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Description

BACKGROUND OF THE tNVEN‘l1ON

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). \Nhen 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 to 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. Corrpared 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 INVEN'|1ON

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. .

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 shaft; engine driving
means for driving the engine; a first motor comprising a first rotor connected with the output stnft of the engine and a
second rotor connected with the drive shaft. the second rotor being coa)dal to and rotatable relative tothe 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 motordriving circuit for controlling degree of electromagnetic con-
nection of the first rotor and the second rotor in f.he 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 meansfor 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 thesecond rotor in the first motorand control-
ting 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 acconpanied 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 controlmeans 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 corrplex motor comprising afirst 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 thefirst 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 motordriving 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. whichis 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 fuei 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 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 connectied with the output shaft 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 cirwit. 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 pcwver 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 controlling
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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 theithird power. output apparatus. the driving circuit control means comprises
rneane for.-controlfing 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. lnthis structure, the power decrease signal detection means comprises meane for detecting an
engine stop signal to stop operation ofthe engine. and the engine power decreasing means comprises rneane 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 firstrotor. 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
decreasepower. output from the engine; engine power decreasing means for, when the power-decrease signal detec-
tion means detects-the_ power decrease signal, controlling the enginedriving meansin 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 andtheseoond motordriving 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 enginepower
decreasing means. ‘

Thefourth 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 outputfrom 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 integrallyjoined 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 toenable the second motor to make up for a decrease in torque among the decreasein 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 operationof 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 controlling 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 enginepa first motor comprising a first rotor connected with the oulputshaft 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 firstrotor 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 derxease the degree of electromagnetic 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 acconpanied by the decrease
in degree of electromagnetic connection; and (e) controlling 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

5 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 controlling 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

10 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 fordrivlng 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

is rotatable relative to the first rotor. whereby power is transmitted between the output shaft 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-
putshaft 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 front the engine; (c)

20 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 corrtprises the steps of: (e) controlling the
25 first motor to enable thefirst 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. '

so

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:

35 Fig; 2 is a cross sectional view illustrating detailed structures of a clinch motor 30 and an assist motor 40 included
in the power output apparatus 20 of Fig. 1;

l-"lg. 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:
40 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 flovvcharts showing essential steps of controlling the assist motor 40 executed by the controller 80;

5 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

45 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;
so -* Fig. 14 is a flowchart showing an engine stop-time torque control routine executed by the controller 80 in the sec-

ond embodiment;

‘*3 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 200 as another modification of the second embodiment.

55 DESCRIPTION OF THE PREFERRED EMBODIMENTS A

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 Hg. 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 from a
fuel injection valve 51. The airlfuel mixture is supplied into a corrbustion chamber 52 to be explosively ignited and
burned. Linear motion of a piston 54 pressed down by the explosion of.the air/fuel mixture is convened 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 cornbusts
the air/fuel mixture.

Operation of the engine 50 is controlled by an electronic control unit (hereinafter referred 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 crankshaft 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 aclutch motor 30 and an assist motor 40

(described later in detail). The drive shaft 22 further connects with a 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 mechanicallyconnected to the
crankshaft 56 of the engine 50. whereas the-inner rotor 34thereof 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 arotational angle ee of the crankshaft 56 isattached to" the crankshaft 56. ‘lhe resolver 39 may also serve
as the angle sensor 78 mounted on the distributor 60.

The assist motor 40 is alsoconstructed 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 ed 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 clutch motor 30 is mechanically linked with the rotor 42 of the assistmotor 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 innerrotcr 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 cfutch motor 30 incfudes 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 acircumferential end of
a wheel 57 set around the crankshaft 56, by means of a pressure pin 59a and a screw 59b.- 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 378. One end of the drive shaft 22 is fixed to the inner rotor 34.

A plurality of permanent magnets 35. four in this embocfiment. are attached to the inner surface of the outer rotor
32 as mentioned previously. The pemtanent nagnets 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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imer 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 clutch 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 controlled by the controller 80.

Referring back to Fig. 1. the controller 80 includes afirst driving circuit 91 for driving the clutch motor 30, a second driv-
ing circuit 92 for driving the assist motor 40, a control 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. on 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 90 receives a variety of data through the input/output port. The input data include a

rotational angle es of the crankshaft 56 of the engine 50 from the resolver 39. a rotational angle ad 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 lvc
from two ammeters 95 and 96 in the first driving cirwit 91, assist motor currents lua and Iva from two ammeters 97 and
98 in the second driving circuit 92. and a residual capacity BRM of.the battery 94 froma 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
terminalsof the battery 94 and measuring an internalresistance againstthe 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 Tr1 1 through Tr16 work-
ing as switching elements of the second drivingcircuit 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 asource and a drain with respect to a pair of

power lines P1 and P2. The three-phase coils (U.\/.VV) -36 of the clutch motor 30gare connected via the rotary trans-
former 38 to the respective contactsof 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 form a
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.\/.VlI) 44-01 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 thepower-on time of the pairedtransistors Tr11
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 current to the three-phase
coils 36 of the clutch motor 30 via the rotary transformer 38. No supply of electric current causes the outer rotor 32 of
the clutchmotor 30 to be electromagnetically disconnected from the innerrotor 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 control signal SW1 to control on and off the transistors

Tr1 through Tr6 in the first driving circuit 91, a constant electric currem is flown through the three-phase coils 36 of-the
clutch motor 30, based on the difference between the revolving 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
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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 clutdi motor 30. the control CPU 90 controls on and off the transistors Trl 1 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.50 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 at a 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 =T2 ,
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 absolute 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 90 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 thefirst 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 revolvingspeed N2 and the torque
T2. energy in the sum of regions G2 and G3- is regenerated as electric power by the assist motor 40 am! 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 94 with an excess of electrical energy or discharge the battery 94 to supple-.
ment the electrical energy. This is implemented by controlling the mechanical energy output fromthe engine 50 (that is.
the product of the torque Te and the revolving speed Ne). the electrical energy- regenerated or consumed bytheclutch
motor 30, and the electrical energy regenerated orconsumed by the-assist motor 40. The output energy-from the

engine '50 can thus be transmitted-as.power~-to the drive shaft 22 at a higher_efficiency. V .
The-torque conversion discussed above .is implemented by a torque control 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 ed 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 $101. The driver steps in the accelerator pedal
64 whenleeling insufficiency of output torque. The value of the accelerator pedal position AP accordingly corresponds
to the desired output torque (that is. torque of the drive shaft-22) which the driver requires. At subsequent step $102.
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.~ln 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 $103. 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* (of 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 theenergy sup-
plied by the engine 50 is equal to the product ofthe 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 target 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‘ satisfying 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 $106. the control CPU 90 sets a torque command value Tc‘ of the clutch motor 30. based on
the target engine torque Te‘ set at step $104. In order to keep the revolving speed Ne of the engine 50 at a substantially
constant level. it is required to make thetorque of the clutch motor 30 balance the torque of the engine 50. The process-
ing at step S106 accordingly sets the torque command value To‘ 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 8106, the program proceeds to steps
S108. S1 10. and $111 to control the clutch motor 30. the assist motor 40. and the engine 50. respectively. As a matter
of convenience. the control operations ofthe clutch motor 30, the assist motor 40, and the engine 50 are shown as sep-
arate steps In the actual procedure, however. these control operations are.canied out comprehensively. For erample.
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 50 concurrently.

The control of the clutch motor 30 (step $108 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 control routine. the comrol CPU 90 of
the controller 80 first reads a rotational angle ed of the drive shaft’ 22 from the resolver 48 at step S1 12 and a rotational
angle Be of the crankshaft 56 of the engine 50 from the resolver 39 at step S114. The control CPU 90 then computes a
relative angle 6c of the drive shaft 22 and the crankshaft 56 by the equation of. 6c=6e-ed at step S116.

The program proceeds to.step $118. at which the control CPU 90 receives inputs of clutch motor currents luc and
lvc, 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 cunents passing through the two phases since the sum of the cunents is equal to zero. At sub-
sequent step S120. 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 $118. The transformation of
coordinates maps the values of currents flowing through the three phases to the values of cunents passing through d
and q axes of the permanent magnet-type synchronous motor and is executed according to Equation (1) given below:

ld _ -sin (ec-120)'sin*ec lu[lq:| "‘/5-cos(ec-‘12o)c'os.e [N3 (1)

The transformation of coordinates iscarried out because the currents ‘flowing through the d and q axes are essen-

tial for the torque control in the permanent magnet-typesynchronousmotor. Alternatively, .the torque control may be
executed directly with the cunents flowing through thethree phases. After the transformation to the currents-of two
axes. the control CPU 90 computes deviations of currentsldc and lqc actuallyflowingthrough the d and q axes from
current command values ldc‘ and |qc" of the respective axes, whichare calculated from the torque command value To‘
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:

Aldo = ldc‘ - ldc (2)

Alqc = lqc' - lqc

Vdc= Kp1 - Aldc+2.Ki1 -‘Aldo (3)

Vqc= Kp2 - A|qc+EKi2 - Alqc ’

wherein Kp1 , Kp2, tfit , 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 cunent command
value I‘ (first term in right side.of Equation (3)) and a summation of historical data of the deviations Al for 1' times (sec-
ond term in right side). Thescontrol CPU 90 then re-transfonns 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 transfcrrnation
executed at step S120. The inverse transformation determines voltages Vuc. Vvc, and Vwc actually applied to the three-
phase coils 36 as given below:

= NE [cos‘::: 20) -sin-:22: 6-’: 20)] (4)
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Vwc = -Vuc - Vvc

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 circuit 91 is PWM (pulse
width modulation) 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 cranlshaft—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 ofthe 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 oftheengine 50 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 crankshaftss in the direction of rotation of the drive shaft 22 at
a revolving speed defined by the absolute value of the revolving speed difference Nc. For the positive torque command
value To’. 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 tobe.-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’ isnot 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 To‘ 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 floivcharts 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 ed of the drive shaft 22-read from the resolver 48. The control
"CPU 90 then receives data of revolving speed Ne ofthe engine—50 at step 8132. The revolving speed Ne of the engine.
50 may be computed fromthe rotational angle ee of-the crankshaft 56 read from the resolver 39 or directly measured
by the speed sensor 76 mounted on the.distributor60. ln,the‘|atter._case. thecontrol CPU 90 receives data of revolving.
speed Ne of the engine 50 through communication with the EFIECU 70. which connects with the speed sensor-76;

A revolving speed difference Nc between.-theinput revolving speed-Nd of.the drive shaft» 22 and the input revolving
speed Ne of the engine 50 is calculatediaccording to the equation Nc=Ne-Nd at step S133. At subsequent step S134.
electric power (energy) Pc regeneratedor consumed by the clutch motor 30 is calculated according.to Equation (5) .
given as:

Pc.-. KscxNcxTc (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 No and Tc respectively denote
the revolving speed difference and the actual torque produced by the clutch motor 30.

At step $135. a torque command value Ta‘ of the assist motor 40 is determined by Equation (6) given as:

Ta‘ ; ksa x Pc/Nd (6)

wherein ksa represents the efficiency of regenerative operation or power operation in the assist motor 40. The torque V
command value Ta‘ of the assist motor 40.thus'obtained is compared with a maximum torque Tamax, which the assist
motor 40 can potentially apply, atstep 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 $136, the program proceeds to

step $140 in the flowchart of Fig. 8. The control CPU 90 reads the rotational angle ed of the drive shaft 22 from the
resolver 48 at step S140. and receives data of assist motor currents lua and Iva. 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 $142. 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 8148. At subsequent step $150. the control CPU 90 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 S150 is similar to that executed at steps S120 through S126 of the clutch
motor" control routine shown in the flowchart of Hg. 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
otthe-crankshaft 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 crankshaft 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 90
regulates the torque Te and the revolving speed Ne of the engine 50 to make them approach the targetengine torque
To‘ and the target engine speed Ne‘. respectively. In accordance with a concrete procedure. the corrtrcl 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 shaft 22.

-Charging control of the battery 94 starts when the residual capacity BRM of the battery 94 becomes equal to or
less'lhan 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 Pc of the clutch motor 30 cal-
culated al step S134 in the assist motor control routine of Fig. 7. The processing at step S135 and subsequent steps is
executed with the newly set clutch rriotor 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 ialue 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 S104 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 S135
and subsequent steps is executed with the newly set clutch 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 nondriving 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 theengine 50 and drive
the vehicle with the power stored in the battery 94. in place of the torque control routine of Hg. 5. the engine stop-time
torque control routine of Fig. 9 is executed repeatedly at predetermined time intervals 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 from the driver as a stop signal to stop operation of the
engine 50. . 4 '

When the program enters the engine stop-time torque control routine, the control CPU 90 first receives data of
accelerator pedal position AP from theaccelerator position sensor 65 at -step S160 and corriputes an output torque
command value Td* conesponding to the input accelerator pedal position AP at step 8162. The torque command value
To‘ of the clutch motor 30 is conpared with a subtraction amount ATc at step $164. In order to gradually decrease the
output energy Pd of the engine Soto the non-loading state. the torque command value To‘ of the clutch motor 30 acting
as the torque Te of the engine 50 is gradually decreased by subtraction amounts ATc. The subtraction amount ATc is
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 sinal to stop operation of the engine
50. the torque command value To‘ 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 oom-
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rnand value Tc‘ set in the previous cycle of this routinelto determine a new torque command value Tc‘ at the clutch
motor 30 as expressed by Equation (7) given below: i

New Tc‘ = Previous Tc’ - ATc
2

At subsequent step S168, the comrol CPU 90 further calculates the torque command value Ta‘ of the assist motor 40
by subtracting the new torque command value Tc‘ from the output torque command value Td' as expressed by Equa-
tion (8) given below: I

(7)

I

Ta‘ = Td' - Tc‘I

The control CPU 90 computes a new output energyEPd 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 $170. The output energy Pd of the engine 50
is decreased by the subtraction amount APd every time when this routine is executed. The output energy Pd thus grad-
ually decreases to the non-loading state. In this embodiment, in order to allow the target engine torque Te‘ andithe 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 Equation (9) given below: '

(8)

(9)

At step $172, the control CPU 90 sets the target engine 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 stepsvS166 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 erigine 50. The target engine speed Ne‘ is calculated according
to Equation (10). given below:

APd = ATc x Ne

l

Pd = Te’ x Ne‘ (10)

As described previousIy.Athe subtraction amount APd is set tobe a littlegreater than the product of .the subtraction
amount ATc andthe revolving speed Ne of theengine in thiszembodiment This means that the target engine speed
Ne’ is set to be a little smallerthan theactual revolving speed Ne of the engine 50. Provided that the subtraction amount
ATc is set equal to the valuevcalculated by Equation (9)‘. thevtargetengine speed Ne? is equal to the actual revolving
speed Ne oi the engine '50. In this case, the revolving spfeed Ne ofthe engine 50 is unchanged while the target engine
torque Te‘ is decreased.

After setting the torque command values To‘ and Ta!’ and the target enginetorque Te‘ and the target engine speed
Ne‘. the controlvCPU 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 clutch 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‘ .ot 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‘. .

The control ot 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 controlroutine of Figs. 7 and 8. The processing executed at steps S190
through $197 in the assist motor control routine of Fig. 10.is identical with the processing «executed at-steps, 3136
through $150 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.

Irrespective of the output energy Pd ofthe 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 motor30 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 stoptime torque control routine is repeatedly executed. the torque command value Tc‘ ol the clutch
motor 30 becomes equal to or less than the subtraction amount ATc at step $164. 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

12
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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 $184. 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 vehicle 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 orgreater 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 theengine 50 has decreased. in the latter case. at step S164.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 To‘ is greater than the decreased target engine torque Te’; the

program executes the processing at steps S166 through $178. When the torque command value To‘ 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 $178. This structure can decrease the output energy Pd of the engine 50 without varying the
output torque to the drive shaft 22. ,

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. 1 1. 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 comectingwith the crankshaft 56 and an outer rotor
32A linked with the drive shaft 22. Three-phasecoils 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 30A is
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 Hg. 5 and the engine

stop.-time torque control routine of Fig. 9 are also applicable to the power output apparatus 20A shown in Fig. 1 1 , 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 208 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 208 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 othenuise specified.

The following describes the essential operation of the power output apparatus 208 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-

quentiy 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.

13
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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 lines 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 (1 1) represents the ideal state with an efficiency of 100°/.,
(TcxNd) is a little smaller than (TexNe) in the actual state.

Te xNe=TcxNd (11)

Referring to Fig. 4. under the condition that the crankshaft 56 rotates with the torque T1 and at the revolving speed
N1, the energycorresponding 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 motorv30 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 absolute value of the revolving speed

difference Nc (=Ne-Nd ). Provided that the torque Ta of the assist motor 40 is set to 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) g7ven 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 theprogram entersthe 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‘90 reacts-therevolving speed Nd of the drive shaft 22 at step S200 and the accel-
erator pedalposition AP atstep S202, and calculatesthe output torque command value Td' from theinput accelerator
pedal position AP at step $204. The control CPU 90 then computes the energy Pd to be output from the drive shaft 22
based on thecalculatedoufput torque command value Td* and the input revolving speed Nd of the drive shaft 22 at step
S206. and sets the‘ target engine torque Te‘ and the target enginespeed Ne‘ of the engine 50 at-step S208.

At subsequent step S210. the control CPU 90 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 To‘ 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 theflowchart of Fig. 6. whereas theconcrete procedure of the engine control (step S217)-is identical
with that of the first embocfiment discussed above. The assist motor control executed at step S216 essentially follows
the processing of steps S192 through S196 in the assist motor control routine of Fig. 10, except that the rotational angle‘
Be of the crankshaft 56 of the engine 50 measured with the resolver 39 is processed in place of the rotational angle ad
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. A -

The power output apparatus 203 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 of the engine 50 and driving the vehiclewith the power
discharged from the battery 94. based on an engine-stop time torque control routine of the second embodiment shown
in the flowchart of Fig. 14. Like the similar routine of the first enibodiment. the engine stop-time torque control routine
of Fig. 14 is executed repeatedly at predetermined time intervals. 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 s nsor 65 at step S220 and computes the output torque
command value Td' corresponding to the input accelerator pedal position AP at step S222. The output energy Pd ot
the engine 50 is compared with a threshold value Pdref at step S224. The threshold value Pdret 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 tirst 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
Pdret since the vehicle is driven by the power output from the engine 50.

when the output energy Pd is greater than the threshold value Pdretat step 8224. the program proceeds to step
$226 at which the control CPU 90 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 8228, 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)

It is preferable that the targetvengine 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 corrputed at step S230 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 ot 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 $217
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 controlledwith the power
stored in the. battery 94 to attain the revolving speed (Nd-Ne) at the torque command value To’. Power regenerated by.
the clutchmotor 30 is not sulticientfor-PWM control of the assist motor 40 to give voltages corresponding to the preset

torque oorrmand value Ta‘. The deficiency is supplied by the power stored in the battery 94.
Irrespective of the decrease in output energy Pd of the engine 50. the torque output to the drivetshaft 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 ot the engine 50
becomes equal to or less than the threshold value Pdrel at step S224. Under such conditions, the engine 50 is kept sub-
stantially at an idle. When theprogram recognizes this state, the control CPU 90 sets the target engine torque Te‘ and
the target engine speed Ne‘ ot the engine 50 equal to zero at step S240. sets the torque command value Ta‘ of the "
assist motor 40 equal to the output torque command value Td* at step S242. and sets the torque command value Tc‘
ol the clutch motor 30 equal to the output torque command value Td‘ at step $244. 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 To‘ output from the clutch motor 30 to the drive shatt.22.- When the engine '
50 stops operation, the revolving speed Ne 01 the engine 50 becomes equal to zero and a constant current, which can
generate a torque ‘against the-atorque wmmand value Tc’, flows through the three-phase coils of the assist motor 40.
The crankshafl 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 theengine
50 without varying the output torque 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 oi 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 trom 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 $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 S226 through $238. When the output energy Pd becomes equal to the target
5 output energy Pd‘. on the otha 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 above. the assist motor
40 is attached to thecrankshaft 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
ra assist motor 40, both of which are linked with the crankshaft 56.

