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RULE 60 APELICAIION

Atty. Dkt. PRICE201.DIV.lO

_Hon. Commissioner for Patents
.P.O. Box 1450

Alexandria, VA 223l3~l450

Sir:

This is a request for filing a divisional application under 37

CFR § 1.60 of pending prior application Serial No. l2/320,600 filed

on January 29, 2009 entitled Hybrid Vehicles

Full Name of first joint inventor: Alex J. Severins]-:1

Residence: Washington, D.C. Citizenship: U S-

Post Office Address: 4704 Foxhall Crescent, Washington D-C. 20007

Full Name of second joint inventor: Theodore Louckes (deceased)

Residence: Holly, Michigan Citizenship: U.S.

Post Office Address: 10398 Appomattox, Holly MI 48442

X
Enclosed is a copy of the prior application as originally

filed. I hereby verify that the attached papers are a true

copy of the prior application Serial No. 12/320,600

originally filed on January 29,

as

2009.
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X The filing fee is calculated below: Claims as filed, less any
claims canceled:

LARGE ENTITY

CLAIMS Basic Filing Fee: $ 330

Total l - I 20 = ' O X 552 S O

Indep. l - 3 = 0 X 5220 0

Search fee ' $540
Examination fee ‘ $220

Size fee SSQO

Total Fee _ _ "$1630

The Commissioner is hereby authorized to charge fees under 37

CFR § 1.16 and § l.l7 which may be required, or credit any

overpayment to Deposit Account No. 04-0401. A duplicate copy
of this sheet is enclosed.

Status as a "small entity" under 37 CFR 1.9 is claimed by way
of the attached declaration.

A preliminary amendment is enclosed.

An information disclosure statement is enclosed.

X Cancel the following claims before calculating the filing fee:
1 - 15.

x A credit Card authorization for the filing fee is enclosed.

Priority of application Serial No. filed on

in (country) is claimed under 35 U.S.C. § 119.

a} Certified copy is on file in prior application
Serial No. filed .

b) Certified copy filed herewith.

2
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' 2001,

Amend the specification by inserting the following before the
first line thereof:

This is a divisional application of application Serial No.

12/320,600, filed January 29, 2009, which was a divisional

applicaticnx of Ser. No. 11/459,458, now! patent 7,520,353,

which was a divisional application of Ser. No. 10/382,577

filed March 7, 2003, now patent 7,104,347, which was a

divisional application of Ser. No. 09/822,866 filed April 2,

now patent 6,544,088, which was a continuation-in-part

of Ser. No. 09/264,81? filed March 9 1999, now patent

6,209,672, issued April 3, 2001, which in turn claimed

priority from provisional application Ser. No. 60/100,095,

filed September 14, 1998, and was also a Continuation-in-part

of Ser. No. 09/392,743 filed September 9, 1999, now patent

6,338,391 issued January 15, 2002, in turn claiming priority

from provisional application Ser. No. 60/122,296, filed March
1, 1999.

Transfer the drawings for the prior" application to this

application, and abandon said prior application as of the

filing date accorded this application. A duplicate copy of

this sheet is enclosed for filing in the prior application
file.

New formal drawings are enclosed.

The prior application is assigned of record to PAIGE LLC via a
document dated April 28, 2004 and recorded by the Patent and

trademark Office as Reel 014546, Frame 0351.

The original power of attorney in the prior application (filed

in Ser. No. 09/822,866) is to Michael de Angeli, Reg. No.
21,869.

Address all future communications to:

Michael de Angeli

60 Intrepid Lane
Jamestown RI 02835

401-423-3190

The undersigned declares further that all statements made

herein of his own knowledge are true and that all statements
made on information and belief are believed to be true; and

further that these statements were made with the knowledge

FORD 1210
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that willful false statements and the like so made are

punishable by fine or imprisonment, or both, under Section
1001 of Title 18 of the United States Code and that such

willful false statements may jeopardize the validity of the

application or any patent issuing thereon.

Respectfully submitted,

Dated: I  ‘Reg. No. 27,869

60 Intrepid Lane
Jamestown RI 02835

401-423-3190
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a continuation»in~part of Ser. No.application is

09/254,317, filed March 9-, 1999, now U. s. patent 5.209.672. issued

April 3, 2001. which in turn claims priority from provisional
60/100,095, filed September 14, 1998. and is

also a continuation—in~part of Ser. No; 09/392,743, filed September

9, 19§9, which in turn claims priority from provisional application

Ser. No. 60/122,296, filed March 1, 1999-

This

application Ser. No.

 

This application relates to improvements in hybrid vehicles;

that is, vehicles in which both an internal combustion engine and

one or more electric motors are provided to supply torque to the

driving wheels of the vehicle. More particularly, this invention

relates to a hybrid electric vehicle that is fully competitive with

presently conventional vehicles as regards performance, operating

convenience, and coat, while achieving substantially improved fuel

economy and reduced pollutant emissions.

I
so

- For many years great attention has been given to the problem

of reduction of fuel consumption of automobiles and other highway
vehicles. concomitantly very substantial attention has been paid

to reduction of pollutants emitted by automobiles and other

vehicles. To a degree, efforts to solve these problems conflict

with one another. For example, increased thermodynamic efficiency

and thus reduced fuel consumption can be realized if an engine is

operated at higher temperatures. Thus there has been substantial

interest in engines built of ceramic materials withstanding higher

Page 5 of 277 FORD 1210
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combustion temperatures than those now in use. However: higher

combustion temperatures in gasoline-fueled engines lead to increase

in certain undesirable pollutants, typica1lY N0x'

Another possibility for reducing emissions is to burn mixtures

of gasoline and ethanol ("gasohol"), or straight ethanol. However.
to date ethanol has not become economically competitive with

and consumers have not accepted ethanol to any great

to make an alternate fuel such as ethanol

appreciable

gasoline,

degree. Moreover,

available to the extent

improvements in nationwide air quality and fuel Coflfiervation Would

require immense costs for infrastructure improvements; not only the

entire nation's motor fuel production and delivery system, but also

and repair system, would

necessary to achieve

the vehicle manufacture, distribution,

have to be extensively revised or substantially duplicated.

One proposal for reducing pollution in cities is to limit the

use of vehicles powered by internal combustion engines and instead

employ electric vehicles powered by rechargeable batteries. To

date, all such

range, typically no more than 150 miles, have insufficient power

"straight electric“ cars have had very limited

for acceleration and hill climbing except when the batteries are

substantially‘ fully charged, and. require substantial time for

battery recharging.

which the limited. range and extended recharging time of the

batteries would not be an inconvenience, such cars are not suitable

for all the travel requirements of most individuals. Accordingly,
an electric car would have to be an additional vehicle for most

users, posing a substantial economic deterrent. Moreover, it will

be appreciated that in the United states most electricity is
generated in coal~fired. power’ plants, so that using electric

vehicles merely moves the source of the pollution, but does not

eliminate it. Furthermore, comparing the respective net costs per
mile

of driving, electric vehicles are not competitive with

ethanolvfueled vehicles, much less with conventional gasoline-
fueled Vehicles See. generally. Simanaitis, "Electric Vehicles",

-Page 6 of 277
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- - - "AC Pro ulsionRoad & Track; May 1992. PP- 125 135, Reynolds: P

cax", Road & Track, October 1992, pp- 125429-

Brooks et al u.s. patent 5,492,197! -°-’-hm-'5 Such '3“ 519° “C
. - ' ' tion of

vehicle; the lnvention appears to be directed to incorpora
. . - ' ' t n

antllock braking and traction control technologies in o_ a

otherwise conventional electric vehicle.

Much attention has also been paid over the _ye3rS t0

development of electric vehicles including internal combustion

engines powering generators, thus eliminating the defect of limited

range exhibited by simple electric vehicles. The simP1e5t 5”?“
vehicles operate on the same generfll PrinCiP1e as di953l‘ele°tr1°

locomotives used by most railroads. In such systems, an internal

combustion engine drives a generator providing electric P°W9r t°

traction motors connected directly to the wheels of the Vehicle-

This that no variable

transmission is required between the engine and the wheels of the

gear ratiosystem has the advantage

vehicle.

More particularly, an internal combustion engine produces zero

and reaches its‘torque peak

somewhere in the middle of its operating range. Accordingly, all

vehicles driven directly by an internal combustion engine {other

than certain single—speed vehicles using friction or centrifugal

torque at zero engine speed (RPM)

clutches, and not useful for normal driving) require a variable-

vratio transmission between the engine and the wheels, so that the

engine's torque can be matched to the road speeds and loads

encountered. Further, some sort of clutch must be provided so that

the engine can be mechanically decoupled from the wheels, allowing
the vehicle to stop while the engine is still running, and to allow

some slippage of the engine with respect to the drive train while

starting from a stop. It would not be practical to provide a

diesel locomotive, for example, with a multiple speed transmission,

Clutch. additional complexity of the

generator and electric traction motors Electric

traction motors produce full torque at zero RPM and thus can be

or a- Accordingly, the

is accepted.

Page 7 of 277 FORD 1210
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connected directly to the wheels; when it is desired that the train
should accelerate, the diesel engine is SimP1Y thr°tt1ed to

increase the generator output and the train begins t0 WOVE-

The same drive system may be employed in a smaller Vehicle

such as an automobile or truck, but has several distinct

disadvantages in this application. In particular, and as discussed
in detail below in connection with Figs. 1 and 2, it is Well KNOWN

internal combustion i5 mO5tthat a gasoline or other engine

efficient when producing near its maximum output torque.

Typically, the number of diesel locomotives on a train is selected

in accordance with the total tonnage to be moved and the grades to

be overcome, so that all the locomotives can be operated at ne3r1Y

Moreover, such locomotives tend to be run

Reasonably efficient

full torque production.

at steady speeds for long periods of time.

fuel use is thus achieved. However, such a direct drive vehicle

would not achieve good fuel efficiency in typical automotive use,

involving many short trips, frequent stops in traffic, extended

1ow—speed operation and'the like.

So~cal1ed "series hybrid" electric vehicles have been proposed

for automotive use, wherein batteries are used as energy storage

devices, so that an internal combustion engine provided to power a

generator can be operated in its most fuelnefficient output power

range while still allowing the electric traction motor{s) powering

the vehicle to be operated as required. Thus the engine may be
1°aded bY 5uPPlYing torque to a generator charging the batteries

Vhile 5“PP1Ying 3leCtriCa1- Power to the traction motor(s) as

required, so as to operate efficiently. This gygtem Qverccmes the

limitations of electric vehicles

limited range and long recharge times.

noted above with respect to

Thus, as compared to a

internal combustion engineconventional vehicle, wherein the

d91iVer3_t0rqU3 directly to the wheels, in a series hybrid electric

Vehicle, tflrque is delivered from the engine to the wheels via a

serially connected generator used as a battery charger, the

batterYa and the traction motor. However, energy transfer between

Page 8 of 277
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those components consumes at least aPPr0Kimate1Y 25% (fig englne
t th cost and

Power. Further, Such C°mP°nent5 add Substantially O E -
_ a I ‘ g a Of

weight of the vehicle: in Particular» 3“ electric m°t°r C P

providing sufficient torque to meet all exPECted demand! e'g" to
allow reasonable performance under acceleration, during hill-
'c1imhing and the like, is rather heavy-and eXP3“5iV3- Thus! Series

hybrid vehicles have not-been immediately successful-

A more promising “parallel hybrid" approach is shown in U.S.

Patent Nos. 3,565,717 and 3,732,751 to Berman et al. In Berman et

0 al an internal combustion engine and an electric motor are matched

thrommi a complex gear train so that both can provide torque

directly to the wheels, the vehicle being operated in Several

different modes. Where the output of the internal combustion engine

is more than necessary to drive the vehicle ("first mode

[5 operation") the.engine is run at constant speed and excess power is

converted tar a first motor/generator ("speeder") to electrical

energy for storage in a battery. In "second mode operation", the

internal combustion engine drives the wheels directly, and is

throttled. when more power is needed than the engine can provide,

20 a second motor/generator or "torquer" provides additional torque as
needed.

Berman et al thus show two separate electric motor/generators

separately powered by the internal combustion engine; the "speeder"

charges the batteries, while the “torquer" propels the vehicle

25 forward in traffic. This arrangement is'a source of additional

complexity, cost and difficulty, as two separate modes of engine

control are required. Moreover, the operator must control the

transition between the several modes of operation. Such a complex
Vehicle is unsuited for the automotive .market. Automobiles

30 intended for mass production can he no more complicated to operate
than conventional vehicles, and must be essentially "foolproof",

that 15: r95i5tant t0 damage that might be caused by operator

err°r- F“rther: the gear train shown by Berman et al appears to be

quite complex and difficult to manufacture economically. Berman et

Page 9 of 277 |=oRD 1210
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ven two variablewspeed transmissions
al also indicate that one or B

_ 22 and 36 ~ 38 of

may be required; see, e.g., C01: 3: lin95 19 32 751
patent 3,555,717, and col. 2, lines 53 — 55 of patent 3.7 r -

Lynch et al patent 4,165,795 also shows an early Parallel

hybrid drive.

realized when a relatively small internal combustion engine 15

provided, such that when the engine is operated at an efficient
speed, it produces approximately the average P°WBr required Over a

The example given is of an engine producing 35typical mission.

at its most efficient speed, about 2500 rpm-hp maximum and 17 hp

This is to be combined.with an electric motor~generator of about 30

peak hp. This vehicle requires a variable-ratio transmission to

achieve reasonable performance. It appears that the engine is to be

run continuously, at a -steady speed, with additional torque

provided by the motor when needed and excess torque produced by the

engine being used to charge the batteries. In a first embodiment,

torque provided by the motor is transmitted to the drive wheels

through the engine, while in a second embodiment their respective

positions are reversed.

Nishida U.S. patent 5,117,931 shows a parallel hybrid vehicle

where torque from an electric motor may be combined with torque

from an internal combustion engine in a "torque transmission unit"

comprising paired bevel gears and means for controlling the

relative rates of rotation of the motor and engine, so that the

motor can be used to start the engine, absorb excess torque from

the engine {by charging a

propulsive torque.

battery), or provide additional

A variab1e—speed transmission is coupled

between the torque transmission unit and the propelling wheels.
Both the torque transmission unit and the variab1e—speed

tra“5m15$i°n are C°mP1EK; heavy. and expensive components, the use

of which would preferably be avoided.

Helling U-3- patent 3,923,115 also shows a hybrid vehicle

having a torque transmission unit for combining torque from an

Electric motor and an internal combustion engine However in' I

Page 10 of 277
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ive rates of rotation of the motor and engine

a flywheel is provided to store excess

Helling the relat

input shafts are fixed; _ _ 1. electrica
mechanical energy as well as a batterY t0 5t°re excess

. ' h b id
energy, Albrlght, Jr. et al patent 4,533,040 shows another Y I

. - - - ' t t .
drive Scheme uglng a flywheel in addition to batteries o s ore

. - - ' e
various complicated -mechanical connections ar

capacitors have also been

excess energy;

provided between the various components.

proposed for energy storage; see Bates et al U.S. patent 5.313:143-

Fjaiistz.-om U.s. patent 5,120,232 shows a parallel hybrid drive
train wherein torque from two electric motors is combined with

torque produced by an internal combustion engine; the combination

is performed by a complex arrangement of paired planetary gearsets,

and unspecified control means are alleged to be able to allow

variation of road speed without a variable-ratio transmission.

Hunt U.S. Patent Nos. 4,405,029 and 4,470,475 3150 di5C1059

parallel hybrids requiring complex gearing arrangements, including

multiple speed transmissions. More specifically, the Hunt patents

disclose several embodiments of parallel hybrid vehicles. Hunt

indicates (see col. 4, lines 6 - 20 of the '476 patent) that an

electric motor may drive the vehicle at low speeds up to 20 mph,

and an internal combustion engine used for speeds above 20 mph,

such as from 15 w 30 mph, both

power sources may be energized... Additionally, both power sources

could be utilized under heavy load conditions." Hunt also indicates

that "the vehicle could be provided with an automatic changeover

device which automatically shifts from the electrical power source

to the internal combustion power source, depending on the speed of
the vehicle" (col. 4, lines 12 ~ 15),

while "in certain speed ranges,

However, the Hunt vehicle does not meet the objects of the
present invention, as discussed in detail below.

each embodiment

Hunt's vehicle in

requires a conventional manual or automatic

transmission. See col. 2, lines 6 - 7. Moreover, the internal

combustion engine is connected to the transfer case (wherein torque

from the internal combustion engine and electric motor is combined)

Page 11 of 27? FORD 1210
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by a "fluid coupling or torque converter of conventional
construction". Col. 2, lines 16 — 17. Such transmissions and fluid

couplings or torque converters are very inefficient! are he?vY'
bulky, and costly, and are to be eliminated according to one Oblect

5 i of the present invention, again as discussed in detail below.

Furthermore, the primary means of battBrY Charging di5C1°?ed_
by Hunt involves a further undesirable complexity, namB1Y 3 turbine

I driving the electric motor in generator configur3ti°n- The turbine

is fueled by waste heat from the internal combustion engine. See

[0 ‘ col. 3, lines 10 — 6D.‘Hunt's internal combustion engine is also

fitted with an alternator, for additional battBrY Charging

capability, adding yet further complexity. Thus it is clear that»

Hunt fails to teach a hybrid vehicle meeting the Object5 of the

present invention ~ that is, a hybrid vehicle competitive with

15 conventional vehicles with respect to performance, cost and

complexity, while achieving substantially improved fuel efficiency.

Kawakatsu U.S. Patents Nos. 4,305,254 and 4,497,132 show a

parallel hybrid involving 2: single internal combustion engine

coupled to the drive wheels through a conventional variable-ratio

20 transmission, an electric motor, and an alternator, to allow

efficient use of the internal combustion engine. As in the Hunt

disclosure, the engine is intended to be operated in a relatively

efficient range of engine speeds; when it produces more torque than

is needed to propel the vehicle, the excess is used to charge the

25 batteries; where the engine provides insufficient torque, the motor
is energized as well.

A further Kawakatsu patent, No. 4,335,429, shows a hybrid

vehicle, in this case comprising an internal combustion engine and

two motor/generator units. A first larger motor/generator, powered

30 by :3 battery, is used to provide additional torque when that

provided by the engine is insufficient; the larger motor—generator“

also converts excess torque provided by the engine into electrical

energy, to be stored by the battery, and is used in a regenerative

braking mode. The second smaller motor/generator is similarly used

Page 12 of 277 , 'FoR|:') 1210
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to provide additional torque and additional regenerative braking 33
needed.

More particularly, the latter Kawakatsu patent asserts that

a single electric motor sized to provide sufficient torque t0

propel the vehicle would not be capable of providing sufficient

regenerative braking force; see col. 1, line 50 * G0l- 2 line 3-

Accordingly, Kawakatsu provides two separate motor/generators, as

noted; a separate engine starting motor is'also provided. See col.

6, lines 22 - 23. In _the shown, the

motor/generator is connected to the wheel drive shaft, while the

engine and the smaller motorfgenerator are connected to the wheels

three separately-

embodiment larger

through. a complex mechanism comprising

controllable clutches. See col. 5, lines 50 — 62.

Numerous patents disclose hybrid vehicle drives tending to

fall into one or more of the categories discussed above. A number

of patents disclose systems wherein an operator is required to

select between electric and internal combustion operation; for

example, an electric motor is provided for operation inside

buildings where exhaust fumes would be dangerous, and an internal

It is also

known to propose a hybrid vehicle comprising an electric motor for

use at low speeds, and an internal combustion engine for use at

higher speed.

combustion engine provided for operation outdoors.

is required. In several cases the electric motor drives one set of

wheels and the internal combustion engine drives a different set,

See generally Shea (4,130,136); Fields et a1 (4,351,405); Kenyon

(4,438,342); Krohling (4,593,779); and Ellers (4,923,025).
ManY 05 thege Patents Show hybrid vehicle drives wherein a

variable speed transmission is required, as do numerous additional

references. A transmission as noted above is typically required
"here the lnternal °°mbu5ti°“ engine and/or the electric motor are

not capable Of Supplying Sufficient torque at low speeds. See Rosen

(3,791,473); Rosen (4,259,280); Fiala (4,400,997); and wu et al

(4*697r5503- Kin°5hita (3r970r163) shows a vehicle of this general

Page 13 of 277 |=oRD 121013 hr o-7'-z

The art also suggests using both when maximum torque ‘



10

15

20

25

30

. - ' - . 1
type wherein a gas turbine engine is coupled to the road whee s
through a three-speed transmission; an electric motor is provided
to supply additional torque at low speeds.

For further examples of series hybrid vehicles

discussed above, see Bray (4,095,664); Cummin95 (4:143r193)I M03359

(4,305,155); Park (4,313,050); McCarthy (4,354,144);

(4,533,011); Kawamura (4,951,769); anti Suzuki. et al

Various of.these address specific problems arising in

or specific alleged

generally as

et al

Heidemeyer

(5,053,532).

the manufacture or use of hybrid vehicles,

design improvements. For example, Park addresses certain specifics

of battery charging and discharge characteristics, while Mccarthy

shows a complex drive system involving an internal combustion

engine driving two electric motors; the torque generated by the

latter is combined in a complex differential providing continuously

variable gear ratios. Heidemeyer shows connecting an internal

combustion engine to an electric motor by a first friction clutch,

and connecting the motor to a transmission by a second friction

clutch.

other patents of general relevance to this subject matter

(3,525,374), '

turbine as internal combustion engine; Yardney (3,650,345), showing

include Toy showing a series hybrid using a gas

use of a compressed—air or similar mechanical starter for the

internal combustion engine of a series hybrid, such that batteries

of limited. current capacity could be used; and Nakamura
(3,837,419), addressing improvements in thyristor battery—charging

and motor drive circuitry. Somewhat further afield but of general

interest are the disclosures of Deane (3,374,472); Horwinski

(4,042,055); Yang (4,552,394); Keedy (4,511,455); and Laxen

(4r315r334)F M0ri 131523.553): Grady. Jr. (3,454,122); Papst

(3,211,249); Nims et al (2,666,492); and Matsukata (3,502,165).

Additional references showing parallel hybrid vehicle drive systems

include Froelich {1.824.o14) and Reinbeck (3,a53,325).U.s. Patent

No. 4,578,955 to Medina shows a hybrid system wherein a gas turbine
' - I
15 used t0 dr1V3'a generator as needed to charge batteries. of

10
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particular interest to certain aspects of the present invention is

that Medina discloses that the battery pack should have a voltage

in the range of 144, 153 or 216 volts and the generator should

deliver current in the range of 400 to 500 amperes. Those of skill

5 in the art will recognize that these high currents involve

‘substantial resistance heating losses, and additionally require

that all electrical connections be made by positive mechanical

means such as bolts and nuts, or by welding. More specifically, for

reasons of safety and in accordance with industry practice,

0 currents in excess of about 50 amperes cannot be carried by the

conventional plug—in connectors preferred for reasons of

convenience and economy, but must be carried by much heavier, more

expensive and less convenient fixed connectors (as' used on

conventional starter and battery cable connections]. Accordingly,

15 it would be desirable to operate the electric motor of a hybrid

vehicle at lower currents.

U.S. patent 5,765,656 to weaver also shows a series hybrid

wherein a gas turbine is used as the internal combustion engine;

hydrogen is the preferred fuel.

20 ' U.S. Patent No. 4,439,989 to Yamakawa shows a system wherein

two different internal combustion engines are provided, so that

only one need be run when the load is low. This arrangement would

be complex and expensive to manufacture.

Detailed discussion of various aspects of hybrid vehicle

25 drives may be found in Kalberlah, “Electric Hybrid Drive Systems

for Passenger_ Cars and Taxis", SAE Paper No. 910247 (1991).

Kalberlah first compares "straight" electric, series hybrid, and

parallel hybrid drive trains, and concludes that parallel hybrids

are preferable, at least when intended for general use (that is,

30 straight electric vehicles may be useful under certain narrow

conditions of lowmspeed, limited range urban driving). Kalberlah

then compares various forms of parallel hybrids, with respect to

his Fig. 4, and concludes that the most practical arrangement is

one in which an internal combustion engine drives a first pair of

N
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wheels, and an electric motor the second? .m0re Particularly’
Kalberlah indicates that mechanical combination of the tfirque fr°m

an internal combustion engine and an electric motor is impractical.

5,301,764 and 5,346,031 followGardner U.S. patents

Kalber1ah's teachings, in that Gardner shows separately driving at

least two pairs of wheels; one pair is driven by a fir5t electric

motor, and the second by a second electric motor or alternatively

by a small internal combustion'engine. Three different clutches

are provided to allow various sources 'of «drive torque to be.

and to a generator, depending on the

vehicle's operation mode. The internal combustion engine is run

continuously, and provides the driving torque when the vehicle is

in a cruise mode; at other times it is used to charge the batteries

connected to the wheels,

powering the electric motors.

Bullock, "The _Technological Constraints of Mass,

Dynamic Power Range and Energy Capacity on the Viability of Hybrid

SAE Paper No. 891659 (1989) provides a

detailed theoretical analysis of electric vehicles in terms of the

Volume,

and Electric Vehicles",

loads thereon, and a careful analysis of the various battery types

then available. Bullock concludes that 2: vehicle having two

electric motors of differing characteristics, driving the wheels

through 6 would be

see the discussion of Fig. 8.

variable«speed transmission, optimal for

Bullock also

5“99ests the use of an internal combustion engine to drive battery

charging, but does not address combining the engine's torque with
that from the motors; see pp. 24 n 25,

Further related papers are collected in Elgg§;ig_gn§_fiy§:ig

 r vfllume in February
1992. See also Wonk, "Hybrids: Then and Now"; Bates, "On the road

with a Ford HEV", and King et al, "Transit Bus takes the Hybrid

Route", all in , Vol. 32, 7, (July 1995).
Urban at al U.s. patent 5,667,029 shows two embodiments of

parallel hybrids; a first embodiment is shown in Figs. 1 — 9 and
11, and a second in Figs. 12 — 17.

automotive use;

Both embodiments have numerous

1i
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common features including Similar °PErating m°d95-I Referring tol‘

the first embodiment an internal combustion engine provides torqueF

. ‘ t can

to the road wheels or to a g9n9rat°rr t“° electrlc mo org _
provide torque to the road wheels. of Charge batteries during

. . * ‘s1 regenerative braking. Torque from the engine and m0t0rS 1

combined at ‘the input. shaft. to an variable-ratio ‘transmission-

overrunning.c1utches are provided. e-9-. t0 allow the engine's

torque to be applied to the road wheels without also rotating the

motors.

.0 As indicated at col. 6, lines 25'» 54, certain transitions

between various operating modes are made automatically: re5P0N5iY3
to the position of the accelerator pedal; for example, if the

operator does not depress the pedal beyond a given P°int: °“1Y the

internal combustion engine is employed to propel the Vehicle? if

15 the operator depresses the pedal more fully, the electric motors

are also energized. other changes in the operational mode must be

made by the operator directly; for example, the vehicle may be

operated as a “straight electric" vehicle, e.g. for short duration
trips, by the operator's making an appropriate control action. See

20 col. 7, lines 49 — 56.

The Urban at al design appears to suffer from a number of

significant defects. First, the internal combustion engine is

stated to provide all torque needed to accelerate the vehicle to

cruising speed under normal circumstances (see col. 5, lines 3 ~

25 10), and also to propel the vehicle during cruising (see col. 6,

lines 48 ~ 54}. The electric motors are to be used only during
rapid acceleration and hill-climbing; col. 5, lines 10 — 13. A 20

horsepower engine, operated through a continuously variab1e—ratio

transmission and a torque converter, is stated to be adequate for
30 this purpose. such components are clearly complex and expensive;

further, torque Converters are notoriously inefficient. Moreover,

using the internal combustion engine as the sole source of power

for low—speed running would require it to be run at low speeds,

e.g., at traffic lights, which is very inefficient and highly

13
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polluting. (various additional references suggest that excass
torque can be used to charge batteries; if this were incorporated
in the Urban system, the engine might be run at a reasonably

efficient output level while the vehicle was stationarY: but thi5

5 wou1d lead to high levels of noise and vibration. In any eVe“t

Urban does not appear to consider this_possibility-) _
on the other hand, Urban does suggest that the vehicle can be

operated as a "straight.e1ectric" under l0W*5Pe3d C°nditi°“5r but

this requires the operator to provide an explicit control input;

10 this complexity is unacceptable in a vehicle intended to be sold in

quantity, as would be required in order to reach Urban‘s stated

goals of reduction of atmospheric pollution and reduced energy

consumption. As noted, hybrid vehicle operation must be

essentially "foolproof", or "transparent" to the user, to have any

15 chance of commercial success.

Urban's second embodiment is mechanically simpler, employing

but a single "dynamotor", through which torque is transmitted from

the engine to the variable~ratio transmission, but suffers from thel

same operational deficiencies.

20 A second Urban et al patent, 5,704,440, is directed to the

method of operation of the vehicle of the ‘O29 patent and suffers

the same inadequacies.

Various articles describe several generations of Toyota.Motor

Company hybrid vehicles, believed to correspond to that available

25 ' commercially as the "Prius". See, for example, Yamaguchi, "Toyota

readies gasolinefelectric hybrid system", Agtgmgtixeugngipgeging,

JU1Y 1997: PP- 55 — 58; Wilson, “Not Electric, Not Gasoline, But

Both". Auteneek. June 2» 1997: PP- 17 — 13; Bulgin, "The Future

Works, Quietly", fiurgmeek February 23, 1998, pp. 12 and 13; and

30 "Toyota Electric and Hybrid Vehicles“, a Toyota brochure. A more
detailed discussion of the Toydta vehicle's powertrain is found in

Nagafiaka Et al, "Development of the Hybrid/Battery ECU for the

Toyota Hybrid System", SAE: paper 981122 (1998), pp. 19 Q 27.

According to the Wilson article, Toyota degcribes-thig véhicle as

14
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a fl5eries*para11e1 hybrid"; regardless of the.labE1 3PP1iedr 1t5

pgwertraih appears to be similar to that of the Berman patents
described above, that is, torque from either or both of an intéfnal
combustion engine and an electric motor are controllably combined

5 in a upowerisplit mechanism" and transmitted to the drive wheels

through :1 planetary’ gearset providing the functionality‘ of a
variable-ratio transmission. See the NaGa5aka articie at pp‘ 19 -

20. _
Furutani U.s. patent 5,495,906 describes a vehicle having an

10 internal combustion engine driving a first set of wheels through 3

variable-ratio transmission and an electric motor driving 3 5eC°nd

set of wheels. The engine is apparently intended to be run

continuously; at low speeds, it drives a generator to charge

batteries providing energy to the motor, and at higher speeds the

15 engine cnr both engine and motor propel the vehicle. In some

circumstances the transmission may not be.required; compare, for

example, col. 3, lines 4 - B with col. 5, lines 59 ~ 64.

U.S. patent 5,842,534 to Frank shows a "charge depletion"

control method for hybrid vehicles; in this scheme, the internal

20 combustion engine is essentially used only when the state of the

batteries is such that the vehicle cannot otherwise reach a

recharging point. See col. 3, lines 50 — 55. In normal operation,

the batteries are recharged from an external power source. Frank

also discusses two~mode brake pedal operation, wherein mechanical

25 brakes are engaged in addition to regenerative braking when the

pedal is depressed beyond a preset point.

U.s. patent 5,323,230 to Lateur et al shows a parallel hybrid

wherein the shafts of an internal combustion engine and first and

second electric motors are all coaxial; the engine is connected to

30 the first motor by a clutch, and the first motor to the second by
a planetary gearset, allowing the speeds of the motors to be

varied so as to operate them in their most efficient range. See
col. 4, line 57 - col. 5, line 60.

U.S. patent 5,826,671 to Nakae et al shows a parallel hybrid

15
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. - ' bined with
wherein torque from an internal combustion engine 15 °°m

that from a motor in a planetary gearset; a clutch is provided
therebetween- The specific invention relates to sensing of engine

warmup conditions, so as to limit emission of unburnt fuel and thus
5 lower emissions.

U.s. patent 5,846,155 to Taniguchi et a1 shows a parallel

hybrid wherein torque from an internal combustion Engine and 3

motor is again combined in a planetary qearset: the SPEC-ific

improvement appears to be the use of a continuous1)"”-mriflble
10 transmission. I ‘

It will be appreciated by those of skill in the art that there

are significant limitations inherent in the use of p1anetarY

gearsets as a means for connecting different sources, e.g., an

internal combustion engine and an electric motor, to the drive

15 wheels of a vehicle, namely, that unless the planetary gearset is

effectively locked (anathematic to its use as a cmntinuously—

variable transmission, e.g., in the Toyota vehicle) it is capable

of additive combination of shaft speeds, but not of output torque.

Hence, the principal advantage of the parallel hybrid drivetrain,

20 additive combination of the output torque of both the electric

motor and the internal combustion engine, is only available when

the planetary gearset is locked. This fact is acknowledged by

Lateur, for example, at col. 6, line 2?.

_ additional disclosures of possible interest include U.S.

25 patent 5,845,731 to Buglione et al; this patent issued December 3,

1998, and therefore is not necessarily available as a reference

against the claims of the present application. The basic powertrain

shown by Buglione et al includes an internal combustion engine 12,
. coupled through a first clutch 13 to a first electric motor 20,

30 coupled to a second electric motor 26 through a second clutch 24;

the wheels are (apparently;.see col. 3, line 8} driven by the

second motor 26. The overall hybrid operational scheme provided by

Buglione et al is illustrated in Fig. 4. At low speeds one or both

motors may be used to propel the vehicle, with the engine off,

16
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idling, or running to drive one motor as a generator- During low”
speed cruising the second motor propels the Vehi¢1e: While during

vehicle. when
high-speed cruising, the engine propels the

acceleration is required at high speed, the engine and bflth m0t0r5

may be used to propel the vehicle. Buglione et al also indicates

that a variableeratio transmission may-be unnecessary, 001- 3, line

9, and that the first motor can be used to start the engine, C01-

4, lines 3 ~ 15.

U.S. patent 5,585,613 to Ehsani,

peaking hybrid" vehicle is also of interest.

shown in several embodiments; in each, an engine is apparently to

be run continuously, with excess torque used to charge the

batteries, and one or more motors used to provide additional

propulsive torque when the engine's output torque is inadequate. A

transmission is provided in some embodiments of the Ehsani vehicle.

An embodiment involving two motors is shown in Fig. 7, and can be

Fig. 7

showing zni "electrically

Ehsani's vehicle is

modified as discussed in the text at col. 9, lines 4 - 5.

itself shows driving a first set of wheels by a first "electric

machine", i.e., a motor capable of operation as a generator. This

drive arrangement is independent of a second drive arrangement,

whereby a second set of wheels is driven by an engine connected

through a first clutch to a second electric machine, connected to

the second set of wheels by a second clutch. Ehsani suggests at

col. 9, lines 4 - 5 that the drive shaft otherwise coupled to the

first electric machine could" also be driven by the engine.

Although it is not made explicit that the first electric machine is

to be retained, this seems likely} otherwise, the modified Fig. 7

embodiment would be the same as Ehsani's Fig. 1, modified to have

all four wheels driven by a common driveshaft.

This application discloses a number of improvements over and

enhancements to the hybrid vehicles disclosed in U.S.

5,343:970 (the "’97D Patent“). to one of the present inventors,

_which is incorporated herein by this reference. Where differences

patent

are not mentioned, it is to be understood that the specifics of the

1?
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. - ' bl t th
vehicle design shown in the '970 Patent are-appllca e O E

. - - t -970 t 1;
vehicles shown herein as well. Discussion of the Pa 3“

herein is not to be construed to limit the scope of ite claims.
Generally speaking, the ‘970 Patent d15¢1°5E5 hYbr1d Vehicles

wherein a controllable torque transfer unit is Provided Capable of

transferring torque between an internal combustion enginfir an

electric motor, and the drive wheels of the vehicle. The direction

of torque transfer is controlled by a microprocessor responsive to
the mode of operation of the vehicle, to provide highly efficient

operation over a wide-variety of operating conditions, and While

providing good performance. The flow of energy - either electrical

energy stored in a substantial battery bank, or chemical energy

stored as combustible fuel w is similarly controlled by the

microprocessor.

For example, according to the operating scheme of the hybrid

vehicle disclosed in the '970 patent, in 1ow—speed city driving,

the electric motor provides all torque needed responsive to energy

flowing from the battery. In high-speed highway driving, where the

operated efficiently, it

typically provides all torque; additional torque may be provided by

the electric motor as needed for acceleration, hill—climbing, or
passing.

internal-combustion engine can be

The electric motor is also used to start the internal-

P0mbU5ti0n cperated as aengine, and can be generator by

3PPr0Driate connection of its windings by a so1id~state,

microprocessorrcontrolled inverter. For example, when the state of

charge of the battery bank is relatively depleted, e.g., after a

lengthy perimd of battery~only operation in city traffic, the

internal combustion engine is started and drives the motor at

,between 50 and 100% of its maximum torque output, for efficient
charging of the battery bank.

descent,

similarly, during braking or hill

the kinetic energy of the vehicle can be turned into

Stored electrical energy by regenerative braking.

The hybrid drive train shown in the ‘B70 patent has many

adVflntfi9eS with respect to the prior art which are retained by the

18
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present invention.

selected to be of relatively high power, SF-eCifiC311Y: equal to C”:

greater than that of the internal combustion engine. and 110 h*'=‘‘“‘-'
. - " - ' 1 th

high torque output characteristics at low speedfir this 31 °w5 9

conventional multi~speed vehicle transmission to be el1m1D3t$d- A5

compared to the prior art, the battery bank, motor/generator, and

associated power circuitry are operated at relatively high V°1t399

and relatively low current, reducing losses due to resistive

heating and simplifying component selection and connection.

It can thus be seen that while the prior art, including the

'970 patent, clearly discloses the desirabilitY °f °Perati“g an

internal combustion engine in its most efficient operating range:

and that a battery may be provided to store energy to be supplied

to an electric motor in order to even out the load on the internal

combustion engine, there remains substantial room for improvement.

In particular, it is desired to obtain the operational flexibility

of a parallel hybrid system, while optimizing the system's

operational parameters and providing a substantially simplified

parallel hybrid system as compared to those shown in the prior art,

again as including the '970 patent.

As noted above, the present application is a continuation—in-

09/254,917, filed March 9, 1999 (the '81?’

discloses and distinct

part of Ser. No.

which

improvements over the hybrid vehicles shown in the ‘Q70 patent, as
in further detail

application is a continuation~1n—part of Ser. No. 09/392,743,

filed September 9, 1999 (the '7-13 application), which discloses

and claims several distinct improvements over the hybrid vehicles

application), claims several

discussed below. Similarly, the present

shown in the '970 patent and the '81? application, as discussed in
further detail below.

further_ improvements

The present application discloses and claims

over" the vehicles of the '31? and '743

applications.

As discussed in detail below, the '81? and '743 applications

{Which are not to be limited by this brief summary) disclose a new

19
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"topology" for a hybrid vehicle, wherein an internal combustion
engine and a first electric "starting" motor, which can be Operated

as a starter, to start the engine, 3 generator, to charge the

battery bank responsive to torque from the engine or the wheels

5 (i.e., during regenerative braking} or as a source of torque, to

propel the vehicle, are connected to the road Wheels of the Vehicle
through a clutch, so that the engine can be decoupled from the

wheels during starting and battery charging, but can be connected

to the wheels to propel the vehicle. A second "traction" motor is_

10 directly connected to the road wheels to propel the vehicle. The

vehicle operating mode is determined by a microprocessor resP0n5iVe

to the "road load", that is, the vehicle's instantaneous torque

demands. The '743 application further discloses that a

turbocharger may be provided, and operated when needed to increase

15 the torque output of the engine when torque iJ1 excess of its

normally—aspirated capacity is required for more than a minimum

time. The present application builds further on these concepts.

Koide U.S. patent 5,934,395 and Schmidt—Brficken U.S. patent

. 6,059,059 were addressed during the prosecution of the '81?

20 application. Tsuzuki 6,018,198 and Werson 5,986,376 were also each

applied against one claim. As indicated, the '81? application

discloses a hybrid vehicle comprising a controller, a battery bank,

an internal combustion engine, and two electric motors, a starting

motor and a traction motor. The starting motor and engine are

25 connected to the road wheels through a clutch, while the traction

motor is connected directly and permanently to the road wheels for4

torque transmission therebetween, 1.e., without a clutch _

therebetween. Koide does not show this "topology" for a hybrid

vehicle; although Koide does show a hybrid vehicle having first and

30 second motors along with an engine, the components are not

connected as described. specifically, in Koide, both motors and

the engine are connected to the road wheels by way of a variable-

ratio transmission and a clutch, while, as noted, in the '81?

application only the_combination of the engine and starting motor

20
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is connected to the wheels through a clutoh,_whi1e the traction

motor is connected directly to the wheels for torque transmission

that is, without a variable—ratio

More specifically, Koide's entire disclosure is

therebetween, clutch or

transmission.

premised on being able to vary the ratios between the torque-

producing components of his system and the road wheels, in order
that the engine can be smoothly started when needed. According to

the '81? application, only the starter motor and engine need to be

while the

traction motor can be connected to the road wheels at all times.

This represents a substantial simplification with respect to the

disconnectible from the wheels for smooth starting,

system shown by Koide.

The Schmidt-Brflcken patent also fails to show the topology

shown in the '81? application. Schmidt-Brflcken shows an engine 1 in

combination with a starting motor 7, connected to the road wheels

through a first clutch 11, and a traction motor 19 connected to the

road wheels through a second clutch 23.

The ‘$17 and '743 applications also disclose that the

vehicle operating mode is determined by a microprocessor responsive

to the "road load", that is, the vehicle's instantaneous torque

demands, i.e., that amount of torque required to propel the vehicle

desired speed- The

accelerator

at 8 operator's input, by way of the

or brake pedals. or a "cruise control" device,

indicates that continuing at steady speed is desired, or that a

Change in vehicle called for. For exeinple, the

operator's depressing the accelerator pedal signifies an increase

in desired speed, i.e., an increase in road load, while reducing

the pressure on the accelerator or depressing the brake pedal

signifies a desired reduction in vehicle speed, indicating that the

torque being supplied is to be reduced or should be negative. More

particularly, it is important to note that the road load can vary

between wide limits,

speed is

and can be

positive or negative, i.e., when decelerating or descending a hill,

independent of vehicle speed,

in which case the negative road load {that is, torque available at

21
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the wheels in excess of that required t0 PFOPE1 the Vehicle} is

usually employed to charge the battery bank.

More particularly, it is important to recognize that road

load is not the same thing as vehicle velocity. Indeed, as noted:

road load can be negative while vehicle velocity is positive, as

during deceleration or descent. Moreover, widely differing road

loads may be encountered during operation at the same velocity; for

example, operation at 50 mph on a flat road may involve a road load

of only 30 - 40% of the engine's maximum output torque (MTG), while

accelerating from the same speed while climbing a hill may-involve

a road load of well over 100% of MTG. V

By the same token, control of the vehicle's operating mode in

response to monitoring of road load is not the same as controlling

its operating mode in response to vehicle speed. Numerous prior art

references, including the Koide and Schmidt-Brflcken patents, teach

the latter, i.e., indicate the vehicle operating mode should be

controlled in response to vehicle speed. See Koide at col. 12,

lines 45 - 43, and schmidt—Brficken at col. 5, line 56 — col. 6 line

29. Neither Koide nor Schmidt-Brflcken, nor-any other reference of

which the inventors are aware, recognizes that the desired vehicle

operational mode should preferably be controlled in response to the

vehicle's actual torque requirements, i.e., the road load. Doing so

according to the invention provides superior performance, in terms

of both vehicle response to operator commands and fuel efficiency,
under the widely-varying conditions encountered in "real world"

driving situations, than is possible according to the prior art.

Moreover, as set forth in the ‘B17 and *743 applications, in

order to provide maximum efficiency in use of fuel, it is essential

to operate the internal combustion engine of a hybrid vehicle only
under circumstances where the engine will be loaded so as to

require at least 30% of its maximum torque output ("MTo"}(it being

understood throughout this specification and the appended claims

If the

vehicle is controlled to shift-into an engine~only mode whenever it

that this 30% figure is arbitrary and can be varied).

22
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exceeds some arbitrary road speed, as in Koide and Schmidt—Brficken,

it is apparent that the engine will be operated at various times

when the road load is less than 30% of HTO, for example, during

deceleration or during descents. Moreover, as noted above, the

5 torque actually required can vary widely irrespective of vehicle

speed. For example, 30% of MTO may be sufficient to maintain

steady speed on a flat road, but 150% of MTG may be required for

acceleration_from the same speed. If the vehicle's operational

mode is selected based solely on speed, as taught by Koide and

10 schmidt—Brucken, it will be incapable of responding to the

operator's commands, and will ultimately be unsatisfactory.

By comparison, according to the invention of the '81? and '743

applications, and as further disclosed and claimed herein, the

vehicle's operating mode —- that is, the selection of the source of

15 torque needed to propel the vehicle —— is determined based on the

amount of torque actually required. In this way the proper

combination of engine, traction motor, and starting motor is always

available. This apparent1y—simple point has evidently been missed

entirely by the art.

20 Moreover, according to this aspect of the invention, the

engine is used to propel the vehicle only when it is efficient to

do so. This is in accordance with another aspect of the invention,

wherein the engine is operated only at high efficiency, leading

directly to improved fuel economy. For example, the engine is also

25 used as needed to charge the battery'bank, e.g., in low-speed city

driving, where the battery bank may become depleted. The starter

motor, which is operated as a generator in these circumstances, is

accordingly sized so as be able to accept at least 30% of MTG as

input torque; the battery bank is likewise sized so as to be able

30 to accept a corresponding amount of charging current. Therefore

the engine is never operated at less than 30% of MTO, and is thus

never operated inefficiently. Koide and schmidt~Brflcken, because

they teach switching the vehicle's operational. mode based on

vehicle speed and not its torque requirements, would inherently

23
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operate the engine under less efficient conditions.

Furutani patent 5,495,906 discloses selection of operating

mode based on a combination of vehicle speed and "vehicle load";

see, e.g., col. 2, lines 39 - 47: "It is preferable that the

5' running state detection means detects vehicle speed and vehicle

load...[and] that the control means transfers the driving force

generated by the engine to the power generator and changes the

electric power generatedby the power generator [i.e., more of the

engine power is used to charge the batteries] in accordance with

10 the vehicle load if the vehicle speed isthe predetermined value or

less. Moreover, it is preferable to change the predetermined value

of the vehicle speed in accordance with the vehicle load." It'thus

appears that Furutani determines the vehicle operating state based

on vehicle speed, although the change—over speed can be varied

15 responsive to the vehicle load. Furutani's "vehicle load“ thus

apparently includes the torque required to charge the battery, as

distinguished from applicants‘ "road load", i.e., the torque

required to propel the vehicle. Even assuming that Furutani's

"vehicle load", which is not defined, were suggestive of "road

20 load" as used by applicants, Furutani clearly does not suggest

determining the operating mode based on road load.’ More

specifically, although Furutani recognizes a distinction between

differing vehicle loads, and that the vehicle load can vary

independent of vehicle speed, the vehicle operating mode is

25 nonetheless selected based on vehicle speed; see col. 3, line 62 —

col. 4, line 32. Instead of varying the operating mode of the

vehicle based on road load, Furutani directs more or less of the

engine's torque to battery charging; see col. 4, lines 24 — 32.

Frank 6,054,844 shows several embodiments of hybrid vehicles.

30 In those where an engine is used to provide torque to the vehicle

wheels, a continuously—variab1e transmission is employed, and the

ratio R is considered in determining the response to be made to

operator input, e.g., accelerator and brake pedal positions.

Frank's control strategy is to operate the engine along a line of

24
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optimal efficiency and use an electric motor to add to or Subtract
from the engine's output torque as appropriate. See col. 6, line 49

— col. 7, line 7 and col. 10, line 33 — col. 11, line 22. Frank

thus does not suggest control of the vehicle operating m0d9

responsive to road load.

Patent 6,018,694 to Egami et a1-shows a controller for a

hybrid vehicle comprising an internal combustion engine and first

and sec0nd_"rotary electric units". Although_the question is not

free from doubt, it appears from a detailed review of Egami's

disclosure that torque from the engine is not supplied directly to

the road wheels, but instead is used to drive one of the rotary

electric units as a generator, in turn supplying the second with

current to provide torque for propelling the vehicle. Hence Egami

does not show selection of the operational mode of the vehicle

(that is, the determination whether propulsive torque is to be

provided from the engine, one or both of the motors, or all three)

in response to the road load, since it does not appear that

propulsive torque is ever supplied from the engine to the wheels.

Moreover, despite making reference to a “vehicle driving torque

demand Mvt", which might be ndsunderstomd to be equivalent to

3PDlicant's road load, Egami in fact does not determine the road

load. More specifically, Mv* is determined by consulting a "map",

using "the vehicle speed v, the accelerator lift ACC, the brake

State BRK, and the shift position SFT as the input parameters".

See col. 22, lines 23 — 26. that the

"vehicle driving torque equivalént to

The same point, i.e.,

demand Mvt" is not

applicant's claimed road load, is made throughout Egami‘s extensive

Specification; see. for example, col. 10, lines 23 — 32 and col.
27, lines 53 - 65. '

Dequchi patent 5,993,351 refers to decision-making regarding

the vehicle mode of operation "based on the vehicle speed detected

value and_the required motive force detected value" (Abstract; see

also col. 1, line 41); the latter might be misunderstood to be

Equivalent to the road load. Deguchi also states {col. 2, lines 7

25
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‘generator mode.

_ 9) that the vehicle "runs on the motor at times of low load and
_ . . - - n '

runs on the internal combustion engine at tlmflfi Of high 103d’

However, Deguchi makes it clear that in fact the OPErati°na1’m°de
decision is made “based on the accelerator aperture detected value

6 which represents the required driving force of the Vehicle and

the detected. vehicle lines 19 - 21]. _ The

relevant inputs to the vehicle controller shown in Fiq« 3:

Deguchi does not show controlling the vehicle operating mode

responsive to road load as defined by applicants.

Along generally similar lines, Boll patent 5,327,992 teaches

a hybrid vehicle comprising a diesel engine and a motor on a common

shaft, and intended to be operated such that the engine is only

operated efficiently, i.e., under relatively high load. The torque

required to overcome the “instantaneous tractive resistance" is

determined responsive to the deflection of the accelerator pedal,

i.e., in response to operator command (see col. 3, line 13 and line

35); when this is less than the minimum amount of torque that can

be produced efficently by the engine, the excess torque is used to

power the motor as a generator. Boll also suggests that both the

motor and engine can he used to propel the vehicle when needed,

e.g., during acceleration, and that the vehicle can be operated in

four different modes: {a} engine alone powering the vehicle; (b)

motor only powering the vehicle, with) the engine "generally

switched off"; {c)engine and motor both powering the vehicle; and

(d) engine powering vehicle, with excess torque powering motor in

Boll also teaches that a second motor can be

Prfivided. Operable as a generator and then driven'either by the

engine directly or by exhaust gas, and that the resulting current

can he used to charge the battery or to power the other motor.

other references of interest are directed to the braking

systems of hybrid vehicles, see for example German patent 19 05 641

to Strifler, discussing a method of control of a braking system

providing both regenerative }and mechanical braking, and the

26

Page 30 of 277

30 0127?

FORD 1210



_10

15

20

25

30

. . I ' um 5 see
powering of ancillary systems, such as Power Steering P P r
u.s. patent 5,249,637 to Heidl. These references are discus-‘=‘-ed in
further detail below with reference to improvements provided in

these areas by the present application-

 

It is an object of the invention to provide an improved hYbrid
electric vehicle realizing substantially increased fuel economy and

reduced pollutant emissions as compared to present day internal

cQmbuStioh_ and_ hybrid ‘vehicles while suffering no significant

penalty in performance, operating Convenience, cost, complexity. Or

weight, which can be operated efficiently by an operator accustomed

to conventional vehicles without special training, and which does

not require modification of the existing infrastructure developed

over the years to support conventional vehicles.

More specifically, it is an object of the invention to provide

such an improved vehicle that operates on fuel now widely available

and uses batteries already well understood and widely available, so

that the operator need not learn new driving techniques, deal with

new fuel supply arrangements, nor be obliged to be attentive to

maintenance of batteries employing Complex new technologies.

It is a more particular object of the present invention to

provide an improved series—parallel hybrid electric vehicle wherein

and two separately~controlledan internal combustion engine

electric motors can separately or simultaneously apply torque to

the driving wheels of the vehicle, controlled to realize maximum

fuel efficiency at no penalty in convenience, performance, or cost.

It is a further object of the invention to provide a series~

parallel hybrid electric vehicle comprising two electric motors

together providing output power equal to at least 100 percent of

the rated output power of the internal combustion engine, and more

preferably up to about 150 — 200 percent thereof, so that the

engine operates under substantially optimum conditions in order to

substantial fuel and reduced emission ofrealize economy
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undesirable pollutants in operation.

More particularly, it is an object of the invention to Pr0Vide

a series-parallel hybrid electric vehicle Whfirein the internal

combustion engine is sized to efficiently provide the average POWBY

required for operation at moderate and highway speeds. with two }0r

more} separately—controlled electric motors together Sized C0

deliver the additional power needed for acceleration and hill

climbing.

Still another object of the invention is to provide a series-'

parallel hybrid electric vehicle wherein the electric motor and

battery charging circuits operate at no more than about 30 * 50

amperes continuous current (although significantly greater currents

may flow for short periods, under peak load conditions), whereby

reduced, and wherebylosses are greatlyresistance heating

inexpensive and simple electrical manufacturing and connection

techniques can be employed. _

It is a more specific object of the present invention to

provide a hybrid drive system for vehicles that does not require

the controllable torque-transfer unit shown in the '970 patent,

while providing the functional advantages of the hybrid vehicle

shown in the ‘Q70 patent. _

It is a more specific object of the invention to employ the

control flexibility provided by the improved hybrid drive train of

the invention to allow starting of the engine at comparatively high

RPM, while "controlling the

starting, throttling the

catalytic converter,

fuel/air mixture supplied during

engine, and providing a preheated

minimizing emission :16 unburned fuel and

"further improving fuel economy.

It is a more specific object of the invention to employ the

control flexibility provided by the improved hybrid drive train of

the invention to allow employment of a motor producing

substantially constant torque up to a base speed, and substantially

constant power thereafter, as the engine starting motor, so that

torque produced thereby can also be used to propel the vehicle.

32 0:277
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In addition to the above objects of the invention, which are

similar to those listed in the ‘B17 and '743 applications, the

invention of the present continuation-in-part application has as

objects the broadening of the useful ranges of loading of vehicles

e.g., to provide highly efficient

hybrid operation for a vehicle that may weigh 7,000 pounds empty

but which can be loaded to weigh 10,000 pounds or more, and may be

expected to pull a trailer also weighing 10,000 pounds or more.

A further object of the present invention is tn: provide

further improvements in methods of control of internal combustion

according to the invention,

engines for hybrid vehicles, to obtain very efficient use of fuel.

Another object of the present invention is to provide an

optimal HVAC system for hybrid vehicles.

Still a further object of the invention is to provide a

braking system for hybrid vehicles‘ including regenerative braking

that provides optimal operator feedback despite changes in

operation responsive to the state of charge of the battery bank.

other aspects and objects of the invention will become clear

as the discussion below proceeds.

@ 

As discussed above, the '970 patent discloses hybrid vehicles

wherein a controllable torque transfer unit is provided capable of

transferring torque between an internal combustion engine, an

electric motor, and the drive wheels of the vehicle. See Figs. 3 ~

11 thereof. .The direction of torque transfer is controlled by a

microprocessor responsive to the mode of operation of the vehicle,

to provide highly efficient operation over a wide, variety of

operating conditions, and while providing good performance. The

flow of energy - either electrical energy stored in a substantial

battery bank, or chemical energy stored as combustible fuel - is

similarly controlled by the microprocessor.

According to one aspect of the invention of the '81? and '743

applications, which is also employed according to the p-resent
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continuation-in-part application, the controllable torque~tran5fer

unit shown in the ‘970 patent is eliminated by replacing the Single

electric motor shown therein by two separate motors, both Operable

as generators and as traction motors when appropriate. SEE Fi95-

3 and :4 hereof. As in the '970 patent, an internal combustion

engine is gmovided, sized to provide sufficient torque to he

adequate for the range of cruising speeds desired, and is used for

The internal combustion engine is

by the

battery charging as needed.

connected to the drive wheels by a clutch operated

microprocessor responsive to its selection of the vehicle's mode of

operation in response to evaluation of the road load, that is, the

vehicle's instantaneous torque demands and input commands provided

by the A relatively highwpowered

"traction" motor is connected directly to the output shaft of the

vehicle; the traction motor provides torque to propel the vehicle

operator of the vehicle.

in low-speed situations, and provides additional torque when

required, e.g., for acceleration, passing, or hil1—climbing during

high-speed driving.

According to the invention of the '81? and '743 applications,

a relatively low—powered starting motor is also provided, and can

This

second motor is connected directly to the internal combustion

be used to provide torque propelling the vehicle when needed.

engine for starting the engine. Unlike a conventional starter

motor, which rotates an internal combustion engine at low speed

(e.g., 60 + 200 rpm) for starting, necessitating provision of a

rich fuel/air mixture for starting, the starter motor according to

the invention spins the engine at relatively high speeds, e.gi, 300

— 600 rpm, for starting; this allows starting the engine with a

much less mixture than isfuelsrich fuel/air conventional,

significantly reducing undesirable emissions and improving fuel

economy at start—up. A catalytic converter provided to

catalytically combust unburnt fuel ‘in the engine ‘exhaust is

preheated to an effective working temperature before starting the

engine, further reducing emissions.

30

Page 34 of 277 |=oRD 1210

34 (}f277



10

15

20

25

30

In the embodiment discussed in detail, the starting motor is

connected directly to the engine, and this combination is Connected

to the traction motor by a clutch for transfer of torque; the

output shaft of the traction motor is then connected to the road
wheels of the vehicle. In other embodiments, the engine/starting

motor combination may be connected to a first set of road wheels

through a clutch, with the traction motor connected to anOthEr Set

of road wheels directly; in a further embodiment, plural traction

motors may be provided. In each case, the engine is controllably
disconnected from the _road wheels by control of the clutch.

Engagement of the clutch is controlled by the microprocessor, e.g.,

controlling an electrical or hydraulic actuator as part of

controlling the state of operation of the vehicle in response to

the road load. ,

For example, during low-speed operation, the clutch will be

disengaged, so that the engine is disconnected from the wheels; the

vehicle is then operated as a "straight" electric car, i.e., power

is drawn from the battery bank and supplied to the traction motor.

(e.g., become

discharged to 50% of full charge}, the starter motor is used to

Should the batteries become :relatively depleted

start the internal combustion engine, which then runs at relatively

(e.g., at least about 30% of its maximum

for efficient use of fuel,

high torque output

t0I-'fi.I1193.- and the starting motor is

operated as a high—output generator to recharge the battery bank.

Similarly, when the operator calls for- more power than

available from the traction motor alone, e.g., in accelerating onto

a highway, the starter motor starts the internal combustion engine;

when it reaches an engine speed at which it produces useful torque,

the clutch is engaged, so that the engine and starter motor can

provide additional torque. As noted above, the engine is rotated

at relatively high speed for starting, so that the engine rapidly

reaches a useful speed.

As in the ‘Q70 patent. the engine is sized so that it provides

sufficient power to maintain the vehicle in a range of suitable
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highway cruising speeds, while being operated in a torque range

providing good fuel efficiency; if additional power is then needed,

e.g.,

motors can be engaged as needed.

for hil1—climbing or passing, the traction and/or starter

Both motors can be operated as

generators, to transform the vehicle's kinetic energy intoe.g.,

electrical power during descent or deceleration. Also as in the

'970 patent, the peak power of the two motors together at least

equals the rated power of the engine, as is necessary to provide

without variab1e—speed

transmission or the equivalent-

In each of these aspects of the operation of the vehicle,

as in the ‘Q70 patent, the operator of the vehicle need

consider the hybrid nature of the vehicle during its operation,

simply provides control inputs by operation of the accelerator and

brake pedals. The microprocessor determines the appropriate state

of operation of the vehicle based on these and other inputs and

the the hybrid drive

accordingly.

It is also within the scope of the invention to operate one

good performance employment of a

and

not

but

traincontrols various components of

or both of the motors at differing rotational speeds than the

engine, so that each can be optimized for the demands thereon.

More specifically, motors can in general be made smaller if they

can be operated at relatively high RPM. Motors operating at up to

9000 - 18,000 RPM appear appropriate for the present application.

However, operating the internal combustion engine at this speed

would likely lead to undesirable levels of noise and vibration, and

might constrain its performance characteristics in an undesirable

for example, the starter motor might drivemanner. Accordingly,

the engine through a pinion geared to a larger toothed flywheel,

as conventional. Similarly, it might be desirable to provide the

traction motor as a relatively high—speed unit, driving the road
The starter

motor,

wheels through a chain, belt, or gear reduction unit.

"faceplate" or "pancake"motor may be configured a_s a

essentially forming the flywheel of the engine, and rotating at
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engine speed, while the traction motor is a much higher speed
induction motor connected to the vehicle driveshaft by a chain

drive reduction unit. It is also within the scope of the invention.

as noted above, to operate the engine and the two motors at the

same speed when the clutch is engaged, avoiding intermediate gear
trains or like :mechanical components and the attendant cost,.

complexity, weight, audible noise, and frictional losses occasioned

by their use.

other improvements provided according to the invention include

providing the batteries in two series-connected battery banks, with

the vehicle chassis connected to the batteries at a central Point,

between the banks. This "centerwpoint-chassis" connection reduces

the voltage between various circuit components and the vehicle

chassis by half, significantly reducing the electrical insulation

required and simplifying such issues as heat—-sinking of power

semiconductors used ii: the inverter circuitry. Providing dual

battery banks and dual electric motors, as above, also provides a

degree of redundancy, permitting certain component failures without

loss of vehicle function.

In the preferred embodiment, both the traction and starting

motors are AC induction motors of four or more phases and the

accompanying power circuitry provides current of more than three,

preferably five, phases, allowing the vehicle to function even

These motors, and the

inverter/chargers driving them, should be chosen and operated such

after failure of one or more components.

that the motors have torque output characteristics varying as a

function of rpm as illustrated in Fig. 14 of the '970 patent; that

is, the motors should produce substantially constant torque up to

a base speed and should produce substantially constant power at

higher speeds. The ratio of the base to maximum speed can vary

between about 3 to 1 and about 6 to 1. By comparison, the series~

wound DC motors conventionally used as engine starting motors

provide very high torque, but only at very low speeds; their torque

output drops precipitously at higher speeds. Such conventional
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starter motors would be unsatisfactorf in the present 5Y5tem'

During substantially steady—state operation, e.g., ‘during

highway-cruising, the control system operates the engine at varying

torque output levels, responsive to the operator's commands. The

range of permissible engine torque output levels is constrained to
the range in which the engine provides good fuel efficiency. where
the ‘vehicle's torque requirements exceed the engine's maximum

efficient torque output, e.g., during passing or hil1—c1imbing: One
or both of the electric motors are energized to provide additional

torque; where the vehicle's torque requirements are less than the

minimum torque efficiently provided by the engine, e.g., during

coasting, on downhills or during braking, the excess engine torque

is used to charge the batteries. Regenerative charging may be

performed simultaneously, as torque from the engine and the

vehicle's kinetic energy both drive either or both motors in

The rate of change of torque output by the engine
state of

generator mode.

may be controlled. in accordance with ‘the batteries‘

charge.

The vehicle is operated in different modes, depending on its

instantaneous torque requirements, and the state of charge of the

The mode of operation is

a control strategy

battery, and other operating parameters.

selected by the microprocessor in response to

discussed in detail below; the values of the sensed parameters in

response to which the operating mode is selected may vary depending

on recent history, or upon analysis by the microprocessor of

ltrips repeated daily, and may also exhibit hysteresis, so that the

operating mode is not repetitively switched simply because one of

the sensed parameters fluctuates around a defined setpoint.

None of the implementations of the invention shown in the

patent or the '81? and ‘T43

conventional multi—speed transmission between the motors and engine

‘Q70 applications include a

and the road wheels, and it was stated that a desirable aspect of

the invention was to auoid such ‘transmissions, so that thet

rotational speeds of the two motors and the engine were fixed with
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respect to one another, and to the speed of the road wheels.

However, it now appears that in some circumstances a two—speed

transmission may be desired in some cases to broaden the range of

utility of the vehicles of the invention (principally to extend

their loadwcarrying capabilities) while still providing highly

efficient operation, and to include such a two-speed transmission

is accordingly part of the invention of the present continuation-

in—part application. Such a two~speed transmission could be

operated infrequently as a two—speed "range selector", or could be

operated essentially as a conventional automatic transmission, that

is, be repetitively shifted during acceleration, upon "kick-down"

and the like.

More specifically,

optimize the hybrid power train of the invention for use with

relatively heavy vehicles, such as vans, pickup trucks and "sport~

utility vehicles" {SUVs). Such vehicles have become increasingly

popular in recent years, despite their generally poor fuel mileage;

it would be highly desirable to provide vehicles with generally

similar load~carrying abilities and performance with better fuel

economy. Still more particularly, heretofore large classes of such

vehicles have not been subject to certain emission regulations;

however, such regulations are expected to take effect shortly.

Accordingly, it would be very desirable to provide such vehicles

with hybrid power trains that will allow their owners to enjoy the

it is of great present interest to

loadvcarrying and performance abilities of the existing vehicles

with improved fuel economy and reduced emissions.

one of the aspect of SUV5 and similar vehicles that must be

considered in design of a suitable hybrid powertrain is that their

owners use them to carry and tow widely~varying loads. That is, a

conventional SUV might weigh 5,500 pounds, and might typically be

used during the week to transport a 140 pound p¢rson, up to 300

pounds of children, and 50 pounds of groceries. However, on the

weekend the family might load the vehicle with half a ton of

camping gear and the like and set off for the mountains towing a
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7,500 vehicle must. provide adequate

acceleration, passing, and hill—c1imbing performance in both uses.

pound trailer. The

In order to have sufficient power at times of maximum loading, the

vehicle is grossly overpowered under all different circumstances;

that is, only when the vehicle is laden to near—maximum capacity

and pulling up a long hill does the engine deliver near maximum

torque for any length of time. Under all other circumstances, it is

run very inefficiently, as noted in connection with Figs. 1 and 2

(reproduced herein from the ‘S70 patent).

An important aspect of the invention as described by the

present continuationcinrpart application as well as the predecessor

applications and the ‘B70 patent lies in controlling the operation

of the internal combustion engine of a hybrid vehicle so that it is

gniy operated at high efficiency, that is, only when is it'loaded

to require a substantial fraction e.g., 30% of its maximum torque

That is, the engine is here: run at less than 30% of

maximum torque output ("MTG"). As discussed in the '970 patent and

the '81? application, this can be accomplished by sizing the engine

so that it can efficiently propel the vehicle unassisted at highway

if additional torque is required for passing or hillw

Application Ser. No-

output.

speeds;

climbing, the traction motor is operated.

392,743 further adds the idea of providing a

controlled by the microprocessor only to operate when torque in

turbocharger,

excess of the engine's rated normally-aspirated maximum torque.

output (MTG) is needed for an extended period of time, for example .

in towing a trailer. By employing the turbocharger only when

actually needed, many of the drawbacks inherent in conventional

turbocharger uses are eliminated. Typically the turbocharger may

be sized such that the engine provides up to 150% of MTG when

turbocharged.

According to one aspect. of "the invention of the present

continuation—in~part application, the range of efficient use of the

hybrid vehicle_of the invention is further broadened by providing

a two—speed transmission between the engine and road wheels, so as
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.inherent in

to allow variation in the overall gear ratio and therefore vary the

amount of torque available at the wheels. As noted above, this

could be a manually- or automatically-operated "range shifting"

gearbox akin to those presently provided on SUVS and the like, to

allow shifting into a “low range“,

could be

conventional ‘multispeed transmission,

for example, when a heavy

trailer is similarly to abe towed, or operated

that is, to provide a

sequence of effective overall gear ratios each time the vehicle is

accelerated.

A further improvement made according to the present

continuation-in~part application has to do with the braking system.

As noted above, the '97O patent (as well as numerous other prior

art references) disclose regenerative braking, that is, employing

the microprocessor to control the operation of inverter/chargers

connected between the motor and battery bank so that when the

operator desires to slow the vehicle, its momentum is used to drive

the motor in generator mode, charging the battery. There are

certain limitations on this as a method of vehicle braking, which

must be addressed by any useful vehicle. In particular, a

hydraulic braking system of generally conventional design must be

provided for several reasons: first, for safety, in the event that

the regenerative system fails for any reason; second, to provide

braking in the event the battery bank is fully charged and cannot

accept further charge (since overcharging is highly detrimental to

battery life); and to provide braking when regenerative braking is

not available, e.g., when at a standstillf The present application

discloses certain improvements in hydraulic braking systems desired

to optimize their design for use with hybrid vehicles, as well as

a mechanism providing "feel" to the driV€r;

conventional, regenerative, or both braking

optimized brake

regardless whether

systems are in use.
also discloses certain pr0blemSThe present application

of conventional heating:

ventilation and air conditioning 5Y5tBm5 t0 hYbrid V3hi°1e5r and
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describes preferred solutions to these problems.
_A further improvement according to the present invention

includes the provision of an auxiliary 12 volt supply system,
allowing the hybrid vehicle of the invention to "jumpstart" another

vehicle, or likewise to be jumpstartedgas might be necessary after
a long hiatus, and to allow use? of conventional 12 volt

accessories, such as radios and otherielectronic items.

The present application also; discloses further useful

modifications and enhancements to the ‘hybrid’ vehicles of the

predecessor applications- h
The above and still further objects, features and advantages

of the present invention will become apparent upon consideration of

the "following detailed description: of an specific embodiment
thereof, especially when taken in confunction with the accompanying
drawings, wherein like reference numerals in the various figures

are utilized to designate like components.

 s

The invention will be better understood if reference is made‘

to the accompanying drawings, in whibh:

Fig. l is a_p1ot of output powen versus rotational speed (RPM)
for a typical internal combustion engdne, illustrating the relative
fuel consumption of the engine as used in a conventional automobile
in gallons/horsepower—hour; i

Fig. 2 is a similar plot describing operation of a relatively

small internal combustion engine dsed in the present invention
under circumstances similar to those depicted in Fig. 1;

Fig. 3 shows a schematic diagram of the principal components

of a first embodiment of the hybrid vehicle drive system according

to the invention; ‘

Fig. 4 shows a block diagram of the principal components of

the drive system of the invention in a second embodiment, differing

in certain mechanical arrangements from that of Fig. 3, and

illustrating various control signals provided in both embodiments;
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Fig. 5 shows a partial schematic diagram of the battery bank,

inverter, and motor circuitry;

Fig. 6 is a diagram illustrating differing modes of vehicle

powertrain operation, plotted on a three dimensional chart,

illustrating that the mode of vehicle operation is a function of

the state of charge of the battery bank, the instantaneous road

load, and time; i

Fig. 7, comprising Figs. 7_(a)*{c), and extending over two

sheets, is a timing diagram: showing" road load, engine 'torque

output, the state of .charge of the battery' bank,

operation as functions of time, thus illustrating a typical control

strategy employed during 1ow—speed city driving, highway cruising,

and extended highwload driving;

Fig. 8, comprising Figs. 8 (a)-(d), are diagrams indicating

the flow of torque and of energy among the components of the hybrid

powertrain of the invention, in various modes of operation;

Fig. 9 is a simplified flow chart of the algorithm employed

by the microprocessor to implement the control strategies provided

and engine

by the vehicle according to the invention;

Fig. 9(a) is a flow chart of an engine starting subroutine

employed in the flowchart of Fig. 9;

Fig. 9(b) is an alternate version of one of the steps of the

flowchart of Fig. 9, implementing a modification to the vehicle

control strategy;

Fig. 9(c) is an alternate version of another of the steps of

the flowchart of Fig. 9,

the vehicle control strategy;

Fig. 10 illustrates the torque

characteristics of the electric starting and traction motors, and

similarly implementing a modification to

preferred versus speed

of the internal combustion engine;

Fig. 11 is a schematic diagram similar to Fig. 3, illustrating

of the hybrid vehicle

according to the invention, wherein the engine is provided with a

an alternative embodiment powertrain

turbocharger which is controllably operable, so as to be employed

39

FORD 1210

fi'1 nf ")‘7')'



10

15

20

25

30

only when needed; _

Fig. 12 is a three—dimensional diagram Comparable t0 Fig- 5.

showing the modes of operation of the turbocharged hybrid vehicle

of Fig. 11;

Fig. 13 is a timing diagram similar to Fig. 7,

comprising Figs. 13(a} - (c), .extending over two sheets, and

illustrating typical operation of the turbocharged hybrid vehicle

of Fig. 11;

Fig. 14 is a schematic diagram similar to Figs. 3 and 11,

again

illustrating a further alternative embodiment of the hybrid vehicle

powertrain according to the invention, wherein a second traction

motor is connected to a-second set of road wheels, providing a

particularly convenient way of providing four-wheel drive;

Fig. 15 is a schematic diagram of the preferred brake.system

of a hybrid vehicle according to the invention; and

Fig. 16 is a is a schematic diagram of the preferred heating,

a hybrid vehicleventilation and air conditioning system of

according to the invention.

 _mediLnLe5

Referring specifically to Fig. 1, which is reproduced here

from the ‘970 patent for convenience, curve 10 represents the

output power versus engine speed (RPM) of a typical spark ignition

combustion used with angasolinesfueled internal engine as

automatic transmission in a typical sedan of 3,300 pounds. As can

be seen, the maximum engine power available is about 165 horsepower

at about 5,000 RPM. Also shown in Fig. 1 by the curve labeled

"Large Car Average ‘Power Requirements" are the average power

requirements of such a vehicle. Points C, S, and H on this curve

show average fuel consumption in city, suburban, and highway

point C shows that the

average power required in typical city driving is less than 5 hp.

driving, respectively; in particular,

Point 3 shows that the average power consumed in suburban driving

is 10 hp, and point H shows that the power needed for steady—speed
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highway driving is only about 30 hp. Thus, the vehicle is vastly
overpowered at all times except during acceleration or hill-

climhing. ‘

Fig - 1 indicating the

relative fuel consumption of the engine. As can be seen, reasonable

also includes dashed-line curves

fuel efficiency, that is, at least about 105 percent relative fuel

consumption (100% being ideal}, is reached only when the engine is

operated at between about 2,000 and 4,000 RPM, and when producing

between about 75 and 150 horsepower. Fig. 1 thus indicates that the

typical internal combustion engine is operated with reasonable

efficiency only when producing between about 50 and about 90% of

its maximum output power. The typical automobile only requires such

substantial power under conditions of extreme acceleration or hill

climbing.

Accordingly, it will be appreciated that the typical engine

is operated efficiently only during relatively brief intervals;

more specifically, at lower power outputs, losses due to friction

and pumping consume larger fractions of the engine's total torque,

so that a lower fraction is available to propel the vehicle. As can

‘be seen, during typical highway driving, shown by point H, the

relative fuel consumption is on the order of 190 percent of that

required during the most efficient operation of the engine. The

situation is even worse in suburban driving, where the relative

fuel consumption is nearly 300 percent of the most efficient value,

and in city driving, where the relative fuel consumption is almost

350 percent of that required at most efficient operation.‘

Fig. 1 thus demonstrates that an internal combustion engine

having sufficient horsepower for adequate acceleration and hill

climbing capability must be so oversized with respect to the loads

encountered during most normal driving that the engine is grossly

inefficient in its consumption of fuel. As noted, Fig. 1 further

shows that only about 30 horsepower is needed to cruise on the

highway even in a relatively large car.

Fig. 2 (again reproduced from the '970 patent for convenience)
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illustrates. the operational

if driven by a

is similar to Fig. 1, and

characteristics of the same 3,300 pound car

relatively small engine having a maximum horsepower rating of about

45 horsepower at 4,000 RPM. The power requirement of the vehicle

during highway cruising, shown by point I! on the curve marked

"Large Car Average Power Requirements", is in the center of the

most efficient region of operation of the engine. However, even

with this small engine thus optimized for highway cruising, there

is a substantial gap between the "Engine Operating Power" curve and

the Average Power Requirement curve 14; That is, even this small

engine produces substantially more power at low RPM than needed for

{point 5).(point C} or for suburban driving

even with 2: small engine sized appropriately for

city driving

Accordingly,

highway cruising, substantial inefficiencies persist at lower

speeds. Moreover, of vehicle would have

unsatisfactory acceleration and hill climbing ability. Therefore,

course, such a

the answer is not simply to replace large internal combustion

engines with smaller internal combustion engines.

The prior art recognizes that there are substantial advantages

to be gained by combining the virtues of a gasoline or other

internal combustion engine with those of an electric motor running

from a battery charged by the internal combustion engine. However,

the prior art has failed to provide a solution which is directly

price- and performance-competitive with vehicles now on the market;

commerciallyorder can bemoreover, in that such a vehicle

successful, it must also ‘be no more complex to operate than

existing vehicles.

"straight" electric vehicles, that is,

vehicles having electric traction motors and batteries requiring

As indicated above,

recharge at the end of each day's use, do not have sufficient range

and require too much time to recharge to fully replace conventional

automobiles. Further, the operational costs of such vehicles are

not competitive with internal combustion vehicles operated on fuels

derived from renewable resources such as ethanol, and are even less
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competitive with gasolinewfueled automobiles. _

A first type of series hybrid vehicles, involving a gasoline

engine driving a generator charging a battery powering 3“ e1eCtriC

traction motor, are limited in acceleration and hill climbing

5 ability unless the electric motor is made very large, costly, and

bulky. The alternative series hybrid approach, involving a

transmission between a relatively smaller electric motor and the

wheels to provide the torque needed to accelerate quickly, loses

-the virtue of simplicity obtained by elimination of a multi—speed

l0~ transmission. These vehicles fail to realize the advantages

provided by the parallel hybrid system in which both an internal

combustion engine and an electric motor provide torque to the

wheels as appropriate.

However (apart from the '970 patent) the prior art relating

15 to parallel hybrid vehicles fails to disclose a system sufficiently

simple for economical manufacture. The art further has failed to

teach the optimum method of operation of a parallel hybrid vehicle.

Moreover, the art relating to parallel hybrids (again, apart from

the '970 patent) does not teach the appropriate operational

20 parameters to be employed, relating to the relative power outputs

of the internal combustion engine and the electric motor; the type

of electric motor to be employed; the frequency, voltage, and

current characteristics of the motor/battery system; the proper

control strategy to be employed under various conditions of use;

25 and combinations of these- -

As shown in the '970 patent with reference to Figs. 1 and 2

thereof, and again above, typical modern automobiles operate at

very low efficiency, due principally to the fact that internal

combustion engines are very inefficient except when operating at

30 near peak torque output; this condition is only rarely met. (The

same is true, to greater or lesser degree, of other road vehicles

powered by internal combustion engines.) According to an important

aspect of the invention of the '970 patent, substantially improved

efficiency is afforded by operating the internal combustion engine
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only at relatively high torque output levels,_typical1y at least

When the vehicle

operating conditions require torque of this approximate magnitude,

35% and preferably at least 50% of peak torque.

the engine is used to propel the vehicle; when less torque is

required, an electric motor powered by electrical energy stored in

a substantial battery bank drives the vehicle; when more power is

required than provided by either the engine or the motor, both are

operated simultaneously.. The same advantages are provided by the

system of the present invention, with further improvements and

enhancements described in detail below."

According to one aspect of the invention of the '97O patent,

the internal combustion engine of a hybrid vehicle is sized to

supply adequate power for highway cruising, preferably with some

additional power in reserve, so that the internal combustion engine

operates only in its most efficient operating range. The electric

motor, which is substantially equally efficient at all operating

Supply

acceleration and hill climbing, and is used to supply all power at

speeds, is used to additional power as needed for

low speeds, where the internal combustion engine is particularly

inefficient, e.g., in traffic.

discloses certain

modifications, of the hybrid

vehicles shown in U.S. patent 5,343,970; where not otherwise

stated, the design of the vehicle of the present invention is

similar to that shown in the ‘Q70 patent. Components commonly

As indicated above, this application

improvements, and enhancements

numbered in this application and the ‘B70 patent are functionally

similar, with detail differences as noted. The advantages of the

system shown in the 5970 patent with respect to the prior art are

provided by that of the with_ further

improvements provided by the latter, as detailed herein.

present invention,

In the system of the ?970 patent, torque from either or both-

the engine and motor is transferred to the drive wheels of the

vehicle by a controllable torque—transfer unit. This unit also

allows torque to be transferred between the motor and engine, for
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starting the engine, and between the wheels and motor, for

regenerative battery charging during deceleration of the vehicle.

This unit, while entirely practical, comprises gears for power

transfer, fihich are inevitably a source of audible noise and

frictional losses. According to one aspect of the Prefient

invention, the controllable torque~transfer unit is eliminated.

Instead, two electric motors are provided, each seParate1Y

controlled by a microprocessor controller responsive to operator

commands and sensed operating conditions.

In this connection, it will be understood that the terms

"microprocessor" and "microprocessor controller" are used

interchangeably throughout the present application, and it is to be

further understood that these terms as used herein include various

types of computerized control devices not always referred to as

“microprocessors” per se, such as computers themselves

incorporating microprocessors, digital signal processors, fuzzy

logic controllers, analog computers, and combinations of these. In

short, any controller capable of examining input parameters and

signals and controlling the mode of operation of the vehicle.

according to a stored program, as discussed below in detail, is

considered to be a "microprocessor" or "microprocessor controller“

as used herein- Furthermore, the electronic fuel injection and

electronic engine management devices shown in Figs. 3 and 4 as

separate elements might also be integrated within the

"microprocessor" or "microprocessor controller" as described

herein.

Fig. 3 of the present application shows a first embodiment of

the jpresent invention, while Fig. 4, Idiscussed below, shows a

second embodiment illustrating certain alternative mechanical

arrangements; overall the two embodiments are very similar, and

functionally "they are substantially‘ identical. Fig. 11, also

discussed below, illustrates a further embodiment, and Fig. 14

incorporates still further improvements.

In the Fig. 3 embodiment, a traction motor 25 is connected
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directly to the vehicle differential 32, and_thence to the road

wheels-34. A starting motor 21 is connected directly to the

internal combustion engine 40. The motors 21 and 25 are functional

as motors or generators by appropriate operation of corresponding

inverter/charger units 23 and_27, respectively, connected between

the motors and battery bank 22. essentially

conventional lead—acid batteries are preferred for battery bank 22,

since these are widely available and well understood. More

advanced batteries may be used if and when they become widely

available and economically competitive!

Motors 21 and 25 are controllably connected for torque

transfer by a clutch 51, mechanically interlocking the shafts 15

As discussed further

43 is

At present,

and 16 of motors 21 and 25 respectively.

below in connection with Fig. 4,

provided with signals indicative of the rotational speeds of shafts

microprocessor ("uP")

15 and 16, and controls operation of engine 40, motor 21, and motor

25 as shafts I

substantially the same engaging

Accordingly, clutch 51

automotive friction clutch (as illustrated schematically in Fig.

1), as conventionally provided to allow extensive relative slipping

are rotating at

Clutch 51.

necessary to ensure that the

speed. before

need not necessarily be an ordinary

before the shafts are fully engaged- More particularly, as

slipping of clutch 51 is not required to propel the vehicle

initially from rest, as is the case in conventional vehicles,

clutch 51 need not allow for extensive slipping when being engaged.

In some cases it may be satisfactory to provide clutch 51 as a

simple self—aligning mechanical interlock (as shown in Fig. 4),

wherein positive mechanical connection is made between the shafts

15 and 16 upon engagement. Such a mechanical interlock is much

simpler and less expensive than a friction clutch. In either case,

clutch 51 is operated by microprocessor 48, e.g., through a known

together with the

components of the system, in.accordance with the operational state

electric or hydraulic actuator 53, other

of the vehicle and the operator's input commands.
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The respective positions of motor 21 and engine 4.0 with

respect to clutch 51, motor 25,_and wheels 34 could be reversed as

compared to their positions in Figs. 3 and 4 without affecting the

function of the system, although as engine 40 would then require

torque transmitting connection at both ends of its crankshaft, some

additional complexity would result.

As shown in Fig. 4, shaft encoders 18 and 19 may be mounted

on the shafts 15 and 16 of starting motor.21 and traction motor 25,

respectively, to provide signals to microprocessor 48 indicative of

the relative rotational speeds of the shafts, and their respective

Such shaft encoders are ‘well-known and

Alternatively, signals indicative of the

rotational positions.

commercially available.

rotational speeds of the shafts may be derived from the inverter

control signals, in accordance with well~known principles of

for example, Bose,control of "sensorless" motor drives (see,

"Power Electronics and Variable Frequency Drives", IEEE, 1996).

However, provision of encoders 1B and 19 will allow better low-

speed torque characteristics of motor 21 and 25, and thus reduction

in cost.

Thus being provided with signals indicative of the rotational

speeds of shafts 15 and 16, microprocessor 48 controls operation

of engine 40, motor 21, and motor 25 as necessary to ensure that

the shafts are rotating at substantially the same speed before

engaging clutch 51; therefore, clutch 51 need not be an ordinary

automotive friction clutch (as illustrated schematically in Fig.

3}, as conventionally provided to allow extensive slipping before

the shafts are fully engaged. according to this aspect of the

invention, and particularly if microprocessor 48 is made capable of

ensuring that shafts 15 and 16 bear a desired relative angular

relatively

illustrated
relationship, clutch 51 instead may be a simple,

inexpensive self~aligning mechanical interlock {as

schematically in Fig. 4), wherein positive mechanical connection is

made between the shafts 15 and 16 upon engagement.

Fig, 4 additional signals provided toalso shows
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microprocessor 48 in both the Fig. 3 and the .Fig. 4 embodiments.

These include operator input commands, typically acceleration,

direction, _

The acceleration and deceleration commands may be provided by

(Fig. 3)(which could be

sensors, or otherwise)

deceleration, and "cruise mode" commands, as shown.

position-sensing encoders 71 and 72

configured as Hall—effect

connected to microprocessor 48 by lines 67 and 68, to inform the

microprocessor of the operator's commands responsive to motion of

pedals, 69 and 70

microprocessor monitors the rate at which the operator depresses

pedals 69 and 70 as well as the degree to which pedals 69 and 70

The operator may also provide a "cruise mode“

rheostats,

respectively. Theaccelerator and brake

are depressed.

when a desired cruising speed has been

and other

signal, as indicated,

The microprocessor uses this information,

in accordance with the

reached.

signals provided as discussed herein,

operational strategy discussed in detail below in connection with

Figs. 6 - 9, to properly control operation of the vehicle according

to the invention by appropriate control signals provided to its

various components.

For example, suppose the vehicle has been operated in city

time, that is, under battery power only.

Typically the operator will only depress the accelerator pedal 69

slightly to drive in traffic.

accelerator pedal 69 significantly farther than he or she had, for

traffic for some

If the operator then depresses

example, the prior few times acceleration was required, this may be

amount that cantaken as an indication that an of torque

efficiently be provided by engine 40 will shortly be required;

microprocessor will then initiate the sequence whereby starting

motor 21 will be used to start engine 40.

Upon initiation of the engine starting sequence, a heater 63

(Fig. 3) will first be used to preheat a catalytic converter 64

provided in the engine exhaust system 62, so that any fuel that is

not combusted during starting and subsequent running of the engine

40 will be emission ofcatalytically combusted, reducing
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undesirable pollutants. A temperature sensor 102 is preferably

provided, so as to ensure the engine is not started until the

catalytic material is heated to effective working temperature. As

noted above, engine starting is preferably performed with the

engine turning at a higher speed than is conventional, so that a

the fuel/air ratio need only be slightly (e.g., 20%) richer than

stoichiometrio. As a result, only very limited amounts of

pollutants are emitted during engine starting. By comparison, in

conventional vehicles, a very significant fraction of the total

pollutants emitted during any given trip are emitted during the

first 30 -— 60 seconds of operation, due to the extremely rich

mixtures starting, and to the

ineffectiveness of the catalyst until it has been heated by the

normally supplied during

exhaust.

If the operator depresses the pedal 69 rapidly, indicating an

immediate need for full acceleration, the preheating step may be

omitted; however, a preferable alternative may be to allow the

traction and starting motors to be driven at or slightly beyond

their rated power, providing adequate torque, for a short time

sufficient to allow the catalyst to be warmed and the engine

started.

Similarly, if the operator depresses the brake pedal 70

relatively gently, all braking may be provided by regenerative

charging of the batteries; instead presses

aggressively on brake pedal 70, and/or presses brake pedal 70

if the operator

beyond aa predetermined point, both mechanical and regenerative

braking will be provided. Mechanical braking is also provided on

long downhills when the batteries are fully charged, and in case of

emergency. Further aspects of the preferred brake system of the

hybrid vehicles of the invention are added by the present

continuation-in-part application, and are discussed below.

In addition to engine and starting motor speed and traction

motor speed, monitored by shaft encoders 18 and 19 as discussed

above, battery voltage, battery charge level, and ambient

49
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temperature are also either monitored directly Or derived from

, monitored variables. In response to these inputs, and the Operator

inputs, microprocessor controller 48 operates a control program

(see the high-level flowchart of an exemplary control Pr09r3m

provided as Fig. 9)} and provides output control_signals to engine

40, by commands provided to its electronic fuel injection unit

(EFI) 56 and electronic engine management system (EEM) 55, and to

starting motor 21, clutch 51, traction motor 25, inverter/charger

units 23 and 27,

As indicated ix: Fig. 4,

inverter/chargers 23 and 27 by microprocessor 48 allow control of

the current (represented as I}, of the direction of rotation of the

and other components.

the control signals provided to

motor 25 {represented as +/-), allowing reversing of the vehicle,

and of the frequency of switching (represented as f), as well as

control of operation of the motors 21 and 25 in motor or generator '

mode. Inverter/chargers 23 and 27 are separately controlled to

allow independent operation of motors 21 and 25. Inverter/charger

operation is discussed further below in connection with Fig. 5.

As noted above, the Figs. 3 and 4 embodiments of the system

of the

intended to

certain mechanical arrangements,

the the

4 also provides more detail concerning the

invention differ in

illustrate variations within scope of

invention, and Fig.

specific control signals passing between various elements of the

system.

Referring to the differing mechanical arrangements, it will

be observed that in Fig. 3 the shafts of motors 21 and 25 are

illustrated as coaxial with that of engine 40; this is the simplest

arrangement, of course, but would require the engine 40 and starter

motor 21 to rotate at the same speed at all times, and at the same

speed as traction motor 25 when clutch 51 is engaged. As noted

above, it may be preferable to-design motors 21 and 25 to have

maximum speeds of 9000 - 15,000 rpm, so that they could be made

lighter, and less costly than slower—rotating motors.

it is envisioned that a preferred maximum speed for

smaller,

However,
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engine 40 is 6000'rpm, as internal combustion engines running at

substantially higher speeds bear rapidly and tend to have limited

torque at low speed, and because higher frequency engine noise and

vibration can also be difficult to absorb. It is within the scope

of the invention to provide the motors coaxial with the_engine
shaft, as illustrated in fig. 3, but to provide a planetary

gearset(s) between the shafts of either or both of traction motor

25 and starting motor 21 and the output shaft to permit differing

engine and motor speeds. Ptrther alternatives to this aspect of

the invention are again added by the present continuation—in-part
application, and are discussed below.

alternative construction,- alsoFig. 4 illustrates ‘an

permitting differing engine and motor speeds. In this case, the

output shaft of starting motor 21 is shown connected to that of

engine 40 by spur gears 52, and traction motor 25 is connected to

the output shaft 55 by chain drive indicated at 54. Numerous other

arrangements will occur to those of skill in the art. However, in

each case there is no variable~ratio transmission between the
sources of torque -— that is, the motors 21 and 25, and the engine

40 —— and the road wheels 34. Again, further alternatives to this

aspect of the invention are added by the present continuation—in-

part application, and are discussed below.

It is also within the.scope of the invention to connect the

traction motor to one set of wheels, and to connect the combination

‘of the engine 40 and starting motor 21 to another set of wheels

through clutch 51, thus providing a four—wheel drive vehicle with

differing power sources for the alternate pairs of wheels. In

this embodiment, the torque from_ the traction motor 25 is

effectively combined with that from engine 40 (and from'starting

motor 21, when used as a source of propulsive torque) by the road

surface, rather than by mechanical connection, as in the Figs. 3

and 4 embodiment. A further alternative would be to provide a

complete system as in Fig. 3 driving-one pair of road wheels, and

a separate traction motor driving 3 5°°°nd Pair Of 1°33 wheels-
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Both embodiments are within the scope of the invention, and the

control strategy is essentially the same as to both.

and the related text below_for further discussion.

other elements of the system as illustrated in Figs. 3 and 4

See Fig. 14

are generally as discussed in the ‘9?D patent, including supply of

fuel 36 from tank 33, air filter 60, and throttle 61.

Control of engine 40 by microprocessor 43 is accomplished by

way of control signals provided to electronic fuel injection (EFI)

unit 56 and electronic engine management (EEM) unit 55, responsive

to throttle operation; preferably, the throttle in turn is operated

electronically responsive to the opertor's depression of the

accelerator pedal. Control of starting of engine 40, and using

either or both of starting motor 21 and traction motor 25 as

motors, providing propulsive torque, or as generators, providing

recharging current to battery bank 22, is accomplished by

microprocessor 48 by way of control signals provided to

inverter/charger units 23 and 27.

Under deceleration, for example, during descents, or as needed

for braking, or when the engine's instantaneous torque output

exceeds the vehicle's current torque requirements, either or both

of motors 21 and 25 are providingoperated as generators,

regenerative recharging of battery bank 22. Fig. 7, discussed

below, illustrates this aspect of the operation of the vehicle of

the invention in further detail.

Thus, as indicated above, when microprocessor 43 detects a

continued operator requirement for additional power, such as during

transition from slow-speed to highway operation, or by measuring

the rate at which the operator depresses accelerator pedal 69,

engine 40 is started using starter motor 21 and brought up to speed

before clutch 51 is engaged, to ensure a smooth transition. As

cruising speed is reached (as determined bY m°nit°ring the

operator's commands}, power to traction motor 25 {and to starter

motor 21, if also used to accelerate the vehicle) is gradually

reduced. Provision of the clutch 51 and separate starter motor 21;
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as compared to using the single traction motor to start engine 40

while simultaneously accelerating the vehicle, that is,‘ as_in the

‘Q70 patent,

In one possibly preferred embodiment, both motors 21 and 25

simplifies the control arrangements somewhat.

and clutch 51 may be provided in a.single sealed housing, possibly

bathed in oil for cooling and protection from dust and the like,

It is also known to control auxiliary motors, such as conventional

starter motors, to absorb or add torque to that provided by an

associated internal combustion engine, to damp out vibration caused

by fluctuation of the torque provided by the engine; doing so

herein using either or both of motors 21 and 25 is within the scope

of the invention, and is simplified. by ‘Virtue of the direct

connection of the engine 40 to the drive wheels through motors 21

and 25 according to the invention.

Provision of the clutch 51 and separate starter motor 21,also

allows another important improvement to be provided according to

the present invention, namely starting engine 40 at high speed,

as compared to the 60 - 200 rpm starts

As is generally known in the art (see

e.g., about 300 -600 rpm,

conventionally provided.

simanaitis, “what goes around comes around“, Road & Track, November

1993, p. 201) high-rpm starting allows substantial elimination of

the usual necessity of providing a fuel—rich air/fuel mixture to

start engine 40, reducing emission of unburned fuel and improving

fuel economy at start-up, particularly from cold.

More particularly, in conventional low—rpm starts, a rich

mixture comprising up to on the order of 6 to 7 times the

stoichiometric amount of fuel is provided, to ensure that some

fraction of the fuel is in the vapor phase, as only fuel in the

vapor phase can be ignited by a spark. Most of the excess fuel

condenses as liquid on the cold cylinder walls, and thus does not

burn efficiently, if at all, and is immediately emitted unburned.

By comparison, at high starting speeds according to the invention,
turbulence in the combustion chamber is sufficient to ensure the

presence of vapor, so that a near-stoichiometric mixture, typically
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including only 1.2 times the stoichiometric amount of fuel, can be

provided to engine 40 during the starting phase. The avoidance of

rich mixtures at starting significantly reduces emission of

unburned fuel — since most of the fuel provided to_a conventional

engine at starting.is immediately exhausted unburnt - and provides

some improvement in overall fuel efficiency.

Furthermore, as noted above, whenever possible « that is,

whenever the engine is started except when immediate full torque is

required by the operator — a catalytic converter 64 is preheated to

at least about 350° C before

starting the engine, to prevent even this relatively small emission

an effective working temperature of

of unburned fuel.

Thus, the primary consideration in selecting the torque of

starting motor 21 is that it be capable of rotating the engine 40

at about 300 — 600 rpm for starting, and that it be capable of

accepting at least about 30% of the engine's maximum torque output

generator, so that the

efficiently employed when charging the battery bank during extended

low-speed operation; the main consideration in specification of the

when operated is a engine can be

torque of engine 40 is that 51: provides sufficient power for

highway cruising while being operated at high efficiency, i.e.,

that its maximum power output be sufficent to cruise in a range of

desired cruising speeds; and the principal consideration defining

the power required of the traction motor 25 is that it be

sufficiently acceleration in

combination with the engine 40 and starting motor 21. Stated

differently, the total power available provided by all of these

should be at least equal to and

internal

powerful to provide adequate

torque—produCing components

preferably exceeds the peak power provided by the

combustion engines of conventional vehicles of similar intended

use, both as measured at the wheels. Moreover, as set forth in the

'97O patent, the total torque provided by motors 21 and 25 should

be at least equal to that produced by engine 40, in order to

provide adequate low—speed. performance under ‘motor alone; and
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without necessity of a variable—ratio transmission.

At the same time, motors 21 and 25 are also sized to be

capable of recovering almost all of the vehicle's kinetic energy

when operated as generators in the regenerative braking mode. A

5 particularly high fraction of the vehicle's kinetic energy can be

recovered during low-speed operation; as compared to high—speed

operation, where air resistance and road friction consume a

relatively large fraction of the total energy required, in low

speed operation much energy is lost by conventional vehicles as

10 heat released during braking. _

Given the above considerations, the following are typical

power specifications for the engine 40, starting motor 21 and

traction motor 25 of aa 3000_pound vehicle having performance

approximately equivalent to that of a “mid-size" sedan of United

15 States manufacture. It should be understood that in these

specifications, reference is made to the rated power produded

continuously by the engine, not to the rated peak power of the

motors, as is generally conventional in the art. Further, the

motors are specified assuming the direct-drive embodiment of Fig.

20 3; if the motors run at higher speeds, their ratings would be

determined accordingly.

Engine 40: 40 to 50 horsepower at 6000 rpm

Starting motor 21: 10 - 15 horsepower at approximately 1500

rpm and higher speeds

25 Traction motor 25: 50 — 75 horsepower from 1500 to 6000 rpm.

The same starting motor would be satisfactory for a larger,

4000 pound sedan, but the engine would typically provide 70 * 90

horsepower at 6000 rpm and the traction motor 75 — 100 horsepower.

In both cases, the total power available from the electric

30 motors together should equal, and preferably exceeds, the maximum
power available from the engine.

In the hybrid vehicle of the invention, which as noted does

not require a complex, heavy, and costly variab1e~ratio
transmission, these components would provide acceleration much
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superior to that of typical similarly~sized automobiles of United

States manufacture, together with far better fuel economy and

substantially reduced emission of pollutants. It will be apparent

that these specifications may vary over relatively wide ranges

dePendin9 on the intended use of the vehicle of the invention, and

should not be construed to limit the scope of the invention.

I As indicated above, in the preferred embodiment, both the

starting and traction motors are Ac induction motors, although

and theother types may also be employed. These motors,

inverter/chargers controlling them in response to control signals

from the microprocessor (as discussed further below), should be

chosen and operated such that the motors have torque output

characteristics varying as a function of rpm as illustrated by

curve A in Fig. 10. That is, the motors are operated by the
inverter/chargers, in response to control signals from the

microprocessor, so as produce constant torque up to a base speed C,

typically 1500 rpm for a motor having a top speed of 6000 rpm, as
employed in the direct-drive embodiment of Fig. 3, and should

produce constant power at higher speeds; accordingly, the torque

drops off at speeds above the base speed C, as shown. The ratio of

the base to maximum speed, 4 : 1 in this example, can vary between

about 3-to 1 and about 6 to 1. This torque output characteristic

essentially allows the vehicle of the invention to provide quite

acceptable performance, especially acceleration, without the

weight, complexity and cost of a variableératio transmission.

By comparison, the series—wound DC motors conventionally used

as automotive engine starting motors provide very high torque, but

only at very low speeds; their torque output drops precipit0n5lY at

higher speeds. Such conventional starter motors would be

unsatisfactory in the present system.

Fig. 10 also shows the torque curve of a typical internal

combustion engine at B; as noted, the torque is zero at zero rpm,

so that a clutch allowing slippage 15 required t° 311°" the e“gine

to move the vehicle from rest. Fig. 10 shows at D typical curves
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for torque as measured at the wheels of a vehicle propelled by a

typical internal combustion engine driving the vehicle through a

four—speed transmission, used to provide additional torque at low

speeds; the vertical spaces between sections of curve D represent

changes in gear ratio, that is, the vehicle will be shifted to move

between the sections of curve D. As shown by Fig. 10, the desired

torque characteristics of the .starting and traction motors

discussed above allow the vehicle of the invention to provide low-

speed performance comparable to or better than a conventional

variable—ratiovehicle, while eliminating the necessity of a

transmission. However, as discussed further below, it is within

the invention of the present continuation—in-part application to

extend_the load~carrying capabilities of the hybrid vehicle of the

invention by also providing a variable-ratio, e.g., two—speed,

transmission, where not excluded by the appended claims. This

should not be necessary with respect to passenger cars.

The ratio between the base speed and maximum speed of the

motors as used according to the invention is thus comparable to the

ratio between the lowest and ‘highest. gears of a nconventional

transmission; for passenger cars, the latter ratio is typically

between 3 and 4 : 1, so that the engine's torque is relatively well

matched to the road load over a reasonable range of road speeds.

As discussed above, while it is within the scope of the

and the internalinvention to operate the motors 21 and 25

combustion engine 40 at the same maximum speed, so that no gearing -

is required to couple these elements, it is presently preferred

that at least traction motor 25 have a maximum speed substantially

higher than that of the internal combustion engine 40; the output

shaft of motor 25 can be connected to the road wheels by a chaine

drive reduction unit, as indicated in Fig. 4. The maximum speed of

the internal combustion engine is preferably limited 1x) on the

noise and. vibration, whichorder of 6000 rpm to limit. wear.
. « - ' bl
increase wltn higher operating speeds, and because engines capa Ie
of higher-rpm operation tend to have narrow range5 Of IPN Wlthln
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which they produce substantial torque; the latter characteristic

would be undesirable in a vehicle not havimg a variable—ratio

transmission and intended to cruise powered solely by the internal

combustion engine, according to the invention.

I By comparison, operating the motors 21 and 25 at maximum

speeds of 9000 — 18,000. rpm .allows them to. he :made smaller,

lighter, and less costly; whether this advantage overcomes the

added other

mechanical means allowing combination of torque from the motors

complexity of chain, gear, or belt drives, or

with that from the engine, is a matter of engineering choice that

may vary from one model of vehicle to the next. Both are

accordingly within the present‘invention. If each of the torque-

producing components (that is, engine 40 and starting and traction

motors 21 and 25) is to be operated at the same speed, a maximum

speed of approximately 6000 rpm is preferred, as this represents a

good compromise between cost, weight, and size of the key

components.

As discussed above, it is preferred that motors 21 and 25 have

more than two poles, and be operated by current applied over more

than three phases, so that failure of some components - such as the

inverter/charger‘ units, aspower semiconductors used in the

discussed below - can be tolerated without total failure of the

' vehicle. It is also desired that the battery bank be divided into

two, with the vehicle chassis connected between them, halving the

voltage between given components and the vehicle chassis, and thus

simplifying their construction, insulation, and connection. Fig.

5 shows a partial schematic diagram of a circuit providing these

attributes.

The functions of the inverter/chargers 23 and 27 (separate

inverter/chargers being required to allow independent operation of
motors 21 and 25) include control of motors 21 and 25 to operate as

motors or as generators; operation of traction motor 25 in the

opposite direction for reversing the VehiC195 Conversion Of DC
stored by the battery bank to AC for motor 0P3r3ti0nF and
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conversion of AC induced in the motors when operated as generators

to DC for battery charging. Essentially similar functions were

provided by the solid-state switching AC/DC converter 44 in the

'970 patent; where not specified to the contrary, the discussion

thereof is applicable tn: the inverter’ design shown in Fig. 5
hereof.

As illustrated in Fig. 5, traction motor 25 is embodied as a

fiye~phase AC induction.motor; starting motor 21, which is not

fully illustrated, as indicated,

generally similar.

can be but is not necessarily

other motor types; such as permanent magnet

brushless DC motors or synchronous motors, might also be employed.

The motors are operated as multiphase devices, having three phases

or more, permitting employment of smaller and overall less costly

semiconductors, and of the

Use of motors operated at relatively high

allowing operation even "if some

semiconductors fail.

frequency, e.g., more than 60 Hz, also permits motors of a given

power output to be smaller. As shown in Fig. 5, it is currently

preferred that at least traction motor 25 be wired in the “wye"

arrangement shown, rather than the known "delta" arrangement; it is

found that certain undesirable harmonics are reduced by the "wye"

arrangement. Both are well known in the art, and within the scope
of the invention.

As illustrated in Fig. 5, each of the windings 78 of motor 25

is connected to 31 pair of semiconductor switching elements 80

collectively making up inverter/charger 27. Inverter/charger 27 is

correspondingly configured as a set of ten power semiconductors so

controlled by switching signals A through J pI0Vided bY 3 Pulse

generator 88 responsive to frequency, polarity and current siqnfllfi
received from microprocessor 48 (Figs. 3 and 4)» TYPi¢a1 0PErati“9
frequencies can be up to 200; 400 Or 500 HZ? the transfer Of Power

between the battery bank 22 and motors 21 and 25 is then controlled
modulation, that is. by C011?-1011137‘! the

portions of the

by pulse~width

semiconductors 80 to conduct during

the duration of the conducting portions varying in

power

waveform ,
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accordance with the power required. Semiconductors 80 may be any

type suitable for handling relatively high voltages and currents;

bipolar (IGBTs) are

currently available and are presently preferred. As conventional,

satisfactory insulated~gate transistors

each of the semiconductors 80 is paralleled by a freewheeling

rectifier diode 82. “

Design of the inverter/chargers 23 and 27 and of pulse

generator 88 to provide_suitable control Signals A through T so

that the inverterfchargers perform the functions listed above is

within the skill of the art; again, see, for example, Bose, "Power

IEEE, 1996.

The current drawn from the battery bank 22 during long-term

Electronics and Variable Frequency Drives",

operation of the traction and starting motor{s) to propel the

vehicle should be limited to 30 ~ 50 amperes, to reduce the size of

the conductors and other components required, as discussed in the

'970 patent; these components are satisfactory to carry currents of

up to 200 amperes, as may be encountered during full~power

acceleration, as this condition will not persist for more than

about 30 seconds.

As indicated, the battery bank 22 comprises two substantially

similar battery assemblies 84; in one embodiment, each battery

assembly will comprise eight 48—vo1t batteries, such that 384'vo1ts

is provided by each. The battery assemblies 84 are connected in

series, so that 768 volts are provided across the circuit "rails"

66, as.

between the series~connected battery assemblies, so that only 384

volts is pmesent between any given circuit component and the

However, the vehicle chassis connection is taken from

vehicle chassis; this "center—point~chassis" connection

significantly reduces various insulation and heat-sinking

requirements. More specifically, the conductors, connectors,

relays, switches and like. elements. can be as aPPr0Ved- bY' the
National Electrical Manufacturers’ Association (NEMA) for 600 volt

service; such elements are widely available; and are much m°re

easily employed and much less expensive than those needed for

60

Page 64 of 277 |=oRD 1210

64:nr:r



IO

15

20

25

30

continuously carrying current at, for example, 300 volts and 300

amperes.

Preferably: BS ifldicated by Fig. 5(a), illustrating a detail

of a portion of one of the battery assemblies 84, the 48—vo1t

batteries 85 are connected by normallyaopen relays 37, so that the

batteries 35 are isolated from one another under fail-safe

C0nditi0fi5F for example, if the vehicle is involved in an accident,
power to the relays is cut off, so that the maximum open voltage

anywhere in the vehicle is 48 volts, reducing the danger of fire.

Similarly, the relays open when the vehicle's "ignition" is shut

off by the operator.

The present continuation-in-part application adds to the above

from the ‘B15 application that an auxiliary 12—volt system may also

be provided, as shown at 223 in Fig. 14, discussed further below.

This would be a DC—to~DC converter, allowing the vehicle to provide

"jumping" current to start other vehicles having conventional 12-

volt electrical systems, and would also allow the vehicle of the

invention to be jumpstarted similarly, if necessary. Provision of

a 12—volt system also allows convenient employment of conventional

automotive accessories, such as radios and the like. The l2—volt

system could perhaps most conveniently be implemented by a separate

semiconductor-implemented voltage conversion circuit, transforming

the 48 volts from one of the batteries to 12 volts for jumping

others, and providing the inverse 12 to 48 volt transformation as

needed. It should also be understood that the individual batteries

could be 42 volt units, conforming to the apparent trend toward 42

volt systems for new vehicles. Further preferably, the entire

battery bank assembly, including the relays,

rugged container, significantly reducing the danger Of eleatrical

is enclosed in a

shock and the like.

Turning now to detailed discussion of the inventive control

strategy according to which the hybrid vehicles of the invention
as in the case of the hybrid vehicle system shown inare operated:

and as discussed in further detail below: thethe ‘97 0 patent :
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vehicle of the invention is operated in different modes depending

On the torque required. the state of charge of the batteries, and

other variables. Throughout, the object is to operate the internal

combustion engine only under circumstances providing a significant

load, thus ensuring efficient operation. In the following, the

relationships between these modes are illustrated using several

different techniques, to ensure the reader's full understanding of

various aspects of the vehicle control strategy; some of these are

seen more clearly in one form of illustration than another.

Fig. 5 illustrates the several modes of vehicle operation

with to the

instantaneous torque requirements or "road load", the state of

charge of the battery bank 22,

and the relationship between,

and the state of charge of the battery bank over

time, that is, during an exemplary trip. Figs. 8(a) — (d) show

simplified schematic diagrams of the vehicle of the invention in

respect relationship between the vehicle's

and time, while Fig. 7 shows

variation in, road load, ‘engine

torque output,

its principal modes of operation, showing the flow of energy, in

the form of electricity or combustible fuel, by dot~dash lines, and

the flow of torque by dashed lines. Finally, Fig. 9 provides a

highrlevel flowchart, showing the principal decision points in the

algorithm according‘ to which the microprocessor operates the

various components of the hybrid vehicle drivetrain according to

the invention, and Figs. 9 (a}—(c) show details and modifications

thereof. _

As noted, the preferred control strategy of the invention is

illustrated in several different ways by Figs. 6 - 9. The same

specific numerical examples for various significant control

variables, data items, and. the like are used ‘throughout for

clarity. It will be understood that these examples would normally
although ranges are not used in the

it should be understood

and

be expressed as ranges;

following, to simplify the discussion;

throughout that these numerical examples are exemplary only,
. . . -‘ - tthat the invention 15 not to be limited to the exact values of he
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control variables mentioned herein. _ _

Further, it should be realized that certain of these control

variables need not be restricted to specifhc numbers; in some

cases, the decision points may be "fuzzy", i.e., so—ca1led "fuzzy

logic" may be employed, so that while the operating scheme retains

its overall characteristics, the specific values against which the

control variables and data items are tested in implementation of

' the control strategy according to the invention may vary from time

of this

circumstances to modifying certain specific values depending on

"to time. Examples practice -— amounting in many

other data items not discussed in detail, or by monitoring the

vehicle's actual usage patterns over time —— are given below.

these different

relationship between the various operating modes of the vehicle of

Given several explanations of the

the invention, and specifically these different illustrations of

which the

microprocessor controls node selection, one of ordinary skill in

the combinations of conditions in response to

the art would have no difficulty in implementing the invention.

As noted, during low—speed operation, such as in city traffic,

the vehicle is operated as a simple electric car, where all torque

is provided to road wheels 34 by traction motor 25 operating on

electrical energy supplied from battery bank 22. This is referred

to as "mode I" operation (see Fig. 6), and is illustrated in Fig.

8(a). The same paths of energy and torque may also be employed

under emergency circumstances, referred to as mode III operation;

as discussed below.

While operating at low speeds, e.g., when the vehicle's torque

requirements ("road load", or "RL") are less than 30% of the

engine's maximum torque output ("MTG"), engine 40 is run only as

needed to charge battery bank 22. Starting motor 21 is first used

to start engine 40, and is then operated as

appropriate operation of inverter/charger 23,

current flows to battery bank 22. Accordingly,
so that the road speed of the vehicle is indePEnd9“t of

a generator bY

so that charging

clutch 5 1 is

disengaged.
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the speed of engine 40;" engine 40 can thus be operated at

relatively high output torque level, for fuel efficiency. This

“mode II" operation is illustrated in Fig. 8(b); as indicated,

clutch 51 is disengaged, so that engine operation to charge battery

bank 22 through starting motor 21, and propulsion of the vehicle by

traction motor 25, are completely independent of one another.

As in the '970 patent, engine 40 is sized so that its maximum

torque is sufficient to.drive the vehicle in a range of desired

cruising speeds; this requirement ensures that the engine is

operated at high efficiency during normal highway cruising.

(e.g., by a

indicates that the

Therefore, when a sensed increase in the road load

continued operator request for more power)

preferred operating mode is changing from low—speed to highway

cruising operation, the microprocessor controls starting motor 21

by way of inverter/charger 23 to start engine 40.’ when engine 40

is essentially up to speed, clutch 51 is engaged, so that engine 40

drives road wheels 34 through the shafts of motors 21 and 25. when

the operator releases pressure on the accelerator pedal, indicating

that a desired cruising speed has been reached, traction motor 25

is accordingly depowered. The highway cruising mode is referred to

as “mode IV" operation, and the flow of energy and torque are as

illustrated in Fig. B{c).

If extra torque is needed during highway cruising, e.g., for

acceleration or hi11~climbing, either or both of motors 21 and 25

can be powered. This "mode V" operation is illustrated in Fig.

B(d); energy flows from tank 38 to engine 40, and from battery bank

22 to traction motor 25, and possibly also to starting motor 21;

torque flows from either or both motors_and engine to wheels 34.

The flow of energy during battery charging is not illustrated

per se in Fig. 3, but will be understood by those of skill in the

art, and is further described below. For example, when the

engine's instantaneous output torque exceeds the road load, the

starter motor 21'is operated as a charger, supplying recharging

current to the battery bank. 'Similar1y, when the road load is
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trending downwardly or is negative, either the traction motor or

the starter motor, or both, can be operated as a regenerative

battery Charger. Supplying recharging current to the battery bank;

braking can be accomplished similarly in response to an appropriate

operator command.

I Fig. 6, as indicated above, -is a diagram illustrating

differing modes of operation of the hybrid vehicle powertrain of

the invention; the modes-of operation, indicated by numerals I - V,

are plotted on a three dimensional chart, illustrating that the

mode of vehicle operation as controlled by microprocessor 48 is a

function of the state of of the battery bank, the

instantaneous road load, and time. Fig. 7, discussed below,

further illustrates the inventive mode of vehicle operation.

charge

Fig. 6 shows on one axis the state of battery charge extending

from 70% at the origin outwardly to a minimum value shown of 30%.

Normally the batteries are maintained at least 30% of full charge.

Preferably, the battery bank is not charged to more than 70% of its

theoretical full

batteries were all charged to 100% of their nominal full charge,

capacity; if a number of series—connected

some would likely be overcharged due to manufacturing variatifln.

local temperature variation and the like, which would significantly

shorten their service life. Moreover, frequently recharging any

battery to 100% of its

deleterious to battery life as well-

individual theoretical capacity is

The road load is shown in Fig. 0 on a second axis as varying

from 0 at the origin to 200% of the engine's maximum torque output.

(Negative road load, occurring during descents or under braking, is
not shown in Fig. 6 due to the difficulty of illustration. Thifi

circumstance is discussed in connection with Fig. 7, belflw-) Time

is shown on the third axis extending from an arbitrary point at the

Origin; that is, Fig. 6 shows the mode of the vehicle's DP9r3ti°n
over the next short period of time (on the order of 30 - 60

Seconds) fl-gm a present instant at the origin. Stated differently,
ding to one aspect of the invention, the microPrDC€55°r 43accor
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controls the vehicle's mode of operation at any given time in

dependence on "recent history,“ as well as on the instantaneous

road load and battery charge state.

More specifically, Fig. 6 shows that during city driving‘ (mode

I}, defined in this example as driving where the vehicle's

instantaneous torque requirements, or "road load", is up to 30% of

the engine's maximum torque, the vehicle is operated as a "straight

electric“ car, the clutch being disengaged and energy from the

battery bank 22 being used to power traction motor 25 to propel the

vehicle, as long as the battery remains‘ Charged to between 50 and

70% of its full charge. If the charge falls to below a given

value, which may vary over time as indicated by the curved line

defining the extent of mode II, mode II is entered as indicated,

the engine is started, and the starter motor 21 is operated as a

generator to charge the battery to substantially full charge. As

indicated in mode III, operation of the vehicle as an electric car

may also be permitted when the battery falls to below 40% of full

charge, for example, if there is a fault in the engine or charging

system, but only on an emergency basis; such deep discharge is

harmful to battery life.

During highway cruising, region IV, where the road load is

between about 30% and 100% of the engine's maximum torque output,

the engine alone is used to propel the vehicle. Accordingly, when

the microprocessor detects that transition between regions I and IV

is required (e.g., the microprocessor can effectively determine the

road load by monitoring the response of ‘the vehicle to the

operator's command for more power), it causes the starting motor 21

to spin the engine 40 to relatively high speed; when a desired

starting speed, typically 300 rpm, is reached, the electronic

engine management unit 55 and electronic fuel injection unit 56 are

controlled to fire the spark plugs and supply fuel, respectively,

starting the engine. Thus starting the engine at relatively high

rpm allows a near-stoichiometric fuel/air mixture to be used, as

compared to the much richer mixtures normally used for starting.

66

Page 70 of 277 FORD 1210

?D0f2??



10

15

'20

25

30

Emissions of unburned hydrocarbons are thus substantially reduced,

and fuel economy improved.

when the speed of "the engine output shaft substantially

matches that of traction motor 25, clutch 51 is engaged; the power

produced by motor 25 is reduced as that produced by engine 40 is
increased, so that the transition between modes I and IV is smooth

and essentially undetected by the operator. When the operator

reduces pressure on the accelerator pedal 69, indicating that the

desired cruising speed has been reached, power to motor 25 is

reduced to zero. '

If the operator then calls for additional power, e.g. for

acceleration or passing, region V is entered; that is, when the

microprocessor detects that the road-load exceeds 100% of the

engine's maximum torque output, it controls inverter/charger 27

so that energy flows from battery bank 22 to traction motor 25,

providing torque propelling the vehicle in addition to that

provided by engine 40. Starting motor 21 can similarly be
controlled to provide propulsive torque.

As indicated above, during highway cruising, where the torque

I indicated by the

operator's commands, the control system operates the engine at

required to propel the vehicle varies as

correspondingly varying torque output levels. The range of

permissible engine torque output levels is constrained to the range

Where the

vehicle's instantaneous torque requirement exceeds the engine's

in which the engine provides good fuel efficiency.

maximum efficient torque output, e.g., during passing or hill-

climbing, one or both of the electric motors are energized to

provide additional torque; where the vehicle's torque requirements

are less than the torque then being produced by the engine, e.g.,

during coasting, on downhills or during braking, the excess engine

torque is used to charge the batteries. Regenerative charging may

occur simultaneously, as torque from the engine and recovery of the

vehicle's kinetic energy both drive one or both motors operated in

generator mode.~ The rate of change of torque output by the engine

6?
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may be controlled to reduce emissidns, and in accordance with the
state of charge of the battery bahk. Fig. 7 illustrates these

relationships.

As mentioned above, