 as mentioned previously. The permanent magnets 35 are magnetized in the direction towards the axial center of the
clutch motor 30, and have magnetic poles of alternately inverted directions. The three-phase coils 36 of the inner rotor
34 facing to the permanent magnets 35 across a little gap are wound on a total of 24 slots (not shown) formed in the
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inner rotor 34. Supply of electricity to the respective coils forms magnetic fluxes running through the teeth (not shown),
which separate the slots from one another. Supply of a three-phase alternating current to the respective coils rotates
this magnetic field. The three-phase coils 36 are connected to receive electric power supplied from the rotary trans-
former 38. The rotary transformer 38 includes primary windings 38a fixed to the casing 45 and secondary windings 38b
attached to the drive shaft 22 coupled with the inner rotor 34. Electromagnetic induction allows electric power to be
transmitted from the primary windings 38a to the secondary windings 38b or vice versa. The rotary transformer 38 has
windings for three phases, that is, U, V, and W phases, to enable the transmission of three-phase electric currents.

Interaction between a magnetic field formed by one adjacent pair of permanent magnets 35 and a rotating mag-
netic field formed by the three-phase coils 36 of the inner rotor 34 leads to a variety of behaviors of the outer rotor 32
and the inner rotor 34. The frequency of the three-phase alternating current supplied to the three-phase coils 36 is gen-
‘erally equal to a difference between the revolving speed (revolutions per second) of the outer rotor 32 directly con-
nected to'the crankshaft 56 and the revolving speed of the inner rotor 34. This results in a slip between the rotations of
the outer rotor 32 and the inner rotor 34. Details of the control procedures of the dutch motor 30 and the assist motor
40 will be described later based on the flowcharts.

As mentioned above, the clutch motor 30 and the assist motor 40 are driven and controlied by the controller 80.
Referring back to Fig. 1, the controller 80 includes a firstdriving circuit 91 for driving the clutch motor 30, a second driv-
ing circuit 92 for driving the assist motor 40, a contro! CPU 90 for controlling both the first and second driving circuits 91
and 92, and a battery 94 including a number of secondary cells. The control CPU 90 is a one-chip microprocessor
including-a RAM 90a used as a working memory, a ROM 90b in which various control programs are stored, an input/out-
put port (not shown), and a serial communication port (not shown) through which data are sent to and received from
the EFIECU 70. The control CPU 80 receives a variety of data through the input/output port. The input data include a
rotational angle 8e of the crankshaft 56 of the engine 50 from the resolver 39, a rotational angle 6d of the drive shaft 22
from the resolver 48, an accelerator pedal position AP (pressing amount of the accelerator pedal 64) from the acceler-
ator position sensor 65, a gearshift position SP from the gearshift position sensor 84, clutch motor currents luc and Ivc
from two ammeters 95 and 96 in the first driving circuit 91, assist motor currents fua and Iva from two ammeters 97 and
98 in the second driving circuit 92, and a residual capacity BRM of the battery 94 from a residual capacity meter 99.
The residual capacity meter 99 may determine the residual capacity BRM.of the battery 94 by any known method; for
example, by measuring the specific gravity of an electrolytic solution in the battery 94 or the whole weight of the battery
94, by computing the currents and time of charge and discharge, or by causing an instantaneous short-circuit between
terminals of the battery 94 and measuring an internal resistance against the electric current

The control CPU 90 outputs a first control signal SW1 for driving six transistors Tr1 through Tr6 working as switching
elements of the first driving circuit 91 and a second control signal SW2 for driving six transistors Tr11 through Tr16 work-
ing as switching elements of the second driving-circuit 92. The six transistors Tr1 through Tr6.in the first driving-circuit
91 constitute a transistor inverter and are arranged in pairs to work as a source and a drain with respect to a pair of
power lines P1 and P2. The three-phase coils (U,V,W) 36 of the clutch motor 30 are connected via the rotary trans-
former 38 to the respective contacts of the paired transistors. The power lines P1 and P2 are respectively connected to
plus and minus terminals of the battery 94. The first control signal SW1 output from the control CPU 90 successively
controls the power-on time of the paired transistors Tr1 through Tr6. The electric current flowing through each coil 36
undergoes PWM (pulse width modulation) to give a quasi-sine wave, which enables the three-phase coils 36 to forma
rotating magnetic field.

The six-transistors Tr11 through Tr16 in the second driving circuit 92 also constitute a transistor inverter and are
arranged in the same manner as the transistors Tr1 through Tr6 in the first driving circuit 91. The three-phase coils
(U,V.W) 44.0f the assist motor 40 are connected to-the respective contacts of the paired transistors. The second control
signal SW2 output from the control CPU 90 successively controls the power-on time of the paired transistors Tri1
through Tr16. The electric current flowing through each coil 44 undergoes PWM to give a quasi-sine wave, which ena-
bles the three-phase coils 44 to form a rotating magnetic field. .

The power output apparatus 20 thus constructed works in accordance: with the operation principles described
below, especially with the principle of torque conversion. By way of example, it is assumed that the engine 50 driven by
the EFIECU 70 rotates at a revolving speed Ne equal to a predetermined value N1. While the transistors Tr1 through
Tr6 in the first driving circuit 91 are in OFF position, the controller 80 does not supply any cumrent to the three-phase
coils 36 of the dlutch motor 30 via the rotary transtormer 38. No supply of electric current causes the outer rotor: 32 of
the clutch-motor 30 to be electromagnetically disconnected from the inner.rotor 34. This results in racing the crankshaft
56 of the engine 50. Under the condition that all the transistors Tr1 through Tr6 are in OFF position, there is no regen-
eration of energy from the three-phase coils 36, and the engine 50 is kept at an idle. . :

As the control CPU 90 of the controller 80 outputs the first contro! signal SW1 to control on and off the transistors
Tr1 through Tr6 in the first driving circuit 91, a constant electric cument is flown through the three-phase coils 36 of the
clutch motor 30, based on the difference between the revoiving speed Ne of the crankshaft 56 of the engine 50 and a
revolving speed Nd of the drive shaft 22 (that is, difference Nc (=Ne-Nd ) between the revolving speed of the outer rotor
32 and that of the inner rotor 34 in the clutch motor 30). A certain slip accordingly exists between the outer rotor 32 and

Page 836 of 1239 FORD EXHIBIT 1002



s

10

15

20

25

30

35

40

45

50

55

the inner rotor 34 connected with each other in the clutch motor 30. At this moment, the inner rotor 34 rotates at the
revolving speed Nd, which is lower than the revolving speed Ne of the crankshaft 56 of the engine 50. In this state, the
clutch motor 30 functions as a generator and carries out the regenerative operation to regenerate an electric current via
the first driving circuit 91. In order to allow the assist motor 40 to consume energy identical with the electrical energy
regenerated by the clutch motor 30, the control CPU S0 controls on and oft the transistors Tr11 through Tr16 in the sec-
ond driving circuit 92. The on-off control of the transistors Tr11 through Tr16 enables an electric current to flow through
the three-phase coils 44 of the assist motor 40, and the assist motor 40 consequently carries out the power operation
to produce a torque.

Referring to Fig. 4, while the crankshaft 56 of the engine SO is driven at a revolving speed N1 and a torque T1,
energy in a region G1 is regenerated as electric power by the clutch motor 30. The regenerated power is supplied to
the assist motor 40 and converted to energy in a region G2, which enables the drive shaft 22 to rotate ata revolving
speed N2 and a torque T2. The torque conversion is carried out in the manner discussed above, and the energy corre-
sponding to the slip in the clutch motor 30 or the revolving speed difference Nc (=Ne-Nd) is consequently given as a
torque to the drive shaft 22.

In another example, it is assumed that the engine 50 is driven at a revolving speed Ne=N2 and a torque Te =Tz,
whereas the drive shaft 22 is rotated at the revolving speed N1, which is greater than the revolving speed N2. In this
state, the inner rotor 34 of the clutch motor 30 rotates relative to the outer rotor 32 in the direction of rotation of the drive
shaft 22 at a revolving speed defined by the absclute value of the revolving speed difference Nc (=Ne-Nd). While func-
tioning as a normal motor, the clutch motor 30 consumes electric power to apply the energy of rotational motion to the
drive shaft 22. When the control CPU 80 of the controller 80 controls the second driving circuit 92 to enable the assist
motor 40 to regenerate electrical energy, a slip between the rotor 42 and the stator 43 of the assist motor 40 makes the
regenerative current flow through the three-phase coils 44. In order to allow the clutch motor 30 to consume the energy
regenerated by the assist motor 40, the control CPU 90 controls both the first driving circuit- 91 and the second driving
circuit 92. This enables the clutch motor 30 to be driven without using any electric power stored in the battery 94.

Referring back to Fig. 4, when the crankshaft 56 of the engine 50 is driven at the revolving speed N2 and the torque
T2. energy in the sum of regions G2 and G3 is regenerated as electric power by the assist motor 40 and supplied to the
clutch motor 30. Supply of the regenerated power enables the drive shaft 22 to rotate at the revolving speed N1 and the
torque T1. )

Other than the torque conversion and revolving speed.conversion discussed above, the power output apparatus 20
of the embodiment can charge the battery 84 with an excess of electrical energy or discharge the battery 94 to supple-
ment the electrical energy. This is implemented by controliing the mechanical energy output from the engine 50 (thatis,
the product of the torque Te and the revolving speed .Ne), the electrical energy regenerated or consumed by.the clutch
motor 30, and the electrical energy regenerated or.consumed by the assist motor 40. The output energy from the
engine 50 can thus be transmitted as power-to the drive shaft 22 ata higher efficiency. : .

The torque conversion discussed above is implemented by a torque contrc! process illustrated in the flowchart of
Fig. 5. The torque control routine of Fig. 5 is executed to control the torque while the battery 94 is not charged or dis-
charged.

When the program enters the torque control routine, the control CPU 90 of the controller 80 first receives data of
revolving speed Nd of the drive shaft 22 at step $100. The revolving speed Nd of the drive shaft 22 can be computed
from the rotational angle 6d of the drive shaft 22 read from the resolver 48. The control CPU 90 then reads the accel-
erator pedal position AP from the accelerator position sensor 65 at step S101. The driver steps in the accelerator pedal
64 when feeling insufficiency of output torque. The value of the accelerator pedal position AP accordingly corresponds
1o the desired output torque (that is, torque of the drive shaft22) which the driver requires. At subsequent step S102,
the control CPU 90 computes a target output torque (torque of drive shaft 22) Td* corresponding to the input accelerator
pedal position AP. The target output torque Td" is also referred to as the output torque command value. Output torque.
command values Td* have previously been set for the respective accelerator pedal positions AP.-In response to an input
of the accelerator pedal position AP, the output torque command value Td* corresponding to the input accelerator pedal
position AP is extracted from the preset output torque command values Td*.

At step S103, an energy Pd to be output to the drive shaft 22 is calculated according to the expression Pd=Td"xNd ,
that is, multiplying the extracted output torque command value Td* (ot the drive shaft 22) by the input revolving speed
Nd of the drive shaft 22. The program then proceeds to step S104 at which the control CPU 90 sets a target engine
torque Te* and a target engine speed Ne* of the engine 50 based on the output energy Pd thus obtained. Here it is
assumed that all the energy Pd to be output to the drive shaft 22 is supplied from the engine 50. Since the energy sup-
plied by the engine 50 is equal to the product of the torque Te and the revolving speed Ne of the engine 50, the rela-
tionship between the output energy Pd and the target engine torque Te* and the tfarget engine speed Ne* can be
expressed as Pd=Te*xNe*. There are, however, numerous combinations of the target engine torque Te* and the target
engine speed Ne* satistying the above relationship. In this embodiment, an optimal combination of the target engine
torque Te* and the target engine speed Ne* is selected in order to realize operation of the engine 50 at the possible
highest efficiency. :
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At subsequent step S106, the control CPU 90 sets a torque command value T¢* of the clutch motor 30, based on
the target engine torque Te* set at step S104. In order to keep the revolving speed Ne of the engine 50 at a substantially
constant level, it is required to make the torque of the clutch motor 30 balance the torque of the engine 50. The process-
ing at step 5106 accordingly sets the torque command value Tc* of the clutch motor 30 equal to the target engine
torque Te* of the engine 50.

After setting the torque command value Tc* of the clutch motor 30 at step S1086, the program proceeds fo steps
5108, $110, and S111 to contro! the clutch motor 30, the assist motor 40, and the engine 50, respectively. As a matter
of convenience, the control operations of the clutch motor 30, the assist motor 40, and the engine 50 are shown as sep-
arate steps. In the actual procedure, however, these contro! operations are carried out comprehensively. For example,
the control CPU 90 simultaneously controls the clutch motor 30 and the assist motor 40 by interrupt process, while
transmitting an instruction to the EFIECU 70 through communication to control the engine S0 concurrently.

The control of the clutch motor 30 (step S108 of Fig. 5) is implemented according to a clutch motor control routine
illustrated in the flowchart of Fig. 6. When the program enters the clutch motor contro! routine, the control CPU 90 of
the controller 80 first reads a rotational angle 6d of the drive shaft 22 fromthe resolver 48 atstep S112anda rotational
angle 6e of the crankshatft 56 of the engine 50 from the resolver 39 at step S114. The contrcl CPU 90 then computes a
relative angle 6c of the drive shaft 22 and the crankshaft 56 by the equation of 8c=0e-8d at step S116.

The program proceeds to.step S$118, at which the control CPU S0 receives inputs of clutch motor currents luc and
tvc, which respectively flow through the U phase and V phase of the three-phase coils 36 in the clutch motor 30, from
the ammeters 95 and 96. Although the currents naturally flow through-all the three phases U, V, and W, measurement
is required only for the currents passing through the two phases since the sum of the currents is equal to zero. At sub-
sequent step $120, the control CPU 90 executes transformation of coordinates (three-phase to two-phase transforma-
tion) using the values of currents flowing through the three phases obtained at step S118. The transformation of
coordinates maps the values of currents flowing through the three phases to the values of currents passing through d
and q axes of the permanent magnet-type synchronous motor and is executed according to Equation (1) given below:

ldey _ r-sin (6c - 120) 'sin6¢qriu
[Iq:l -Jé—cos (6c - 120) cos .0 [Iv:J M

The transformation of coordinates is carried out because the currents flowing through the d and q axes are essen-
tial for the torque control in the permanent magnet-type.synchronous ‘motor. Alternatively, the torque control may be
executed directly with the currents flowing through the three phases. After the transformation to the currents-of two
axes, the control CPU 90 computes deviations of currents {dc and lqc actually.flowing through the d and q axes from
current command values Idc* and Iqc* of the respective axes, whichare calculated from the torque command value Tc*
of the clutch motor 30, and determines voltage command values Vdc and Vqc for the d and q axes at step S122. in
accordance with a concrete procedure, the control CPU 90 executes operations following Equations (2) and Equations
(3) given below:

Aldc = Idc* - Idc 2
Alge =lqc” - lgc

Vdc = Kp1 « Aldc + ZKit - Aldc (3)
Vqc = Kp2 - Algc + £Ki2 - Alge

wherein Kp1, Kp2, Ki1, and Ki2 represent coefficients, which are adjusted to be suited to the characteristics of the motor
applied. . . .

The voltage command value Vdc (Vqc) includes a partin proportion to the deviation Al from the current command
value I* (first term in right side.of Equation (3)) and a summation of historical data of the deviations Al for i’ times (sec-
ond term in right side). The:control CPU 80 then re-transforms the coordinates of the voltage command values thus
obtained (two-phase to three-phase transformation) at step $124. This corresponds to an inverse of the transformation
executed at step S120. The inverse fransformation determines voltages Vuc, Vve, and Vwe actually applied to the three-
phase coils 36 as given below:

[\\xﬂ = ‘E [cos?::: 9‘: 20) -sin-?::; ?‘; 20)] [z:;:' @

FORD EXHIBIT 1002



e

10

20

25

30

35

40

45

50

Vwe = -Vuc - We

The actual voltage control is executed through on-off operation of the transistors Tr1 through Tr6 in the first driving
circuit 91. At step S126, the on- and off-time of the transistors Tr1 through Tr6 in the first driving dircuit 91 is PWM (pulse
width medulation) controlled in order to attain the voltage command values determined by Equation (4) above.

The torque command value Tc* is positive when a positive torque is applied to the drive shaft 22 in the direction of
rotation of the crankshaft 56. By way of example, it is assumed that a positive value is set to the torque command value
Tc*. When the revolving speed Ne of the engine 50.is greater than the revolving speed Nd of the drive shaft 22 on this
assumption, that is, when the revolving speed difference Nc (=Ne-Nd ) is positive, the clutch-motor 30 is controlled to
carry out the regenerative operation and produce a regenerative current corresponding to the revolving speed differ-
ence Nc. When the revolving speed Ne of the.engine S0 is less than the revolving speed Nd of the drive shaft 22, that
is, when the revolving speed difference Nc.(=Ne-Nd ) is negative, on the contrary, the clutch motor 30 is controlled to
carry out the power operation and rotate relative to the crankshaft 56 in the direction of rotation of the drive shatft 22 at
a revolving speed defined by the absolute value of the revolving speed difference Nc. For the positive torque command
value Tc*, both the regenerative operation and the power operation of the clutch motor 30 implement the identical
switching control. In accordance with a concrete procedure, the transistors Tr1 through Tr6 of the first driving circuit 91
are controlled to enable a positive torque to be .applied to the drive shaft 22 by the combination of the magnetic field
generated by the permanent magnets 35 set on the outer rotor:32 with the rotating magnetic field generated by the cur-
rents flowing through the three-phase coils 36 on the inner rotor 34 in the clutch motor 30. The identical switching con-
trol is executed for both the regenerative operation and the power operation of the clutch motor 30 as long as the sign
of the torque command value Tc¢* is not changed. The clutch motor control routine of Fig. 6 is thus applicable to both
the regenerative operation and the power operation. Under the condition of braking the drive shaft 22 or moving the
vehicle in reverse, the torque command value Tc* has the negative sign. The clutch motor control routine of Fig. 6 is
also applicable to the control procedure under such conditions, when the relative angle 6c is varied in the reverse direc-
tion at step S126.

Figs. 7 and 8 are flowcharts showing details of the control process of the assist motor 40 executed at step S110 in
the flowchart of Fig. 5. Referring to the flowchart of Fig. 7, when the program enters the assist motor control routine, the
control CPU 90 first receives data of revolving speed Nd of the drive shaft 22 at step S131. The revolving speed Nd of
the drive shaft 22 is computed from the rotational angle éd of the drive shaft 22 read from the resolver 48. The control

"CPU 90 then receives data of revolving speed Ne of the engine 50 at step-S132: The revoiving speed Ne of the engine.

50 may be computed fromthe rotational angle 6e of the crankshaft 56 read from the resolver 39 or directly measured
by the speed sensor 76 mounted on the distributor-60. In the latter.case, the control CPU 90 receives data of revolving.
speed Ne of the engine 50 through communication with the EFIECU 70, which connects with the speed sensor76.-

A revolving speed difference Nc between the.input revolving speed Nd of the drive shaft 22 and the input revolving
speed Ne of the engine 50 is calculated according to the equation- Nc=Ne-Nd at step $133. At subsequent step S134,
electric power (energy) Pc regenerated-or consumed by the clutch motor 30 is calculated according.to Equation (5) .
given as:

Pc = Ksc x Nc x Tc (5

wherein Ksc represents the efficiency of regenerative operation or power operation in the clutch motor 30. The product
NcxTc defines the energy corresponding to the region G1 in the graph of Fig. 4, wherein Nc and Tc respectively denote
the revolving speed difference and the actual torque produced by the clutch motor 30.

At step S135, a torque command value Ta* of the assist motor 40 is determined by Equation (6) given as:

Ta* = ksa x Po/Nd (6)

wherein ksa represents the efficiency of regenerative operation or power operation in the assist motor 40. The torque
command value Ta* of the assist motor 40.thus cbtained is compared with a maximum torque Tamax, which the assist
motor 40 can potentially apply, -at.step S136.-When the torque command value Ta* exceeds the maximum torque
Tamax, the program proceeds to step S138 at which the torque command value Ta* is restricted to the maximum torque
Tamax. .
After the torque command value Ta* is set equal to the maximum torque Tamax at step S138:or after the torque
command value Ta” is determined not to exceed the maximum torque Tamax at step S$136, the program proceeds to
step S$140 in the flowchart of Fig. 8. The control CPU 90 reads the rotational angle @d of the drive shaft 22 from the
resolver 48 at step S140, and receives data of assist motor currents lua and lva, which respectively flow through the U
phase and V phase of the three-phase coils 44 in the assist motor 40, from the ammeters 97 and 98 at step S142. The
control CPU 90 then executes transformation of coordinates for the currents of the three phases at step S144, com-
putes voltage command values Vda and Vqa at step S146, and executes inverse transformation of coordinates for the
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voltage command values at step S148. At subsequent step $150, the control CPU S0 determines the on-and off-time
of the transistors Tr11 through Tr16 in the second driving circuit 92 for PWM (pulse width modulation) control. The
processing executed at steps S144 through §150 is similar to that executed at steps S120 through S126 of the clutch
motor control routine shown in the flowchart of Fig. 6.

The assist motor 40 is subject to the power operation for the positive torque command value Ta* and the regener-
ative operation for the negative torque command value Ta'. Like the power operation and the regenerative operation of
the clutch motor 30, the assist motor control routine of Figs. 7 and 8 is applicable to both the power operation and the
regenerative operation of the assist motor 40. This is also true when the drive shaft 22 rotates in reverse of the rotation
of the crankshatt 56, that is, when the vehicle moves back. The torque command value Ta* of the assist motor 40 is pos-
itive when a positive torque is applied to the drive shaft 22 in the direction of rotation of the crankshatft 56.

The control of the engine 50 (step S111 in Fig. 5) is executed in the following manner. in order to attain stationary
driving at the target engine torque Te® and the target engine speed Ne* (set at step S104 in Fig. 5), the control CPU S0
regulates the torque Te and the revolving speed Ne of the engine 50 to make them approach the target engine torque
Te* and the target engine speed Ne*, respectively. In accordance with a concrete procedure, the control CPU 90 sends
an instruction to the EFIECU 70 through communication to regulate the amount of fuel injection or the throttle valve
position. Such regulation makes the torque Te and the revolving speed Ne of the engine 50 eventually approach the tar-
get engine torque Te* and the target engine speed Ne”.

This procedure enables the output (TexNe) of the engine 50 to undergo go the free torque conversion and be even-
tually transmitted to the drive shatft 22.

-Charging control of the battery 94 starts when the residual capacity BRM of the battery 94 becomes equal to or
less than a charge-initiating value BL, which has previously been set as a value requiring the charging process. Charg-
ing energy Pbi required for charging the battery 94 is added to the output energy Pd calculated at step $103 in the
torque control routine of Fig. 5. The processing at step S104 and subsequent steps is executed with the newly set out-
put energy Pd. On the other hand, the charging energy Pbi is subtracted from the power P¢ of the clutch motor 30 cal-
culated at step S134 in the assist motor control routine of Fig. 7. The processing at step $135 and subsequent steps is
executed with the newly set clutch motor power Pc. This procedure enables the battery 94 to be charged with the charg-
ing energy Pbi.

On the other hand, discharge control of the battery 94 starts when the residual capacity BRM of the battery 94
becomes equal to or more than a discharge-initiating value BH; which has been set as-a value requiring the discharging
process. A discharging energy Pbo required for discharging the battery 94 is subtracted from the output energy Pd cal-
culated at step S103 in the torque control routine of Fig. 5. The processing at step $104 and subsequent steps is exe-
cuted with the newly set output energy Pd. On the other hand, the discharging energy Pbo is added to the power Pc of
the clutch motor 30 calculated at step S134 in the assist motor control routine of Fig. 7. The processing at step $135
and subsequent steps is executed with the newly set dlutch motor power Pc. This procedure enables the battery 94 to
be discharged with the discharging energy Pbo.

Discharge control of the battery 94 is implemented, for example, by terminating the operation of the engine 50 and
allowing the vehicle to be driven only by the power from the battery 94. Driving the vehicle with the power discharged
from the battery 94 under the non-driving condition of the engine 50 starts when the residual capacity BRM of the bat-
tery 94 becomes equal to or greater than the discharge-initiating value BH, which has been set as a value requiring the
discharging process, or when the driver gives a clear instruction to start the discharging process. An engine stop-time
torque control routine illustrated in the flowchart of Fig. 9 is executed to terminate operation of the-engine 50 and drive
the vehicle with the power stored in the battery 94. in place of the torque control routine of Fig. 5, the engine stop-time
torque control routine of Fig. 9 is executed repeatedly at predetermined time intervals when the controller 80 receives
a bittery discharge signal representing that the residual capacity BRM of the battery 94 becomes equal to or greater
than the discharge-initiating value BH or a clear instruction from the driver as a stop signal to stop operation of the
engine 50. : . '

When the program enters the engine stop-time torque control routine, the control CPU 90 first receives data of
accelerator pedal position AP from the-accelerator position sensor 65 at step S160 and computes an output torque
command value Td* comesponding to the input accelerator pedal position AP at step S162. The torque command value
Tc* of the clutch motor 30 is compared with a subtraction amount ATc at step S164. In order to gradually decrease the
output energy Pd of the engine 50 to the non-loading state, the torque command value Tc* of the clutch motor 30 acting
as the torque Te of the engine 50 is gradually decreased by subtraction amounts ATc. The subtraction amount ATcis
determined depending upon the interval of executing this routine and the performance of the clutch motor 30 and the
engine 50. When this routine is activated for the first time in response to the stop signal to stop operation of the engine
50, the torque command value Tc* of the clutch motor 30 is generally greater than the subtraction amount ATc since
the clutch motor 30 transmits the torque Te of the engine 50 to the drive shaft 22.

When the torque command value Tc* of the clutch motor 30 is greater than the subtraction amount ATc, the pro-
gram proceeds to step S166 at which the control CPU 90 subtracts the subtraction amount ATc from the torque com-
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mand value Tc* set in the previous cycle of this rouﬁneito determine a new torque command vatue Tc¢® of the clutch
motor 30 as expressed by Equation (7) given below: |
. |

New Tc¢* = Previous Tc* - ATc (7
f

|
At subsequent step S168, the control CPU S0 further calculates the torque command value Ta® of the assist motor 40
by subtracting the new torque command value T¢* from the cutput torque command value Td* as expressed by Equa-
tion (8) given below:

Ta*=Td*- Te* (8)

The control CPU 90 computes a new output energy Pd of the engine 50 by subtracting a subtraction amount APd
from the output energy Pd set in the previous cycle of this routine at step S170. The output energy Pd of the engine 50
is decreased by the subtraction amount APd every time vichen this routine is executed. The output energy Pd thus grad-
ually decreases to the non-loading state. In this en1bodin'1ent, in order to allow the target engine torque Te” and the tar-
get engine speed Ne* of the engine 50 to gradually approach the idling state, the subtraction amount APd is set to be
a little greater than the value calculated according to eq}:ation (9) given below:

APd = %ATc x Ne (©)

At step S172, the control CPU 90 sets the target enéine torque Te* and the target engine speed Ne* of the engine
50, based on the torque command value Tc* of the clutch motor-30 and the output energy Pd of the engine 50 respec-
tively set at steps-S166 and S170. The target engine torque Te* is set equal to the torque command value Tc* of the
clutch motor 30-in order to effect stable rotation of the engine 50. The target engine speed Ne* is calculated according
to Equation (10) given below:

Pd = Te* x Ne* (10)

As described previously, the subtraction amount APd is set to.be a littie greater than the product of the subtraction
amount ATc and-the revolving speed Ne of the engine 50 in this;embodiment. This means that the target engine speed
Ne* is set to be a little smaller-than the actual revolving speed Ne of the engine 50. Provided that the subtraction amount
ATc is set equal to the value-calculated by Equation (9), the target engine speed Ne* is equal to the actual revolving
speed Ne of the engine 50. In this case, the revolving speed Ne of the engine 50 is unchanged while the target engine
torque Te* is decreased.

After setting the torque command values Tc* and Ta} and the target engine torque Te* and the target engine speed
Ne*, the control-CPU 90 controls the clutch motor 30 (step S174), the assist motor 40 (step S176), and the engine 50
(step S178) to attain these values. The control of the ch:xtch motor 30 executed at step S174 follows the clutch motor
control routine shown in the flowchart of Fig. 6. The repeated execution of the engine stop-time torque control routine
makes the target engine speed Ne" of the engine 50 qual to or less than the revolving speed Nd of the drive shaft 22.
Under such conditions, the clutch motor 30 is controlled with the-power stored in the battery 94 to attain the revolving
speed (Nd-Ne) at the torque command value Tc*. '

The control of the assist motor 40 executed at step §176 tollows an assist motor control routine shown in the flow-
chart of Fig. 10, instead of the assist motor control routine of Figs. 7 and 8. The processing executed at steps S190
through S197 in the assist motor control routine of Fig. 10 is identical with the processing -executed- at-steps. S136
through S150 in the assist motor control routine of Figs. 7 and 8. Since the torque command value Ta* of the assist
motor 40 has been set in the engine stop-time torque control routine of Fig. 9, the processing for determining the torque
command value Ta*.in the assist motor control routine of Figs. 7 and 8 is not required. Power regenerated by the clutch .
motor 30 is not sufficient for PWM (pulse width modulation) control of the assist motor 40 to give voltages corresponding
to the preset torque command value Ta*. The deficiency is supplied by the power stored in the battery 94.

Irespective of the output energy Pd of the engine.50, the torque output to the drive shaft 22 as a result of the torque
control becomes equal to the output torque command value Td*, which is the sum of the torque command value Tc* of
the clutch motor 30 and the torque command.value Ta* of the assist motor 40. The output torque depends upon the
accelerator pedal position AP. As long as the accelerator pedal position AP is kept unchanged, the repeated execution
of this routine does not vary the torque output to the drive shaft 22.

As the engine stop-time torque control routine is repeatedly executed, the torque command value Tc* of the clutch
motor 30 becomes equal to or less than the subtraction amount ATc at step S164. Under such conditions, the engine
50 is kept substantially at an idle and the vehicle is driven substantially only by the torque Ta of the assist motor 40.
When the program recognizes this state, the control CPU 90 sets the torque command value Tc* of the clutch motor 30
equal to zero at step S180. The control CPU 90 further sets the torque command value Ta* of the assist motor 40 equal
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to the output torque command value Td" at step S182 and allocates the value '0’ to both the target engine torque Te*
and the target engine speed Ne* of the engine 50 at step S184. After the processing at steps S180 through S184, the
program goes to steps S174 through S178 to control the clutch motor 30, the assist motor 40, and the engine 50 as
described previously. The procedure of engine stop-time torque control completely releases the electromagnetic cou-
pling of the drive shaft 22 with the crankshaft 56 via the clutch motor 30, stops operation of the engine 50, and enables
the vehicte to be driven only by the torque Ta of the assist motor 40, which is generated by the power stored in the bat-
tery 94.

As discussed above, the power output apparatus 20 of the first embodiment can stop operation of the engine 50
without varying the output torque to the drive shaft 22. Namely the structure of the embodiment prevents the unex-
pected variation in torque output to the drive shaft 22 and ensures a good ride. The fixed output torque to the drive shaft
22 effectively prevents undesirable vibrations of the vehicle. The energy output from the engine 50 is used as the power
in the process of stopping operation of the engine 50. This further enhances the energy efficiency.

In the power output apparatus 20 of the first embodiment, the engine stop-time torque control routine of Fig: 9 is
repeatedly executed when the controller 80 receives a battery discharge signal representing that the residual capacity
BRM of the battery 94 becomes equal to or greater than the discharge-initiating value BH or a clear instruction on from
the driver as a stop signal to stop operation of the engine 50. Alternatively, the same routine may be executed repeat-
edly when the battery discharge signal or the clear instruction from the driver is input as an energy decrease signal rep-
resenting that the output energy Pd of the engine 50 has decreased. In the latter case, at step $164.in the flowchart of
Fig. 9, the torque command value Tc* of the clutch motor 30 is compared with the decreased target engine torque Te*
of the engine 50, which is calculated from the decreased output energy Pd of the engine 50, instead of with the sub-
traction amount ATc. When the torque command value Tc* is greater than the decreased target engine torque Te*, the
program executes the processing at steps $166 through S178. When the torque command value Tc* becomes equal
to the decreased target engine torque Te*, on the other hand, the program executes only step S168 prior to the process-
ing at steps S174 through S$178. This structure can decrease the output energy Pd of the engine 50 without varying the
output torque to the drive shaft 22. X

In the structure of the power output apparatus 20 shown in Fig. 1, the clutch motor 30 and the assist motor 40 are
separately attached to the different positions of the drive shaft 22. Like a modified power output apparatus 20A illus-
trated in Fig. 11, however, the clutch motor and the assist motor may integrally be joined with each other. A clutch motor
30A of the power output apparatus 20A includes an inner rotor 34A connecting with the crankshaft 56 and an outer rotor
32A linked with the drive shaft 22. Three-phase.coils 36A are attached to the inner rotor 34A, and permanent magnets
35A are set on the outer rotor 32A in such a manner that the outer surface and the inner surface thereof have different
magnetic poles. An assist motor 40A includes the outer rotor 32A of the clutch motor 30A and a stator 43 with three-
phase coils 44 mounted thereon. In this structure, the outer rotor 32A of the clutch motor 30A also works as-a rotor of
the assist motor 40A. Since the three-phase coils 36A are mounted on the inner rotor 34A connecting with the crank-
shaft 56, a rotary transformer 38A for supplying electric power to the three-phase coils 36A of the clutch motor 30Ais
attached to the crankshaft 56.

In the power output apparatus 20A, the voltage applied to the three-phase coils 36A on the inner rotor 34A is con-
trolled against the inner-surface magnetic pole of the permanent magnets 35A set on the outer rotor 32A. This allows
the clutch motor 30A to work in the same manner as the clutch motor 30 of the power output apparatus 20 shown in
Fig. 1. The voltage applied to the three-phase coils 44 on the stator 43 is controlled against the outer-surface magnetic
pole of the permanent magnets 35A set on the outer rotor 32A. This allows the assist motor 40A to work in the same
manner as the assist motor 40 of the power output apparatus 20. The torque control routine of Fig. 5 and the engine
stop-time torque control routine of Fig. 9 are also applicable to the power output apparatus 20A shown in Fig. 11, which
accordingly implements the same operations and exerts the same effects as those of the power output apparatus 20
shown in Fig. 1. .

As discussed above, the outer rotor 32A functions concurrently as one of the rotors in the clutch motor 30A and as-
the rotor of the assist motor 40A, thereby effectively reducing the size and weight of the whole power output apparatus
20A. .

:Fig. 12 schematically illustrates an essential part of another power output apparatus 20B as a second embodiment
of the present invention. The power output apparatus 20B of Fig. 11 has a similar structure to that of the power output
apparatus 20 of Fig. 1, except that the assist motor 40 is attached to the crankshaft 56 placed between the engine 50
and the clutch motor 30. In the power output apparatus 20B of the second embodiment, like numerals and symbols
denote like elements as those of the power output apparatus 20 of Fig. 1. The symbols used in the description have like
meanings unless otherwise specified.

The following describes the essential operation of the power output apparatus 20B shown in Fig. 12. By way of
example, it is assumed that the engine 50 is driven with a torque Te and at a revolving speed Ne. When a torque Ta is
added to the crankshaft 56 by the assist- motor 40 linked with the crankshaft 56, the sum of the torques (Te+Ta) conse-
quently acts on the crankshaft 56. When the clutch motor 30 is controlled to produce the torque Tc equal to the sum of
the torques (Te+Ta), the torque Tc (=Te+Ta ) is transmitted to the drive shaft 22.
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When the revolving speed Ne of the engine 50 is greater than the revolving speed Nd of the drive shaft 22, the
clutch motor 30 regenerates electric power based on the revolving speed difference Nc between the revolving speed
Ne of the engine 50 and the revolving speed Nd of the drive shaft 22. The regenerated power is supplied to the assist
motor 40 via the power fines P1 and P2 and the second driving circuit 92 to activate the assist motor 40. Provided that
the torque Ta of the assist motor 40 is substantially equivalent to the electric power regenerated by the clutch motor 30,
free torque conversion is allowed for the energy output from the engine 50 within a range holding the relationship of
Equation (11) given below. Since the relationship of Equation (11) represents the ideal state with an efficiency of 100%,
(TexNd) is a little smaller than (TexNe) in the actual state.

Te x Ne = Tc x Nd (11)

Referring to Fig. 4, under the condition that the crankshatft 56 rotates with the torque T1 and at the revolving speed
N1, the energy-corresponding to the sum of the regions G1+G3 is regenerated by the clutch motor 30 and supplied to
the assist motor 40. The assist motor 40 converts the received energy in the sum of the regions G1+G3 to the energy
corresponding to the sum of the regions G2+G3 and transmits the converted energy to the crankshaft 56.

When the revolving speed Ne of the engine 50 is smaller than the revolving speed Nd of the drive shaft 22, the
clutch motor-30 works as a normal motor. In the clutch motor 30, the inner rotor 34 rotates relative to the outer rotor 32
in the direction of rotation of the drive shaft 22 at.a revolving speed defined by the absalute value of the revolving speed
difference Nc (=Ne-Nd ). Provided that the torque Ta of the assist motor 40 is setto a negative value, which enables the
assist motor 40 to regenerate electric power substantially equivalent to the electrical energy consumed by the clutch
motor 30, free torque conversion is also allowed for the energy output from the engine 50 within the range holding the
relationship of Equation (11) given above.

Referring to Fig. 4, under the condition that the crankshaft 56 rotates with the torque T2 and at the revolving speed
N2, the energy corresponding to the region G2 is regenerated by the assist motor 40 and consumed by the clutch motor
30 as the energy corresponding to the region G1.

The control procedure of the second embodiment discussed above follows the torque control routine shown in the
flowchart of Fig. 13. When the program enters the torque control routine, the control CPU 90 of the controller 80 first
executes the processing of steps S200 through S208, which is identical with- that of steps S100 through S104 in the
flowchart of Fig. 5. The-control CPU S0 reads the revolving speed Nd of the drive shaft 22 at step S200 and the accel-
erator pedal position AP at step S202, and calculates the output torque command value Td* from the:input accelerator
pedal position AP at step $204. The control CPU S0 then computes the energy: Pd to be output from the drive shaft 22
based on the calculated output torque command value Td* and the input revolving speed Nd of the drive shatft 22 at step
§206, and sets the target engine torque Te* and the target engine speed Ne* of the engine 50 at-step S208.

At subsequent step S210, the control CPU 80 computes the torque command value Ta* of the assist motor 40
according to Equation'(12) given as:

Ta* = Ksc x (Td*-Te”) (12)

At step S212, the torque command value Tc" of the clutch motor 30 is calculated from the torque command value Ta*
of the assist motor 40 thus obtained according to Equation (13) expressed as:

Tc'=Te*+Ta* (13)

The control CPU 90 controls the clutch motor 30 at step S214, the assist motor 40 at step S216, and the engine 50
at step S217 based on the torque command values Ta* and Tc*, the target engine torque Te*, and the target engine
speed Ne* thus obtained. The concrete procedure of the clutch motor control (step S214) is identical with that described
above according to the flowchart of Fig. 6, whereas the concrete procedure of the engine control (step S217)s identical
with that of the first embodiment discussed above. The assist motor control executed at step S216 essentially follows
the processing of steps $192 through S196 in the assist motor control routine of Fig. 10, except that the rotational angle’
e of the crankshaft 56 of the engine 50 measured with the resolver 39 is processed in place of the rotational angle 6d
of the drive shaft 22. This modification is ascribed to the position of the assist motor 40, which is attached to the crank-
shaft 56. S

The power output apparatus 20B of the second embodiment can effectively control charge and discharge of the
battery 94. The vehicle may be driven only by the power stored in the battery 94 while operation of the engine 50 stops.
The following describes the procedure of terminating operation c!)f the engine 50 and driving the vehicle with the power
discharged from the battery 94, based on an engine-stop time tq(que control routine of the second embodiment shown
in the flowchart of Fig. 14. Like the similar routine of the first en"tbodimem. the engine stop-time torque control routine
of Fig. 14 is executed repeatedly at predetermined time intervalq. in place of the torque control routine of Fig. 13, when -
the controller 80 receives a battery discharge signal representing that the residual capacity BRM of the battery 94
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becomes equal to or greater than the discharge-initiating value BH or a clear instruction from the driver as a stop signal
to stop operation of the engine 50.

When the program enters the engine stop-time torque cgntrol routine, the control CPU 90 first receives data of
accelerator- pedal position AP from the accelerator position sensor 65 at step S220 and computes the output torque
command value Td* corresponding to the input accelerator pedal position AP at step §222. The output energy Pd of
the engine 50 is compared with a threshold value Pdref at step §224. The threshold value Pdref is set to be a little
greater than the output energy Pd of the engine 50 at an idle. When this routine is activated for the first time in response
to the stop signal to stop operation of the engine 50, the output energy Pd is generally greater than the threshold value
Pdref since the vehidle is driven by the power output from the engine 50.

When the output energy Pd is greater than the threshold value Pdrefat step §224, the program proceeds to step
S226 at which the control CPU S0 subtracts the subtraction amount APd from the output energy Pd set in the previous
cycle of this routine to determine a new output energy Pd. At subsequent step S228, the control CPU 90 sets a target
engine torque Te* and a target engine speed Ne” of the engine 50 by considering the efficiency of the engine 50 and
other conditions according to Equation (14) given below:

Pd =Te* x Ne* (14)

Itis preferable that the target.engine torque Te* and the target engine speed Ne* are set to gradually attain the idling
state of the engine 50. The torque command value Ta* of the assist motor 40 is computed at step §230 according to
Equation (15) given below: ..

Ta*=Td* - Te* (15)

whereas the torque command value Tc* of the clutch motor 30 is set equal to the output torque command value Td* at
step S232.

The control CPU 90 executes control of the clutch motor 30 (step S234), control of the assist motor 40 (step S236),
and control of the engine 50 (at step $238), which are identical with the processing executed at step S214 through S217
in the torque control routine of Fig. 13. .

The repeated-execution of this routine makes the target engine speed Ne" of the engine 50 equal to or less than
the revolving speed Nd of the drive shaft 22. Under such conditions, the clutch motor 30 is controlled .with the power
stored in the battery 94 to attain the revolving speed (Nd-Ne) at the torque command value Tc*. Power regenerated by.
the clutch motor 30 is not sufficient for PWM contro! of the assist motor 40 to give voltages corresponding to the preset
torque command value Ta*. The deficiency is supplied by the power stored in the battery 94.

Inespective of the decrease in output energy Pd of the engine 50, the torque output to the drive shaft 22 as a result
of the torque control becomes equal to the output torque command value Td*, which depends upon the accelerator
pedal position AP. As long as the accelerator pedal position AP is kept unchanged, the repeated execution of this rou-
tine does not vary the torque output to the drive shaft 22.

As the engine stop-time torque control routine is repeatedly executed, the output energy Pd of -the engine 50
becomes equal to-or less than the threshold value Pdref at step $224. Under such conditions, the engine 50 is kept sub-
stantially at an idle. When the program recognizes this state, the control CPU 90 sets the target engine torque Te* and
the target engine speed Ne* of the engine 50 equal to zero at step S240, sets the torque command vaiue Ta* of the
assist motor 40 equal to the output torque command value Td* at step S242, and sets the torque command value Tc*
of the clutch motor 30 equal to the output torque command value Td* at step S244. This is followed by the control of the
clutch motor 30 (step S234), the assist motor 40 (step S236), and the engine 50 (step S238). The procedure of engine -
stop-time torque control terminates operation of the engine 50 and enables the vehicle to be driven by the torque Tc of
the clutch motor 30, which is generated by the power discharged from the battery 94. The assist motor-40 receives the
reaction force of the torque command value Tc* output from the clutch motor 30 to the drive shaft 22. When the engine -
50 stops operation, the revolving speed Ne of the engine 50 becomes equal to zero and a constant current, which can
generate a torque -against the:torque command value Tc*, flows through the three-phase coils of the assist motor 40.
The crankshatft 56 is accordingly electromagnetically-locked by the assist motor 40. -

As discussed above, the power output apparatus 20B of the second embodiment can stop operation of the engine
50 without varying the output forque to the drive shaft 22. Namely the structure of the second embodiment prevents the
unexpected variation in torque output to the drive shaft 22 and ensures a good ride. The fixed output torque to the drive
shaft 22 effectively prevents undesirable vibrations of the vehicle.

In the power output apparatus 20B of the second embodiment, the engine stop-time torque control routine of-Fig.
14 is repeatedly executed when the controller 80 receives a battery discharge signal representing that the residual
capacity BRM of the battery 94 becomes equal to or greater than the discharge-initiating value BH or a clear instruction
on from the driver as a stop signal to stop operation of the engine 50. Alternatively, the same routine may be executed
repeatedly when the battery discharge signal or the clear instruction from the driver is input as an energy decrease sig-
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nal representing that the output energy Pd of the engine 50 has decreased. In the latter case, at step S$224 in the flow-
chart of Fig. 14, the output energy Pd of the engine 50 is compared with a target output energy Pd* of the engine 50,
instead of with the threshold value Pdref. When the output energy Pd is greater than the target output energy Pd*, the
program executes the processing at steps $226 through S238. When the output energy Pd becomes equal to the target
output energy Pd*, on the other hand, the program executes steps S230 through S238. This structure can decrease the
output energy Pd of the engine 50 without varying the output torque to the drive shaft 22.

In the power output apparatus 20B of Fig. 12 given as the second embodiment discussed abave, the assist motor
40 is attached to the crankshaft 56 placed between the engine 50 and the clutch motor 30. Like another power output
apparatus 20C illustrated in Fig. 15, however, the engine 50 may be interposed between the clutch motor 30 and the
assist motor 40, both of which are linked with the crankshatt 56.

In the power output apparatus 208 of Fig. 12, the clutch motor 30 and the assist motor 40 are separately attached
to the different positions of the crankshaft 56. Like a power output apparatus 20D shown in Fig. 16, however, the clutch
motor and the assist motor may integrally be joined with each other. A clutch motor. 30D of the power output apparatus
20D includes an outer rotor 32D connecting with the crankshaft 56 and an inner rotor 34 linked with the drive shaft 22.
Three-phase coils 36 are attached to the inner rator 34, and permanent magnets 35D are set on the outer rotor 32D in
such a manner that the outer surface and the inner surface thereof have different magnetic poles. An assist motor 40D
includes the outer rotor 32D of the clutch motor 30D and a stator 43 with three-phase coils 44 mounted thereon. In this
structure, the outer rotor 32D of the clutch motor 30D also.works as a rotor of the assist motor 40D.

In the power output apparatus 20D, the voltage applied to the three-phase coils 36 on the inner rotor 34 is controlled
against the inner-surface magnetic pole of the permanent magnets 35D set on the outer rotor 32D. This allows the
clutch motor 30D to work in the same manner as the clutch motor 30 of the power output apparatus 20B shown in Fig.
12. The voltage applied to the three-phase coils 44 on the stator 43 is controlled against the outer-surface magnetic
pole of the permanent magnets 35D set on the outer rotor 32D. This allows the assist motor 40D to work in the same
manner as the assist motor 40 of the power output apparatus 20B.-The torque control routine of Fig. 13 and the engine
stop-time torque control routine of Fig. 14 are also applicable to the power output apparatus 20D shown in Fig. 16,
which accordingly implements the same operations-and exerts the same effects as those of the power output apparatus
20B shown in Fig. 12. : :

Like the power output apparatus 20A shown in Fig. 11, in the power output apparatus 20D of Fig. 16, the outer rotor
32D functions concurrently as one of the rotors in the clutch motor 30D:and as the rotor of the assist motor 40D, thereby
effectively reducing the size and weight of the whole power output apparatus 20D.-

There may be many other modifications, alternations, and changes without departing from the scope or spirit of

essential characteristics of the invention. It is thus clearly understood that the above embodimenits-are only illustrative
and not restrictive in any sense. T . oo -

The gasoline engine driven by means of gasoline is used.as the.engine 50.in the above power output apparatuses.
The principle of the invention is, however, -applicable to other: internal- combustion engines and external combustion
engines, such as Diesel engines, turbine engines, and jet engines.

Permanent magnet (PM)-type synchronous motors are used for the clutch motor 30 and the assist motor 40 in the
power output apparatuses described above. Other motors such as variable reluctance (VR)-type synchronous motors,
vernier motors, d.c. motors, induction motors, superconducting motors, and stepping motors may be used for the regen-
erative operation and the power operation. : .

The rotary.transformer 38 used as means for transmitting electric power to the clutch motor 30 may be replaced by
a slip ring-brush contact, a slip ring-mercury contact, a semiconductor coupling of magnetic energy, or the like.

In the above power output apparatuses, transistor inverters are used for the first and the second driving circuits 91
and 92. Other examples applicable to the driving circuits 91 and 92 include IGBT (insulated gate bipolar mode transis-
tor) inverters, thyristor inverters, voltage PWM (pulse width modulation) inverters, square-wave inverters (voltage invert-
ers and current inverters), and resonance inverters. .

The battery 94 may include Pb cells, NiMH cells, Li'cells, or the like cells. A capacitor may be used in place of the
battery 94. C

Although the power output apparatus is mounted on the vehicle in the above embodiments, it may be mounted on
other transportation means like ships and airplanes as well as a variety of industrial machines.

The scope and spirit of the present invention are limited only by the terms of the appended claims.

Claims
1. Apower output apparatus for outputting power to a drive shaft, said power output apparatus comprising:

an engine having an output shaft;
engine driving means for driving said engine;
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a first motor comprising a first rotor connected with said output shaft of said engine and a second rator con-
nected with said drive shaft, said second rotor being coaxial to and rotatable relative to said first rotor, whereby
power is transmitted between said output shaft of said engine and said drive shaft via an electromagnetic con-
nection of said first rator and said second rotor;

a first motor-driving circuit for controlling degree of electromagnetic connection of said first rotor and said sec-
ond rotor in said first motor and regulating rotation of said second rotor relative to said first rotor;

a second motor connected with said drive shaft;

a second motor-driving circuit for driving and controlling said second motor;

-a storage battery being charged with power regenerated by said first motor via said first motor-driving Gircuit,

being charged with power regenerated by said second motor via said second motor-driving circuit, discharging
power required to drive said first motor via said first motor-driving circuit, and discharging power required to

*drive said second motor via said second motor-driving circuit;

power decrease signal detection means for detecting power decrease signal to-decrease power output from
said engine;

driving circuit control means for, when said power decrease signal detection means detects the power
decrease signal, controlling said first motor-driving.circuit in response to said signal to gradually decrease the
degree of electromagnetic connection of said first rotor with said second rotor in said first motor and controlling
said second motor-driving circuit to enable said second motor to use power stored in said storage battery and
make up for a decrease in power transmitted by said first motor accompanied by the decrease in degree of
electromagnetic connection; and

engine power decreasing means for controlling said engine driving means to decrease the power output from
said engine with the decrease in the degree of electromagnetic connection of said first rotor with said second
rotor accomplished by said driving circuit control means.

2. A power autput apparatus in accordance with claim 1, wherein said power decrease signal detection means com-
prises means for detecting an engine stop signal to stop operation of said engine; and

wherein said engine power decreasing means comprises means for-controlling said engine driving means to
stop supply of fuel into said engine and terminate operation of said engine when said driving circuit control
means releases the electromagnetic connection of said first rotor with said second rotor in said first motor.

3. A power output apparatus for outputting power to a drive shaft, said power output apparatus comprising:

an engine having an output shaft;

engine driving means for driving said engine;

a complex motor comprising a first rotor connected with-said output shaft of said engine, a second rotor con-
nected with said drive shaft being coaxial to and rotatable relative to said first rotor, and a stator for rotating said
second rotor, said first rotor and said second rotor constituting a first motor, said second rotor and said stator
constituting a second motor;

a first motor-driving circuit for driving and controlling said first motor in said complex motor;

a second motor-driving circuit for driving and controlling said second motor in said complex motor;

a storage battery being charged with power regenerated by said first motor via said first motor-driving circuit,
being charged with power regenerated by said second motor via said second mator-driving circuit, discharging
power required to drive said first motor via said first motor-driving circuit, and dlschargmg power required to
drive said second motor via said second motor-driving circuit;

power decrease signal detection means for detecting power decrease mgnal to decrease power output from
said engine;

driving circuit control means for, when said power decrease signal detection means detects the power
decrease signal, controlling said first motor-driving circuit in response to said signal to gradually decrease the
degree of electromagnetic connection of said first rotor with said second rotor in said first motor and controlling
said second motor-driving circuit to enable said-second motor to use power stored in said storage battery and
make up for a decrease in power transmitted by said first motor aocompamed by the decrease in degree of
electromagnetic connection; and

engine power decreasing means for controlling said engine dnvung means to decrease the power output from
said engine with the decrease in the degree of electromagnetic connection of said first rotor with said second
rotor accomplished by said driving circuit control means.

4. A power output apparatus in accordance with daim 3, wherein said power decrease signal detection means com-
prises means for detecting an engine stop signal to stop operation of said engine; and
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wherein said engine power decreasing means comprises means for controlling said engine driving means
to stop supply of fuel into said engine and terminate operation of said engine when said driving circuit control
means releases the electromagnetic connection of said first rotor with said second rotor in said first motor.

5 5. Apower output apparatus for outputting power to a drive shaft, said power output apparatus comprising:

an engine having an output shatt;
engine driving means for driving said engine;
a first motor. comprising a first rotor connected with said output shaft of said engine and a second rotor con-
10 nected with said drive shaft, said first motor being coaxial to and rotatable relative to said first rotor, whereby
power is fransmitted between said output shaft of said engine-and said drive shatft via an electromagnetic con-
nection of said first rotor and said second rotor;
a first motor-driving circuit for controlling degree of electromagnetic connection of said first rotor and said sec-
ond rotor in said first motor and regulating rotation of said second rotor relative to said first rotor;
15 a second motor connectied with the output shaft of said engine;
a second motor-driving circuit for driving and ‘controlling said second motor;
a storage battery being charged with power regenerated by said first motor via said first motor-driving circuit,
being charged with power regenerated by said second motor via said second motor-driving circuit, discharging
power required to drive said first motor via said first- motor-driving circuit, and discharging power required to
20 drive said second motor via said second motor-driving circuit;
power decrease signal detection means for detecting power decrease signal to decrease power output from
said engine;
engine power decreasing means for, when said power decrease signal detection means detects the power
decrease signal, controlling said engine driving means in response to said signal to gradually decrease the
25 power output from said .engine; and :
driving circuit control means for controlling said first motor-driving circuit and said second motor-driving circuit
to enable said first motor and said second motor to use power stored in said storage battery and make up for
the decrease in power output-from said engine accomplished by said engine power decreasing-means.

30 6. A power output apparatus in accordance with claim 5; wherein said driving circuit control means comprises meane
for controlling said first motor-driving circuit to enable said first motor to make up for a decrease in revolving speed
of the output shaft:of said engine among the decrease‘in power output from said engine, and controlling said sec-
ond motor-driving circuit to enable said second motor to make up for a decrease in torque among the decrease in
power output from said engine. ' : '

35 :

7. A power output apparatus in accordance with claim 6, wherein said power decrease signal detection means com-
prises meane for detecting an engine stop signal to stop operation of said engine; and. _ -

wherein said engine power decreasing means comprises meane for controlling said engine driving means

to stop supply of fuel into said engine and terminate operation of said engine when the power output from said

40 engine becomes equal to zero.

8. A power output apparatus for outputting power to a drive shaft, said power output apparatus comprising:

an engine having an output shaft;
45 engine driving means for driving said engine; -
‘a complex motor comprising a first rotor.connected with said output shaft of said engine, a second rotor-con-
nected with said drive shaft being coaxial to and rotatable relative to said first rotor, and a stator for rotating said
first rotor, said first rotor and said second rotor consituting'a first motor, said first rotor and said stator consti-
tuting a second motor;
50 a first motor-driving circuit for driving and controlling said first motor in said complex motor;
a second motor-driving circuit for driving and controlling said second motor in said complex motor;:
a storage battery being charged-with power regenerated by said first motor via said first motor-driving circuit,
being charged with power regenerated by said second motor via said second motor-driving circuit, discharging
power required to drive said first motor via said first motor-driving circuit, and discharging power required to
55 drive said second motor via said second motor-driving circuit; .
power decrease signal detection means for detecting power decrease signal to decrease power output from
said engine;
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engine power decreasing means for, when-said power decrease signal detection means detects the power
decrease signal, controlling said engine driving means in response to said signal to gradually decrease the
power output from said engine; and

driving circuit control means for controlling said first motor-driving circuit and said second motor-driving circuit
to enable said first motor and said second motor to use power stored in said storage battery and make up for
the decrease in power output from said engine accomplished by said engine power decreasing means.

A power output apparatus in accordance with claim 8, wherein said driving circuit control means comprises means
for controlling said first motor-driving circuit to enable said first motor to make up for a decrease in revolving speed
of the output shaft of said engine among the decrease in power output from said engine, and controlling said sec-
ond motor-driving circuit to enable said second motor to make up for a decrease in torque among the decrease in
power output from said engine.

A power output apparatus in accordance with daim 9, wherein said power decrease signal detection means com-
prises means for detecting an engine stop signal to stop operation of said engine; and

wherein said engine power decreasing means comprises means for controlling said engine driving means
to stop supply of fuel into said engine and terminate operation of said engine when the power output from said
engine becomes equal to zero.

A method of controlling a power output apparatus for outputting power to a drive shaft, said method comprising the
steps of:

(a) providing an engine having an output shaft; engine driving means for driving said engine; a first motor com-
prising a first rotor connected with said output shaft of said engine and a second rotor connected with said drive
shaft, said first motor being coaxial to and rotatable relative to said first rotor, whereby power is transmitted
between said output shaft of said engine and said drive shaft via an electromagnetic connection of said first
rotor and said second rotor; a second motor connected with said drive shaft; and a storage battery being
charged with power regenerated by said first motor, being charged with power regenerated by said second
motor, discharging power required to drive said first motor, and discharging power required to drive said sec-
ond motor;

(b) detecting power decrease signal to decrease power output from said engine;

(c) controlling said first motor in response to the power decrease signal, to gradually decrease the degree of
electromagnetic connection of said first rotor with said second rotor in said first motor;

(d) controlling said second motor to enable said second motor to use power stored in said storage battery and
make up for a decrease in power transmitted by said first motor accompanied by the decrease in degree of
electromagnetic connection; and

(e) controlling said engine driving means to decrease the power output from said engine with the decrease in
degree of electromagnetic connection of said first rotor with said second rotor accomplished in said step (c).

A method in accordance with claim 11, wherein the power decrease signal detected represents an engine stop sig-
nal to stop operation of said engine,

said step (e) turther comprising the step of contralling said engine driving means to stop supply of fuel into
said engine and terminate operation of said engine when the electromagnetic connection of said first rotor with said
second rotor in said first motor has been decreased to a release position in response to the engine stop signal.

A method of controlling a power output apparatus for outputting power to a drive shaft, said method comprising the
steps of:

{a) providing an engine having an output shaft; engine driving means for driving said engine; a first motor com-
prising a first rotor connected with said output shaft of said engine and a second rotor connected with said drive
shaft, said second rotor being coaxial to and rotatable relative to said first rotor, whereby power is transmitted
between said output shaft of said engine and said drive shaft via an electromagnetic connection of said first
rotor and said second rotor; a second motor connected with the output shaft of said engine; anda storage bat-
tery being charged with power regenerated by said first motor, being charged with power regenerated by said
second motor, discharging power required to drive said first motor, and discharging power required to drive
said second motor;

(b) detecting power decrease signal to decrease power output from said engine;

(c) controlling said engine driving means in response to the power decrease signal, to gradually decrease the
power output from said engine; and
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(d) controlling said first motor and said second motor to enable said first motor and said second motor to use
power stored in said storage battery and make up for the decrease in power output from said engine accom-
plished in said step (c).

14. A method in accordance with claim 13, wherein said step (d) further comprises the steps of:
(e) controlling said first motor to enable said first motor to make up for a decrease in revolving speed of the out-
put shaft of said engine among the decrease in power output from said engine; and

(f) controlling said second motor to enable said second motor to make up for a-decrease in torque among the
decrease in power output from-said engine.
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Description

1.Field of the Invention

The present invention relates to an engine contraller, a power output apparatus, and methods of controlling an
engine and the power output apparatus. More specifically the present invention pertains to a technique of stopping the
operation of an engine in a system including the engine for outputting power through combustion of a fuel and a motor
connected to an output shaft of the engine via a damper as wellastoa technique of stopping the operation of an engine
in a power output apparatus for outputting power to a drive shaft.

2. Description of the Related Art

Known power output apparatuses for carrying out torque conversion of power output from an engine and outputting
the converted power to a drive shaft include a combination of a fluid-based torque converter with a transmission. In
such a power output apparatus, the torque converter is disposed between an output shaft of the engine and a rotating
shatft linked with the transmission, and transmits the power between the rotating shaft and the output shaft through a
flow of the sealed fluid. Since the torque converter transmits the power through a flow of the fluid, there is a slip between
the output shaft and the rotating shaft, which leads to an energy loss correspording to the slip. The energy loss is
expressed as the product of the revolving speed difference between the rotating shaft and the output shaft and the
torque transmitted to the output shaft, and is consumed as heat.

In a vehicle with such a power output apparatus mounted thereon as its power source, at the time when there is a
large slip between the rotating shaft and the output shatft, that is, when a significantly large power is required, for exam-
ple, at the time of starting the vehicle or running the vehicle on an upward slope at a low speed, a large energy loss in
the torque converter undesirably lowers the energy efficiency. Even in a stationary driving state, the efficiency of power
transmission by the torque converter is not 100%, and the fuel consumption rate in the conventional power output appa-
ratus is thereby fower than that in a manual transmission.

In order to solve such problems; the applicants have proposed a system that does not include the fluid-based
torque converter but has an engine, a planetary gear unit as three shatt-type power input/output means, a generator, a
motor, and a battery and outputs the power from the motor to the drive shaft by utilizing the power output from the
engine or electric power stored in the battery (JAPANESE PATENT LAYING-OPEN GAZETTE No. 50-30223). In this
reference, however, there is no description of the control procedure when the operation of the engine is stopped.

In this power output apparatus, the output shaft of the engirie and the rotating shaft of the motor are mechanically
linked with each other by the three shaft-type power input/output means, and thus mechanically constitute one vibrating
system. When the engine is an internal combustion engine, for example, a torque variation due to a gas explosion or
reciprocating motions of the piston in the internal combustion engine causeés torsional vibrations on the output shaft of
the internal combustion engine and the rotating shaft of the motor. When the natural frequency of the shaft coincides
with the forcible frequency, a resonance occurs. This may result in a foreign noise from the three shaft-type power
input/output means and even in a fatigue destruction of the shaft in some cases. Such a resonance occurs in many
cases at a revolving speed lower than the minimum of an operable revolving speed range of the engine, although it
depends upon the type of the engine and the structure of the three shaft-type power input/output means.

The resonance of the torsional vibrations that may occur in the system at the time of stopping the operation of the
engine is observed not only in the power output apparatus but in any driving system, wherein the output shatft of the
engine and the rotating shaft of the motor are mechanically linked with each other. The primary countermeasure against
these troubles is that the output shaft of the engine and the rotating shaft of the motor are mechanically linked with each
other via a damper. The dampers having a significant effect on reduction of the amplitude of the torsional vibrations,
however, require a special damping mechanism. This increases the required number of parts and makes the damper
undesirably bulky. The small-sized simply-structured dampers, on the other hand, have little effects. o

The motor is generally under the Pl control. In the procedure of outputting a torque from the motor to the output
shatt of the engine and thereby positively stopping the operation of the engine, the | term (integral term) may result in
undershooting the output shaft of the engine, which causes a vibration of the whole driving system. When the driving
system is mounted, for example, on a vehicle, the vibration due to undershooting is transmitted to the vehicle body and
makes the driver uncomfortable.

SUMMARY OF THE INVENTION
One object of the present invention is to provide a power output apparatus for outputting power from an engine to

a drive shaft with a high efficiency, as well as a method of controlling such a power output apparatus.
Another object of the present invention is to provide a control technique of stopping the operation of an engine in a
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power output apparatus, which includes the engine, three shaft-t;}pe power input/output means, and two motors.

Still another object of the invention is to provide a power output apparatus which can prevent a resonance of tor-
sional vibrations that may occur in the system when the operation of the engine is stopped, as well as to provide a
method of controlling such a power output apparatus.

In the process of applying a torque from the motor to the output shaft of the engine to stop the operation of the
engine, the control procedure of the motor may cause the revolving speed of the output shaft of the engine to under-
shoot and become smaller than zero. This may result in undesirable vibrations of the whole power output apparatus. In
case that the power output apparatus is mounted on a vehicle, for example, the vibrations due to the undershoct are
transmitted to the vehicle body and makes the driver uncomfortable.

This problem, that is, the resonance of torsional vibrations that may occur in the system in the course of stopping
the operation of the engine, is not restricted to the power output apparatus, but arises in any driving system wherein the
output shaft of the engine and the rotating shaft of the motor are mechanically connected to each other. The primary
countermeasure against this problem is that the output shaft of the engine and the rotating shaft of the motor are
mechanically linked with each other via a damper. The dampers havinga significant effect on reduction of the amplitude
of the torsional vibrations, however, require a special damping mechanism. This increases the required number of parts
and makes the damper undesirably bulky. The small-sized simply-structured dampers, on the other hand, have litile
effects.

This problem is found not only in the structure that directly outputs power but in the structure of series hybrid that
has a motor and a generator directly connected to each other and obtains a torque by the motor driven by means of the
electric power generated by the generator while the vehicle is on a run.

SUMMARY OF THE INVENTION

One object of the present invention is thus to provide a power output apparatus that prevents resonance of torsional
vibrations which may occur in a system in the course of stopping the operation of an engine, as well as a method of
controlling such a power output apparatus.

Another object of the present invention is accordingly to reduce vibrations that may occur in the course of stopping
the operation of an engine.

Still another object of the present invention is thus to provide an engine controller that prevents resonance of tor-
sional vibrations which may occur in a system in the course of stopping the operation of an engine, irrespective of the
type of a damper, as well as a method of controlling the engine.

At least part of the above and the other related objects is realized by a power output apparatus for outputting power
to a drive shaft, which includes: an engine having an output shaft; a first motor having a rotating shaft and inputting and
outputting power to and from the rotating shaft; a second motor inputting and outputting power to and from the drive
shaft; three shaft-type power input/output means having three shafts respectively linked with the drive shaft, the output
shaft, and the rotating shaft, the three shaft-type power input/output means inputting and outputting power to and from
a residual one shaft, based on predetermined powers input to and output from any two shafts among the three shafts;
fue! stop instruction means for giving an instruction to stop fuel supply to the engine when a condition of stopping oper-
ation of the engine is fulfilled; and stop-time control means for causing a torque to be applied to the output shaft of the
engine and thereby restricting a deceleration of revolving speed of the output shaft to a predetermined range in
response to the instruction to stop the fuel supply to the engine, so as to implement a stop-time control for stopping the
operation of the engine.

The present invention is also directed to a-method of controlling such a power output apparatus. The method con-
trols the power output apparatus, which includes: an engine having an output shaft; a first motor having a rotating shaft
and inputting and outputting power to and from the rotating shaft; a second motor inputting and outputting power to and
from the drive shaft; and three shaft-type power input/output means having three shafts respectively linked with the
drive shaft, the output shaft, and the rotating shaft, the three shaft-type power input/output means inputting and output-
ting power to and from a residual one shaft, based on predetermined powers input to and output from any two shafts
among the three shafts. The method includes the steps of:

giving an instruction to stop fuel supply to the engine when a condition of stopping operation of the engine is ful-
filled; and

causing a torque to be applied to the output shaft of the engine and thereby restricting a deceleration of revolving
speed of the output shaft to a predetermined range in response to the instruction to stop the fuel supply to the
engine, so as to implement a stop-time control for stopping the operation of the engine.

When the condition to stop the operation of the engine is fulfilled, the power output apparatus of the present inven-
tion gives an instruction to stop fuel supply to the engine and carries out the stop-time control. The stop-time control
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applies a torque to the output shaft of the engine and thereby restricts the deceleration of the revolving speed of the
output shaftto a predetermined range, so as to stop the operation of the engine. The torque may be applied from either
the first motor or the second motor to the output shaft of the engine.

This procedure restricts the deceleration of the revolving speed of the output shaft to a predetermined range -and
enables the revolving speed of the output shaft to quickly pass through'a range of torsional vibrations. This structure
also saves the consumption of electric power by the motor. :

Avariety of structures may be applied to the stop-time contral. One available structure carries out open-loop control
of the torque applied to the output shatt. In this case, the power output apparatus further includes target torque storage
means for determining a time-based variation in target value of the torque applied to the output shatt of the engine,
based on a behavior at the time of stopping the operation of the engine. The stop-time control means has means for
driving the first motor, as the stop-time control, to apply a torque corresponding to the target value to the output shatft of
the engine along a time course after the stop of the engine via the three shaft-type power input/output means.

This structure does not carry out the feedback contro! based on the revolving speed of the output shaft and accord-
ingly reduces the variation in torque on the drive shaft without causing a variation in torque due to the state of the power
output apparatus or an external disturbance. Even when the revolving speed of the output shaftis significantly different
from a target revolving speed (generally equal to zero under the condition of the vehicle at a stop). this structure does
not execute the feedback control based on the revolving speed difference to output a large torque and thus effectively
saves the.consumption of electric power. )

in order to optimize such open-loop control, the power output apparatus may further include: deceleration comput-
ing means for computing the deceleration of revolving speed of the output shaft during the course of the stop-time con-
trol; learning means for varying a learnt value according to the deceleration computed by the deceleration computing
means and storing the learnt value; and deceleration range determination means for determining the predetermined
range in the stop-time control carried out by the stop-time control means, based on the learnt value stored by the learn-
ing means. This structure learns the range of deceleration and thereby realizes the preferable control.

In accordance. with another possible application, the power output apparatus further includes revolving speed
detection means for measuring the revolving speed of the output shaft, and the stop-time control means has means for
driving the first motor, as the stop-time control, in order to enable the revolving speed of the output shaft measured by
the revolving speed detection means to approach a predetermined value via a predetermined pathway. The predeter-
mined pathway represents a time course of revolving speed of the output shaft of the engine after the stop of fuel supply
to the engine.

In response to the instruction to stop the operation of the engine, the power output apparatus-of this structure ena-
bies the revalving speed of the output shaft.of the engine to approach a predetermined value via a predetermined path-
way. The revolving speed of the output shaft of the engine can be made to reach the predetermined value within a short
time or within a relatively long time by regulating the predetermined pathway. In case that the predetermined value is
equal to zero, the rotation of the output shaft of the engine can be stopped quicily or gently.

In the power output apparatus of this structure, the stop-time control may drive the first motor to apply a torque in
reverse of the rotation.of the output shaft via the three shaft-type power input/output means to the output shaft, until the
revolving speed of the output shaft measured by the revolving speed detection means becomes coincident with the pre-
determined value. This structure enables the revolving speed of the output shaft of the engine to approach the prede-
termined value more quickly. When a specific revolving speed range that causes a resonance of a torsional vibration
exists between the predetermined value and the revolving speed of the output shaft of the engine at the time when the
instruction to stop the operation of the engine is given, the structure allows the revolving speed of the output shaft of the
engine to swiftly pass through this specific range and thereby effectively prevents a resonance.

In the power output apparatus of this structure, as part of the stop-time control, the first motor may.be driven to
apply a predetermined torque in the direction of rotation of the output shaft via the three shaft-type power input/output
means to the output shaft, when the revolving ‘speed of the output shaft measured by the revolving speed detection
means decreases to a reference value, which is not greater than the predetermined value. This structure prevents the
revolving speed of the engine from undershooting and reduces the possible vibration in the course of stopping the rota-
tion of the output shaft.

A varisty of techniques may be applied to determine the reference value. One possible structure computes the
deceleration of revolving speed of the output shaft during the course of the stop-time control, and sets a larger value to
the reference value against a greater absolute value of the deceleration. The larger reference value for the greater
deceleration effectively prevents the revolving speed of the output shaft from undershooting. Another possible structure
determines the magnitude of a braking force applied to the drive shaft during the course of the stop-time control, and
sets a larger value to the reference value when the braking force detection means determines that the braking force has
a large magnitude. During application of the braking force, it can be assumed that a large force is applied to stop the
engine. The larger reference value accordingly prevents the revolving speed of the output shaft from undershooting.

In the power output apparatus of the present invention, the stop-time control means may drive the first motor to
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make the power input to and output from the rotating shaft equal to zero. The first motor does not consume any electric
power, so that this structure improves the energy efficiency of the whole power output apparatus. Since the first motor
does not forcibly change the driving state of the output shaft of the engine, the torque shock due to an operation stop
of the engine can be effectively reduced. The engine and the first motor are stably kept in the driving state having the
least sum of the energies consumed thereby (for example, the frictional work).

In the power output apparatus of the present invention, the predetermined value may be a revolving speed that is
lower than a resonance range of torsional vibrations in a system including the output shaft and the three shaft-type
power input/output means. This structure effectively prevents torsional vibrations.

in accordance with another preferable structure, the second motor is driven to continue power input and output to
and from the drive shaft, when the instruction to stop the operation of the engine is given in the course of continuous
power input and output to and from the drive shaft. This structure enables the operation of the engine to be stopped
while the power is continuously input to and output from the drive shaft. The input and output of the power to and from
the drive shaft is implemented by the second motor.

The present invention is also directed to an engine controller having an engine for outputting power through com-
bustion of a fuel and a motor connected to an output shait of the engine via a damper. The engine controller controls
operation and stop of the engine and includes: fuel stop means for stopping fuel supply to the engine when a condition
to stop the operation of the engine is fulfilled; and stop-time control means for causing a torque to be appilied to the out-
put shaft of the engine and thereby restricting a deceleration of revolving speed of the output shaft to a predetermined
range in response to the stop of fuel supply to the engine, so as to implement a stop-time control for stopping the oper-
ation of the engine. -

The present invention is further directed to a method of controlling stop of an engine, which outputs power through
combustion of a fuel and has an output shaft connected to a motor via a damper. The method includes the steps of:

stopping fuel supply to the engine when a condition to stop operation of the engine is fulfilled; and causing a torque
to be applied to the output shaft of the engine and thereby restricting a deceleration of revolving speed of the output
shaft to a predetermined range in response to the stop of fuel supply to the engine, so as to implement a stop-time
control for stopping the operation of the engine.

The engine controller and the corresponding method of the present invention controls stop of the engine that has
an output shaft connected to a motor via a damper, and reduces the torsional vibrations that may occur on the output
shaft of the engine connected to the motor via the damper. When the condition to stop the operation of the engine is
fulfilled, the engine controller stops.the fuel supply to the engine and applies a torque to the output shaft of the engine,
thereby restricting the deceleration of the revolving speed of the output shaft to a predetermined range and stopping
the operation of the engine. The torsional vibrations on the output shaft tend to occur ata predetermined deceleration.
The restriction of the deceleration of the revolving speed of the output shaft to the predetermined range thus effectively
reduces the torsional vibrations. .

A variety of structures may be applied to the stop-time control that restricts the deceleration of the revolving speed
of the output shaft to a predetermined range. One available structure carries out open-loop control that specities a var-
iation in target value of the torque applied to the output shaft along the time axis. In this case, the engine controller fur-
ther includes target torque storage means for determining a time-based variation in target value of the torque applied

- to the output shatt of the engine, based on a behavior at the time of stopping the operation of the engine. The stop-time
control means has means for driving the mator, as the stop-time control, to apply a torque corresponding to the target
value to the output shaft of the engine along a time course after the stop of the engine.

This structure does not carry out the feedback control based on the revolving speed of the output shaft and accord-
ingly does not vary the torque applied to the output shaft by an external disturbance. Even when the revolving speed of
the output shaft is significantly'differem from'a target revolving speed (generally equal to zero under the condition of the
vehicle at a stop), this structure does not execute the feedback control based on the revolving speed difference to output
a large torque and thus effectively.saves the consumption of electric power.

In order to optimize such open-loop control, the engine controller may further include: deceleration computing
means for computing the deceleration of revolving speed of the output shaft during the course of the stop-time control;
learning means for varying a learnt value according to the deceleration computed by the deceleration computing means
and storing the learnt value; and deceleration range determination means for determining the predetermined range in
the stop-time control carried out by the stop-time control means, based on the learnt value stored by the learning
means. This structure learns the range of deceleration and thereby realizes the preferable control.

In accordance with another possible application, the engine controller further includes revolving speed detection
means for measuring the revolving speed of the output shaft, and the stop-time control means has means for driving
the motor, as the stop-time control, in order to enable the revolving speed of the output shaft measured by the revolving
speed detection means to approach a predetermined value via a predetermined pathway. The predetermined pathway
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represents a time course of revolving speed of the output shaft of the engine after the stop of fue! supply to the engine.

In response to the instruction to stop the operation of the engine, the engine controller of this structure enables the
revolving speed of the output shaft of the engine to approach a predetermined value via a predetermined pathway. The
revolving speed of the output shaft of the engine can be made to reach the predetermined value within a short time or
within a relatively long time by regulating the predetermined pathway. In any case, the deceleration is restricted to apre-
determined range that is out of a specific range causing torsional vibrations on the output shatft.

In the engine controller of this structure, the stop-time control may drive the motor to apply a torque in reverse of
the rotation of the output shatft to the output shaft, until the revolving speed of the output shaft measured by the revolving
speed detection means becomes coincident with the predetermined value. This structure enables the revolving speed
of the output shaft of the engine to approach the predetermined value more quickly. When a specific revolving speed
range that causes a resonance of a torsional vibration exists between the predetermined value and the revolving speed
of the output shaft of the engine at the time when the instruction to stop the operation of the engine is given, the struc-
ture allows the revolving speed of the output shatt of the engine to swiftly pass through this specific range and thereby
effectively prevents a resonance.

In the engine contraller of this structure, as part of the stop-time contro!, the motor may be driven to apply a prede-
termined torque in the direction of rotation of the output shaft to the output shaft, when the revolving speed of the output
shaft measured by the revolving speed detection means decreases to a reference value, which is not greater than the
predetermined value. This structure prevents the revolving speed of the engine from undershooting and reduces the
possible vibration in the course of stopping the rotation of the output shaft.

A variety of techniques may be applied to determine the reference value. One possible structure computes the
deceleration of revolving speed of the output shaft during the course of the stop-time control, and sets a larger value to
the reference value against a greater absolute value of the deceleration. The larger reference value for the greater
deceleration effectively prevents the revolving speed of the output shaft from undershooting.

In the engine controller of the present invention, the predetermined value may be a revolving speed that is lower
than a resonance range of torsional vibrations in a system including the output shaft and a rotor of the motor. This struc-
ture effectively prevents torsional vibrations. :

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 schematically illustrates structure of a power output apparatus 110 embodying the present invention;
Fig. 2 is an enlarged view illustrating an essential part of the power output apparatus 110 of the embodiment;
Fig. 3 schematically illustrates general structure of a vehicle with the power output apparatus 110 of the embodi-
ment incorporated therein; .
Fig. 4 is a graph showing the operation principle of the power output apparatus 110 of the embodiment;

Fig.-5 is a nomogram showing the relationship between the revolving speed and the torque on the three shafts
linked with the planetary gear 120 in the power output apparatus 110 of the embodiment; .

Fig. 6 is @ nomogram showing the relationship between the revolving speed and the torque on the three shafts
linked with the planetary gear 120 in the power output apparatus 110 of the embodiment; '

Fig. 7 is a flowchart showing an.engine stop control routine executed by the control CPU 190 of the controller 180;
Fig..8 is a map showing the relationship between the time counter TC and the target revolving speed Ne® of the
engine 150;

Fig. 9 is a flowchart showing a required torque setting routine executed by the control CPU 130 of the controller
180; :

Fig. 10 shows the relationship between: the revolving speed Nr of the ring gear shaft 126, the accelérator pedal
position AP, and the torque command value Tr*;

Fig. 11'is a flowchart showing a control routine of the first motor MG1 executed by the control CPU 190 of the con-
troller 180;

Fig. 12 is a flowchart showing a control routine of the second motor MG2 executed by the control CPU 190 of the
controller 180;

Fig. 13 is a nomogram showing the state when the engine stop control routine of Fig. 7 is carried out for the first
time; :

Fig. 14 is a nomogram showing the state-when the processing of steps S106 through S116 in the engine stop con-
trol routine has repeatedly been executed;

Fig. 15 is a nomogram showing the state when the revolving speed Ne of the engine 150 becomes equal to or less
than the threshold value Nref; .

Fig. 16 shows variations in revolving speed Ne of the engine 150 and torque Tm1 of the first motor MG1:

Fig. 17 is a flowchart showing a modified engine stop control! routine;

Fig. 18 schematically illustrates another power output apparatus 110A as a modified example;
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Fig. 19 schematically illustrates still another power output apparatus 110B as another modified example;
Fig. 20 schematically illustrates structure of another power output apparatus 110’ as a second embodiment accord:
ing to the present invention;
Fig. 21 illustrates an exemplified structure of an open-close timing changing mechanism 153;
5 Fig. 22 is a flowchart showing an engine stop control routine carried out in the second embodiment;
Fig. 23 is a graph showing the reduction torque STGmn plotted against the vehicle speed;
Fig. 24 is a graph showing the processing time mntg of slower speed reduction plotted against the vehicle speed;
Fig. 25 is a flowchart showing an open-loop control routine;
Fig. 26 is a flowchart showing a processing routine to prevent undershoot;
10 Fig. 27 is a graph showing an example of the control process carried out in the second embodiment;
Fig. 28 schematically illustrates structure of a four-wheel-drive vehicle with a power output apparatus 110C incor-
porated therein; and
Fig. 29 schematically illustrates another power output apparatus 310 as another modified example.

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS

One mode of carrying out the present invention is described as a preferred embodiment. Fig. 1 schematically illus-
trates structure of a power output apparatus 110 embodying the present invention; Fig. 2 is an enlarged view illustrating
an essential part of the power output apparatus 110 of the embodiment; and Fig. 3 schematically illustrates general

20 structure of a vehicle with the power output apparatus 110 of the embodiment incorporated therein. The general struc-
ture-of the vehicle is described first for the convenience of explanation.

Referring to Fig. 3, the vehicle is provided with an engine 150 which consumes gasoline as a fuel and outputs
power. The air ingested from an air supply system via a throttle valve 166 is mixed with a fuel, that is, gasoline in this
embodiment, injected from a fuel injection valve 151. The airfiuel mixture is supplied into a combustion chamber 152 to

25 be explosively ignited and burned. Linear motion of a piston 154 pressed down by the explosion of the airfuel mixture
is converted to rotational motion of a crankshatt 156. The throttle valve 166 is driven to open and close by an ‘actuator -
168. An ignition plug 162 converts a high voltage applied from an igniter 158 via a distributor 160 fo a spark, which
explosively ignites and combusts the air/fuel mixture.

Operation of the engine 150 is controlled by an electronic control unit (hereinafter referred to as EFIECU) 170. The

30 EFIECU 170 receives information from various sensors, which detect operating conditions of the engine 150. These
sensors include a throttle valve position sensor 167 for detecting a valve travel or position of the throttle valve 166, a
manifold vacuum sensor 172 for measuring a load applied to the engine 150, a water temperature sensor 174 for meas-
uring the temperature of cooling water in the engine 150, and a speed sensor 176 and an angle sensor 178 mounted
on the distributor 160 for measuring the revolving speed (the number of revolutions per a predetermined time period)

35 and the rotational angle of the crankshaft 156. A starter switch 179 for detecting a starting condition ST of an ignition
key (not shown) is also connected to the EFIECU 170. Other sensors and switches connecting with the EFIECU 170
are omitted from the illustration. .

The crankshaft 156 of the engine 150 is linked with a planetary gear 120, a first motor MG1, and a second motol
MG2 (described later) via a damper 157 that reduces the amplitude of torsional vibrations occurring on the crankshaft

40 156. The crankshaft 156 is further connected to a differential gear 114 via a power transmission gear 111, which is
linked with a drive shaft 112 working as the rotating shaft of the power transmission gear 111. The power output from
the power output apparatus 110 is thus eventually transmitted to left and right driving wheels 116 and 118. The first
motor MG1 and the second motor MQ2 are electrically connected to and controlled by a controller 180. The controller
180 includes an internal control CPU and receives inputs from a gearshift position sensor 184 attached to a gearshift

45 182, an accelerator position sensor 164a attached to an accelerator pedal 164, and a brake pedal position sensor 165a
attached to a brake pedal 165, as described later in detail. The controller 180 sends and receives a variety of data and
information to and from the EFIECU 170 through communication. Details of the control procedure including a commu-
nication protocol will be described later.

Reterring to Fig. 1, the power output apparatus 110 of the embodiment primarily includes the engine 150, the

50 damper 157 for connecting the crankshaft 156 of the engine 150 to a carrier shaft 127 so as to reduce the amplitude of
the torsional vibrations of the crankshaft 156, the planetary gear 120 having a planetary carrier 124 linked with the car-
rier shaft 127, the first motor MG1 linked with a sun gear 121 of the planetary gear 120, the second motor MG2 linked
with a ring gear 122 of the planetary gear 120, and the controller 180 for driving and controlling the first and the second
motors MG1 and MG2.

55 The following describes structure of the planetary gear 120 and the first and the second motors MG1 and MG2
based on the drawing of Fig. 2. The planetary gear 120 includes the sun gear 121 linked with a hollow sun gear shaft
125 which the carrier shaft 127 passes through, the ring gear 122 linked with a ring gear shaft 126 coaxial with the car-
rier shaft 127, a plurality of planetary pinion gears 123 arranged between the sun gear 121 and the ring gear 122 to
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revolve around the sun gear 121 while rotating on its axis, and the planetary carrier 124 connecting with one end of the
carier shaft 127 to support the rotating shafts of the planetary pinion gears 123. In the planetary gear 120, three shafts,
that is, the sun gear shaft 125, the ring gear shaft 126, and the carrier shaft 127 respectively connecting with the sun
gear 121, the ring gear 122, and the planetary carrier 124, work as input and output shafts of the power. Determination
of the power input to or output from any two shafts among the three shafts automatically determines the power input to
or output from the residual one shaft. The details of the input and output operations of the power into and from the three
shafts of the planetary gear 120 will be discussed later. Resolvers 139, 149, and 159 for measuring rotational angles
os, or, and ¢ of the sun gear shaft 125, the ring gear shaft 126, and the carrier shaft 127 are respectively attached to
the sun gear shaft 125, the ring gear shaft 126, and the carrier shaft 127.

A power feed gear 128 for taking out the power is linked with the ring gear 122 and arranged on the side of the first
motor MG1. The power feed gear 128 is further connected to the power transmission gear 111 via a chain belt 129, so
that the power is transmitted between the power feed gear 128 and the power transmission gear 111.

The first motor MG1 is constructed as a synchronous motor-generator and includes a rotor 132 having a plurality
of permanent magnets 135 on its outer surface and a stator 133 having three-phase coils 134 wound thereon to forma
revolving magnetic field. The rotor 132 is linked with the sun gear shaft 125 connecting with the sun gear 121 of the
planetary gear 120. The stator 133 is prepared by laying thin plates of non-directional electromagnetic steel one upon
another and is fixed to a casing 119. The first motor MG1 works as a motor for rotating the rotor 132 through the inter-
action between a magnetic fiekd produced by the permanent magnets 135 and a magnetic field produced by the three-
phase coils 134, or as a generator for generating an electromotive force on either ends of the three-phase coils 134
through the interaction between the magnetic field produced by the permanent magnets 135 and the rotation of the
rotor 132.

Like the first motor MG1, the second motor MG2 is also constructed as a synchronous motor-generator and
includes a rotor 142 having a plurality of permanent magnets 145 on its outer surface and a stator 143 having three-
phase coils 144 wound thereon to form a revolving magnetic field. The rotor 142 is linked with the ring gear shaft 126
connecting with the ring gear 122 of the planetary gear 120, whereas the stator 14 is fixed to the casing 119: The stator-
143 of the motor MG2 is also produced by laying thin plates of non-directional electromagnetic steel one upon another.
Like the first motor MG1, the second motor MG2 also works as a motor or a generator.

The controller 180 for driving and contralling the first and the second motor MG1 and MG2 has the following con-
figuration. Referring back to Fig. 1, the controller 180 includes a first driving circuit 191 for driving the first motor MG1,
a second driving circuit 192 for driving the second motor MG2, a control CPU 190 for controlling both the first and the
second driving circuits 191 and 192, and a battery 194 including a number of secondary cells. The control CPU 190 is
a one-chip microprocessor including a RAM 190a used as a working memory, a ROM 190b in which various control pro-
grams are stored, an input/output port (not shown), and a serial communication port (not shown) through which data
are sent to and received from the EFIECU 170. The control CPU 190 receives a variety of data via the input port. The
input data include a rotational angle s of the sun gear shaft 125 measured with the resolver 139, a rotational angle 6r
of the ring gear shaft 126 measured with the resolver 149, a rotational angle 6c of the carrier shaft 127 measured with
the resolver 159, an accelerator pedal position AP (step-on amount of the accelerator pedal 164) output from the accel-
erator position sensor 164a, a brake pedal position BP (step-on amount of the brake pedal 165) output from the brake
pedal position sensor 165a, a gearshift position SP output from the gearshift position sensor 184, values of currents lut
and Iv1 from two ammeters 195 and 196 disposed in the first driving circuit 191, values of currents lu2 and iv2 from two
ammeters 197 and 198 disposed in the second driving circuit 192, and a remaining charge BRM of the battery 194
measured with a remaining charge meter 199. The remaining charge meter 199 may determine the remaining charge
BRM of the battery 194 by any known method; for example, by measuring the specific gravity of an electrolytic solution
in the battery 194 or the whole weight of the battery 194, by computing the currents and time of charge and discharge,
or by causing an instantaneous short circuit between terminals of the battery 194 and measuring an internal resistance
against the electric current. ’

The contral CPU 190 outputs a first control signal SW1 for driving six transistors Tr1 through Tr6 working as switch-
ing elements of the first driving circuit 191 and a second control signal SW2 for driving six transistors Tr11 through Tr16
working as switching elements of the second driving circuit 192. The six transistors Tr1 through Tr6 in the first driving
circuit 191 constitute a transistor inverter and are arranged in pairs to work as a source and-a drain with respectto a
pair of power lines L1 and L2. The three-phase coils (U,V,W) 134 of the first motor MG1 are connected to the respective
contacts of the paired transistors in the first driving circuit 191. The power lines L1 and L2 are respectively connected
to plus and minus terminals of the battery 194. The control signal SW1 output from the control CPU 190 thus succes-
sively controls the power-on time of the paired transistors Tr1 through Ti6. The electric currents flowing through the
three-phase coils 134 undergo PWM (pulse width modulation) control to give quasi-sine waves, which enable the three-
phase coils 134 to form a revolving magnetic field.

The six transistors Tr11 through Tr16 in the second driving circuit 192 also constitute a transistor inverter and are
arranged in the same manner as the transistors Tr1 through Tr6 in the first driving circuit 191. The three-phase coils
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(U.V,W) 144 of the second motor MG2 are connected to the respective contacts of the paired transistors in the second
driving circuit 191. The second control signal SW2 output from the control CPU 190 thus successively controls the
power-on time of the paired transistors Tr11 through Tr16. The electric currents flowing through the three-phase coils
144 undergo PWM control to give quasi-sine waves, which enable the three-phase coils 144 to form a revolving mag-
netic field.

The following describes the operation of the power output apparatus 110 of the first embodiment having the above
construction. In the following discussion, the term ‘power' is expressed by the product of the torque acting on a shaft
and the revolving speed of the shaft and represents the magnitude of energy output per unit ime. The term ‘power state’
denotes a driving point defined by a combination of the torque and the revolving speed that gives a certain power. There
are, however, numerous combinations of the torque and the revolving speed to define a driving point that gives a certain
power. The power output apparatus is controlled based on the energy flow at each moment, in other words, based on
the energy balance per unit time. The term ‘energy’ herein is thus used as the synonym of ‘power and represents
energy per unit ime. In the same manner, both the terms "electric power’ and ‘electrical energy’ represent electrical
energy per unit time.

The power output apparatus 110 of the embodiment thus constructed works in accordance with the operation prin-
ciples discussed below, especially with the principle of torque conversion. By way of example, it is assumed that the
engine 150 is driven at a driving point P1 of the revolving speed Ne and the torque Te and that the ring gear shaft 126
is driven at another driving point P2, which is defined by another revolving speed Nr and another torque Tr but gives an
amount of energy identical with an energy Pe output from the engine 150. This means that the power output from the
engine 150 is subjected to torque conversion and applied to the ring gear shaft 126. The relationship between the
torque and the revolving speed of the engine 150 and the ring gear shaft 126 under such conditions is shown in the
graph of Fig. 4.

According to the mechanics, the relationship between the revolving speed and the torque of the three shafts in the
planetary gear 120 (that is, the sun gear shaft 125, the ring gear shaft 126, and the carrier shaft 127) can be expressed
as nomograms illustrated in Figs. 5 and 6 and solved geometrically. The relationship between the revolving speed and
the torque of the three shafts in the planetary gear 120 may be analyzed numerically through calculation of energies of
the respective shafts, without using the nomograms. For the clarity of explanation, the nomograms are used in this
embodiment. '

In the nomogram of Fig. 5, the revolving speed of the three shafts is plotted as ordinate and the positional ratio of
the coordinate axes of the three shafts as abscissa. When a coordinate axis S of the sun gear shaft 125 and a coordi-
nate axis R of the ring gear shaft 126 are positioned on either ends of a line segment, a coordinate axis C of the carrier
shaft 127 is given as an interior division of the axes S and R at the ratio of 1 to p, where p represents a ratio of the
number of teeth of the sun gear 121 to the number of teeth of the ring gear 122 and expressed as Equation (1) given
below:

_ the humber of teeth of the sun gear )
P = e humber of teeth of the ring gear

As mentioned above, the engine 150 is driven at the revolving speed Ne, while the ring gear shaft 126 is driven at
the revolving speed Nr. The revolving speed Ne of the engine 150 can thus be plotted on the coordinate axis C of the
carrier shaft 127 linked with the crankshaft 156 of the engine 150, and the revolving speed Nr of the ring gear shaft 126
on the coordinate axis R.of the ring gear shaft 126. A straight line passing through both the points is drawn, and a
revolving speed Ns of the sun gear shaft 125 is then given as the intersection of this straight line and the coordinate axis
S. This straight line is hereinafter referred to as a dynamic collinear line. The revolving speed Ns of the sun gear shaft
125 can be calculated from the revolving speed Ne of the engine 150 and the revolving speed Nr of the ring gear shaft
126 according to a proportional expression given as Equation (2) below. In the planetary gear 120, the determination
of the rotations of the two gears among the sun gear 121, the ring gear 122, and the planetary carrier 124 results in
automatically setting the rotation of the residual one gear.

Ns = Nr - (Nr - Ne) ‘—EE @)

The torque Te of the engine 150 is then applied (upward in the drawing) to the dynamic collinear line on the coor-
dinate axis C of the carrier shaft 127 functioning as a line of action. The dynamic collinear line against the torque can
be regarded as a rigid body to which a force is applied as a vector. Based on the technique of dividing the force into two
ditferent parallel lines of action, the torque Te acting on the coordinate axis C is divided into a torque Tes on the coordi-
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nate axis S and a torque Ter on the coordinate axis R. The magnitudes of the torques Tes and Ter are given by Equa-
tions (3) and (4) below:

= P
Tes = Te x Tep (3)
Ter=Te x 1 (4)
1+p _

The equilibrium of forces on the dynamic colinear fine is essential for the stable state of the dynamic collinear line.
In accordance with a concrete procedure, a torque Tm1 having the same magnitude as but the opposite direction to the
torque Tes is applied to the coordinate axis S, whereas a torque Tm2 having the same magnitude as but the opposite
direction to a resultant force of the torque Ter and the torque that has the same magnitude as but the opposite direction
to the torque Tr output to the ring gear shaft 126 is applied to the coordinate axis R. The torque Tm1 is given by the first
motor MQ1, and the torque Tm2 by the second mator MG2. The first motor MG1 applies the torque Tm1 in reverse of
its rotation and thereby works as a generator to regenerate an electrical energy Pm1, which is given as the product of
the tarque Tm1 and the revolving speed Ns, from the sun gear shaft 125. The second motor MG2 applies the torque
Tm2 in the direction of its rotation and thereby works as a motor to output an electrical energy Pm2, which is given as
the product of the torque Tm2 and the revolving speed Nr, as a power to the ring gear shaft 126.

In case that the electrical energy Pm1 is identical with the electrical energy Pm2, all the electric power consumed
by the second motor MG2 can be regenerated and supplied by the first motor MGH1. In order to attain such a state, all
the input energy should be output; that is, the energy Pe output from the engine 150 should be equal to an energy Pr
output to the ring gear shaft 126. Namely the energy Pe expressed as the product of the torque Te and the revolving'
speed Ne is made equal to the energy Pr expressed as the product of the torque Tr and the revolving speed Nr. Refer-
ring to Fig. 4, the power that is expressed as the product of the torque Te and the revolving speed Ne and output from
the engine 150 driven at the driving point P1 is subjected to torque conversion and output to the ring gear shaft 126 as
the power of the same energy but expressed as the product of the torque Tr and the revolving speed Nr. As discussed
previously, the power output to the ring .gear shaft 126 is transmitted to a drive shaft 112 via the power feed gear 128
and the power transmission gear 111, and further transmitted to the driving wheels 116 and 118 via the differential gear
114. A linear relationship is accordingly held between the power output to the ring gear shaft 126 and the power trans-
mitted to the driving wheels 116 and 118. The power transmitted to the driving wheels 116 and 118 can thus be con-
trolled by adjusting the power outputto the ring gear shaft 126.

Although the revolving speed Ns of the sun gear shaft 125 is positive in the nomogram of Fig. 5, it may be negative
according to the revolving speed Ne of the engine 150 and the revolving speed Nr of the ring gear shaft 126 as shown
in the nomogram of Fig. 6. In the latter case, the first motor MG1 applies the torque in the direction of its rotation and
thereby works as a motor to consume the electrical energy Pm1 given as the product of the torque Tm1 and the revolv-
ing speed Ns. The second motor MG2, on the other hand, applies the torque in reverse of its rotation and thereby works
as a generator to regenerate the electrical energy Pm2, which is given as the produict of the torque Tm2 and the revolv-
ing speed Nr, from the ring gear shaft 126. In case that the electrical energy Pm1 consumed by the first motor MG1is
made equal to the electrical energy Pm2 regenerated by the second motor MG2 under such conditions, all the electric
power consumed by the first motor MG1 can be supplied by the second motor MG2.

The above description refers to the fundamental torque conversion in the power output apparatus 110 of the
embodiment. The power output apparatus 110 can, however, perform other operations as well as the above fundamen-
tal operation that carries out the torque conversion for all the power output from the engine 150 and outputs the con-
verted torque to the ring gear shaft 126. The pdssible operations include an operation of charging the battery 194 with
the surplus electrical energy and an operation of supplementing an insufficient electrical energy with the electric power
stored in the battery 194. These operations are implemented by regulating the power output from the engine 150 (that
is, the product of the torque Te and the revolving speed Ne), the electrical energy Pm1 regenerated or consumed by the
first motor MG1, and the electrical energy Pm?2 regenerated or consumed by the second motor MG2.

The operation principle discussed above is on the assumption that the efficiency of power conversion by the plan-
etary gear 120, the motors MG1 and MG2, and the transistors Tr1 through Tr16 is equal to the value '1", which repre-
sents 100%. In the actual state, however, the conversion efficiency is less than the value '1', and it is required to make
the energy Pe output from the engine 150 a little greater than the energy Pr output to the ring gear shatt 126 or alter-
natively to make the energy Pr output to the ring gear shaft 126 a little smaller than the energy Pe output from the
engine 150. By way of example, the energy Pe output from the engine 150 may be calculated by muttiplying the energy
Pr output to the ring gear shaft 126 by the reciprocal of the conversion efliciency. In the state of the nomogram of Fig.
5, the torque Tm2 of the second motor MG2 may be calculated by multiplying the electric power regenerated by the first
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motor MG1 by the efficiencies of both the motors MG1 and MG2. In the state of the nomogram of Fig. 6, on the other
hand, the torque Tm2 of the second motor MG2 may be calculated by dividing the electric power consumed by the first
motor MG1 by the efficiencies of both the motors MG1 and MG2. In the planetary gear 120, there is an energy 10ss or
heat loss due to a mechanical friction or the like, though the amount of energy loss is significantly small, compared with
the whole amount of energy concerned. The efficiency of the synchronous motors used as the first and the second
motors MG1 and MG2 is very close to the vatue '1'. Known devices such as GTOs applicable to the transistors Tr1
through Tr16 have extremely small ON-resistance. The efficiency of power conversion is thus practically equal to the
value '1". For the matter of convenience, in the following discussion of the embodiment, the efficiency is considered
equal to the value 1" (=100%), unless otherwise specified.

The following describes a control procedure of stopping the operation of the engine 150 while the vehicle isata run
through the above torque control, based on an engine stop control routine shown in the flowchart of Fig. 7. The engine
stop control routine of Fig. 7 is executed when the driver gives a switching instruction to the motor driving mode only
with the second motor MG2 or when the control CPU 190 of the controller 180 carries out an operation mode determi-
nation routine (not shown) and selects the motor driving mode only with the second motor MG2.

When the program enters the engine stop control routine, the control CPU 190 of the controller 180 first outputs an
engine operation stop signal to the EFIECU 170 through communication to stop the operation of the engine 150 at step
$100. In response to the engine operation stop signal, the EFIECU170 stops fuel injection from the fuel injection valve
151 and application of a voltage to the ignition plug 162 and fully closes the throttie valve 166. These processes stop
the operation of the engine 150.

The control CPU 190 then reads the revolving speed Ne of the engine 150 at step $102. The revolving speed Ne
of the engine 150 may be calculated from the rotational angle éc of the carrier shaft 127 read from the resolver 159,
which is attached to the carrier shaft 127 connecting with the crankshaft 156 via the damper 157. Alternatively the
revolving speed Ne of the engine 150 may be measured directly with the speed sensor 176 attached to the distributor
160. In the latter case, the control CPU 190 receives data of the revolving speed Ne from the EFIECU 170 connected
to the speed sensor 176 through communication.

After receiving the revolving speed Ne of the engine 150, the control CPU 180 sets an initial value on a time counter

" TCbased on the input revolving speed Ne at step S104. The time counter TC is an argument used to set a target revolv-

ing speed Ne* of the engine 150 at step S108 (described later) and is incremented at step S106 every time when the
processing of steps S106 through S116 is repeated. The initial value on the time counter TC is set based on a map
showing the refationship between the time counter TC as the argument and the target revolving speed Ne* of the engine
150, for example, a map shown in Fig. 8. In accordance with a.concrete procedure, the value of the time counter TC
corresponding to the input revolving speed Ne (target revolving speed Ne®) plotted on the ordinate is read from the map
of Fig. 8.

The control CPU 190 increments the preset time counter TC at step S106, and sets the target revolving speed Ne*
of the engine 150 corresponding to the incremented time counter TC using the map shown in Fig. 8 at step S$108. In
accordance with a concrete procedure, the target revolving speed Ne* corresponding to the time counter TC plotted on
the abscissa is read from the map of Fig. 8. A process of determining the target revolving speed Ne* corresponding to
the value "TC+1', which is the initial value on the time counter TC plus one, is shown in the map of Fig. 8. The control
CPU 190 subsequently receives the revolving speed Ne of the engine 150 at step S110, and sets a torque command
value Tm1* of the first motor MG1 based on the input revolving speed Ne and the preset target revolving speed Ne*
according to Equation (5) given below at step S112. The first term on the right side of Equation (5) is a proportional term
to cance! the deviation of the actual revolving speed Ne from the target revolving speed Ne*, and the second term on
the right side is an integral term to cancel the stationary deviation. K1 and K2 denote proportional constants.

Tm1*<K1(Ne*-Ne)+K2f (Ne*-Ne)dt (5)

The control CPU 190 then sets a torque command value Tm2* of the second motor MG2 based on a torque com-
mand value Tr* to be output to the ring gear shaft 126 and the preset torque command value Tm1* of the first motor
MG1 according to Equation (6) given below at step S114. The second term on the right side of Equation (6) represents
a torque applied to the ring gear shaft 126 via the planetary gear 120 when the torque defined by the torque command
value Tm1* is output from the first motor MG1 whife the engine 150 is at a stop. K3 denotes a proportional constant.
The proportional constant K3 is equal to one in the state of equilibrium on the dynamic collinear line in the nomogram.
In a transient state in the course of stopping the operation of the engine 150, part of the torque output from the first
motor MG is used to change the motion of the inertial system consisting of the engine 150 and the first motor MG1.
The proportional constant K3 is accordingly smaller than one. A concrete procedure for accurately determining this
torque calculates a torque (inertial torque) used to change the motion of the inertial system by multiplying a moment of
inertia seen from the first motor MG1 of the inertial system by an angular acceleration of the sun gear shatft 125, sub-
tracts the inertial torque from the torque command value Tm1*, and divides the difference by the gear ratio p. Since the
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torque command value Tm1* set by this routine is a relatively small value, the procedure of this embodiment utilizes the
proportional constant K3 to simplify the calculation. The torque command value Tr* to be output to the ring gear shaft
126 is set based on the step-on amount of the accelerator pedal 164 by the driver according to a required torque setting
routine shown in the flowchart of Fig. 9. The following discusses the procedure of setting the torque command value Tr*.

Tm2*« Tr*-K3 x I’"T‘- (6)

The required torque setting routine of Fig. 9 is repeatedly executed at predetermined time intervals (for example,
at every 8 msec). When the program enters the routine of Fig. 9, the control CPU 190 of the controller 180 first reads
the revolving speed Nr of the ring gear shaft 126 at step S130. The revolving speed Nr of the ring gear shaft 126 may
be calculated from the rotational angle 6r of the ring gear shaft 126 read from the resolver 149. The control CPU 180
then reads the accelerator pedal position AP detected by the accelerator pedal position sensor 164a at step S132. The
driver steps on the accelerator pedal 164 when feeling insufficiency of the output torque. The value of the accelerator
pedal position AP accordingly represents the desired torque to be output to the ring gear shaft 126 and eventually to
the driving wheels 116 and 118. The control CPU 190 subsequently determines the torque command value Tr*, that is,
the target torque to be output to the ring gear shaft 126, based on the input revolving speed Nr of the ring gear shaft
126 and the input accelerator pedal position AP at step S134. Not the torque to be output to the driving wheels 116 and
118 but the torque to be output to the ring gear shaft 126 is calculated here from the accelerator pedal position AP and
the revolving speed Nr. This is because the ring gear shaft 126 is mechanically linked with the driving wheels 116 and -
118 via the power feed gear 128, the power transmission gear 111, and the differential gear 114 and the determination
of the torque to be output to the ring gear shaft 126 thus results in determining the torque to be output to the driving
wheels 116 and 118. In this embodiment, a map representing the relationship between the torque command value Tr*,
the revolving speed Nr of the ring gear shaft 126, and the accelerator pedal position AP is prepared in advance and
stored in the ROM 190b. In accordance with a concrete procedure, at step $134, the torque command value Tr* corre-
sponding to the input accelerator pedal position AP and the input revolving speed Nr of the ring gear shaft 126 is read
from the map stored in the ROM 190b. An example of available maps is shown in Fig. 10.

Referring back to the flowchart of Fig. 7, after setting the torque command value Tm1* of the first motor MG1 at -
step $112 and the torque command value Tm2* of the second motor MG2 at step-S114, the program repeatedly exe-
cutes a control routine of the first motor MG1 shown in the flowchart of Fig. 11 and a control routine of the second motor
MG2 shown in the flowchart of Fig. 12 at predetermined time intervals (for example, at every 4 msec) through an inter-
ruption process, thereby controlling the first motor MG1 and the second motor MG2 to output the torques defined by the
preset torque command values. The control procedures of the first motor MG1.and the second motor MG2 will be
described later. :

The contral CPU 190 of the controller 180 then compares the revolving speed Ne of the engine 150 with a threshold
value Nref at step S116. The threshold value Nref is set to be close to the target revolving speed Ne* of the engine 150
determined by the processing in the motor driving mode with only the second motor MG2. In this embodiment, the tar-
get revolving speed Ne* of the engine 150 determined by the processing in the motor driving mode with only the second
motor MG2 is equal to zero, and the threshold value Nref is set to be close to zero. The threshold value Nref is smaller
than the lower limit of a specific revolving speed range, in which the system connecting to the crankshaft 156 and the
carrier shaft 127 linked with each other via the damper 157 causes a resonance. In case that the revolving speed Ne of
the engine 150 is greater than the threshold value Nref, the program determines a transient state in the course of stop-
ping the operation of the engine 150 and that the revolving speed Ne of the engine 150 is still not less than the lower
limit of the specific revolving speed range that causes a resonance. The program accordingly returns to step S106 and
repeats the processing of steps 5106 through S116. Every time when the processing of steps S106 through S116is
repeated, the time counter TC is incremented and a smaller value is read from the map shown in Fig. 8 and set to the
target revolving speed Ne* of the engine 150. The revolving speed Ne of the engine 150 thus decreases by a similar
slope to that of the target revolving speed Ne* shown in the map of Fig. 8. In case that the slope of the tardet revolving
speed Ne* is set to be not less than the slope of a natural variation in revolving speed Ne at the time of stopping the fuel
injection to the engine 150, the revolving speed Ne of the engine 150 can be decreased abruptly, In case that the slope
of the target revolving speed Ne* is set to be less than the slope of the natural variation in revolving speed Ne, on the
contrary, the revolving speed Ne of the engine 150 can be decreased gently. In this embodiment, the slope of the target
revolving speed Ne* is set to be not less than the slope of the natural variation in revolving speed Ne, on the assumption
that the revolving speed Ne passes through the specific revolving speed range that causes a resonance.

in case that the revolving speed Ne of the engine 150 becomes equal to or less than the threshold value Nref at
step S$116, on the other hand, the program sets a cancet torque Tc to the torque command value Tm1* of the first motor
MG1 at step S118, sets the torque command value Tm2* of the second motor MG2 according to Equation (6) given
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above at step 5120, and waits for a predetermined time period at step S122. The cancel torque Tc prevents the revolv-
ing speed Ne of the engine 150 from taking a negative value, that is, undershooting. The reason why the revolving.
speed Ne of the engine 150 undershoots when the operation of the engine 150 is positively stopped by the first motor
MG1 under the Pl control, has been described previously.

5 After the predetermined time period has elapsed while the first motor MG1 outputs the cancel torque Tc, the pro-
gram sets the torque command value Tm1* of the first motor MG1 equal to zero at step S124 and the torque command
value Tm2* of the second motor MG2 equal to the torque command value Tr* at step S$126. The program then exits from
this routine and executes the processing in the motor driving mode with only the second motor MG2 (not shown).

The control operation of the first motor MG1 follows the control routine of the first motor MG1 shown in the flowchart

10 of Fig. 11. When the program enters the routine of Fig. 11, the control CPU 190 of the controller 180 first receives the

rotational angle 6s of the sun gear shaft 125 from the revolver 139 at step S180, and calculates an electrical angle 61

of the first motor MG1 from the rotational angle 8s of the sun gear shaft 125 at step S$181. In this embodiment, since a

synchronous motor of four-pole pair (that is, four N poles and four S poles) is used as the first motor MG, the rotational

-angle @s of the sun gear shaft 125 is quadrupled to yield the electrical angle 61 (61=40s) . The CPU190 then detects

values of currents lut and Iv1 flowing through the U phase and V phase of the three-phase coils 134 in the first motor

MG1 with the ammeters 195 and 196 at step S182. Although the currents naturally flow through all the three phases U,

V, and W, measurement is required only for the currents passing through the two phases since the sum of the currents

is equal to zero. At subsequent step S184, the control CPU 190 executes transformation of coordinates (three-phase to
two-phase transformation) using the values of currents flowing through the three phases obtained at step $182. The

20 transformation of coordinates maps the values of currents flowing through the three phases to the values of currents
passing through d and q axes of the permanent magnet-type synchronous motor and is executed according to Equation
(7) given below. The transformation of coordinates is carried out because the currents flowing through the d and g axes
are essential for the torque control in the permanent magnet-type synchronous motor. Altematively, the torque control
may be executed directly with the currents flowing through the three phases.

~
(4]

25

*1d1 -sin(01-120) sin61+r/u1
= V2
[Iq1] v [-cos(61 -120) cose1][lv1] ™
30 After the transformation to the currents of two axes, the control CPU 190 computes deviations of currents Id1 and

Iq1 actually flowing through the d and q axes from current command values Id1* and Iq1* of the respective axes, which
are calculated from the torque command value Tm1* of the first motor MG1, and subsequently determines voltage com-
mand values Vdi and Vq1 with respect to the d and q axes at step $186. In accordance with a concrete procedure, the
control CPU 190 executes arithmetic operations of Equations (8) and Equations (9) given below. In Equations (9), Kp1,

35 Kp2, Ki1, and Ki2 represent coefficients, which are adjusted to be suited to the characteristics of the motor applied.
Each voltage command value Vd1 (Vg1) includes a part in proportion to the deviation Al from the current command
value I* (the first term on the right side of Equation (9)) and a summation of historical data of the deviations Alfor 'i' times
(the second term on the right side).

40 Ald1 = [d1*-1d1 ‘ )
Algt = Ig1*-Ig1
Vd1 = Kp1-Aldi+ X Kitl-Ald1 ©)]
45
Vgl = Kp2-Alg1+ & Ki2 - Algt
The control CPU 190 then re-transforms the coordinates of the voltage command values thus obtained {two-phase
to three-phase transformation) at step S188. This corresponds to an inverse of the transformation executed at step

50 S184. The inverse transformation determines voltages Vu1, Vv1, and Vw1 actually applied to the three-phase coils 134
as expressed by Equations (10)-given below:

[VU1]=\I§[ cos61 -sin@1 ][Vd1] (10)

s w1 cos(61-120) -sin(61-120)JL Vg1
vwl = -Wi-Wvi
13
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The actual voltage control is accomplished by on-off operation of the transistors Tr1 through Tr6 in the first driving cir-
cuit 191. At step $189, the on- and off-time of the transistors Tr1 through Tr6 in the first driving circuit 191 is PWM (pulse
width modulation) controlléd, in order to attain the voltage command values Vu1, Vv1, and Vw1 determined by Equa-
tions (10) given above. )

It is assumed that the torque command value Tm1* of the first motor MG1 is positive when the torque Tm1 is
applied in the direction shown in the nomograms of Figs. 5 and 6. For an identical positive torque command value Tm1°,
the first motor MG is controlled to carry out the regenerative operation when the torque command value Tm1* acts in
reverse of the rotation of the sun gear shaft 125 as in the state of the nomogram of Fig. 5, and controlled to camy out
the power operation when the torque command value Tm1* acts in the direction of rotation of the sun gear shaft 125 as
in the state of the nomogram of.Fig. 6. For the positive torque command value Tm1°, both the regenerative operation
and the power-operation of the first motor MG 1 implement the identical switching control. In accordance with a concrete
procedure, the transistors Tr1 through Tr6 in the first driving circuit 191 are controlied to enable a positive torque to be
applied to the sun gear shaft 125 by the combination of the magnetic field generated by the permanent magnets 135
set on the outer surface of the rotor 132 with the revolving magnetic field generated by the currents flowing through the
three-phase coils 134. The identical switching control is executed for both the regenerative operation and the power
operation of the first motor MG1 as long as the sign of the torque command value Tm1* is not changed. The control
routine of the first motor MG1 shown in the flowchart of Fig. 11 is thus applicable to both the regenerative operation and
the power operation. When the torque command value Tm1* is negative, the rotational angle 8s of the sun gear shaft
125 read at step S180 is varied in a reverse direction. The control routine of the first motor MG1 shown in Fig. 11isthus
also applicable to this case.

The control operation of the second motor MG2 follows the contral routine of the second motor MG2 shown in the
flowchart of Fig. 12: The control procedure of the second motor MG2 is identical with that of the first motor MG1, except
that the torque command value Tm2* and the rotational angle 6r of the ring gear shaft 126 are used in place of the
torque command value Tm1* and the rotational angle 8s of the sun gear shaft 125. When the program enters the routine
of Fig. 12, the control CPU 190 of the controller 180 first receives the rotational angle or of the ring gear shaft 126 from
the revolver 149 at step S190, and calculates an electrical angle 62 of the second motor MG2 from the observed rota-
tional angle Or of the ring gear shaft 126 at step S191. At subsequent step S192, phase currents |u2 and Iv2 of the sec-
ond motor MG2 are measured with the ammeters 197 and 198. The control CPU 190 then executes transformation of
coordinates for the phase currents at step $194, computes voltage command values Vd2 and Vq2 at step S196, and
executes inverse transformation of coordinates for the voltage command values at step $198. The control CPU 190
subsequently determines the on- and off-time of the transistors Tr11 through Tr16 in the second driving circuit 192 for
the second motor MG2 and carries out the PWM control at step S199. )

The second motor MG2.is also controlled to carry out either the regenerative operation or the power operation,
based on the relationship between the direction of the torque command value Tm2* and the direction of the rotation of
the ring gear shaft 126. Like the first motor MG, the control-process of the second motor MG2 shown in the flowchart
of Fig. 12 is applicable to both the regenerative operation and the power operation. In this embodiment, it is assumed
that the torque command value Tm2* of the second motor MG2 is positive when the torque Tm2 is applied in the direc-
tion shown in the nomogram of Fig. 5.

The following describes variations in revolving speed Ne of the engine 150 and torque Tm1 of the first motor MG1
during the control process to stop the engine 150, with the nomograms of Figs. 13 through 15 and the graph of Fig. 16.
Fig. 13 is a nomogram showing the state when the engine stop control routine of Fig. 7 is carried out for the first time;
Fig. 14 is a nomogram showing the state when the processing of steps S106 through S116 in the engine stop control
routine has repeatedly been executed; and Fig. 15 is a nomogram showing the state when the revolving speed Ne of
the engine 150 becomes equal to or less than the threshold value Nref. As discussed above, in this embodiment, the
slope of the target revolving speed Ne* in the map of Fig. 8 is set to be not less than the slope of the natural variation
in revolving speed Ne. As shown in Figs. 13 and 14, the torque Tm1 output from the first motor MG1 thus acts to forcibly
decrease the revolving speed Ne of the engine 150. When the engine stop control routine is carried out for the first time,
the torque Tm1 is applied in reverse of the rotation of the sun gear shaft 125, and the first motor MG1 accordingly func-
tions as a generator. The revolving speed Ns of the sun gear shaft 125 then takes a negative value as shown in Fig. 14,
and the first motor MG1 functions as a motor. At this moment, the first motor MG1 is under the P control based on the
revolving speed Ne of the engine 150 and the target revolving speed Ne*. The revolving speed Ne of the engine 150
thus varies with a littie delay from the target revolving speed Ne* as shown in Fig. 16. As discussed previously with the
nomogram of Fig. 6, the revolving speed Ns of the sun gear shaft 125 may take a negative value according to the revolv-
ing speed Ne of the engine 150 and the revolving speed Nr of the ring gear shaft 126 in the state prior to the output of
an engine operation stop instruction. The nomogram of Fig. 14 may accordingly represent the state when the engine
stop control routine is carried out for the first time. In this case, the first motor MG1 functions as a motor from the begin-
ning.
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In the state of the nomograms of Figs. 13 and 14, the fuel supply to the engine 150 is stopped, and no torque is
accordingly output from the engine 150. The first motor MG1 outputs the torque Tm1 that forcibly reduces the revolving
speed Ne of the engine 150, and a torque Tsc is then applied to the carrier shaft 127 as a reaction of the torque Tm1.
The ring gear shaft 126, on the other hand, receives the torque Tm2 output from the second motor MG2 and a torque
Tsr output via the planetary gear 120 accompanied by the torque Tm1 output from the first motor MG1. The torque Tsr
applied to the ring gear shaft 126 can be calculated by taking into.account the equilibrium on the dynamic collinear line
and the variation in motion of the inertial system consisting of the engine 150 and the first motor MG1. The torque Tsr
is almost equivalent to the second term on the right side of Equation (6). Namely the torque approximate to the torque
command_value Tr* is thus output to the ring gear shaft 126.

When the revolving speed Ne of the engine 150 becomes equal to or less than the threshold value Nref at step
5116 in the engine stop control routine of Fig. 7, the first motor MG1 outputs the cancel torque Tc. The engine 150
accordingly stops without undershooting the revolving speed Ne of the engine 150 as shown by the broken fines in Fig.
16, and the operation mode is smoothly shifted to the motor driving mode with only the second motor MG2. In this
embodiment, the torque command value Trn1* of the first motor MG1 is set equal to zero in the motor driving mode with
only the second motor MG2. The dynamic collinear line is thus stably-kept in the state having the least sum of the
energy required for racing the engine 150 and the energy required for racing the first motor MG1. Since the engine 150
is a gasoline engine in the embodiment, the energy required for racing the engine 150, that is, the energy required for
friction and compression of the piston in the engine 150, is greater than the energy required for racing the rotor 132 of
the first motor MG1. The dynamic collinear line is accordingly in the state of stopping the engine 150 and racing the first
motor MG1 as shown in the nomogram of Fig. 15. The cancel torque T¢ output from the first motor MG1 is also shown
in the nomogram of Fig. 15.

As discussed above, the power output apparatus 110 of the embodiment quickly reduces the revolving speed Ne
of the engine 150 to zero in response to an instruction for stopping the operation of the engine 150. This allows the
revolving speed Ne of the engine 150 to swiftly pass through the specific revolving speed range that causes a reso-
nance of the torsional vibrations on the engine 150 and the first motor MG1 as the inertial mass. This results in enabling
the simplified structure of the damper 157 for reducing the amplitude of the torsional vibrations.

In the power output apparatus 110 of the embodiment, the first motor MG1 outputs the cancel torque Tc in the
direction of increasing the revolving speed Ne of the engine 150, immediately before the revolving speed Ne of the
engine 150 becomes equal to zero. This structure effectively prevents the revolving speed Ne of the engine 150 from
undershooting, thereby preventing occurrence of a vibration and a foreign noise due to undershooting.

The power output apparatus 110 of the embodiment uses the map wherein the slope of the target revolving speed
Ne* is greater than the slope of the natural variation in revolving speed Ne of the engine 150 (for example, the map of
Fig. 8), and accordingly enables the first motor MG1 to output the torque Tm1 that forcibly reduces the revolving speed
Ne of the engine 150. In accordance with an alternative application, another map wherein the slope of the target revolv-
ing speed Ne* is less than the slope of the natural variation in revolving speed Ne of the engine 150 is used in place of
the map of Fig. 8, so asto enable a gentle variation in revolving speed Ne of the engine 150. This alternative structure
allows the revolving speed Ne of the engine 150 to be gently varied.

In accordance with still another possible application, another map wherein the slope of the target revolving speed
Ne* is identical with the slope of the natural variation in revolving speed Ne of the engine 150 is used in place of the
map of Fig. 8, so as to enable a natural variation in revolving speed Ne of the engine 150. In this case, the torque com-
mand value Tm1* of the first motor MG1 is set equal to zero when the operation of the engine 150 is stopped. The flow-
chart of Fig. 17 shows an engine stop contro! routine in this modified application. In this routine, the program sets the
torque command value Tm1* of the first motor MG1 equal to zero at step S202 and sets the torque command value
Tm2* of.the second motor MG2 equal to the torque command value Tr* at step S210. No torque is accordingly output
from the first motor MG1. While the kinetic energy of the engine 150 and the first motor MG1 is consumed by the friction
and compression of the piston in the engine 150, the dynamic collinear line is shifted toward the state having the least
sum of the energy required for racing the enginé 150 and the energy required for racing the first motor MG1 (that is, the
state in the nomogram of Fig. 15). When no torque is output from the first motor MG1, the first MG1 does not consume
any electric power. This structure accordingly improves the energy efficiency of the whole power output apparatus. The
engine stop control routine of Fig. 17 can be regarded as the processing routine in the motor driving mode with only the
second motor MG2.

In the power output apparatus 110 of the embodiment, the target revolving speed Ne* of the engine 150 is set equal
to zero in the motor driving mode with anly the second motor MG2 and the threshold value Nref is then set approximate
to or equal fo zero. In accordance with another possible application, the target revolving speed Ne* of the engine 150
may be set equal to a specific value other than zero in the motor driving mode with only the second motor MG2. In this
case, the threshold value Nref is set approximate to or equal to the specific value. By way of example, the idle revolving
speed is set to the target revolving speed Ne” of the engine 150, and the threshold value Nref is set approximate to or
equal to the idle revolving speed.
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In the power output apparatus 110 of the embodiment discussed above, the control procedure is applied to regulate
the revolving speed Ne of the engine 150 at the time of stopping the operation of the engine 150 while the vehicle is at
a run, that is, while the ring gear shaft 126 rotates. The control procedure is also applicable to regulate the revolving
speed Ne of the engine 150 at the time of stopping the operation of the engine 150 while the vehicle is at a stop, that
is, while the ring gear shaft 126 does not rotate.

In the power output apparatus 110 of the embodiment, the torque command value Tm1* of the first motor MG1 and
the torque command value Tm2* of the second motor MG2 are set in the engine stop control routine. In accordance
with an alternative application, the torque command value Tm1* of the first motor MG1 is set in the control routine of
the first motor MG1 and the torque command value Tm2* of the second motor MG2 in the control routine of the second
motor MG2.

In the power output apparatus 110 of the embodiment, the.power output to the ring gear shaft 126 is taken out of
the arrangement between the first motor MG1 and the second motor MG2 via the power feed gear 128 linked with the
ring gear 122. Like another power output apparatus 1 10A shown in Fig. 18 as a modified example, however, the power
may be taken out of the casing 119, from which the ring gear shaft 126 is extended. Fig. 19 shows still another power
output apparatus 110B as another modified example, wherein the engine 150, the planetary gear 120, the second
motor MG2, and the first motor MG1 are arranged in this sequence. In this case, a sun gear shaft 1258 may not have
a hollow structure, whereas a hollow ring gear shaft 126B is required. This modified structure enables the power output
to the ring gear shaft 1268 to be taken out of the arrangement between the engine 150 and the second motor MG2.

The following describes another power output apparatus 110’ as a second embodiment according to the present
invention. The power output apparatus 110’ of the second embodiment shown in Fig. 20 has a similar hardware struc-
ture to that of the power output apparatus 110 of the first embodiment, except that the engine 150 has an open-close
timing changing mechanism 153 in the second embodiment. The difference in hardware structure, which is discussed
below, leads to the different processing routines carried out by the controller 180.

Referring to Fig. 20, the open-close timing changing mechanism 153 adjusts the open-close timing of an intake
valve 150a of the engine 150. Fig. 21 shows the detailed structure of the open-close timing changing mechanism 153.
The intake valve 150a is generally opened and closed by a cam attached to an intake cam shaft 240, whereas an
exhaust valve 150b is opened and closed by a cam attached to an exhaust cam shaft 244. An intake cam shaft timing’
gear 242 linked with the intake cam shaft 240 and an exhaust cam shaft timing gear 246 linked with the exhaust cam
shaft 244 are connected with the crankshaft 156 via a timing belt 248, in order to open and close the intake valve 150a .
and the exhaust valve 150b at a timing corresponding to the revolving speed of the engine 150. In addition to these con-
ventional elements, the gpen-close timing changing mechanism 153 further includes an OCV 254 that is connected with
the intake cam shaft timing gear 242 and the intake cam shaft 240 via an oil pressure-driven VVT pulley 250 and func-
tions as a control valve of input oil pressure of the VVT pulley 250. The VVT pulley 250 includes a set of movable pistons
252 that reciprocate in an axial direction by means of the oil pressure. The oil pressure input to the VVT pulley 250 is
fed by an engine oil pump 256.

The open-close timing changing mechanism 153 works based on the following operation principle. The EFIECU
170 determines the open-close timing of the valve according to the driving conditions of the engine 150 and outputs a
control signal to control the on-off state of the OCV 254. The output control signal varies the oil pressure input to the:
VVT pulley 250 and thereby shifts the movable pistons 252 in the axial direction. The movable pistons 252 have threads
running in an oblique direction with respect to the axis. The movement in the axial direction accordingly causes rotation
of the movable pistons 252 and changes the orientation of the intake cam shaft 240 and the intake cam shaft timing
gear 242 connecting with the movable pistons 252. This results in varying the open-close timing of the intake valve 150a
and changing the valve overiap. In the example of Fig. 21, the VVT pulley 250 is disposed only on the side of the intake
cam shaft 240 and does not exist on the side of the exhaust cam shaft 244, so that the valve overlap is controlled by -
regulating the open-close timing of the intake valve 150a.

The controller 180 carries out the following control operation in the second embodiment. Fig. 22 is a flowchart
showing an engine stop control routine camried out in the second embodiment. The engine stop control routine is exe-
cuted at every 8 msec by the interrupting operation after the controller 180 determines that the engine 150 is to be
stopped, based on the driving state of the vehicle and the remaining charge SOC of the battery 194, and sends a stop -
instruction to the EFIECU 170 so as to cease the fuel injection into the engine 150. When the program enters the routine
of Fig. 22, the control CPU 190 of the controller 180 (see Fig. 1) sets a current target torque STG of the first motor MGt
to a variable STGold at step S300, sets a reduction torque STGmn at step S305, and sets a processing time mntg of
slower speed reduction at step S310. The reduction torque STGmn is set in advance against the revolving speed Nr of
the ring gear shaft 126, that is, the vehicle speed, as shown in the graph of Fig. 23. In accordance with a concrete pro-
cedure of this embodiment. at step S305, the reduction torque STGmn corresponding to the revolving speed Nr of the
ring gear shaft 126 is read from a map that represents the relationship of Fig. 23 and is stored in advance in the ROM
190b. The reduction torque STGmn denotes a torque applied by the first motor MG1 to the camier shaft 127 and thereby
to the crankshaft 156, in order to reduce the revolving speed of the engine 150 under the ceasing condition of fuel injec-
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tion. The processing time mntg of slower speed reduction represents a time period specified as a degree of relieving
the reduction rate of the revolving speed in the speed reduction process of an open-loop control discussed later, in order
to prevent a torque shock. The processing time mntg of slower speed reduction is set to a small value according to the
revolving speed Nr of the ring gear shaft 126 as shown.in the graph of Fig. 24. The revolving speed Nr of the ring gear
shaft 126 corresponds to the vehicle speed, so that the longer processing time mntg of slower speed reduction is desir- -
ably set for the lower vehicle speed to relieve the reduction rate of the torque command value. This effectively prevents
a torque shock. The processing time mntg will be discussed more in the open-loop control caried out at step S350.

After setting these variables, the control CPU 190 determines whether or not Condition 1 is fulfilled at step S320.
Condition 1 represents a preset condition to allow a start of the engine stop control and is, in this embodiment, that 300
msec has elapsed since an instruction was given to cease the fuel injection to the engine 150. The instruction to cease
the fuel injection may not cause an immediate decrease in output torque of the engine 150. The waiting time of 300
msecis thus to ensure that the output torque of the engine 150 has certainly been decreased. In response to aninstruc-
tion of the EFIECU 170, after the fuel cutting operation, the engine 150 controls the open-close timing changing mech-
anism 153 to set the open-close timing of the valve to the greatest lag angle. Such setting decreases the load applied
at the time of a restart of the engine 150 and reduces the shock in the process of motoring the engine 150. In case that
Condition 1 is not fulfilled, the program proceeds to step S330 to continue the PID control based on the difference
between the actual revolving speed and the target revolving speed of the engine 150 and keep the revolving speed of
the engine 150.

In case that Condition 1 is fulfilled and a start of the engine stop control is allowed, on the other hand, the program
proceeds to step S340 to compare the revolving speed Ne of the engine 150 with a predetermined value Nin. The pre-
determined value Nkn used herein is a condition to stop the open-loop control when the execution of the engine stop
control has lowered the revolving speed Ne of the engine 150. In this embodiment, the predetermined value Nkn is set
equal to 200 rpm under the condition of the vehicleat a stop, 250 rpm under the condition of the vehicle on a run with
the brake off, and 350 rpm under the condition of the vehicle on a run with the brake on. These values were experimen-
tally determined to prevent the revolving speed of the engine 150 from undershooting.

In case that the engine speed Ne is not smaller than the predetermined value Nkn at step S340, the program pro-
ceeds to step S350 to carry out the open-loop control and reduce the engine speed. The open-loop control will be dis-
cussed later with the flowchart of Fig. 25. Execution of the open-loop control gradually decreases the revolving speed
Ne of the engine 150. When the revolving speed Ne of the engine 150 has decreased to be lower than the predeter-
mined value Nkn, it is determined whether or not the current target torque STG is substantially equal to zero at step
$360. In case that the current target torque STG is not substantially equal to zero, the program proceeds to step S370
to carry out the processing to prevent the revolving speed of the engine 150 from undershooting.

After the processing at any one of steps $330, S350, S360, and $370, the program goes to step S380 to restrict
the torque range and to step S390 to set a calculated target torque ttg subjected to the processing of torque range
restriction to the target torque STG. The program then exits from this routine. The processing of torque range restriction
limits the calculated target torque ttg to the rated torque range of the first motor MG1 or to an available torque range
based on the remaining charge of the battery 194.

The above procedure is repeatedly executed to regulate the revolving speed of the engine 150. Until 300 msec has
elapsed since a stop of fuel supply to the engine 150, the PID control is carried on to keep the engine speed at the tar-
get revolving speed (steps S320 and S330). After 300 msec has elapsed, the PID control is replaced by the open-loop
control to apply a torque from the first motor MG1 to the output shaft of the engine 150 or the crankshaft 156 in reverse
of the rotation of the crankshaft 156 and thereby reduce the revolving speed of the engine 150 in a predetermined range
of deceleration (steps S320, S340, and S350). This process is shown by Section A of Fig. 27. When the revolving speed
Ne of the engine 150 becomes lower than the predetermined value Nkn, the open-loop control is concluded and the
processing is carried out to prevent undershoot (steps S320, $340, S360, and S370). This process causes the target
torque to gradually decrease and approach zero as shown by Section B of Fig. 27.

The flowchart of Fig. 25 shows the details of the open-loop control executed at step S$350. When the program
enters the open-loop control routine, it is first determined whether the vehicle is at a stop or on a run at step S351. In
case that the vehicle is on a run, the program proceeds to step S352 to carry out the processing of slower speed reduc-
tion using the target torque STGold and the reduction torque STGmn set at the start of the engine stop controf and cal-
culate a tentative target torque ttg. The processing of slower speed reduction is carried on for the processing time nmtg
previously set according to the vehicle speed (see step S310 in the flowchart of Fig. 22 and Fig. 24). The processing of
slower speed reduction mathematically represents an integration process, but may be realized by calculating the
weighting average of the currently observed value and the target value in case that the processing is repeatedly exe-
cuted at predetermined intervals like this embodiment. In this embodiment, the calculation of weighting average is car-
ried out at every processing time nmtg and the weight added to the currently observed value is approximately one
sixteenth the weight added to the target value. Immediately after the program enters the processing to stop the engine
150, the target torque STG is set up a specified value by the PIP control described above (see Fig. 22 step S330). The
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processing of slower speed reduction thus does not abruptly set the reduction torque STGmn to the target torque imme-
diately after the start of the engine stop contro! but gradually makes the value of the tentative target torque ttg approach
the reduction torque STGmn set based on the map of Fig. 23. The longer processing time nmtg of slower speed reduc-
tion is set for the lower vehicle speed. The tentative target torque ttg accordingly approaches the reduction torque
STGmn at the gentler rate against the lower vehicle speed. :

When it is determined that the vehicle is at a stop at step S351, on the other hand, there is no need of varying the
processing time of slower speed reduction according to the vehicle speed. The program thus proceeds to step S353 to
carry out the processing of slower speed reduction for a fixed processing time (128 msec in this embodiment). The dif-
ference of the processing at step $353 under the condition of the vehicle at a stop from the processing at step 8352
under the condition of the vehicle on a run is that the reduction torque STGmn set according to the vehicle speed is
replaced by the sum of the fixed reduction torque and a.learnt value stgkg of the target torque. In accordance with a
concrete procedure, at step S353, the processing of slower speed reduction is carried out using the current target
torque STGold and the torque (-14+stgkg)-STGold. While the vehicle is on a run, the driver hardly feels the torque
shock due to a stop of the engine 150. While the vehicle is at a stop, on the contrary, the driver readily feels the torque
shock due to a stop of the engine 150. The program accordingly leams the behavior of reduction of the target torque
under the condition of the vehicle at a stop, and thus enables the engine 150 to be stopped with substantially no under-
shoot. The concrete procedure of obtaining the learnt value stgkyg will be discussed later.

The above processing is executed at predetermined intervals, so that the tentative target torque gradually
approaches the reduction torque STGmn at the rate depending upon the processing time nmtg of slower speed reduc-
tion. After the tentative target torque ttg becomes coincident with the reduction torque STGmn, the first motor MG1 out-
puts a substantially fixed torque.

After the processing of slower speed reduction either under the condition of the vehicle on a run or under the con-
dition of the vehicle at a stop, it is determined whether or not Condition 2 is fulfilled at step $S354. Condition 2 includes
the following three conditions:

(1) The revolving speed Ne of the engine 150 is not greater than 400 rpm;

(2) The vehicle is at a stop; and .

(3) The learnt value stgkg has not yet been updated (that is, a flag Xstg representing execution of the learning proc-
ess is not equal to one).

In case that any one of these three conditions is not fulfilled, the program immediately goes to NEXT and exits from
this routine. In case that all the three conditions are fulfilled, on the other hand, the program halts the torque reduction
and starts the processing to gradually decrease the target torque to zero. At step S355, a deceleration AN of the revolv-
ing speed is computed. )

The deceleration AN of the revolving speed is defined as the difference between the previous revolving speed
detected at-a previous cycle and the current revolving speed detected at a current cycle. In this embodiment, detection
of the revolving speed Ne is carried out at every 16 msec. The program then goes to step S356 to determine whether
or not the deceleration AN of the revolving speed is within a range of -54 to -44. In case that the deceleration AN of the
revolving speed is within this range, the program goes to NEXT and exits from this routine. in case that the deceleration
AN of the revolving speed is greater than the value -44, a tentative learrit value tstg is decremented by one at step S357.
In case that the deceleration AN of the revolving speed is smaller than the value -54, on the other hand, the tentative
learnt value tstg is incremented by one at step S358. The procedure checks the reduction rate of the engine speed Ne
in Section A of Fig. 27 and varies the tentative learnt value tstg in order to affect the learnt value stgkg in the process
of determining the reduction torque under the condition of the vehicle at a stop in a next cycle of the open-loop control.
In the case of the smaller reduction rate, such variation in tentative leamt value tstg increases the absolute value of the
target reduction torque, which is a negative value and is expressed as (-14+stgkg)-STGold) calculated at step S353. In
the case of the greater reduction rate, on the contrary, the variation decreases the absolute value. The reduction rate of
the revolving speed Ne of the engine 150 at the time of stopping the engine 150 is accordingly adjusted to the appro-
priate range of -54 Nm/16 msec to -44 Nm/16 msec through the learning control.

The program then goes to step S359 to restrict the tentative learnt value tstg to a predetermined range and set the
flag Xstg representing execution of the learning process equal to one. The procedure does not directly set the learnt
value stgkg but sets the tentative learnt value tstg, in order to prevent the leamt value used for the processing of slower
speed reduction (step S353) from being changed at every cycle of this open-loop control routine. The learnt value stgkg
is used in a next cycle of the engine stop control.

The open-loop control routine discussed above is carried out after 300 msec has elapsed since a stop of fuel supply
to the engine 150, and gradually.increases the magnitude of the negative torque applied from the first motor MG1 to the
output shaft of the engine 150 (that is, the torque applied in reverse of the rotation of the output shaft) toward the final
torque determined according to the state of the vehicle, that is, at a stop or on a run. When the revolving speed Ne of
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the engine 150 gradually decreases as shown by Section A of Fig. 27 to or below 400 rpm, in case that the vehicle is
at a stop, the learnt value tstg depends upon the deceleration AN of the revolving speed. N

In case that the revolving speed Ne of the engine 150 gradually decreases and eventually becomes smaller than
the predetermined value Nkn, the open-loop control is replaced by the processing to prevent undershoot (executed at
step S370 in the flowchart of Fig. 22). The flowchart of Fig. 26 shows the details of the processing to prevent under-
shoot. When the program enters the routine of Fig. 26, the tentative target torque ttg is computed at step S371 accord-
ing to the equation of: -

ttg = STGold + 2 [Nm]

Itis then determined whether or not the calculated tentative target torque tig is not greater than -2 at step S372. In case
that ttg is greater than -2, the tentative target torque ttg is set equal to -2 at step S373. The processing of steps 5372
and S373 accordingly sets the upper limit (=-2) of the tentative target torque ttg.

This procedure gradually decreases the magnitude of the torque, which has been applied to reduce-the revolving
speed Ne of the output shaft of the engine 150, within a range that does not exceed -2 [Nm]. The variation in tentative
target torque ttg according to the above equation decrements the magnitude of the torque, which has acted in the direc-
tion of decelerating the output shait of the engine 150, by 2 [Nm] at every 8 msec that is the interval of the interrupting
process. The torque thus gradually approaches zero (see Section B of Fig. 27).

After the processing of either step S372 or step 373, itis determined whether or not the revolving speed Ne of the
engine 150 is less than 40 rpm at step S374. In case that the revolving speed Ne of the engine 150 is less than 40 rpm,
the program determines no further necessity of applying the braking torque to the output shaft of the engine 150, and
sets the tentative target torque ttg equal to zero at step S375.

The program then goes to step S376 to determine whether or not Condition 3 is fulfilled. Condition 3 includes the
following two conditions:

(1) The vehicle is at a stop; and
(2) The learnt value stgkg has been updated (that is, the flag Xstg representing execution of the learning process
is equal to one).

in case that either one of these two conditions is not fulfilled, the program goes to NEXT and exist from this routine.
In case that both the conditions are fufilled, on the other hand, the program proceeds to step S377 to set the tentative
learned value tstg to a learned value STGkg and to step S378 1o reset the flag Xstg to zero. After the processing, the
program exits from this routine. :

The processing to prevent undershoot decreases the magnitude of the torque applied to the output shaft of the
engine 150 toward -2 as shown by Section B of Fig. 27. When the revolving speed Ne of the engine 150 becomes less
than 40 rpm, the braking torque is set equal to zero. This procedure effectively prevents the revolving speed Ne of the
engine 150 from being lower than zero, that is, prevents undershoot. -

The primary effects of the second embodiment are given below:

(1) While there is a requirement of continuous operation of the engine 150, the PID control is carried on to keep the
revolving speed Ne of the engine 150 at a target revolving speed.

(2) when there is no requirement of continuous operation of the engine 150, the EFIECU 170 stops fuel supply to
the engine 150. After 300 msec has elapsed since the stop of fuel supply, the open-loop control is carried out to
cause the first motor MG1 to apply the torque in reverse of the rotation of the output shaft of the engine 150 to the
carrier shaft 127, which is connected to the crankshait 156 or the output shatft of the engine 150. The open-loop
control does not execute the feed back control of the target torque of the first motor MG1 based on the deviation of
the revolving speed Ne of the engine 150 from the target revolving speed (=0), but determines the target torque
based on a predetermined algorithm. In the above embodiment, as shown in Fig. 27, the algorithm gradually
increases the magnitude of the target torque at a predetermined rate. Such control effectively prevents a large
torque from being abruptly applied in reverse of the rotation of the engine 150 at the time of stopping the engine
150 to cause a torque shock and worsen the drivability. As shown in Fig. 27, after the processing of slower speed
reduction, the torque of a fixed magnitude is applied in reverse of the rotation of the output shaft of the engine 150.
This makes the reaction torque constant and further improves the drivability.

(3) The first motor MG1 applies the torque in reverse of the rotation of the output shaft of the engine 150, so that
the revolving speed Ne of the output shaft of the engine 150 is lowered at a predetermined deceleration (approxi-
mately -50 rpm/16 msec in this embodiment). The deceleration is limited to the range that does not cause torsional
vibrations of the output shaft, and no torsional vibrations accordingly occur on the crankshaft 156 and the carrier
shaft 127 connected to each other via the damper 157.
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{4) When the revolving speed Ne of the engine 150 becomes lower than a predetermined level (400 rpm in this
embodiment), in case that the vehicle is at a stop, the learning process is carried out to make the deceleration
within a predetermined range in a next cycle of the engine stop control.

(5) When the revolving speed Ne of the engine 150 further decreases to or below the predetermined value Nin
(200 rpm through 350 rpm in this embodiment), the mabnitude of the torque applied by the first motor MG1 is grad-
ually decreased at a predetermined rate toward zero. This process effectively prevents the revolving speed Ne of
the output shaft of the engine 150 from being lower than zero, that is, prevents the reverse rotation of the crankshaft
156. The crankshaft 156 is generally designed on the assumption of no reverse rotation. The reverse rotation of the
crankshaft 156 may, for example, cause a lock of the lead angle in the open-close timing changing mechanism 153.
In the structure of this embodiment, the magnitude of the torque applied to the output shaft of the engine 150 is
decreased with a decrease in revolving speed Ne of the engine 150. When the revolving speed Ne of the engine
150 becomes lower than 40 rpm, the braking torque is set equal to zero. This structure eftectively prevents the
reverse rotation of the crankshaft 156.

{6) The predeterminad value Nkn used as the criterion of the control procedure is set equal to 200 rpm under the
condition of the vehicle at a stop, 250 rpm under the condition of the vehicle on a run with the brake off, and 350
rpm under the condition of the vehicle on a run with the brake on. This enables the torque applied to the output shaft
of the engine 150 in the direction of reducing the revolving speed to be substantially constant irrespective of the
driving state of the vehicle. The revolving speed of the engine 150 subjected to the open-loop control can thus been
decreased gently to zero.

The power output apparatuses 110 and 110’ of thefirst and the second embodiments and their modified examples
discussed above are applied to the FR-type or FF-type two-wheel-drive vehicle. As shown in Fig. 28, however, a power
output apparatus 110C given as another modified example is applied to a four-wheel-drive vehicle. In this structure, the
second motor MG2 is separated from the ring gear shaft 126 and independently arranged in the rear-wheel portion of
the vehicle, so as to drive the rear driving wheels 117 and 119. The ring gear shaft 126 s, on the other hand, connected
to the differential gear 114 via the power feed gear 128 and the power transmission gear 111, in order to drive the front
driving wheels 116 and 118. Either one of the engine stop control routines shown in Figs. 7 and 22 is-also applicable to
this structure.

The power output apparatus 110 of the embodiment and their modified examples discussed above are applied to
the FR-type or FF-type two-wheel-drive vehicle. In another modified example of Fig. 28, however, a power output appa-
ratus 110C is applied to a four-wheel-drive vehicle. In this structure, the second motor MG2 is separated from the ring
gear shaft 126 and independently arranged in the rear-wheel portion of the vehicle, so as to drive the rear driving
wheels 117 and 119. The ring gear shaft 126 is, on the other hand, connected to the differential gear 114 via the power
feed gear 128 and the power transmission gear 111, in order to drive the front driving wheels 116 and 118. The engine
stop control routine of Fig. 7 is also applicable to this structure. . :

Permanent magnet (PM)-type synchronous motors are used as the first motor MG1 and the second motor MG2 in
the power output apparatus 110 of the embodiment. Any other motors which can implement both the regenerative oper-
ation and the power operation, such as variable reluctance (VR)-type synchronous motors, vernier motors, d.c. motors,
induction motors, superconducting motors, and stepping motors, may, however, be used according to the requirements.

Transistor inverters are used as the fist and the second driving circuits 191 and 192 in the power output apparatus
110 of the embodiment. Other available examples include IGBT (insulated gate bipolar mode transistor) inverters, thy-
ristor inverters, voltage PWM (pulse width modulation) inverters, square-wave inverters (voltage inverters and current
inverters), and resonance inverters. .

The battery 194 in the above embodiment may include Pb cells, NiMH cells, Li cells, or the like cells. A capacitor
may be used in place of the battery 194.

In the power output apparatus 110 of the embodiment, the crankshaft 156 of the engine 150 is connected to the
first motor MG1 via the damper 157 and the planetary gear 120. When the operation of the engine 150 is stopped, the
variation in revolving speed Ne of the engine 150 is regulated by the output torque from the first motor MG?1 via the plan-
etary gear 120. Like another power output apparatus 310 shown in Fig. 29 as still another modified example, a crank-
shaft CS of an engine EG is directly connected to a rotating shaft RS of a motor MG via a damper DNP. The variation
in revolving speed Ne of the engine EG is regulated by the motor MG when the operation of the engine EG is stopped.
This structure exerts the same effects as those of the power output apparatus 110 of the above embodiment. In the
above embodiments, the first motor MG1 and the second motor MG2 are arranged to be coaxial with the shaft of power
transmission. The arrangement of these motors with respect to the shaft of power transmission may, however, be deter-
mined arbitrarily based on the design requirements.

The present invention is not restricted to the above embodiment or its modified examples, but there may be many
modifications, changes, and afterations without departing from the scope or spirit of the main characteristics of the
present invention. For example, although the power output apparatus is mounted on the vehicle in the.above embodi-
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ment, it may be mounted on other transportation means like ships and airplanes as well as a variety of industrial
machines. .

It should be clearly understood that the above embodiment is only illustrative and not restrictive in any sense. The

scope and spirit of the present invention are limited only by the terms of the appended claims.

Claims

1.

Page 885 of 1239

A power output apparatus for outputting power to a drive shaft, said power output apparatus comprising:

an engine having an output shaft;

a first motor having a rotating shaft and inputting and outputting power to and from said rotating shaft;

a second motor inputting and outputting power to and from said drive shaft;

three shaft-type power input/output means having three shafts respectively linked with said drive shaft, said
.output shaft, and said rotating shaft, said three shaft-type power input/output means inputting and outputting
power to and from a residual one shaft, based on predetermined powers input to and output from any two
shafts among said three shatfts;

fuel stop instruction means for giving an instruction to stop fuel supply to said engine when a condition of stop-
ping operation of said engine is fulfilled; and .

stop-time control means for causing a torque to be applied to said output shaft of said engine and thereby
restricting a deceleration of revolving speed of said output shaftto a predetermined range in response to said
instruction to stop the fuel supply to said engine, so as to implement a stop-time control for stopping the oper-
ation of said engine.

A power output apparatus in accordance with daim 1, said power output apparatus further comprising:

target torque storage means for determining a time-based variation in target value of the torque applied to said
output shaft of said engine, based on a behavior at the time of stopping the operation of said engine,
wherein said stop-time control means comprises:

means for driving said first motor, as said stop-time control, o apply a torque corresponding to said target
value to said output shaft of said engine along a time course after the stop of fuel supply to said engine via
said three shaft-type power input/output means.

A power output apparatus in accordance with dlaim 2, said power output apparatus further comprising:

deceleration computing means for computing the deceleration of revolving speed of said output shatt during
the course of said stop-time control;

learning means for varying a learnt value according to the deceleration computed by said deceleration comput-
ing means and storing said learnt value; and

.deceleration range determination means for determining said predetermined range in said stop-time control
-carried out by said stop-time control means, based on said learnt value stored by said learning means.

A power output apparatus in accordance with daim 1, said power output apparatus further comprising:

revolving speed detection means for measuring the revolving speed of said output shatt,
' wherein said stop-time control means further comprises:

means for driving said first motor, as said stop-time control, in order to enable the revolving speed of said
output shaft measured by said revolving speed detection means to approach a predetermined value via a
predetermined pathway.

A power output apparatus in accordance with daim 1, said power output apparatus further comprising:

revolving speed detection means for measuring the revolvihg speed of said autput shaft,
wherein said stop-time control means further comprises:

means for driving said first motor, as said stop-time control, to apply a torque in reverse of the rotation of
said output shaft via said three shaft-type power input/output means to said output shaft, until the revolving
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speed of said output shaft measured by said revolving speed detection means becomes coincident with
said predetermined value.

6. A power output apparatus in accordance with claim 5, wherein said stop-time contro! means further comprises
means for driving said first motor, as part of said stop-time control, to apply a predetermined torque in the direction
of rotation of said output shaft via said three shaft-type power input output means to said output shaft, when the
revolving speed of said output shaft measured by said revolving speed detection means decreases to a reference
value, which is not greater than said predetermined value.

7. A power output apparatus in accordance with claim 5, said power output apparatus further comprising:

deceleration computing means for computing the deceleration of revolving speed of said output shaft during
the course of said stop-time control; and

reference value setting means for setting a farger value to said reference value against a greater absolute value
of the deceleration.

8. A power output apparatus in accordance with claim 5, said power output apparatus further comprising:

braking force detection means for determining magnitude of a braking force applied to said drive shaft during
the course of said stop-time control; and

reference value setting means for setting a larger value to said reference value when said braking force detec-
tion means determines that the braking force has a large magnitude.

9. A power output apparatus in accordance with claim 5, wherein said predetermined value is a revolving speed that
is lower than a resonance range of torsional vibrations in a system including said output shaft and said three shaft-
type power input/output means. -

10. A power output apparatus in accordance with claim 1, said power output apparatus further comprising:

second motor control means for driving said second motor to continue power input and output to and from said
drive shaft, when said instruction to stop the operation of said engine is given in the course of continuous power
input and output to and from said drive shaft.

11. An engine controller comprising an engine for outputting power through combustion of a fuel and a motor con-
nected to an output shaft of said engine via a damper, said engine controller controlling operation and stop of said
engine and comprising:

fuel stop means for stopping fue! supply to said engine when a condition fo stop the operation of said engine
is fuffilled; and . .
stop-time control means for causing a torque to be applied to said output shaft of said engine -and thereby
restricting a deceleration of revolving speed of said output shaft to a predetermined range in response to the
stop of fuel supply to said engine, so as to implement a stop-time control for stopping the operation of said
engine.

12. An engine controller in accordance with claim 11, said engine controller further comprising:
target torque storage means for determining a time-based variation in target value of the torque applied by said
motor to said output shaft of said engine, based on a behavior at the time of stopping the operation of said
engine,

wherein said stop-time control means comprises:

means for driving-said motor, as said-stop-time control, to apply a torque corresponding to said target
— value to said output shaft of said engine along a time course after the stop of fuel supply to said engine.

13. An engine controller in accordance with claim 12, said engine controller further comprising:

deceleration computing means for computing the deceleration of revolving speed of said output shaft during
the course of said stop-time control; :
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learning means for varying a learnt value according to the deceleration computed by said deceleration comput-
ing means and storing said learnt value; and ) .
deceleration range determination means for determining said predetermined range in said stop-tme control
carried out by said stop-time control means, based on said learnt value stored by said learning means.

14. An engine controller in accordance with claim 11, said engine controller further comprising:

revolving speed detection means for measuring the revolving speed of said output shaft,
’ wherein said stop-time control means further comprises:

means for driving said motor, as said stop-time control, in order to enable the revolving speed of said out-
put shaft measured by said revolving speed detection means to approach a predetermined value via a pre-
determined pathway. :

15. An engine controller in accordance with claim 11, said engine controller further comprising:

revolving speed detection means for méasuring the revolving speed of said output shaft,
wherein said stop-time control means comprises:

means for driving said motor, as said stop-time control, to apply a torque in reverse of the rotation of said
output shaft to said output shaft, until the revolving speed of said output shaft measured by said revolving
speed detection means becomes coincident with said predetermined value.

16. An engine controller in accordance with claim 11, said engine controller further comprising:

revolving speed detection means for measuring the revolving speed of said output shaft,

wherein said stop-time control means further comprises means for driving said motor, as part of said
stop-time contro!, to apply a predetermined torque in the direction of rotation of said output shaft to said output
shaft, when the revolving speed of said output shaft measured by said revolving speed detection means
decreases to a reference value, which is not greater than said predetermined value.

17. An engine controller in accordance with claim 15, said engine controller further comprising:

deceleration computing means for computing the deceleration of revolving speed of said output shaft during
the course of said stop-time control; and

reference value setting means for setting a larger value to said reference value against a greater absolute value
of the deceleration.

18. An engine controller in accordance with claim 15, wherein said predetermined value is a revolving speed that is
lower than a resonance range of torsional vibrations in a system including said output shaft and a rotor of said
motor. .

19. A method of controlling a power output apparatus, which comprises: an engine having an output shatft; a first motor
having a rotating shaft and inputting and outputting power to and from said rotating shaft; a second motor inputting
and outputting power to and from said drive shaft; and three shaft-type power input/output means having three
shafts respectively finked with said drive shaft, said output shaft, and said rotating shaft, said three shaft-type power
input/output means inputting and outputting power to and from a residual one shaft, based on predetermined pow-
ers input to and output from any two shafts among said three shafts, said method comprising the steps of:

giving an instruction to stop fuel supply to said engine when a condition of stopping operation of said engine is
fulfilled; and

causing a torque to-be applied to said output shaft of said engine and thereby restricting a deceleration of
revolving speed of said output shaft to a predetermined range in response to said instruction to stop the fuel
supply to said engine, so as to implement a stop-time control for stopping the operation of said engine.

20. A method of controlling stop of an engine, said engine outputting power through combustion of a fuel and having
an output shaft connected to a motor via a damper, said method comprising the steps of:
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stopping fue! supply to said engine when a condition to stop operation of said engine is fuffilled; and

causing a torque to be applied to said output shaft of said engine and thereby restricting a deceleration of
revolving speed of said output shatft to a predetermined range in response to the stop of fuel supply to said
engine, so as to implement a stop-time control for stopping the operation of said engine.
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On cherche 4 diminuner la consommation et la pollution des véhicules &

moteur et les comstructenrs souhaiteraient pouvoir réduire la puissance et

1'inportance des moteurs tout en conservant suffisamment de ruissance pour

-les aocélérations ot la condutte.

La présente invention a pour objet de donner ume solution i ce prodléme,

Elle consiste & utiliser le moteur du véhicule pendant le maximun de
de tesps dans les meilleures conditions de rendement et de puissance par
1'ensendle des moyens suivants et de leurs diverses liaisons wéoaniques et
électriques 1 le moteur du véhioule est accouplé & un générateur 8lectrique
branché sur une batterie d'accumulateurs ; cetto batterie st oe générateuwr
sont connectés 3 des noteurs électriques qui assurent la propulsion, le
freinage & récupération d'énergie et la marche arridre, par l'intersédiaire
d'nne bolte de vitesse et d'un pont | un exzbrayage ou un dispositif équi-
valent permet d'accoppler mécaniquement ou auntrement le groupe moteur-géné-
ratenr i la transmission de propulsion § tous ces organes &tant commandés
Par un appareillage approprié, manuel, automatique om mixte, permettant
dteffoctuer 1es liaisons, mécaniques, &lectriques ou autres, de ces organes
entre eux et aux transmissions de propulsion afin de réalismer dans les oon~
ditions optima exposées précédemment les modes de fonotionnements suivantss

1 - exclusivenent électrique, le groupe générateur &tant arr8té.

2 « éleotrique normal, aves le groupe en marche non embrayé sur la trans-
zission.

3 - électrique A surpuissance temporaire, approximativement doublée en
exbraysxt sur la transcission de 'propnla:lon le groupe, g&n&ritonr
débranché on,nnse;:ptiblo a'Stre triplée, moyennement des aménagements
appropriés, générateur branché.

4 - pixte de croisidre, réalisé de préférence lorsque le véhioule roule
régulidrement & une vitesse correspondant sensiblement aun régime op~
tiza, par eabrayage du groupe sur la transmission, moteura de propule
sion dédranchés, générateunr branchés ce dernier travaillant alors,
enivant la vitesse do marohe, en moteur ou en générateur pour régu-
lariser la maxrche au régime optima,

S - mixte accéléré, comme &, mais en changeant le rapport de vitesse pour
passer au rapport supérieur losque le régime optina est atteint. Dans
ce mode de fonotionnement la surpuissance est automatiguement réali-
séo par le générateur au moment du changement de rapport.

6 ~ classique, avee le groupe exbrayé,générateur et moteurs dédbranchés.

7 - marche arridre et freinage &lectrique & réoupération a'énergie,par
inversion du sons de marche des Notoeurs.

En faisant 1'examen comparatif des bilans de fonotionnement d'un tel
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2 2419832
véhiculs et d'un véhicule classique on constate que les pertos de rende-
nent dues i la transformation électrigue sont tris inférieures aux gains
de 1'invention. Plus particuliiremeat dans le cas d'une circulition tris
difficile, avec marche exclusivement éloctrique mans pollution, dans la-

5 quells i1 est possible, avec une batterie de capacité peu élevée,d'obtenir
une autonomie de paroours do 5 4 I0 Em pendant S & IO minutes. les meil-
leures conditions de marshe sont celles du fonctionnenent mixte da ns le-
quel les pertes &lectriques sont réduites au minimus losque le Adébit du .
générateur est mul, sa tension A vide étant Sgale i la temsion maxima de

10 de la batterie. Le véhicule est alars propulsé aveo la prequo totalits de
1'énergie mécanique du moteur ot.quand, parisuite dfune augnmentation des
résistances A& 1l'avancenent, la vitesse de marche dininné.la-puiesanee xo-
trice s'acoroit de la puissauce fournie par le générateur.

Sur la planche unique annexéeont §té représentées schématiquenent deux

15 réalisations non exelusivea, des dispositions de l'uvontion t-1la Pig. 1

- dans laquelle le motemr du véhicnle, le generatour et les moteurs de pro-
pulsion ont des vitesse égales; la Fig. 2 dans laquelle, en vue 4'un abaig-
senents du poids e$ du prix, leas oréa.nea 610ctriqt_us ont des vitesses plus-
6levées. Le moteur 1 du véhicule est aocouplé au ginérateur Gleoﬁiqno 2. .

20 Les moteurs électriques 3 assurent la propulsion par 1'intermédiairs.ds
1'arbre 4, 1a bolte de vitesse 5, le pont 6 ot les transmissions 7. les
batteries sont figurées on 8, l'embrayage du moteur sur la propulsion en 9
et la capacité contemant l'appareillage de commande et de contrile ea 10.
Sur la Fig. 2, le gépdrateur 2 comporte déu; enroulementa égaux indépene-

25 dants, chacun d'enx étant comnecté d nne demi-batterie 8 Ia propulsion
est faite par deux moteurs 3, disposés sur un n8me axe. On pourra ainsi,
cans i.ntomption de charge,coupler. en.série ou en parallédle ces divers -

&léments au moyen d'un appareillage approprié et obtenir plusieurs vitesses
électriques. Par exemple aveo des demi-batteries de 12 volts et dea moteurs

30 de 2% volts 11 sera possible dtalimenter coux-ci sous 6 , .12 ou 2% volts
ot obtenir 3 vitesses électriques qui, combinées & une bdolte & 3 rapports
donneront 9 allures de marche différentes.

Ces dispositions permettront de réaliser dea véhicunles économiques,
de conduite agréable, ayant des oouples de démarrage importants, de bonnes
35 accélérations, une aptitude convenable en cBte,des plafonds de vitesse
plus élevés, capables de recharger leurs batteries pendant 1'arr8t ou le
stationnement et susceptibles de recevoir un Squipement de marche semi-
automatique pean coliteux. On pout, par e:'enple. concevolr 3 gamnest la pre-
midre, de circulation urbaine ou encombrée & 11 , 22 et 44 Kmh; la seconde
40 pour.circulation banlieue ou promenade 3 18 , 36 et 72 Emh; la troisiime

S —— e ¢ — —
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pour les parcours routiers i 30 , 60 et 120 Kmh,

En principe soront utilisés, d'une pirt, des moteurs série et des
géniératrices shunt cosportant éventuecllement des dispositifs complémen-
taires d'excitation ou autres, couramment employds er coxmande 8lectriquse,

5 ot, d'autre part, les appareillages auxiliaires classiques nécessaires
4 leur fonctionnensnt. .

- Ces dispositicns peunvent Stre appliquées i tous genres de véhicules
4 moteur , mais plus particulidrement & ceux de faible puissance ou de
trés petite cylindrée sans permis de conduite,auxquels elles apportent

10 des améliorations acdifiant totalement leurs performances en leur procu=
rant ainai des dédouohés beawconp plus importants.

Ellea conviennext parfaitement aux véhicules de toutes puissances aon-
nis d des arrlits fréquents de plus ou moins longue durde,coxme lea voitu-
rea de ramsssage ou de livraison,de voyageurs de commerce,stc...

15 Elles a'appliquent également aux aatériels,machines,appareils,dans
leaguels on utilise diversement 1'énergio d'un moSaur-et qui sont sus-
ceptibles d'exiger tesporairement une puissance supérieurs.
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REVENDICATIONS  °
1 - Iovention ayant pour objet de réduire la consommation et la pollu-

tion des véhicnles 3 motewr et d'augmenter tezporairenent leur punissance
notrice,caractérisée par 1l'utilisation,perdant 'le maxizus de tup.dn 20~
teur du véhicule fonotionnant dans les ptilleures conditions de ronlnent
et de¢ puissance,en employant l'ensemdle des moyens sulvants et leurs 4i-
versen liaisons élootriques et mécaniques 3 le moteur du véhicule ost. ac-
couplé & un générateur électrique branché sur une batteria d'accunulateunrss
cette datterie et ce générateur sont connectés & des motewrs éleotriques
qui assurent la propulsion,le freinage 4 réoupération d'énergle ot la mar-
che arridre,par 1'internédiatre d'une botte de vitesse et d'wn pont; mn .
enbrayage ou un dispositif équivalent permet d'accoupler,nécaniquement ow
autrement,le groupe motaur-générateur a la trapsmission de propulsion
tous ceas organes étant command$s par un appareillage approprid manuel,aue
tomatique on mixte,permettant dveffectuar les liaisons &lectrigues,méca-
niques om autres,de ces organes entre eux ot aux transzissions de. propule
slon,afin de réalimer dans les cornditions optin exposées préoSdemment’
los modes de fonoctionnement suivants 3
1 - exclusivement &lectrigue,le groupe xoteur-générateur étant arr8té.
2 - Slectriqu normal,le groups en garche,non enbrayé sur la transaissiom.
3=~ éloctriqu 4 surpuissance tuporme.apmmativemnt doublée,én om~ .

trayant le groupe,glnératour dSbranché,sur la transzissionj om sus-

ceptible d88re triplée,en embrayant le groupe,générateur branché.
b - mixte de croieidro,par smbrayage du groupe sur la transmissiony mo-

- teurs de propulsion débranchés,générateur branchéjoe dernier travaile-
lant aloras,suivant la vitesse de narche,en moteur ou en génbrateur,
pour régulariaser la marche au régime optimal

5 - mixte accdléré,réaliné comme %,zais en changeant le rapport de vites-
£6 pour passer au rapport supérieur loraque le r&g!.no opti.-a o8t at-
teint.Dans ce zode de fonotiommement la mpuisaanco est automati-
quement réalisée par le génératenr lors du changenent de rapport.

6 - classique,aves le groupe exbrayé,génératenr et moteurs débranchis.

7 - froinage 8lectrique a réoupération et marche arridre par inveraion
€u sens do sarcho des motexrs. . .

2 = Ensensble suivant la rev. 1. oqnctéria& par 2 générateurs, 2 mo-
teurs ot 2 demi-batteries, pour cbtenir,sans interrompre la charge, par

des connexions appropriées et le montage série-paralldle de ces §1émenta,
plusicurs vitesses de narche des motewrs &leotriques. -

3 - Ensecble suivant les rev. 1 et 2 caractérisé,en vus d'une ...

it r—— e e P ———
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anélioration du rendesent et do l'enconbrement,par le gonre et la dispo~
aition des engrenages qu'il couporte,d savoir: pour la bolte de vitesse,
seuls tournent les engrenages dn rapport utilisé, lea antres &tant i 1'ar-
rit; pouwr lo pont,couple réducteur dont le pignon-est un engrenage droit,

5 hélicofdal ou 3 chevrons et la roue un engrenage intérieumr.

% - Ensenble suivant los rev. 1 et 2 ,carsotérisé par un appareillage
automatique de nise en marche ot dfarrdt du eoteur-générateur pour la
charge do la batterie en fonction de la charge de celle-coi,susceptible de )
fonctionner pendant 1llarrdt,la marche om le stationnement du véhicule.

10 5 - Eosemble suivant les rev. 1 et 2 , caractérisé, pour réduirs--
1fencombrement,par dos générateurs et des poteurs comportant deux enroule-
ments distinots sur ua alme rotop ot dans une ndae carcasse,

6 = Ensemble suivant les rev. 1 et 2 , caractérisé, en vue d'une di-
siznuation de poids, d'encosbrement et de pertes Qe rendement, par des mo-

15 teurs $lectriques et dea génératours A grande vitesse,et llacoouplement
de ces derniers au sotewr du véhioule au moyen d'un mmltiplicatenr de
vitesse.

7 - Enseable suivant les rev. 1 et 2 dans lequsl les rapports de la
bolte de vitesse mécanique sont commandés manuellesent, tandis que cemx

20 de 1a combinaison électrique sont 2 commande nnt'mtiq_uo.

8 - Ensesble suivant la rev. 2 ,carsctérisé, en vue d'une aﬂnuication,
yar un esplol partiel des dispositions de cette revendication,comme par -.
exomple le montage sério-parallile de seulement lés 2 moteurs de propml-
sion,ce qui réduit & 2 le noadre dos riginmes de nmarche odbtenus.

o —— -
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A search is underway to reduce fuel consumption and pollution by motor vehicles and manufacturers would
like to be able 1o reduce the power and importance of engines, while retaining enough power for acceleration and
driving.

The purpose of this invention is to provide a solution to this problem.

It consists of using the motor vehicle during the maximum time in the best conditions of fuel consumption
and power by all of the following means and their various mechanical and electrical links: the vehicle's engine is
directly connected to an electrical generator connected to a storage battery; this battery and the generator are
connected to electric motors that provide the power, regenerative breaking, and moving in reverse gear, by means of
a transmission and a bridge circuit; a clutch or an equivalent device to connect the motor-generator assembly
to the power transmission, mechanically or otherwise; all of these units, being controlled by appropriate
manual, automatic, or mixed equipment, allowing the manual, automatic, or other connﬁctions of these units to be
carried out among themselves and to the transmission of power in order to carry out the following methods of
operation in the optimum conditions as described above:

1 - exclusively electrica), the generator group being suppressed.

2 — normal electrical, with the group in operation, not engaged to the transmission.

3 - electrical with temporary emergency power, approximately doubled, by cngéging the system on the transmission
of power, with the generator disconnected; or, capable of being tripled by means of appropriate design with the
generator connected. ’

4 - mixed at cruising speed, preferably done when the vehicle is moving steadily at a speed that corresponds closely
to the optimal rate, by engaging the system on the transmission with the propulsion motors disconnected and the
generator connected; the generator then operates according to the operating velocity, with the motor or the generator
to stabilize the speed at the optimal level. .

5 — mixed acceleration, like 4, but changing the velocity ratio in order to go to the higher ratio when the optimum
rate is reached. In this method of operation, the emergency power is automatically achieved by the generator at the
time when the ratio is changed.

6 - classic, with the system engaged and the generator and motors disconnected.

7 - reverse gear and regencrative electrical braking by reverse running of the motors.

In making a comparative examination in appraisal of the operation of such a vehicle and a classic vehicle, it

TPR 097572
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is observed that the losses in efficiency due to the electrical transformation are much less than are the gains of the
invention. In particular in the case of very difficult traffic, with exclusively electrical operation without pollution, in
which it is possible with a Jow-capacity battery to make an autonomous trip of 5 to 10 kilometers in from 5 to0 10
minutes. The best operating conditions are those with mixed functioning in which the electrical losses are reduced to
a minimum when the output of the generator is nil, its empty voltage being equal to the maximum voltage of the
battery. The vehicle is then powered with almost all of the mechanical energy of the engine and when, afteran
increase in resistance to the forward motion, the velocity decreases, the power of the engine increases from the
energy provided by the generator.

In the only drawing attached, there is shown schematically two non-exclusive representations of the
features of the invention: Fig. 1, in which the engine of the vehicle, the generator, and the propulsion motors have
equal velocities; Fig. 2 in which, in view of a reduction in weight and in price, the electrical units have higher
velocities. The engine | of the vehicle is connected to an electrical generator 2. The electrical motors 3 provide the
power by means of the shaft 4, the gearbox §, the bridge circuit 6, and the transmissions 7. The batteries are shown
in 8, the clutch of the propulsion motor in 9 and the box containing the command and control instruments in 10. In
Fig. 2, the generator 2 includes two equal and independent units, cach of them connected to a half-battery 8; the
power is achieved by two motors 3, arranged on the same axis. In this way, without interrupting the charge, these
different units can be connected in series or in parallel, by means of appropriate instrumentation and achieve several
electrical velocities. For example with 12 voit half-batteries and 24 volt motors it will be possible to supply them
with 6, 12, or 24 volts and obtain 3 electrical velocities which, combined with 3-speed gearboxes velocities will give
9 different levels of performance.

These arrangements will allow the development of economical vehicles, easy to drive, with significant
starting torque, a suitable response on inclines, higher velocity ceilings, able to recharge their batteries while stopped
or parked, and able to receive inexpensive semi-automatic operating equipment. For example, three series appear
possible: the first, in city or congested traffic at 11, 22, or 44 Kmh; the second for suburban or sightseeing traffic at
18, 36, and 72 Kmb; the third
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for highway trips at 30, 60, and 120 Kmh.

In im'nciple, on the one hand, motors in series and generating shunts will be used possibly including
excitation devices or other devices, currently used in electrical commands, and, on the other hand, the classic
auxiliary instrumentation necess&y’ for their oMﬁon.

5 These arrangements may be applied to all kinds of vehicles, but in particular to low-power vehicles or very
few cylinders without a driver's license required, to which they will bring improvements that will completely change
their performance, thereby providing them with much larger markets.

They are perfectly adapted to vehicles of any power that are subject to frequent long or short stops, such as
pickup and delivery _vehicles, traveling salespeople, etc. '

10 They also apply 1o equipment, machines, and devices in which the encrgy of a motor is used in different
ways and that are subject to a temporary need for greater power.
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CLAIMS
1 - An invention whosé purpose is to reduce fuel consumption and pollution of motor vehicles and to
increase their engine powcr temporarily, characterized by the ﬁsé, during the maximum period of time, of the engine
of the vehicle opéraling in the besl_c;ondi@ns of t;uel consumption and power, using all of the following methods
and their various electrical and mechanical links: the vehicle’s engine is directly connected to an clectrical generator
connected to 5 storage battery; this battery and the generator are connected to electric motors that provide the power,
regenerative breaking, and-moving in reverse gear, by means of a transmission and a bridge circuit; a clutch or an

equivalent device to connect the motor- genm_xtof assembly to-the power transmission, mechanically or otherwise; all

: of these units, being controlied by appropriate manual, automatic, or mixed equipment, allowing the manual,

automatic, or other connections of these units to be carried out among themselves and to the transmission of power
in order to carry out the following methods of operation in the optimum conditions as described above: .

i - exclusively electrical, the enginc-generator group being suppressed.

2 - normal electrical, with the group in operation, not engaged to the transinission.

3 - electrical with temporary emergency power, approximatcl; doubled, by engaging the system on the transmission
of power, with the generator disconnected; or, capa.ble of being tripled by engaging the system with the generator
connected. ) - N

4 - mixed at cruising speed, by engaging the system on transmission, with the propulsion motors disconnected and

the generator connected; the generator then operates according to the operating velocity, with the motor or the

‘ generator to stabilize the speed at the optimal level.

5 - mixed acceleration, like 4, but changing the velocity ratio in order to go to the higher ratio when the optimum
rate is reached. In this method of operation, the emergency power is automatically achieved by the generator at the

time when the ratio is changed.

- 6 - classic, with the system engaged and the generator and motors disconnected.

7 - reverse geér and regenerative electrical braking by reverse running of the motors. \

2 — A system according to claint 1, characterized by 2 generators, 2 motors, and 2 half-batterics in‘order to

obtain by appropriate connections and the series-parallel assembly of these units several operating speeds from the

electric motors, without interrupting the charge.

3 ~ A system according to claims 1 and 2, characterized in view
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of an increase in fuel efficiency and the size, by the kind and layout of the gears that are included, namely: for the
gearbox, only gears of the ratio that are tuming are used, the others are stopped; for the bridge circuit, a reduction
torque whose cog is a straight, helicoidal, or double helicoidal gear and the wheel an interior gear.

4 — A system according to claims 1 and 2, characterized by an automatic device for starting and stopping

§  the motor-generator for charging the battery according to its charge level, capable of operating during stops,

running, or parking of the vehicle. ) . '

5 - A system according to claims 1 and 2, characterized, in order to reduce the size, by generators and
motors including two different units on the same rotor and in the same casing,
6 — A system according to claims 1 and 2, characterized, in order to reduce weight, size, and loss of fuel economy,

10 by electric motors and very high-speed generators, and their connection to the vehicle's engine by means of a

velocity multiplier.
7 — A system according to claims ] and 2 in which the ratios of the mechanical gearbox are commanded manually,
while those of the electrical system are commanded automatically.
8 - A system according to claims 1 and 2, by simplification through a partial use of the provisions of this claim, as

15  for example by the series-parallel assembly of the 2 propulsion motors only, which reduces the number of operating
systems used to 2.

e =y
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Sole drawing

[see source for figures 1 and 2]
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Japanese Laid-Open Patent Application 3-124201
Laid-Open: May 27, 1991
Filing Date: October 6, 1989
Applicant: Toyota Motor Corporation
Specification
1. Title of the Invention
AUXILIARY BATTERY CHARGING DEVICE FOR ELECTRIC AUTOMOBILE
2. Scope of the Claim
An auxiliary battery charging device for an electric automobile, comprising:
a DC-DC converter which intakes a direct current voltage of a predetermined value from
a main battery driving a motor only when a keyswitch is turned on, converts it to a direct current
voltage of a different value, charges an auxiliary battery by a direct current voltage which has
been obtained by this conversion, and drives a load via the keyswitch;
a voltage detector which detects a voltage value of the auxiliary battery; and
a chmgiﬁg controller which, when the keyswitch is turned on, based on the voltage value

detected by the voltage detector, controls a charging operation of the auxiliary battery by the DC-

DC converter and is driven by the auxiliary battery; wherein there is included:

a charging instruction portion which operates the charging controller so as to, in a
predetermined period in which the voltage value of the auxiliary battery to be detected by the
voltage detector drops to a predetermined reference voltage value or less and the keyswitch is

turned off, charge the auxiliary battery by the DC-DC converter for a predetermined time only;

TPR 097870
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wherein when the voltage value of the auxiliary battery is detected and this voltage value
has deteriorated to a predetermined reference voltage value or less, charging of the auxiliary
battery is performed for a predetermined time only.
3. Detailed Description of the Invention
[Industrial Use of the Invention]

This invention relates to an auxiliary battery charging device for an electric automobile
which converts a direct current voltage taken from a main battery to a direct current voltage of a
different value and charges an auxiliary battery.

[Prior Art]

In general, in order to drive a motor related to travel of an electric automobile, a main
battery which outputs a predetermined direct current voltage is mounted on the electric
automobile. Furthermore, in this electric automobile, in order to drive electric devices mounted
on the automobile, an auxiliary battery is mounted, which outputs a direct current voltage of a
value different from that of the main battery.

Additionally, in the electric automobile on which the main battery and the auxiliary
battery are mounted, in order to charge the auxiliary battery, an electric automobile auxiliary
battery charging device is mounted.

Fig. 3 shows a structural example of a conventional electric automobile auxiliary battery
charging device.

In this diagram, a motor control circuit 14 is connected to a main battery 10 via a main
contactor 12, and a motor 16 for driving the travel of an electric automobile is connected to the

motor control circuit 14. Additionally, a motor controller 18 such as an inverter circuit, a
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chopper circuit or the like that controls the motor control circuit 14 is connected to the motor
control circuit 14,

That is, when, based on control such as PWM control by the motor controller 18, a direct
current voltage of a predetermined value 1s supplied to the motor control circuit 14 via the main
contactor 12 from the main battery 10, the motor contro! circuit 14 converts the direct current
voltage supplied from the main battery 10 to a predetermined voltage and supplies it to the
motor 16. By so doing, the motor 16 is dn'véxi, and the electric automobile becomes mobile.

An auxiliary battery charging device 22 for an electric automobile related to a
conventional example is disposed between the main battery 10 and the auxiliary battery 20. The
auxiliary battery charging device 22 is constituted by a DC-DC converter 24, which converts a
direct current voltage output from the main battery 10 to a direct current voltage which can
charge the auxiliary battery 20, and a DC-DC converter control circuit 26, which detects an
output voltage of the auxiliary voltage 20 and controls the DC-DC converter 24 based on this
detection result.

The DC-DC converter 24 has the same structure as one disclosed in, for example,
Japanese Laid-Open Utility Model Application 48-111827, and is constituted by an inverter 28
which converts a direct current voltage output from the main battery 10 into an alternating
current voltaée, a transformer 30 which changes a voltage that is output from the inverter 28, and
a rectifier 32 which rectifies a voltage output from the transformer 30 and outputs a voltage
which can charge the auxiliary battery 20.

That is, the direct current voltage output from the main battery 10 is supplied to the motor
control circuit 14 via the main contactor 12 as mentioned above, and is input to the inverter 28

which is built into the DC-DC converter 24, is sequentially supplied to the transformer 30 and
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the rectifier 32, and is converted to a direct current voitage of a different value which can charge
the auxiliary battery 20. The auxiliary battery 20 is then charged by a direct current voltage
output from the DC-DC converter 24.

Meanwhile, the auxiliary battery 20 is connected to a load mounted on the automobile,
directly or via a keyswitch 34, and is connected to the motor controller 18 via the keyswitch 34.

That is, as mentioned earlier, the direct current voltage output from the DC-DC
converter 24 charges the auxiliary battery 20, and is supplied to a load mounted on the
automobile and to the motor controller 18 directly or via the keyswitch. Here, the main
contactor 12 is constituted so as to be turned on and off with the keyswitch 34. When the
keyswitch 34 is tumed on, the motor controller 18 is driven by direct current voltage output from
the DC-DC converter 24 or the auxiliary battery 20, and a predetermined direct current voltage is
supplied to the motor control circuit 14 from the main battery 10, so the motor 16 is driven.

Meanwhile, as mentioned above, the auxiliary battery charging device 22 of this
conventional example includes the DC-DC converter controller 26 in addition to the DC-DC
converter 24. The DC-DC converter controller 26 is constituted by a voltage detection
amplifier 36 and an electric current detection amplifier 38 which detect a voltage and an electric
current of the auxi]iary bat_tery 20, respectively, a feedback ponion 40 which determines a pulse
duty based on the output of the voltage detection amplifier 36 and the electric current detection
amplifier 38, and a pulse circuit 42 which supplies a control pulse to the inverter 28 by a duty
determined by the feedback 42 [sic. ""feedback portion 40"].

That is, the voltage of the auxiliary battery 20 is detected by the voltage detection

amplifier 36, is amplified, and is supplied to the feedback portion 40. In the same manner, the
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direct current of the auxiliary battery 20 is detected by the electric current detection amplifier 38
and is amplified.

. Next, in the feedback portion 40, based on the voltage and the electric current of the
auxiliary battery 20 detected by the voltage detection amplifier 36 and the é]ectn'c current
detection amplifier 38, respectively, a pulse duty is determined. For example, based on the
detection result of the voltage detection amplifier 36, a duty is calculated and determined so as to
prevent excess voltage charging of the auxiliary battery 20. At the same time, based on the
detection result of the electric current detection amplifier 38, a duty is calculated and determined
so as to not exceed the maximum output electric current of the DC-DC converter 24.
Additionally, the smaller duty, i.e., the duty which satisfies both the voltage and the electric
current requirements for the charging of the auxiliary battery 20, is selected and output to the
pulse circuit 42 from among the two types of duties, i.e., the duties calculated and determined
based on the detection results of the voltage detection amplifier 36 and the electric current
detection amplifier 38, respectively.

In this pulse circuit 42, a pulse is generated based on the duty supplied from the feedback
portion 40, and the operation of the inverter 28 is PWM controlled by this pulse.

Therefore, in this conventional example, based on the voltage and the current of the

| auxiliary battery 20, the DC-DC converter 24 is controlled by the DC-DC converter

controller 26, the auxiliary battery 20 is charged, and a predetermined voltage is supplied to a
load mounted on the automobile.

In this conventional example, when an electric current amount to be consumed by the
load mounted on the automobile is more than the output capability of the DC-DC converter 24,

the auxiliary battery 20 is discharged, and electric current is supplied to a load mounted on the
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automobile by this discharging. At this time, when the keyswitch 34 is tumned off, the auxiliary
battery 20 is held in a discharged state.

When this operation is repeated, and the auxiliary battery 20 is in a so-called excess
discharging state, the voltage of the auxiliary battery 20 can drop, e.g., to a voltage less than what
is needed for driving the motor controller 18. When this type of voltage drop occurs, even if [a
user] tries to turn on the keyswitch 34 and drive the motor 16, the driving of the motor
controller 18 is not performed by the auxiliary battery 20, so driving of the motor 16, and hence,
travel of the electric automobile, cannot be performed.

_ Japanese Laid-Open Patent Application 64-85502, for example, discloses a structure of a
"electric automobile control device"” which detects a voltage of an auxiliary battery after a
keyswitch is turned on, and first activates a DC-DC converter, charges the auxiliary battery,
ensures a predetermined voltage or more, and then turns on power of a motor controller which
commands the driving of the automobile.

[Problems to be Resolved by the Invention]

In the device disclosed in the above-mentioned Japanese Laid-Open Patent Application
64-85502, the DC-DC converter is supplied with a voltage needed for an operation by an
auxiliary battery, so when a voltage for the auxiliary battery significantly drops for some reason
such as electricity consumption while the automobile is stopped such tﬁat not even a voltage
needed for activation of the DC-DC converter or é voltage which can activate the motor
controller are ensured, there are times that the goal of automobile activation cannot be
accomplished.

An object of this invention is to provide an auxiliary battery charging device for an

electric automobile in which an auxiliary battery voltage constantly maintains a voltage needed

S ——
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for activation of a DC-DC converter and a motor controller, and which prevents a state in which
motor driving is impossible to restart due to the auxiliary battery voltage deterioration.
[Means of Solving the Problem]

In order to accomplish the above-mentioned objective, the present invention includes a
charge command portion which operates a charging controller controlling the DC-DC converter
so that, in a predetermined period in which a voltage value of an auxiliary battery to be detected
by a voltage detector drops to a predetermined reference voltage value or less and a keyswitch is
turned off, charging of an auxiliary battery by a DC-DC converter is performed for a
predetermined time only, a voltage value of the auxiliary battery is detected, and when the
voltage drops to a predetermined reference voltage value or less, charging of the auxiliary battery
is performed for a predetermined time only.

[Operation]

In an auxiliary battery charging device for an electric automobile of this invention, a
voltage of an auxiliary battery is detected by a voltage detector. Furthermore, in a predetermined
period in which a voltage value of an auxiliary battery detected by a voltage detector drops to a
predetermined reference voltage value or less, and in which a keyswitch is turned off, a charge
command portion causes a charging controller to perform a predetermined operation for a
predetermined time only. This predetermined operation is an operation which controls the
DC-DC converter so as to charge the auxiliary battery. Therefore, it is possible to restart driving

of the motor when the keyswitch is turned on again.
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[Embodiments]

The following explains embodiments of this invention based on the drawings.
Furthermore, the structure which is the same as in the conventional example shown in Fig. 3 uses
the same symbols, so the explanation thereof is omitted. -

Fig. 1 shows a structure of an auxiliary battéry charging device for an electric automobile
according to a first embodiment of this invention.

The auxiliary battery charging device for an electric automobile 44 of this embodiment is
constituted by a DC-DC converter 24, which is the same as in the conventional example shown
in Fig. 3, and a DC-DC converter controller 46, which includesthe characteristic structure of this
invention.

Additionally, the above-mentioned DC-DC converter controller 46 includes a
comparator 48, having a hysteresis characteristic, into which the output of a voltage detection
amplifier 36 and a predetermined reference voltage are input, and a transistor 50 which is turned
on and off by the output of an H/L.2 value of the comparator 48. In addition, the collector of the
transistor 50 is connected to the feedback circuit 40, and a driving electric power is directly
supplied from the auxiliary battery 20 to the DC-DC converter controller 46.

The following explains the operation of this embodiment.

First, when the keyswitch 34 is turned on, the driving of the motor 16 and a voltage
output to a load mounted on a vehicle and the auxiliary battery 20 by the DC-DC converter 20
[sic. 24] are performed in the same manner as in the conventional example shown in Fig. 3.

Additionally, when the keyswitch 34 is tumned off, and hence the motor 16 is not driven, a
voltage of the auxiliary battery 20 is detected by the voltage detection amplifier 36, and is input

to the comparator 48. In the comparator 48, a detection value of the voltage detection
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amplifier 36 is compared with a predetermined threshold value Vy, and if the detection value of
the voltage detection amplifier 36 is deemed to be lower than the threshold value Vi, the output
of the comparator 48 becomes, for example, an H value, and the transistor 50 is turned on. When
the transistor 50 is turned on, the feedback circuit 40 is driven, and charging of the auxiliary
battery 20 is performed by the DC-DC converter 24.

After that, the auxiliary battery 20 is charged, and the detection value of the voltage
detection amplifier 36 thus increases. At this time, in the comparator 48, a detection value of the
voltage detection amplifier 36 is compared with a predetermined threshold value Vy. This
threshold value Vy is larger than the threshold value V. That is, the comparator 48 has a
hysteresis characteristic. If the detection value of the voltage detection amplifier 36 is deemed to
be larger, the output of the comparator 48 becomes, for example, an L value, the transistor 50 is
turned off, and the operation of the feedback circuit 40 stops. Charging of the auxiliary
battery 20 by the DC-DC converter 24 is thus stopped.

In this embodiment, when the keyswitch 34 is tumed off and the electric automobile thus
stops, charging of the auxiliary battery 20 is performed. However, even during the stop of the
motor 16, a voltzige needs to be continuously supplied to the structure which includes the voltage
detection amplifier 36 that detects a voltage of the auxiliary battery 20. Fig. 2 shows a structure
of an auxiliary battery charging device for an electric automobile according to a second
embodiment of this invention, which represents an improvement with respect to this type of
problem.

In this embodiment, a relay 54 connected to the auxiliary battery 20 via the keyswitch 52

is connected to the transistor 50, which is the same as in the embodiment of Fig. 1, and one end

—_— .- - —
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of this relay 54 is connected to the auxiliary battery 20 so as to bypass the keyswitch 52 and a
keyswitch 56 that operates in conjunction with the keyswitch 52.

First, when the keyswitch 52 and the keyswitch 56 that operates in conjunction with the
keyswitch 52 are turned on, and the main contactor 12 that operates in conjunction with the
keyswitch 52 is turned on, a predetermined direct current voltage is supplied to the motor control
;:ircuit 14 from the main battery 10 and the motor 16 is driven based on the control of the motor
controller 18.

Meanwhile, when the keyswitch 52 is turned off, the voltage of the auxiliary battery 20 is
detected by the voltage detection amplifier 36 in advance, and when the voltage drops the
transistor 50 is turned on, in the same manner as in the embodiment shown in Fig. 1. At this
time, the collector of the transistor 50 is connected to a driving coil of the relay 54, and one end
of the relay 54 is connected to the auxiliary battery 20; therefore, an electric current flows to the
driving coil of the relay 54, and the relay 54 is turned on.

Furthermore, along with this operation, even if the keyswitch 52 is turned off, the voltage
of the auxiliary battery 20 continues to be supplied to the DC-DC converter controller 46 via the
relay 54, so the DC-DC converter 24 is controlled by the DC-DC converter controller 46, and the
auxiliary battery 20 is charged.

Furthermore, the comparator 48 has a hysteresis characteristic, so when a detection
voltage value of the voltage detection amplifier 36 reaches a predetermined threshold value Vy or
higher, the transistor 50 is turned off. The relay 54 is turned off; thus, a voltage supply to the
DC-DC converter 46 from the auxiliary battery 20 stops, and charging of the auxiliary battery 20

by the DC-DC converter 24 stops.

10 TPR 097879
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According to this embodiment, compared to the embodiment shown in Fig. 1, the time in
which at least pa;'t of the DC-DC converter controller 46 is driven is limited. That is, this time is
limited to a predetermined time after the keyswitch 52 is turned off, i.e., the time which is
determined by a hysteresis characteristic of the comparator 48, so wasteful electricity
consumption can be controlled.

[Effects of the Invention]

As explained above, according to the auxiliary battery charging device of an electric
automobile of this invention, it is possible to prevent significant voltage deterioration of the
auxiliary battery in advance, and charging of the auxiliary battery is effectively performed in a
timely manner; thus, a state in which it is impossible re-drive a motor due to excessive
discharging of the auxiliary battery can be avoided, and an electric automobile auxiliary battery
charging device with good circuit efficiency can be obtained.

4, Brief Description of the Drawings

Fig. 1 is a structural diagram showing the structure of an auxiliary battery charging device

for an electric automobile according to a first embodiment of this invention.

Fig. 2 is a structural diagram showing the structure of an auxiliary battery charging device

for an electric automobile according to a second embodiment of this invention.
Fig. 3 1s a structural diagram showing a structural example of a conventional auxiliary

battery charging device for an electric automobile.

10 Main battery
16 Motor
20  Auxiliary battery

L T ————
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24 DC-DC converter

34,52, 56 Keyswitches

36 Voltage detection amplifier

40 Feedback circuit

42 Pulse circuit

46 DC-DC converter controller
48  Comparator

50 Transistor
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(57) Scope of Claims
1. An accessory battery charger for an electric vehicle having an accessory battery and a
DC-DC converter connected to an accessory system of the vehicle and being parallel with each
other, and a main battery connected to an end of the DC-DC converter opposite from the end to
which the accessory battery is connected, comprising;

a charge detection means that detects that the main battery is being charged; and

a voltage reduction means which, when the charge detection means detects that charging
is underway, reduces the voltage value of the DC-DC converter output connected to the vehicle
accessory system and accessory battery.
Detailed Description of the Invention
[Industrial Field of the Invention]

o — -
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This invention relates to an accessory battery charger for an electric vehicle driven by
electric power, which charges electricity from a main battery that supplies electricity to a motor
that is the source of motive force, to an accessory battery that supplies electricity to an accessory
system, such as wipers, head lamps, and control devices, of the electric vehicle.

[Conventional Art)

Conventionally, like automobiles equipped with an internal combustion engine, electric
vehicles have an accessory battery that becomes a power source for wipers, head lamps, various
control devices, and the like, and is structured such that the accessory battery is charged through
a DC-DC converter from the high voltage, direct current power supply of the main battery,
which is the power supply for the motor which constitutes the drive source. As a result, the
accessory battery can always supply power to the accessory systems of the vehicle while
receiving a supply of power in the same way as a conventional accessory battery in a vehicle
equipped with an internal combustion engine is charged via an alternator.

[Problem Solved by the Invention]

However, the accessory battery charger of an electric vehicle having the above-described
DC-DC converter was still not sufficient with respect to the following points.

That is, to supply power for a low voltage accessory battery, the high voltage main
battery transmits the power to the accessory battery by having the DC-DC converter convert the
voltage to one slightly higher than the terminal voltage of the accessory battery. As a result, the
accessory battery can be always charged, and when the accessory battery supplies power to the
load at the same time, charging and discharging the accessory battery in this condition can be

balanced, to achieve the desired operation.
However, when the load of the accessory battery is light, such as when the vehicle is at a

stop, there is a possibility of overcharging because the charging voltage on the accessory battery
is higher than its terminal voltage: The accessory battery would not be overcharged if the
accessory battery light-load state is short in duration, such as when the vehicle is temporarily at a
stop. However, charging the main battery normally requires more than a few hours, and if this
state is continued, energy losses occur due to the overcharging of the accessory battery, or fluids
are lost due to the generation of gases, leading to the deterioration of accessory battery
performance.

[Problem Resolution Means]

PE—
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The present invention was undertaken in order to resolve the above-described problems;
its object is to provide a superior electric vehicle accessory battery charging device which
achieves effective energy use without overcharging of the accessory battery even during
charging of the main battery, and with which no degradation of the accessory battery occurs.

To achieve the object, the essence of the present invention, as shown in the basic
structural diagram of Fig. 1, is an accessory battery charger for an electric vehicle having an
accessory battery II and a DC-DC converter I1I connected to an accessory system of the vehicle
in parallel with each other, and a main battery IV connected to an end of the DC-DC converter
111 opposite from the end to which the accessory battery is connected, comprising:

a charge detection means V that detects that the main battery IV is being charged; and

a voltage reduction means IV [sic, Fig. 1 says "VI"] that reduces the value of the voltage
output on the DC-DC connector III to which the accessory system I and the accessory battery I
are connected when the charge detection means V detects that [the main battery IV] is being
charged.

[Operation}

The charge detection means of this invention detects that the main battery is being
charged. Therefore it may be any structure, such as one that detects charging when a connection
terminal from an external power source is connected to an outlet for charging the battery of the
vehicle through the opening or closing of a mechanical switch, or by electrically detecting the
direction of incoming or outgoing electric current at the main battery.

Moreover, the voltage reduction means reduces the output voltage of the DC-DC
converter, which is the power conversion means for the main battery, that is applied to both
terminals of the accessory battery, to a voltage near the open terminal voltage of the accessory
battery. This voltage reduction is performed based on a detection result by the above-described
charge detection means that the main battery is being charged. An optimal method in accordance
with the electric circuit used as the DC-DC converter may be used as the method for decreasing
the voltage. This can be easily achieved by a method such as by shortening the pulse width of a
period during which electricity is transmitted, if a pulse width modulation (hereinafter called
PWM) inverter-type converter is used, for example.

Below the we describe the invention by explaining a detailed embodiment.
[Embodiment]

3 TPR 097915
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Fig. 2 is a circuit block diagram showing one embodiment of an electric vehicle equipped
with an accessory battery charger for an electric vehicle according to this invention.

In the figure, 10 indicates the accessory battery charger, and 20 indicates a main battery
charger.

Below we discuss the present invention in detail, citing embodiments for a more concrete
explanation.

The hub 10, as shown in the figure, comprises a main battery 11 and a DC-DC converter
14 which changes the voltage and rectifies power from that main battery 11 and supplies it to the
accessory battery 12 and the accessory system load 13. 15 is a charging outlet which electrically
connects the charging device 20 and the main battery 11 when the charging device 20 charging
plug 21 (described below) is inserted therein, at the same time switching a two contact switch 16.

"The switch 16 closes contact "b" and simultaneously opens contact "a" when the charging plug

21 is inserted into the charging outlet 15, and conversely closes contact "a" and opens contact "b"
when the charging plug 21 is removed. 17 shows a diode, 18 an operational amplifier ("op ampp"
below); [these] feed back the output of the above-described DC-DC converter 14 according to
their combination with the switch 16, controlling the output voltage VO thereof. The DC-DC
converter 14 PWM control portion 14A compares the output voltage VP from the op ampp 18
with a base voltage VB contained therein, and controls the DC-DC converter 14 output voltage
VO by means of controlling the DC-DC converter main circuit 14B.

The charging device 20 comprises a charger 23 which converts and rectifies power from
a commercial power supply 22 to a voltage appropriate for charging the main battery and outputs

it to the charging plug 21.
The accessory battery charging device 10 comprised as described above operates in the

following manner.

First we shall discuss the normal operating state, in which the charging device 20 and the
accessory battery charging device 10 are isolated. At this point, contact "a" on the switch 16 is
closed, and a voltage which is smaller than the output voltage VO from the actual DC-DC
converter 14 by just the voltage drop VD in the forward direction on the diode 17 is input to the
non-inverting input terminal of the op amp 18, and the op amp 18 output VP falls by just the
voltage VD. That is, because of the reduction in the output voltage VP on the op amp 18, which
is compared with the PWM control section 14A base voltage VB, the PWM control section 14A
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causes the DC-DC converter main circuit 14B to operate in such a way that the output voltage
VO thereof rises, and the intemnal base voltage VB now matches the value (VO-VD), which is
the diode 17 voltage decline VD subtracted from the DC-DC converter 14 output voltage VO.
The output voltage VO (= VB + VD) from the DC-DC converter 14 at this point is higher than
the accessory battery 12 open terminal voltage, and is of enough potential to adequately supply
power to the normal state accessory system load 13-as well as charge the accessory battery 12.
At the same time, when the charging device 20 and the accessory battery charging device
10 are connected by the charging plug 21 and the charging outlet 15, which is to say when the

accessory system load 13 is light during vehicle stoppage, the switch 16 "a" contact is open and
the "b" contact is closed, so that the accessory battery charging device 10 operates as follows.
The op amp 18 non-inverting terminal, to which the DC-DC converter 14 output voltage
VO, which had fallen by a voltage VD, was applied via contact "a," now changes, such that the
DC-DC converter 14 output voltage VO is output thereto without passing through the diode 17.
Therefore the op amp 18 output similarly rises in voltage by VD. As a result, the PWM control
section 14A operates as if the output voltage of the DC-DC converter 14 had risen by a voltage
VD above its internal base voltage VB, causing the DC-DC converter 14 output voltage VO to
fall by the voltage VD, so that the base voltage VB and the output voltage VO are equal -
controlling the DC-DC converter 14, in other words, so that VB = VO.
The base voltage VB of the PWM controller is set in advance such that the output voltage
VO (=VB) of the DC-DC converter 14 at this time is set to a voltage at a level wherein electricity
is supplied to the accessory system load 13 that is lighter than that during the charging of the
. main battery 11, while it is slightly higher than the terminal voltage of the accessory battery 12
but does not cause the accessory battery 12 to be overcharged.

As in the past, at normal times when the accessory system load 13 is heavy, the
accessory battery charging device 10 changes the power from the main battery 11 to a voltage
which is higher than that of the accessory battery 12 open terminal voltage so as to sufficiently
supply the accessory system load 13 and the accessory battery 12. By so doing, the accessory
battery 12 is charged regardless of whether the accessory system load 13 is consuming a large
amount of power.

On the other hand, when the vehicle is at a stop, that is, when the accessory system load
13 becomes light and almost all of the electricity from the main battery 11 is supplied to the
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accessory battery 12, the output voltage VO of the DC-DC converter automatically decreases by
the forward voltage decrease VD of the diode due to the switching by the switch 16. Since the
voltage VO is decreased to a state slightly higher than the open terminal voltage of the accessory
battery 12, the electricity of the main battery 11 can be effectively utilized, and loss of fluid or
deterioration of the accessory battery 12 can be prevented without overcharging the accessory
battery 12.

As shown in the Fig. 2 circuit block diagram, the accessory battery charging device 10 of
the present embodiment is an economically and operationally superior device which can be
implemented by the addition of a simple comparator circuit consisting primarily of a switch 16
on a conventional DC-DC converter 14 feedback system, a diode 17, and an op amp 18.
[Efficacy of the Invention] .

As described above with reference to the embodiment; the main point of this invention is
that the accessory battery charger for an electric vehicle having an accessory battery and a DC-
DC converter connected to an accessory system of the vehicle and being parallel with each other,
and a main battery connected to an end of the DC-DC converter opposite from the end to which
t};e accessory battery is connected, is comprised of:

a charge detection means that detects that the main battery is being charged; and

a voltage reduction means that reduces a voltage value of an output of the DC-DC
connector to which the accessory system and the accessbry battery are connected, when the
charge detection means detects that [the main battery] is being charged.

Accordingly, because the electricity from the main battery is changed to a voltage higher
than the accessory battery by the DC-DC converter and transmitted to the load and the accessory
battery under a condition with a normal load, such as when the vehicle is being driven, the
accessory battery can be sufficiently charged, and can handle high loads. In addition, when the
charge detection means detects that the vehicle is being charged and that the load is light, the
voltage of electricity supplied from the main battery is automatically decreased by the voltage
reduction means to a voltage slightly higher than the accessory battery. As a result, the accessory
battery charger for an electric vehicle [according to this invention] is excellent in that the
accessory battery is not overcharged although almost all of electricity from the main battery is
supplied thereto, and in that not only the electricity from the main battery can be effectively

- . _——
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utilized, but also the deterioration of the accessory battery performance, such as fluid loss, due to

overcharging the accessory battery can be entirely avoided.

———
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Brief Description of Drawings

Fig. 1 is a basic structural diagram of this invention, and Fig. 2 is a circuit block diagram
of one embodiment.

1...Accessory system,; II...Accessory battery, III...DC-DC convert, IV...Main battery,
V...Charge detection means, VI...Voltage reduction means, 10...Accessory battery charger,

11...Main battery, 12...Accessory battery, 13...Accessory system load, 14...DC-DC converter,
16...Switch, 17...Diode, 18...0OP amp, and 20...Charger.
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Japanese Laid-Open Utility Model Application 51-103220
Laid-Open: August 18, 1976

Filing Date: February 18, 1975

Applicant: Toyota Motor Corporation

SPECIFICATION

1. Title of the Invention

CONTROL DEVICE OF ELECTRIC HYBRID VEHICLE
2. Scope of the Claim

An electric hybrid vehicle in which an output shaft of an internal combustion engine is
coupled to a rotation shaft of an electric motor which is operated by electric power of a battery
via a clutch, the internal combustion engine output shaft is coupled to an electric generator,
electricity generated by the generator is stored in the battery, and a solenoid valve which
performs a switching operation in response to an electric signal is inserted in a hydraulic péth
which conducts hydraulic pressure to the clutch, wherein:

detectors which detect the respective rotation speeds of the internal combustion engine

output shaft and the electric motor rotation shaft are respectively provided on the internal
combustion engine output shaft and the electric motor rotation shaft, the detectors are coupled to
a comparator which compares the respective rotation speeds and generates an electric signal
when the rotation speed of the electric motor rotation shaft is equal to or larger than that of the
internal combustion engine output shaft, an output side of the comparator is connected to a coil
of the solenoid valve so as to open the hydraulic path by performing a switching operation in

response to the electric signal, the output side of the comparator and a hydraulic pressure switch
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which generates an electric signal when a hydraulic pressure in the hydraulic path and supplied to
the clutch reaches a clutch engagement hydraulic pressure are connected to a field circuit of the
electric generator via a logic circuit so as to cut the field circuit when electric signals are
generated from both the comparator and the hydraulic pressure switch.

3. Detailed Description of the Invention

This invention relates to an electric hybrid vehicle for driving a vehicle by an internal
combustion engine and a direct current electric motor, and par_ticularly to timing control when a
field current of an electric generator is cut at the time of switching [between] travel modes.

Electric hybrid vehicles have been proposed in recent years in order to address the
societal problems of diminishing fuel resources and air pollution, have an internal combustion
engine and an electric motor for driving, and a generator for charging a battery, and have the
following three modes. The first mode is a mode in which the vehicle is driven only by the
electric motor, and the internal combustion engine is used for generating electricity via the
generator. The second mode is a mode in which the vehicle is driven only by the internal
combustion engine, and generation of electricity by the generator and driving by the electric
motor are stopped. The third mode is a mode in which, at times of high load such as at high-
speed travel of the vehicle, the vehicle is driven by both the internal combustion engine and the
electric motor, and generation of electricity is also performed by the electric generator.

In these t-ravel modes, when switching from the first mode to the second mode, when the
output shaft rotation speed of the internal combustion engine and the output shaft rotation speed
of the electric motor match, the field current of the generator and the drive current of the electric
motor are cut, fhe clutch is engaged, and the motive force of the internal combustion engine is

transmitted to the vehicle drive shaft. Therefore, in this case, when the clutch is released, the

-
d
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piston chamber is in an empty state, and at the time of engagement it takes some time before an
integrated coupling state is accomplished by the supply of hydraulic pressure and pressure-
engagement of the clutch plate. . Thus, if the field current of the electric generator is cut off early
without considering this operational delay of the clutch, there are problems such as that the
internal combustion engine will temporarily be in a non-load state and will rev up, generating
noise, reducing component part durability, etc. Furthermore, if the timing of cutting the field
current of the electric motor is delayed, the internal combustion engine will temporarily be in an
excess load state, and the same type of problem will occur.

This invention is to solve this type of problem, and seeks to provide an electric hybrid
vehicle control device which cuts the field current of an electric generator when an internal
combustion engine rotation speed and an output shaft rotation speed of an electric motor match
and the hydraulic pressure of the clutch has reached the high value at which engagement is
achieved.

The following explains an embodiment of this invention with reference to the figures.
According to Fig. 1, with respect to a drive system of an electric hybrid vehicle, an output shaft 2
of an internal combustion engine 1 is coupled to a rotation shaft S of a direct current electric
motor 4 via a wet type multi-plate clutch 3. The output shaft 2 is coupled to a ro‘tation shaft 8 of
an electric generator 7 via a step-up gear 6. A brush side of the electric generator 7 is electrically
connected to the armature, field coil, etc. of the electric motor 4 via a battery 9, and detectors 10,
11, which electrically detect the respective rotation speeds, are respectively disposed on ihe
output shaft 2 and the rotation shaft 5. F urthermore, a solenoid valve 13 is connected to a
hydraulic path 12 from a piston chamber of the clutch 3, and a pressure valve 17 which adjusts

the hydraulic pressure [of hydraulic fluid] pumped by a pump 16 from a hydraulic fluid reservoir
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15 is connected to a hydraulic path 14 from the valve 13. A hydraulic pressure switch 18 is
provided which generates an electric signal when the clutch hydraulic pressure in the hydraulic
path 12 reaches a predetermined value.

The following explains a control device with reference to Fig. 2. The rotation speed
detectors 10, 11 are connected to a comparator 19, and an electric signal is output when the
rotation speed of the electric generator rotation shaft 5 is equal to or larger than that of the
internal combustion méne output shaft 2 according to the rotation speed comparison. The
output side of this comparator 19 is connected to one input side of an AND gate 20, a motor
controller 21 which releases an electric current control of the electric motor 3 according to load
when an electric signal is input, an engine controller 22 which controls the output of the internal
combustion engine 1 according to load when an electric signal is input, and one input side of an
OR gate 23. The hydraulic pressure switch 18 is connected to the other input side of the AND
gate 20. A detector 24 which outputs an electric signal when the output shaft rotation speed of
the internal combustion engine 1 is a starting rotation speed minimum value or less is connected
to the other input side of the OR gate 23. The output side of the AND gate 20 is connected to a

base of a switching transistor 26 via an inverter 25 which inverts a signal. The emitter and

collector of this transistor 26 are connected so that a closed circuit is formed via a field coil 27 of
the electric generator 7, a battery 28, and a switch 29 which tums on together with the ignition
switch. Additionally, the output side of the OR gate 23 is connected to the base of a switching
transistor 30 in the same manner. The emitter and the collector of this transistor 30 are
connected so that a closed circuit is formed via a coil 31 of the solenoid valve 13, a battery 32,

and a switch 33 which tums on together with the ignition switch.

rad —m
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Thus, when the intemal combustion engine 1 is started, the transistor 30 is made
conductive by a signal from the detector 24, and the coil 31 is energized. Therefore, the solenoid
valve 31 [sic. 13] connects the hydraulic paths 12 and 14, hydraulic pressure is supplied to the
clutch 3, and the clutch 3 is engaged. Then, when the electric motor 4 is rotated by the electric
power stored in the battery 9 as with a normal gasoline vehicle starter, the internal combustion
engine 1 also begins to operate. When the internal combustion engine 1 is operates completely
on its own and reaches a predetermined rotation speed, an electric signal is no longer output from
the detector 24. Because of this, the transistor 30 becomes non-conductive, the coil 31 is de-
energized, the solenoid valve 31 returns to the oniginal cut-off state, the clutch 3 is placed in a
released state due to evacuation of hydraulic fluid, and the internal combustion engine output
shaft 2 and the electric motor rotation shaft 5 are disconnected. Therefore, the vehicle is driven
by only the rotation shift 5 of the electric motor 4 controlled by the motor controller 21.
Meanwhile, in this case, an electric signal is not output from the hydraulic pressure switch 18, so
the transistor 26 is made conductive by a signal from the inverter 25, electric current flows
through the field coil 27, and the electric generator 7 is in a state in which electricity can be
generated. An armature is rotated by the output shaft 2 of the intemal combustion engine 1 along
with the rotation shaft 8 via the step-up gear 6, so the first mode is attained, in which electricity is
generated by the electric generator 7.

Next, switching the mode from the first mode to the second mode is explained with
reference to Fig. 3. First, if the rotation speed of the armature rotation shaft 5, which increases
according to load as shown in curve ns of Fig. 3(a), and the rotation speed of the internal
combustion engine output shaft 2, which is rotated at a constant speed as shown in curve n;,

match in a time tp, an electric signal is output from the comparator 19. Because of this, the

5 TPR 097904
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operation of the electric motor 4 is now released by the motor controller 21, and the output of the
internal combustion engine 1 is becomes controlled by the engine controller 22 in accordance
with load. Additionally, the transistor 30 is again made conductive by the output signal of the
OR gate 23, and hydraulic pressure is supplied to the clutch 3 in the same manner as described
before. Therefore, as at the time immediately after time ty, if clutch hydraulic pressure is low
and a signal is not output from the hydraulic pressure switch 18, a signal is also not output from
the AND gate 20, sb the transistor 26 keeps a conductive state, and the electric generator 7
generates electricity by means of the internal combustion engine 1. Additionally, as shown in
Fig. 3(c), if the clutch hydraulic pressure reaches a predetermined engagement hydraulic pressure
Pco in a time t; and the clutch plate is substantially engaged, the intemnal combustion engine
output shaft 2 is integrally coupled to the electric motor rotation shaft 5, and the vehicle is driven
by only the internal combustion engine 1. In addition, at this time, an electﬁc signal is output
from the hydraulic pressure switch 18 and a signal is output from the AND gate 20, so the
transistor 26 will be in a non-conductive state because of the inverter 25, and the field coil 27
ceases to conduct a field current, as shown in Fig. 3(b). Therefore, the electric generator 7 does

not generate electricity even though the rotation shaft 8 is rotated, and the second mode is

entered.

Thus, according to the control device of this invention, at the time of switching from the
first mode to the second mode, it is confirmed by the hydraulic switch 18 that the clutch 3 is
completely engaged, and the field current of the electric generator 7 is cut. Additionally, this
cutting operation is electrically performed promptly, so it is possible to completely eliminate
various problems due to the above-described timing failures.

4. Brief Description of the Drawings

TPR 097905
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Fig. 1 is a structural view showing an embodiment of an electric hybrid vehicle to which
this invention is applied.

Fig. 2 is a circuit diagram showing a control device of this invention.

Figs. 3(a)-(c) are line diagrams showing operation characteristics at the time of switching

from a first mode to a second mode according to this invention.

1. Internal combustion engine
2. Output shaft

3. Clutch

4, Electric motor

S. Rotation shaft

6. Step-up gear

7. Electric generator

9. Battery

10, 11 Detectors

12.  Hydraulic path

13. Solenoid valve

18.  Hydraulic pressure switch
19.  Comparator

20.  AND gate

25. Inverter

27.  Field coil

31.  Caoil

-
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CERTIFICATION OF TRANSLATION

1, Christopher Field, a professiom;l Japanese translator accredited by the American
Translators Association, hereby attest that the attached translations from Japanese have
been faithfully prepared to the best of my abilify.

1. JP 50-30223
2.JP 4849115

Date: May 17, 2004

Christopher Rild
108 Codman Rd.

Lincoln, MA 01773
www.christopherfield.com
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Japanese Unexamined Patent Application Publication S48-49115 (2)

Specification

1. Title of the invention

Gear Train For A Hybrid Electric Automobile

2. Claims

|8 In a gear train for a hybrid electric automobile comprising an input shaft, at least
three friction engaging parts, a planetary gear device having at least four connectable
elements, and an output shaft, the gear train is characterized in that the planetary gear
device first element is connected to the input shaft through the first friction engagement
part, the second element is connected to the output shaft, the third element is connected to
the second and third friction engagement parts and to a first DC motor, also capable of
serving as a generator, the fourth element is connected to a second DC motor, also capable
of serving as a generator, and, further, the two DC motors are connected to a storage battery
so as to allow the supply and receiving of electrical power, thus enabling independent
power transmission from an internal combustion engine or a DC motor, or combined power

transmission from both [those sources].

IL The gear train for a hybrid electric automobile of Claim 1, characterized in that the
second DC motor is placed an idle state so as not to affect the planetary gear device and the
motive force of the internal combustion engine is imparted to the planetary gear through
selective engagement of the friction engagement parts, thus obtaining at least two stages of

gear shift ratio from the engine motive force to the out];ut shaft.

I11. The gear train for a hybrid electric automobile of Claim 1, characterized in that as the
operation of the internal combustion engine is stopped, the engagement of the third friction
éngagement part and the stopping of the first DC motor restricts the rotation of the
planetary gear third element, imparting the motive force of the second DC motor to the
fourth element, thus achieving at the output shaft a forward and reverse speed having a pre-

determined gear shift ratio based on the electric motive force.

TPR 097984
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Japanese Unexamined Patent Application Publication S48-49115 (3)

IV.  The gear train for a hybrid electric automobile of Claim 1, characterized in that
internal combustion engine motive force, under torque control, is imparted to the planetary
gear device through the _[ordinal number left blank —tr.] friction engagement part, while
the second DC motor motive force is imparted to the planetary gear device under
deceleration or acceleration control, thus obtaining a continuously variable speed to the
output shaft starting from zero; the storage battery is charged by one of the DC motors
while the vehicle is traveling, and adjustment is made so that a portion of the engine drive
load is lightened by the electrical motive force.

3. Detailed Description of the Invention

The present invention relates to a gear train in a hybrid electric automobile using a
gasoline internal combustion engine and a battery-equipped electric motor as power sources.

In recent years, atmospheric pollution caused by gasoline engine vehicle exhaust
gases has been accumulating in the atmosphere, unable to be fully detoxified, as cities
become denser and motoring increases. In areas where dispersion is topographically or
meteorologicaily prevented, it is now clear that [such gases] or particular pollutants can
accumulate and cause direct harm to the human body, thus raising a growing problem in
conflict with modem civilization. Given the relationship between vehicle travel patterns
and carbon monoxide exhaust levels, car-induced pollution has led to the adoption of
transport and road policies such as transportation restrictions and flyovers, while at the
same time environmental standards have been established which strengthen restrictions on
damaging components in exhaust gas, such as carbon monoxide, hydrocarbons, NOx, and
solid particulates. This has led to proposals on the vehicle side such as the development of
improved engines and exhaust gas cleaning devices to hold the amount of harmful
components in the exhaust gas to below a certain level —~ so called "low emissions
vehicles." Development has also been proposed of no-pollution vehicles using non-

polluting drive devices, such as gas turbines or battery-equipped electric motors, etc. In all
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cases, except for some special-use vehicles, these may still be said to be under development
around the world.

It would seem that superb human intellect and ceaseless technological progress will
gradually lead to a revolutionary improvement in the motors for such vehicles, but there is
a need [now] to reduce the exhaust gas pollution which is threatening human social life in
cities as one step toward that ultimate goal.

The object of the present invention is to provide a gear train for a hybrid electric
vehicle with a gasoline internal combustion engine and a storage battery-equipped electric
motor, whereby driving [the vehicle] with one or a combination of these [drive sources]
allows the amount of output exhaust gases to be varied during travel in keeping with
atmospheric pollution conditions.

The present invention is explained below using the diagrammed embodiments. Fig.
1 shows an example of the hybrid electric vehicle gear train of the present invention; Fig. 2
shows a specific embodiment of the automatic transmission mechanism of Fig. 1. In each
of these figures, case 1 contains a transmission mechanism, and an externally located
electric motor mechanism. Inside this case 1, the input shaft 3 from the internal combustion
engine 2 is connected to a first clutch 3 clutch drum 5 and a second clutch 6 clutch hub 7. A
first clutch 4 clutch hub 8 is connected to a planetary gear device 20 first sun gear 21
through a first intermediate shaft 9; a second device 6 clutch drum 10 is connected to a
second sun gear 22 thereof through a second intermediary shaft 11, and a brake 12 is
disposed between a second clutch 6 clutch drum 10 and the case 1.

The planetary gear device 20 is integrally formed with the first and second sun
gears 21 and the 22 and has meshing pinion gears 23 and 24; of these, a ring gear 25
meshes with the first pinion gear 23 and a carrier 26, which supports both pinion gears 23,
24, is connected to the output shaft 13. Oil pumps 14, 15 are respectively disposed on input
shaft 3 and output shaft 13; the pressurized oil produced by these oil pumps 14, 15 is
selectively supplied to clutches 4, 6 and brake 12 through a hydraulic control circuit (not

shown). A low speed stage speed reduction ratio of * *%, determined by the number of
first sun gear 21 teeth Z;, and the number of second sun gear 22 teeth Zy, is obtained by
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the supply [of hydraulic pressure] to the input shaft 3 and the brake 12 to engage [these] by
friction, and a high speed stage direct linkage is obtained by supplying [hydraulic pressure]
to the first and second clutches 4, 6 and [consequent] friction engagement thereof.

An electric motor drive system path is disposed on such an internal combustion
engine drive system path. Transfer gears 30, 31, respectively having the same pitch circle
diameters. are disposed on the second intermediate shaft 11 which is integral with the
planetary gear device 20 second sun gear 22, and on the ring gear 25. Drive gears 34, 35 are
respectively meshed with transfer gears 30, 31 through intermediate gears 32, 33 in order to
adjust the rotational direction [of transfer gears 30, 31]. On each of the drive géaxs 34,35
are disposed DC motors 36, 37 capable of also becoming electric generators, and wiring 39,
40, capable of transferring electrical power, is connected between these DC motors 36, 37
and a storage battery 38, and is further connected to the exciter side of wiﬁng 43, 44, which
is equipped with controllers 41, 42 which change vary and change the polarity of an
excitation current. An excitation current is thus supplied to the second DC motor 37 from
the storage battery 38 to turn the drive gear 35, while at the same time hydraulic pressure is
supplied to the brake 12 to engage it, thus restricting the rotation of the planetary gear

. . . . (o 422dy x 282 .
device 20 second sun gear 22 so as to obtain a reduction ratio of =~ %5 %35 determined

by the second sun gear 22 tooth count Z,, the ring gear 25 tooth count Zys, the transfer gear

31 tooth count Z3, and the drive gear 35 tooth count Z3s, so that an output torque of

N 2
(74232, x 20

225 %2 x T is obtained with respect to the DC motor 37 torque T. Therefore
output torque control is controlled by holding the reduction ratio in a fixed state, and the

output shaft 13 is reversed and movement caused to go backward by [using] the controller
to reverse polarity. Given the DC motor 37 characteristics, the DC motor 37 acts as a
generator by virtue of being driven from the oﬁtput side, yielding an engine brake effect
and the capacity to charge the storage battery 38, but using the controller 42, it is [also]
possible to cut the excitation current and travel without the engine brake.

In the gear train of the present invention, driven independently using an internal
combustion engine and an electric motor constituteq as described above, we shall further

explain the hybrid drive in which the motive force from the internal combustion engine 2 is

— e ———
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imparted to the first sun gear 21 by the action of the first clutch 4, while at the same time
the motive force from DC motors 36 or 37 is respectively imparted to the second sun gear
22 or the ring gear 25. At this point, engine motive force output torque is controlled by the
engine throttle valve, and both of the DC motors 36, 37 are made able to [function] as
either motors or generators by means of the con&ollem 41, 42, while their rotational speed
can be decreased or increased by the freely selected inclination [thereof]. By the
combination of the three gears 21, 22, 23, whose output torque and rotational speed is thus
controlled, the planetary gear device 20 attains a continuously variable transmission over a
wide speéd shift range on the output shaft 13 through the carrier 26. In this case, as shown
in Fig. 3, deceleration is linear along the curve a from three times the first DC motor 36
input shaft 3 rpm to zero, and increases linearly along the curve b from the state at which it
reverses at 0.5 times the second DC motor 37 input shaft 3 through zero up to
approximately twice that [speed] in the positive rotation state. As a result, the speed ratio
obtained on the output shaft 13, which is the rpm ratio with respect to the input shaft 3,
passes continuously from zero through 0.3, at which the second DC motor 37 rotation is
zero, through 1.0, at which the second DC motor 37 is the same as the input rotation, up to
1.5, at which the first DC motor 36 rotation is zero. In this continuously variable speed
regime from zero to overdrive, the second DC motor 37 functions as a generator when the
speed ratio is below 0.3, as does the first DC motor 36 when the [speed ratio] is above 0.3.
The electrical energy obtained from this generation is used as is to activate the motor, not
for charging the storage battery 38.

Efficiency is indicated in Fig. 4 as a horsepower ratio between the input shaft 3 and
the output shaft 13 over the entire speed shift operational speed ratio range. In this figure,
efficiency in the mechanical portion is taken to be 100%. The power transfer rate for the
electrical portion is used as a parameter; curve ¢ shows the case in which that efficiency is
80%, and curve d shows the case in which it is 50%. As is clear from the figure, efficiency
climbs rapidly until the speed ratio reaches approximately 0.4; past that speed ratio,
efficiency is maintained above 80% so long as the electrical portion power transfer

efficiency does not drop below one half; in curve c, a high efficiency close to 100% is
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maintained. Fig. 5 shows the relationship of the stall torque ratio, which expresses the
torque ratio obtained when the output shaft 13 is stopped, with respect to the electrical
portion power transfer efficiency. As is clear from the figure, the rise in torque ratio is
comparatively gradual up to an electrical portion power transfer efficiency of about 0.6,
rising rapidly at subsequent efficiencies; a high torque ratio is obtained when the efficiency
is zero, such as when the vehicle is starting to advance. In a hybrid drive of this type, the
embodiment uses the generated electrical power as is for the motor, with none being used
for charging, but a portion of the electrical power generated as part of the electrical drive
during vehicle travel may be stored in the storage battery 38. It is also possible to use this
system to supplement [power] from the storage battery 38 so that not all of the large torque
{needed] during rapid acceleration is supplied from the internal combustion engine 2.
Furthermore, a reverse speed may be obtained in this case as well using the controllers 41,
42,

To explain the use of the gear train of the present invention, drivable by means of
the above three systems of standard internal combustion engine drive, electrical drive, and a
hybrid drive of the two, the electrical drive system, which is of course completely free of
exhaust gases, would be used in cities or at times or places where atmospheric pollution
was excessive, at which times travel would take place by imparting a sufficient drive force
at a pre-determined fixed reduction ratio. Next, when atmospheric pollution was middling,
the load on the internal combustion engine 2 would be lightened by electrical power
supplementation from the storage battery 38 using the hybrid drive system; exhaust gas
generation would be ameliorated, and dﬁﬁng could be accomplished at the best efficiency
at all times using continuously variable transmission. Furthermore, in locations where the
exhaust gases are sufficiently dispersed in the atmosphere, such as fully exurban areas, a
sufficient acceleration using a two stage gear shift ratio and a good response could be
achieved using the internal combustion engine drive system.

Finally, to explain another embodiment of the planetary gear device 20 in Fig. 6,
omitting those portions which are the same as described above, the two pinion gears 23', 24,

which are separated in the figure, mesh respectively with sun gears 21, 22; the second
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pinion gear 23' is connected to the first intermediate shaft 9, and the carrier 26' which
supports the first pinion gear 25'is connected to the second ring gear 28 which meshes with
the second pinion gear 23'; two gear ratios — direct and overdrive ~ are obtained in the
internal combustion engine drive system by selective operation of the two clutches 4, 6 and
the brake 12. ,

As explained above, according to the hybrid electric vehicle gear train of the present
invention, an electrical drive system with no exhaust gas whatsoever and a hybrid drive
system which significantly reduces exhaust gas are provided in addition to a normal
internal combustion engine system. Exhaust gas volumes are effectively reduced or made
zero when driving at times or locations prone to atmospheric pollution, and vehicle
function is sufficiently assured. Due to the planetary gear device 20 structure, overall gear
train efficiency is comparatively high in the hybrid drive system even when the electrical
portion efficiency is low, offering the advantages of continuously variable speed over a
wide speed change range and a high torque ratio at start up. Furthermore, because the
storage battery 38 can be charged during vehicle travel, the long charging times which are
the biggest difficulty with electric vehicles can be eliminated, and control operations and

changeover between each of the systems can be easily effected.

4. Brief Description of Figures

Figure 1 is a block diagram showing an example of the gear train of the present invention.
Figure 2 is a vertical cross-sectional view that shows the structure of the automatic
transmission mechanism within Figure 1. Figure 3 is a graph showing the correlation
between the speed ratio of the DC electric motor and the speed ratio of the gear train.
Figure 4 is a graph showing the correlation between gear train efficiency and the speed
ratio thereof using the power transfer efficiency of the electrical portion as a parameter.
Figure 5 is a graph showing the correlation of the stall torque ratio and the power transfer
efficiency of the electrical portion. Figure 6 is a block diagram showing another example of

the gear train of the present invention.
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2. Internal combustion engine
3. Input shaft

4. First clutch

6. Second clutch

12. Brake

13. Output shaft

20. Planetary gear

21. First sun gear

22. Second sun gear

25. Ring gear

26. Carrier

36. First DC electric motor
37. Second DC electric motor
38. Battery

(19)

[see source for figures]

Figure 1
Figure 2

—_— — — -
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[see source for figures]
Figure 3

X axis: Speed ratio
Y axis: DC Electric Motor Speed Ratio

Figure 4

X axis: Speed Ratio
Y axis: Efficiency

Figure 5

X axis: Electrical Portion Power Transfer
Efficiency
Y axis: Stall Torque Ratio
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Specification

1. Name of Invention

Hybrid Electric Vehicle Gear Transmission Device
2. Claim

A hybrid electric vehicle gear transmission device in which one shaft of a planletary
gear mechanism comprising the rotational elements of a sun gear, a carrier, and a ring
gear is connected to the output shaft side of an engine through a first switching clutch, a
second shaft thereof is connected to an electric generator, and a third shaft thereof is
connected to the vehicle propelling shaft side, an M-mode drive system based on only the
electric motor can be formed, in which the electric motor shaft is linked by the gear
engagement transmission on the above third shaft side, while an M-E mode drive system
can be formed using a hybrid rotation drive based on an engine and an er and electric

motor by disposing a storage battery and a controller between the above generator and
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electric motor and electrically linking these [elements]; furthermore by inserting a second
switching clutch on the above second shaft, or between a first shaft and a second shaft,

and E mode drive system based on an engine can be formed.

3. Detailed Explanation of Invention

The present invention relates to gear transmission devices for hybrid electric vehicles.
Vehicle exhaust gases from gasoline engines and diesel engines are the primary sources
of air pollution, and regulations pertaining to exhaust gases are becoming stricter, as seen
in the Muskie Act. Given this, even though there is considerable interest, both in Japan
and overseas, in electric vehicles that are able to travel without producing exhaust gases,
weaknesses, such as the short distance that can be traveled on a single charge, and the
increased weight [of the electric vehicles] have prevented electric vehicles from reaching
the point wherein they can replace conventional internal combustion engines. Given this,
attention has focused on hybrid electric vehicles that can travel in a so-called M mode
wherein an electric motor is driven by a storage battery when a storage battery is used in
paralle] with an internal combustion engine, an M-E mode wherein, at some time, power
is provided by both the internal combustion engine and the electric motor, where, at such
times, a portion of the power from the internal combustion engine is converted into
electrical energy in an electric generator and is stored in the storage battery, and can
travel in an E mode wherein the propulsion is by the internal combustion engine alone. In
other words, by using the M, M-E, and E modes selectively for urban driving or suburban
driving it is possible to reduce exhaust gases in the places wherein the exhaust gases are
particularly problematic.Although a variety of prior art can be found regarding gear
transmission devices relating to these hybrid electric vehicles, these make use of
relatively complex gear transmission devices, and therefore have large numbers of
clutches, or use extremely simplistic battery and internal combustion engine hybnid
methods, placing large loads on the electric motor; thus there are still few cases wherein
[performance] is satisfactory.

In consideration of the weaknesses in the prior art, described above, the present
invention provides an improved gear transmission device for a hybrid electric vehicle. In

other words, the object of the present invention is to provide a gear transmission device

e —— o -
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for a hybrid electric vehicle that has excellent operation using relatively simple drive
train, or with relatively few clutch or other friction engagement devices. When the gear
transmission device according to the present invention is used, the electric motor always
operates as an electric motor, and the electric generator always operates as an electric
generator, so the load on the controller is reduced; fully infinitely variable transmission is
possible, with the benefit that at different times the M, M-E, and E modes can be used
selectively, depending on the driving conditions. Furthenmore, it is also possible to
engage an overdrive in order to increase the power transmission efficiency; power
transmission efficiency increases as the driving speed increases, and the optimal power
transmission efficiency will be in the E mode, thus providing stable high-speed travel.

The structure of the gear transmission device according to the present invention will
be explained in detail using the attached drawings. Figures 1 through 6 show the various
example embodiments, where the basic structure in the example embodiments in Figure 2
and above are similar to those in Figure 1, and are primarily explained using Figure 1,
where minor changes have been made regarding the others. First, let us reference Figure
1.

There is an input shaft 1 for the gear transmission device connected to the crankshaft
of an internal combustion engine 10, where this [input shaft 1] is connected to an
intermediate shaft 4 through a first-mode switching clutch 60. This input shaft 1 has a
lubrication supply source 3, such as a pump, where a portion of the power of the internal
combustion engine 10 generates oil pressure to be the motor source for the meshing of
the clutch, etc. There are also other methods, not using power from the internal
combustion engine, for obtaining a constant oil pressure during travel using a small
electric motor, in which case there is a benefit in that it is always possible to generate the
oil pressure, even if the internal combustion enéine 10 is stopped.

The intermediate shaft 4 is integrated with a carrier 51, which supports a planetary
gear 53, in such a way that [said planetary gear 53] can rotate freely, in a planetary gear
mechanism 50, where a sun gear 52, which meshes with [said] planetary gear 53, is
affixed to the back end of a hollow rotating shaft. Furthermore, the front end of this
hollow rotating shaft is connected to a rotating friction plate 72 in a second-mode

switching clutch 70 which forms a multi-plate gear shift brake, while the stationary

- —_— ——
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friction plate 71 of the clutch 70 is attached to the case. Therefore when the second mode
switching clutch 70 is hydraulically engaged, the hollow rotating shaft 5 becomes fixed
with respect to the case 73. The hollow rotating shaft 5 has a spline-engaged gear 23, and
the rotating shaft 21 on the gear 22 which engages the gear 23 serves as the generator 20
shaft. The planetary gear mechanism 50 ring gear 54 is attached over the output shaft 2,
and a gear 33 is spline-engaged on this output shaft 2, linked to an electric motor 30 via a
gear 32 which engages thereto. At the same time, the electric motor 30 and the generator
20 are respectively electrically connected via the storage battery 40. In other words,
wiring 43, 46 is connected on the exciter side, and controllers 41, 42 control the
excitation current. Wiring 44, 45, meanwhile, hands off electrical power between the
storage battery 40, the generator 20, and the electric motor 30.

We next explain the Fig. 2 embodiment. Those parts which are the same as Fig. 1
are referred to using the same reference numerals. (The same is true up to Fig. 6). Points
which differ from Fig. 1 reflect the fact that the planetary gear mechanism has a double
row configuration. In other words, the front-row planetary gear mechanism ring gear 154
is an integral piece with the carrier 155 which supports the rear-row planetary gear
mechanism sun gear 157, and is further linked to an output shaft 102. The rear-row
planetary gear mechanism 180 ring gear 158 is always affixed to a case 171, and fhe shaft
of gear 132 which engages the gear 133, integral with the sun gear 157, is integrally
linked to an electric motor 130.

We next explain the Fig. 3 embodiment. In the Fig. 1 embodiment, the solar gear

52 of the planetary gear mechanism which is linked to the generator 20 was linked to the
second mode switching clutch 70, one end of which was affixed to the case; what is

different in this embodiment is that the second mode switching clutch 270 is disposed
between the planetary gear mechanism carrier 251 and the ring gear 254, which is to say
between the intermediate shaft 204 and the output shaft 202. When the second mode
switching clutch 270 is engaged, the intermediate shaft 204 and the output shaft 202 are
made integral.

We next explain Fig. 4. In this embodiment, the intermediate shaft 304 is
integrally linked with the cammier 354 which supports the planetary gear mechanism 350
planetary gear. The ring gear 353 is linked to the hollow rotating shaft 305; a gear 323 is

TPR 098009
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spline-engaged thereto, and is further linked to the generator 320 via a gear 322, Also, the
second mode switching clutch 370 is linked to the planetary gear mechanism 350 ring
gear 353, and the sun gear 351 is linked to the output shaft 302.

We next explain the Fig. 5 embodiment. This embodiment differs from each of
the previous ones in that the planetary gear mechanism 450 comprises a double planetary
gear. The intermediate shaft 404 is linked to the ring gear 454, and the sun gear 451 is
linked to the second mode switching clutch 470, while the carrier 455, which supports the
double planetary gears 452, 453 is linked to the output shaft 402.

In the last embodiment, Fig. 6, a double planetary gear is used as in Fig. 5. The
intermediate shaft 504 is linked to the ring gear 554, and the sun gear 551 is linked to the
output shaft 502. The carrier 555 which supports the double planetary gears 552, 553 is
linked to the second mode switching clutch 570 via the hollow shaft 505, and the
generator 520 is linked to this hollow shaft 505 via the gears 523 and 522.

We have explained above the constitution of the gear transmission device of the
present invention; next we shall explain the operation thereof in detail. There are many
points of similarity in the operation of the various embodiments, so we shall primarily
focus on the Fig. 1 embodiment, noting only the operations which differ from that of the
other embodiments.

Again, please refer to Fig. 1. As previously discussed, it is possible with the
present invention to adopt each of the M, M-E, and E modes. That is to say, it is possible
by selectively supplying or removing hydraulic pressure from hydraulic supply source 3
through a control circuit (not shown) to the first mode switching clutch 60 [and] second
mode switching clutch 70, and, by the engagement or release thereof, to adopt the M, M-

E, or E modes according to the table shown below.

M mode M-Emode E mode

First-mode switching clutch 60 X 0] 0]
Second-mode switching clutch 70 X X o]
O: Engaged

X: Disengaged

4
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As shown in the table above, the M mode occurs when the clutches 60 and 70 are both
released. The internal combustion engine 10 is completely isolated from the output shaft
2, so the vehicle is driven by the drive force of the electric motor 30 only. There is also
isolation between the internal combustion engine 10 and the generator 20, making it
impossible to charge the storage battery 40 with the generator 20 in M mode. However,
by stopping the output shaft 2 when halted and causing the clutch 60 to engage, the
generator 20 can be driven by the motive force of the internal combustion engine 10 so as
to charge the storage battery.

Running in M mode is accomplished by rpm control of the electric motor 30 using
the controller 42. In other words, travel is brought about by increasing torque to the
output shaft via the gears 32, 33.

Fig. 7 shows the relationship between the electric motor rpm and vehicle speed in
the M mode. This relationship is linear, and the slope thereof is based on the gear ratio
between gear 32 and gear 33. Vehicle speed can be increased by changing that gear ratio,
but it is difficult in reality to push this above a certain level. A two-stage gear is therefore
adopted so as to obtain a sufficiently large gear ratio, thus enabling high revolutions at
low torque by the electric motor 30, as shown in the Fig. 2 embodiment. As described
above, a pair of planetary gear mechanisms 180 is disposed in addition to the gears 132,
133 between the electric motor 130 and the output shaft 102. Moreover, the ring gear 158
is constantly affixed to the case, and the gear 133 and sun gear 156 are integral, so that

assuming
1= (number of teeth fn gear 133) / (number of teeth in gear 134)
and
p = (number of teeth in the sun gear 156) / (number of teeth in the ring gear 158),

the rotational torque To of the output shaft, relative to the rotational torque Tm of the

electric motor 130 will be as follows:

TPR 098011
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. 14+
To:’Xw—-—-’;—?u

and rotational torque can be increased by a power (14970 compared to the Fig. 1
embodiment. It is also possible to increase the electric motor rotational torque TM by
changing the excitation current using the controller 142, and therefore TO is also
controlled in accordance with TM.

In the M mode, the gear transmission devices in the embodiments of Figs. 3
through 6 operate in a similar way to that of the Fig. 1 embodiment.

Again, please refer to Fig. 1. In the M mode discussed thus far, both the first
mode switching clutch 60 and the second mode switching clutch 70 were in a released
state; next the internal combustion engine 10 is rotated and only the clutch 60 is engaged,
leaving the clutch 70 in a released state. At this point, the internal combustion engine 10
and the output shaft 2 are linked via the planetary gear mechanism 50, and motive power
is applied to the electric motor 30 output shaft 2, so in an overall sense motive power
from the internal combustion engine and the electric motor is transferred in a hybrid
manner. This state is the M-E mode; in this M-E mode a portion of the internal
combustion engine 10 motive power is split off from the planetary gear mechanism 50
planetary gear 52 to drive the generator 20 via the gears 23, 22. In other words, the
[motive force] is converted to electrical energy by the generator 20, controlled by the
controller 41, and used to charge the storage battery. The electric motor 30 is driven
using control of the excitation current from storage battery electrical energy using the
controller 42. The internal combustion engine 10 output is held fixed by holding a fixed
throttle opening on a carburetor, so that the rotational speed of the output shaft 2 can be
varied by controlling only the electric motor 30 rotational speed.

In the M-E mode, the relationships between the ratio e of the internal combustion
engine 10 rotational speed and the output shaft 2 rotational speed and each of the
rotational speed ratios eg, e, of the internal combustion engine 10 with respect to the
generator 20 and the electric motor 30 are shown in Fig. 8. Assuming that e* is the speed
ratio at the point of transition to the M-E mode (called the "mode exchange point"), the
rotational speed ratio e; at that point for the generator 20 is shown by point B. The

- —
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electric motor 30 speed ratio e, is shown by point A. These speed ratios are ratios with
respect to the internal combustion engine 10 rotational speed, and therefore by holding
the internal combustion engine 10 rotational speed steady using the carburetor as
described above, each speed ratio will correspond as is to the electric motor, the generator,
and the output shaft rotational speeds.

By gradually increasing e from the above mode exchange point under the control
of controllers 41, 42, a differential rotation between the ring gear 55 and the carrier 54
results in a gradual decrease in the rotational speed of the generator 20 linked to the sun
gear 52 as the electric motor 30 rotational speed grows, as shown in Fig. 8. In other
words, as e is increased, the proportion of motive force contributed by the internal
combustion engine 10 in driving the gear transmission device increases, and the
proportion of the electric motor 30 decreases. When e = Max (referred to as the
maximum speed ratio), rotation of the generator 20 stops completely, while the electric
motor 30 reaches maximum speed. However, it must be noted that while the rotational
speed of the electric motor 30 is high, its drive force is virtually zero, and driving is done
by the internal combustion engine 10 only. It must also be noted that the gear structure is
arranged so that overdrive can be achieved between the input shaft 1 and the output shaft
2, as will be explained below.

At the point at which e = emax, the sun gear 52 on the planetary gear mechanism
50 stops, as explained above; it is here that hydraulic pressure is applied to the second
mode switching clutch 70 and {the clutch] is caused to engage. The braking effect of the

clutch 70 causes the generator 20 to stop operating completely, and the supply of
electrical energy from the storage battery 40 to the electric motor 30 is interrupted; the

electric motor 30 is simply freely rotating, so the output shaft is linked and driven in a
purely mechanical way by the internal combustion engine 10. This is the E mode. At this
point, as noted above, if we assume that

p = (number of teeth in the sun gear) / (number of teeth in the ring gear),

we have

-~ _— . - -
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gear ratio = 1/14p,

and a 14p overdrive is achieved as the rotational speed ratio.

The relationship between e and drive transmission efficiency is shown in Fig. 9.
Up until the poiﬁt e*, the first mode switching clutch 60 is not engaged, so motive force
transmission efficiency increases with the increase in the generator 20 drive force. The
reason the motive force transmission efficiency becomes discontinuous at the point e* of
transition to the M-E mode is that the drive force to the generator 20 is diverted by the
engagement of the clutch 60; thereafter the drive force diverted to the generator 20 rises
along with the increase in e. At emax, rotation of the generator 20 stops altogether, and
losses are purely mechanical; drive force efficiency is at a maximum. The above elements
are similar in each of the embodiments of Figs. 4 through 6 to the Fig. 1 embodiment.

However, the Fig. 3 embodiment operates slightly differently from those, as we
shall now explain. In the Fig. 3 embodiment, the second mode switching clutch 270 is not
fixed to the case at one end, as explained above; it is [disposed] between the intermediate
shaft 204 and the output shaft 202. The purpose of this clutch 270 is to make a purely
mechanical link between the input shaft 201 and the output shaft 202. In other words,
when the second mode switching clutch 270 is engaged, the planetary gear mechanism
250 forms an integral piece with the shaft 201 and rotates, so that the input-side drive
force is directly connected to the output shaft. The E mode of the Fig. 3 embodiment is
here obtained by simultaneously stopping the supply of electrical energy to the electric
motor 230. In this case there is no brake effect on the ctutch 270, and even if the clutch
270 is engaged, the generator 220 will keep rotating. To further increase vehicle speed,
the second mode switching clutch 270 should be released and the electric motor 230
further rotated and placed in an overdrive state so that {rotation of the] generator 220 is
further reduced by the differential rotation between the ring gear 254 and the carrier 251
in the planetary gear mechanism 250.

~ The motive force transmission efficiency of the Fig. 3 embodiment is shown in

Fig. 9. The aspect of particular difference in this embodiment is that the point of

singularity in motive force transmission efficiency occurs at the pointe = 1.

TPR 098014
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Up until now we have explained the constitution and operating states of the gear
transmission device of the present invention. We shall now explain the use and switching
states of the M, M-E, and E modes in actual travel.

M mode is used during low speeds, in other words, from the time the vehicle starts unti
it has reached a certain speed. In addition, the internal combustion engine is completely
stopped and there are no emissions of exhaust gasses. The vehicle’s low speed is
sufficient for in-city driving and is suited for continual use in areas where exhaust gas
regulations are strict. By controlling the rotating direction of the electric motor, traveling
in reverse is also possible.

M mode is for in-city driving; the internal combustion engine starts when the engine
switches to M-E mode when driving in the suburbs. The power of the internal
combustion engine 10 rotates the input shaft 1 and the pump 3 generates hydraulic
pressure. The hydraulic pressure engages the first mode switch clutch. At that time, the
rotation of the internal combustion engine immediately increases to the velocity
configured in advance. When switching modes at the configured speed, the rotational
velocity of the internal combustion engine is uniquely determined, therefore, the control
system controls the increase to that point. The transition to M-E mode is continuous as
the rotational velocity of the electric motor does not change. Once in M-E mode, a
control system is necessary to ensure that the motor does not return to M mode until
reaching the proper low speed.

In M-E mode, the controller 41 controls and operates the generator. However, it is
necessary to select a generator with proper capabilities as a battery is used in M mode. In
addition, the method of constantly maintaining the rotation of the internal combustion
engine at a velocity that keeps exhaust gases to a minimum is extremely effective as a

measure for environmental pollution control.

TPR 098015

Page 1034 of 1239 FORD EXHIBIT 1002



Japanese Unexamined Patent Application Publication $50-30223 (12)

When switching from M-E to M mode, the hydraulic pressure from the first mode
switch clutch is firstly discharged and released. The internal combustion engine is then
stopped.

Switching from M-E to E mode, the second mode switch clutch should be engaged
when the generator is sensed as stopped. E mode is suited for constant high speed driving,
such as on highways. As the drive train efficiency of the gear drive is maximized, driving
becomes economical

This invention is beneficial as the controller continuously changes the rotational

velocity of the electric motor and makes completely variable speed driving possible.

4 Brief Explanation of Figures

Figure 1 is the schematic diagram of the gear drive mechanism displaying the first
example of this invention. Figure 2 is the schematic diagram of the gear drive mechanism
displaying the second example of this invention. Figure 3 is the schematic diagram of the
gear drive mechanism displaying the third example of this invention. Figure 4 is the
schematic diagram of the gear drive mechanism displaying the fourth example of this
invention. Figure 5 is the schematic diagram of the gear drive mechanism displaying the
fifth example of this invention. Figure 6 is the schematic diagram of the gear drive
mechanism displaying the sixth example of this invention. Figure 7 describes the
relationship between the electric motor’s rotational velocity and the speed of the vehicle
during M mode. Figure 8 is the correlation diagram between the revolution velocity ratio
of the input/output shafts and the revolution velocity ratio e,, and er of the input shaft,
electric motor, and generator. Figure 9 is the correlation diagram between the
input/output revolution velocity ratio e and drive train efficiency, for the gear drive
mechanisms of each example in Figures 1, 2, 4, 5, and 6. Figure 10 is the correlation
diagram between the input/output revolution velocity ratio e and drive train efficiency,
for the gear drive mechanism of the example in Figure 3.

1: Input Shaft; 2: Output Shaft; 3: Hydraulic Pump; 4: Intermediate Shaft; 5: Hollow
Rotating Shaft; 10: Internal Combustion Engine; 20: Generator; 30: Electric Motor; 40:
Battery; 41 and 42: Controller; 50: Planet Gear Mechanism; 60: First Mode Switch
Clutch; 70: Second Mode Switch Clutch
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Figure 2
[see source for figure]
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Figure 3

[see source for figure]
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Figure 4
[see source for figure]
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Figure 5
[see source for figure]
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Figure 6

[see source for figure]
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Figure 7
[see source for figure]
[vertical axis] Vehicle’s Speed
[borizontal axis] Rotational Velocity of Electric Motor

Figure 8
[see source for figure]
[vertical axis] Rate of Velocity

Figure 9
[see source for figure)

[vertical axis] Drive Train Efficiency

Figure 10
[see source for figure]

[vertical axis] Drive Train Efficiency
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Description

The present invention relates to a wehicle
powerplant comprising thermal and electrical drive
means variously connsctable to the input shaft of
the transmission as well as to a countershaft con-
trolling accessory devices on the vehicle.

Vehicles of the aforementioned type are em-
ployed over mixed routes allowing of little or no
emission, or over which normal emission is permit-
ted. Over the first type, the vehicle is driven solely
by the electrical drive means or in controlled man-
ner by the thermal means, whereas, over the sec-
ond, the thermal drive means are operated nor-
mally. Vehicles of this type invariably feature ac-
cessory devices (e.g. hydraulic power steering
pump, brake and conditioner compressors, auxil-
iary alternators), and at times also special-purpose
devices powered by the above drive means for
performing special functions for which the vehicle
is designed. Both the accessory and special-pur-
pose devices frequently demand far greater power
than that required for operating the vehicle under
various driving conditions.

On one known powerplant of this type, the
thermal drive means comprise a combustion en-
gine connected mechanically to the transmission
input shaft by a propeller shaft fitted with a clutch
designed to assume a first and second position
wherein the combustion engine is respectively con-
nected to and disconnected from the transmission
input shaft.

A countershaft for powering the vehicle acces-
sory devices is connected by a system of gears to
the propeller shaft, downstream from the clutch.

The electrical drive means normally consist of
a unit designed to operate as both an electric
motor and current generator. The rotor element of
the unit is connected to the countershaft in such a
manner as to be driven by it when the unit is
operated as a current generator, and to drive it for
rotating the transmission input shaft when the unit
is operated as a motor.

Alternatively, the rotor element of the unit is
connected directly to the propslier shaft to form a
single drive line between the combustion engine
and the transmission input shaft, in which cass, the
drive line is fitted with a second clutch downstream
from the unit.

The powerplant also comprises a storage bat-
tery to which current is fed by the unit when
operated as a generator, and from current is drawn
when the unit is operated as a motor.

Powerplants of the type brisfly described
above provide for two operating modes. In a first,
the combustion engine is operated and the clutch
{or both clutches, in the case of the alternative
configuration described above) is set to the first
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engaged position, so that both the transmission
input shaft and the countershaft are driven by the
combustion engins, while the rotor element of the
unit, set to generator mods, is rotated by the
countershaft for charging the batteries. In the sec-
ond operating mode, the clutch is set to the second
release position, and the unit alone is operated as
an electric motor, the rotor element of which thus
provides for powering both the transmission input
shaft and the countershaft.

Powemplants of the aforementioned type
present numerous drawbacks.

Firstly, in the second operating mode, i.e. when
operated electrically, the accessory devices are
driven solely by the power supplied by the battery,
which, if of normal weight and size for the vehicls,
provides for accumulating only a limited amount of
energy.

Secondly, in the second operating mode,
wherein the combustion engine is idle and discon-
nected from the drive line, current can only be
generated for charging the battery when braking
the vehicle, and if the unit is designed to operate
as a brake, for recovering the energy produced
during braking and converting it at least partiaily
into electrical energy.

As a result, the operating range of the power-
plant is fairly limited.

In FR-A-2415022 is described a vehicle power-
plant comprising a combustion engine connected
mechanically by a first clutch to a drive line trans-
mitting the motion to the wheels of the vehicle and
an electric motor connected to said drive line by a
second clutch. Said electric motor is driven by the
current supplied through an overhead connection to
the public power supply. A powerplant of this type
can be used only in the case in which an overhead
connection Is available and presents some of the
drawbacks before expossd.

It is an object of the present invention to pro-
vide a powerplant of the aforementioned type de-
signed to overcoms the aforementionsd drawbacks.

According to the present invention, there is
provided a vehicle powerplant according to the
features of claim 1, comprising first thermal drive
means and second electrical drive means; said first
and sscond means bsing activated for transmitting
motion to the drive wheels of the vehicle via a
transmission; said first drive means comprising a
combustion engine connected mechanically to said
whesls by a drive line fitted with said transmission
and with a first clutch located between said engins
and said transmission and which clutch may be set
to a first and second position wherein said combus-

tion engine is respectively connected to and dis- -

connected from said transmission;
a current generator for supplying electric cur-
rent to a storage battery, and the rotor element of
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which is connected to said drive fine upstream
from said first clutch;

said electrical drive means comprising an elec-
tric motor, the rotor element of which is connected
by a first drive to said drive line downstream from
said first clutch, said electric motor being driven by
the current supplied by said battery,

a second clutch located between the rotor ele-
ment of said elsctric motor and said drive line, and
which may be set to a first and second position
wherein said rotor elernent of said motor is respec-
tively connected to and disconnected from said
drive ling;

a shaft connected to said drive fine upstream
from said first clutch by a second drive, and which
provides for a power takeoff for operating the ac-
cessory devices of said vehicle in addition to the
generator; the rotor element of said current gener-
ator being connected to said shaft;

said current generator being also arranged and
installed to be operable as an electric motor; said
second drive presenting a third clutch designed to
assume a first position wherein said shaft con-
nected to said rotor element of said current gener-
ator is also connected to said drive line, and a
second position wherein said shaft is disconnected
from said drive line; the arrangement being such
that said accessory devices can be driven by said
current generator when the current -generator is
disconnected from said drive line.

The design and operation of the powerplant
according to the present invention will be described
by way of example with reference to the accom-
panying drawings, in which:

Fig.1 shows a schematic view of a first configu-
ration of the powerplant according to the present
invention;

Fig.s 2 and 3 show a further two configurations
of the Fig.1 powerplant.

The powerplant according to the present inven-
tion comprises a combustion engine 1, e.g. a diesel
engine; and a transmission 2, the input shaft of
which is connectad mechanically to engine 1 by a
propelier shaft 3 fitted with a clutch, e.g. a friction
clutch, 4. Clutch 4, which is operable in any man-
ner, e.g. directly by the driver and/or by means of
any type of actuator, is designed to assume two
positions: an engaged position (Fig.1) wherein the
up- and downstream portions of shaft 3 are con-
nected; and a release position (Fig.s 2 and 3)
wherein said portions are disconnected.

As shown clearly in the accompanying draw-
ings, the powerplant also comprises a countershaft
5 connected mechanically to shaft 3, upstream
from clutch 4, by a drive consisting, for example, of
gears 6.

A current generator 7 supplies electric current
to a storage battery 8, and presents a rotor ele-
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ment (not shown) connected to and rotated by
countershaft 5. .

Countershaft 5 or another shaft upstream from
clutch 4 also provides for a power takeoff 9 for
operating the accessory devices on the vehicle.
These, in addition to standard industrial vehicle
devices, such as the power steering pump, brake
and conditioner compraessors and auxiliary alterna-
tors, may also consist of special-purpose devicss,
such as compactors, in the case of refuse coliec-
tion and disposal vehicles.

The powerplant according to the present inven-
tion also comprises an electric motor 10 powered
by the current supplied by battery 8, and the rotor
elament (not shown) of which is connected to pro-
peller shaft 3, downstream from clutch 4, by a
second drive consisting, for example, of gears 11.
A sscond clutch 12, which may be the same type
as clutch 4, is located between the rotor element of
motor 10 and drive 11, and Is designed to assume
a first engaged position (Fig.3) wherein the rotor
element of motor 10 is connected to drive 11, and
a second release position (Fig.s 1 and 2) wherein
the rotor element and drive 11 are disconnected.

For the reasons explained later on, current
generator 7 may conveniently be designed to also
operate as an electric motor powered by battery 8,
in which case, drive 6 is provided with a clutch 5a
of any type, designed to assume a first and second
position wherein shaft 5 of generator-motor 7 is
respectively connscted to and disconnected from
drive line 3 immediately downstream from engine
1. Clutch 5a may conveniently be housed in one of
the gears of drive 6, as shown schematically in the
accompanying drawings.

The powerplant may also comprise a further
drive 2a forming part of and possibly comprising
pairs of gears housed inside transmission 2, for
transmitting motion from drive line 3 to shaft 5
connectad to power takeoff 9. Drive 2a is activated
exclusively, in known manner, with the gear lever in
neutral, so that no motion is transmitted to the
wheels of the vehicle.

According to a variation not shown, drive 11
may be driven from a point on drive line 3 down-
stream from transmission 2, as opposed to up-
stream as shown in the accompanying drawings,
for reducing the size, particularly lengthwise, of the
powerplant and so enabling troublefree installation
on certain types of vehicle.

The powerplant according to the present inven-
tion operates as follows.

In a first operating mode (Fig.1), combustion
engine 1 is operated with clutch 4 in the first
(engaged) position and clutch 12 in the second
(release) position, so that the vehicle is driven by
engine 1 connected by shaft 3 to the input shaft of
transmission 2. In this mode, clutch 4 is operated
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normally for shifting transmission 2.

At the same time, drive 6 rotates countershaft
5. which in tumn rotates the rotor element of current
generator 7 for charging battery 8, and opserates
the accessory devices on the vehicle connected to
power takeoft 9.

This first operating mode therefore provides, -

thermally, for running the vehicle normally, operat-
ing the accessory devices, and charging the bat-
tery, and may conveniently be employed over
routes involving no particular control of emission.

In a second operating mode, combustion en-
gine 1 is again operated, but with clutch 4 in the
second (releasse) position (Fig.2), so that only coun-
tershaft 5 and consequently generator 7 and the
auxiliary devices are operated thermally. In this
mode, means for controlling the speed and fuel
supply of engine 1 may be provided for minimizing
emission, thus enabling temporary stoppage of the
vehicle for operating the accessory devices and/or
charging battery 8.

In a third operating mode (Fig.3), combustion
engine 1 is again operated, but with clutch 4 in the
second (release) position, clutch 12 in the first
(engaged) position, and electric motor 10 activated,
so that shaft 3 is disconnected from engine 1 and
drive 6, the input shaft of transmission 2 is power-
ed by motor 10 via drive 11, and the vehicle is
driven entirely electrically by the power drawn from
battery 8. If combustion engine 1 is activated,
current generator 7 is also operated simultaneously
for charging battery 8, which thus acts as a
fiywhesl for the power supplied by engine 1 and
drawn off by electric motor 10.

In this third mode, operation of engine 1 is so
controlled as to maintain substantially constant en-
gine speed and output combined with a high de-
gree of efficiency and minimum emission for driv-
ing along controlled-emission routes.

An important point to note is that, in all three
configurations described, the accessory devices
are operated thermally, that is, under high power
conditions, with no limitation in terms of autonomy.

Nevertheless, when drive 11 is driven from a
point along line 3 upstream from transmission 2, if
the power required in said third mode for operating
the accessory devices is not such as to limit auton-
omy, and/or peak. power is demanded of takeoff 9
in excess of the average designed for effactively
controliing combustion engine 1 (for achieving high
efficiency and minimum emission), power takeoff 9
(and, hancs, shaft 5) may be controlled by drive 2a
transmitting motion from transmission 2 to shaft 5
and so electrically controlling power takeoff 9.

When absolutely no emission is permitted, a
fourth operating mode may be employed, which
consists in de-activating engine 1 and operating the
powerplant as described with reference to Fig.3, in
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which case, the vehicle is operated entirely elec-
trically by battery 8.

In fourth mode (with engine 1 de-activated),
power takeoff 9 may still be controlled elsctrically,
as required for at least operating the accessory
devices goveming the driveability of the vehicle,
such as the power steering pump and brake sys-
tem devices.

For this purposs, clutch 5a is released and
generator 7 set to motor mode and supplied by
battery 8 for electrically powering takeoff 9.

When electrically operating the vehicle (third
and fourth mode), transmission 2 can only be op-
erated normally by means of clutch 12 if drive 11
is located upstream from the transmission. More-
over, if also designed to function as a curment
generator, electric motor 10 may provide for elec-
trically braking the vehicle and at lsast partially
recovering and converting the energy produced
when braking into electrical energy, which is stored
in battery 8.

To those skilled in the art it will be clear that
changes may be made to the powerplant as de-
scribed and illustrated herein without, however, de-
parting from the scope of the present invention.

The above further embodiment of the power-
plant obviously operates in exactly the same way
as described with reterence to the accompanying
drawings.

Claims
1. A vehicle powerplant comprising:

- first thermal drive means and second
electrical drive means; said first and sec-

ond means being activated for transmit- -

ting motion to the drive wheels of the
vehicle via a transmission (2); said first
drive means ‘comprising a combustion
engine (1) connected mechanically to
said wheels by a drive line (3) fitted with
said transmission (2) and with a first
clutch (4) iocated between said engine
(1) and said transmission (2) and which
clutch may be set to a first and second
position wherein said combustion engine
(1) is respactively connected to and dis-
connected from said transmission (2);

- a current generator (7) for supplying

electric current to a storage battery (8),
said electrical drive means comprising an
elsctric motor (10), the rotor slement of which
is connected by a first drive (11) to said drive
fine (3) downstream from said first clutch (4),

- a second clutch (12) located between the
rotor element of said electric motor (10)
and said drive line (3), and which may be
set to a first and second position wharein
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said rotor element of said motor (10) is
respectively connected to and discon-
nected from said drive line (3); character-
ized in that
" the rotor element of said current generator
is connected to said drive line (3) upstream
from said first clutch (4); said electric motor
(10} is driven by the current supplied by said
battery (8); and
a shaft (5) connected to said drive line (3)
upstream from said first clutch (4) by a second
drive (6), and which provides for a power take-
off (9) for operating the accessory devices of
said vehicle in addition to the generator; the
rotor element of said current generator (7) be-
ing connected to said shatt (5);
said current generator (7) being also ar-
ranged and installed to be operable as an
electric motor; said second drive (6) presenting
a third clutch (5a) designed to assume a first
position wherein said shaft (5) connected to
said rotor element of said current generator (7)
is also connected to said drive line (3), and a
second position wherein said shaft (5) is dis-
connected from said drive line (3); the arrange-
ment being such that said accessory devices
can be driven by said current generator when
the current generator is disconnected from
said drive line.

A powerplant as claimed in one of the fore-
going Claims, characterized by the fact that
said first (11) and second (6) drives are gear
drives.

A powerplant as claimed in one of the fore-
going Claims, characterized by the fact that
said first drive (11) is connected to said drive
ling (3) upstream from said transmission (2).

A powerplant as claimed in one of the fors-
going Claims from 1 to 3, characterized by the
fact that said first drive (11) is connected to
said drive line (3) downstream from said trans-
mission (2).

A powerplant as claimed in one of the fore-
going Claims, characterized by the fact that
said second clutch (12) is located between
said rotor element of said electric motor (10)
and said first gear drive (11).

A powerplant as claimed in one of the fore-
going Claims, characterized by the fact that it
comprises a third drive (2a) for connecting said
transmission (2) to said shaft (5) providing for
said power takeoff (9).
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7. A powerplant as claimed in one of the fore-

going Claims, characterized by the fact that
said electric motor (10) is also designed to
opsrate as a current generator, for electrically
braking said vehicle and generating electric
current which is supplied to said battery (8).

Patentanspriiche

Fahrzeugantrieb der folgendes aufwaeist:

- eine erste thermische Antrisbseinrichtung
und eine zweite slektrische Antriebsein-
richtung; wobsi die erste und die zweite
Einrichtung zum Obertragen von Bewe-
gung 2u den Aritriebsrddern des Fahr-
zeuges Uber ein Getriebs (2) aktiviert
werden; wobei die erste Einrichtung ei-
nen Verbrennungsmotor (1) aufweist, der
mechanisch mit den Ridem durch eine
Transmission (3) verbunden ist, die mit
dem Getriebe (2) und mit einer ersten
Kupplung (4) eingerichtet ist, die zwi-
schen dem Motor (1) und dem Getriebe
{2) angeordnet ist, und wobsi die Kupp-
lung in eine erste und eins zweite Stel-
lung gebracht werden kann, in welcher
der Verbrennungsmotor (1) jewsils mit
dem Getriebe (2) verbunden und von
diesem getrennt wird;

- einen Stromgenerator (7) zur elektrischen
Stromversorgung einer Speicherbatterie
(8). wobei die elektrische Antriebseinrich-
tung . einen Elektromotor (10) -aufweist,
dessen Rotorelement durch einen ersten
Antrieb (11) mit der Transmission (3)
stromabwérts von der ersten Kupplung
(4) verbunden ist, und

- - eine zweite Kupplung (12), die zwischen
dem Rotorelement des Elektromotors

(10) und der Transmission (3) angeord-

net ist und welche in eine erste und eine

zweite Stellung gebracht werden kann,

wobei das Rotorelement des Motors (10)

jeweils mit der Transmission (3) verbun-

den oder von dieser getrennt wird;
dadurch gekennzeichnet, das

- das Rotorelemst des Stromgenerators
mit der Transmission (3) stromauf-
wérts von der ersten Kupplung (4)
verbunden ist;

- der Elektromotor (10) von dem von
der Batterie (8) zur Verfllgung gesteli-
ten Strom angetrieben wird;

-~ eine Welle (5), die mit der Transmis-
sion (3) stromaufwirts von der ersten
Kupplung (4) durch einen zweiten An-
trieb (6) verbunden ist, und die fur
einen Antrieb (9) zum Betreiben der

TPR 154422

FORD EXHIBIT 1002



9 EP 0 510 582 Bt

Nebsensinrichtung des Fahrzeuges zu-
sitzlich zum Generator vorgesehsen
ist; wobei das Rotorelement des
Stromgenerators (7) mit der Welle (5)
verbunden ist; wobei der Stromgene-
rator (7) auch als ein Elektromotor be-
treibbar angeordnet und instalfiert ist;
wobei der zweite Antrieb (6) eine drit-
te Kupplung (5a) aufwsist, die so kon-
struiert ist, eine erste Position einzu-
nehmen, bei der die Welle (5), die mit
dem Rotorelement des Stromgenera-
tors (7) verbunden ist, auch mit der
Transmission (3) verbunden ist und
eine zweite Stellung, bei der die Welle
(5) von der Transmission .(3) entkop-
pelt ist; wobel dis Anordnung derart
ist, daB die Nebseneinrichtungen von
dem Stromgenerator angetrieben wer-
den k8nnen, wenn der Stromgenerator
von der Transmission entkoppelt ist.

Antrieb nach einem der vorhergshenden An-
spriche gekennzeichnet durch die Tatsache,
daB die Erst-(11) und Zweit(12) -antriebe Ge-
triebe-Antriebe sind.

Triebwerk nach einem der vorhergehenden An-
spriiche, gekennzeichnet durch die Tatsache,
da8 der erste Antrieb (11) mit der Transmis-
sion (3) stromaufwirts von dem Getrisbe (2)
verbunden ist.

Trisbwerk nach einem der vorhergehenden An-
spriiche 1-3, gekennzeichnet durch die Tatsa-
che, daB der erste Antrisb (11) mit der Trans-
mission (3) stromabwirts von dem Getriebe (2)
verbunden ist.

Triebwerk nach einem der vorangehenden An-
spriche gekennzeichnet durch die Tatsache,
daB die zweite Kupplung (12) zwischen dem
Rotorelement des Elektromotors (10) und dem
ersten Getrisbeantrieb (11) angeordnet ist.

Triebwerk nach einem der vorhergehenden An-
spriche gekennzeichnet durch die Tatsache,
daB es einen dritten Antrieb (2a) zur Verbin-
dung des Getriebes (2) mit der Welle (5), die
den Antrieb (9) bereitstellt, umfaBt.

Triesbwerk nach einem der vorhergehenden An-
spriche gekennzeichnet durch die Tatsache,
da8 der Elsktromotor (10) auch so ausgelegt
ist, daB er als ein Stromgenerator zum elektri-
schen Bremsen des Fahrzeuges und zum Er-
2eugen elektrischen Stromes, welcher der Bat-
terie (B) zur Vertlgung gesteallt wird, arbeitet.
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Revendications

Systéme de propulsion pour véhicule compre-
nant:

- des premiers moyens thermiques d'en-
wainement et des deuxidmes moyens
d'entrainement électriques; ces premiers
et seconds moyens étant actionnés pour
transmettre un mouvemsnt aux roues
motrices du véhicule par l'intermédiaire
d'uns bo®te de vitesses (2); les premiers
moyens d'entratnement comprenant un
moteur & combustion (1) relié mécani-
quement & ces roues par une ligne de
transmission (3) équipée de ladite boRe
de vitesses (2) et d'un premisr embraya-
go (4) placé entre le moteur (1) et la
bote de vitesses (2), lsquel embrayage
peut étre mis dans une premiére ou une
seconde position dans laquelle le moteur
2 combustion (1) est respectivement relié

2 la bofte de vitesses (2) ou débrayé de.

celle-ci ;

- une génératrice de courant (7) pour four-
nir du courant électrique A une batterie
d'accumulateurs (8),

les moyens électriques d'sntrainement
comprenant un motsur électrique (10), dont le
rotor est connecté par une premiére bofte de
transmission {11) & la ligne de transmision (3)
en aval du premier embrayage (4) et

- un second embrayage (12) placé entre le
rotor du moteur électrique (10) et la ligne
de transmission (3) et qui peut étre mis
dans une premitre et une seconde posi-
tion dans lesquelles ie rotor du moteur
(10) est respectivement relié 2 la ligne
de transmission (3) ou débrayé de celle-
ci;

systtme de propulsion de véhicule carac-
térisé en co que le rotor de la génératrice de
courant est relié 2 ia ligne de transmission (3)
en amont du premier embrayage (4); le moteur
électriqus (10) est entrainé par le courant four-
ni par la batterie (8) et I'on prévoit un arbre (5)
relié 3 la ligne de transmission (3) en amont
du premier embrayage (4) par une seconds
botte de transmission (6) et qui comprend une
prise de force (9) pour faire fonctionner les
appareils accessoires du véhicule en plus de
la génératrice; le rotor de la génératrice de
courant (7) étant relié 2 I'arbre (5); la gé-
nératrice de courant (7) étant également agen-
cbe et instaliée de manidre A pouvoir fonction-
ner en moteur électrique; la seconde bofe de
transmission (6) présentant un troisidme em-
brayage (5a) congu pour prendre une premi&re
position dans laquelle I'arbre (5), relié au rotor
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de la génératrice de courant (7), est également

relié A la ligne de transmision (3) et une se-
conde position dans laquelle l'arbre (5) est
débrayé de la ligne de transmission (3); la
disposition étant telle que les appareils acces- .5
soires puissent &tre entrainés par la génératri-

ce de courant quand elle est débrayée de la
ligne de transmission.

2. Systdme de propulsion tel que revendiqué 10
dans la revendication 1, caractérisé par le fait
que la premiére bofte de transmission (11) et
la seconde botte de transmission (6) sont des
boftes & engrenages.
15
3. Systéme de propulsion selon I'une des reven-
dications précédentes, caractérisé par le fait
que la premiére bofte de transmission (11) est
reliée 2 la ligne de transmission (3) en amont
de la botte de vitesses (2) 20

4. Systdme de propulsion selon I'une des reven-
dications précédentes, caractérisé par le fait
que la premidre boRe de transmission (11) est
reliée A la ligne de transmission (3) en avalde 25
la bofte de vitesses (2)

5. Syst2me de propulsion selon I'une des reven-
dications précédentes, caractérisé par le fait
.que e second embrayage (12) est placé entre 30
le rotor du motsur électrique (10) et la premi-
re bofte de transmission & engrenages (11).

6. Systdme de propulsion selon I'une des reven-
dications précédentes, caractérisé par le fait s
qu'il comprend une troisidme bofte de tran-
smission (2a) servant A relier la bofte de vites- !
ses (2) & I'arbre (5) prévu pour actionner la
prise de force (9).

7. Systéme de propulsion selon l'une des reven-
dications précédentes, caractérisé par le fait
que le moteur électrique (10) est également
congu pour fonctionner en génératrice de cou-
rant, pour freiner électriquement le véhicule st 45
produire du courant électrique qui est fourni 3
12 batterie (8).
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WO 82/01170
. . |
Propulsion arrangement for vehicles

* Technical field:-
The present invention related to a propulsion arrangément
5 for vehicles and comprises an initial machine in the form of a
motor arranged to be driven bf combustion of a propéilant and a
secand machine arranged to be driven by means of electricity
from a battery or to function as a generafor. The cbject ‘is
preferably a propulsion arrangement for load trucks for handling
10 goods both in the open air and inside buildings.

Background: .
The propulsion of vehicles by an internal combustion engine

has certain advantages. The main one appears to be that the
operating time between - ' refuelling operations . can be long

15 and that the actueal fuel £illing operation can take place rapidly,
which taken together provide long operating times; if so re-
quiréd practically the entire day can be utilised for operation.
Anothex important advantage is that the weight per horse-power

. for the motor and reduisite fuel volume is low. Disadvantages

20 which are linked with internal combustion engines are mainly
that they give off harmful and éirty gases aﬂd.have a relatively
"high sound level. In spite of these disadvantages, internal
combustion engine operaticn for vehicles is accepted outdoors,
whilst there is an ever increasing tendency to prochibit and '

25 depart from itsuse indoors. An alternative propulsion system
in which the said disadvantages are practically eliminated is
propulsion by means of one or more electric motors, which for
vehicle operation must be battery-driven. This method is often
emploved for load carrying vehicles, e.g. trucks, which are

30 employed indoors or in any case for the most part indoors. How-
ever the disadvantage dcoes arise that with reasonable battery
size energy extraction between charges must be restricted whilst
at the same time a major part of the day has to be reserved for
battery charging. Furthermore the costs for maintenance and

35 replacement of the batteries if operations are conducted solely
with these is relatively high. As such a high weight - and this
is incurredbecause of the batteries - is not a direct disadvantage
for load-carrying trucks sucﬁ as fork-1lift trucks, because in any
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event a2 counterweight is essential, but even so energy extrac-
tion during a working day between re-charging periods
often has to be restricted below the desirable level.

-~

The said disadvantages of electric motor-driven vehicles
are generally not particularly accentuated if these are operated
solely indoors, because the rolling registance and differences
in 1level are relatively slight, whilst at the same time the
distance traversed during a working day is relatively short.
Furthermore 1if operatiox:as are conducted solely indoors there is
hardly any other alternative. 1In the case of vehicles for com-
bined outdcor and indoor operation however the conditions become '
more difficult. As already mentioned there is a tendency no .
longer to accepi: internal combustion engine operation for indoor
use, whilst at the same time the démand for energy and power are
high as a result of outdoor.operation. During cutdoor runs it is
often necessary to traverse longer distances on uneven surfaces
and with load-carrying trucks the weight of the goods tends to
be greater with outdoor operation than when operations are con-
ducted solely inside buildings.

To solve the problem of being able to utilise the envircn-
mentally preferable method of electrical cperaticn in doors,

"whilst at the same time having adequate energy and power avail-~

able, the use has been propcsed of hybrid machines for propul-
sion of vehicles. With thesé there is both an internal combus-
tion engine and at least one electric.motor, -the said motors

beixig capable of being used alternatively. _.The presernt .invention
relates to such a hybrid system and more particularly.concerns

a system in which the internal combustion engii'xe is employed

both for propulsion during certain operating periods. and simul-
taneously for charging up the batteries which are provided for .
operation of the electric motor, which in turn areonly employed -
for propulsicn of the vehicle during limited periocds, mainly [
during periods when the internal ccmbustion engine is shut down.
During outdoor operation the internal combustion engine is thus
employed, whereby the batteries are charged at the same time,

whilst during indoor operation solely the electric motor is used.
When the power output is particularly high, possibly both .machines
can be employed. '

TPR 154471
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On the other hand the invsention does not relate to systems
of the type "diesel-electric operation”, i.e. constant propul-
sion with electric motors.which are supplied.with electricity
from a generatar driven by an internal combustion engine and, in

.5 periods when this is shut down, from batteries.

Technical probiem:
However, the fact has .emerged that such hybrid systeins are
inflexible when changing over - between the methods of drive,
. so that the vehicle has to be stqpped when switching over and
10 the purpose of the.present invention is to provide a hybrid
system of the above-mentiocned type in which the .changeover bet-
ween cperation with the electric motor to operation with the
. internal combustion engine and vice versa can take place in a
very flexible manner and whilst the vehicle is in motion.

15 Another cbjective is to provide an arrangement for switching
over between the two modes of cperation which is simple and en-
sures reliable operation.

.The solution:
The solution in accordancé with the invention involves the

20 éecond machine, -. as motor, opgr-ating within a lower speed
. range, the first machine operating as ‘motor within a higher speed
range located above the lower speed range, the first machine
being arranged to drive the second machine, and whereby a speed
sensing arrangement is proyigied to switch over the secand machine
25 from motor operation to generatoi‘:»Opefation when, as a result of
the cperation of the first machine, the speed rises to the higher
speed range, and to switch in the second machine as motor

within the lower speed range.

Brief description of drawings:
30 The appended diagrams illustrate an embodiment of the inven-

tion. Fig. 1 gives a schematic view of the driving machinery
for a load-carrying truck and fig. 2 illustrates an electrical
circuit diagram for the propulsion arrangement in accordance
with the invention. ‘
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Best mode of carrying_out the “invention: T
In accordance with fig. 1 the propulsion arrangement for a
vehicle, preferably a load-carrying truck,. comprisee an internal
combustion engine 1 with a ‘flywheel casing 2, from which a drive _
- shaft 3 proceeds on which a belt pulley- 4 is fastened. A star- -'
s ting motor S, which can be drivea by the current £from .2 battery N
6, is provided to start the- engine. A starting relay 7 is-
arranged in the battery lead for actuation of the starting motor
5, and this relaf can be actuated from a starting ceamtroller 8,
e.g. a press-button. _f‘urthermore there is a stop buttan 9, by
10 means of which the motor can be stopped by influencing its in-
jection pump or ignitiem arrangement 10, in the.case of diesel
engines or Otto engines.

Furthermore the propulsicn arrangement compriées an 'electric
motor 1l with a drive shaft 12 which has shaft journa'ls at both
15 ends of the motor. One shaft journal is connected to an hydrau-
lc pump 13 which by means of pipes 14 is connected to -
~ hydraulic motors 15, which are arranged to propel the propulsion
wheels- 16 of the truck. Furthermore, for regulating the flow
from -the hydraulic motor 13, there are actuation plpes 17 which
20 extend up to an actuating valve 18 designed as’ a pedal. A free
wheel 19 via which a belt pulley 20 which is connected by belts
21 with the belt pulley 4 can drive the shaft 12, .is arranged
at the other end of the shaft 12.

The shaft 12 which must always rotate during operation of

25 the hydraulic pump 13 and thus during propulsion of. .the vehicle
by means of the hydraulic motors 15 has a defined airection of
rotation. The free wheel 19 is thereby so arranged that it is
engaged when the internal combustion engine 1, which also has a
certain drive direction on its output shaft 3, drives the belt .

30 pulley 20 in the same direction as the defined direction of
rotation of the shaft 12. . This signifies also that -
the free wheel free-wheels in the opposite relative direction of
rotation, which means that for its part the shaft 12 cannot
drive the belt pulley 20 and hence certainly not the internal

35 combustion engine 1 during independent ocperation in. the defined
direction of rotation. In other words: .1f the internal cambus-

tion engine is in operation, but not the electric motor 11, the
. SUREATF
OMNPL
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internal combustion engine d;ive the shaft 12 and thus the ,
hydraulic pump 13, whilst on the other hand if the internal com-
bustion engine 1 is not in operation, whilst the electric motor
11 is in cperation, .then the electric motor will.run freely
without entraining the internal.combustion engine.

h.battery 22 which can be connected by means of a relay.23
to the electric motor is provided for operation of the electric
motor ll. The functioning of this relay will be explained later.

In what has been stated above the electrical machine provided
has been designated as the electric motor 1ll. As such it is also-
envisaged to cperate as a motor. However it is arranged to be
able to function alternatively as generator, and it is then so
connected to the battery 22 that the lafter can be charged
during operation of the generator. To draw attenticn .to this
point, in future the motor-generator will be designated as "the
electrical machine 11". ' Such a changeover can be performed rela-
tively simply, generally By certain windings of the electrical )
machine being magnetised by supplying a field current, whilst at
the same time other windings are connected up for electricity '
output. The relay 23 is provided for this changeover. -When the
relay 23 is engaged for motor operation, electricity is thus

- taken from the battery 22 so that the machine 1ll.is driven,

whilst during generator operation current is fed to the battery
22 to charge this up.

‘Characteristic of the invention is the fact that this
changeover _ between motor and generator operation is controlled
by a speed-sensing arrangement. This can consist of a special

' speed-sensing arrangement, e.g. on the shaft 12, and this has
. been designated as 24 in the circuit diagram in fig. 2. Alterna-

tively, speed 1néication‘can be undertaken by recording the
currents which flow through the windings of the electrical
machine 1ll. Simultaneously with the fact that the relay is
arranged to be controlled during its changeover of machine 11
between motor and. generator operation as a function of speed,
the actual machine is arranged to operate within a certain speed
range as motor, and at another speed range which lies above this
speed range as generator. Speed control of the relay is thereby

Zp., WIP
,’]’ Blv--?-a\\‘\‘
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so arranged that .the changeover to generator takes place-when the
-rotational speed-of the shaft 12 of machine 11 passes from the
lower speed range up to the higher speed range, whilst changeover
to motor bperation takes place when the speed drops ‘from the

S higher speed range to the lower speed range.. .Furthermore motor ;
operation 'is obtained during starting up and the supply of current
to the machine from the battery 22, i.e. when starting fromszero~

and passing to the “lower. speéd range. Furthermore one of the

characteristics of the invention is that the internal'combustica

10 engine 1 is arranged to.-drive the system within the higher speed
range at the envisaged normal’ load range. Iﬁ the embodiment
illustrated thus the transmission ratio yvia ‘the belt pulleys 4
‘and 20,is so adapted to the speed of the internal combustion
engine 1 that during operation of the internal combustion engine

15 the shaft 12 is driven at a rotational speed located within the
higher speed range. .

In fig. 2 the arrangement is illustrated in the form of an
electrical circuit diagram where the components described pre-
viously are reproduced with the same notation numberé.: Further-

20 more, as mentioned, a speed sensing arrangemeﬁt 24 is specified,
which is shown in fig. 2 as being connected to ithe shaft 12. '
This can consist of some known arrangement of the centrifugal,
.eddy-current type or the like, which is .capable of imparting a
control signal in a conductor 25 to the changeover relay.23. In

25 turn the relay 23 cannot have solely. a changeover funetion, but
must also function as charging relay, 80 as to provide suitable
charging of the battery 22. It is not necessary to- describevin
greater detail the starting arrangement for the internal combus-
tion engine 1. The method is already known of arranging a small

30 ‘electric motor for starting up internal combustion engines. In
the embodiment shown the starting mctcr 5 is conpected to a .
special battery 6 and a special generator is then provided for
charging up this battery. Thus the internal corbustion engine 1 -
is quite simply a standard engine with assoclated starting ”

35 - equipment of the standard type. As such it - is possible, within
the framework of the invention, to combine the two electrical
installations illustrated in fig. 2, e.é. by connecting the .star-
ting motor 5 to the battery 22. 1It is-also possible to allow the

motor 1l to function as starting motor, ..although then the free-
. [UREZL U
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wheel 19 must be replaced by some controlled shaft coupling.
During the development of the invention however the method illus-
trated was found to be the most suitable.

As shown by the foregoing the drive thus takes place from the’
S shaft 12 either by means of the electrical machine or the in-
ternal combustion engine. The drive power output is transmitted
to the hydraulic pump 13 for which flow control arrangements are
provided. This can for example be of the type which has a
swivelling plate by means of which the stroke length of the pis-
10 tons can be controlled, whereby the outgoing f£low can be varied
infinitely even with constant speed of the input shaft. The
.pressure medium from the hydra{xlic pump is transmitted via pipes
14 to the two motors 15 and thus when the shaft rotates the wheels X
are driven. Preferably the system is also provided with
15 changeover valves so that reverse motiocn is possible. Such in-
finitely variable hydraulic systems form state of the art and do
not need to be described in detail here. Flow regulation takes
place by means of the said foot pedal via a remote actuation
control arrangement which as shown in the diagram can be of the
20 hydraulic type. The control range for pump 13 should be such
that it should be possible to achieve the desired speed range
during propulsion of the truck, regardless of whether the drive
machinery, i.e.- the shaft 12, cperates within the previously
mentioned lower speed range during electrical operation, or the
25 higher speed range during internal combustion engine operation.
In other words it must be possible, by regulating the pump
within the control range érov;idea for it,.to compensate for
differences in the speed.of'rotation’of shaft 12 within both
these speed ranges in such a manner that the speed of rotation

30 of the wheels 16 can be maintained constant.

If we assume that the truck is to be started indoofs, the
battery 22 is connected to the electrical machine 11, which
thereby rotates the shaft 12 and drives the pump 13. By means’
of control valve 18 the speed of wheels 16 can be controlled, so ,

35 that it is possible to’ regulate the speed of the truck between
zero up to thehighest envisaged speed. During rotation of shaft
12 the free wheel 19 is disengaged, so that the belt pulley 20

remains stationary and the internal combustion engine_1l is not
UREA
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affected. During electric motor operation the speed con;.rol
arrangement ensuree that an adequate coupling is obtained so that
current is supplied from the battery 22 to the machine 11 whiéh
functions as a motor. ‘ As shown by the foregoing this takes place

5 at the lower speed range and, as leng as this is complied with,
the relay 23 ensures the said motor -coupling.

If, for example, when driving out:0f the building internal
combustion, engine operation -is requifed the eng;neis started in
the conventional manner with its starting motor 5 by 'actuation

10 of the s;arter'ccntrol 8. 2as a result the engine .1-is started up
and reaches its speed and the belt pulley ‘4 drives belt pulley
20. Since.the'belt pulley 20 is driven at a higher speed than
the speed maintained by shaft 12 during’ electric motor opera-
tion, the free-wheel 19 is engaged and the shaft 12 increases

18 ite speeds to the higher speed range. As a result relay 23 is
actuated by the said speed-sensing arrangement. This results in
the machine 1l being switched over to generator operation.
During this its field windings are energised and it starts to
generate current which, via the relay 23 which functions as

20 charging relay, is transmitted to the battery 22 to Eharge this‘
up. At the same time the pump 13 also starts to be driven at
higher speed and the wheels 16 also try to be driven at higher
'sbeed from the hydraulic motors 15. As soon as the driver
senses this he can compensate for the increasing speed of shaft

25 12 by releasing pressure slightly on. the pedal to the control
valve 18. This reduces the flow of pump 13, so that the ‘desired
speed of rotation of wheels 16 is cobtained. Very often however
the situation is that a higher speed is required when driving
outdoors and naturally actuation of the pedal takes piace in

30 accordance with the driver's required running speed. As indica-
‘ted however there is a possibility of speed compensation and v
for maintaining a uniform speed. '

If the internal combustion engine 1 is overloaded, either
because the drive resistance onvwheels.16 becames -.=xcessive or be-
35 cause any ancillary equipment present in the form of load-
handling arrangements such as lifting forks or cranes is heavily
loaded, the speed of the enginewill drop. 1If this occurs to such

an extent that the speed of rotation of shaft 12 passes out of the
- SUREAD
FER NN P B L OMPI
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specified higher speed range, then first of all ggneratér,opera—
Eion of machine 11 will be disconnected, which signifies a
lower loading. If the speed drops down to the lower speed Yange
the ‘relay 23 will change over machine .11 to motor operatian and
5. thus'provideé operation from both the internal combustion engiﬂe
1 and the electricalmachine 1l. As indicated, the two speed
" ranges can be located cne after the other with an intermediate
range in which the machine 1l is completely disengaged. The two
ranges can also occur directly one after the other so that the

10 relay is switched over between generator and motor opefation
without any neutral position. Preference should be given to the
latter.

If the vehicle is to be driven into a building once more the
ehgine 1 is stopped using the stop control arrangement 9. As a
15 ‘result the speed drops to the lower speed 'range and the relay 23
now engages the machine 11 for motor operation with current being
.taken from the battery 22. As soon as the shaft 12 starts to
rotate more rapidly than the belt pulley 20, the free~wheel 19
is disengaged and the shaft 12 can rotate freely without being
20 affected by the enginel. The drive of pump 13 thus occurs by
‘electric motor operation. The reduction in the flow from the
pump which takes place during the transition to the lower speed
rénge can thus-be compensated, as described above, by means of
the control valve 18 which is ﬁrovided with a pedal, 1f so re-
25 quired. - .

Industrial applicability: ‘

Within the ffamework of the invention, as defined in the
following patent claims,the,arrangement can be varied beyond
what has been stated in the previous description. Thus the engine

30 1 does not need to be an internal combustion engine of the type
most widely employed now, i.e. a piétOn'engine of the diesel or
Otto type. It is also feasible for it to be a Stirling
éngine, combustion turbine or a steam engine. The essential
thing is that theone drive source has characteristics which are not

35 appropriate for driving in enclosed premises, whilst on the other
hand it can easily be provided with the necessary drive means.
These circumstances prevail with all types of enginesand machines

which are driven by combustion of a fuel in some manner o
gUREAU
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) 10 .
The connection illustrated, via a through shaft to the elec-

+ trical machine, is not essentizl to the invention. For e.xample
a connection is feasible where the two machines are connected
‘in parallef with the POWer transmission., Tne latter also does not H
5§ need ° - to be of the hydraulic type, but some form of con-
trol of the transmission ratio should be provided to compensate
for operatien within the two spéed ranges. It.is also poss;!.ble
to provide the arrangement with an element which automatically
- changes over the transmission ratia on changing from one drive
10 .speed to another. ’ : -

o

*
BAD ORIGINAL

TPR 154479
Page 1066 of 1239 FORD EXHIBIT 1002



10

15

20

25

30

35

PCT/SE81/00280

WO 82/01170 11
Patent claims:

1. Propulsion arrangement for vehicles and comprising a first
machine (1) arranged as propulsion motor and thereby driven by
combustion of a propellant and a second machine 1) arranged
partly as alternative propu]sicn motor, thereby .driven by means
of electricity from a battery (22)and partly as generator, thereby
driven by means of the first machine (J)during generation of elec-
tricity to charge up the battery (22) whereby the propulsion
arrangernent is designed to alternatively function in a first
operating state with the first machine as drive source for opera-
_ting the vehicle and, if this be required, for generation of
electricity for' charging up the battery by operation of the secend
machine acting as generator,.and a second,operational state in which
the second machine functions as drive source for the vehicle

" ‘with . supply of electricity from the battery, characterised

in that the second machine (11) is so arranged that in  the
second cperational state as motor it operates within a lower
speed range, -that the first machine (1) is so arranged that in the’
first operational state.it functions as motor within a higher
speed range which is located above the lower speed range, that
the first machine . is arranged t6-drive the second machine during
its operation as propulsion motor and that a s;:eed-'sensing N
arrangement (23)is provided to change over the second ‘machine

" from motor operation to generator operation when, as a result of

.« €

the work of the first machine, the speed rises to the higher
speed range, and to erigage the second machine as motor when the
speed 1s located within the lower speed range, so that of the

two operational states the first ca:@ be achieved by bringing the
first machine (1) into operation, whereby the higher speed range

is normally reached and the second machine (11) functions as genera-
tor; or by shutting down the first machine whereby the second
operational state involving the lower speed range is. adopted and
the second machine operates as motor.

2. ' Ppropulsicn arrangement as in claim 1 characterised in that
the first machine (1)is arra:iged so that atheavy loading it can
cperate inthe lower speed range whereby when the lower speed is
adopted under load the second machine(11) is caused by the speed-
sensing 'arraz)gement (23) to change - from generator operation to
motor opera'tion, by this means supporting the work of the first

UREA;
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3. Propulsion arrangement as in claims 1 or 2, characterised
in that the first machine (1) and the second machine (11) are .
coupled in drive connection with the same output drive shaft (12)
whereby the first machine is coupled to the drive shaft by means-
s . of a free-wheel coupling (19) in such a way that when the first &
machine is in operation this can drive the output shaft via the )
free-wheel coupling, whilst when it is not in operation the out- ¢
put shaft can rotate in the drive direction free-wheeling from
the drive conne.ct.ton with the first machine.

10 4. Propulsion arrangement as in clains 1, 2 or 3 characterised
in that the f£irst machine (1)and the second machine (11) are arran-
ged to drive the propulsion mechanism of the vehicle via an
hydraulic power transmission (13,15 which is infinitely adjust-

. able over at least a part of its speed range

15 5. Arrangement as in claim 4, characterised in that the hydrau-
lic power transmission (13,15) is infinitely adjustable within a
range such that the envisaged difference in speed between driving
by means of the first machine (1)with its higher speed and driving
by means of the second machine (11)with its lower speed can be

20 compensated for by varying the transmission ratio in the hydrau-
lic power transmission in such a way that the speed of propul-
.sion of the vehicle can be maintained unchanged within the
_envisaged normal range of drive speed when changing over between
thg two machines as propulsion source.

BAD ORIGINAL
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UNITED STATES PATENT AND TRADEMARK QFFICE

UNITED STATES DEPARTMENT OF COMMERCE |
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
P.O. Box 1450
Alexandria, Virginia 22313-1450
-gOV

WWW.USPRD.

[ APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR J ATTORNEY DOCKET NO. ] CONFIRMATION NO. j
10/382,577 03/07/2003 Alex ). Severinsky PAICE201.DIV 9389
7590 1012612005 [ EXAMINER J
Michael de Angeli DUNN, DAVID R
60 Intrepid Lane
[ ART UNIT | PAPER NUMBER ]

Jamestown, RI 02835
3616

DATE MAILED: 10/26/2005

Please find below and/or attached an Office communication concerning this application or proceeding.

PTO-90C (Rev. 10/03)
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Application No. Applicant(s)
Supplemental 10/382,577 SEVERINSKY ET AL.
Notice of Allowability Examiner Art Unit
David Dunn 3616

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to amendment filed 2/22/05 and telephone interview of 10/24/05.

2. [X] The allowed claim(s) is/are 82-122.

3. [J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)~(d) or (f).

a)[d Al b)[d Some* «c¢)[ None - ofthe: :
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the pﬁority documents have been received in Application No. _____
.3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __
Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [J A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [] CORRECTED DRAWINGS (Aas “replacement sheets”) must be submitted.
(a)[d including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [0 hereto or 2) [] to Paper No./Mail Date .

(b) [0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [ ] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [ Notice of References Cited (PTO-892) 5. [ Notice of Informal Patent Application (PTO-152)
2. [J Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [ Interview Summary (PTO-413),
Paper No./Mail Date .
3. [ Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. X Examiner's Amendment/Comment
Paper No./Mail Date 7/01/05
4. [] Examiner's Comment Regarding Requirement for Deposit 8. [} Examiner's Statemept-efReasons for Allowance

of Biological Material
9. [ Other .

Primary Examiner
Art Unit 3616

U.S. Patent and Trademark Office
PTOL-37 (Rev. 7-05) Notice of Allowability Part of Paper No./Mail Date 20051024
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Application/Control Number: 10/382,577 Page 2
Art Unit: 3616 '

EXAMINER’S AMENDMENT
1. An examiner’s amendment to the record appears below. Should the changes and/or
additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR
1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the
payment of the issue fee.
Authorization for this examiner’s amendment was given in a telephone interview with
Michael de Angeli on October 24, 2005.

The application has been amended as follows:

In claim 82, line 19, after “when torque”, --required to be-- has been inserted.

2. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to David Dunn whose telephone number is 571-272-6670. The
examiner can normally be reached on Mon-Fri, 8:30-5:00.

If attempts to reach the examiner by télephone are unsuccessful, the examiner’s
supervisor, Paul Dickson can be reached on 571-272-6669. The fax phone number for the

organization where this application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 10/382,577 . Page 3
Art Unit: 3616

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).

avid Dunn
Primary Examiner
Art Unit 3616
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;num 3/1/2003 Gxoor Rxv w1y 3616
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OTHER DOCUMENTS {Including Author, Title, Date, Pertinent Pages, Etc)
’w Winkelman et al, SAE paper 730511, “Computer Simulation....” (1973)
m Berman 'et. al, IEEE VT-23, NO. 3, pp. 61-72 “Propulsion Systems....”(1974)
b‘\) Berman SPC-TUE-2 “Battery Powered Regenerative SCR Drive” (1970)
mr Gelb et 'al “Performance Analyses...” ACS pub (1972), pp 977-988 ('
m“/ Berman SPC-TUE-1 “Design Considerations....” (1971) i
m—\mpc-'rua-z" All Solid State Method..... " (1971)

‘DA‘I‘E CONSIDERED lp Lz'lor

INER: Initial if citation considered, whether or not citation is in conformance with MPEP §609; Draw line through citation if not in
onformance and not considered. Include copy of this form with next communication to the applicant.
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oo’ PAICE201.DIVEuges . 10/382,577
INFORMATION DISCLOSURE CITATION
IN AN APPLICATION MU severinsky et al
I!;:sn 3/1/2003 an Asr it 361
3
e DOCUMENT NUMBER UATE e CLASS |SUBCLAS| FiLnc Date
% 5i919:1}16:8:3]11/1999 Takaoka et al
'D 5:4[7:3[2:2:8{12/1995 INii
% 5:912:714:1:5]7/1899 Ibaraki et al
5:912:8}3:0:1{7/1999 Soga et al
6i1]7:6}8:0:7[1/2001 Oba et al
5:9|10:4]16:3:1]5/1999 Morisawa et al
i 5:7|8:9{8:7:7]8/1998 Yamada et al
Dl lsiolsir]7:3:4[1/2000 Maeda et al
OO |5:9]7:3]4i60[10/1999 __ [raga et al
@ 59 8:8}13:0:7/11/1999 lYamada et al
% sioloi1]6i8i311/1999  |rakaoka et al
s5igf1igl1i1i6/10/2998  [Nakae
DOCUMENT NUMBER DATE COUNTRY cLass | suscLass | TRANSLATION
ves | no
_D_‘h siso|3]o]2]2]3]7/1973 Japan %
w wio |82/ 0J11] 7|0}4/1982 PCT
% 0]5|1}0]5{8]2J12/1395 E PO
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OTHER DOCUMENTS {Including Author, Title, Date, Pertinent Pages, Etc)
@ Minorikawa et al, ™“Current Status and Future Trends....” (Undated)
ﬁb [Baum et al “Semiconductor Technologies...” (Undated)
m Chen “Automotive Electronics in the Year 2000...” (Rpparently 1992)
W Brusaglino, SAE paper 910244 “Electric Vehicle Development...” (1991)
D‘) Anderson et al, SAE paper 910246 “Integrated Electric...” (1991}
:m ‘-.B,grke,#.SAE paper 911914 “Battery Availabiliﬁy for Near-Term...” {1991)

EXAGNER )}W lj.————-— _Eu-s CONSIDERED .ld./l 2 /0"

INER: Initlal {f citation considered, whether or not citation is in conformance with MPEP §609; Draw line through clitation {f not in
onformance and not considered. Include copy of this form with next communication to the applicant.
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Chang, IEEE AES Magazine (1993} “Recent Developments of Electric ...

.Kamiyama et al, IEEE 0-7803-0582-5 (1992) “Application Trends....”

Sen, IEEE Trans. Ind. Elec. {1990) “Electric Motor Drives...”

o

Wang et al, PCSC -‘71 Record, “Analysis of SCR Chopper Drive” {1971)

™

[EPRI Report TR-101264 “Assessment of Electric Motor Technology (1992)

INER: Initial 1f citation considered, whether or not citation is in conformance with MPEP §609; Draw line through citation 4f not in
nformance and not considered. Include copy of this form with next communication to the applicant.

erman et al, SAE paper 720111 “Electric Car Drives....” (1372)
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e . Application/Control No. Applicant(s)/Patent under
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10/382,577 SEVERINSKY ET AL.
Examiner Art Unit
David Dunn 3616
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35/19/56 THU 17:31 FAX 4014233191 MICHAEL DE ANGELI

o

pe

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of

Sevexingky et al : EBExaminer: David Dunn
Serial No.: 10/382,577 : Group Art Unit: 3616
Piled: March 7, 2003 :+ Att.Dkt.:PAICE201.DIV

For: Hybrid vehicles

ido002

FAX RECEIVED
JAN 19 2005

PETITION UNDER 37 C.F.R § 1.313(c) (2) OFFICE OF PETmONS

TO WITHDRAW ALLOWED APPLICATION FROM ISSUE

Mail Stop Petition
Commissioner for Patents
P.0O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

This i® a petition under 37 C.F.R. § 1.313(c)(2) for withdrawal
from issue of an application in which the issue fee has been paid.
Applicants Yrespectfully reguest that the captioned application be
withdrawn from issue to permit consideration of an Information
Disclosure Statement under 37 C.F.R. § 1.97. The Information
Disclosure Statement (IDS) contains materials from a recent jury trial,
conducted December 6 - 20, 2008, involving the patents from which the
present application claims priority. Concurrxently with the present
petilion, Applicants have filed a Request for Continued Examination
(RCE) under 37 C.F.R. § 1.114 along with the IDS mentioned above,
copies of which are attached hereto. Bpplicants xespectfully request
the Office of Petitions to grant the present petition and hence allow
for entry of the RCE and IDS in the present case.

The Commissioner is authorized to charge the petition fee of
$130.00 (pursuant to 37 C.F.R. § 1.17(h)) to Depogit Account No. 04-
0401 of the undersigned. If any extension of time (under 37 C.F.R. §
1.136) is necessary to prevent the above referenced application from
becoming abandened, Applicantes hereby petition fox such extension. The
Commissioner is also authorized to c¢harge any extension fee or other
fees which may be neccasary to the same account number.

indicated above, enclosed herewith are the following items:

As
| 01/26/2006 CKHLOK 00000001 040401 10382577

01 FC:1464
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01/19/08 THU 17:42 FAX 4014233191 MICHAEL DE ANGELI

Page 1085 of 1239

Y

£ Request for Continued Examination
B4 Information Disclosure Statement

The Information Disclosure Statement includes a PTO-14495 form
listing materials that will be being submitted to the Examiner for
consideration. The volume of these materials makes their submission
with this Petition infeasible.

Should any questions remain, the Petitions Examiner is invited to
telephone the undersigned at the number given below. ‘

Grant of the above Petition, withdrawal of the application from
igssue, entry of the Request for Continued Examination, and return of
the application to the Examiner for comsideration of the Information
Disclosure Statement are earnestly solicited.

Respectfully submitted,

Dated: ‘;'n_ /Ci Zoyé Michael de Angeli
/

Reg. No. 27,869

60 Intrepid Lane
Jamestown, RI 02835
401~-423-3190

#rex CERTIPICATE OF FACSIMILE TRANSMISSION ¢eé¢
I nereby certify Lhat this corruespondence 15 being transmicted

via facsimile to the United Statez Patent and Tradomark Office
{fax No. 571-273-0025) on Lthe date shown below:

Michael de geli

Januacy 19, 2006
Signatire Datse

FORD EXHIBIT 1002
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20 €
MICHAEL M. DE ANGELI, P.C.
ATTORNEY AT LAW
60 INTREPID LANE FAX RECEIVED
JAMESTOWN, RHODE ISLAND O2835
(401) 423-3190 JAN 1 9 2006
REGISTERED PATENT OFF; ICE OF PETIT IONS
ATTORNEY
ADMITTED To BARS Fax: (40 1) 423-319 1
of PA & MD E-MAIL: MOEANGE@COX.NET

NoT ADMITTED IN RI

FACSIMILE TRANSMISSION

To: Petitions Examiner Wan Laymon

U.S. Patent and Trademark Office

P.0O. Box 1450

Alexandria, VA 22313-1450
Fax Number: 571 273-0025 2 Date: January 19, 2006
Re: Ser. No. 10/382,577
Total Pages (including this sheet): 8
Dear Ms. Laymon:

Attached pursuant to our conversation of yesterday are a
Petition to Withdraw this application from issue, together with a
Request for Continued Prosecution, and an Information Disclsoure
Statement, with one sheet of PT0O-14489.

Please contact me if there are any questions concerning this
Petition or the supporting documents.,

Very truly yours,

Michael /de Angeli
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of

Severinsky et al : Examiner: David Dunn
Serial No.: 10/382,577 : Group Art Unit: 3616
Filed: March 7, 2003

: Att.Dkt.:PAICE201.DIV
For: Hybrid Vehicles
REQUEST FOR CONTINUED EXAMINATION OF APPLICATION

Mail Stop Petition
Commissioner for Patents
P.0O. Box 1450

Alexandria, VA 22313-1450

Sir:

This is a request for continued examination of the above
identified application, pursuant to 37 C.F.R. § 1.114. This request is
being filed together with a Petition under 37 C.F.R. § 1.313(c)(2) for
withdrawal Erom issue of an application in which the issue fee has been
paid, in order to permit consideration of an Information
Disclosure Statement under 37 C.F.R. § 1.97, both being filed
concurrently herewith, as attached.

The following are the elements of the application encloged:

1. Filing Fce:
[0 2 Fee Authorization is enclosed. ,
Kl The Commissioner is hereby authorized to charge the RCE fee of
$790.00 required under 37 C.F.R. § 1.17(e) to Depoeit Account No.
04-0401 of the undersigmed.

2. Submission undex 37 C.F.R. § 1.114(c):
Information Digclosure Statement (IDS), with PTO-1449 listing
materials to be subseguently provided
[0 copies of IDs Citations

3. Amendments
[0 & preliminary amendment is enclosed.
[0 Enter the unentered amendment previously filed on _____ under
37 C.F.R. § 1.116.
[J An amendment and response are attached hereto.
[J Please consider the arguments in the response filed on
under 37 C.F.R. § l.1lls6.
[0 Please consider the arguments in the Appeal Brief or Reply

01/26/2006 CKHLOK 00000001 040401 10382577

02 FC:1801
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01/19/06 THU 17:32 FAX 4014233191 MICHAEL DE ANGELI [doos
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-

Brief filed on
Please enter the enclosed affidavite or declarations.

4. O
5. [J Return Receipt Postcard
6. [] other:

If any extensions of time (under 37 C.F.R. § 1.136) are necessary
to prevent the above referenced application(s) from becoming abandoned,
Applicants hereby petition for such extensions.

The Commissioner is hereby authorized to charge any fees which
may be required or credit any overpayment to Depogit Account No. 04-
0401 of the undersigned.

Reagpectfully submitted,

Dated: jA”u /Z ZOD-C /A‘\/@A

Michael de/Angeli
Reg. No. 27,869

60 Intrepid Lane
Jamestown, RI 02835
401-423-3190
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MICHAEL DE ANGELI

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re the Patent Application of

Severinsky et al Examiner: David Dunn

. e

Serial No.: 10/382,577 : Group Art Unit: 3616

Filed: March 7, 2003 . Att.Dkt.:PAICE201.DIV

: FAX RECEIVED

For: Hybrid Vehicles

Hon. Commissioner for Patents JAhll 9 2006

OFFICE OF PETITIONS

P.O. Box 1450
Alexandria VA 22313-1450

FOURTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT
Sir:

Applicant submits this Information Disclosure Statement for
consideration by the Examiner. The igsued patents £rom which this
application claims priority have been asserted against Toyota Motor
Corporation, Toyota Motor North America, Inc. and Toyota Motor Sales,
USA, Ine¢. (collectively 7"Toyota”} in civil action 2:04-CV-211 in the
United States District Court for the Eastern District of Texas. A jury
trial was recently conducted December & - 20, 2005, and a verdict
holding the parent patents valid but not infringed was returned.

Applicants submit herewith materials from this litigation for the
purpose of full disclosure. Applicants respectfully reguest the
Examiner to fully review and consider these materials in determining
patentability of the present application. The materials submitted
include transcripts of the trial and deposition teetimony of the
witnesses on whom Toyota relied for prior art assertions, with any
confidential material redacted therefrom, together with copies of the
documentary evidence discussed therein.

The Examiner is respectfully . requested to consider these
materials, to indicate that he has done so in the file of this
application, and to then issue a sgecond Supplemental Notice of
Allowance.

The materials also include a copy of the Court’s Markman ruling

construing the claims of the parent patents.

FORD EXHIBIT 1002

doos
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Should the Examiner have any questions concerning the materials
submitted, he is invited to telephone the undersigned at the number

given below.
A Supplemental Notice of Allowability is earnestly solicited.

Respectfully submitted,

natea: / / 7 /2906 ALry

“Michael e Angeli
Reg. No. 27,869

60 Intrepid Lane
Jamestown, RI 02835
401-423-3190
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LIKET  PATCE201.DIVimam 10/382,577i X] iECE'VEE
INFORMATION DISCLOSURE CITATIONm
IN AN APPLICATION “R severinsky et al JAN 1 9 2000
TOUU
3/172003
e I‘““’”‘" "™ 3616 QFFICE o
8. PAIENT DOCUMENTS S
o NoEER PATR o cLAss|suBcLAs| FiLivG Dare
DOCTMENT NTTMBER DATE COUNTRY cLass | SURCTASS | TRANSLATION "
YES NG “
OTHER DOCUMENTS {1ncluding Author, Title, Dale, Pertinent Pages, Elc)
Trial and deposition transcripls of witnesses relied upon te assert inval-
idity of parent pétents in Civil Docket No. 2:04-CV-211-DF (E.D. Texas),
with documentary evidence made of record therein
: : . []
Claim construction order entered SeplLember 28, 2005 in Civil Docket No.
2:04-CV-211-DF (E.D. 'lexas)
[R)GN!‘NER IDATE CON3{OERED
lEJU\nmER: Initial 1f citation condiderad, whather or asl citatian is in conformance with MPEY 8609, Draw linec through citstion if not ia
onforsance and nol congidered. Iaclude copy ¢f this torm with neat cumnynicatiocn to the epplicant. |
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UNITED STATES PATENT AND TRADEMARK OFFICE

MICHAEL DE ANGELI
60 INTREPID LANE COPY MAILED
JAMESTOWN, RI 02835

JAN 2 6 2006
In re Application of OFFICE OF PETITIONS
Alex J. Severinsky et al :
Application No. 10/382,577 ; ON PETITION

Filed: March 7, 2003
Attorney Docket No. PAICE201.DIV

This is a decision on the petition under 37 CFR 1.313(c)(2), filed January 19, 2006, to withdraw
the above-identified application from issue after payment of the issue fee.

The petition is GRANTED.

The above-identified application is withdrawn from issue for consideration of a submission under
37 CFR 1.114 (request for continued examination). See 37 CFR 1.313(c)(2).

Petitioner is advised that the issue fee paid on July 1, 2005 in the above-identified
application cannot be refunded. If, however, the above-identified application is again
allowed, petitioner may request that it be applied towards the issue fee required by the new
Notice of Allowance.'

Telephone inquiries should be directed to Wan Laymon at (571) 272-3220.

This matter is being referred to Technology Center AU 3616 for processing of the request for
continued examination under 37 CFR 1.114.

i o

Wan Laymo;
Petitions EXaminer
Office of Petitions

! The request to apply the issue fee to the new Notice may be satisfied by completing and returning
the new Issue Fee Transmittal Form PTOL-85(b), which includes the following language thereon:
“Commissioner for Patents is requested to apply the Issue Fee and Publication Fee (if any) or re-apply any
previously paid issue fee to the application identified above.” Petitioner is advised that, whether a fee is
indicated as being due or not, the Issue Fee Transmittal Form must be completed and timely submitted to
avoid abandonment. Note the language in bold text on the first page of the Notice of Allowance and Fee(s)
Due (PTOL-85).
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"MicHAEL M. be ANGELI, P.C.
ATTORNEY AT LAaw
60 INTREPID LANE
JAMESTOWN, RHODE ISLAND 02835
(40l) 4a23-3190

REGISTERED PATENT
ATTORNEY . FAX: (40D 423-3191
—_— E-MAIL: MDEANGE@COX.NET
ADMITTED TO BARS
OF PA & MD

NOT ADMITTED
IN RI

March 27, 2006

Examiner David Dunn

United States Patent and Trademark Office

Group Art Unit 3616

P.O. Box 1450

Alexandria, VA 22313-1450 BY HAND

RE: Ser. No. 10/382,577
Dear Examlner Dunn:

Enclosed please find a Fourth Supplemental Informatlon
Disclosure Statement for this application. The documents being
thus made of record are provided on a CD-~ROM, for convenience,
and are listed on eight sheets of PTO-1449 form. For your
convenience, a second copy of the PTO-1449s is enclosed, showing
the DTX (Defendants' trial exhibit) numbers, by which the
documents (other than transcrlpts, and the Court's Claim
Construction Order) are 1ndexed on the CD-ROM.

Please feel free to call if there are any questions.

Very tru ours, N

Michael de Angeli
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of

Severinsky et al : Examiner: David Dunn
Serial No.: 10/382,577 : Group Art Unit: 3616
Filed: March 7, 2003 : Att.Dkt.:PAICE201.DIV

For: Hybrid Vehicles

Hon. Commissioner for Patents
P.O. Box 1450
Alexandria VA 22313-1450

FOURTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT
Sir:

Applicant submits this Information Disclosure
Statement for consideration by the Examiner. The issued
patents from which this application claims priority have
been asserted against Toyota Motor Corporation, Toyota
Motor North America, Inc. and Toyota Motor Sales, USA, Inc.
(collectively "Toyota") in civil action 2:04-CV-211 in the
United States District Court for the Eastern District of
Texas. A jury trial was recently conducted December 6-20,
2005, and a verdict holding the parent patents as valid but
not infringed was returned.

Applicants submit herewith materials from this
litigation for the purpose of full disclosure. Applicants
respectfully request the Examiner to fully review and
consider these materials in determining patentability of
the present application. The materials submitted include
transcripts of the trial and deposition testimony of the
witnesses on whom Toyota relied for prior art assertions,
with any confidential material redacted therefrom, together

with copies of the documentary evidence discussed therein.
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The materials also include a copy of the Court's Markman
ruling construing the claims of the parent patents.

The Examiner is respectfully requested to consider
these materials and indicate that he has done so in the
file of this application.

Should the Examiner have any gquestions concerning the
materials submitted, he is invited to telephone the
undersigned at the number given below.

A Supplemental Notice of Allowability is earnestly

solicited.
Respectfully submi
//Zaww? 290¢ A }é/
Dated: «~Michael fle Ange 1

Reg. No. 27 869

60 Intrepid Lane
Jamestown, RI 02835
401-423-3190
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MAR 2 8 2005

{mped hnarn PAICE201.DIVhwmsen . 10/382,577
INFORMATION DISCLOSURE CITATIONAPPLICANT
IN AN APPLICATION Severinsky et al
S o AT T 3616
5. _PAIENT DOCUMENIS
ey DOCUMENT NUMBER DATE NAHE CLASS [SUBCLAS| FILING DATE
5i317:1]4:1:2]12/1994 Iwashita
5i411:i2]2i5:1|5/1995 Furutani
5i{9]9i3]1:{6i9]11/1999 Adachi et al
6:0[0:7]4:i5i1]12/1999 Matsuil et al
6:0|3:i2]7:5:3]3/2000 Yamazaki et al
6:1]|5i5]3:6:4]12/2000 Nagano et al
5i{5]3i9]3:1:8]7/1996 Sasaki
5{6|8:0]0:5:0J10/1997 Kawai et al
5:i{9]6:4]3:0:i9]10/1999 Kimura et al
5i{818i3]4:9:6|3/1999 Esaki et al
5i{9|/0i5|3:6:0/5/1999 Ukita
6:1[(5:8]5:4:1]12/2000 Tabata et al
DOCUMENT NUMBER DATE mww CLASS | SUBCLASS TRANSLATION
ves | no

OTHER DOCMNTS (Including Author, Title, Date, Pertinent Pages, Etc}

Trial and deposition transcripts of witnesses relied upon to assert inval-

idity of parent patents in Civil Docket No. 2:04-CVv~211-DF (E.D. Texas)

Claim construction order entered September 28, 2005 in Civil Docket No.

2:04-CV-211-DF (E.D. Texas)

Toyota Hybrid System, Toyota Press Information, Tokyo, 1997

Prius Hybrid EV, Toyota brochure, undated

FX}\MINER IDATE CONSIDERED

XAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP §609; Draw line through citation if not in
onformance and not considered. Include copy of this form with next communication to the applicant.
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PSS! pATCE201. DIViumese ™™ 10/382, 577
INFORMATION DISCLOSURE CITATIONA”HQM

IN AN APPLICATION Severinsky et al

P 3/7/2003 orove Axs i o

3. PAIENT DOCUMENIS

Exman DOCUMENT NUMBER DRTE NAME CLASS|SUBCLAS| FrLing Date
5:2[5i319:2:9[10/1993 Ohori
5:3[2:6]11:5:8[7/19394 Ohori
5:4]17:6]1:5:1[12/1995 Tsuchida et al
5i5]6:9]9:9:5[10/1996 Kusaka et al
5i163:i7]9:i7i7|6/1997 Saito et al
5:7[8:i9]9:i3:5|8/1998 Suga et al
5i8]9i5]1:0:0f4/1999 Ito et al
5i915i1]1{1:59/1999 Sakai et al
5i9]|7i3]4:{6:3]10/1999 Okuda et al
6:0]5i3}8:4:1{4/2000 Koide et al
5i912:9]15:9i4]7/1998 Nonobe et al
5i9[/2:4|3:9:i5[7/1999 Moriya et al
vEs | no

0/113]6]0]5(5/03.04.85 European Patent Office

OTHER DOCMNTS (Including Author, Title, Date, Pertinent Pages, Etc)

Miller et al, “Starter-BAlternator for Hybrid Electric Vehicle..” (1996)

Johnston et al, “The Design and Development of the (UC Davis]..” (No date)

Johnston et al, “The Design and Development of the [UC Davis]..” (1997)

Alexander et al, “A Mid-Sized Sedan Designed for High Fuel...” (No date)

“PRIUS New Car Features”, (Toyota manual) (1998)

TRW Systems Group, “Analysis and Advanced Design Study...” (1971)

[EXAMINER IDATE CONSIDERED

INER: Initial if citation considered, whether or not citation is in conformance with MPEP §609; Draw line through citation if not in
conformance and not considered. Include copy of this form with next communication to the applicant.
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oo PAICE201.DIVfmsen . 10/382,577 j
INFORMATION DISCLOSURE CITATION
IN AN APPLICATION T Severinsky et al
F:::NG 3/7/2003 IGROUP ART UnIT 3 61
3. _PAIENI DOCUMENIS
Exx;;l;‘:: DOCUNENT NUMBER DATE NAHE CLASS|SUBCLAS| FILING DATE
4i6]4:6]8:9i6|3/1987 Hammond et al
DOCUMENT NUMBER DATE COUNTRY CLASS | SUBCLASS TRANSLATION
YES NO
0{716]9]4]0]3[23.4.1997 |European Patent Office
711]7]2]1]9]6fp9.9.1994 |sapan A
9l1|7]0]5]3]3[0.5.1996 |[Japan (\’oS'\"
513{1f9]1|1]ol5.19.1992 |Japan ‘d"t
3{2[7]3|9|3[3h2.5.1991 |sapan abst,
OTI'IER DOCMNTS {Including Author, Title, Date, Pertinent Pages, Etc)
Gelb, “An Electromechanical Transmission for Hybrid Vehicle...” (1971)
Hirose et al, “The New High Expansion Ratio Engine...” (1997)
Hong, “Toyota’s Hybrid Program”, Road & Track, August 1997
Law, “Toyota Tech”, Car & Driver, BAugust 1997
“Dual-Engine Fuel Saver’”, Popular Mechanics, July 1997
“Toyota Launches Break-Through Hybrid EV”, Motor Trend, September 1997

FXAMINER lDATE CONSIDERED

XAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP §609; Draw line through citation if not in
conformance and not considered. Include copy of this form with next communication to the applicant.
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T OAICE201.DIVhames o 10/382,577

UMBER
INFORMATION DISCLOSURE CITATIONMmum
IN AN APPLICATION Severinsky et al
;:;m 3/7/2003 choup ArT Unrt 361
W
Exmen DOCUMENT NUMBER DATE NAME cLAss|suscras| Fiuine Date

INRITIAL

_EOREIGN PAIENT _DOCUMENIS

DATE COUNTRY CLASS | SUBCLASS TRANSLATION

DOCUMENT NUMBER

YES NO

| abst

712(6|819]2]2]10.17.1995 [Japan

Etc)

OTHER DOCMNTS {Including Author, Title, Date, Pertinent Pages,

“Toyota touts advances in safety, emissions”, Automotive News, 4/28/97

“1gg North Wind Performance”, undated

Wakefield, “History of the Electric Automobile - Hybrid Electric Vehicles’

(1998)

“Escort 92-94", undated

“Near-Term Hybrid Vehicle Program”, General Electric Company (1979)

[EXAHINER IDATE CONSIDERED

gh citation if not in

KAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP §609; Draw line throu
onformance and not considered. Include copy of this form with next communication to the applicant.
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TANYS

Roots. PAICE201.DIVhomsen o 10/382,577
INFORMATION DISCLOSURE CITATIONA”MQM
IN AN APPLICATION Severinsky et al
Ig}x\::‘m: 3/7/2003 lGroue ArT UniT 361
Expen DOCUMENT NUMBER DATE NAME CLASS|SUBCLAS| Fining Date
FOREIGN PATENI DOCUMENIS
DOCUMENT NUMBER DATE COUNTRY CLASS SUBCLASS TRANSLATION
YES NO
OTHER DOCUMENTS [Including Author, Title, Date, Pertinent Pages, Etc)
“Guidelines for Electric Vehicle Safety”, SAE J2344 (1998)
“Intrepid”, (undated)
“COE’s Team Paradigm challenged to build FutureCar” (1995)
Butler et al, “A Versatile Computer Simulation Tool..” SAE 970199 (1997)
Crumbley, “Hybrid vehicle designed”, (1994)
Brokaw, “Students Pick up the Challenge”, (1997)
IEXAHINER lDATE CONSIDERED

XAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP §609; Draw line through citation if not in
conformance and not considered. Include copy of this form with next communicaticn to the applicant.
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s PAICE201.DIVhmser 10/382,577
INFORMATION DISCLOSURE CITATIONAHUQM
IN AN APPLICATION Severinsky et al
’FJ':::NG 3/1/2003 Group Art UNIT 361
o PATENT _DOCUMENIS
EXnaiER DOCUMENT NUMBER DATE NAME cLASS|SUBCLAS| FiLing Date
5:411i2]2:9i3]|5/1995 Minesawa et al
5i8|8i3]4:8:4|3/1999 Akao
EQREIGN PAIENT DOCUMENIS
DOCUMENT NUMBER DATE COUNTRY CLASS SUBCLASS TRANSLATION
YES NO
g8|2|1]4a]s|ol2lg.20.1996 [rapan abs Y.
1]o|6l6|3]8]3]3.6.1998 |sapan abst.
OTHER DOCUMENTS {Including Author, Title, Date, Pertinent Pages, Etc)
Cuddy et al, “Analysis of the Fuel Economy Benefit...” SAE 970289 (1997)
“Team Paradigm Shines in FutureCar Competition” (1996)
Takaoka et al, “Study of the Engine Optimized for Hybrid System” (undated)
Gelb et al, “Cost and Emission Studies of a Heat Engine/Battery..” (1972)
Gelb et al, “Design and Performance Characteristics...” SAE 690169 (1969)
“Electric/Hybrid Vehicles: Alternative Powerplants...” SAE SP-1284 (1997)

[EX.AHINER lDATE CONSIDERED

XAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP §609; Draw line through citation if not in
conformance and not considered. Include copy of this form with next communication to the applicant.
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POCKET B ATCE201 . DIVivames . . 10/382,577

INFORMATION DISCLOSURE CITATION

IAPPLICANT

IN AN APPLICATION Severinsky et al
S;::m: 3/1/2003 t:noup ArT Un1r 361
.S, PATENT DOCUMENIS _
Exanzn DOCUMENT NUMBER DRTE NAHE cLASS |suBcLAS| FiLing Date
9{1i3]8:4i6]3/1908 Pieper

—

DOCUMENT NUMBER DATE COUNTRY CLASS | SUBCLASS TRANSLATION

YES NO
OTHER DOCUMENTS {Including Author, Title, Date, Pertinent Pages, Etc)

“Electric and Hybrid Vehicle Design Studies”, SAE SP-1243 (1997)

Gelb, “The case for Constant Speed Accessory Drives”, (1975)

Sasaki, “Toyota’s Newly Developed Hybrid Powertrain”, (1998)

“Near-Term Hybrid Vehicle Program, Phase 1", General Electric Co. (1879)

“Near-Term Hybrid Vehicle Program, Phase 1, App. A.", Gen’l Elec. (1979)

“Joint Feasibility Study of Hybrid Vehicle, Final Report (1982)

iEXAHINER ID)\TE CONSIDERED

KAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP §609; Draw line through citation if not in

onformance and not considered. Include copy of this form with next communication to the applicant.
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[DOCKET JAPPLICATION

hweer PAICE201 . DI Viwmper 10/382,577
INFORMATION DISCLOSURE CITATIONA"uum
IN AN APPLICATION Severinsky et al
g::;ns 3/7/2003 Grour ART Unit 361
.S. PATENT DOCUMENTS
ey POCUMENT NUMBER DATE NAME CLASS |suBcLAS| Frning Date
EQREIGN PATENT DOCUMENIS
DOCUMENT NUMBER DATE COUNTRY CLASS SUBCLASS TRANSLATION
YES NO

OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc)

North American Technology Seminar plans, April 1997

Hermance, THS Technical Explanation (undated)

“Toyota” brochure describing Prius (undated)

Hermance, “Toyota Hybrid System” {undated)

FXAHINER IDATE CONSIDERED

XAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP §609; Draw line through citation if not in
onformance and not considered. Include copy of this form with next communication to the applicant.
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ARTIFACT SHEET

Enter artifact number below. Artifact number is application number +
artifact type code (see list below) + sequential letter (A, B, C ...). The first
artifact folder for an artifact type receives the letter A, the second B, etc..
Examples: 59123456PA, 59123456PB, 59123456ZA, 59123456ZB

[0 J389 S7T7 UHR
Indicate quantity of a single type of artifact received but not scanned. Create
individual artifact folder/box and artifact number for each Artifact Type.

CD(s) containing:
computer program listing
Doc Code: Computer Artifact Type Code: P
pages of specification

and/or sequence listing

and/or table

Doc Code: Artifact Atrtifact Tvpe Code: S
content unspecified or combined ]

Doc Code: Artifact Artifact Type Code: U

Stapled Set(s) Color Documents or B/W Photographs
Doc Code: Artifact  Artifact Type Code: C

Microfilm(s)
Doc Code: Artifact  Artifact Type Code: F

Video tape(s)
Doc Code: Artifact  Artifact Type Code: V

Model(s) |
Doc Code: Artifact  Artifact Type Code: M

Bound Document(s)
Doc Code: Artifact  Artifact Type Code: B

Confidential Information Disclosure Statement or Other Documents
marked Proprietary, Trade Secrets, Subject to Protective Order

Material Submitted under MPEP 724.02, etc.
Doc Code: Artifact  Artifact Type Code X

Other, description:
Doc Code: Artifact  Artifact Type Code: Z

March 8, 2004
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This form is to be used for application in IK'W
with a status of 20 and above.

Amended Compact Discs

EXAMINER NOTE: THIS PAPER IS AN INTERNAL WORKSHEET ONLY. DO NOT ENCLOSE
WITH ANY COMMUNICATION TO THE APPLICANT. ITS PURPOSE IS ONLY THAT OF AN AID
IN HIGHLIGHTING A PARTICULAR PROBLEM IN A COMPACT DISC.

THE ATTACHED CD (COPY 1) HAS BEEN REVIEWED BY OIPE FOR
COMPLICANCE WITH 37 CFR 1.52(E).

Date: :5#2'0(‘0
Serial No./Control No. |0} 222 .77
Reviewed By: Kathy Nelson _ Phone: (703) 308-9210 ext 123

(] The compact discs are readable and acceptable.

O Copy 1 and Copy 2 of the compact discs are not the same.
The compact discs are unreadable.

The files on the compact discs are not in ASCIL

The compact discs contain at least one virus.

The compact discs are not proper subject matter.

O & O B0

Other:

A CD
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PTO/SBL6 (08-03)
Approved for use through 7/3172006. ONB 06510012
. us Palw and tmm Office; U.S. DEPARTMENT OF COMMERCE
Under e Paparwork Reduction Act of 1995, no pe are jred to respond to & of o undass & displays a vafid OMS8 contral number.
PATENT APPLICAT!ON FEE DET ERMINATION RECORD W’v"“' Docket Number
Substitute for Form PTO-875 / _5_2_
CLAIMS AS FILED - PART | OTHER THAN
(Cotmn 1) (Cotumn 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED L NUMBER EXTRA RATE FEE RATE FEE
BASIC FEE
(37 CFR 1.36{s)} s____ OR 8256
TOTAL CLAIMS / 3
(37 CFR 1.16{¢)) mivs20 = | ° x$ s OR [ xs (&=
INDEPENDENT CLAIMS fl
{37 CFR 1,18(b)) 3 mius 3 = | - x$ = OR x 33 =
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(d)) +3 . OR +3 -
* If the ddfarence in column 1 is tess than zero, enter *0” in cotumn 2. TOTAL OR TOTAL 75 B
CLAIMS AS AMENDED - PART Il
1,—95 ) R OTHER THAN
27 (Cotumn 1) (Cotumn2)  (Catumn 3) SMALL ENTITY o SMALL ENTITY
ClAmS HIGHEST
< REMAINING NUMBER | PRESENT RATE ADDH RATE ADDI-
AFTER PREVIOUSLY | EXTRA TIONAL TIONAL
5 AMENOMENT PAD FOR FEE FEE
Totat . Minus | = .
g 07 CFR 118} 'qi /Z& XS = OR | XS ____~
2Z | Independent . Y Minus | - .
g 7 CFR 198000 J Xs = OR | X$___°*
<L} FIRST PRESENTATION OF MR TIPLE DEPENDENT CLAIM (37 CFR 1.15d)) +3 = OR | +s - 7
/ o TOTAL oR TOTAL
/ 3?2 5 ADD'L FEE ADD'L FEE
{Cclumn 1) {Cotumn 2)  (Column 3) 77
CLAIMS HIGHEST
. © REMAINING NUMBER | PRESENT RATE ADDL RATE ADDI-
= AFTER PREVIOUSLY EXTRA TIONAL TIONAL
5 AMENDMENT PAID FOR FEE. FEE
Tolal Minus | ** »
g (37 CFR VA8 ,Lj 2 / /‘2& —_— xs e ——4 oRr x$ c—J———-..____
Z | independont . Minus | *** -
g {3 CFR 136008 —— Xs____ = 4 OR XS ____ = hens——4
<< FIRST PRESENTATION or MULTIPLE DEPENDENT CLAIM (37 CFR 1.16{d)) +s . orR | +s -
TOTAL TOTAL
ADD't FEE OR ADD'L FEE
{Column 1) {Column 2} {Column 3)
CLAIMS HIGHEST
O REMAINING NUMBER PRESENT RATE ADDI- RATE ADD)-
= AFTER PREVIOUSLY | EXTRA . TIONAL TIONAL
& ) AMENDMENT PAID FOR FEE FEE
s Total v Minus | °*° =
Lo emrasa x$ * OR xXs____¢°
Z | independent . Minus | *** T
lg (37 CFR 13600 XS = OR Xs___ =
L FIRST PRESENTATION OF MALTIPLE DEPENDENT CLAIM (37 CFR 1.16(d)) +3 = OR |+ =
TOTAL TOTAL
ADD'LFEE OR  ADDUFEE
* Hhe entry in cchomn 1 tslcsslhan tha entry in cotumn 2. write 0" in column 3.
it L 43 o ax orllS OPALE WL D, $am A,
°** #1he “righest Numoer wevnuﬂy Paid ror lms SPACE is iau N3N 5, viiwt "3,
The “Highest Number Previously Paid For” (Total or tndep ) is the highest numbet found in the a| box in cotumn 1. ]
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,M [N THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of

geverinsky et al . Examiner: N/A
Serial No.: 10/382,577 . Group Art Unit: 3616
Filed: March 7, 2003 . Att. Dkt.: PAICE201.DIV

For: Hybrid Vehicles

Hon. Commissioner for Patents
p.O. Box 1450
Alexandria VA 22313-1450

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT
Sir:

As discussed in the Preliminary Amendment dated August 11,
2003 in this application, applicants have performed additional
searching for new patents possibly relevant to the subject matter
of this application as amended, and other new patents and other
documents have also come recently to applicants'’ attention. A
number of patents and other documentsvthus located are listed on
attached pTO-1449 forms, and are discussed below. citation of a
document herein should not be considered an admission that the
disclosure thereof is indeed relevant to the invention defined by
the claims, nor that the document thus made of record is indeed
effective as prior art under 35 USC '102.

A correction is also desirable with respect to a statement
made in an earlier Information Disclosure Statement (IDS) . In the
IDS filed on November 18, 1999 in grandparent application Ser.
No. 09/264,817, which has been incorporated by reference to form
part of the 1DS for the present application, Taniguchi patent
5,846,155 was described as showing "a parallel hybrid of
generally conventional topology, that is, comprising an ICE

[internal combustion engine] and an electric motor connected to
1

BEST AVAILABLE COPY
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the road wheels of the vehicle through a continuously-variable
transmission, but discloses a relatively sophisticated
operational scheme, wherein the source of propulsive torque
varies in accordance with the road load and the state of charge

of the battery bank (*soc')".

This could be misunderstood to suggest that Taniguchi
suggests control of the hybrid vehicle's operating mode
responsive to the road load and SOC. 1In fact, Taniguchi does not
teach selection of the source of vehicle propulsive torque, much
less the operating mode, in accordance with the road load and
SOC, but in response to vehicle speed and accelerafor pedal

position. See col. 8, lines 13 - 40:

Moreover, the individual engagement means, as shown in FIGS.
4 and 5, are operated as shown in the operation diagram of FIG.
6. In the power split mode, the split drive unit 9 functions at
the start and at a Jow/medium speed. The output of the engine 2
is transmitted to the ring gear R through the input clutch Ci. On
the other hand, the rotor 5a of the motor-generator 5 is
connected to the sun gear S to charge the engine output partially
or to output it as the motor so that the composed force is output
from the carrier CR to the CVT input shaft 7a.

on the other hand, the parallel hybrid mode functions in a
medium/high speed range. In this state, the rotary elements of
the planetary gear ¢ are rotated together, and the output of the
engine 2 1is fed as it is to the cvT input shaft 7a. At the same
time, the motor-generator 5 is connected to the input shaft 7a to
assist the engine output or to charge the output partially.

The motor mode 1S in the state in which the accelerator
opening 1s small and in which the revolution number is small,
e.g., in which the engine 2 need not be used, such as in a
traffic jam. Then, the motor-generator 5 is used as the motor to
drive the vehicle. In this state, the input clutch Ci is released
to disconnect the engine 2 and the CVT input shaft 7a, and the
direct-coupled clutch Cd is applied to output the revolution of
the motor-generator rotor 5a directly to the input shaft Ta.

On the other hand, the engine mode functions during high
speed cruising, and the vehicle is driven exclusively by the
engine output without any participation of the motor-generator 5.

[Emphasis added] .
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The Examiner is respectfully requested to review the
Taniguchi reference and confirm that in fact the road load is not
used to determine the operating mode; in fact, Taniguchi controls
the operation of the CVT, and the source of propulsive torque, in

response to the vehicle speed and accelerator pedal position.

Turning now to new documents made of record hereby:

Abe 6,281,660 shows a pattery charger for an electric
vehicle.

Adler et al patent 5,515,937 claims a series hybrid where
the power required by traction motors is drawn from either the
patteries or directly from the engine/generator unit directly,
depending on evaluation of their respective efficiencies and the
patteries' state of charge, with respect to each new demand for
power.

Barske patent 5,336,932 ties the operation of a generator
used to charge a battery to specific fuel-consumption curves
stored in ROM.

Bullock patent 6,170,587 shows a hybrid drive, all claims of
which require at jeast three different types of energy storage,

e.g., combustible fuel, battery, flywheel, or hydraulic

accumulator.

Fattic et al patent 5,637,987 shows a hybrid vehicle in
which an internal combustion engine and motor are coupled by
controllable friction or electrical loading devices to control
ratios.

Gray, Jr. patent 5,887,674 relates to a vehicle driven by a
"fluidic motor", that is, having a hydraulic motor driving the

wheels, in turn driven by a pump driven by an internal combustion

engine.
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patent 4,762,191 to Hagin discloses a hybrid power train for
a bus wherein multiple axles are driven via a driveshaft. Some
of the dependent claims of the present application, recite
connection of the combination of engine and first electric motor
to a first set of wheels and connection of the second electric
motor to a second set of wheels, which 1is quite different.

Hoshiya patent 6,315,068 shows a hybrid in which control of
the torque provided by the motor is responsive to the torqgue
provided by the engine, so that the engine can be operated at a
target speed.

Ibaraki patent 5,856,709, discloses and claims a hybrid
topology wherein an engine and a motor/generator are connected to
different elements of a "synthesizing/distributing mechanism". A
large numper (nine or more) of operating modes are provided. The
determination of the amount of torque required to propel the
vehicle is apparently made in response to the position of the
acclerator pedal; see col. 15, lines 59 - 61.

Patent 6,225,784 of Kinoshita claims a battery charge
controller for a vehicle, wherein the level of charge above which
further charging is permitted is varied based on the battery
temperature. Patent 6,232,748 to the same inventor and assignee
allows only discharge when the battery is above a specified
teﬁperature, and patent 6,204,636, again to the same inventor and
assignee, controls the charging and discharge rate of the battery
responsive to sensing of the "memory effect" of the battery. None
of these expedients are claimed in the present application.

Four Lawrie and Lawrie et al patents, 5,993,350, 6,019,698}
5,979,257, and 6,006,620, and Reed et al 5,943,918 (et al here
including Lawrie) are directed to transmissions for hybrids that
combine the efficiency of manual transmissions with the
convenience of automatic transmissions. Motors are used to

operate the conventional "H"-pattern shifter, and a clutch, while
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the motor/generator present in a hybrid is employed to match the
speeds of input and output shafts, to ensure smooth shifting.
Finally, Reed, Jr. et al 6,332,257 claims a method of converting
a manual transmission to automated operation.

Lovatt et al patent 6,291,953 shows an "electrical drive
system", in some cases applied to a hybrid vehicle, requiring a
lock-up torgue converter.

Minowa et al patent-6,142,907 (Hitachi) claims a hybrid
wherein either an engin? or a motor 1is used to propel the
vehicle. A generator is selectively connected to the wheels
through a two-speed transmission. Patent 6,328,670 is a
continuation.

Morisawa et al 5,984,034 discloses a hybrid wherein
regenerative braking is used to oppose engine torque when idling
to keep the vehicle stopped. Morisawa et al 6,119,799 issued on
a continuation and discloses a hybrid offering control of braking
responsive to "obstruction [e.g., & carl ahead] detection™.
Another patent based on the same underlying document, no.
6,334,498, claims supplying power from a motor during upshifts of
an automatic transmission being driven by an engine. None of
these is a feature of the claimed invention.

Another Morisawa patent, no. 5,895,333, 1is limited to
packaging details for a planetary gearbox for a hybrid vehicle.
still another Morisawa patent, no. 6,306,057, claims a complex
planetary gearbox arranged so that the internal combustion engine
is used to power the vehicle when reversing.

Nagano et al 6,344,008 discloses a hybrid wherein a
transmission is coupled between an engine and a torque

synthesizing device, which also accepts torque from a single

motor.
Nakajima et al 6,090,007 shows a control scheme for a hybrid

vehicle including a continuously variable transmission. Patent
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6,328,671 to Nakajima et al is a continuation-in-part of the '007
patent and shows setting the "target drive power" based on the
accelerator pedal position and vehicle speed.

Nekola patent 5,660,077 shows a variable-speed transmission
stated to be useful in a hybrid vehicle, including a cone-shaped
gear; the meshing gear slides along the conical gear to vary
their relative speeds.

Nitta patent 6,321,150 shows an Aabnormality monitoring
system@ that is responsive to faults in a very specific type of
communication scheme that can be used for a hybrid vehicle.
Another Nitta patent, no. 6,203,468, requires first and second
motors on either side of a lock-up clutch, to smooth transitions
petween series and parallel operation.

Nogi et al patent application US 2001/0037905 is directed to
lean-burn operation of a hybrid.

Omote patent 5,944,630 claims controlling torque applied by
a motor during shifting operations, to smooth shift transitions.

Oyama patent 6,070,680 relates to prevention of stalling of
the engine of a hybrid vehicle due to rapid deceleration; the
traction motor provides torque to the engine in such cases.

patent 6,123,642 to Saito claims a "speed change control
apparatus” wherein a motor 1is connected to the wheels of a
vehicle through a multispeed transmiséion; power to the
transmission is cut during shifting.

Tabata et al patent 6,158,541 shows a hybrid vehicle wherein
the battery is divided into several portions soO that one or more
can be completely discharged while the others remain partially
charged.

n further Tabata et al patent, no. 5,847,469, is directed to
a hybrid wherein the electric motor is employed for reversing if

the battery is sufficiently charged, and the engine otherwise.
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Another Tabata et al patent, no. 6,317,665, shows a hybrid
in which a torque converter with lock-up clutch is disposed
between the engine and motor and the wheels; the claims require
the lock-up clutch to pe released during mode switching to
prevent rough running.

Another Tabata patent, no. 6,183,389, is directed to hybrids
having "torque transmission systems" (i.e., torque converters;
see col. 1, line 52) fitted with lock-up ¢lutches; the invention
has to do with the control system for the clutch.

Yet another Tabata et al patent, no. 5,873,426, claims a
hybrid having an automatic transmission with differing shift
patterns selected depending on the load; apparently, the engine
is used as the only torque source in one mode and the engine and
motor together in another.

Another Tabata et al patent, no. 5,923,093, recites in claim
1 that the automatic transmission is inhibited from shifting
during regenerative praking, in claim 5 "braking shift control
means" used when regenerative praking is not available, to
downshift the transmission to increase engine braking, in claim
13 braking shift control means operated similarly prior to
operation of regenerative praking, in claim 17 a clutch between
transmission and engine that is engaged during regenerative
praking, and in claim 23 means for preventing changinq between
engine and regenerative praking during a praking operation.

still a further Tabata et al patent, no. 6,340,339, is
]1imited to specific constructional details of a motor and
transmission assembly for a hybrid.

In another Tabata et al patent, no. 5,935,040, claims 1, 5,
7, and 9 all require a manually-operated member for selecting
drive modes, while claim 3 requires an automatic transmission
operated so that the drive force remains constant in various

drive modes as long as the required output remains constant.

7
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Takaoka et al patent application US 2003/0085577 has claims
drawn to control of gear selection in an automatic transmission
for a hybrid based on engine efficiency; apparently, 1if the
torque required cannot be supplied efficiently by the engine and
motor working together, the transmission is downshifted.

Tuzuki et al patent 5,415,603 shows details of a hydraulic
system for a hybrid vehicle in which the oil is used for cooling
of a traction motor and lubrication of the transmission.

Wakuta et al patent 6,258,001 is directed to very narrow
mechanical aspects of a motor and transmission assembly for a
hybrid.

Woon et al patent 5,890,470 claims a method of controlling
engine output power, evidently intended to improve on
conventional governors as used on diesel engines to smooth
throttle response and shifting. Claim 1 is typical and requires
operating the engine at a constant horsepower value responsive to
throttle position regardless of engine speed.

yamada et al patent 6,328,122 discloses a series hybrid
wherein the ICE can be used for vehicle propulsion only in the
event of a failure in the charging system.

Nada patent 6,653,230 1is also directed to operation of a
hybrid after a particular failure.

vyamaguchi patent 5,915,489 shows a hybrid powertrain. It
appears that the output torque is determined based on vehicle

speed and accelerator pedal position; see col. 6, lines 17 - 21.

Yamaguchi et al patent 6,278,195 shows applying torque from
the electric motor of a hybrid to quickly stop the engine.
Yamaguchi et al patent 6,247,437 claims control of the

operation of a starter motor, €-9-v for a hybrid, responsive to
an engine parameter relevant to its startability. For example,

if the engine 1is cold, fuel is supplied at a lower cranking RPM

8
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to limit the drain on the battery. A divisional application (not
peing supplied), Yamaguchi et al published patent application
2001/0022166, similarly claims a starting control for an engine,
in which the rotating speed 1is limited when the engine is cold to
avoid excessive use of battery power.

Yamaguchi patent 5,967,940 is directed to control of the
power provided by the engine of a hybrid to prevent noise due to
gear backlash.

Yamaguchi 6,135,914 discloses a method of control of a
hybrid including an ICE and two motor/generators. The invention
has to do with limiting the engine speed SO that the first
motor/generator is not rotated beyond its capability in the event
of a failure The Yamaguchi system operates in engine-only, motor-
only, and engine+motor modes (see col. 4, lines 46 - 54), but the

method by which the choice between these is made is not explicit.

Field patent 5,081,365 discloses a hybrid vehicle wherein an

engine is connected to road wheels through an electric motor,
which is operated variously as traction motor or generator,
depending on the batteries' state of charge and the vehicle
operating mode; the operating mode is selected by the operator
from an urban mode, a highway mode, an engine mode, and a cruise
control mode. The selection is apparently to be made responsive
to motor speed. Field acknowledges at col. 7, line 48 the
desirability of operating the engine near its rated power to thus
realize high efficiency; as discussed in detail below, Field
suggest using an engine that is sized so that it operates at
nearly maximum output during flat-highway, constant speed
cruising. Such an engine would necessarily be too small to propel

the vehicle up‘hills, so its performance would suffer under such

circumstances.
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Two additional patents to Field and Field et al, nos.
6,044,922 and 6,481,516, relate to developments of the system
disclosed in the '365 Field patent above; the '516 patent is
stated to be a continuation of the '922 patent, but their
disclosures are not in fact identical. The vehicle described in
these patents comprises two separate battery packs, a high-
voltage battery pack for supplying power to the traction motor
and a lower-powered accessory battery for operating usual vehicle
ancillary components such as lights, radio, and the like.

Kubo patent 5,722,502 shows a hybrid vehicle comprising an
ICE, a generator and a traction motor also operable as a
generator. The vehicle can be operated in a variety of modes,
include PEV ("pure electric vehicle", in which the ICE is not run
at all;.see col. 10, lines 18 - 28), SHV ("serial electric
vehicle", wherein the ICE is run to drive the generator, which in
turn supplies current to the traction motor to power the
vehicle; see col. 5, lines 33 - 51), and "continuous-type PSHV"
("parallel-serial hybrid vehicle", where torque from the ICE is
used to propel the vehicle and to drive the generator to power
the traction motor to propel the vehicle if torque from the ICE
is inadequate; see col. 5, lines 52 - 66). A distinction 1is
drawn between this continuous-type PSHV and a "changeover-type
PSHV", as exemplified by Japanese Laid-Open Publication 2-7702;
see col. 3, lines 2 - 9 and col. 5, line 66 - col. 6, line 1d.

The selection between the PEV mode and one or the other of
the SHV and PSHV modes is made by the operator (see col. 10, line
47), while the selection between SHV and PHSV modes 1is made
according to the battery's state of charge (SOC); see col. 6,
lines 12 - 13. When the driver selects a mode other than the PEV
mode, the engine is operated continuously (col. 11, lines 26 -
32), and may idle when not significantly loaded (col. 12, lines
31 - 32; col. 13, lines 51 - 52); if the battery is fully charged

10
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but braking is required, such that regenerative braking would be
inappropriate, the engine can be operated as a mechanical brake
(col. 11, lines 6 - 20).

In PSHV mode, an engine control unit (ECU) then determines
whether torque is to be supplied from the traction motor, ICE, or
both, depending on the accelerator pedal angle: "Further, if the
change in accelerator pedal angle is too large for the torque to
be supplied...by the ICE alone or...by the ICE alone because fuel
consumption and emission are degraded, the ECU 20 controls the
[inverter] to compensate by using the motor 10 for at least that
part of the torque required at the driving wheels." (Col. 13,
lines 32 - 39). At low speeds in PSHV mode, it appears that the
ICE provides power to the traction motor through the first motor,
being operated as a generator.

Tsukamoto et al 5,771,478 shows a hybrid vehicle in which
the function of a clutch or torque converter, allowing slipping
of an ICE with respect to the wheels of a vehicle, e.g., when
accelerating from a stop, is provided by a gearbox connected
between the ICE, wheels, and a motor-generator. Excess torque
provided by the ICE at starting is absorbed by the motor-
generator and stored in a battery; it can then be used to run
accessories or propel the vehicle.

Tabata et al 5,833,570 relates to smoothing the shifting of
an automatic transmission of a hybrid by application of torque
from the traction motor. Tabata 5,951,614 is generally similar,
but shows smoothing of shifting by reducing the torque supplied
by either the motor/generator or ICE.

Hata et al 5,875,691 discloses and claims a specific
arrangement of the components of a hybrid (ICE, motor,
transmission) for packaging convenience.

Haka 5,931,271 shows a hybrid powertrain wherein one-way

clutches are provided so that the same motor/generator can start
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an ICE and be disconnected therefrom for efficient regenerative
braking.

Shibata et al patent 3,719,881 shows a battery charger
arrangement especially for a serial hybrid vehicle, wherein an
internal combustion engine 1is operated to drive a generator only
above a minimum load, so as to reduce emissions, which increase
at low loads.

Etienne patent 4,187,436 also shows a battery charging
arrangement for a serial hybrid vehicle, which includes a first
battery for powering the traction motor and a second battery for
starting the ICE.

Lynch et al patent 4,165,795 shows a hybrid drive
arrangement in which an ICE and a motor/generator are
mechanically coupled to one another, and to the wheels of the
vehicle, through a transmission. The engine is sized to provide
the average power necessary for ordinary driving, and is operated
near its optimal efficiency point at all times; the
motor/generator is operated for load-leveling, that is, when the
vehicle's torque requirements exceed the power provided by the
engine the motor/generator adds torque, and when the engine's
torque output exceeds the vehicle's torque requirement, the
motor/generator operates as a battery charger. The difficulty
with this approach is simply that the vehicle's torque
requirements may vary by a factor of up to 1000%, or more,
between city driving and highway driving, particularly when there
are grades (using battery power to climb a grade of any length
will quickly discharge any reasonably-sized battery bank) so this
solution is not useful in "real-world" driving.

Hadley et al 5,283,470 shows an electric car, that is,
without ICE, with regenerative braking. Hadley et al 5,406,126 is

similar.
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Schmidt 5,669,842 shows a hybrid drive in which either the
ICE or one of several separate motors drive the accessories,
depending on whether the engine is running. The engine and
motors are arranged so that the engine and the mating member of
the geartrain are driven at the same speed, allowing the clutch
to be synchronously engaged.

Ibaraki et al 6,003,626 discloses a hybrid in which the
engine normally propels the vehicle and charges the battery
through a generator; if the generator fails, the engine propels
the vehicle.

Takahara et al 6,009,365 discloses a hybrid with ICE and
motor connected to the wheels through a continuously variable
transmission (CVT). During coasting the actual torque being
exerted is compared to a calculated desired torque and the actual
torque adjusted accordingly.

Bower patent 6,231,135 relates to improvements in brake
systems for hybrid vehicles. Althoﬁgh the present application is
a division of an application which was a continuation-in-part of
earlier applications, and which added disclosure of a new braking
system to the disclosure of the parent application, no claims to
that braking system are now being pursued in this application.

Soejima 5,951,118 discloses a vehicle braking system, not
limited to hybrids, which includes a seating velocity reducing
device for slowing the closing of a valve; this can be employed
together with regenerative braking in a hybrid. Otomo et al
5,984,432 is similar. As above, no claims of the present
application are directed to improvements in braking systems,
although the parent was a C-I-P which added material relating
thereto to the disclosure of the grandparent application.

Numazawa et al patent 5,497,941, Umebayahi et al patent
6,265,692, and Matsuda et al patent 6,357,541 all relate to

improvements in HVAC systems. As in the case of the braking
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systems discussed above, no claims are currently being pursued to
certain new material relating to HVAC systems that was added by
the parent C-I-P application to the disclosure of the parent
applications.

Takahara et al patent 6,064,161 shows operating a
motor/generator of a hybrid to brake a slipping wheel. This is
not a feature of the claimed invention. Takahara also shows that
the vehicle operating mode can be controlled responsive to
accelerator pedal position and vehicle velocity, in common with
many other references. See Fig. 5.

Kaiser et al 5,979,158 suggests that emissions of an ICE on
starting can be reduced by spinning the ICE to a speed
approximating its idle speed, activating the ignition system for
about a second, and only then activating the fuel supply. This
is suggested to be useful in a hybrid. No claims of the present
application are directed to high-rpm stafting, although the
advantages of doing so are discussed in the application. Kaiser
also mentions preheating of the catalyst; this step is recited in
claim 77, but is not solely relied upon for patentability. Claim
77 recites, inter alia, that the vehicle's operating mode 1is
selected responsive to road load, which is not shown by Kaiser.

Salecker 5,983,740 discloses a system for controlling the
engine speed during shifting of an automatic transmission to
smooth transition between gears; there is a brief mention that
this could be useful in a hybrid.

Salecker 6,006,149 has a closely related disclosure and
claims continuing to monitor operating parameters, especially
temperatures of various components, for a time (the example being
one second) after the engine has been shut off.

Yang patent 5,562,566 is extremely difficult to understand,
but appears to disclose a power unit combining an ICE and a

motor, which is stated to be useful in vehicles, ships, aircraft,
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and in industrial and process equipment. The invention seems to
be directed to a unit for combining the torque, but again the
patent is extremely difficult to understand. Patents 5,547,433
and 5,549,524, also to Yang, appear to be directed to related
inventions.

Origuchi patent 5,212,431 is directed to a serial electric
hybrid vehicle wherein a generator, preferably to be driven by a
gas turbine, 1is operated in response to monitoring of the
pbattery's state of charge.

Antony et al 5,714,851 shows a serial hybrid with a bypass
current path around the rectifiers and battery, to connect a
generator driven by an ICE directly to a traction motor.

Horwinski patent 3,904,883 discloses a hybrid, wherein a
single electric motor/generator is provided with separably
rotatable armature and rotator, so that the unit can be operated
as both motor and generator. An ICE is provided to drive the
unit, and also to propel the vehicle under various conditions.
Mode switching is apparently to be accomplished responsive to the
battery's state of charge; see col. 5, lines 20 - 21 and col. 6,
lines 64 - 66. The vehicle is intended to operate primarily as an
electric car, with overnight charging from the power grid (see
col. 6, lines 45 - 51) with the engine primarily provided as a
range-extender, though, as noted, the engine can supply torque to
the wheels; see col. 5, line 64 - col. 6 line 30.

Reichmann et al 5,851,698 and Venkatesan et al 5,856,047 are
directed to nickel-metal hybride (NiMH) batteries optimized for
hybrid vehicle applications.

park 4,331,911 shows a method for equalizing the voltage
across individual cells of storage batteries.

Miller et al 4,126,200 shows a vehicle having a flywheel for
energy storage. Hagin et al 4,216,684 is similar. Matthews

4,591,016 shows recovering energy during regenerative braking by
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accelerating a flywheel. Michel 4,592,454 shows doing so
employing a hydropneumatic accumulator.

Stuhr 4,674,280 shows an accumulator for the storage of
energy in a hydraulic system.

Fiala 4,416,360 shows a vehicle powertrain in which a
flywheel connected to the engine by a clutch is rotated by a
starter motor, and then used to start the engine using'rotational
inertia stored in the flywheel; the "starter" motor can then be
operated as a generator to recharge the battery.

Moore 4,090,577 shows a hybrid with a conventional
engine/transmission assembly driving one pair of wheels, with a
solar-charged battery and motor combination driving a second
pair.

Walker 5,323,688 discloses hydraulic wheel motors stated to
be capable of regenerative braking.

Coe 5,384,521 discloses flywheel energy storage for a
vehicle, with electromagnetic couplers.

Boll et al 5,623,194 shows é charge information system for
an electric or hybrid vehicle for monitoring battery status and
advising the operator.

Weiss 5,947,855 shows a hybrid drive for a tractor or the
like wherein torque from an ICE is combined with torque from an
electric motor, driven by a generator powered by the ICE is
combined individually at the drive wheels by a "Ravigneaux"
summing gear set. This is stated to provide flexibility in
control.

Smith 5,971,088 shows a battery charging apparatus for
regenerative charging wherein the generator is built into the
vehicle driveshaft and moves with it as the vehicle encounters
bumps and the like.

Walker 5,971,092 shows a hybrid comprising two ICEs, sized

to accomodate differing typical loads, plus a hydraulic
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accumulator. The engines are preferably two-strokes with
"jnertia pistons™ sliding in bores in the main pistons.

Schulze et al 5,675,203 shows a motor/generator; the
direction of rotation of the output shaft can be reversed by
axial movement of a short-circuit winding.

Fliege 5,675,222 shows switchable winding motors for
electric road vehicles.

Fliege 5,915,488 shows reducing the power supplied to
switching components in a hybrid drive in response to detection
of acceleration over a limiting value, e.g., to prevent sparking
and erosion of switch contacts as they are jarred apart over
bumps.

Lutz 5,679,087 and 5,685,798 disclose details of planetary
gearboxes for vehicles.

Lutz 5,691,588 shows a clutch assembly for connecting motor
and ICE of a hybrid, having separately-actuated friction plates
on opposite sides of a hub forming part of the rotor.

Lutz et al patent 5,755,302 discloses a specific arrangement
of a clutch connecting an engine, motor, and transmission of a
hybrid - the rotor is attached to the transmission shaft and the
stator to either the engine or the transmission housing, while
the clutch also fits at least partially within the stator.

Fliege 5,678,646 discloses modular motors that can be
stacked with interconnected coolant circuits to provide different
power capacities, stated to be useful in hybrids.

Ruthlein et al 5,698,905 relates to emergency starting of a
hybrid with a dead battery, by rearranging connections to allow
starting by towing.

Lutz 5,713,427 shows a coupling structure for a hybrid
comprising a deformable, resilient disc member.

Lutz 5,829,542 shows vehicles with separate motors on each

wheel of at least one pair of wheels.
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Welke patent 5,833,022 shows a specific constructional
arrangement for a clutch and single traction motor of a hybrid
vehicle. No operating scheme is discussed.

Adler et al 5,816,358 shows automatic disconnection of the
current supply in the event of accident or the like in vehicles
having relatively high current and voltage electric power
supplies, €.9.. hybrid vehicles.

Gardner 4,753,078 shows a hopelessly complicated hybrid
vehicle design involving, among other impracticalities, "recovery
of electricity from electromagnetic wind generators,
gyrogenerators, and gravitational generators, and for the
recovery of compressed air from air pumps...replacing the
standard shock absorbers."

Wicks 5,000,003 shows a "combined cycle" engine wherein
heat normally lost in the exhaust gases and rejected by heat
exchange with cooling water from an ICE is recovered and used to
drive a turbine or the like, and suggests that this might be
especially suitable for use in a hybrid vehicle.

Lay 5,141,173 shows a vehicle capable of flight as well as
travel along the ground. An ICE can propel the vehicle or drive
a generator and thence electric motors, depending on the range
and speed of intended travel.

Kutter 5,242,335 shows a drivetrain for a hybrid vehicle,
shown in automobile and bicycle embodiments, wherein muscle power
is combined with power from an auxiliary motor.

Kuang 5,264,764 shows use of an ICE as a power source to
serve as a range extender for an electric car, that is, the ICE
does not directly propel the vehicle.

Addie 3,699,351 shows a pi-modal vehicle, such as a rail
car, which can be propelled by an external power sSource, such as
a third rail, or by a prime mover, such as a gas turbine. A

split torque device allows some of the turbine torgue to be
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delivered to the output shaft and the remainder to a
motor/generator combination.

Shibata et al 3,719,881 shows a series hybrid, that is, an
electric car comprising an ICE arranged to charge a battery
\connected to a traction motor, wherein the battery's state of
charge 1is monitéred and used to control operation of the ICE; the
load on the ICE is monitored and the ICE is shut off when the
load drops below a predetermined value.

Berman patent 3,753,059 shows a control circuit for a motor
operated in both propulsive and regenerative modes, as might be
employed in the hybrid vehicle drive system of Berman patent
3,566,717, already of record. Berman 3,790,816 shows an "energy
storage and transfer power processor" apparently intended for use
with the same system.

Williams 4,099,589 shows a series hybrid wherein the
preferred power path is from an ICE to an AC generator to an AC
motor, to the wheels; a rectifier, battery and DC motor are also
provided as an auxiliary or additional power source.

Rowlett 4,233,858 shows a vehicle propulsion system wherein
two electric motors are provided. Torque from the two motors is
combined; excess torque is stored in a flywheel, to provide load-
"leveling.

Dailey 4,287,792 shows a variable gear ratio transmission.

Fiala 4,411,171 shows a hybrid vehicle power train in which
a single electric motor/generator and an ICE are coupled to the
wheels of the vehicle. Various operating modes are described.

Tankersley et al patent 5,403,244 shows an electric vehicle
with a planetary gearbox for reducing the shaft speed of an
electric motor to a speed suitable for driving the wheels of the

vehicle, and also providing a direct drive.
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Hadley et al 5,406,126 shows another serial hybrid. The
invention appears to have to do with the method of regenerative
charging offered.

Westphal patent 5,570,615 shows a three-mass flywheel
construction, with two of the masses connected by springs and the
thrid by planetary gears for balancing of various moments and
vibrations.

Nedungadi patent 6,110,066 shows a hybrid vehicle operating
in four modes, as follows (col. 4, lines 25 - 38): "There are
four modes of operation for the vehicle, namely: (a) electric;

(b) charge; (c) assist; and, (d) regenerative. In the electric
mode, only the motor is providing propulsion power to the
vehicle. In the charge mode, part of the engine power drives the
vehicle and the rest is absorbed by the motor (operating as a
generator) to charge the batteries. In the assist mode, both the
engine and the motor are providing power to propel the vehicle.
In the regeﬁerative mode, power from the decelerating wheels is
diverted to the motor so that it can be used to charge the
batteries. .... The controller selects the most appropriate mode
depending upon the position of the accelerator pedal, the vehicle
speed and the state of charge of the battery." Nedungadi
makes it clear that the idea is to keep the engine "as loaded as
possible" (col. 8, l;ne 46). In assist mode, this is done by
keeping the engine at maximum power; in the charge mode, the
engine is maintained at its point of maximum fuel efficiency.
See col. 5, lines 46 - 53.

Fini patent 6,387,007 shows several embodiments of hybrids.
Mode control appears to be accomplished responsive to accelerator
pedal position.

Tsai et al 6,592,484 shows a hybrid comprising an ICE and a

single motor as prime movers. The invention is directed to a
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transmission including four clutches and two planetary gearsets.
Some 13 operating modes are stated to be provided.

Horwinski patent 3,904,883 is essentially a predecessor of
the Horwinski patent already of record.

Yamada patent 6,041,877 was recently cited in an Office
Action issued against a Japanese application based on a PCT
application with disclosure corresponding to the disclosures of
the two parent applications. According to a non-certified
translation of the Office Action, Yamada was cited because it
shows "a hybrid vehicle in which a battery is configured as two
separate battery sub-banks"; this was cited against a claim not
corresponding to any now in this application, including a similar
recitation. (Claim 29 of issued patent 6,209,672 includes a
comparable limitation.) The disclosure of Yamada otherwise seems
merely cumulative to numerous references of record. Japanese
Utility Model Application No. 50-099456 (provided with a
translated summary sheet only) was also cited in the same Office
Action, the Japanese Examiner stating that "there is described a
technology in which two battery groups in an electrically driven
vehicle (Bl and B2, B4 and B3) are connected in series and the
middle of the two battery groups is earthed to a vehicle
chassis." Again, this is not relevant to any claim now being
asserted herein.

Tabata patent 5,887,670 shows a single-motor hybrid. Mode
.determination is accomplished (see Fig. 7) responsive to a
"currently required output Pd" which is determined responsive to
pedal position, rate of change thereof, vehicle speed and
trasnmission lever position (see col. 23, lines 20 - 26) .

Otsu et al patent 6,123,163 shows a single-motor hybrid
configured as a sort of city scooter. The vehicle operates in
different modes depending on the "aimed" térque, which is

determined responsive to accelerator opening and vehicle speed.
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See Fig. 13, col. 10, lines 56 - 67 and col. 17, lines 11 - 33.
Otsu 6,260,644 seems to have the same disclosure, and Suzuki
6,253,865 to relate to the same design.

Arai patent 6,435,296 shows a hybrid with an engine driving
one set of wheels and a motor driving the other. 1In order that a
DC motor can be used, avoiding the expense of an inverter, the
motor is to be used as little as possible.

Sherman 5,789,823 shows both a torque converter and a
friction clutch in a single motor hybrid. This is essentially an
engine-assist arrangement; the engine can only be started when
the vehicle transmission is in neutral (see col. 3, lines 30 -
38), so that it must be run at all times, and the motor/generator
is stated to only assist the engine during times of peak power
requirement (col. 4, lines 36 - 38). Another Sherman patent
5,258,651 is not directed to hybrid vehicles, but to a system for
starting an ICE.

Onimaru 6,007,443 (Nippon Soken) shows a hybrid wherein an
ICE is connected through a CVT and a clutch to a motor/generator,
the output shaft of which drives the wheels. Above a minimum
velocity, the engine is operated at a maximum speed. See col. 7,
line 17. At lower vehicle speeds, the engine is permitted to
idle; see col. 6, lines 9 - 23.

Ehsani et al, in "Propulsion System Design of Electric and
Hybrid Vehicles", discuss determination of the sizes and
capacities of an ICE and traction motor for a hybrid wvehicle.
This is generally relevant to the subject matter of claims 16 and
112. However, note that Ehsani fails entirely to address the
relationship claimed between the voltage and current of the
battery bank, as claimed. Ehsani et al, in "Parametric Design of
the Drive Train of an Electrically Peaking Hybrid (ELPH)

Vehicle", go into further detail, and indicate that the vehicle

of concern is a single-motor hybrid wherein torque from the ICE
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and motor can be combined by a "matchgear", as in applicant's
prior patent 5,343,970. Ehsani patent 5,586,613, apparently
directed to the same work, is discussed in the application as
filed.

Yamaguchi et al, "Development of a New Hybrid System - Dual
System", SAE paper 960231 (1996) appears to be merely cumulative
to numerous patents to the same inventors already of record.
"Dual System - Newly Developed Hybrid System" (publication
details not known), by some of the same authors, of which only a
partial copy is available, is generally cumulative but does
provide a diagram showing operation of the various components as
a function of - time

Takaoka et al, in "A High-Expansion-Ratio Gasoline Engine
for the Toyota Hybrid System", discuss the details of an ICE
designed for use in a hybrid vehicle. This paper states that "By
using the supplementary drive power of the electric motor, the
system eliminates the light-load range, where concentrations of
hydrocarbons in the emissions are high and the exhaust
temperature is low." (p. 57; a similar statement is made on p.

59) and "By allocating a portion of the load to the electric
motor, the system is able to reduce engine load fluctuation under
conditions such as rapid accleeration. This makes it possible to
reduce quick transients in engine load so that the air-fuel ratio
can be stabilized easily." (p. 58). The former statement simply
emphasizes the fact that engines are operated more efficiently at
higher loads, and the latter that stoichiometric combustion can
be more nearly obtained if the engine's speed and/or load is
varied as slowly as possible.

Sasaki et al, "Toyota's Newly Developed Electric-Gasoline
Hybrid Powertrain System" (publication data not available)

provides a mathematical analysis of the planetary gearbox.
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PCT application PCT/SE81/00280, published as WO 82/01170,
shows a hybrid vehicle wherein an ICE is used for propulsion
under some circumstances and an electric motor under others,

e.g., to provide a forklift truck that operates electrically when
indoors and is driven by the ICE when outdoors. The change from
one torque source to the other is made as a function of vehicle
speed. See p. 3, lines 19 - 28.

Japanese utility model publication 53-55105 (of which only a
partial translation is available) appears to show a hybrid
vehicle having both an ICE and a motor as sources of propulsive
torque, but the description provided is inadequate to understand
how the two sources are to be operated. The disclosure of
Japanese patent application publication 48-64626 (of which only a
partial translation is available) seems to be similar.

Japanese unexamined patent application publication 4-67703
(of which only a partial translation is available) appears to
relate to an electric vehicle.

Japanese patent application publication 4-297330 (of which
only a partial translation is available) seems to relate to
supplementing the regenerative braking available using a traction
motor as the source of braking torque with regenerative braking
from a generator attached to an ICE, and with friction from
motoring the engine under braking.

Japanese patent application publication 55-110328 (of which
only a partial translation is available) relate to a vehicle
wherein a first pair of wheels is driven by a "main driving
unit", a .second pair being driven by an "auxiliary power unit",
wherein the auxiliary power unit is controlled responsive to a
difference in speed between the first and second pairs of wheels.

Japanese utility model publication 51-103220 (of which only
a partial translation is available) describes a control system

for a hybrid wherein the output shaft of an ICE is connected to
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that of an electric motor through a clutch, the clutch being
controlled to operate when speed sensors on the shafts indicate
that their rotational speeds are equal.

Japanese patent 49-29642 (of which only a partial
translation is available) also shows a hybrid wherein the shaft
of an ICE is connected by a clutch to that of an electric motor;
in this case a one-way clutch is also provided.

Japanese patent publication 6-245317 (of which only a
partial translation is available) relates to a device for
preventing overcharging of the battery of an electric vehicle.

European patent application publication no. 510 582 shows a
vehicle powerplant featuring both an ICE and an electric motor as
sources of propulsion, and thus a hybrid of sorts, though the
term is not mentioned. No suggestion is made that the control of
operating mode is made other than by an operator; the determining
factor seems to be whether emission must be completely
prohibited, as in indoor operation.

European patent application publication no. 510 582 also
shows a hybrid vehicle featuring both an ICE and an electric
motor as sources of propulsion. Again there is no teaching of
the specifids of switching operating mode; the invention has to
do with loading the ICE by means of the generator so as to match
the speed of the engine to the speed of a drive shaft driven by
the traction motor before engaging a clutch connecting the two.

German OS 25 17 110, provided with an English-language |
abstract, is stated by the abstract to show a hybrid vehicle with
a turbine engine. It.appears that the vehicle is operated as an
electric car until the current drawn exceeds a preset value, when
the turbine is actuated; thereafter, the turbine is run at an
"optimum setting”, with the load split between battery charging

and vehicle propulsion.
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Mayrhofer et al, "A Hybrid Drive Based on a Structure
Variable Arrangement" (1994), shows a hybrid vehicle design
involving an ICE, two motor/generators, a planetary gearbox to
enable combinations of sources of torque, and no less than four
clutches, obviously much more complicated than would be
desirable. Of interest with respect to the present invention is
that in one operating strategy (see page 196) Mayrhofer et al
suggest that the ICE should be activated only when the mean value
of the power demanded exceeds a limit for more than a minimum
time, 20 seconds being the example given. It is apparent that
the ICE is thus to be used only for load-leveling and that mode
changes are not being made based on the road load per se. 1In
other strategies the engine operation appears to be even further
afield from applicants' simple and direct strategy.

A December 1990 Popular Science article, "Diesel-Electric
VW", describes a hybrid wherein an electric motor, also serving a
generator and engine starter, is disposed between clutches
connecting the motor to an ICE on one side and the vehicle wheels
on the other. It is not clear what modes are provided, although
some transitions are apparently made responsive to accelerator
pedal position and vehicle velocity.

A May 1991 Popular Science article, "Electric Vehicles
Only", addresses the then-current state of the art in electric
vehicles and mentions hybrids only peripherally.

An April 1991 article appearing in NASA Tech Briefs

discusses lead/acid batteries having woven electrodes.
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As indicated, none of the newly-cited patents made of record
hereby disclose or suggest the invention claimed herein. Early
and favorable action on the merits of the application is

earnestly solicited.

Respectfully submitted,

Dated Michael de Angeli~
Reg. No. 27,869
60 Intrepid Lane
Jamestown, RI 02835
401-423-3190
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re the Patent Application of

Severinsky et al : Examiner: N/A
Serial No.: 11/429,446 : Group Art Unit: 3616
Filed: May 8, 2006 : Att.Dkt:PAICE201.DIV.6

For: Hybrid Vehicles

Hon. Commissioner for Patents
P.0O. Box 1450
Alexandria VA 22313-1450

INFORMATION DISCLOSURE STATEMENT
Sir:

This application is a divisional of Ser. No.
10/382,577. Incorporated herein by reference are the
several Information Disclosure Statements (IDSs) that were
filed in Ser. No. 10/382,577, and its predecessor, Ser. No.
09/822,866, now Patent 6,554,088. Copies of the IDSs thus
incorporated are attached; together with the corresponding
PTO-1449 forms. Where availdble the PTO-1449s attached are
those returned by the Examiner; showing corrections that
were noted in prosecution of the earlier applications.
Copies of the documents thus cited were supplied in the
parent and grandparent applications, or in earlier
predecessor applications Ser. Nos. 09/264,817, now patent
6,209,672, and 09/392,743, now patent 6,338,391, and copies
are accordingly not now being supplied herewith.

The Examiner is respectfully requested to consider the
documents thus made of record, and to initial the PTO-1449

forms, indicating that he has done so.
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Should there be any questions, the Examiner is invited
to telephone the undersigned at the number given below.

Early and favorable action on the merits is earnestly

solicited.
e Respect sub ted,
\/Alﬁ é Z(?Ué
Dated:/ g Michael 8Be Angeli

Reg. No. 27,869

60 Intrepid Lane
Jamestown RI 02835
401-423-3190
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nummg* N THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of

Severinsky et al Examiner: David Dunn

Serial No.: 10/382,577 : Group Art Unit: 3616

Filed: March 7, 2003 . Att.Dkt.:PAICE201.DIV

For: Hybrid Vehicles

Hon. Commissioner for Patents
P.0. Box 1450
Alexandria VA 22313-1450

FOURTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT
Sir:

Applicant submits this Information Disclosure
Statement for consideration by the Examiner. The issued
patents from which this application claims priority have
been asserted against Toyota Motor Corporation, Toyota
Motor North America, Inc. and Toyota Motor Sales, USA, Inc.
(collectively "Toyota") in civil action 2:04-CV-211 in the
United States District Court for the Eastern District of
Texas. A jury trial was recently conducted December 6-20,
2005, and a verdict holding the parent patents as valid but
not infringed was returned.

Applicants submit herewith materials from this
litigation for the purpose of full disclosure. Applicants
respectfully request the Examiner to fully review and
consider these materials in determining patentability of
the present application. The materials submitted include
transcripts of the trial and deposition testimony of the
witnesses on whom Toyota relied for prior art assertions,
with any confidential material redacted therefrom, together

with copies of the documentary evidence discussed therein.
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The materials also include a copy of the Court's Markman
ruling construing the claims of the parent patents.

The Examiner is respectfully requested to consider
these materials and indicate that he has done so in the
file of this application.

Should the Examiner have any questions concerning the
materials submitted, he is invited to telephone the
undersigned at the number given below.

A Supplemental Notice of Allowability is earnestly

solicited.

Respectfully submipted,

SMad 27,7004 Y ¢/
Dated: 4 - «Michael fHe AngeITl
Reg. No. 27,869
60 Intrepid Lane
Jamestown, RI 02835
401-423-3190
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Claim construction order entered September 28, 2005 in Civil Docket No.
2.04~CV-211-DF (E.D. Texas)
Toyota Hybrid System, Toyota Press Information, Tokyo, 1987
Prius Hybrid EV, Toyota brochure, undated
FWINER IDATE CONSIDERED

conformance and not considered. Include copy of this form with next communication to the applicant. .

l «AMINER: Initial if citation considered, whether or not citation is in conformance with MPEP §609; Draw line through citation if not in
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5i6[3:7]9i7i7]6/1997 Saito et al
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5i8|9i5§1:0:i0]4/1999 Ito et al
5i9]|5:1[1:1i5]9/1999 Sakai et al
5:9[7i3]4i6i3]10/1999 Okuda et al
6i0]5i3]8i4:i114/2000 Koide et al
5:i912i915i9i4]7/1999 Nonobe et al
5 i9l2i4}3i9i5[7/1999 oriya et al
e T [ o
- YES NO
of1|3]6|0}5}(5[03.04.85 European Patent Office
OTHER DOCMNTS (Including Author, Title, Date, pertinent Pages, Etc)
Miller et al, “Starter-Alternator for Hybrid Electric Vehicle..” (1996)
Johnston et al, “The Design and Development of the [UC Davis]..” (No date)
Johnston et al, “The Design and Development of the [UC Davis]..” (1997)
nlexander et al, “A Mid-Sized Sedan Designed for High Fuel...” (No date)
“WpRIUS New Car Features”, (Toyota manual) (1998)
TRW Systems Group, “Analysis and Advanced Design Study...” (1971)
FXAHINER IDATE CONSIDERED

XAMINER: Initial if citation considered,
conformance and not considered. Include copy of this form with next communication to the applicant.

whether or not citation is in conformance with MPEP §609; Draw line through citation if not in
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POCET  pATCE201. DIVimeen | 10/382,577
INFORMATION DISCLOSURE CITATION A
IN AN APPLICATION Severinsky et al
s 3/7/2003 Grove Ase Ut 369
B | DOCUMENT NIMGER DRTE NAHE crass|suscLas| FrLive Date
4:614i6|8:9i6]3/1987 Hammond et al
EFOREIGN PATENT DOCUMENIS _
DOCUMENT NUMBER DATE . COUNTRY CLASS SUBCLASS TRANSLATION
YES NO
ol7lei9l4l0]3[23.4.1997 [European Patent Office
711t712|1]9|6}29.9.1994 |Japan A
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s13]1]9]1{1]0l5.19.1992 |Japan “ht
3l21713|9]3]3[12.5.1991 |Japan abst,
OTHER DMNTS (Including Author, Title, Date, Pertinent Pages, Etc)
Gelb, “An Electromechanical Transmission for Hybrid Vehicle...” (1971)
Hirose et al, ”The New High Expansion Ratio Engine...” (1897)
Hong, “Toyota's Hybrid Program”, Road & Track, BAugust 1997
Law, “Toyota Tech”, Car & Driver, Bugust 1997
“Dual-Engine Fuel Saver”, Popular Mechanics, July 1997
“Toyota Launches Break-Through Hybrid EV”, Motor Trend, September 1997

EXAMINER IDATE CONSIDERED

YAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP §609; Draw line through citation if not in
conformance and not considered. Include copy of this form with next communication to the applicant.
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ey DOCUMENT NUMBER DATE NAHE cLASS |suBCLAS| FiLiNg DaTE

INITIAL
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COUNTRY CLASS | SUBCLASS TRANSLATION

DOCUMENT NUMBER DATE
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shsT,

71216l8}9|2]|2[10.17.1995 {Japan

(Including Author, Title, Date, Pertinent Pages, Etc)

OTHER DOCUMENTS

“Toyota touts advances in safety, emissions”, Automotive News, 4/28/97

“ 196 North Wind performance”, undated

Wakefield, “History of the Electric Automobile - Hybrid Electric Vehicles’

{1998)

“Escort 92-94", undated

“Near-Term Hybrid Vehicle Program’, General Electric Company (1979)
IDATE CONSIDERED

FXAHINER

XAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP §609; Draw line through citation if not in
lconformance and not considered. Include copy of this form with next communication to the applicant.
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Dare 361

.S, PAIENT DOCUMENIS.
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CLASS|SUBCLAS| FILING DATE

ExRaNeR DOCUMENT NUMBER DATE
INITIAL
9]1i3{8i4i6]3/1909 Pieper
DOCUMENT NUMBER DATE COUNTRY CLASS | SUBCLASS | TRANSLATION
YES NO

pate, Pertinent Pages,

OTHER DOCUMENTS (Including Author, Title,

Etc)

“Electric and Hybrid Vehicle Design Studies”, SAE SP-1243 (1997)

Gelb, “The case for Constant Speed Accessory Drives’,

(1975)

Sasaki, “Toyota's Newly Developed Hybrid Powertrain”,

(1998)

“Near-Term Hybrid Vehicle Program, Phase 1", General Electric Co. (1979)

“Near-Term Hybrid Vehicle Program, Phase 1, App. A.",

Gen’l Elec. (1979)

“Joint Feasibility Study of Hybrid Vehicle,

Final Report (1982)

"EXAMINER lDATE CONSIDERED

e with MPEP §609; Draw line through citation if not in

YAMINER: Initial if citation considered, whether or not citation is in conformanc
conformance and not considered. Include copy of this form with next communication to the applicant.

Page 1 1
ge 1155 of 1239 FORD EXHIBIT 1002




PPLICATION

POCKET A TCE201 . DI Viunses 10/382,577
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PLICANT .
IN AN APPLICATION Severinsky et al
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oy DOCUMENT NUMBER DRTE NAME crass|suscras| Fiuine Date
DOCUMENT NUMBER DATE COUNTRY CLASS SUBCLASS TRANSLATION
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OTHER DOCUMENTS

(Including Author, Title, Date, Pertinent Pages, Etc)

North American Technology Seminar plans, April 1997

Hermance, THS Technical Explanation (undated)

“Toyota” brochure describing Prius (undated)

Hermance, “Toyota Hybrid System” (undated)

#XAMINER

IDATE CONSIDERED

XAMINER: Initial if citation considered,
conformance and not considered.

Include copy of this form with next communication to

whether or not citation is in conformance with MPEP §609; Draw line through citation if not in
the applicant.
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Cuddy et al, “Analysis of the Fuel Economy Benefit...” SAE 970289 (1997)

“Team Paradigm Shines in FutureCar Competition” (1996)

Takaoka et al, “Study of the Engine Optimized for Hybrid System” (undated)
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E UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of

Severinsky et al . Examiner: David Dunn
Serial No.: 10/382,577 . Group Art Unit: 3616
Filed: March 7, 2003 : Att.Dkt.:PAICE201.DIV

For: Hybrid Vehicles

Hon. Commissioner for Patents
P.0O. Box 1450
Alexandria VA 22313-1450

SECOND SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Listed on attached PTO-1449 forms are a number of
documents that have come to applicants’ attention since the
filing of the Supplemental Information Disclosure Statement
filed in this application on May 28, 2004. Applicants'
thus making these documents of record should not be deemed
a concession that they are necessarily available as prior
art as defined by 35 USC Sect. 102. The Examiner 1is
respectfully requested to consider these newly-cited

documents and to indicate that he has done so in the file

of this application.

The relevance of the newly-cited documents to the

present invention is summarized as follows:

Japanese Patent Application publication 7-54983
(Nakagawa et al) (provided with noncertified translation)
shows controlling the shifting of an automatic
transmission. The usual ﬁethod is described as controlling

the ratio based on detected engine load and vehicle speed,
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following a predetermined shift pattern. Prior art shows
detecting increase in loading, e.g., "uphill running", if
the speed drops below shift boundary line while the
throttle opening is over a predetermined value. This is
stated to be workable only under limited circumstances.
This invention calculates a "running load coefficient
KFUKA" which is then smoothed and used to correct the

predtermined shift pattern.

From paragraph 10, "[T]lhe running load coefficient
KFUKA is calculated according to an equation KFUKA=2-(b/a)
when the detected vehicle speed 'b' is lower than the
standard loaded-vehicle speed 'a', and according to an
equation KFUFA=a/c when the detected vehicle speed 'c' is
higher than the standard value 'a' ". This is
mathematically inconsistent, since both "b" and "c" are the
"detected vehicle speed". Further, it is clear that KFUKA

is a running load coefficient, that is, a correction factor

somehow responsive to variation in running load, not the

running load itself.

Japanese Patent Application Publication 4-244568
(Onishi et al) (provided with noncertified translation) -
Shifting of an automatic transmission is controlled
responsive to a predictive program that calculates the
torque to be available after shifting. Running load is
employed in this calculation. It is stated to be

determined as follows:

"(0022) The running load estimating means 101 now
multiplies the torque converter output torque Tt by the
gear ratio "r" to calculate the torque Tm generated at the

wheels, and calculates the running load Tp, based on the
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relational formula T = Tm - M - rw - o from the vehicle
mass M, the effective wheel radius rw and the acceleration
o. The flow of this calculation shown in FIG. 6.

"(0023) In FIG. 6,

Step 601: Reading of the respective data of vehicle speed
Vsp and engine rotational speed N, gear ratio "r" an
acceleration o 1is performed.
Step 602: the turbine rotational speed Nt is calculated by
the following formula:
Nt = Vgp/120m/rw - I X 1000
Step 603: Torque converter oOr rotational ratio "e" is
calculated and pump torque coefficient 1 and torque ratio
"t" are searched.
e = Nt/N, 1 = fi(e), © = fo(e)
Step 604: Pump torque Tp and turbine torque Tt are
calculated.
Tp =1 * (N/1000)%. Tt =t - Tp
Step 605: Calculation of torque Tm. Tm = Tp * T
Step 606: calculation of running load Ty. Ty = Tm - M - ¥
a".

This makes no sense. In particular, it is clear that
the idea is to correct the torque at the wheels Tm by the

factor M - r - o to reach the running load, but calculating

M - r - o does not yield a torque in units of kg-m, but a
value in kg - m?/sec’.

In any event it is clear that neither reference refers
remotely to hybrid vehicles, much less controlling

operating modes thereof responsive to road load.

US Patent 6,067,801 (Harada) 1is Dbased on Japanese
application 9-329430. The disclosure 1is directed to
reducing driveline shock occasioned upon shutting off the
engine in a hybrid by loading it wusing one of the two
motor/generators. Road load per se is not discussed; mode
switching is discussed only inferentially, e.g., "..at the
time when the engine is not required, for example, during a
reduction of the speed or a downslope run, the hybrid

vehicle stops operation of the engine 150 and runs only
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with the motor MG2" (col. 9, lines 40 - 43). Harada states
nothing of relevance to operating the engine when loaded to
above a setpoint SP.

However, this reference 1is generally relevant in that
it acknowledges that the engine can pe loaded by the
pattery charging load as well as the loading required for
vehicle propulsion (col. 1, lines 15 - 17), that the engine
can be shut off when not needed (as noted, col. 9, lines 40
- 43) and that it should be operated at an efficient
operating point (same) . The vehicle's power requirements,
including power for acceleration, for charging, and for
auxiliaries, is calculated, and a decision made whether the
engine 1is required. Engine activation is based on vehicle
speed, Or the necessity of pattery charging (col. 10, 1line
41 - col. 11, line 18). The engine is run at low power
levels (col. 12, line 49), and idling is permitted (col.
11, line 65). The engine can be motored to warm it up
prior to starting (col. 12, line 17). It is noted that for
a given output power requirement it is more efficient to
run the engine at lower RPM and higher torque than at
higher RPM and lower torque output (col. 13, lines 34 -
45). The minimum RPM of the engine in the loaded state is
maintained greater than in the non-loaded state, in order
to allow gentle variation in torque applied to the motor
MGl during mode changes, avoiding rough operation (col. 16,
lines 17 - 38), not soO as only to operate the engine when
joaded to the point of efficient operation. Most of the
topologies shown involve the usual planetary gearset for
combining the torque from the engine and two motors, but an
embodiment is shown in Fig. 12 which avoids the planetary
gearbox and first motor in favor of a "clutch motor MG3"

which includes first and second rotors that function as an
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electromagnetic coupling (col. 18, lines 43 - 56). A
series hybrid version, in which the engine never transmits

torque directly to the wheels, is shown in Fig. 13.

Japanese patent Application Publication 11-122712
(Morita et al) (provided with partial noncertified
translation) shows a hybrid with a traction motor and
engine propelling the vehicle; a second motor drives the
ancillaries and starts the engine (there is no suggestion
that this second motor 1is used to charge the battery), SO
the topology 1is effectively a single-motor hybrid with a
separate starter. The invention is essentially to
disengage a clutch connecting the engine and wheels upon
pbraking, so that the engine can be shut off; when braking
ends, the starter is used to motor the engine, and when
the accelerator 1is then applied fuel is supplied and the
engine started. Mode shifting is thus performed strictly
in accordance with the operation of the accelerator and

brake pedals.

Japanese Patent Application Publication 11-113956
(Hisamura) (provided with partial noncertified translation)
shows a control device for a continuously variable
transmission. The slope of the road being driven on is
determined by a calculation employing the actual torque
peing supplied and the vehicle speed and acceleration. The
wflatland" required torque is calculated and compared to
the actual torque, tO determine the slope of the road, and

the transmission ratio adjusted accordingly.

Japanese Unexamined Patent publication 11-82260

(Tsuzuki et al) (supplied without translation) - Topology
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includes engine, firsﬁ clutch, motor/generator, second
clutch, and automatic transmission, and wheels, in that
order. In order to reduce shock upon engine starting, the
second clutch 1is opened and left open until the engine and
motor/generator are synchronized. This would be completely
useless, since power flow to the wheels would be
interrupted, seriously impacting drivability. Moreover,
this would occur under acceleration, just when it would be

most annoying and possibly even unsafe.

Japanese Unexamined Patent publication 11-82261
(Tsuzuki et al) (supplied without translation) is closely
related to the above Tsuzuki patent application. According
to notes provided by our searcher, this simply adds the
idea of providing a starter on the engine. This would

suffer the same drivability problem.

According to our German searcher, German applications
198 38 853, 102 60 435, and 198 14 402, (all supplied
without translations) describe methods for starting the

engines of single motor hybrids.

Fiala US patent 4,411,171 shows a single-motor hybrid
wherein the engine is connected through a first clutch to
one side of a flywheel; a second clutch on the other side
of the flywheel allows the flywheel to be locked to the
output shaft, for direct drive, or to serve as the sun gear
of a planetary gearbox. The planet carrier is connected to
the output shaft, and the ring gear to a single
motor/generator. The flywheel can also be locked, which
provides an electric-car mode. The vehicle must be stopped

to allow starting of the engine (col. 3, line 55), soO
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clearly the vehicle must be operated in distinct low speed
(electric car) and high-speed hybrid modes. The engine
is to be used to start the vehicle from a standing stop by
using some of the engine's torque to drive the
motor/generator, i.e., the motor/generator acts as a brake
(col. 5, lines 1 - 7), with the planetary gearbox thus

decoupling the engine from the output shaft.

Maeda U.S. patent 3,620,323 shows a hybrid vehicle in
which the engine is intended to be operated at full
throttle at all times; see the abstract, col. 1, lines 37

- 38, col. 5, lines 13 - 15.

Tabata et al U. S. patent 6,317,665 is directed to
control of a lock-up clutch in a hybrid vehicle so as to
smooth transitions between operation in motor-drive and
engine-drive modes. Tabata et al patent 6,183,389 is also
directed to control of operation of lock-up clutches.
Finally, Tabata patent 5,887,670 is also directed to

smoothing transitions.

Hagiwara patent 5,565,711 is the US equivalent to a
Japanese patent document'cited against a Japanese
application claiming priority from the same basic
application as the present application. The Hagiwara
patent relates to specifics of the connection of the
individual batteries in a pattery bank. No claims are
pending in this application which are drawn to this aspect

of the invention.
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Again, the Examiner is respectfully requested to
consider these documents, and to indicate that he has done

so in the file of the application.

Respectfully bmitte
Dated: 2/17 78 '

Michael de Angell
Reg. No. , 869

60 Intrepld Lane
Jamestown, RI 02835
401-423-3190
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$/ THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of

geverinsky et al .  Examiner: David Dunn
Serial No.: 10/382,577 . Group Art Unit: 3616
Filed: March 7, 2003 : Att.Dkt.:PAICE20l.DIV

For: Hybrid Vehicles

Hon. Commissioner for Patents
P.O. Box 1450
Alexandria VA 22313-1450

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT
Sir:

The issued patents from which this application claims
priority are being asserted against an alleged infringer in
civil litigation in the United States District Court for
the Eastern District of Texas. The defendants in that case
have brought a number of new patents and other documents to
applicants' attention. New documents have also been cited
in a Complete Search Report prepared by the European Patent
Office, dated May 5, 2005 (copy enclosed) against a
European application claiming priority from the same US
applications. These newly-cited patents and other
documents thus located are listed on attached PTO-1449
forms, and are discussed below. The Examiner is
respectfully requested to consider these new documents and
to indicate that he has done so in the file of this
application, and to then re-issue the Notice of Allowance
mailed April 21, 2005.

citation of a document herein should not be
considered an admission that the disclosure thereof is

indeed relevant to the invention defined by the claims, nor
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that the document thus made of record is indeed effective
as prior art under 35 USC 102.

Tt is respectfully submitted that although this
statement is being filed after issue of a Notice of
Allowance, it is timely under 37 CFR 1.97 (e). The fee of
$180.00 (per 37 CFR 1.17(p)) 1is enclosed.

1t is respectfully submitted that none of the newly-
cited patents oY other documents made of record hereby
disclose or suggest the invention claimed herein. Early
and favorable action on the merits of the application -
specifically, igssue of the patent, the Issue Fee having
been paid concurrently with submission of this Statement -

is earnestly solicited.

Respectfully submitted,

L) —

Dated: 4/30 (_75/ Michael de Angeli

Reg. No. 27,869

60 Intrepid Lane
Jamestown, RI 02835
401-423-3190
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
e the Patent Application of

Examiner: N/A

Serial No.: 09/822,866 Group Art Unit: 3619

Filed: April 2, 2001 Att. Dkt.: PAICE201

ee oo 08 00 08 00 se o0

For: Hybrid Vehicles

" Hon. Commissioner of Patents and Trademarks
Washington, DC 20231 :

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Dear Sir:

Listed on attached PTO-1449 forms are a nunber of new
patents discovered after filing of the above application.

Ccopies of the listed patents are enclosed. The Examiner is
respectfully requested to consider these patents with respect to
the claims of this application.

The relevance of the newly-listed patents may be summarized
as follows:

US patent 6,307,276 to Bader shows a hybrid drive system
comprising an engine, a traction motor coupled to the
countershaft of a multispeed transmission, and a controller which
determines a running average value for the vehicle's "required
driving torque". The engine output power is then varied as the
average required power changes. The specification and claims
give examples of 15 and 50 seconds as the time period over which
the average is calculated, and it is made clear that the engine
power is varied accordingly slowly. Where the engine power is
insufficient to satisfy the instantaneous torque requirement, the
battery is used to supply power to a traction motor; conversely,
when the engine is producing more power than is needed, the
excess is used to charge the batteries.

Insofar as Fig. 2 of Bader suggests that the "required
driving torque" can be negative (for example, a negative torque
can be considered to be applied to the motor/generator(s) by the

kinetic energy of the vehicle, i.e., under deceleration or
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descents, for regenerative braking), this parameter might be
misunderstood to be generally comparable to the "road load"
parameter, which is analyzed by the present system to make its
mode switching determinations, as illustrated by Figs. 6, 7, and
9. However, Bader's "drive power P, can be calculated from the
torque M, and the rotational speed n. Col. 4, lines 21-22.
Hence the "drive power" is not in fact suggestive of applicants'
road load, since the engine output, i.e., "the torque M, at the
gear input" (col. 4, line 18), cannot be negative.

In any event, there is no suggestibn in Bader of changing
operational modes of a hybrid vehicle responsive to the value of
the "drive power P,", whether or not this is fairly equivalent to
the road load. As made explicit by the relevant claims 1 - 9 of
this application, according to an important aspect of the
invention the vehicle is operated in different modes according to
the road load (among other variables), and so that the engine is
operated only under sufficient load to make its operation
efficient. For example, when the road load is low, e.g., at low
speeds, the engine is run only as necessary to charge the
batteries. By comparison, in Bader it appears the engine is to be
run constantly, and its speed varied slowly in accordance with
the then average value of drive power. Bader thus fails to teach
an important aspect of the invention.

Nii patent 6,131,680 is directed to a hybrid vehicle wherein
an internal combustion engine and first and second motors are all
connected to one of the sun gear, the planet carrier, or the ring
gear of a planetary gearbox. Nii adjusts the relative gear
ratios according to the torque required, which is apparently
derived directly from the position of the accelerator pedal - see
col. 22, lines 27 - 30. The Nii hybrid is operated in different
modes depending on the state of charge of the battery, and the
torque required. See Fig. 9. Under certain circumstances the
planetary gearbox may be locked-up to avoid inefficiency. See,
e.g., col. 9 line 1 - 7, and Fig. 10. However, the modes shown by
Nii are not the same as those used by applicants, although there

2
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are some similarities. For example, as stated at col. 37, lines
1 - 6, and in Fig. 26, Nii sets his engine speed to idle when the
vehicle is being operated in "motor driving" (i.e., electric car)
mode; this is highly inefficient, since the engine produces no
useful power at idle. By comparison, applicants shut the engine
off completely except when it is being operated at high
efficiency.

Mikami patent 5,839,533 is discussed in the application as

" filed, but was apparently not listed on the PTO-1449 forms filed
previously; this patent is acordingly listed on the PTO-1449
filed herewith. A copy of this patent is also provided herewith.

Stemler patent 6,300,735 relates to control of planetary
gearboxes as might pe used in hybrid vehicles to control the
torque supplied by the internal combustion engien and electric
motors. Such a gearbox is not a feature per se of the invention
described by the claims of the present application.

vanase et al patent 6,318,487 shows a scheme for braking a
hybrid vehicle when the battery is fully charged, so that
regenerative braking would be inappropriate, and whereby friction
braking is avoided; specifically, the engine is motored, so that -
energy is consumed by compressing air in the engine. This is not
a feature of the invention defined by the claims of this
application. 4

Deguchi et al patent 6,278,915 shows a control system for a
hybrid comprising a continuously-variable transmission, wherein
the transmission ratio is set responsive to target values for the
driving torque, the generated electrical power, and the engine
speed. Such a transmission is not found in the system defined by
the claims of this application, and the control scheme described
by this patent is irrelevant to the present claims.

Deguchi et al patent 6,190,282 relates to controlling the
engine, motor, and clutch of a hybrid so as to avoid shock to the
passengers upon clutch engagement. This is not relevant to the
claims of the present application. A similar Deguchi et al
patent, 5,993,351, was made of record previously.

3
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Obayashi et al patent 6,232,733 appears to be a further
development of the invention described in Egami patents 5,789,881
and 6,018,694, previously made of record. All three of these
patents relate to operating the electric motors of a hybrid to
reduce vibration when the engine is started. This is not a
feature of the claims of this application.

Friedmann et al patent 5,788,004 shows a control system for
hybrid vehicles wherein the overall system efficiency is
continuously optimized py adjustment of the operational
parameters of the various system components.

Kashiwase patent 6,146,302 shows a drive system for a hybrid
wherein an engine and first motor are connected to the ring gear
of a planetary gearbox, a second motor is connected to its planet
carrier, a transmission is connected between the planet carrier
and the road wheels of the vehicle, and clutches are provided to
engage two of the sun gear, planet carrier and ring gear. No such
planetary gearbox is required by the system of the invention.

Frank patent 6,116,363 is stated to be a continuation-in-
part of patent 5,842,534, already made of record and disucssed in
this application as filed. Both of these Frank patents disclose
a braking system for a hybrid vehicle wherein the first 30% of
pedal travel initiates regenerative praking, while the latter 70%
of pedal travel initiates mechanical praking. See also Frank
patent 6,054,844, already of record, which limits the braking
torque to be provided by regenerative braking as a function of
vehicle speed.

Maeda et al patent 6,074,321 shows a transaxle for a hybrid
vehicle having a specific construction that is not particularly
relevant to any of the claims of this application.

Moroto reissue patent Re. 36,678 is a reissue of patent
5,513,719, already of record.

Finally, Severinsky et al patent 6,338,391 has recently
issued on application serial No. 09/392,743, that is, is one of

the parent applications.
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An early and favorable action on the merits of the
application is earnestly solicited.

Respectfully submitted,

A I4

Dated Michael Ae Angéfi -
Reg. No. 27,869
60 Intrepid Lane
Jamestown, RI 02835
 401-423-3190
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E UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of

severinsky et al . Examiner: David Dunn
Serial No.: 09/822,866 . Group Art Unit: 3616
Filed: April 2, 2001 . Att. Dkt.: PAICE201

For: Hybrid Vehicles

Hon. Commissioner of Patents and Trademarks
Washington, DC 20231

SECOND SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Dear Sir:
Listed on accompanying PTO- 1449 form(s) are a number of

additional patents that may be considered relevant by the
Examiner to the claims of this application. These patents were
identified in supplemental searching conducted after the filing
of the application. Copies of the newly-cited documents are
provided herewith. The examiner is respectfully requested to
consider these documents in connection with the patentablllty of
the claims of this application. citation of these documents
should not be construed to admit they are necessarily statutory
prior art effective against this application.

The relevance of the documents thus cited is as follows:

Goehring et al patent 6, 394,209 discloses a hybrid vehicle
in which the internal combustion engine ig stated to be operated
only at or near full load. To thus operate the engine of the
vehicle of the invention is an object of the invention, and a
iimitation to that effect is present in claim 1 of the
application as amended. However, the Goehring reference refers
only to a serial hybrid, and therefore does not teach a hybrid
vehicle operated in different modes responsive to the road load,
as also required by claim 1.

Tabata et al patent 6,081,042, to be candid, is extrememly
difficult to comprehend. Tt does appear that Tabata shows a

hybrid vehicle which can pbe driven by a motor/generator, an
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engine, Or both, the operation mode to be chosen based on "the
currently required output PA" and the battery state of charge.
gee Fig. 6 and cols. 17 - 20. Insofar as understood, the wvalue
Pd is not the same thing as applicants' instantaneous torgue
regquirement Or road load RL. pd is defined as "an output of the
hybrid drive gystem 210 required to drive the vehicle against a
running resistance. This currently required output Pd is
calculated according to a predetermined data map oOr equation, on
the basis of the operation amount 6pc of the accelerator pedal, a
rate of change of this value Opc, running gpeed of the vehicle
(speed N, of the output shaft 19) or the currently established
operating position of the automatic transmission." Col. 18,

lines 34 - 42.

Another Tabata patent, 5982, 045, is directed to control of
mode shifting in a hybrid such that transmission ratios or torque
distribution ratio changes are prevented from occurring
concurrently with mode shifting, the goal evidently being to
smooth mode shifting. No disclosure of control of mode shifting
responsive to a guantity comparable to applicants' road load is

apparent.
Lawrie et al patent 5,993,350 discloses an "gutomated manual

transmission clutch controller" which purports to combine the
advantages of conventional automatic and manual transmissions.
Mode shifting is evidently carried out responsive to any O
several of various “information..includ[ing] vehicle speed, RPM
or the 1like.. [or] other vehicle condition signals". Col. 8,
lines 37 - 49. The disclosures of three further Lawrie and
Lawrie et al patents, 6,006,620, 6,019,698, and 5,797,257 appear
to be essentially identical.

Nagano et al patent 6,059,064 shows a hybrid vehicle and

appears to be directed to improvements in the braking system

employed; these include using a prime mover (e.g., an electric
motor) on one axle and another, €.9-. an IC engine on another
axle. Hill-holding is also addressed, as is anti-lock. The

improvements in brake "feel" addressed in the present application

do not appear to be discussed by Nagano.
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ectfully urged to consider these patents

The Examiner is resp
and to

in connection with examination of this application,

indicate that he has done so in the file of the case.

Respectfully gsubmitted,

‘?/1{/(;» W&ﬂ&\/

Dated Michael de Angeli
Reg. No. 27,869

60 Intrepid Lane

Jamestown, RI 02835

401-423-3190
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Severinsky et al . Examiner: David Dunn
Serial No.: 09/822,866 : Group Art Unit: 3616
Filed: April 2, 2001 : Att. Dkt.: PAICE201

For: Hybrid Vehicles

Hon. Commissioner of Patents and Trademarks
Washington, DC 20231

THIRD SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Dear Sir:

Listed on accompanying PTO-1449 form(s) are five Japanese
patent publications that may be considered relevant by the
Examiner to the claims of this application. These publications
“were cited by the Japanese Patent Office in an office action
dated September 2, 2002 in connection with prosecution of a
Japanese patent application corresponding to the parent US
applications, Ser. No. 09/264,817, now patent 6,209,672, and Ser.
No. 09/392,743, now patent 6,338,391. A copy of a translation of
this Japanese office action is attached, and copies of the newly-
cited documents are provided herewith marked (1) - (5), in
accordance with the Japanese Examiner's usage; copies of
uncertified, partial translations of references 1 and 4 are also
provided. The Examiner is respectfully requested to consider
these documents in connection with the patentability‘of the

claims of this application.
The relevance of the documents thus cited is as follows:

Japanese utility model registration 63-82283, published as
"laid-open No. 2-7702", which was referred to in the Japanese
office action as Reference 1 (a partial noncertified translation
also being supplied), shows a hybrid vehicle comprising an
internal combustion engine, an electric "traction" motor for

providing additional torque to the wheels of the vehicle, and a

1
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second electric motor that can be operated to also supply
additional torgue to the wheels or operate as a generator to
charge the battery during braking or hill descent. Typically,
such hybrids are operated in different modes depending on whether
the vehicle is sitting at a traffic light, accelerating, cruising
on the highway, and so on. The same is true of the vehicle of
the present invention.

In order that the hybrid vehicle can be made commercially
acceptable, it 1is important that the "mode switching" decisions
be made by a microprocessor or the like instead of the driver.
various references teach making this decision in different ways.
Reference 1 does not address this question. Commonly, as in
Japanese published application 06-080048, cited by the Japanese
patent office as Reference 3 (which corresponds to US patent
5,697,466, already of record), the decision is made based on the
degree to which the driver has depressed the accelerator pedal.
By comparison, according to the present invention, as discussed
extensively in the earlier prosecution of this and the parent
applications, the mode switching decision is made based on the
vehicle's instantaneous torque requirement oOr "road load" RL.

As previously, it is important to emphasize exactly what the
terms "road load" RL means as used in the present claims, to
distinguish over the art. "Road load" is a somewhat subtle
concept, since during many phases of vehicle operation the road
load gquantitatively resembles, for example, the operator's foot
pressure on the accelerator pedal, or simply the engine output
power. However, the road load as used herein is neither of
these. "Road load" as used herein is simply that amount of
torque that must be supplied to the vehicle wheels in order to
carry out the operator's current command .

Note that "road load" as thus defined can be positive, as
during highway cruising, "highly" positive, as during
acceleration or hill-climbing, negative, as during hill descent,

and "heavily" negative, as during braking. Figs. 7 and 13 show
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this clearly, and it is explained in the specification of the
application as well. The flowchart of Fig. 9 illustrates
precisely how the mode switching decisions are made responsive to
road load (with an additional variation possible based on the
battery state of charge.)

The fact that according to the present invention the mode
switching decisions are made responsive to road load, a gquantity
which can be positive or negative, distinguishes this invention
from all prior art of which we are aware. It will be appreciated
that making all of the mode switching decisions based essentially
on monitoring this single variable (with subsidiary attention to
the battery state of charge, as below) greatly simplifies the
decision-making process, as compared, for example, to a system in
which the operator's foot pressure on the throttle and brake
pedals must be continually monitored.

The new references made of record hereby does not show this
invention. Reference 1 does show a hybrid vehicle having
components arranged comparably to those recited in claim 1, but
there is no mention of the manner in which the mode-switching
determinations are made. The Japanese Examiner made the comment
that "the vehicle is operated in a plurality of operating modes
in response to states of operation such as a load of the vehicle
and the like", apparently based on the description in reference 1
of vehicle operation in different modes depending on the driving
conditions. However, we find nothing in reference 1 that
suggests mode switching based on road load as defined above.

None of the other references cited by the Japanese Examiner
and made of record hereby (nor any of those previously made of
record, of course) supply this deficiency of Reference 1. The
Japanese Examiner cited published application 06-144020 (referred
to as reference 2) against claim 1, for showing that the first
motor also starts the engine, and cited reference 3 against claim
2, for showing that the state of charge of the battery can be

considered in mode switching.
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More specifically, in his remarks concerning claim 4, the
Japanese Examiner asserted that reference 3 describes mode
switching responsive to "road load (a press down amount of an
accelerator pedal) (see [Fig. 3]) or the like". As above, "road
load" as used in this application is something quite different
than the degree to which the accelerator pedal is pressed down;
for example, the latter cannot be negative, and road load as used
herein can decidedly be negative. We have reviewed US patent
5,697,466 (which corresponds to Reference 3) in detail and it
shows nothing comparable to mode switching based on road load as
used in this application.

Claims 8 and 9 of this application are directed to the
nturbocharger-on-demand" concept, which was an important aspect
of the invention in parent application Ser. No. 09/392,743, now
patent 6,338,391. Claims 15 - 20 of the Japanese application
recite this concept, i.e., that of a turbocharger that is
operated only when the road load exceeds a predetermined value
for more than a minimum period of time. That is, the
turbocharger is not operated continually, as in the usual prior
art vehicles, but is only operated when needed, i.e., when road
load exceeds the engine's normally aspirated toxrque capabilities
(i.e., RL > MTO); moreover, the turbocharger is operated only
when RL > MTO for more than some predetermined period of time T.
This is an extremely powerful concept, and one which is only
applicable to a hybrid vehicle. Providing the turbocharger on
demand allows the engine to provide additional torgue when
needed, but to operate as a smaller, more efficient engine at
other times.

More specifically, in a conventional turbocharged vehicle
the turbocharger is spinning constantly, so that a turbine driven
by the exhaust flow drives a compressor forcing air into the
engine. The main problem with turbochargers as thus used is poor
throttle response or "turbo lag", that is, a substantial time

delay between the driver calling for more power by pressing on
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the accelerator pedal and the engine's response. While some
progress has been made, mostly by use of smaller turbochargers,
this problem is inevitable to some degree, since it takes some
time for the turbocharger to "spool up" to its full speed.

The Japanese Examiner cited Japanese published application
55-069724 as reference 4; as noted, a partial noncertified
translation of this reference is also provided. Reference 4 shows
a turbocharger which is operated on demand, in response to a
"lgad detecting means"; this is the first reference we have seen
showing this concept. There is no suggestion of use of this
turbocharger in a hybrid vehicle. A conventional (i.e., non-
hybrid) vehicle fitted with a turbocharger of this type would
have extremely poor throttle response if used to provide
additional power for passing (i.e., overtaking) or hillclimbing;
the "turbo lag" inherent in operation of a turbocharger starting
from zero rpm would be on the order of tens of seconds, which
would be totally unacceptable for a consumer vehicle. Possibly
such a system would be useful in heavy truck operation or the
like, where the load will vary significantly depending on whether
the truck was loaded or not; in that case, the operator could be
the "load detecting means", i.e., could throw a switch when he
knew high power would be needed for an extended period of time.

By comparison, a turbocharger can be employed "on demand" in
a hybrid vehicle according to the invention without poor throttle
response caused by turbo lag, and without requiring any
intervention by the operator. This is simply because the
traction motor can be used to supply the vehicle's torque
requirements in excess of MTO. Thus, when RL > MTO, the traction
motor provides the additional torgue required. If RL > MTO for
longer than T, the turbocharger is activated and begins to spin.
When it is up to operating speed, the traction motor can be
deactivated. All this is shown clearly by Fig. 13, and would not
be possible simply given the turbocharger-on-demand of Reference

4 in a conventional, non-hybrid vehicle. By comparison, in the
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present vehicle, at no point are the vehicle's torque
requirements not met; therefore there is no "turbo lag".

It is apparent that this advantage can only be achieved by
use of a turbocharger on demand in a hybrid vehicle. No
combination of references can fairly be said to make this
obvious. Specifically, the Japanese Examiner's comment as to
claim 17, "it is a usual matter to control a turbocharger in
response to a road load or the like" is not correct, for several
reasons: no reference shows taking any kind of control action in
response to road load as claimed; no reference suggests combining
the turbocharger on demand of Reference 4 with a hybrid vehicle;
and certainly no reference suggests the complete elimination of
the turbo lag problem thus achieved, while at the same time the
vehicle's useful load range is greatly broadened.

Finally, Japanese published application 04-274926 (Reference

5) was cited for a showing of preheating a catalyst before
starting the associated engine, which is not a feature of the
present claims.

The Examiner is respectfully urged to consider these patents
in connection with examination of this application, and to

indicate that he has done so in the file of the case.

Respectfully submitted,

Lo, 2p, 2002 W

Dated Michael MAe Angeli
Reg. No. 27,869
60 Intrepid Lane
Jamestown, RI 02835
401-423-3190
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UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of

severinsky et al : Examiﬁer: N/A
gerial No.: N/A . Group Art Unit: N/A
Filed: Herewith : Att. Dkt.: PAICEZOl.DIV

For: HYBRID VEHICLES

Hon. Commisgsioner of Patents and Trademarks
washington, DC 20231

INFORMATION DISCLOSURE STATEMENT

Dear Sir: .

This application ig a divisional of ser. No. 09/822,866.
Incorporated herein by this reference are the original and three
suppleméntal Information'Disclosure statements filed in the
parent, copies of which are enclosed herewith. These, together
with an Examiner's Notice of References Ccited, a copy ©of which is
also enclosed, collectively list all of the art deemed relevant
to the claims of the application. Copies of the references were
provided in the parent OTY in the applications from which it in
turn claimed priority and thus are not being provided herewith.
The Examiner is requested toO indicate that all of the art thus
1isted has been congidered.

Early and favorable action on the merits is earnestly

golicited.

Respectfully submitted,

pated | vichael de Angeli
‘ Reg. No. 27,869
60 Intrepid Lane
Jamestown, RI 02835
401-423-3190
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Ny %0 STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of
severinsky et al Examiner: N/A
Serial No.: 09/822,866 Group Art Unit: N/A

Filed: April 2, 2001 Att. Dkt.: PAICE201

ee 66 60 o o o o0 00

For: Hybrid vehicles

Hon. Commissioner of Patents and Trademarks
washington, DC 20231

INFORMATION DISCLOSURE STATEMENT

Dear Sir:

Listed on attached pTO-1449 forms are the jssued patents and
literature references considered to be most relevant to the
patentability of the claims of this application. copies of the
patents l1isted on page 15 of the PTO-1449 are attached for the
convenience of the Examiner, as is a copy of German patent
1,905,641, with uncertified translation. Copies of the other
1isted references were provided to the Examiner in connection
with one or both of patent applications 09/264,817 and
09/392,743, so additional copies are not being submitted
herewith.

comments on the relevance of the new references which are
material to the claims of this continuation-in-part per se are
found in the application as filed, while the comments on these
references found in the prosecution files of the two parent
applications are also incorporated by reference herein.

Early and favorable action on the merits is earnestly

solicited.
Regpe subnitted,
j//Z////
Dated 4 Michaél de Angelfa
Reg. No. 27,869
Suite 330

1901 Research Blvd.
Rockville, MD 20850
(301) 217-9585
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This Page is Inserted by IFW Indexing and Scanning
Operations and is not part of the Official Record.
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Defective images within this document are accurate representations of the original
documents submitted by the applicant.
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U FADED TEXT OR DRAWING
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L) GRAY SCALE DOCUMENTS
(] LINES OR MARKS ON ORIGINAL DOCUMENT
(J REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY

] OTHER:

IMAGES ARE BEST AVAILABLE COPY.
As rescanning these documents will not correct the image

problems checked, please do not report these problems to
the IFW Image Problem Mailbox.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

l EXAMINER ]
7590 07/11/2006

Michael de Angeli DUNN, DAVID R

60 Intrepid Lane | ART UNIT I PAPER NUMBER |

Jamestown, RI1 02835 3616

DATE MAILED: 07/11/2006
| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. I CONFIRMATION NO. J
10/382,577 03/07/2003 Alex J. Severinsky PAICE201.DIV 9389

TITLE OF INVENTION: HYBRID VEHICLES

| APPLN. TYPE ] SMALL ENTITY I ISSUE FEE DUE |PUBLlCATION FEE DUE IPREV. PAID ISSUE FEE l TOTAL FEE(S) DUE l DATE DUE

nonprovisional NO $1400 $0 $1400 $1400 10/11/2006

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.

THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

if the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

111 All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents

P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if requiljed{’. Blocks 1 through S should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

maintenance fee notifications.
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the
' Fee(s) Transmittal. This certificate cannot be used for any other accompanying
ﬁapcr:& Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

7590 07/11/2006
R . Certificate of Mailing or Transmission
Michael de Angeli I hereb: cenig that this Fee&g;f) Transmittal is being deposited with the United
60 Intrepid L States Postal Service with sufficient postage for first class mail in an envelope
ntrepi ane addressed to the Mail Stog ISSUE FEE address above, or bemF facsimile
Jamestown, RI 02835 transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. I FILING DATE I FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. I CONFIRMATION NO. I
10/382,577 03/07/2003 : Alex J. Severinsky PAICE201.DIV 9389
TITLE OF INVENTION: HYBRID VEHICLES
I APPLN. TYPE SMALL ENTITY l ISSUE FEE DUE | PUBLICATION FEE DUE lPREV. PAID ISSUE FEE | TOTAL FEE(S) DUE I DATE DUE I
nonprovisional NO $1400 $0 $1400 $1400 10/11/2006
I EXAMINER I ART UNIT | CLASS-SUBCLASS J
DUNN, DAVID R 3616 180-065100
1. Chanfe of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). (1) the names of up to 3 registered patent attorneys 1
(3 Change of correspondence address (or Change of Correspondence or agents OR, altematively,
Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2
(1 "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to

PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.
. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an ass}gnee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

W

Please check the appropriate assignee category or categories (will not be printed on the patent) : O Individual O Corporation or other private group entity (] Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
U issue Fee ) O A check is enclosed.
{J Publication Fee (No small entity discount permitted) a Payment by credit card. Form PTO-2038 is attached.
J Advance Order - #of Copies {J The Director is hereby authorized to charge the required fccEs), any deficiency, or credit artly
overpayment, to Deposit Account Number enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
a Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Ov. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)}(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is rtﬁlqired to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparning, an

submutting the completed application form to the USPTO. Time will vary de gndmg upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S, Department of Commerce, P.O.
Box 1450, Alexandna, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,

Alexandria, Virginia 22313-1450.
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O.Box 1450
Alexandria, Virginia 22313-1450
WWWw.uspto.gov

I APPLICATION NO. l FILING DATE I FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. | CONFIRMATION NO, —l
10/382,577 03/07/2003 Alex J. Severinsky PAICE201.D1V 9389
R
7500 071112006 I EXAMINE I
Michael de Angeli DUNN, DAVID R
60 Intrepid Lane | ART UNIT r PAPER NUMBER _I
Jamestown, RI 02835 3616

DATE MAILED: 07/11/2006

Determination of Patent Term Adjustment under 35 U._S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 263 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 263 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or
(571)-272-4200.

Page 3 of 3
PTOL-85 (Rev. 07/06) Approved for use t?roigzh %4/ 0/2007.

Page 1213 o FORD EXHIBIT 1002



Application No. Applicant(s)
. . 10/382,577 SEVERINSKY ET AL.
Notice of Allowability Examiner Art Unit
David Dunn 3616

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If notincluded
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to RCE filed1/19/2006.

2. [X] The allowed claim(s) is/are 82-122.

3. [[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)(d Al b)[dJ Some* c¢)[JNone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No. __
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Centified copies not received: _
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will resuit in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [[] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) (1 including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) (J hereto or 2) [ to Paper No./Mail Date

(b) (1 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [ ] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [J Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application (PTO-152)
2. [[] Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [ Interview Summary (PTO-413),
/ Paper No./Mail Date .
3. X Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. [ Examiner's Amendment/Comment
Paper No./Mail Date 3/28/067 1/19/06~
4. [J Examiner's Comment Regarding Requirement for Deposit 8. [] Examiner's Statement of Reasons for Allowance
of Biological Material
9. [J Other .
avid Dunn
Primary Examiner
Art Unit: 3616
U.S. Patent and Trademark Office
PTOL-37 (Rev. 7-05) Notice of Allowability Part of Paper No./Mail Date 20060707
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MAR 2 8 2006

{maped T PAICE201.DIVimem ™ 10/382,577
INFORMATION DISCLOSURE CITATION
IN AN APPLICATION frorien Severinsky et al
E‘x::m 3/1/2003 r;uov) Arr Unit 3 616
8. EAIENT DOCUMENIS
ety DOCINENT NOMBER oATE e CLASS|SUBCLAS| FiLing Date
DD |5:3}7i114i{1:2]12/1994 Iwashita
DD ]5i4]1i{2]2:i5:1|5/1995 Furutani
DD |5:9]9i3]1i6i9[11/1999 Adachi et al
DD 16i0f0i7|4i5i1]12/1999 [Matsui et al
DD 16:0[3i2]7:5i3|3/2000 Yamazaki et al
DD |gi1]|5i5]3i6i4[12/2000 Nagano et al
DD [si5|3i9|3i1i8[7/1996 Sasaki
D [s:g)giofoisiofios1997 Kawai et al
DD 15i9]16:4]3i0i9[10/1999  [Kimura et al
DD lsigfsi3|aioi6|3/1999 lEsaki et al
DD f5igfpis|[3i6i0|5/1999 Ukita
TS OIS T T2/ 2000 [Tabata ef al previoy
cited
DOCUMENT NUMBER DATE Emmw CLASS | SUBCLASS TRANSLATION
YES NO
OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc)
D Trial and deposition transcripts of witnesses relied upon to assert inval-
idity of parent patents in Civil Docket No. 2:04-CV~211-DF (E.D. Texas)
. Claim construction order entered September 28, 2005 in Civil Docket No.
DD 2:04-CV-211-DF (E.D. Texas)
DD Toyota Hybrid System, Toyota Press Information, Tokyo, 1997
- DD Prius Hybrid EV, Toyota brochure, undated
[INER /David Dunn/ [”‘“ CONSIDERED 07/07/20086

INER: Initial if citation considered, whether or not citstion is in conformance with MPEP §609; Draw line through citstion it not in

IEonfomance and not considered. Include copy of thia foro with next comzunication to the applicant.

sly
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PoCST  pAICE201. DIVimmss ™™  10/382,577
INFORMATION DISCLOSURE CITATION{——
IN AN APPLICATION Severinsky et al
Pawge /772003 I‘”‘"’ T 361
S. PATENT DROCUMENTS
Ewanen DOCUMENT NUMBER BATE NANE CLASS|SUBCLAS| FILING DatE
DD |5i2]5i3]9i2i9/10/1993  [ohori
pp |5i3]|2i6|1i5i8[71/1994 Ohori
DD |5iq|7i6]1i{5i1/12/1995  [Tsuchida et al
DD |5i5|6i9|9i9i5/10/1996  |Kusaka et al
DD |s5i6]|3i7|9i7i7]6/1997 Saito et al
DD Isi7f{gig]oi3is[g/1998 Suga_et al
DD |s5:8]9i5]1:0:i0[4/1999 Ito et al
DD |sigfsii]1i1i5/9/1999 Sakai et al
DD |5:9]7i3]4i6i3/10/1999  lokuda et al
DD |6i0]5i3}8i{4:i1j4/2000 Koide et al
DD |5:9]2i9]|5i9i4|7/1999 Nonobe et al
DD |5 :9]2i4]3i9i5|7/1999 Moriya et al
DOCUMENT NUMBER DATE COUNTRY CLASS | SUBCLASS TRANSLATION
ves | wo
DD lo|1f3]|6}0|5]5/03.04.85 [|[European Patent Office

OTHER DOCUMENTS {Including Author, Title, Date, Pertinent Pages, Etc)

DD Miller et al, “Starter-Alternator for Hybrid Electric Vehicle..” (1996)

DD Johnston et al, “The Design and Development of the (UC Davis]..” (No date)

DD Johnston et al, “The Design and Development of the [UC Davis]..” (1997)

DD Nlexander et al, “A Mid-Sized Sedan Designed for High Fuel...” (No date)
DD “PRIUS New Car Features”, (Toyota manual) (1998)
DD TRW Systems Group, “Analysis and Advanced Design Study...” (1971)

S— /David Dunn/ Joars constoenen 07/07/2006

nformance and not considered. Include copy of this form with next communication to the spplicant.

EM!NER: Initial if citation considered, whether or not citation is in conformance with NPEP §609; Draw line through citatioen if not in
O
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oo PAICE201.DIVhuees 10/382,577
INFORMATION DISCLOSURE CITATION A
IN AN APPLICATION Severinsky et al
g:::m 3/7/2003 ROUP ART UNiY 361
3. PATENT DOCUMENIS .
mx":: DOCIMENT NUMBER PATE NAKE CLASS|SUBCLAS| FILING DATE
DD 4:6)4i618i9:i6]3/1987 Hammond et al
DOCUMENT NUMBER DATE COUNTRY CLASS | SUBCLASS TRANSLATION
YES NO
pp |o|7]6]9]4]0]3[23.4.1997 |European Patent Office
oo |7]1{7]2]1|9]6|29.9.1994 [apan A
DD Jgf1f7]o]5[3|3[0.5.1996 |Japan abst
oo |s|3{1|9)21|1]of5.19.1992 [sapan “‘!”‘\'-
b |3|2|7]3]|9]3[3]12.5.1991 lsapan abst
OTHER DOCMNTS {Including Author, Title, Date, Pertinent Pages, Etc)
DD Gelb, “An Electromechanical Transmission for Hybrid Vehicle...” (1971)
DD Hirose et al, “The New High Expansion Ratio Engine...” (1997)
DD Hong, “Toyota’s Hybrid Program”, Road & Track, August 1997
DD Law, “Toyota Tech”, Car & Driver, RAugust 1997
bD “Dual-Engine Fuel Saver”, Popular Mechanics; July 1997
DD “Toyota Launches Break-Through Hybrid EV”, Motor Trend, September 1997
[EAHINER /David Dunn/ Joare canswommzo 97/07/2006

nformance and not considered. Include copy of this form with next communication to the applicant.

Effﬂlﬂtn: Initisl if citation considered, whether or not citation is in conformance with MPEP §609: Draw 1ine through citation if not in
]
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POCRET A ICE201. DIVigen o 10/382,577
INFORMATION DISCLOSURE CITATIONR"uu"
IN AN APPLICATION Severinsky et al
;:.:m 3/7/2003 Grour Arr Unrt 361
__U.§. PATENT DOCUMENTS
Exam DOCUMENT NUMBER pATE i CLASS|SUBCLAS| FILING DATE
EQREIGN PATENT DOCUMENIS
DOCUMENT NUMBER DATE COUNTRY CLASS | SUBCLASS TRANSLATION
YES NO
oo |7]2]6|8le]2]2l10.17.1995 |sapan abst,
OTHBR DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Ete)
DD “Poyota touts advances in safety, emissions”, Automotive News, 4/28/97
DD w196 North Wind Performance”, undated
DD Wakefield, “History of the Electric Automobile - Hybrid Electric Vehicles’
(1998)
DD “Escort 92-94", undated
DD “Near-Term Hybrid Vehicle Program”, General Electric Company (1979)
INER /David Dunn/ F’"‘ CONSIDERED 07/07/2004

INER: Initisl if citetion considered,
onformance and not considered. Include copy of this form with next comgunication to the applicant.

whether or not citation is in conformance with MPEP $609; Draw line through citation if not in
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bwors PAICE201.DIVEwsen 10/382,577
INFORMATION DISCLOSURE CITATION T
IN AN APPLICATION Severinsky et al
;::m 3/7/2003 Grour Art Uwir 361
Pty o NUKBER pATE NRME CLASS|SUBCLAS| FiLING DatE
DOCUMENT NUMBER DATE COUNTRY CLASS | SUBCLASS TRANSLATION
YES NO
OTHER DOCUMENTS {Including Author, Title, Date, Pertinent Pages, Etc)
DD “Guidelines for Electric Vehicle Safety”, SAE J2344 (1998)
DD “Intrepid”, (undated)
DD “COE's Team Paradigm challenged to build FutureCar” (1995)
DD Butler et al, “A Versatile Computer Simulation Tool..” SAE 970198 (1997)
DD Crumbley, “Hybrid vehicle designed”, (1994)

Brokaw, “Students Pick up the Challenge”, (1997)

David Dunn/ l"m CONSIDERED p9 /07 /2006

INER: Initial if citation considered, whether or not citation is in conformance with MPEP §609; Draw line through citation if not in
onformance and not considered. Include copy of this form with next communication to the spplicant.
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oars.  PAICE201.DIVhwsen 10/382,577

INFORMATION DISCLOSURE CITATION N
IN AN APPLICATION Severinsky et al

PILING 3/1/2003 [Grour Anr Unir
ate 361

8. PAIENT DOCUMENIS
fonsiivig DOCUNENT NUMBER DATE HAHE CLASS|SUBCLAS| FiLing Date
DD |5:4|1:i2[2i9i3[5/1995 Minesawa et al
DD |s5ig|gi3|4igiaf3/1999 Akao
FOREIGN EATENT DROCUMENIS
DOCUMENT NUMBER DATE COUNTRY CLASS SUBCLASS TRANSLATION
YES NO
oo |gf2|1]4]5{9]2]s.20.1996 lyapan abs{.
DD [1]0fe6|l6]3]8]3[3.6.1998 [|sapan abst,

{Including Author, Title, Date, Pertinent Pages, Etc)

OTHER DOCUMENTS
Cuddy et al, “Analysis of the Fuel Economy Benefit...” SAE 970289 (1997)

DD

DD “Team Paradigm Shines in FutureCar Competition” (1996)

DD Takaoka et al, “Study of the Engine Optimized for Hybrid System” (undated)

DD Gelb et al, “Cost and Emission Studies of a Heat Engine/Battery..” (1972)

DD Gelb et al, “Design and Performance Characteristics...” SAE 690163 (1969)

DD “Electric/Hybrid Vehicles: Alternative Powerplants...” SAE SP-1284 (1997)4“
/[David Duon/ Jre cansozneo 07/07/2006 |

XAMINER: Initial if citstion considered, whether or not citation is in conformance with MPEP §609; Draw line through citation if not in
onformance and not considered. Include copy of this form with next communication to the appliceant.
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oS bockaT 1 0E201 . DIVERAST 107382, 577

#XAHIN'!:R

/David Dugn/

INFORMATION DISCLOSURE CITATION‘"uum
IN AN APPLICATION Severinsky et al
g:m 3/1/2003 tmm Arr Bi1T 361
8
DOCUMENT NUMBER NRME
TaiTiAL DATE cLass|suscLas| Fruine pate
DD 9{1i3|8:i4:i6]3/1909 Pieper
Wmm
DOCUMENT NUMBER DATE COUNTRY CLASS SUBCLASS TRANSLATION
YES NO
OTHER DOCUMENTS {Including Author, Title, Date, Pertinent Pages, Etc)
DD “Electric and Hybrid Vehicle Design Studies”, SAE SP-1243 (1997)
DD Gelb, “The case for Constant Speed Accessory Drives”, (1975)
DD Sasaki, “Toyota’s Newly Developed Hybrid Powertrain”, (1998)
DD “Near-Term Hybrid Vehicle Program, Phase 17, General Electric Co. (1979)
DD “Near-Term Hybrid Vehicle Program, Phase 1,'App. A.", Gen’'l Elec. (1979)
DD “Joint Feasibility Study of Hybrid Vehicle, Final Report (1982)
lnnz CONSIDERED 07/07/2006

nforuance and not considered. Include copy of this form with next communication to the applicent.

EU\NINU!: initial 1f citation consldered, whether or not citation {s in conformance with MPEP §609; Draw line through citatlion if not in
o
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MAR 2 8 2006
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boan, PAICE201.DIVimgen ' 10/382,577

INFORMATION DISCLOSURE CITATION

IN AN APPLICATION P severinsky et al
n}:;m 3/1/2003 r:mp ARt UNIT 361

Q5. PATENT DOCUMENIS

Exn DOCUMENT NUMBER DATE NAME
qun'f: CLASS|SUBCLAS| FILING DATE

EOREIGN _PAIENT DOCUMENIZ

DOCUMENT NUMBER DATE COUNTRY

CLASS | SUBCLASS TRANSLATION

YES NO

OTHER DOCMNTS {Including Author, Title, Date, Pertinent Pages, Etc)

DD North American Technology Seminar plans, April 1997
DD Hermance, THS Technical Explanation (undated)

DD “Toyota” brochure describing Prius (undated)

DD Hermance, “Toyota Hybrid System” (undated)

xnnen /David Dunn/ Jpare consioereo  07/07/2006

INER: Initisl if citation considered, whether or not citation §s in conformance with MPEP §609; Draw line through citation if not in
nformance and not considered. Include copy of this form with next communication to the applicant.
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ST PAICE201.DIViaem 10/382,577 C
INFO TION DISCLOSURE CITATION e
IN AN APPLICATION Ut ooverinsky et al JAN 1
Igﬁm 3/17200) lam-_u v seg
ey PATR TowE cmis%cms _F1LING DaTe
)4
AN / .
\ / if
\\ , /
DOCUMENT NTIMBER DATE COUNTRY cuass | stactass | rranzuATION |
TES NO l
OT% DOCUMENTS {2ncluding Author, Title, fale, Pertinant Nﬂ. Bte)
rrial and Aeposition transcripts of witnesses relied dgon to assert inval-
idity o/parent pétents in Civil Docket No. 2:04-CV-211- (E.D. Texas),
with,égcumentaxy evidence made of record therein ﬂ\\
lAaim construction order entered September 28, 2005 in Civil DoXket No.
2:04-CV~-211-DF (E.D. ‘'l'exas)
[I»'-)Q)I DATE CONS {NBRBD \
BR Init1s) 12 citation consldersd, wnather or nol citatinn i in conformance with MPEY 8609, Draw linc through citstion ijnot ia
mencoe and nol considered. Iscluda copy of Thig forn with aext cuwmaynication to the epplicast.
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Issue Classification

Application/Control No.

Applicant(s)/Patent under
Reexamination

10/382,577 SEVERINSKY ET AL.
Examiner Art Unit
David Dunn 3616
ISSUE CLASSIFICATION
ORIGINAL CROSS REFERENCE(S)
CLASS’ SUBCLASS CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
280 65.2 477 3
INTERNATIONAL CLASSIFICATION 701 54
B[6|0]|K 6/04
/
/
/
/ —t
‘ N
\\ 7/ 7/05 Total Claims Allowed: 41
(Assistant Examiner)  (Date) l A
avid R. Dunn 0G. 0G.
7,7,0 é Print Claim(s) Print Fig.
(Yegdi Iistruments Examinér)  (Date) (Primary Examiner) (Date) 1 4
IE Claims renumbered in the same order as presented by applicant | [] CPA TD. [1RrR.1.47
— © — © — © —_ © _ © — © _ ©
© £ © £ © £ ®© £ © £ ®© £ ® £
£ 2 £ 2 £ | 2 £ | 2 £ | 2 £ 2 £ | o
1 31 61 91 121 151 181
2 32 62 92 122 152 182
3 33 63 93 123 153 183
4 34 64 94 124 154 184
5 35 65 95 125 155 185
6 36 66 96 126 156 186
7 37 67 97 127 157 187
8 38 68 98 128 158 188
9 39 69 99 129 159 189
10 40 70 100 130 160 190
11 41 71 101 131 161 191
12 42 72 102 132 162 192
13 43 73 103 133 163 193
14 44 74 104 134 164 194
15 45 75 105 135 165 195
16 46 76 106 136 166 196
17 47 77 107 137 167 197
18 48 78 108 138 168 198
19 49 79 109 139 169 199
20 50 80 110 140 170 200
21 51 81 111 141 171 201
22 52 82 112 142 172 202
23 53 83 113 143 173 203
24 54 84 114 144 174 204
25 55 85 115 145 175 205
26 56 86 116 146 176 206
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29 59 89 119 149 179 209
30 60 90 120 150 180 210
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O\P E™
07/18/08
w18 L

14:18 FAX 40142331901 MICHAEL DE ANGELI Roo2 /
PART B - FEE(S) TRANSMITTAL

phd this form, together with applicable fee(s), to: Mail Mail Stop 1SSUE FEE
Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

TNSTRUCTIONS: This form siould bc wsod for tansmoting the ISSUE FEE and PUBLICATION FEE (if, u.rrcd{ - Dlocks_1 through 5 should be completed where
roprate. All further cotrespondence including Lhe Patent, %dvance orders apg potification of mmmenanc:(: ﬁ'? will be mailed to the cumrent cone%dcnce address as
. ?r?&camd unless corrected below or dirested otherwise in Block 1, by (2) specifying a new correspondence address; and/or (b) indicating a scpsrats * ADDRESS" for

maintcnance fee nolifivuiions, —
Not¢: A cerhhicate of can only be used Jor domestic mailings of the
CURRENT CORRESPONDENCE ADDRESS (Noic: Use Rlnck 1 for any changs of addross) Fenle) Trooemmsial. ‘This craRosie cmlgm e aoed Tor Ausatber oo the
s. Each additional paper, such as an assignment or formal dmwmlg. must

. ﬁ:mts own certficate of mailing or trausmission.
7590 0771172006 .
. . Certificate of Mailing or Transmission . )
Michael de Angeli I hereby certify that this ch:‘%) Transmittal ig being deposited with the Uited
60 Intrepid Lanc Statcs Postal ce with cicnt postage for first class mail ip an cnvelope
nirep addressed 1o the Mail Stop ISSUE FEE address abovo, or bein facsimie
Jamestown, R1 02835 2577 transmitted to the USPTO (571) 273-2885, on the date i ted below.
8 -
07/18/2006 HDEWESS2 00000098 040401 103 Mloha Ao pm——
(Signaturs)
01 FC:1501 1400.00 DA ]
02 FC:8001 30.00 DA : Tewy, s P, a0k (s
K v
[ APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR Y lATTORNBY DOCKET NO. | CONFIRMATION NO. J
10/382,577 03/07/2003 Alex J. Severinsky PAICE201 DIV 9389
TITLE OF INVENTION: HYBRID VEHICLES
l APPLN. TYPE | SMALL ENTITY I ISSUE FEE DUE |1-usumnou FEE DUE lmusv PAID ISSUE FEE l TOTAL FEE(S) DUE | DATE DUR ]
nonprovisional NO $1400 S0 £1400 $1400 1011172006
I EXAMINGR [ ART UNTT I CLASS-SUBCLASS I
DUNN, DAVID R 3616 180-065100

1, Chaoge of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list

CFR 1.363). 1 th . .
e names of up to 3 registered palent attorne;
0 change of corre ndc’ncc address (or Change of Correspondence gr)agcnm OR, aln:npaﬁvcly, P ¥
Address form FT0/SB/122) utlached. (2) the namc of a single firm (haviog as 8 member &
[ "Fee Address” indication (or "Fec Address™ Indication form rCgists attorney or agent) and (he pames of up to
PTO/SB/4T; Rev 03-02 or more recent) attuched. Use of w Customer 2 r;%mtcmd patent atiorngys or agents. If no name is 3
Number ix reguired. listed, no name will be printed. :

1_Michael de Angeli

2

3. ASSIGNEGE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unlcss an assiymer is identified below, 0o assignog data will appcar on the patenl. If an assignee is identificd below, the document has been filed for
recordation as set forth in 37 3.11, Complction of this form is NOT a substitute for filing an assipnment,

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
PAICE LLC : Boca Raton, Florida

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 tndividual X Corporation or other private group eofity 0 Government

4a, The following fee(s) are submitied: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
A ssue Fee [ A chioek is enclosed.
}[éll’ubliwion Fee (No small entity discounl permitted) Q Payment by credit card. Form PTO-2038 is attached.
Advance Order - # of Copi 10 B8 The Dircetor is bereby suthorized to chargg.the regqui s), any deficiency, or ¢redit an
or - ot -opies T overpaymeal, (0 Dcpgsit Account Nmnbc%bl,_?f_cﬂ wiem:lose ag extea)c;’opy of thig foym\)

5. Chunge in Entity Status (from stams indicated sbove)
{0 a. Applicant claims SMALL ENTITY status. Sce 37 CFR 1.27. T b. Applicant is no longer claiming SMALL ENTITY status. Scc 37 CFR 1.27(g)(2).
NOTE: The Issuc Fcc and Publication Fee (if required) will not be aooepgﬁd from anyong other than the applicast; a registered attorncy or agent; or the ussignee or other party in

interest as shown by the records of the United States t and Tradcmagk Otfice.

28 SV e me ﬁé [ 200¢

Typed or printed name Michael de AHQEIi Registration No. 27,869

Authorized Sigoaturc

This collection ot informatian is required b%37 CFR 1.311. The information is required to obtzin ar retain a beoeft b{ the public which is to filc (and by the USPTO o process;

an application. Confidentiality is poverned by 35 U.S.C. 122 and 37 CFR 1.14. This collcction i5 estimated 10 take 12 minutes to completz, including gatbering, preparing, an

submuiting the completed application form to the USPTO. Time will de; cndm% upon the individual casc. Any comments on the amount of time you require o camplete

this form and/or suggestions for reducing this burden, should be seat to the Cﬁie:fln ormation Officer, U.S. Patent and Trademark Oftice, U.S. Depurtment of Commeree, P.O.

Rlox l4§g, A‘f/e_xap d 32:2 \31}?',15% 32313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
exandna, Virgnm - 3 »

Under the Paperwork Redustion Act of 1995, no persons are required (o respoud to a collection of information unless it displays a v_"'d OMB countro] number.

PAGE 212* RCVD AT 711812006 2:16:04 PM [Eastern Daylight Time)* SVR:USPTO-EFXRF-2120* DNIS:2732885 * CSID:4014233191 ¢ DURATION (mmss):010¢f O COMMERCE
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14:17 FAX 4014233181 MICHAEL DE ANGELI doo1

MICHAEL M. DE ANGELI, P.C.

ATTORNEY AT LAW
S0 INTREPID LANE
JAMESTOWN, RHODE ISLAND O2835
(401) 423-3190

REGISTERED PATENT
ATTORNEY
ADMITTED TO BARS Fax: (401)423-3191
oF PA & MD g-MalL; MDEANGE@COX.NET

NOT ADMITTED IN Ri

FACSIMILE TRANSMISSION

To: Commissioner for Patents
United States Patent and Trademark Office
P.0O. Box 1450
Alexandria, VA 22313-1450

Fax Number: 571-273-2885 Date: July 18, 2006
Re: Ser. No. 10/382,571

Total Pages (including this sheet): 2

Dear S$ir:

Attached please find the completed PTOL-85 for this
application. As noted thereon, the Issue Fee and related fees were
paid previously, by a paper filed July 1, 2005, Any additional
fecs may be charged to my Deposit Account 04-0401. Please contact
me at the number above if there are questions.

Early issue of the patent is respectfully requested.

PAGE 1/2* RCVD AT 7/18/2006 2:16:04 Pl [Eastem Daylight Time] * SVR:USPTO-EFXRF-2120* DNIS:2732885 * CS1D:4014233191* DURATION (mm-ss}.01-08
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BEST AVAILABLE COPY

"ATTENTION ATTENTION ATTENTION |

W%ﬂ/ |
Method of Refund: oo
| | ACH/EFT
] Credit Card

Deposit Account # 04 - 040
vy o

| ] Treasury Check

patent/TM/App/Serial # [0, 52,579
Program Area CDWL/&W};'

Date Processed O ¥ f(«()@

ATTENTION ATTENTION _ATTENTION
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08/18/06 FRI 11:14 FAX 4014233191 MICHAEL DE ANGELI @oo2

MICHAEL M. DE ANGELI, P.C.

ATTORNEY AT LAW
S0 INTREPID LANE
JAMESTOWN, RHODE ISLAND O2835
(401) 423-3190

REGISTERED PATENT

ATTORNRY
ADMITTED TO BARS Fax: (401)423-319
oF PA & MD EMAIL: MOEANOE@COX,NET

NOT ADMITTED IN Rl

FACSIMILE TRANSMISSION

To: Att: Refund Branch
U.S. Patent and Trademark Office

P.O. Box 1450
Alexandria, VA. 22313-1450

Fax Number: 571-273-6500 Date: August 18, 2006

Re: Request for Refund to Deposit Account
Total Pages (including this sheet): S?

Dear Sir:

Attached is a copy of the most recent Statement of my Deposit
Account no. 04-0401. As indicated, my account was charged 51400
for the issue fee in Ser. No. 10/382,577, as well as $30 for ten
copies of the issued patent: a $25 service charge was aISo assessed

as these charges caused my account balance to fall below $1000.

However, the issue and copy fees in Ser. No. 10/382,577 had
been paid previously, by a paper filed July 1, 2005. (Copy
attached.) The application was subsequently withdrawn from issue,
upon petition; in granting the Petition, the Petitions Examiner
specifically noted (see enclosed Decision dated January 26, 2006)
that the issue fece could not be refunded but could be applied if
tha application was again allowed, as subsequently occurred.

The new PTOL-85 mailed July 11, 2006 (attached} specifically
noted that the issue fee had already been paid, and my cover
letter (also attached) resubmitting the new PTOL-85 specifically
noted that the issue and related fees had already been paid. I do
apologize if my having checked the Issue Fee and Advance Order

boxes under section 4a led to confusion. )
. A47455mERE ApkaecHa’Rackhass BEHERT™ yeasess
81 FC:1501 1468.88 CR

@2 FC:8881 38.08 (R

PAGE 119 RCVD AT §/1812008 11:12:20 AM [Eastern Dayfight Time] * SVR.USPTO-EFXRF 6136 * DNIS:2736500* CSID:4014233191  DURATION (rum-<s):03-40
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08/18/08 FRI 11:14 FAX 4014233191

MICHAEL DE ANGELI

@oos

>= ‘
o X3 UNITED STATES PATENT AND TRADEMARK OFFICE
O v United Stawes Patcnt and Tmdomark Offico
o P.O. Bax 1450
Alcxandria, VA 22313-1430
UJ WWW, GSPLo.gov
& MONTHLY STATEMENT OF DEPOSIT ACCOUNT
To replenish your deposit account, detach and return top portion
5 with your check. Make checks payabls to "Director of thg USPTO."
_— Aceoynt No.
<< 0koLQ1
> MICHAEL DE ANGELI, P.C. FINA Date
< MR. MICHAEL DE ANGELI 7-31-06
- 60 INTREPID LANE Page
s JAMESTOWN RI 02835 ]
w PLEASE SEND REMITTANCES TO:
(0 6] U.S. Patent and Trademerk Offlce
P.O. Box 371279
Call the Deposit Account Branch at 571-272-6600 for assistance. Pittsburgh, PA 15251-7279
OATE POSTEDR
MAO. Sav VA CONO " |iseriar, Pavens, T4, Orden DOCKET NO. - cobe s BALANGE -
TI8[06 796 10382577 _______ PAICE20T.DIV| 1501 400,00 TE3T.00
7118|086 197 10382577 PAICE201.DIV| BoO1 30.00 1601.00 | /
2506 79 1TL05TT3 —RtW—26H—20H 150-004< "
7|25]06 80 11404113 RLW-261] 2111 250.00¢7 1201.00
7125]06 81 11404113 RLW-261] 2311 100.00Y"  1101.00
7{25]06 82 11404113 RLW-261 2051 65.004”_ 1036.00
7125{06 83 11404113 RLW-261] 2251 £0.001" 976.00
7131|086 26| SERVICE CHARGE 9202 25.00 951.00
\/ - st weey
/:
ﬁ' {ﬂ%d Al
U./\-"{;'iﬂ./,-f', -
/
ol T ‘\.,.-. . N ~a
\/\J‘)l (J .G‘V',-',’.vf h f{y,‘)\l v’ﬂﬁ
{
. Z
%'Z/__‘ —
AN AMOUNT SUFFICIENT 10 GPENING BALANCE] TOTAL CHARGES | TOTAL CREDITS | CLOSING BALANCE
COVER ALL SERVICES REQUESTED
MUST ALWAYS BE ON DEPOSIT 3031.00 2080.00 0.00 951.00

PAGE 39" RCVD AT /1812006 11:12:20 A [Eastem Daylight Time] * SYR:USPTO-EFXRF 6736 * DNIS:2736500 * CSID:4014233491* DURATION fmmks5).03-{ Y ERDRAWN
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BES| AVAILABLE GOpy *

@002

08/18/08 FRI 11:14 FAX 4014233191 MICHAEL DE ANGELI

Att: Refund Branch
Page 2
August 18, 2006
65,0
Therefore, it appears that a total refund of s in
order, and such 1s earnestly solicited. Please credit tHa a@ount
If there are any dquestions,

to my deposit account no. 04-0401.
please contact me at the number above.

Very trul

Michael de Angeli

PAGE 249" RCVDPAT 811812006 11:12:20 AM [Eastern Daylight Time]  SVR.USPTO-EF XRF-4/36 * DNIS:2736500 * CSID:4014233191 * DURATION fram5):0-0
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08/18/06 FRI 11:14 FAX 4014233191 MICHAEL DE ANGELI &004

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of

Examiner: David Dunn

ee 20 te a4

Severinsgky et al

Serial No.: 10/382,577 Group Art Unit: 3616

Att. Dkt.: PAICEZ201.DIV

Filed: March 7, 2003
Confirmation No. 5936

For: Hybrid Vehicles

Mail Stop ISSUE FEE
Hon. Commissioner for Patents

P.0. Box 1450
Alexandria, VA 22313-1450

TRANSMITTAL OF ISSUE FEE

sSir:

Submitted herewith is Issue Fee Transmittal Form PTOL 85,
also enclosed is a check in the amount of $1730.00, including
$1400.00 for the Issue Fee, $300.00 for the Publication Fee and

$30.00 for 10 soft copies of the patent.
The Commissioner is hereby authorized to charge any

underpayment (or to credit overpayment) to PTO Deposit Account No.

04~0401. A duplicate copy of this sheet is attached.
Respectfully submitted,

é/]y 7s”

Dated / Michael de Angeli
Reg. No. 27,869
60 Intrepid Lane
Jamestown, RI 02835
401-423-3190

PAGE 4/9°* RCYD AT 811812006 11:12:20 AM [Eastem Daylight Time]* SVR:USPTO-EFXRF /36 * DNIS:2736500° CSID:4014233191 DURATION (mm-5s):03-10
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e ———————|
PR 4 PCIE! onTCE201. DIViwam . 10/382,577
[INFORMATION DISCLOSURE CITATIONF=r-
IN AN APPLICATION Severinsky et al
\ ,’L wwa  3/1/2003 Fmrmr!mr' 3616
umasns DOCUHENT NUKBER DATE RRG CLASS|SUBCLAS] F1ving DATE
{ ) 6:0]16:718:011|5/2000 Harada et al
Oé/ | D g4iql1i1]1i7i1or2983 riala
74
o)l\\g/“ ) |3is]2iol3iz2 3lsra 05 Maeda
L% 6ialii7leleisliasz2001  Irabata et al
DWW lei1]lsialsisisks2001 abata et al
DDIsisleis]2i1i1hos1996  hagiwara
DOCUMENT NUMBER DATE COUNTRY CLASS | SURCLASS TRANSLATTON
YRS NO
SO b {sfsals]s]3] /1995 Japan X
N5 |af2]|4]4]6]s]8los1992  lapan X
SO halolef2]2]6]13/1999  Jvapan 4 x
™) halifz|2)7]1]2l/1999  |sapan el
IND le2l1]1]3]9]s]els/2987 Japan orfod
OTHER DOCUMENTS {Including Author, Titla, Dite, Partinent Pages, Rtc]
lmw FI: CONSTOERZD )//‘/ﬂr

ormance and not considered. Include copy of this form with neat comnunication to the applicant.

Elm: Initial §f citation conaidered, whether or mot citaticn is in conformance with WPEP $609; Drav line through citation Lf not in
ont . .
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: Pt pAICE201  puans . <89/822,866 :o[%ﬂﬁ'l
- |IINFORMATION DISCLOSURE CITATION[ =~ .- —_—
) IN AN APPLICATION Severingky et al
13N Dave 0870240} Axr Usit N/A
EXARINER DOCUMENT INGBER DATE RAXE CLASS | SUBCLASS Piuimg Oars
Instial .
pU 4 gl1i9i2 4/179.
[laialoiel
al1ialpinio 11/82 lPark
] 3 1Q/82 Ccarthy
I slafaloi1iy g/8s ' c
l 9lsii 9 8/9
5:01S 3:i2 10/9 1
45%$ A 8/70 roy
6 T T ala alalalal % a0 hacanas
aiglaiglaitio 9/
3 4:7
‘ 2 ki
_Eggz 4 nd
DOCUMENT MUOGER DATE COUNTRY CLASS | SUBCLASS TRANSLATION
Vs »0

m Dows {Including Author, Title, Dste, Pertinent Pages, Bte)

D-‘Ij ‘Bulgin, “Phe Future Works, Quietly", Autoweek, Feb. 23, 1998 pp. 12-13

[E§§§:> »proyota Electric and Hybrid vehicles”, a Toyota brochure

aqasaka et al, »pevelopment of the Hybrid/Battery ECU...", SAE paper

981122, 1998, pp- 19-27

INER (\‘ )/V\r\‘\ ),/ hﬂ CONSIDBRED ¢ [ l,qio Y

YAMINER: Initial if citatlion conzideced, whethes of not citetion 15 in conformance with MPEP $609s Deaw 1ine through citation L not in
onfotpance ond not consideced. Include copy of this fors with next compunicotion to the applicant.

Page 3 of 15
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wit?o g
g S 6 of 12
Y —
= — —
oIt o 1cE201. DIV [N 10/382,577
INFORMATION DISCLOSURB CITATION
IN AN APPLICATION furicayy Severinsky et al J‘
;::u /172003 rnrmum 1616
1L S __PATENT DOCINENIS.,
B e DOCIXENT NOGSIR oare NAE
’ F D
Isma & .s_l._m.af iLIRG Date
=y s
6ioleia|ri6il|s/2000 Takahara "
JU
sis|lei2]5:6:i6[10/1996 Yang K
\ N . (a Ll o £ad 1
Jlsiz2f1i2]ei3;:15/1993 Driguchi et al | il
rB S 31 AR ER) Ly e At enet
O 5i2§8i3]/417:10}2/1994, Hadley et al
Jé ) 54061259-/—rgg; Hadley et al
W sigleiolsiaizln/r997 Schmidt
™M |si7l7i1laizisis/r998 hrsukamoto
siglaialsi7io11/1998 Tabata
) \ sig9glsir|eiri4[9/1999 Tabata
m sigl7is5l6i9i1|3/1999 Hata
—D‘) 59312718/1999 aka
DOCUXENT NIXBER OATE ) coueTRY ars | seaass | TSy
ves | %
YV | |slijols|slzpo/1s92 ropean Patent Office
1l3]e]o]sls5[3/1985 uropean Patent Office
DO {2]s]al7la]ai]ojr0/1975 Ieexman
o lsiz2lola]a]7]ola/a982 PCT/SE81/00280
v ss]1]afo]3f2]sls/1980 apan art
oon,lER DOCUMENTS (locludiog Asthor, Title, Date, Pertioeot Poges. Etc)
-—j% "piesel-Blectric VW®, Popular Science, December 1950, pP. 30.
@ vglectric Vehicles Only*®, Popular Science, May 1991, PP 76-81 and 110.. . ...
‘15\7 nLightweight, High-Bnergy Lead/Acid Battery® NASA Tech Briefs, 4/91, 22-24%.
[N < ;
pos (AN T Prosws — fesfid
l&lm: lnlunll 1f citstion considered, shetber or not cltatica is in conforemace eith P !so;: Ornw line through citation if cot fo cooformance and oot
{dered Include capy of this form ofth nest coummicatics to thw epplicant.

e
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%—ﬁ ———
ST LAICE201  faeen " 09/822866 ;o{ 3gLS 77
INFORMATION DISCLOSURE CITATION| ..y - - 5 s . . .. -
IN AN APPLICATION Severinsky et al
1w Marg 04702/ Axr UBIT N[A
?Mill: DOCUNENT MABER QATE MAMB CLASS | SUBCLASS N Oars
ot
D‘/ 4 talyigial 4779 lumminga
[laialoisls 1
311:3 0 o rk
] 3lsid 10/82 thy
j si3ialo:1:1 g/85 L
l glgiil7i6:9 alsg_hm;a_
si0ls 3i2 10121_%33331_3;Jﬂ,
3:5]2 8/70 oy
1i615:013:4:5 8772 \'4
3:913:714%12 9/
3i8 2
\ 4:014:210 ki
@ 4:5 9:4 ng
DOCUMENT NUMRBR Mlﬁnxmmw—v CLASS | SUBCLASS TRANSLATIOH
viS "
OTHER DOMS (Including Author, Title, D.;.o, Pectinent Pages, Ete)
Eﬁ) Rulgin, “The Future Works, Quietly”, Autoweek, Feb. 23, 1998 pp. 12-13

—S | [*Toyota Electric and Hybrid Vehicles", a Toyota brochure

agasaka et al, ~pevelopment of the Hybrid/Battery ECU...", SAE paper

981122, 1998, pp. 19-27

e (i‘ )/\/\(\‘\),/

lnn CONS [DERED 01 [quo S/

enfornance and not considered. lnclude copy of this form with next comzunlcation to the applicant.

lﬁmlln: toltinl if citactlion considered, whether of not citocion

is in conformance with NPGP $609) Drow line through citation 1€ not 10
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Page 3 of 15

FORD EXHIBIT 1002




4 of 12

—————————————————
]

INFORMATICN DISCLOSURE C1TATION

IN AN APPLICATION

wn PAICE201.DIV

WRLGNONAEER 6 /382,577

Pt ceverinsky et al

s Dare  3/7/2003

AT Ongt

3616

JLS_ PATENT DOCIMENTS..
RUE

ey e o auss | suscuass| Fiuine Date
) siglai7|aieigfn2/1998 Tabata
s
Dl leiafai7|sieishi/z001 [rabata (TR =
W Ly 117 D
Yeii|ais|aisisf2/2001 rabata )
U
\5 %% sial7i3laiz2i6]2/1999 Tabata 212004
. [
siol2i3|oisialr/1999 Tabata GRL) ~ Qégn
D cizlaio]aiaisfr/s2002 rabata ,"
W sig|3is]oiaiols/1999 rabata ot af,
Ol U |sis|aisfeiois|s/agss ruzuki et ol
7=
Jfo R szsaooz.s-/—zi—t Wakuta
sigloiolaiviola/1999 Woon
6i3laisl1izizhas2001  [vamada
\)@ 6i2]7islai9 5‘8/2001 amaquchi_et al
DOCUXENT MAEER DATE [+ Lt3] CQLASS SUBOLASS TRANSLATION
. : YES [
W) lals]|s]al6]2]s]s/1973 Japan artl
vDD alol2l9le]al2fs/r974 yapan "

OTHER, DOCUHENTS (loclating Authar, TiU)

o, Date, Pertisent Puges, (425

jon US 2003/0085577 of tTakaoka et al, May 8, 2003

sicared laclode cooy

of lp foro vlth nest cmmmication to \Be eplicaat.

(\\\ bublished patent applicat
4 K
= /\
a8 . M ansnm “/”"lﬂi
pER: IntcKl 1 cliation comsldared, ehether or not citstion Is in conformance sith W‘I 609: Du- loe taougd citetics §f oot lo cooforamance and not
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Severinsky et al : Ser. No. 10/382,577
Patent No.: 7,104,347 : Filed March 7, 2003
Issued: September 12, 2006 : Atty. Dkt.: PAICE—ZOl.DiV

For: Hybrid Vehicles

CHANGE OF CORRESPONDENCE ADDRESS

Hon. Commissioner for Patents
P. 0. Box 1450
Alexandria VA 22313-1450

Sir:
Effective November 15, 2011, kindly change the address for

correspondence concerning this patent to the following:

Michael de Angeli
34 Court Street
Jamestown RI 02835
Tel: 401-423-3190
Fax: 401-423-3191
Email: Mdeangeli2O@gmail.com
Thank you for your attention to this matter.

Respectfully submitted,

Dated: //Z , Michael de Angeli
Lty )1 Reg. No. 27,869
60 Intrepid Lane

Jamestown RI 02835
401-423-3190
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Case 1:14-cv-00492-WDQ Document 6 Filed 02/20/14 Page 1 0f1

AQ 120 (Rev. 08/10)
TO: Mail Stop 8 REPORT ON THE
' Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court for the District of Maryland Baltimore Division an the following

[] Trademarks or [ Patents. ( [} the patent action involves 35 US.C. § 292.);

DOCKET NO. DATE FILED U.S. DISTRICT COURT .
1:14-cv-00492-WDQ 2/19/2014 for the District of Maryland Baltimore Division

PLAINTIFF DEFENDANT

Paice LLC and The Abell Foundation, Inc. Ford Motor Company

PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 7,237,634 7/3/2007 Paice LLC and The Abell Foundation, Inc.

2 7,104,347 9/12/2006 Paice LLC and The Abell Foundation, Inc.

3 7,559,388 7/14/2009 Paice LLC and The Abell Foundation, Inc.

4 8,214,097 7/3/2012 Paice LLC and The Abell Foundation, Inc.

5 7,455,134 11/25/2008 Paice LLC and The Abell Foundation, Inc.

In the above—entitled case, the following patent(s)/ trademark(s) have been included:

DATE INCLUDED INCLUDED BY
O Amendment [1 Answer O Cross Bill [} Other Pleading
TRKSE%RN o %%Tﬁgb’gfm HOLDER OF PATENT OR TRADEMARK

]

2

3

4

s

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy te Director Copy 3—Upon termination of action, mail this copy te Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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