In the power output apparatus 20B of Hg. 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 200 shown in Fig. 16. however. the clutch
motor and the assist motor may integrally be joinedwith each other. A clinch 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.
15 Three-phase coils 36 are attached to the inner rotor 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 400

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 motorv40D.

In the power output apparatus 20D. the voltage applied to the three-phase coils 36 on the-inner rotor 34 is controlled
20 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 208 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 350 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

25 stop-time torque control routine of Fig. 14 are also applicable to the power output apparatus 200 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 therotors inthe clutch motor 30D:and as the rotor of the assist motor 400. thereby

so effectively reducing the size and weight of the wholepower output apparatus 20D." ~ .
Theremay 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 embodimentsare only illustrative
and not restrictive in any sense. " ’ . .~ .’ .

The gasoline engine driven by means of gasoline is used.as*the.engine 50.in the above power output apparatuses.
as The principle of the invention is. however. -applicable to other- internalcombustion 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 variablereluctance (VR)-type synchronous motors.
vernier motors. d.c. motors. induction motors, superconducting motors. and stepping motors may be used for the regen-

4o erative operation and the power operation. ' M
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 applicableto the driving circuits 91 and 92. include IGBT Gnsulated gate bipolar mode transis-
45 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. Licells. or the like cells. A capacitor may be used in place of the
battery 94. - 2

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

The scope and spirit ol the present invention arelimited only by the terms of the appended claims.

Claims

55 1 . 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;
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a first motor comprising a first rotor connected with said outputshaft of said engine and a second rotor 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 rotor and said second rotor;

5 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 circuit.
.10 being charged with power regeneratedby 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 tordecrease power output from
said engine;

is 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

20 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 accorrplished by said driving circuit control means.

25 2. A power output 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 forcontrolling said engine driving meansto
stop supply of fuel into said engine and terminate operation of said engine when said driving circuit control

30 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;

35 engine driving means for driving said engine;

a complex motor comprising a first rotor connected withsaid 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 afirst motor, said second rotor and said stator
constituting a second motor;

40 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

45 drive said second motor via said second motor-driving circuit; . . A

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
so 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 saidsecond 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
55 said engine with the decrease in the degree of electromagnetic connection of said first rotor with said second

rotor accorrplished by said driving circuit control means.

4. A power output apparatus in accordance with claim 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. 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 first motor. comprising a first rotor connected with said output shaft of said engine and a second rotor con-
nected with said drive shaft. said first motor being coaxial to and rotatable relative to said first rotor. whereby

power is transmitted between said output shaftof said engine-and said drive shaft via an electromagnetic con-
nection of said first rotor and said second rotor;

a first motor-drivingcircuit 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 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 motorsdriving circuit, discharging
power required to drive said firstmotor 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;

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 outputfrom said engine accomplished by said’ engine power decreasing-means.

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 shaftrof said engine among thedecrease in power output from said engine. andcontrolling 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. '

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
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;

engine driving means for dr'wing said engine; - _
‘a complex motor conprising a first -rotorconnected 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 constitutinga first motor. said first rotor and said stator consti-
tuting 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 saidfirst 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
drive said second motor via said second m'otor-drivingcircuit: 4

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
5 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.

9. 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

10 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.

10. A power output apparatus in accordance with claim 9, wherein said power decrease signal detection means com-
rs 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.

20 11. 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

25 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-

so 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
35 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).

40 12. 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) further comprising the step of controlling 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.

45

1 3. 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-
50 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 outputshaft 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; and a storage bat-
tery being charged with power regenerated by said first motor, being charged with power regenerated by said

55 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

19
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(d) controlling said first motor and said second motor -to enable said tirst motor and said second motor to use

power stored in saidstorage battery andmake up for the decrease in power output front 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 motorito enablesaid second motor to make up for adecrease in torque among the
decrease in power output from said engine

20
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and a ring gear, an engine 150 having a crankshaft 156
linked with the planetary carrier. a first motor MG1
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operation stop instruction. the power output apparatus
110 stops a fuel injection into the engine 150 and con-
trols the first motor MG1, in order to enable a torque act-

ing in reverse of the rotation 01 the crankshaft 156 to be
output to the crankshaft 156 via the planetary gear 120
and a carrier shaft 127 until the revolving speed of the

engine 150 becomes close to zero. This structure allows
the revolving speed of the engine 150 to quickly
approach to zero.  
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Description

1.Fleld of the Invention

The present invention relates to an engine controller, 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 well as to a 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
shaft 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 corresponding 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 shaft. 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 lower 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 shaft-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 engine 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 causes torsional vibrationson 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 torsionalvibrations 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 shaft 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. A A

The motor is generally under the Pl control. In the procedure of outputting a torque from the motor to the output
shaft of the engine and thereby positively stopping the operation of the engine, the I 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 INVEN11ON

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-type 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 for-

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
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 undershoot 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 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.

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; afirst 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 pmver 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;
fuel 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 implemem 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 shaft to 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 rangeand
enables the revolving speed of the output shaft to quickly pass through’ a range of torsional vibrations. This structure
also savesthe consumption of electric power by the motor. '

A variety of structures may be applied to the stop-time control. One available structure carries out open-loop control
of the torque applied to the output shaft. 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 shaft of the engine.
based on a behavior at thetime 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 outputshaft 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 control 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 shaft is 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 fuelsupply
to the engine.

In response to the instruction to stop the operation of the engine. the power output apparatus of this structure ena-
bles the revolving 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 quickly 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 rotational the output shaft via the three shaft-type power inputloutput 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 maybe 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 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. 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 wlue 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 motorconnected to an output shaft 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 applied 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 comroller stopsthe 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 at a 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 specifies 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 shaft 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 motor, 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 significantlyclifferent 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 effectivelysaves 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 fuel 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 a pre-
determined range that is out of a specific range causing torsional vibrations on the output shaft

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 shaft to the output shaft. until the revoMng 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 shaft of the engine to swiftly pass through this specific range and thereby
effectively. prevents a resonance.

In the engine controller of this structure, as part of the stop-time control. 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 undeishooting and reduces the
possible vibration in the course olstopping 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;
Hg. 2 is an enlarged view illustrating an essential part of the power output apparatus 110 of the embodiment;
Hg. 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 erhbodiment;
I-'ig.«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; ~
I-'ig. 6 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. 7 is a flowchart showing anengine 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 thetarget revolving speed Ne‘ of the
engine 150;

Hg. 9 is a flowchart showing a required torque setting routine executed by the control CPU 190 of the controller
180; -

l-'ig. 10 shows the relationship between-the revolving speed Nr of the ring gear shaft 126. the accelerator 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;

I-’ig. 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 $116 in the engine stop con-
trol routine has repeatedly been executed;

Hg. 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:
Hg. 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 1 108 as another modified example:
Fig. 20 schematically illustrates structure of another power output apparatus 1 10' as a second embodiment accord:
ing to the present invention;
Fig. 21 illustrates an exemplified structure of an open-close timing changing mechanism 153;
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;
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

Hg. 29 schematically illustrates another power output apparatus 310 as another modified example.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

One mode of carrying out the present invention is described as a preferred errbodiment. Fig. 1 schematically illus-
trates structure of a power output apparatus 1 10 enbodying 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
structure of a vehicle with the power output apparatus 110 of the embodiment incorporated therein. The general struc-
tureof 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 air/fuel mixture is supplied into a combustion chamber 152 to
be erplosively ignited and burned. Linear motion of a piston 154 pressed down by the explosion of the air/fuel mixture
is converted to rotational motion of a crankshaft 156. The throttle valve 166 is driven to open and close by an ‘actuator »

168. An ignition plug 162 converts a highvoltage applied from an igniter 158 via a distributor 160 to 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
EFIECU 170 receives information from various sensors, which detectoperating 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)
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 moto

MG2 (described later) via a damper 157 that reduces the amplitude of torsional vibrations occurring on the crankshaft
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 MG2 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

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.

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

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
carrier 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 carriershaft 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. Flesolvers 139, 149. and 159 for measuring rotational angles
as. or, and 0c 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 thecarrier 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 form a
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 field 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 1 19; 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 controlling 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 inputloutput 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 datainclude a rotational angle es of the sun gear shaft 125 measured with the resolver 139, a rotational angleer
of the ring gear shaft 126 measured with the resolver 149, a rotational angle 0c 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 lu1
and Iv1 from two ammeters 195 and 196 disposed in the first driving circuit 191. values of currents Iu2 and |\/2 from two

ammeters 197 and 198 disposed in the second driving circuit -192. and a remaining charge BRM of me 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 theelectric current. '

The control 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 respect to a

pair of power lines L1 and L2. The three-phase coils (U,V,W) 134 of the firstmotor 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 comrol signal SW1 output from the control CPU 190 thus succes-
sively controls the power-on time of the paired transistors Tr1 through Tr6. 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.\I.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 cofls
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 time. 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 time In the same manner. both the terms ‘electric power‘ and ‘electrical energy‘ represent electrical
energy per unit time.

The power output apparatus 1 10 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 Hg. 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“ W

As mentioned above, the engine 150 is driven at the revolving speed Ne. while the ring gear shaft126 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 Ft.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 01 the engine 150 and the revolving speed Nr of the ring gear shaft

126 according to a proportional expre$ion 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.

N5 = Nr-(Nr- Ne) ‘-39 (2)

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
different 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:

5 _E_
Tes Te x up (3)

1

Ter = T6 X W’ (4)

The equilibrium of forces on the dynamic colfinear fine is essential for the stable state of the dynamic collinear line.
In accordance with a concrete procedure. a torque Tmt having the same magnitude as but the opposite direction to the

torque Tes is applied to the coordinate axis 3. 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 tfirection

to the torque Tr output to the ring gear shaft 126 is applied to the coordinate axis R. The torque Tmt is given by the first
motor MG1. and the torque Tm2 by the second motor 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 torque 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 MG1. 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 To 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 To and the revolving speed Ne and output front
the engine 150 driven at the driving poi_nt 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 1 1 1. 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 output-to the ring gear shaft 126.

Although the revolving speed N5 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 shovm
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 worls as a motor to consume the electrical energy Pmt 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 product 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 MG1 is
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. . A

The above description refers to the fundamental torque conversion in the power output apparatus 110 of the
embodiment. The power output apparatus 1 10 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-
vened torque to the ring gear shaft 126. The possible 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 implememed 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 Pmt regenerated or consumed by the
first motor MG1. and the electrical energy Pm2 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 titan the energy Pr output to the ring gear shaft 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 multiplying the energy
Pr output to the ring gear shaft 126 by the reciprocal of the conversion efficiency. 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

10

Page 874 of 1239 FORD EXHIBIT 1002



Page 875 of 1239 FORD EXHIBIT 1002

10

15

20

25

30

35

40

45

50

Page 875 of 1239

EPO839683A2

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 loss or
heat loss due to a mechanical friction or the like. though the amount of energy loss is significantly small. compared with
the whole amoum 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 value '1'. Known devices such as GTOs applicable to the transistors Tr1
through Tr16 have extremely small ON—resistance. The efliciency 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 156 while the vehicle is at a 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
8100. In response to the engine operation stop signal. the EFIECU-170 stops fuel injection from the fuel injection valve
151 and application of a voltage to the ignition plug 162 and fully closes the throttle 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 0c 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 190 sets an initial value on a time counter

' TC based on the input revolving speed Ne at step $104. 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 relationship 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 aconcrete 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 $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 Hg. 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 S1 12. The first term on theright side of Equation (5) is a proportional term
to cancel 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)+K2l (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 $114. 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 while the engine 150 is at a stop. K3 denotes a proportional constant.

The proportional constant K3 is equal to one in the state of equflibrium 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 MG1 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 shaft 125, sub

tracts the inertial torque from the torque command value Tm1‘. and divides the difference by the gear ratio p. Since the

11
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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’.

Tm1'
PTm2'<—Tr‘-K3 x (6)

The required torque setting routine of Fig. 9 is repeatedly arecuted 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 $130. The revolving speed Nr of the ring gear shaft 126 may
be calculated from the rotational angle er of the ring gear shaft 126 read from the resolver 149. The control CPU 190
then reads the accelerator pedal position AP detected by the accelerator pedal position sensor 164a at step $132. 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 1 16 and 1 18. 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
1 18 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 11 1. 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 S134. the torque command va|ue‘Tr* correa

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 bad< to the flowchart of Fig. 7, after setting the torque command value Tml‘. of the first motor MG1 at ~
step S112 and the torque command value Tm2* of the second motor MG2 atstep-S114. the program repeatedly exe-
cutes a control routine ofthe first motor MG1 shown in the flowchart of Fig. 1 1 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. A

The control 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 tothe 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. andvthe 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 S106 through‘S116. Every time when the processing of steps S106 through 3116 is
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 target 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 abrtptly, 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 revoMng 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 $116. on the other hand. the program sets a cancel 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

12

Page 876 of 1239 FORD EXHIBIT 1002



Page 877 of 1239 FORD EXHIBIT 1002

10

20

25

30

35

40

45

50

55

EPO839683A2

above at step S120, 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.

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 S126.'1he 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
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 (is of the sun gear shaft 125 from the revolver 139 at step S180, and calculates an electrical angle 01
of the first motor MG1 from the rotational angle as of the sun gear shaft 125 at step $181. In this embodiment. since a
synchronous motor of four-pole pair (that is. four N poles and tour S poles) is used as the first motor MG1. the rotational
-angle as of the sun gear shaft 125 is quadrupled to yield the electrical angle 01 (e1=40s) . The CPU190 then detects
values of currents lu1 and N1 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 $184. 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
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 rnagnet-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 cl and q axes
are essential for the torque control in the permanent rnagnet-type synchronous motor. Alternatively. the torque control
may be executed directly with the currents flowing through the three phases.

] lliéil

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 ld1‘ and Iq1‘ ofthe respective axes. which
are calculated from the torque command value Tm1' of the first motor MG1. and subsequently determines voltage com-
mand values Vd1 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), Km,
Kp2, IG1, and I62 represent coefficients, which are adjusted to be suited to the characteristics of the motor applied.
Each voltage command value Vd1 (Vq1) 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 Al for 'i' times
(the second term on the right side).

‘I -sin(91-120) sin91[-ccs(01~120) cos91[idr (7)Iq1

AId‘l = Id1 '-Id.1 (8)

AIq1=Iq1"-Iq1

Vd1= Kpl -Ald1+£ Ki1'AId1 (9)

Vq1= Kp2-Alq1+E Ki2 -Alq1

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
$184. The inverse transformation determines voltages Vu1_. Vv1, and Vw1 actually applied to the three-phase coils 134
as expressed by Equations (10)-given below:

[ ]=i
Vd1

Vq1

W 1

VV1
2 cosel -sinel

5[cos(e1-120) -sin(e1-12o)][ (10)]

Vw1=-VU1-VV1
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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 ‘H6 in the first driving circuit 191 is PWM (pulse
width modulation) controlled. 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 MG1 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 carry 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 poweroperation of the first motor MG1 implement the identical switching control. In accordance with a concrete
procedure. the transistors Tr1 through Tr6 in the first driving circuit 191 are controlled 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. 1 1 is thus applicable to both the regenerative operation and

the power operation. When the torque command value Tm1‘ is negative. the rotational angle es of the sun gear shaft
125 read at step S1 80 is varied in a reverse direction. The control routine of the first motor MG1 shown in Fig. 1 1 is thus
also applicable to this case.

The control operation of the second motor MG2 follows the control 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 or of the ring gear shaft 126 are used in place of the
torque command value Tm1‘ and the rotational angle as 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 er of the ring gear shaft 126 from
the revolver 149 at step S190. and calculates an electrical angle 02 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 lv2 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 S194. 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 thetransistors 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 MG1. the control ‘process of the second motor MG2 shown in the flowchart
of_l-"ig. 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 $116 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 thefirst 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 Pl 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 little delay from the target revolving speed Ne‘ as shown in Fig. 16. As discussed previously with the

nomogram of l-”ig. 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 nomograrns 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 Tim.
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
commar_id_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
S116 in the engine stop control routine of Fig. 7. the first motor MG1 outputs the cancel torque To. The engine 150
accordingly stops without undershooting the revolving speed Ne of the engine 150 as shown by the broken lines in Hg.
16, and the operation mode is smoothly shifted to the motor driving mode with only the second motor MG2. In this
erribodiment. the torque command value Tm1' 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 Tc 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 poweroutput apparatus 110 of the embodiment. the first motor MG1 outputs the cancel torque To 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. therebypreventing 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 thanthe 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 Tml 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 as to 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 anatural 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 control 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 engine 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 1 10 of the embodiment. the target revolving speed Ne‘ of the_engine 150 is set equal
to zero in the motor driving mode with only the second motor MG2 and the threshold value Nref is then set approximate
to or equal .to 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 1 10 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 1 10 ot 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 tothe 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 1108 as another modified example. wherein the engine 150. the planetary gear 120. the second
motor MG2. and the first motor MG1 are arrange! in this sequence In this case. a sun gear shaft 125B 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 1263 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' ofthe 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 cranlshaft 4156 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 open-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 changingthe valve overlap. 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 theside 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 carried out in the second embodiment. The engine stop control routine is exe-
cuted at every 8 rnsec by the interruptingoperation 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 asto 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 MG1
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 $310. 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 8305. the reduction torque STGmn corresponcfing 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 carrier 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 carried out at step 3350.

After setting these variables. the control CPU 190 determines whether or not Condition 1 is fulfilled at step 8320.
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 me 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
msec is thus to ensure that the output torque of the engine 150 has certainly been decreased. In response to an instruc-
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 $330 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 corrpare the revolving speed Ne of the engine 150 with a predetermined value Nkn. 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 vehicle at a stop, 250 rpm under the condition of the vehicle on a run with
the brake off, and 350 rpm underthe 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
S360. 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 S330. S350. S360, and S370. the program goes to step 8380 to restrict
the torque range and to step $390 to set a calculated target torque ttg subjected to the processing of torque range
restrictionto 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. S340, 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 S350. 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 $351. 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 control 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 mntrol described above (see Fig. 22 step S330). The
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processing of slower speed reduction mus does not abruptly set the reduction torque STGmn to the target torque imme
diately after the start of the engine stop control but gradually makes the value of the tentative target torque ttg approach
the reduction torque STGmn set based on the map of.Frg. 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 S353 under the condition of the vehicle at a stop from the processing at step S352
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 rising the current target
torque STGold and the torque (-14+stgl_<g)-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 learns 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 stgkg will be discussed later.
The abcwe processing is exewted 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 8354. 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 ata 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 ofthe revolving speed is greater than the value -44. a tentative learnt value tstg is decremented by one at step $357.
In case that the deceleration AN ofthe revolving speed is smaller titan the value -54. on the other hand, the tentative

learnt value tstg is incremented by one at step $358. The procedure checks the reduction rate of the engine speed.Ne
in Section A of Hg. 27 and varies the tentative learm 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 Ieamt 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 $353. 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 Nrnl16 msec to -44 Nrn/16 msec through the learning control.
The program then goes to step $359 to restrict the tentative learnt value tstg to a predetermined range and set the

flag Xstg representing erecution 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 Ieamt 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 Ieamt value tstg depends upon the deceleration AN of the revolving speed. _

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 $370 in the flowchart of Fig. 22). The flowchart of Hg. 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]

It is then determined whether or not the calculated tentative target torque ttg 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 $373. The processing of steps S372
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 shaft 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 S373, it is determined whether or not the revolving speed Ne of the
engine 150 is lessthan 40 rpm at step $374. 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 $376 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 fulfilled, on the other hand. the program proceeds to step 8377 to set the tentative

learned value tstg to a learned value STGkg and to step S378~to reset the flag Xstg to zero. After the processing, the
program exits from this routine. A

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. V .

The primary effects of the second embodiment are given below:

(1) While there is a requirement of continuous operation of the engine 150. the PIDcontrol 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 crankshaft 156 or the output shaft 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 effectivelyprevents 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 shovm 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 canied 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 decreasesto or below the predetermined value Nkn
(200 rpm through 350 rpm in this embodiment). the magnitude 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 effectively prevents the
reverse rotation of the crankshaft 156.

(6) The predetermined 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 1 10' 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 1 17 and 1 19. 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 1 16 and 118. Either one of the engine stop control routines shown in Figs. 7 and 22 isalso 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
teed gear 128 and the power transmission gear 11 1. in order to drive the from 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 1 10 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 exarrples include'lGBT (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 lirst motor MG1 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 isgdirectly connected to a rotating shaft RS ot a motor MG via a darrper 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 errbodiment. 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 alterations 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 theabove 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. 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 saiddrive shaft. said
‘output shaft. and said rotating shaft. said three shaft-type power inputloutput 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 shafts;

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 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 oper-
ation of said engine.

2. A power output apparatus in accordance with claim 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. 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 via
said three shaft-type power input/output means.

A power output apparatus in accordance with claim 2. 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;

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 claim 1. said power output apparatus 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 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 claim 1, said power output apparatus 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 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 control means further comprises
5 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 re/olving speed detection means decreases to a reference
value. which is not greater than said predetermined value.

10 7. A power output apparatus in accordance with daim 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 larger value to said reference value against a greater absolute value
15 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
20 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
25 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:

so 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-
35 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 fuel supply to said engine when a condition to stop the operation of said engine
is fulfilled; and - ,

4o stop-time control means for causing a torque to be applied to said output shaft of said engineand 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.

45 12. An engine controller in accordance with claim 11. said engine controller further comprising:

target torque storage means for determining a timebased 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,

so wherein said stop-time control means comprises:

means for drivingsaid motor. as said-stop-time control. toapply 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,

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

deceleration computing means for computing thedeceleration 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 g .
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.

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 comrol. 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 measuring 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 control. 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 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; and three shaft-type power inputloutput means having three
shafts respectively linked with said driveshaft. 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 fuel supply to said engine when a condition to stop 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 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 ohoroho A dininoor 1: eonsolnation ot lo pollution doo vohiooloo d

notoor ot loo conotroctooro oouhnitoroiont poovoir rédoiro lo pniooonoo ot

1'1Ipo1-toooo doo ootooro toot on oonoorvont oortdoonnont do pniosanco poor
-loo oocélorationo ot lo oondutto..

5 Lo pa-éoooto invention o. poor ohjot do donnor no solution I co probléno.
Euo oonoioto I utnioor lo ootou do véhioolo pendant 1o uoxinoo do

do torpo dono loo noulooroo oonditiono do rondooont ot do poiosonoo po.r
1'onoonh1o doo noyonn ooivanto ot do looro d1voraoo'11o:l.oono néooniqooo ot .

dlootriqooo a lo notoor do v6h1on1o oot oocooplé d on géoérotoor Glootriqoo

10 bronchi our one botterio dhoconolntouro 3 cotto bottorio ot oo good:-otoo:

oont oonnootéo d doo ootooro dloctriqooo qni ooooroot lo propoloion. 1o

troinogo I rocopirotion d'énor31o ot lo naroho arridro, par 1'1ntoro6d1o1.ro

d'nno bo!to do rdtosoo ot d'oo pont 1 no onbrnyogo on on diopoottit 6qo.i.-

volont ponot d'ocoopp1or néconiqoooont on ant:-ooont 1o groopo notour-5én6-

'15 rotoor d In transmission do propulsion | tons on organoo étont ooonondéo
por on opporoillogo opprojn-16. nonool, ootonotiqoo on oixto, poroottont

d'o£toctoor leo lioioono, oéooniqooo. éloctrzlqooo on out:-co, do coo orguoo
ontro ou ot oux tronooiooiono do propulsion nun do réolioor dun loo ooz-

ditdono option oxpooéoo préoédonont loo oodoo do tonotdonnooonto ooitootoz

20 1 - oxoloaivooont éloctriqoo, 1o groopo gdnérotour étont orrtto.

2 - élootriqoo oorlol. ovoo lo groopo on nu-oho oon ooh:-ago our Lo trons-
ndooion.

3 - élootrlqno d sorpoiooanco tolporoiro, opproxiootdvonont doobloo on

onbronnt am: In tronsniosion do propulsion lo 5:-oopo, gonérotoor

25 débronohdg oo,on5copt1b1o d'8tro tripléo, noyonnooont doo onénogooonto

appropx-doo. générotoor hroooho.

'1» - onto do oroioidro, réoliaé do prétéronco loroqoo lo véhioulo ronlo

régoliérenont 3 ono vitoooo oorroapondnnt nonoihlonont no réginao op-

ting, par onbroyogo do gt-oopo our lo transmission, notooro do propul-

3o oion débronohoo, géoérotoor bronchi; co dornior tronillaot oloro.

oolnnt lo viteooo do noroho, on noted: on on générotoor poor riso-
133-130: 1.: noroho no 1-651110 optima.

5 - nixto aooéléx-6, cone '6. oaio on changoont 1o rapport do vitoooo poor

poooor no rapport oopérioor looqno lo régtuo option oot ottoint. Dana

35 oo oodo do tonotionnooont lo ourpuiooonoo oat ootoootiqneoont roan-

oéo per lo générotoor on nonont do changonont do rapport.

6 - cioooiqoo. and lo gronpo ooh:-oy6.5én6rotour ot notooro débronohés.

7 - Ioroho orridro ot troinogo élootrdqoo d 1-Gonpérotion d'énor31o.par

£nvoro1oo do oono do norcho doo lfotouro.
no - cg guano 1' oxonon oonparotdt doo bilono do xoootdonneoaent d'oo tol

-._ _- -._._j.‘
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véhicnlo at d'un véhiculo closoiqno on conotato quo loo portoo do rando-

nont dlioo i la transformation élootz.-tqno soot trio inlériouroo on: 331”
do 1'1n:vont1on. Flu particnliéronont dano 1. can d'un.o oi:-onlition era.

difticilo, ovoo mrohe exelnoivonont élootriqno ouo ponuugn, an, 13.
5 qnollo 11 est pooslblo, one one battorio do capacité pou é1ov$o,d'obton11-

nno autonomic do paroonro do 5 d 10 xi: pendant 5 :1 I0 ninutoo. Loo loll-

loureo oonditiono do naroho soul: oolloo du fonotlonnonont nixto do. no lo-.

quol loo pox-too éloctriqnoo soot rédoitoo on nininnn losquo 1o débit do .

ginétatour oot ml, on tension 3 wide Gtant 63310 3. la tonolon nuns. do

10 do In battorio. Lo véhicolo out alopo pm-opnlod and Lo pa.-oquo totantb do

1'éno1-gio néoaniquo do notour ot'.quu:d, pa-;an1:o alum augngntation an

réoiotonooo d Pavonconont, la rltoaoo do ooroho d:I.n1nno.1o-puiosanco no-

trloo o'acoro1t do 13 puiooonco too:-n:lo por lo générotonr.

Sur la planoho unique annoxéoont 61:6 roprésentéoo oohénatiqnoment den:

15 rénliaotiono non oxoluoivéo, doe disposition do Pinvontion Lla P13. _1
- dano laqnollo lo notoor do véhicnlo, lo génératouo ot loo uotouro do pro-

pulsion out deo vitooso égaloog la 1'13. 2 duo laquollo, on no d’nn abdo-

aonento du poids o3 do pz-ix. loo oréanoo olootriqooo out dos vitooooo plu- '
61ov6o_o. Do Iotour 1 do véhicnlo oot oooonpll on ginérotour Glootriquo 2. .

ao Loo notonra Glootriqnoo 3 ooau-out lo propulsion par l'1x:tox-nédioiroado

1'o:-bro 1}. lo botto do vitoooo 5. lo pont 6 ot loo tronooiosiono 7. Loo

battorioo oont tiguréoa on 8, 1'oabx-oyago do notoor our La propulsion on 9

at la oapooiti ¢ontonant'l'apporolJ.la3o do commando ot do cont:-Blo on 10.

sur la Pig. 2, lo génératour 2 coloporto a$u_ onronlononta agaux 1nd6pon-
25 danto, ohacnn d'ou: étant oonnooti d nno doni-_-hattorio 3'3 In propulsion

est taito par don: notoura 3,’ diopooétrsur on ndno oxo. On pourra otnai,

oono interruption do elm:-5o.couplor, onoério on on pox-ollélo coo divers -

élémonto on noyon d'uo apparolllngo app:-opo.-ii et obtonir plooiouro vitoaooo
éloctriqnoa. Pa’: oxolplo avoo dos doni-batteries do 12 volts ot don uotoura

30 do 2'5 volts 1.1 acre. posaiblo d'alinontor con:-oi. sons 6 . _12 on 2'1» Volta

ot obtonir 3 vitooaoo électriqueo qui, conbinéoa 3 no bolto 5 3 ropporto

donnoront 9 alluroo do mu-cho dlttérontoo.

coo disposition pox-nettront do réalioor doo véucnlos éoononiquos,

do condulto agréohlo, wont den couples do démon-ago inportuto, do bonnoo

35 oooélérationa, nno aptitude oonvonablo on .c8to,doo platonda do r£toaoo' .
plno élovdo, oapableo do rochargor lonro batteries pondont 1'az-1-Ct on lo

etationnenont ot puocoptibleo‘ do roeovolr an éqnipooont do nu-oho noni-

antonotiquo poo oodteux. on pout, por eionplo. oonoovotr 3 gonneox lo. pro-

niéro, do circulation urbaino on onoombréo d 11 , 22 ot #1! Knh; lo oooondo

‘+0 pom'.c1rou].at:lon banlieuo on promenade d 18 , 36 ot 72 Rah; lo troioiénof.—__....—_.. _—.- .-.
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pour lea pa:-eoura rogxtiora i 30 . 60 at 120 Knit.
3: yrineipo soroot utiliaéa. d'nno pain, den notoura ab:-in at don

36:6:-at:-icon shut coopox-tut éventuolluont don dispositifn eonp1&son-

tattoo d'oxc1tot!.o1l on nut:-ea. couruoant enployis on couudo élcotrlquo,

5 ct, dhntro part, lea npporoinageo au:1_J.1a:l.1-on oloauiqnoo néceoooiroo
I lou tonctionnonant.

‘ Coo disposition yonvont It:-o oppnqnéoo 1 tons gou-on do véhiouloo

I ootonr , nun plus pu.-ticuliiz-coon: 1 can do tnibio puioaqnco on do
trio petite cylindréo can pa:-nlo do conduit-o.onxqno1a oJ.1oo appox-tent

10 do: nonorottona oodithnt totalenont 1¢uro porfornnooo on low procu-

rut oinai. doo dibouohéo beoooon plus inpox-unto.

£11» convionnont pa:-Initooent an véhicnloo do canton pu1oouxoaoou-

nio I don on-Ito irlqnonte do plan on Ioiu longuo du-3o,cono loo witn-

roa do ronouogo on do 1111-a1oon,do voyogou-o do cone:-co.otc...

15 Bnoo Moppliquont Ggalonont aux Iat'ér1o1o.Inch:1noo',apparo11.B,da.na

looqoolo on utilioo divoroooont vino:-310 Mun ootou--ot not son! an-

coptibloo d'o::l.gor toopomirooont imo puuonoo supirionro.
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nsvmucuzons '

1 - Invention ayont pour objot do rédniro la oonoomnation ot 1; pollu-
tion doe véhicnloo d noteur at dhngaontor tempo:-a1;-onont 1on2 “gym”.
not:-ico.ou-aotériséo pr 1'nti1isotion,pondan%‘5J.o iuzinu do to'np¢,dn no-
tour do véhionlo tonotionnnnt duo loo noinooroo condition do maul.»

5 oe do pu1saonoo,on onployunt 1'onooab1o doo ooyouo suit-auto ot louro di-

ve:-sco lioioou élootriquoo ot néoaniquoo 8 1o ootoor dn vohioulo ogg..,¢.

couylé 6 no généntou 61¢.-otriqno bronchi our mo bottorio d'ooo1'nuJ..o%ourop
cotto bottorio ot co générotonr cont connoctéa i don. notono Gloottiquoo
qni uou-out" In propu18ion.1o troinago A réonpération d'6norg1o ot In no:--'

10 oho o.:-:i3ro,por_1'intoz-Iddioiro d'uno bolto do ritooso ot aha: pout; mg.
onbroyogo on an diopooitit dquivalont pox-not d'ooooup1or,n6oaniquonont on

out:-onont,1o gronpo oo1'.our-ginix-neon: _d 1; transniaozlon do proynloion 3

tom coo ox-gonoo étont commandos par un opporoillago opp:-o]::16.nonuo1,onp

toutiqoo on oi::to.po:-Ioétant d'or£oot'uu.- loo lioioono 61octri'qnoo,u6o&- '
15 niquoo on out:-oo,do on oraonoo centre on otou transmission‘ do.prop'aJ.p_

oion,o£1n do réolioox dons’ loo conditions opting oxpooioo pa.-ooédoinont" '
loo oodoo do tonotiounonout ouivanti 8 .

1 - oxolooivonont Sloctz-i.qno.1o_ 5:-onpo notou-ginorotonr Stout-o1-1-8“.

2 -jlootz-iqoo nono1.1o 31-oupo on gorchomon onlu-no our 1o.tro.nooiooioa.

2o 3 - é1ecu-aqua 1 nu-yniaaaneo ee:}pon:m.app-ounguvenone doob16o.on ou~ .
troyant lo gronpqgdnix-atou_r dob:-o.noh6,o'¢r h tronomleoiong on no-

ooytiblo d!8Ito tz-ip16o.on onbroyant lo grouynglnox-otour bronohi.
1! - nixto do cgoioih-‘o,)o.r olbroyogo do groopo our in 1:-onoaiooioag ao-

. tours do px-opnJ.o:l_on din-onoh8o,g£n6rotour bronohoaoo _dox-nio: to-ovollp

25 not lilo:-o.ouivont lo vitoooo do no:-oho,on notour on on goal:-atom-,

pour rogolorioor 1: nu-cho an rosin oytinnl .

5 - nixto acodléx-6'.r6oJ.1.o6 come §.na.io on chongoont lo rapport do Vito»-

oo pour puoow an rapport ouyiriour lo:-oqno 1o x-Ggino optima out at-

toint.Don.s oo nodo do toootiononont 1n on-puioaonoo est automoti-
30 qnooont réoliooo ya: lo 3on6:-otonr 1oro'dn ohongonont do ragport.

6 - c1;gg1quo,ovoo 1o groupo enb:~oq6,5én6ro.tour at notou-o dobruohll.

7 - 1:-oiugo olootriqno 1-Goupérotion ot Im-eho orridro pox invoroioo
do oono do naroho doo uotoura. '

_2 - Rnsooblo suivmt lo. rov. 1_ oaroctérioo par 2 3636:-atonra, 2 IO-

35 tonro ot 2 deni-battorioo, pour bbtoni:-,oono intorroupro 1: ohorgo, yu-

doo oonnoxiono app:-opriéoo ot 1o nontogo 56:-io-po:o.1J.I1o do coo ilénontp,

pluoionro vitooaoo do nu-cho doo notonro éiootriqnoo. '

3 - nnsonblo anivant los rev. 1 ct 2- oaract6rio6,on no d'uno ...,. ._._.. _. .______ «
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qnoliontion do rondeoent at do l'onconbx-onont,par 1. gong-Q gt 1. a1,,..
ottion doo ongronagoa qn'11 compo:-to,é oavoirz pour la boito do viteou,
oonla tournont loo ongronagoa dn royport ntilisl. loo ant:-ea dtant d 1'ah-

rlts pour lo pont.couplo 1-éduotonr dent lo pignonroot on ongronago dz-cit.

5 htlicotdal on d chevron: ot lo rouo an ongronngo intérieur.

1% - Enooublo auivant loo rov. 1 ct 2 ,ou:-ootéz-Loo par In: appu-e1lIl.aso

autoutiquo do nice on nu-cho ot d'u-rdt dn notonr-génératour pour la

chorgo do la bottorio on function do la ohm:-so do 001.19-o1,snacopt1'b1o do .
tonotioanor pondont 1'3:-2-8t.1.o nu-oho on lo atationnoaont do -réhiculo.

10 5 - amonblo anivant loo rev. 1 ot 2 , cu-anti:-156. pour r6du1.::o-.-

1'onooIb:-o|ont,pu- don générotonro at dos notonro conportant don onron1o-

nonto diattnoto on: on nlao rotor ot dun no rain oaroauo.

6 - Enoonblo ninnt loo row. 1 ot 2 , cu-auto:-i.o6, on no d'nno di-

ninntion do poida, dhncosbronont ot do pox.-too do rondenont, par do: no-

15 tours ‘loot:-iqnoo ot doe 36:61-otonrs d pndo v1touo,ot Poooouplenont

do ooo do:-uloro on actors: do véhionlo on noyon d'nn Imltiplicatour do
vttoooo.

7 - Euonblo suivont loo rov. 1_ot 2 dons loquol loo rapper.-to do la

botto do vitouo Iécnniquo cont oonondta nnuollonont. tondio 1110 con:

an do la conhinloon ‘loot:-lqno oont A commando out'onot1q_uo. ‘

8 -' hoonhlo ouinnt lo rov. 2 ,coroct&_r1a6, on no d'uno aflslification,

pa: in onploi purtiol don dinpolitzlonl do ootto rovond1cot1on,oono par -.

oxolplo lo montage oéx-1.o-pnnlldlo do ooulonont loo 2 notou-a do propul-

a1on.oo qnl. riduit d 2 lo nonhro doo rdginoa do an-cho obtonua.

,__. __
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A search is underway to reduce fuel consumption and pollution by motor vehicles and manufacturers would

like to be able to 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.

5 It consists ofusing the motor vehicle during the maximum time in the best conditions of fire] coruumption

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

10 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 connections of these units to be

carried out among themselves and to the transmission ofpower in orderto carry out the following methods of

operation in the optimum conditions as described above:

1 - exclusively electrical, the generator group being suppressed.

l5 2 — normal electrical, with the group in operation, not engaged to the transmission.

3 - electrical with temporary emergency power, approximately doubled, by engaging the system on the transmission

of power, with the generator disconnected; or, capable ofbeing tripled by means of appropriate design with the

generator connected. '

4 — mixed at cmising speed, preferably done when the vehicle is moving steadily at a speed that corresponds closely

20 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. i

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 ofoperation, the emergency power is automatically achieved by the generator at the

25 time when the ratio is changed.

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

7 — reverse gear and regenerative electrical braking by reverse mnning of the motors.

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

TPR 097572

Page 926 of 1239 ' ‘ "" ' FORD EXHIBIT 1002



Page 927 of 1239 FORD EXHIBIT 1002

I0

15

20

25

Page 927 of 1239

3 2419832

is observed that the losses in efficiency due to the electrical transfon-nation are much less than are the gains of the

invention. In panicular in the case of very diflicult traffic, with exclusively electrical operation without pollution, in

which it is possible with a low-capacity battery to make an autonomous trip of 5 to l0 kilometers in fiom 5 to 10

minutes. The best operating conditions are those with mixed lirnctioning 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, afier an _

increase in resistance to the forward motion, the velocity decreases, the power of the engine increases fi'om 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. l, 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 I of the vehicle is connected to an electrical generator 2. The elecu-ical motors 3 provide the

power by means of the shall 4, the gearbox 5, the bridge circuit 6, and the transmissions 7. The batteries are shown

in 8, the clutch ofthe 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, each 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 volt 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 Kmh; the third
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for highway trips at 30, 60, and I20 Kmh.

In principle, 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 necessary for their operation.

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 th with much larger markets.

They are perfectly adapted to vehicles ofany power that are subject to frequent long or short stops, such as

pickup and delivery vehicles, traveling salespeople, etc. _

10 They also apply to equipment, machines, and devices in which the energy 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 whose purpose isto reduce fuel consumption and pollution of motor vehicles and to
increase their_engine ternpbrarily, characterized by the use, during the maximum period of time, of the engine

of the vehicle operating in the best condithms of iuel 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 electrical generator

connected to 8: storage battery, this.battery and the generator are connected to electric motors that provide the power,

regenerative breaking, and~mov'ing in reverse gear, by means of a transmission and a bridge circuit; a clutch or an

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

1 of these units, being controlled-by appropriate manual, automatic, or mixed equipment, allowing the manual,
automatic, or other connections ofthese units to be carried out among themselves and to the transmission ofpower

in order to carry out the following methods ofoperation the optimum conditions as described above: '
l — exclusively electrical_,_the engine-generator group being suppressed.

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

3 - electrical with temporary emergency power, approximately?doubled, by engaging the system on the transmission

of power, with the generator disconnected; or, capable of being uipled by engaging the system with the generator
connected. ‘ ’ _ i

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. ln 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 regenerative electrical braking by reverse running of the motors. ,

2 — A system according to claim 1, characterized by 2 generators, 2 motors, and 2 half-‘batteries in'order to
obtain by appropriate connections and the series-parallel assembly of these units several operating speeds from the

electric motors, without intemlpting the charge.’

3 — A system according to claims I and 2, characterized in view‘

“ i m‘ 097575
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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 turning 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 I and 2, characterized by an automatic device for starting and stopping

5 the motor-generator for charging the battery according toiu charge level, capable of operating during stops,

matting, or parking ofthc vehicle. _ i I
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 fiiel economy,

10 V by electric motors and very high-speed generators, andtheir connection to the vehicle's engine by means ofa

velocitymultiplier. _

7 — A system according to claims I 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.

__ _...._—\
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Sole drawing

[sec source for figums 1 and 2]
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Japanese Laid-Open Patent Application 3-124201

Laid-Open: May 27, I99]

Filing Date: October 6, I989

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 ofa 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 charging 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;

r--—-———*-——\.
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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

TPR 097871
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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 l8, a direct

current voltage of a predetemiined value is supplied to the motor control circuit 14 via the main

contactor 12 from the main battery 10, the motor control 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 driven, 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 48-1 1 1827, and is constituted by an inverter 28

which converts a direct current voltage output from the main battery 10 into an alternating

current voltage, 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 I4 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

TPR 097872
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the rectifier 32, and is converted to a direct current voltage 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 contmller 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 offwith the keyswitch 34. When the

keyswitch 34 is turned 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 auxiliary battery 20, respectively, a feedback portion 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

4 T
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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 electric 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 fi'om 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

,’ __ .. -. .__

TPR 097874

Page 945‘o1"fi239——“"——"—""' FORD‘ EXH|B|T‘1002



Page 946 of 1239 FORD EXHIBIT 1002

automobile by this discharging. At this time, when the keyswitch 34 is turned ofi‘, 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 alter 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 that not even a voltage

needed for activation of the DC-DC converter or a 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

,.—j_

TPR 097875

Page 946 of 1239 FORD EXHIBIT 1002



Page 947 of 1239 FORD EXHIBIT 1002

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 predetennined

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 battery 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 offby the output of an H/L2 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 turned 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

. r*——--~—§__
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amplifier 36 is compared with a predetermined threshold value V1, and if the detection value of

the voltage detection amplifier 36 is deemed to be lower than the threshold value VL, 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 predeterminedthrechold value V“. This

threshold value V“ is larger than the threshold value VL. 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 turned off and the electric automobile thus

stops, charging of the auxiliary battery 20 is perfonned. However, even during the stop of the

motor 16, a voltage 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 ofFig 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

circuit 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 011', 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 ifthe 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 V” or

higher, the transistor 50 is turned ofii 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.

/*‘*“j'*‘m'-~—\
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According to this embodiment, compared to the embodiment shown in Fig. 1, the time in

which at least part 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 is 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

,Pm
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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]

, _.
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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 ofpower 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]

:.g_
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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 ofFig. l, is an accessory battery charger for an electric vehicle having an

accessory battery II and a DC-DC converter III connected to an accessory system of the vehicle

in parallel with each other, and a main battery lV connected to an end of the DC-DC converter

Ill 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 “Vl"] that reduces the value of the voltage

output on the DC-DC connector III to which the accessory system I and the accessory battery 11

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

tenninal 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 perfonned 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 1 1 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 1 1 when the charging device 20 charging

plug 21 (described below) is inserted therein, at the same time switching a two contact switch 16.

i 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 V0 thereof. The DC-DC

converter 14 PWM control portion 14A compares the output voltage VP from the op arnpp 18

with a base voltage VB contained therein, and controls the DC-DC converter 14 output voltage

V0 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 V0 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

TPR 097916
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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 internal 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 V0.

The output voltage V0 (= 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

V0, which had fallen by a voltage VD, was applied via Contact "a," now changes, such that the

DC-DC converter 14 output voltage V0 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 V0 to

fall by the voltage VD, so that the base voltage VB and the output voltage V0 are equal -

controlling the DC-DC converter 14, in other words, so that VB = V0.

The base voltage VB ofthe PWM controller is set in advance such that the output voltage

V0 (=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 1 1, while it is slightly higher than the terminal voltage of the accessory battery l2

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 1 l is supplied to the

TPR 097917
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accessory battery 12, the output voltage V0 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 V0 is decreased to a state slightly higher than the open terminal voltage of the accessory

battery 12, the electricity of the main battery ll can be effectively utilized, and loss of fluid or

deterioration of the accessory battery l2 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 l4 feedback system, a diode l7, 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

the 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 accessory 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 fi'om 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. l is a basic structural diagram of this invention, and Fig. 2 is a circuit block diagram

ofone embodiment.

I. . .Accessory system; 11.. .Accessory battery, III. . .DC-DC convert, IV. . .Main battery,

V. . .Charge detection means, VI. . .Voltage reduction means, 10. . .Accessory battery charger,

l 1 ...Main battery, 12.. .Accessory battery, 13. . .Accessory system load, l4...DC—DC converter,

l6...Switch, 17...Diode, 18...0P amp, and 20...Charger.
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3. IP05-64531

Date: May 13, 2004

Q0  >‘/=/of 
Christopher Fie E.
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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

perfonns a switching operation in response to an electric signal is inserted in a hydraulic path

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 shafl 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 shafl is equal to orlarger 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 perfonning a switching operation in

response to the electric signal, the output side of the comparator and a hydraulic pressure switch

TPR 097900

Page 985 of 1239“ FORD EXHIBIT 1002



Page 986 of 1239 FORD EXHIBIT 1002

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 particularly 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 travel 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 shafi rotation speed

of the electric motor match, the field current of the generator and the drive current of the electric

motor are cut, the clutch is engaged, and the motive force of the internal combustion engine is

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

zr
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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 ofl' 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 ofproblem will occur.

This invention is to solve this type of problem, and seeks to provide an electric hybrid

vehicle control device which cuts the freld current of an electric generator when an internal

combustion engine rotation speed and an output shafi 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 shafi 2

of an internal combustion engine 1 is coupled to a rotation shafi 5 of a direct current electric

motor 4 via a wet type multi-plate clutch 3. The output shaft 2 is coupled to a rotation 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,

ll, which electrically detect the respective rotation speeds, are respectively disposed on the

output shaft 2 and the rotation shaft 5. Furthermore, a solenoid valve 13 is connected to a

hydraulic path l2 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 l6 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 l8 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 engine output shafi 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 ofan

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 turns 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 turns on together with the ignition switch.

 _=fi“
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Thus, when the internal combustion engine l 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 lsic. 13] connects the hydraulic paths l2 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 I 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 original cut-ofl" 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 2l.

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 internal 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 shafi 5, which increases

according to load as shown in curve n5 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 nz,

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

,Jm- 

5 TPR 097904

Page 989 of 1239 FORD EXHIBIT 1002



Page 990 of 1239 FORD EXHIBIT 1002

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 to, 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, so 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 1 and the clutch plate is substantially engaged, the internal 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 electric 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
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Fig. I 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.

I. Internal combustion engine

2. Output shafi

3. Clutch

4. Electric motor

5. Rotation shafi

6. Step~up gear

7. Electric generator

9. Battery

10, ll Detectors

12. Hydraulic path

13. Solenoid valve

18. Hydraulic pressure switch

1 9. Comparator

20. AND gate

25. Inverter

27. Field coil

31. Coil

,. ._

7 TPR 097906

Page 991 of 1239 FORD EXHIBIT 1002



Page 992 of 1239 FORD EXHIBIT 1002

This Page is Inserted by IFW Indexing and Scanning

Operations and is not part of the Official Record

BEST AVAILABLE IMAGES

Defective images within this document are accurate representations Of the original
documents submitted by the applicant. ‘

Defects in the images include but are not limited to the items checked:

Q{LACK BORDERS

El IMAGE CUT OFF AT TOP, BOTTOM OR SIDES

B/FADED TEXT OR DRAWING

El BLURRED OR ILLEGIBLE TEXT OR DRAWING

Cl SKEWED/SLANTED IMAGES

E] COLOR OR BLACK AND WHITE PHOTOGRAPHS

Cl GRAY SCALE DOCUMENTS

Cl LINES OR MARKS ON ORIGINAL DOCUMENT

D REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY

El 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.

Page 992 of 1239 A . FORD EXHIBIT 1002



Page 993 of 1239 FORD EXHIBIT 1002

 
5 5 (nfimmmfitfitfggguxbflfifl).

flmuwngn

NW5’!!! , 1 “*R
Lfiwozk ' '

€2¥l$% ivv-v-v

3 Ohlzollzflllnglnol 6
AIR E a

2 5 ann3fifi?3?:on

  
kl i

¢K0fifl3lA

B5 II .#
(u”£I 9-II-‘IICIQI

«us I I’ _n -
‘flit 3 A !m

km Ifi6¢£BAIfl3 7 m
nnnazwyvzume- IQWIJEIBI-I I_I

<mm&amua m n.
Qtmla)

w m. z

zmosw

memaepmmv~vv—>

fifimmoma

u wnnm¢eoAny.9<s:mo:n

91:93“. B8W§E‘&¢QO!I?5’( £3

§baammamnumhu¢aa5r+»

v-vmm1.mEfiEQmfino#/0!

wm»zo:maeaatnL1mmAnu

maaan.»aouzmmamnécae

an.m:b!fimrz.#:d£m%éB

H&§ERK$t9§5*/Omflfinah

xmmsn.x40!amgéansuun

arq¢mmamanzezn.nnm2;

BEST AVAILABLE COPY

® a$;:1m4fi'

"AEvfi#%%5Fé§§

®4:*:5m 43 3.49115
®'m:aa “aa4s.V(1973)7 .11
®4$EH9E 4«A’A2¢7¢'A

. @.‘£fi;B H344 197/)/0.20

$13932 stem?! (27 E)
l"'fI"iS‘f€§§'% 2 ®az:m,n

'_;’Xa77 ?é ,.M/M2
“ .- 4&2 35 J19 Aa/

‘#77 94 7! Av
:/a€.3/ A4 .4/

._

nsnne§aan.sa1ma§u:nn

mdunanxameonneaeazom

éfitklbflflfifltflflflflfifihkc

&E§fitf6!%IiBflmfl¥'|9-'

%

Nfilflblflfifilbflli-'l7!E'HElV331I|.§I

§wm2&&zuuz9wgeunnann'
Mamnaionhsmennmemuoa

mmumemx9men5sm&l«5xa

n.cnni9fiuBnunumnnnx;

¢<c:&0xak§3sn6c¢&§§a

+b#finmoga§}mEaouem:a
nmmv+» I .v--1,

mmnnnmownaw¢ana¢&n.

mommumamunoana§An2w¢' neraonfiuesuoseuumeyz

-l0l-

Page 993 of 1239

,_.

TPR 097975

FORD EXHIBIT 1002



Page 994 of 1239 FORD EXHIBIT 1002

onnmmaowimgomezawnam

¢D'3‘J¢7)@#I7J|§}O.-‘:19-‘fi3.§I3h‘E~ SUEZ’:

omammnmmnsmgraoazxsx

an.cnmz9memnunnaunnz

baoanmmmuomnaeamnmas

nbcetna£¢awsmmonarxm

mnouenzannmc+>»-2.

v maéaamofins»»omdants

9mE»‘0lfifie$uofie¢fiL1n

eahsmafinsxanae#m.m2;

mommznnonnmumamnmamm

anmmémenaafi§nnsxsu.z,

nnz9muwnunz¢5:—urgi9

unnaumoiaminamémwag;

'aonfiafi¢mm1—xoiunuuxn

rabn,wRxmozmeL1mmmL1a

zatcrcnxomahmmzfianxéfi

-%M¢fifl&L1.fifixfl$NoBhmo£

Haméaa¢mxommn£bmmnxa2

mmm+nw2x$oga.anmmme5m

mmmm:rz¢q—m¢mx.mmma.n

:qwn.mmum%ofis&»ommame

umramaammmean=xaa.cbn'

-bBMEMKETfl\§fi§K&fiL1=>"

§taaLA?wazaopmamtnnc£
#aax¢os$a5oamn&—aau$m

m&.:nun§-—z»:»o7eumtu

amuwn$oanzfiwnssaLnn&a

mom£mm£én1wam.h}nq:g—

fimfifimkfitfiwffiflfififlfikhfifl

_ NB Ea—491Is§
9nEsnmwxuzn.u:wnKz9n

nmnoaao-mntuntazomun

anbcetfimarbnnaamaarx

aenoa§unauxm«~»v-v.

:_xwoamnnm

§£fifl§flflK#v!>fiB&fltIfifi

émxmnnaeeéwnaenaaummv

+.g_»nnra$or5$.

imvvs>=>v>tsaLmannoa

ga=mzaxa£&m.sfioaamae—

Sac-uu>baaaxnxa¥KnnLt

samL:nrnsaL na4&¢wmui

:mu#&&fim&g$:aLamn##ua

nxuutnkamepnaaananebz
91$§tfiB!#5C&#$Efilflb&9

aoaaaesxé.

Lby:azsuanmonuan&+£x

fi$&&§KKflhAMD§9&§D0&hfi

fiianxpnueohtabksoezxg
naa.con:oamxmov?xewve

L'Ed’( $'!“|‘.‘|C)\M0££§£f3tQ#L'C|/D

bfimfifbfifisafifitfififbzfifib

bu

;amoamnavr¥w:amesam2

hxnnuagtsauruetaaumen

_aL.:neomaeasoaeb¢nza@

mL<x:finoanxzc1n:axomm

:¥amLassafiwnnv#»»—$em

scents.

urnxgatmmoxnhxznumtg

_4m; ,. j___ _j.__.__ _ _

TPR 097976

Page 994 of 12??) ' FORD EXHIBIT 1002



Page 995 of 1239 FORD EXHIBIT 1002

n

»zmnxawnaetzam1mr+3»

~>ogufi$zn.xamn2:§nn6a

BQ££Rn0fikm&%fifl£fi3h1sm_

cnspmKmr+;x}nnsnmaau§
$LfimK¢u&flt&Atf5.coi9&

e—z}bmfiK&T.vvvvmBun:#

5oAnfiJa§Voa9v4Ipf97or

9A}&k1oo9§r4bras9¢r7K

g§zh.kJoo979¢0I979a1I

$2/bemuvtnuiaasnanuor

/Dv>v+uKl§3fl.1Joo77r&

maaarr:qmm§:b¢m§M2nLp

%O#JOvv¢7uKl&%fl.fiK*JQ

aaursooé/9wa;mzr—£/to

_mn7.-.m$ansna.naanu:q

'Kt9IMb.

cozannaammfinxnntnamn

nznmunanasora9.aa§mam

w0t:oo»«¥uE—#$tt:o¢M&

u&uy>Ir+nK§amte79H&Q&

avrn.umansn.cnso&nv+m

NKEGfifit%%bkb*M!+u.ntfl

L1§anmv+u.nMie9%w5.:n

;oflhvvu.uu§ARfnK$tb8b

nRl§nu.nf&n199.cn6dna

Rfiuu.n&Sfifiu&0mK!flO§nL

2HnKnan.w¢&&an.nouatn

0QN§EE2!tfi9=>v--9b.”!
a;5£an.u5m§nKanan1m5.

coLt»:omnnnnnusdmu¢sa

w I548-49115 ('5)

nrI.2zooav?u.nt§R-$fi3

n1n&6vaa»vvu.xYfiL.cn6

0550»/g:=o>v«u¢u;r}~u

mugu.ae..»4+nKutiifbo

+}~ufi$fiIHKl§ifl5o!hAh§

JfiwfiflHtKikt4;£>7N.Hfi&

Hbh.tfl60:4na?(w.UK£D§

tnmmmmsmwfincaaerxenur

{999i.;€1v—ou&KIR$KR&

an.»/oa{Go¢gr._onm&m3

n1nna§+acanz»»Iot»v$f

0B&Q,E#J0vvv+uDQfl2uTE

:zr+%%o&maou;mmusn.»a
»:oo,.¢a.sm&n%m1uamef

ac&Kx§aagn0za&£fi5n§z9

mtmm&§:ntauv+utmaL.mn

nv»-.anzm¢anan£éeracz

KIDH§QH§IMOXJ01>v+uD@

etnn¢se.»:o»»v¥uohau,

v2rv¢u0Qfly3.Env1wofi&@

&Ulhv+uDB&z"rE!L(I+::)

x%%on:m£m5n.umznano>~
rrKfiL1(i+3i)x§lxrmmn»- 3;: 5::

»oflmpména.mo1aamm—Eoa

nrv=>..-,unz9mhxu&mm+

aczni9§nv~oomwsfi¢n.na

..{.-»unzaa&¢annzn@te

n;»mnuun£eLraanmaa.:n

uannanow&£a.mnqnzouuz

nacaxzamannanngnaeL£n

-d®- ,

Page 995 of 1239

TPR 097977

FORD EXHIBIT 1002



Page 996 of 1239 FORD EXHIBIT 1002

EL-fi0:»9a1»—¢0giMfi6fl5

e§nsn$unxttacamrr$s.=

>»=—5un:9mmnutmar=av>

7»-+0&mMfi$HfiKtb.

u¢amLz;gmaminn:mmna&

UflflRKIDikflHKflfl3h6*%%O'

' 4" P |'-"Kfi§‘[~ EKVH8RM3#‘2OIb

mm»/oaas¢¢owukxg;Jpgg

¢«ux5L;n.mammannau:mu

nbeofinfifiaxaovvvvntkuu

»;«+2n£19nbue8$momrufi

}6.coaBRwo&D9KxD&Mmho

mm-»omMwzfi.=»».—su.uk

;nmmamny.nuwynsnma2nm

%mn{Lf¢wHnmannw9%omE&

' 31359.-74¢'7§‘zfi3:_Dn‘§7J/.!‘$TE92L

1mpmzna.incoxoué»e}-u

v2«rmbm5aazammn1.mx&fi

mJHTO§€HXJOMm!”aMfl,aJ

uxo&en#/ommmuaumxaxua

&L1mwL.conun;9fi9hkEfl=

..«$smmunxz3naceu<to:

:mwawwnmmeua{

R(#4fiKC0KXflfiDEE&£fiKfi

.p6Ana:emm&neomnowrabr

Mmfifi€fl1$D.COMK§1&flflfiD

nmnmnnzn.nam9nnmamhmt

»,.—o¢L1%ommm}uoueema

cr.msnaétfinar£~%L:wb.

Mheflabczoflflflmflfimantbfi

an ma-aurim
K€E2Dfl!T&1$kflflXMflfb.C

9LT$b'*'&UEEIfi#MU3h&J

NOV?”-H-Bbflébtfllblfiflfi

l§flwd¢*9?mtfiL1Anuunmw

R£&Kbk5fi&lE¥$fif5fi.cDN.

eraakaanazamrzouuaudu

-MAflfiJD@EREOJ$¢&8KfiQnK

fi?tfi§fiK&£3n.»:onfilw&n

nAnh:¢aexaom:mraeLnaa

ma.:eaLr£e&noeoa2m§<m

aa»mao1uamKmmsn£.§osa‘

wnuumxnuxeoaefifiréazam

mnxbbfdwfiflfiflfinofififitol

&ooJ.fimmnfi&u.no@E3K$#

xxfiatestuueofiotgfikzoa

nmmmaanxfit. ‘tflilflltlilfintb

aaz$»oun&ammm#9uTKnsm

map to$1§.J:$I$iL~ §§no0‘3HHl:Iv

amwm£wmmmta§LiM§.£ng:

awfi1nuzg»onm&nm$mmL.m

nunm§¢L1wbuenaenav-rm
t§bfxv~-v»rkomfi$fi3n19

s.a¢5qgoz9¢nas9ouh&nm

ummsmmmurramoxamwamau

rsam.tommuauaanxuy.na

xflfiozatmmfixofienxswvrr

kttfitws. 1.tbt.¢>I.9 tilfiflflitflf.

!flflfl%I&htEfiE%fif6C&t({

 o:xunanmmrmbm1ns§nnmz

TEI$h&8h0—BfitEfififi*KET

"-104-—

TPR 097978

Page 996 Of 1’2-f§'9‘——m. I FORD EXHIBIT 1002



Page 997 of 1239 FORD EXHIBIT 1002

smmflnsx5zon+a:eswaram

8mX§0*>~Itn!&nz¢6ffl1§

$?6C&t(C0fi£tfim13IfiM#6

.ntvbcaswm1¢9.z«=»»-_,

w.mKz9co$6Kt§masfianb.

cnxsna30w2amsm.m:snn

Ofizomeahosxxwzpmmaenx

%wovfiv—>oino&fin§tmwf_

aa.mmm+xafiaooémwm.3mm

m£nmmnzaxoe<au:aanras

mwen.:pasa»apk-aounmr

mamu»n&sxehume£fisn$.u

WT*%E&fi*§&0§eKfi1d§&EW

ximmm5£acem:p.wnqm;dE

masnuuaaonndgfinzauizfl

mzamendumxamm1{maa~—f

é.47:za§tm&mw5ha. I
fux&wLnxomxamoaeua§mm

flfvfv->KI6t.BfiOflR&Mflfi

rkmmxr;na~xo¢camsannz

K&9R#X0%§$§L(NC5fl5H&E

nxaaxmx1s9.xx%wm$caww
m€mmtzfi+su¢oto£m&asQa

+mso;mmntut.:mu§nLx§m

mm¢racemrs.co§aawmeL1
onnmx5naaanrmi.:nmaan

fimmounnzouennxamnrtam

fiOM$fl&(T$¥+$u-vfiflbmfifl

zHmfi<.&amommnéza£§én¢

gaxmao»~:maxsmauamatfi

§H'flw-4h|5@

1aa~ho§§#§§an.fiatanz9

mwnsmmoauanrmewmta5.n

u%2gmnoz9nm£gx§t£¢nx9
fifiihbfifikfituflflfiflflfifitfifi

menac¢Kxa.zaoummt£Ltg

fltmfl&}x«axoRWfifi§fibnb.

:mh#oraanmta§mm§nwom

oéwarqmgm-mnt%nLramta
e.mnmxmmmpmannamoe=n>

v+d.Mfi§«¢v«+y.n&flem;x

:oe£:yrvd¢¢+u~ntnL1z/

9*M§9K1%3n.#/0¢qn>x«M
‘%§iT69*9*d#?J0€=:>v«d

eme+5r:ou$zy33xzazn.;

am:av9c;c¢v»;+un3finm5

¢b;EKEfi£fi*Kmt#mmNt%fiT

3bnb.Bi§Mmrfikoflmmmah1

ma§mxnnmmnm§n.géz£axa

bamwm#husxa«omnsnamfib

flflb.

u mfiommmmw

r/mntxwm~+.»-ao—m£i+

'ama.»;au}/awfinaabnamfi

m5uamta+&mwn.»:aHumfim

a§a:m£«m{.-»oizmaomme

*fflfisrUflBQ7vv—>0fi$&f0

-auwnnfltinanounfianaeds

n-oKL1fifflfl,k:finav—aou

rwem:s»bnnan§meomm+fir

am.»amaxnmoc+»»-vombn

9 —‘1o5— ’,_

Page 997 of 1239

TPR 097979

FORD EXHIBIT 1002



Page 998 of 1239 FORD EXHIBIT 1002

ma I:m—4s1.;5ra3

-t.i':*!‘iI:&fi‘l‘56. .- . 'I—!—~—+»—;——ix:J
-3 .N8&N '

, A 71”.” ‘ - I - r''“'“_’“‘~'=.-''”';
:1 3- I 0 0 9 7 9 . _

 
I
I
I

l
5 3-;or999 3

.. '

I3. 7»-O I g
. . _ ‘ g

'u .m nfi_ ii L
N §BQlEI=

3/ 3'I09'z¢#

3%3.1. Q-amoral?

3 vsalrv

u .¢ms+

u kloflfilflfl

n 3-aoazaftnan

J! ‘Slit.

(/vf

 
; \\\\\\\>'r;~

‘ 3]?/1\_,‘.\ \  
 
  

 
  

     §  
  
  

  
    

 
  

_ __; \ — «
ggvggl

' ‘“““-“I-“‘~‘:?§3z3>}3-“""’%‘&««:9' -we r“ ~— ‘«—w-«
 

 §\\\\\\

-4%- w-_ .__ _

TPR 097980

Page 998 of 1239 FORD EXHIBIT 1UU2



Page 999 of 1239 FORD EXHIBIT 1002

- DI: Itm—4sn5m

EBI

  

 

_r=3v&'v3.=rH!si-o
I-0

 

no

1; .0.5

0 _ 0-5 I-0 ‘-5 0 42 mi ao'o.: 1.0
=1 7% ht enm.wnxz.a¢

ti masses}; . mu:
(1) amaze: 1 3.6
 ?——:L$ /run

(.1) 91- am 3 1 3m '
m m W 1 in
(5) § E ax /iifi

- 

at mmmno nmA

so . Q ,5 3 m u I I A ',m
i..

can ft . 3. A nu' V103 ~

{:75 _:a;;-::s/xmm-315 wascw - 7 an

fikuifl/ésflfilfifilfi itfifli . ‘ I 3 ml) 5 4:44 sane‘:
¢‘'~!A# 15 w 19 145 (ezannez 93:? IF am‘ .

. ' T‘: I in - - .. --
-INTI-.

TPR 097981

Page 999 of 1239 A FORD EXHIBIT 1002



Page 1000 of 1239 FORD EXHIBIT 1002

CERTIFICATION OF TRANSLATION

'1, Christopher Field, at pirofessionzel Japanese uensiaxoreeaedixed by the American
Translators Association, hexeby attest that the {mashed txanslafions fi'om Japanwe have
been faithfully prepared to the best ofmy ability.

1. JP 50-30223

2. JP 48-49115

Date: May”, 2004 . . " 1

Christopher Id
108 Codman d.

Lincoln, MA 01773

www.christophcrfield.oom

TPR 097982

Page 1000 of 1230 FO—RD EXHIBIT 1002



Page 1001 of 1239 FORD EXHIBIT 1002

[seal] (19) Japan Patent Ofiice

{revenue stamp] [stampz corrected] Publication ofUnexamined Patent Application

(2000 yen) (1 1) Publication Number: 848-491 15

Patent Application (43) Date ofPublication: July 1 I. l973

(Patent application in accordance with the regulation (21) Application Number. S46-82474

in the provision ofArticle 38 of the Patent Law) (22) Filed: 10/20/1971

October 20, 197] Request for examination: None (Total 7 pages)

Patent Examiner Takehisa lzuchi

l. Title of the invention ‘ I JPO filing number (52) Japan

Gear Train for a Hybrid Electric Automobile Classification

2. Number of invention stipulated in claims: 4 6477 36 80 A02

23. Inventor“. 1 character 6477 36 80 A0l

corrected 6477 36 79 Al

Address: 5 Heiwa-cho Toyota, Aichi 2125 31 54 Al

Name: Seitoku Knbo

34. Applicant: 1 character

corrected

Address: 1 Toyota-cho Toyota, Aichi

(320) Name: Toyota Motor Corp.

45. Agent 1 character

corrected

Address: Tokyo Tatemono Bldg. 611,

3-7 Yaesu Chuo-ku Tokyo, 103

Tel: (271) 54524939

(6072) Name: Patent attomeyr. Hiroshi

Ishiyama

(and one other)

[stampt Patent Oflice 10/20/1971 Second Application

Section [name illegible]]

I .-.-- } 

TPR 097983

Page 1001 of 1209 W FORD EXHIBIT 1002



Page 1002 of 1239 FORD EXHIBIT 1002

Japanese Unexamined Patent Application Publication S48-491 l5 (2)

Specification

1. Title of the invention

Gear Train For A Hybrid Electric Automobile

2. Claims

I. In a gear train for a hybrid electric automobile comprising an input shall, at least

three friction engaging parts, a planetary gear device having at least four connectable

elements, and an output shalt, the gear train is characterized in that the planetary gear

device first element is connected to the input shafi 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 fiiction 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 fiom an internal combustion engine or a DC motor, or combined power

transmission from both [those sources].

11. 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 pans, thus obtaining at least two stages of

gear shift ratio from the engine motive force to the output shaft.

111. 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

engagement 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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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 Iefl 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 confinuously 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 ofthe 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

meteorologically 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 enviromnental 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 ofharmfirl

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 I, 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 dnim 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 shafi 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 Z2; and the number of second sun gear 22 teeth 22;, is obtained by

TPR 097986
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the supply [ofhydraulic pressure] to the input shaft 3 and the brake 12 to engage [these] by

fiiction, 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 shafi 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 gears 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 wiring 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 l2 to engage it, thus restricting the rotation of the planetary gear

. ’ .21 .
device 20 second sun gear 22 so as to obtain a reduction ratio of ( ’ +fiL’ X m , deterrmned

by the second sun gear 22 tooth count 222, the ring gear 25 tooth count Z25, the transfer gear

31 tooth count Z3. and the drive gear 35 tooth count 235, so that an output torque of

ti+"‘)><-—-—'-"
=2: *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 output 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 constituted as described above, we shall further

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

/-*'- -:1-2-—-.i__
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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 controllers 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 speed 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 shafi 13 over the entire speed shifl 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 c shows the casein which that efficiency is

80%, and curve (1 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 shafi 13 is stopped, with respect to the electrical

portion power transfer efiiciency. 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 efiiciencies; 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. lt 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 ofthe 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-detennined 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 driving could be accomplished at the best efliciency

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 intemal 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 l2. .

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 theadvantages 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 I. 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. lntemal combustion engine

3. Input shaft

4. First clutch

6. Second clutch

I2. Brake

13. Output shafi

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

_- 1 i j_ _\
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[see source for figures]

Figure 3

X axis: Speed ratio

Y axis: DC Electric Motor Speed Ratio

Figure 4 Figure 5

X axis: Speed Ratio X axis: Electrical Portion Power Transfer

Y axis: Efficiency Efficiency

Y axis: Stall Torque Ratio
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(19) Japan Patent Office

Japanese Unexamined Patent Application Publication

(ll) Japanese Unexamined Patent Application Publication S 50-30223

(43) Publication Date: 3/26/1975

(21) Japanese Patent Application S 48—80723

(22) Application Date: 7/20/1973

Examination Request: Examination None (Total of 10 Pages)

File Number:

7052 51

(52) Japanese (51) Int. 01. 2

Classification B b0L l 1/02

80 A 02

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 planetary

gear mechanism comprising the rotational elements of a sun gear, a carrier, and a ring

gear is connected to the output shafl side of an engine through a first switching clutch, a

second shafi thereof is connected to an electric generator, and a third shafi 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

TPR 098006
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electric motor and electrically linking these [elements]; furthermore by inserting a second

switching clutch on the above second shafi, 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

parallel 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 ofprior 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 hybrid

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

r‘—-—* __._ _fl
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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. Furthermore, it is also possible to

engage an overdrive in order to increase the power transmission efficiency, power

transmission efliciency 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 shafi l for the gear transmission device connected to the crankshafi

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 shafi 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 engine 10 is stopped.

The intermediate shaft 4 is integrated with a carrier 5 l , 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 fi'ont end of this

hollow rotating shaft is connected to a rotating fiiction plate 72 in a second-mode

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

Z ....._. \
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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 shafi 5 has a spline-engaged gear 23, and

the rotating shaft 21 on the gear 22 which engages the gear 23 serves 3 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 4], 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. l

are referred to using the same reference numerals. (‘The same is true up to Fig. 6). Points

which differ fi'om Fig. l 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 l57, 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 the shafi

of gear 132 which engages the gear I33, integral with the sun gear 157, is integrally

linked to an electric motor 130.

We next explain the Fig. 3 embodiment. In the Fig. l 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 afiixed to the case; what is

difierent 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 intennediate 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 carrier 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 shafi 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 shafi 402.

In the last embodiment, Fig. 6,-a double planetary gear is used as in Fig. 5. The

intermediate shafi 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 shafl 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. I 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-E mode E mode

First-mode switching clutch 60 X 0 0

Second-mode switching clutch 70 X X 0

O: Engaged

X: Disengaged

/
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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 shalt 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 sufiiciently 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 ofplanetary gear mechanisms 180 is disposed in addition to the gears I32,

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

i = (number of teeth in gear 133) I (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 ofthe output shafl, relative to the rotational torque Tm of the

electric motor 130 will be as follows:

f
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1+;
ix.-—————'r,.To

and rotational torque can be increased by a power ( ' 4' ' >/ ' compared to the Fig. l

embodiment. lt is also possible to increase the electric motor rotational torque TM by

changing the excitation current using the controller 142, and therefore T0 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. l 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 shafi 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 intemal combustion

engine 10 rotational speed and the output shaft 2 rotational speed and each of the

rotational speed ratios eg, em 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 eg at that point for the generator 20 is shown by point B. The

I. __g
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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 shafi 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 ofmotive 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 shafi I 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 fieely 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, ifwe assume that

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

we have

/ T. -.__ ‘
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gear ratio = 1/ l+p,

and a l+p overdrive is achieved 3 the rotational speed ratio.

The relationship between e and drive transmission efficiency is shown in Fig. 9.

Up until the point 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; thereafier the drive force diverted to the generator 20 rises

along with the increase in e. At ernax, rotation of the generator 20 stops altogether, and

losses are purely mechanical; drive force efiiciency is at a maximum. The above elements

are similar in each of the embodiments of Figs. 4 through 6 to the Fig. I embodiment.

However, the Fig. 3 embodiment operates slightly difierently 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

shafi 204 and the output shaft 202. The purpose of this clutch 270 is to make a purely

mechanical link between the input shatt 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 shafi 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 clutch 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

firrther 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 25]

in the planetary gear mechanism 250.

. The motive force transmission efiiciency 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 efliciency occurs at the point e = 1.
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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 until

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 shafi I 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 09801 5
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When switching fiom 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 efiiciency 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 ofthe 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 em and eg 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 Shafl; 2: Output Shafi; 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]

Electric Motor

Internal Combustion Engine

Generator
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Figure 7

[see source for figure]

[vertical axis] Vehicle’s Speed

[horizontal axis] Rotational Velocity of Electric Motor

Figure 8

[see source for figure]

[vertical axis] Rate ofVelocity

Figure 9

[see source for figure]

[vertical axis] Drive Train Efficiency

Figure 10

[see source for figure]

[vertical axis] Drive Train Efficiency

[horizontal axis] Rate ofVelocity
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Description

The present invention relates to a vehicle

powerplant comprising thermal and electrical drive
means variously connectable 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 a¢>
cessory devices (e.g. hydraulic power steering
pump. brake and conditioner compressors. auxil-
iary altemators). 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 propeller shaft to form a
single drive line between the combustion engine
and the transmission input shaft. in which case, 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 briefly 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 engine, while the rotor element of the
unit. set to generator mode. 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.

Powerplants 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 vehicle.
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 partially
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 exposed. '

it is an object of the present invention to pro-
vide a powerplant of the aforementioned type de-
signed to overcome the aforementioned 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 second means being 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
wheels by a drive line fitted with said transmission

and with a first clutch located between said engine
and said bansmlssion 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

TPR 154419
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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 electric motor and said drive fine. and

which may be set to a first and second position
wherein said rotor element of said motor is respec-

tively connected to and disconnected from said
drive line;

a shaft connected to said drive line 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:
t-‘ig.1 shows a schematic view of a first configu-
ration of the powerplant according to the present
invention;

i-‘ig.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 cfiesel
engine; and a transmission 2. the input shaft of
which is connected mechanically to engine 1 by a
propeller 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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merit (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 compressors and auxiliary altema-
tors. may also consist of special-purpose devices.
such as compactors. in the case of refuse collec-
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
element (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 second 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.5 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 connected 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
connected 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 8 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 turn rotates the rotor element of current

generator 7 for charging battery 8. and operates
the accessory devices on the vehicle connected to
power takeoff 9.

This first operating mode therefore provides, '
thermally. for running the vehicle normally, operat-
ing the accessory devlces. 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 (release) 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
flywheel 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 effectively
controlling combustion engine 1 (for achieving high
efficiency and minimum emission). power takeoff 9
(and. hence. 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 electrically.
as required for at least operating the accessory
devices governing the driveability of the vehicle.
such as the power steering pump and brake sys-
tem devices.

For this purpose. 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 norrnally by means of clutch 12 it drive 11
is located upstream from the transmission. More-
over. it also designed to function as a current
generator. electric motor 10 may provide for elec-
trically braking the vehicle and at least 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 reference 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) filled with
said transmission (2) and with a first
clutch (4) located 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 respectively 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
electric motor (10). the rotor element of which
is connected by a first drive (11) to said drive
line (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 wherein
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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 shaft (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
line (3) upstream from said transmission (2).

A powerplant as claimed in one of the fore-

going Claims trom 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 01 the tore-

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 tact that
said electric motor (10) is also designed to
operate as a current generator. for electrically

braking said vehicle and generating electric
current which is supplied to said battery (8).

Patentansprtiche

Fahrzeugantrieb der folgendes aufweist:
- eine erste thermische Antriebseinrichtung

und eine zweite elelrtrische Antriebsein-

richtung; wobei die erste und die zweite

Einrichtung zum Ubenragen von Bewa-
gung zu den Aritriebsradern des Fahr-
zeuges Uber ein Getriebe (2) aktiviert

werden; wobei die erste Einrichtung ei-
nen Verbrennungsmotor (1) auiweist. der
mechanisch mitgden Fiadem 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 wobei die Kupp-
lung in eine erste und eine zweite Stel-
lung gebracht werden kann. in welcher
der Verbrennungsmotor (1) jeweils mit
dem Getriebe (2) verbunden und von
diesem getrennt wird:

- einen Stromgenerator (7) zur elektrischen
Stromversorgung einer Speicherbatterie
(8). wobei die elektrlsche Antriebseinrich-
tungeinen Elektromotor (10) -autweist.
dessen Rotorelement durch einen ersten

Antrieb (11) mit der Transmission (3)
stromabwéirts von der ersten Kupplung
(4) verbunden lst. 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 gekennzelchnet, daB

- das Rotorelemet des Stromgenerators
mit der Transmission (3) stromaut-

wéirts von der ersten Kupplung (4)
verbunden ist;

- der Elektromotor (10) von dem von

der Batterie (8) zur Verfilgung gestalt-
ten Strom angetrieben wird:

- eine Wells (5), die mit der Transmis-
sion (3) stromaufwarts von der ersten
Kupplung (4) durch einen zweiten An-
trieb (6) verbunden ist. und die tiir
einen Antrieb (9) zum Betreiben der
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Nebeneinrichtung des Fahrzeuges zu-
sétzlich zum Generator vorgesehen
ist: wobei das Rotorelement des

Stromgenerators (7) mit der Wells (5)
verbunden ist: wobei der Stromgene-
rator (7) auch ais ein Elektromotor be-

treibbar angeordnet und instelliert ist‘.
wobei der zweite Antrieb (6) eine drit-

te Kupplung (5a) aufweist. die so ken-
struiert ist. eine erste Position einzu-

nehmen. bei der die Wells (5). die mit
dem Ftotorelement 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 die Anordnung derart
ist. das die Nebenelnrichtungen von

dem Stromgenerator angetrieben wer-
den kiinnen, wenn der Stromgenerator
von der Transmission entkoppelt ist.

Antrieb nach einem der vorhergehenden An-
spriiche gekennzeichnet durch die Tatsache,
das die Erst-(11) und Zwe‘rt(12) -antriebe Ge-
triebe-Antriebe sind.

Triebwerk nach elnem der vortiergehenden An-
spriiche, gekennzeichnet durch die Tatsache.
das der erste Antrieb (11) mit der Transmis-
sion (3) stromaufwarts von dem Getriebe (2)
verbunden ist.

Triebwerk nach einem der vorhergehenden An-
sprtiche 1-3. gekennzeichnet durch die Tatsa-
che. daB der erste Antrieb (11) mit der Trans-
mission (3) stromabwfirts von dem Getriebe (2)
verbunden ist.

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

Triebwerk nach einem der vorhergehenden An-
sprfiche gekennzeichnet durch die Tatsache.
daB es einen dritten Antrieb (2a) zur Verbin-

dung das Getriebes (2) mit der Welle (5). die
den Antrieb (9) bereitstellt. umfaBt.

Triebwerk nach einem der vorhergehenden An-
spruche gekennzeichnet durch die Tatsache.
daB der Elektromotor (10) auch so ausgelegt
ist. daB er als ein Stromgenerator zum elektri-
schen Bremsen des Fahrzeuges und zum Er-
zeugen elektrisohen Stromes. welcher der Bat-
terie (8) zur Vertflgung gestellt wird. arbeitet.
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Revendloatlons

Systéme do propulsion pour véhicule compre-
nant:

- des premiers moyens therrnlques d'en-
trainement et des deuxiemes moyens
d'entrainement électriques; ces premiers
et seconds moyens étant actionnés pour
transmettre un mouvement aux roues

motrioes du véhicule par Pintermédiaire
d'une boite de vitesses (2); les premiers
moyens d'entraTnement oomprenant un
moteur e oombustion (1) relié mécani-
quement A ces roues par une Iigne de
transmission (3) équipée de Iadite boite
de vitesses (2) et d'un premier embraya-
ge (4) place entre le moteur (1) et la
boite de vltesses (2). lequel embrayage
peut étre mis dans une premiere ou une
seoonde position dans laquelle le moteur
a combustion (1) est respectivement relié
2 la boite de vitesses (2) cu débrayé de.
celle-ci :

- une génératrice de courant (7) pour tour-
nir du courant électrique 5 une batterie
d'aocumuIateurs (8).

les moyens étectriques d'entra?nement
comprenant un moteur électrique (10). dont Ie
rotor est connecté par une premiere boite de
transmission (11) 3 la Iigne de transmision (3)
en aval du premier embrayage (4) at

- un seoond embrayage (12) place entre Ie
rotor du moteur électrique (10) et la Iigne
do transmission (3) et qui peut étre mis
dans une premiere et une seoonde posi-
tion dans lesquelles le rotor du moteur
(10) est respectivement relié 5 la Iigne
de transmission (3) ou débrayé de celle-
cr ;

systems do propulsion de véhicule carac-
térisé an ce que le rotor de la génératrlce de
courant est relié A la Iigne de transmission (3)
en amont du premier embrayage (4); le moteur
électrique (1 O) est entrainé par le courant four-
ni par la batterie (8) et l'on prévoit un arbre (5)
relié A la Iigne de transmission (3) en amont
du premier embrayage (4) par une seoonde
boite de transmission (6)61 qui comprend une
prise de force (9) pour taire tonctionner les
appareils aocessoires du véhicule en plus de
la génératrice; Ie rotor de la génératrice de
courant (7) étant relié 5 |'arbre (5): la ge-
nératrice de courant (7) étant également agen-
cée et installée de maniere A pouvoir tonction-
nor an moteur électrique: la seconde boite de
transmission (6) présentant un troisiéme em-
brayage (5a) oongu pour prendre une premiere
position dans Iaquelle l'arbre (5). relié au rotor
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de la génératrioe do courant (7). est également
relié A la Iigne de transmision (3) at une se-
oonde position dans laqualla l'arbre (5) est
débrayé da la Iigne da transmission (3); la
disposition étant telle qua les appareils aoces- .5
soires puissant étre entrainés par la génératri-
oa da courant quand elle est débrayéa da la
ligne do transmission.

2. systems do propulsion tel qua revendiqué 1a
dans la ravandication 1, caractérisé par la fait
qua ia premiére bofla da transmission (11) at
la saconde boito de transmission (6) sont dos
boites A engrenages.

15

3. Systems da propulsion salon I'una das reven-
dications précédentes. caractérisé par la fait
qua la premiéra boito de transmission (11) est
raliéa A la Iigne de transmission (3) an amont
da Ia bofle da vitesses (2) 2a

4. Systéme do propulsion salon l'una des reven-

dications préoédentes. caractérisé par le fait
qua la premiere boita de transmission (11) est
reliée a la Iigne do transmission (3) an aval da 25
la boita da vitessas (2)

5. systems do propulsion salon l‘une das reven-

dications précédantas. caractérisé par la fait
.que le second embrayage (12) est placé entre an
is rotor du moteur électriqua (10) at la premis-
re bofie de transmission A engrenages (11).

6. Systems do propulsion salon I'une das reven-

dications précédantes. caractérisé par la tait as
qu'il comprand une troisiéme boite de tran-
smlssion (2a) servant a relier la boite da vites- ’
ses (2) a l'arbre (5) prévu pour actionner Ia
prise de force (9).

7. Systéma de propulsion selon l'una dos reven-

dications précédentes. caractérisé par la lait
qua la motaur élactrique (10) est également
oongu pour fonctionner an génératrica da cou-
rant, pour frainer élactriquament le véhicule at 45
produire du oourant électriqua qul est toumi a
la batteria (8).

50

55
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, I

Propulsion arrangemnt for vehicles

~ Technical f-i'e-1d:.

The present inventio related to a propulsion arrangement

for vehicles and comprises an initial machine in the form of a

motor arranged to be driven by combustion of a propellant and a

second machine arranged to be driven by means of electricity

from a battery or to function as a generator. The object is

preferably a propulsion arrangement for load trucks for handling

goods both in the open air and inside buildings.

Background: . .

The propulsion of vehicles by an internal cobustion engine.

The main one appears to be that the

. can be long

has certain advantages.

operating time between r-'retue1liug

and that the actual fuel filling operation can take place rapidly,

which taken together provide long operating times; if so re-

quired practically the entire day can be utilised for operation.
Another important advantage is that the weight per horse-power

for the motor and reguisite fuel volume is low; Disadvantages

which are linked with internal combustion engines are mainly

that they give off harmful and dirty gases and have a relatively
In spite of these disadvantages, internal

combustion engine operation for vehicles is accepted outdoors,

whilst there is an ever increasing tendency to prohibit and '

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

employed for load carrying vehicles, e.g. trucks, which are

employed indoors or in any case for the most part indoors.

ever the disadvantage does 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

Furthermore the costs for maintenance and

operations

How-

battery charging.

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 such as fork—lift trucks, because in any
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eventa 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 resistance and differences .

in level are relatively slight, whilst at the same time the

distance traversed during aworking day is relatively short.

Furthermore if operations are conducted sole-ly -indoors there is
hardly any other alternative. In the case of vehicles for com-

bined outdoor and indoor operation however the conditions become '

more difficult. As already mentioned there is a tendency no __
longer to accept internal combustion engine operation for indoor
use, whilst at the same time the demand for energy and power are

high as a result of outdoor.operation. During outdoor 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 erivirdn-

mentally preferable method of electrical operation in doors,

' whilst at the same time having adequate energyand power avail-

able, the use has been proposed of hybrid machines" for propul-

sion of vehicles. With these there is -both an internal combus-

tion engine and at least one e1ectric.motor, -the said motors

being capable of being used alternative1y.. ..'J.‘he present invention
relates to such a hybrid system and more particular1y.concerns

a system in which the internal combustion engine 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 propulsion of the vehicle during limited periods, mainly P

during periods when the internal combustion engine is shut dam.

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 _nachines
can be employed.
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on the other hand the inv3ention does not relate to system

of the type "diesel-electric operation", i.e. constant propul-

sion. with electric motors.which are supplied. with electricity

from a generator driven by- an internal combustion engine ‘and, in
. 5 periods when this is‘. shut down, ‘from batteries.-

Technical problem:

However, the fact has _,emerged that such hybrid systems are
inflexible when changing over‘ - between the methods of drive,

so that. the vehicle has to be stopped when switching over and
10 the purpose of the. present invention is to provide a hybrid

system of the above-mentioned type in which the changeover bet-

ween operation 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 ingmotion.

15 Another objective is to provide an arrangement for switching

over between the two modes of operation which is simple and en-

sures reliable operation.

,‘1'he solution:

The solution in accordance with the invention involves the

20 second machine, _-- as motor, operating 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 provided to switch over the second machine

25 frommotor operation to generatoroperation when, as a-result of

the operation 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. I
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.8351 mode .of carrying-0ut the ?invention: ' _

In accordance with fig. 1 the propulsion’ arrangement for a
vehicle, preferably _a load-‘carrying t.ruck_,.. comprises 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- ,5

S ting motor 5, which can be driven by the -current from _a battery
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 #3113 relay can be actuated from a starting controller 8,
e.g. a press-button. _f‘urthermore there is a stop button 9, by

10 means of which the motor can be stopped by influencing its in-
jection pump or ignition arrangement 10, in the.case of diesel
engines or Otto engines.

Furthermore the propulsion arrangement comprises ‘electric

motor 11 with a drive shaft 12 which has shaft journals at both

15 ends of the motor. one shaft journal'is connected to an hydrau-
lic 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 pipes 17 ‘which

20 extend up to an actuating valve 18 designed as’ a pedal.' A ‘free

wheel 13 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 hydraulicmotors 15 has a defined direction 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 dir_ection 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 a1SO that. 5

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 operation in. the defined
direction of rotation. In other words: _if the internal canbus-

tion engine is in operation, but not the electric motor 11, the
' . 3UP.EAU

02.91

/4,h.WIPOn.. . _-~.Q\"
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internal combustion engine drive 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 operation,.then the electric motor will.run freely

5 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 11. The functioning of this relay will be explained later.

In what has been stated above the electrical machine provided

10 has been designated as the electric motor ll. As such it is also-

envisaged to operate 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 latter can be charged

during operation of the generator. To draw attention.to this

15 point, in future the motc-generator will be designated as "the

electrical machine llP. ‘Such a changeover can be performed rela-

tively simply, generally by certain windings of the electrical H

machine being magnetised by supplying a field current, whilst at

the same time other windings are connected up for electricity '

20 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 11 is driven,

whilst during generator operation current is fed to the battery

22 to charge this up.

25 ‘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-

30 tively, speed indication can be undertaken by recording the

currents which flow through the windings of the electrical

machine 11. 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,

3§ 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
3UREAU
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I VVIP
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so arranged that.the changeover to generator takes place-when the

-rotational speed-of the shaft 12 of machine ll passes from the

lower speed range up to'the higher speed range, whilst changeover

to motor operation takes place when the speed drops'from the

5 higher speed range to the lower speed range. .Furthermore motor ;

operationdis obtained during starting up and the supply of current
to the machine from the battery 22, i.e. when starting‘from zero’

and passing to the‘lbibr. speed range. Furthermore one of the
characteristics of the invention is that-the internal'ccmbustion

10 engine l'is arranged to-drive the system within the higher speed

range at the envisaged norma1'load range. In the embodiment
illustrated thus the transmission ratio’via'the belt pulleys 4
‘and 20,15 so adapted to the speed of the internal combustion

engine l 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 numbers.: Further-

20 more, as mentioned, a speed sensing arrangement 24 is specified,

which is shown in fig. 2 as being connected to _-the 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-function, but

must also function as charging relay, so as to provide suitable
charging of the battery 22. It_is not necessary to'describe in
greater-detail the starting arrangement for the internal combus-

tion engine I. The method is already known of arranging a small

30 electric motor for starting up internal combustion engines. In

the embodiment shown the starting motor 5 is connected to a . _
special battery 6 and a special generator is then provided for ‘

charging up this battery. Thus the internal combustion engine 1 G
is quite simply a standard engine with associated 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.g. by connecting the.star-

ting motor 5 to the battery 22. It is also possible to allow the

motor 11 to function as starting motor, .-although then the free-
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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 cobustion 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 flow can be varied

infinitely even with constant speed of the input.shaft. The

«pressure medium from the hydraulic pump is transmitted via pipes

14 to the two motors 15 and thus when the shaft rotates thewhufls M
are driven. Preferably the system is also provided with

15 changeover valves so that reverse_motion 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, operates 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 provdded 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 indoors, 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 umeels 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_l is not
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affected. During electric motor operation the speed control
arrangement ensures that an adequate coupling is obtained so that

current is supplied from the battery 22 to the machine 11 which
functions as a motor. ‘As shown by the foregoing.this takes place -

5 at the lower speed range and, as long as this is complied with, 3

the relay 23 ensures the said motor -C0uP11n8-

If, for example, when driving outzot the building internal

combustion_engine operation-is required the engineis started in
the conventional manner with its starting motor 5 by actuation

10 of the starter cotrol 8. As a result theengine.l 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

15 its speeds to the higher speed range. As a result relay 23 is

actuated by the said speed-sensing arrangement. This results in
the machine 11 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 charge 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

‘speed 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 obtained. Very often however

the situation is that a higher speed is required when driving.

outdoors and naturally actuation of the pedal takes place in

30 accordance with the driver's required running speed. As indica-

‘ted however there is a possibility of speed compensation and i
for maintaining a 'uniform speed. .

If the internal combustion engine 1 is overloaded, either

because the drive resistance onWhee1S.15 becflmes «excessive 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 enéinewill drop. If this occurs to such

an extent that the speed of rotation of shaft 12 passes out otthe

. .. . ‘A0 REA U
jo".\'L\ J; 3. I hr. -

F r ‘ \'\I“"7’l'rFY.I.P.°.. nah‘

TPR 154477

Page 1064 of 1239 FORD EXHIBIT 1002

 

  
 



Page 1065 of 1239 FORD EXHIBIT 1002

wo 32/01170 _ 9 PCI/SE31/00280

specified higher speed range, then first of all generator_opera-
‘tion of machine 11 will be disconnected, which signifies a

lower loading. ‘if the speed drops down to the lower speed range
the'relay 23 will change over machine.ll to motor operation and

5. thus provides operation from both the internal combustion engine
1 and the electricalmachine 11. As indicated, the two speed

‘ranges can be located one after the other with an intermediate

range in which the machine 11 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 operation

without any neutral position. Preference should be given to the

latter.

If the vehicle is to be driven into a building once more the

engine 1 is stopped using the stop control arrangenent 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 yith current bains

-taken from the battery 22. As soon as the shaft 12 starts to

rotate more rapidly than the belt pulley 20, the free-wheel l9

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

range can thus be compensated, as described above, by means of

‘the control valve 18 which is provided with a pedal, if so re-

25 quired. - .

Industrial applicability: .

within the framework 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 piston engine of the diesel or

Otto type. It is also feasible for it to be a Stirling

engine, combustion turbine or a steam engine. The essential

thing iS'flEtthe°fledrive 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 -
%UR.EAU
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. 10 ,

The connection illustrated, via a. through shaft’ to the elec-

' trical machine ,'is not essential to the invention. For example

a connection _is feasible. where t‘ne two machines are connecte-d
'13 P3131-19-I fifl‘ ti‘?-Payer T-T3n5mi55i‘5n- . The letter also does not .3.

5 need ' '- to be of the hydrauliatype, but some form of con-

trol of the transmission ratio should be provided to compensate P

for operation within the two speed ranges} It.is also possible

to provide the arrangement with an element which automatically

changes over the trans:-hission raticx on changing from one drive

10 ‘speed to another. ‘ i '
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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 (11) arranged

S partly as alternative propulsion motor, thereby .driven by ‘means

of electricity from a battery(22)and partly as generator, thereby

driven by means of the first machine (.1)during generation of_ elec-
tricity to charge up the battery (22) whereby the propulsion

arrangement is designed to alternatively function in. a first

.10 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 second
machine acting as generator,. and a seconiiiizperational state in which

the second machine functions as drive source for the vehicle

15 ‘_~v_:ith . supply of electricity from the battery, characterised

in that the second machine C11‘) is so arranged that in ' the

second operational state as motor it operates within a. lower

speed range, -1’-hat the‘ first machine (1) is so arranged that in the’

first operational state -it functions as motor within a. higher

20 speed range which is located above the lower speed range, that

the first machine.is arranged to-drive the second machine "during
its operation as propulsion motor and that a speed-.-sensing _'

arrangement (23Jis provided to change over the second machine

' from motor operation to generator operation when, as 'a result of
_ Z5 the work of the first machine, the speed rises to the higher - -

speed range, and to engage the second machine as motor when the

speed is located within the lower speed range, so that of the

two operational states the first can be achieved by bringing the

first machine (1) into operation, whereby the higher speed range

30 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. ‘ Propulsion arrangement as in claim 1 characterised in that

35 the first machine (‘Dis arranged so that atheavx loading it can

operate inthe lower speed range whereby when the lower speed is

adopted under load the second machine (11) is caused by the speed-

sensing ‘arrangement (23) to change - from generator operation to

motor operation, by this means supporting the work of the first
machine.
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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-

A of a free-wheel coupling (_'l9) in such a way that when the first a;
machine is in operation this can drive the_output shaft via the _

free-wheel coupling, whilst when it is not in operation the 'out- -5'

put shaft can rotate in the drive direction free-wheeling from

the drive connection with the first machine.

4._ firopulsion arrangement as in claims 1, .2 or 3 characterised
in that the first machine.(1) and the second machine (11) are arran-

ged to drivethe propulsion mechanism of the vehicle viaian

hydraulic power transmission _(13,15)-' which is infinitely adjust-

_ able over at least a part of its speed range

5. Arrangement as _in claim 4, characterised in that the hydrau-

lic power transmission 03,15) is infinitely adjustable within a

range such that the envisaged difference in speed between driving

by means of the first machine (‘Dwith its higher speed and driving

by means of the seccnd machine (11)wit-h its lower speed can be

compensated for by varying the transmission ratio in the hydrau-e

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

‘the two machines as propulsion source.
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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 telephone 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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31/19/56 THU 17:31 FAX 4014233191

J1.

MICHAEL DE ANGELI

‘F

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of

Severinsky et a1 Examiner: David Dunn

Serial No. : 10/332,577 : Group Art Unit: 3616

Filed: March 7, 2003 Att.Dkt.:PAICE201.DIV

For: Hybrid Vehicles

PETITION UNDER 37 C.F.R § 1.313(c)(2)
TO WITHDRAW ALLOWED APPLICATION FROM ISSUE

Mail Stop Petition
Commissioner for Patents
P.O- BOX 1450

Alexandria, VA 22313-1450

Dear Sir:

This is a petition under 37 C.F.R. 5 1.3l3(c)(2) for withdrawal

from issue of an application in which the issue fee has been paid-

Applicants respectfully request 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, 2005, involving the patents from which the

present application claims priority. Concurrently with the present

petition, Applicants have filed a Request for Continued Examination

(ROE) under 37 C.F.R. § 1.114 along with the IDS mentioned. above,

copies of which are attached hereto. Applicants respectfully 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. 5 1.17(h)) to Deposit 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 abandoned, Applicants hereby petition for such extension. The

Commissioner is also authorized to charge any extension fee or other

fees which may be necessary to the same account number.

As indicated above, enclosed herewith are the following items:

H 01/25/2005 cxumx ooooooo1o-10401 10332577

01 FC:1464
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01/19/06 THU 17:42 FAX 4014233191 MICHAEL DE ANGELI 002

. '\~.T‘.r\

>14 Request for Continued Examination

E Information Disclosure Statement

The Information Disclosure statement includes a PTO-1449 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. A

Grant of the above Petition, withdrawal of the application from

issue, entiy of the Request for Continued Examination, and return of

the application to the Examiner for consideration of the Information
Disclosure Statement are earnestly solicited.

Respectfully submitted ,

Dated: ‘fl'vL_ Michael de Angeli
I

Reg. No- 27,869
60 Intrepid Lane
Jamestown, RI 02835
401-423-3190

anew csgrxpzcnmg or racsxuxuz TRANSMISSION °°‘*

I hereby certify that this correspondence is being transmitted
via zansimile to the Dited state: Patent and Tradcmatk Orfica
(Fax No. 571-273-002$) on the data shown below:

Janunfiz 19, 2005Data
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6 THU 17:31 FAX 4014233191 MICHAEL DE ANGELI 001

2 *‘

MICHAEL M. DE ANGELI, P.C.

/¥rn3RNEnhATL4MN

60 Iumspuo LANE FAX RECEIVED
LJAMESTOWN. RHODE ISLAND 02.835

(40|)423GL9O .MN192m6

REGlS'I'ERED PATENT F [T
A11_tiI:r_~:l-:Y

ADMrrrEp1o BARS FAX: (40 I ) 423-3 I 9 I

or-' PA :5 MD E-MAu.: MDEANGE@coX.NB'
NcrrAoMn'r£D IN RI

FACSIMILE TRANSMISSION

To: Petitions Examiner Wan Laymon

U.S. Patent and Trademark Office

P.O. 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 PTO—1449.

Please contact me if there are any questions concerning this

Petition or the supporting documents.,

Very truly ours,

  
Michael de Angeli
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01/19/08 THU 17:32 FAX 4014233191 MICHAEL DE ANGELI
I’;

Yain

IN THE UNITED STATES PATENT AND TRADEMRK 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 EXAMINAIION OF APPLICATION

Mail stop Petition
Commissioner for Patents
P.O. 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. 5 1.313 (c) (2) for

withdrawal from 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.P.R. § 1.97, both being filed

concurrently herewith, as attached.

The following are the elements of the application enclosed:

1. Filing Fee:

[3 A Fee Authorization is enclosed.

E! The Commissioner is hereby authorized to charge the RCE fee of

$790.00 required under 37 C.F.R. § 1.17(e) to Deposit Account No.

04-0401 of the undersigned.

2. Submission under 37 C.F.R. § l.114(c):

IE Information Disclosure Statement (IDS). with PTO-1449 listing

materials to be subsequently provided

[3 Copies of IDS Citations

3. Amendments

E] A preliminary amendment is enclosed.

[] Enter the unentered amendment previously filed on ___w_ under
37 C.F.R. 5 1.116.

C] An amendment and response are attached hereto.

E] Please consider the arguments in the response filed on

under 37 c.F.R. S 1.116.

E] Please consider the arguments in the Appeal Brief or Reply

F1 01/26/2006 CKHLUK 00000001 040401 10382577

02 FC:1801 790.00 Dfl
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01/19/08 THU 17:32 FAX 4014233191 MICHAEL DE ANGELI‘,_ . oos
n

¥»

Brief filed on

4, E] Please enter the enclosed affidavits or declarations.

S. D Return Receipt Postcard

6. C] Other:

If any extensions of time (under 37 C.F.R. 5 1.136) are necessary

to prevent the above referenced app1ication(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 Deposit Account No. 04-

0401 of the undersigned.

Respectfully submitted.

  Dated: ichael de Angeli
Reg. No. 27,359
60 Intrepid Lane
Jamestown, RI 02835
401-423-3190
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MICHAEL DE ANGELI

D‘? THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of

Severinsky et al Examiner: David Dunn
-on

Serial No.: 10/382,577 2 Group Art Unit: 3616

Filed: March 7, 2003 : Att.Dkt. :PAICE2Ol.DIVFAX
For: Hybrid Vehicles I
Hon. Commissioner for Patents JAAII 9 2005
P.O. Box 1450

Alexandria VA 22313-1450 OFFICE OF PETITIONS
FOURTH SUPP AL IN?0RMATION DIQCLOSURE STATEMENT

Sir:

Applicant submits this Information Disclosure Statement for

The issued patents from which thisconsideration by the Examiner-

application claims priority have been asserted against Toyota Motor

Toyota Motor North America,

in civil action 2:04-C.'V—2ll in the

A jury

and a verdict

Corporation, Inc. and Toyota Motor Sales,

USA,

United states District Court for the Eastern District of Texas.

2005,

holding the parent patents valid but not infringed was returned.

Inc. (collectively "'Toyota.")

trial was recently conducted December 6 - 20,

Applicants submit herewith materials from this litigation for the

purpose

Examiner to fully review and consider these materials in determining
submitted

of the trial and deposition testimony of the

of full disclosure. Applicants respectfully request the

patentability of the present application- The materials

include transcripts

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 these,requested to consider

in the file of this

Examiner is respectfully

indicate that he has done so

and to then

materials, to

issue a second Supplemental Notice ofapplication,

Allowance .

The materials also include a copy of the Court's Markman ruling

construing the claims of the parent patents.

FORD EXHIBIT 1002

one
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01/19/08 THU 17:32 FAX 4014233191 MICHAEL DE ANGELI 097
q l -

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,

Dated: Michael e Angeli
Reg. No. 27,869
60 Intrepid Lane

Jamestown, RI 02835
401-423-3190
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01/19/06 THU 17:32 FAX 4014233191 MICHAEL DE ANGELI 003
-.=, ‘ - . . r

INFORMATION DISCLOSURE CITATIONP
IN AN APPLICATION

CLASS SUBCI.-7\S FILING DATE2

ié

IIIIIIIIIIIIIIllllllllllll
§§3 SU'fiCTJ\S3 IRAN51.181‘ I ON

OTHER  S (xncludinq Author, ‘title, DaLe. Pertinent Paces. Etc)

rial and de-osition transcripts of witnesses relied upon to assert inval-

idity of parent patents in Civil Docket No. 2:04—CV—211—DF (E.D. Texas),

ith documentar evidence made of record therein

laim construction order entered SepLember 28, 2005 in Civil Docket No.

2:o4—cv-211-0: E.D. Texas)
~- ‘:8 CONS 10811.33

1.333: Initial 1: citation wueldomd, Nhathc: or noL citation in in cuntamanco with H2152 £6095 Draw line through citation 12 not in
ontomancn and ML considered. Include cupy or this turn with next. cu-unnunlcanon to the applicant.
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UNITED STATES PATENT AND TRADEMARK OFFICE
Commissioner for Patents

United States Patent and Trademark Office
PO. Box 1450

Alenndria. VA 22313-1450WNW.I.$10.GOV 
MICHAEL DE ANGELI

60 INTREPH) LANE COPY MAILED

JAMESTOWN, RI 02835
JAN 2 6 2006

In re Application of OFFICE OF PETHIONS
Alex J. Severinsky et al :

Application No. 10/382,577 2 ON PETITION

Filed: March 7, 2003

Attorney Docket No. PAICE201.DIV

This is a decision on the petition under 37 CFR 1.3 13(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). E 37 CFR l.3l3(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.

001106.70.”
Wan Laymo
Petitions E arniner

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. DE ANGELI, P.C.
ATTORNEY AT LAW
60 INTREPID LANE

JAMESTOWN, RHODE ISLAND 02835
(40!) 423—3|9O

REGISTERED PATENT
ATTORNEY _ FAX: (40!) 42.3-3l5l
: E-MAIL: MDEANGE@COX.NET

ADMITTED TO BARS
OF PA 5 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 Examiner Dunn:

Enclosed please find a Fourth Supplemental Information
Disclosure Statement for this application. The documents being
thus made of record are provided on a CDrROM, 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 transcripts, and the Court's Claim

Construction Order) are indexed on the CD-ROM.

Please feel free to call if there are any questions.

Very tru ours, “

Michael de Angeli

Page 1093 of 1239 FORD EXHIBIT 1002

gun’



Page 1094 of 1239 FORD EXHIBIT 1002

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.:PAICE20l.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:O4—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.

Respectfu y submi ed, 

 
  

//LWLZZI Zaaé
Dated:   ic ael e Ange 1

Reg. No. 27,869

60 Intrepid Lane
Jamestown, RI 02835
401-423-3190
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Severinsky et al
Fume 3/7/2003 now? An UuxrTE 3616

‘ ".U\H '..1Jv' \U‘

CLASS SUBCLAS FILING DATEExmxuzn DOCUMENT NUMBER DATE
INx1'uu.

Iwashita
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§9dachi et al
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EMMII -
:4 aano et al

:8Sasaki
0: Kawai et al

§9Kimura et al
§6Esaki et al
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30 5/1999 '

12/2000
{[0

DOCUMENT NUMBER DATE COUNTRY CLASS SUBCLASS TRANSLATION

YES

O'\U'1U'|U‘|U'|U'|O'\U'|U'1U"Hyyyxwragafla U1OCD(.«)U'|UJO\Ol-'\l yyw$555555
Tabata et al      n ‘r .. ¢ 7 1.- ._ < r I

OTHER (Including Author, Title, Date. Pertinent Pages, Etc)

Trial and deposition transcripts of witnesses relied upon to assert inval-

idity of parent patents in ClVll Docket No 2:O4—CV~21l—DF (E.D. Texas)

laim construction order entered September 28, 2005 in Civil Docket No.

2:O4—CV-21l—DF (E.D. Texas)

Toyota Hybrid System, Toyota Press Information, Tokyo, 1997

Prius H brid EV, To ota brochure, undated
ATE CONSIDERED 

 
XAHINI-ZR: 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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In re the Patent Application of

Severinsky et al Examiner: N/A

Serial No.: 10/382,577 Group Art Unit: 3616
Filed: March 7, 2003 Att. Dkt.: PAICE20l.DIV

For: Hybrid Vehicles

Hon. Commissioner for Patents
«” 9.0. Box 1450

Alexandria VA 22313-1450

SUPPLEMENTAL INFORMRTION DISCLOSURE STATEMENT

Sir:

As discussed in the Preliminary Amendment dated Augus
2003 in this application, applicants have performed additional
searching for new patents possibly relevant to the subject matter

d other
and other new patents an

attention. A
of this application as amended,

attached PTO—1449 forms,
hould not be considered an admis

the invention defined by

sion that the

document herein s

disclosure thereof is indeed relevant to
r that the document thus made 0

'102.

f record is indeed

the claims, no

effective as prior art under 35 USC
tion is also desirable with res

Statement (IDS). In the

rent application Ser.

pect to a statement
A correc

arlier Information Disclosure
made in an e

1999 in grandpa
IDS filed on November 18,

No. 09/264,817, which has been incorporat
S for the present application,

"a parallel hybrid of

ed by reference to form

part of the ID Taniguchi patent
5,846,155 was described as showing

tional topology, that is, comprising an ICE
generally conven

] and an electri
[internal combustion engine

1

3537 AMNLABL-E COPY

Page 1108 of 1239 FORD EXHIBIT 1002



Page 1109 of 1239 FORD EXHIBIT 1002

the road wheels of the vehicle through a continuously—variable
transmission, but discloses a relatively sophisticated
operational scheme, wherein the source of propulsive torque

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. In 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 accelerator 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 low/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 6 are rotated together, and the output of the
engine 2 is 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 is in the state in which the accelerator
opening is small and in which the revolution number is small,
e.g., in which the engine 2 need not be used, such as in atraffic 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' of

direct—coup1ed clutch Cd is applied to output the revolution
the motor-generator rotor 5a directly to the input shaft 7a.

On the other hand, the engine mode functions during high
speed cruising,
engine output without
[Emphasis added].

Page 1109 of 1239 FORD EXHIBIT 1002



Page 1110 of 1239 FORD EXHIBIT 1002

The Examiner is respectfully requested to review the
act the road load is not

used to determine the operating mode; in fact, Taniguchi controls
and the source of propulsive torque,

al position.
the operation of the CVT, in

se to the vehicle speed and accelerator ped

Abe 6,281,660 shows a battery charger for an elect

vehicle.

Adler et al patent 5,515,

the power required by traction motors is drawn from either the
batteries or dire

depending on evalua

batteries’ state of charge,

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 least three different types of energy storage,
e.g., combustible fuel, battery, flywheel, or hydraulic
accumulator.

Fattic et al patent 5,637,

ratios.

Gray, Jr. patent 5,887,674
having a hydraulic motor driving the

"fluidic motor", that is,
driven by an internal combustion

wheels, in turn driven by a pump

engine.
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Patent 4,762,191 to Hagin discloses a hybrid power train for

to a first set of wheels and connection of the second electric
motor to a second set of wheels, which is quite different.

Hoshiya patent 6,315,068 shows a hybrid in which control of
the torque provided by the motor is responsive to the torque
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 number (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
temperature, 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 torque converter.

Minowa et al patent-6,142,907 (Hitachi) claims a hybrid
wherein either an engine or a motor is 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

responsive to "obstruction [e.g., a car 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, is limited to
planetary gearbox for a hybrid vehicle.

packaging details for a
6,306,057, claims a complex

Still another Morisawa patent, no.

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.
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6,328,671 to Nakajima et al is a continuation—in—part of the ‘O07
"target drive power" based on the

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
between 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.

,680 relates to prevention of stalling of
le due to rapid deceleration; the

»traction motor provides torque to the engine in such cases.
Patent 6,123,642 to Saito claims a

nnected to the wheels of a

"speed change control

apparatus" wherein a motor is co
vehicle through a multispeed transmission; 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 so that one or more
can be completely discharged while the others remain partially
charged.

A further Tabata et al patent, no. 5,847,469, is directed to
d wherein the electric motor is employed for reversing if

a hybri
and the engine otherwise.

the battery is sufficiently charged,
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Another Tabata et al patent, no. 6,317,665, shows a hybrid
que converter with lock—up clutch is disposed

in which a tor

between the engin

the lock-up clutch to b

e and motor and the wheels; the claims require
e released during mode switching to

prevent rough running.
Another Tabata patent, no.

"torque transmission systems"
fitted with lock—up clutches;

e clutch.

6,183,389, is directed to hybrids

having (i.e., torque converters;
see col. 1, line 52)

o with the control system for th
no. 5,873,426, claims a

iffering shift

the invention

has to d

Yet another Tabata et al patent,

g an automatic transmission with d
apparently, the engine

the engine and

hybrid havin

motor together in

Another Tabata et al patent,
transmission is inhibited from sh

"braking shift control
to

no. 5,923,093, recites in claim

1 that the automatic ifting
during regenerative braking, in claim 5

ive braking is not available,
means" used when regenerat

downshift the transmission t

13 braking shift control mean

ation of regenerative braking,

on and engine that is engaged

o increase engine braking,

s operated similarly prior to
in claim 17 a clutch between

oper
during regenerative

transmissi
g changing between‘n claim 23 means for preventin

braking, and 1
rative braking during a braking operation.

engine and regene
6,340,339, is

Still a further Tabata et al patent, no.
constructional details of a motor and

limited to specific

transmission assembly

In another Tabata e

for a hybrid.

t al patent, no. 5,935,040, claims 1, 5,

7, and 9 all require a manually—operated member for selecting
quires an automatic transmission

_drive modes, while claim 3 re

Page 1114 of 1239 FORD EXHIBIT 1 002



Page 1115 of 1239 FORD EXHIBIT 1002

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, if the
torque required cannot be supplied efficiently by the engine and
motor working together, the transmission is downshifted.

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 is also directed to operation of a
hybrid after a particular failure.

Yamaguchi 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

Yamaguchi et al patent 6,247,437 claims control of the
operation of a starter motor, e.g., for a hybrid, responsive to
an engine parameter relevant to its startability. For example,
if the engine is cold, fuel is supplied at a lower cranking RPM

Page 1115 of 1239 FORD EXHIBIT 1002



Page 1116 of 1239 FORD EXHIBIT 1002

0 limit the drain on the battery. A divisional application (not
Yamaguchi et al published

t

being supplied),

2001/0022166, similarly Claims a starting c

patent application

ontrol for an engine,

sive use of battery power.avoid exces

atent 5,967,940 is directed to contYamaguchi p rol of the
power provided by th

gear backlash.

Yamaguchi 6,135,
two motor/generators. The invention

hybrid including an ICE and
' speed so that the first

which is operated variously a
state of charge and the vehicle

g mode is selected by the operator
and a cruise

depending on the batteries’
the operatin

a highway mode, an engine mode,
parently to be made responsive

line 48 the

operating mode;

from an urban mode,

The selection is ap

Field acknowledges at col. 7,
ar its rated power to thus

control mode.

to motor speed.

irability of operating the engine nedes

as discussed in detail below, Field
realize high efficiency;

t using an engine that is sized so that it operates atsugges
constant speed

too small to propel

uffer under such

nearly maximum output during flat-highway,
cruising. Such an engine would necessarily be
the vehicle up hills, so its performance would s
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 is

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 16.
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 is 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

11
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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 is 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 lOOO%, 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.

12
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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. Although 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

13
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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 starting, 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 is

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,

14
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n industrial and process equipment. The invention seems to
but again the

and i

be directed to a unit for combining the torque,

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, is operated in response to monitoring of the
battery'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

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 a1 5,623,194 shows a 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

16
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accumulator. The engines are preferably two—strokes with
"inertia 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

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

No operating scheme is discussed.vehicle.
ic disconnection of the

Adler et al 5,816,358 shows automat
e like in vehicles

ric power

among other impracticalities, "recoveryvehicle design involving,

y from electromagnetic wind generators,of electricit
and for the

and gravitational generators,
gyrogenerators,

.replacing the
recovery of compressed air from air pumps..

standard shock absorbers."

Wicks 5,000,003 shows a

lost in the exhaust gases and rejected by h

"combined cycle" engine wherein

heat normally

ooling water from an ICE is recovered and uexchange with c
and suggests that this might be

drive a turbine or the like,

especially suitable for use in a hybrid vehicle.
Lay 5,l4l,17

travel along the ground.

ce electric motors,

3 shows a vehicle capable of flight as well as
An ICE can propel the vehicle or drive

a generator and then 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

uxiliary motor.is combined with power from an a
f an ICE as a power source to

Kuang 5,264,764 shows use o

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 bi-modal vehicle,
ernal power source, such as

such as a rail

which can be propelled by an extcar,

such as a gas turbine. A
a third rail, or by a prime mover,

split torque device allows some of the turbine torque 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 is monitored 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 regenerative 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, line 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 (B1 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" torque, 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. In 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 vehicle.

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

22
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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—29733O (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 5l—lO3220 (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

24
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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 specifics 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 5

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. In

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,

  Michael e 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:PAICE20l.DIV.6

For: Hybrid Vehicles

Hon. Commissioner for Patents

P.O. 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 available the PTO-1449s attached are

those returned by the Examiner/ showing corrections that

werevnoted 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 O9/392,743, 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.

ted,

  
Michael e Angeli

Reg. No. 27,869

60 Intrepid Lane
Jamestown RI 02835

401-423-3190
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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.:PAICE20l.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:O4—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.

Respectfu y submi ed, 

 
  

/Hdvvl/L22! Z904
Dated:   ic ael e Ange 1

Reg. No. 27,869
60 Intrepid Lane
Jamestown, RI 02835
401-423-3190
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Toyota Hybrid System, Toyota Press Information, Tokyo, 1997
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“$5.2? PAICE201.DI "§§’“‘°" 10/382,577

INFORMATION DISCLOSURE CITATION “mam
IN AN APPLICATION Severinsky et al

DA" 3/7/2003 navy Arr UNIT 3

5':U\U'°.1lv'\|*‘

OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc)

“Toyota touts advances in safety, emissions”, Automotive News, 4/28/97
“‘96 North Wind Performance”, undated

II akefield, “History of the Electric Automobile - Hybrid Electric Vehicles’(1998)

“Escort 92-94 ", undated

“Near-Term H brid Vehicle Proram”, General Electric Coman (1979)
DATE CONS I DERED

m—
XAMINER: Initial if citation c0na1dered, whether or not citation is in conformance with HPEP 5609: Draw line through citation it not in
contormance and not considered. include copy of this form with next communication to the applicant.
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°°,.‘;’§ff PAICE201.DI "§§""°" 10/382,577

INFORMATION DISCLOSURE CITATION mm
IN AN APPLICATION Severinsky et al

“Electric and H brid Vehicle Design Studies”, SAE SP-1243 (1997)

I lb, ‘The case for Constant Speed Accessory Drives” (1975)Ge ‘

Sasaki, “Toyota's Newly Developed ybrid Powertrain”, (1998)
H brid Vehicle Program, Phase 1", General Electric Co. (1979)“Near-Term

Near-Term H brid Vehicle Program, Phase 1, App. A.", Gen’l Elec. (1979)
\\

“Joint Feasibilit Stud of H brid Vehicle, Final Re-ort (1982)
DATE CONS I DERED .

in conformance with MP3? §609: Draw line through citation it not incommunication to the applicant.
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PAIcE2o1.DI.*¥é?“”' 10/332,577 _

INFORMATION DISCLOSURE CITATION__ um
IN AN APPLICATION Severinsky et al

FILING 3/7/2°03 ROUP ART Unu-

‘ ‘:3 ~. "°lJv' xli _

North American Technology Seminar plans, April 1997

Hermance, THS Technical Explanation (undated)

KAMINER: Initial it citation considered, whether or not citation is in conformance with MPEP S609: Draw line through citation if not in
conformance and not considered. Include copy of this form with next communication to the applicant.

I-lermance, “Toyota Hybrid System” (undated)

DATE CONS I DERED

“Toyota” brochure describing Prius (undated)
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Takaoka et al, “Study of the Engine Optimized for Hybrid System" (undated)—————————EE
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Gelb et al, “Design and Performance Characteristics...” SAE 690169 (1969)
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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.:PAICE20l.DIV

For: Hybrid Vehicles

Hon. Commissioner for Patents
P.O. 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

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 is

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 method 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]he 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:

"(OO22) 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. TL based on the
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relational formula TL = Tn1- M - rw - (1 from the vehicle
mass M, the effective wheel radius rw and the acceleration
a. The flow of this calculation shown in FIG. 6.

"(0O23) In FIG. 6,
Step 601: Reading of the respective data of vehicle speed
V“ and engine rotational speed N, gear ratio "r" an
acceleration a is performed.
Step 602: the turbine rotational speed Nt is calculated by
the following formula:

Nt = Vw/120n/rw - r x 1000
Step 603: Torque converter or rotational ratio "e is
calculated and pump torque coefficient T and torque ratio
"t" are searched.

e = Nt/N, I = f1(e), t = f2(e)
Step 604: Pump torque Tp and turbine torque Tt are
calculated.

Tp = I - (N/l000)2. Tt = t -Tp
Step 605: Calculation of torque Tm..Tm = Tp - r
Step 606: Calculation of running load TL. TL = Tm — M - r

II

This makes no sense. In particular, it is clear that
the idea is to correct the torque at the wheels Tm by the

M - r - a does not yield a torque in units of kg—m, but a
value in kg - mg/secz.

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 A(Harada) is based on Japanese

application 9—329430. The disclosure is directed to
reducing driveline shock occasioned upon shutting off the
engine in a hybrid by loading it using 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.

this reference is generally re
loaded by the

However, levant in that
that the engine can be

11 as the loading required for
that the engine

it acknowledges

battery charging load as we

vehicle propulsion (col. 1, lines 15 — 17),
Shut off when not needed (as noted,

it should be operated at

The vehicle's power req

can be col. 9, lines 40
- 43) and that

an efficient

operating point (same). uirements,
for acceleration, for charging, and for

including power

and a decision made whether
auxiliaries,

engine is required. Engi
or the necessity of battery charging (col. 10,

speed,
The engine is run at low power

41 - col. 11, line 18).

(col. 12, line 49),

The engine can be nm

and idling is permitted (col.
levels

tored to warm it up
11, line 65).

prior to starting (col. 12, line 17). It is noted that for
power requirement it is Hmre

ower RPM and higher torque th
lines 34 -

efficient to

a given output an at

run the engine at 1

higher RPM and lower torque output (col. 13,

-loaded state, in order

d to the motor

(col. 16,

ined greater than in the non

ntle variation in torque applieto allow ge

avoiding rough operation
MG1 during mode changes,

so as only to operate the engine
Most of the

lines 17 — 38), not when
fficient operation.

loaded to the point of e
e usual planetary gearset for

topologies shown involve th
combining the torque from the engine and two motors, but an

12 which avoids the planetary
embodiment is shown in Fig.

"clutch motor MG3"
gearbox and first motor in favor of a
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 l1—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 is used to charge the battery), so
the topology is effectively a single—motor hybrid with a
separate starter. The invention is essentially to
disengage a clutch connecting the engine and wheels upon
braking, so that the engine can be shut off; when braking
ends, the starter is used to motor the engine, and when
the accelerator is 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 ll—ll3956
(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
being supplied and the vehicle speed and acceleration. The
"flatland" 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 ll-82260
(Tsuzuki et al) (supplied without translation) - Topology
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first clutch, motor/generator, second
includes engine,

and wheels, in that
and automatic transmission,clutch,

pon engine starting,In order to reduce shock u the
utch is opened and left open unt

This would be completely

order.
il the engine and

second cl

or are synchronized.

r flow to the wheels would be
Moreover,

motor/generat

useless, since powe

acting drivability.interrupted, seriously imp
just when it would be

this would occur under acceleration,

t annoying and possibly even unsafe.

82261

is closely
Japanese Unexamined Patent Publication 11-

(supplied without translation)
Tsuzuki patent application.

searcher, this simply adds the

(Tsuzuki et al)
According

related to the above

to notes provided by our

idea of providing a starter on the engine. This would
suffer the same drivability problem.

According to our German searcher, German applications
102 60 435, and 198 14 402,

) describe methods for starting the
198 38 853, (all supplied
without translations

engines of single motor hybrids.

shows a single—motor hybrid

wherein the engine is connected through a first clutch to
a second clutch on the other side

to the
one side of a flywheel;

ywheel allows the flywheel to be locked
or to serve as the sun gear

of the fl

output shaft, for direct drive,

of a planetary gearbox. The planet carrier is connected to
the output shaft, and the ring gear to a single

The flywheel can also be locked, which
motor/generator.

The vehicle must be stopped
provides an electric—car mode.
to allow starting of the engine (col. 3, line 55), so
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clearly the vehicl
eed hybrid modes. The engine

(electric car) and high-sp
e from a standing stop by

is to be used to start the vehicl
ome of the engine's torque to drive the

using s

i.e., the motor/generator actmotor/generator, S as a brake
(col. 5, lines 1 - 7), with the planetary gearbox thus
decoupling the engine from the output shaft.

throttle at all times; see the abstract, col. 1,

— 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
in motor—drive and

engine—drive modes. 3,389 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
on claiming priority from the same basicapplicati

The Hagiwara
application as the present application.

patent relates to specifics of the connection of the
individual batteries in a battery 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
these documents, e that he has doneconsider and to indicat

so in the file of the application.

Respectfully

 Dated: 2/17 JC
Michael de Angeli

Reg. No. 27,869
60 Intrepid Lane

Jamestown, RI 02835

401-423-3190
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In re the Patent Application of

Severinsky et al Examiner: David Dunn
Serial No.: 10/382,577 Group Art Unit: 3616

Att.Dkt.:PAICE20l.DIV

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
are being asserted against an allege

tion in the United States District Co
The defendants in that case

priority d infringer in
civil litiga

the Eastern District of Texas.

ht a number of new patents and other doc

urt for

uments to

have broug

applicants‘ attention. New documents have also been cited
ete Search Report prepared by the Europea

2005 (copy enclosed) against a

in a Compl n Patent
Office, dated May 5,

plication claiming priority from the sam

applications. These newly-cited patents and other
hus located are listed on attached PTO-1449

European ap e US

documents t

forms, and are discussed below.

tfully requested to consider these new docume

The Examiner is

nts and

respec

to indicate that he has done so in the file of this
and to then re—issue the Notice of Allowance

application,

mailed April 21, 2005.

Citation of a document herein should not be

considered an admission that the disclosure thereof is
nor

indeed relevant to the invention defined by the claims,
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that the document thus made of record is indeed effective
as prior art under 35 USC 102.

It is respectfully submitted that although this
r issue of a Notice of

Statement is being filed afte
CFR 1.97 (e). The fee of

it is timely under 37

(p)) is enclosed.
t none of the newly-

Allowance,

$1a0.00 (per 37 CFR 1.17
It is respectfully submitted tha

cited patents or other documents made of record hereby
disclose or suggest the invention claimed herein. Early
and favorable action on the merits of the application —

issue of the patent, the Issue Fee having
specifically,

ission of this Statement —
been paid concurrently with subm

is earnestly solicited.

 
Dated: Reg. No. 27,86960 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

‘lverinsky et al Examiner: N/A

Serial No.: 09/822,866 Group Art Unit: 3619

Filed: April 2, 2001 Att. Dkt.: PAICE201
nosoatonII00sqon

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 number of new

patents discovered after filing of the above application.
Copies 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 Po can be calculated from the

torque Mo and the rotational speed no". 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 M0 at the

gear input" (col. 4, line 18), cannot be negative. ‘
In any event, there is no suggestion in Bader of changing

operational modes of a hybrid vehicle responsive to the value of
the "drive power Po", 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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6 filed, but wa

For example, as stated at col. 37, lines
eed to idle when the

electric car)

are some similarities.

26, Nii sets his engine sp
"motor driving" (i.e.,

ce the engine produces no

applicants shut the engine

1 - 6, and in Fig.

vehicle is being operated in

mode; this is highly inefficient, sin
useful power at idle. By comparison,
off completely except when it is being operated at high
efficiency.

Mikami patent 5,839,533 is discussed in the application as
-1449 forms filed

this patent is acordingly listed on the PTO-
ovided herewith.

Stemler patent 6,300,735 relates to control of planetary

gearboxes as might be used in hybrid vehicles to control the
al combustion engien and electric

motors. Such a gearbo

described by the claims of the present application.
e et al patent 6,318,487 shows a scheme for braking aYanas

hybrid vehicle when the battery is fully charged, so that
regenerative braking would be inappropriate, and whereby friction

so that-
specifically, the engine is motored,braking is avoided;

e engine. This is notenergy is consumed by compressing air in th
a feature of the invention defined by the claims of this

application.

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

the generated electrical power, and the engine
nsmission is not found in the system defined by

and the control scheme described

driving torque,

speed. Such a tra

the claims of this application,

by this patent is irrelevant to the present claims.
Deguchi et al patent 6,190,282 relates to controlling the

motor, and clutch of a hybrid so as to avoid shock to the
engine,

This is not relevant to the
passengers upon clutch engagement.
claims of the present application.

patent, 5,993,351, was made of record previously.

A similar Deguchi et al

3
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to be a further
Obayashi et al patent 6,232,733 appears

mi patents 5,789,881
ent of the invention described in Ega

and 6,018,694, previously made of record. All three of these
patents relate to operating the electric motors of a hybrid to

s started. This is not a

developm

reduce vibration when the engine i

continuously optim

parameters of the various system components.
Kashiwase patent 6,146,302 shows a drive syste

engine and first motor are connected to the ring gear
a second motor is connected to its planet

n the planet carrier

m for a hybrid

wherein an

of a planetary gearbox,
a transmission is connected betwee

and clutches are provided to
and the road wheels of the vehicle, No such

engage two of the sun gear, planet carrier and ring gear.
red by the system of the invention.

planetary gearbox is requi
ted to be a continuation-in-

Frank patent 6,116,363 is sta
already made of record and disucssed in

Both of these Frank patents disclose
the first 30% of

part of patent 5,842,534,

this application as filed.

pe

of pedal travel initiates mechanical
patent 6,054,844, already of record,
torque to be provided by regenerative braking as a function of
vehicle speed.

Maeda et al pat

vehicle having a specific construction that is not particula
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.
lly, Severinsky et al patent 6,338,39

09/392,743, that is, is one of

ent 6,074,321 shows a transaxle for a hybrid
rly

Fina 1 has recently
issued on application Serial No.

the parent applications.
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he merits of the

Respectfully submitted,

 Michael e Ange i
Reg. No. 27,869
60 Intrepid Lane
Jamestown, RI 02835

.401-423-3190
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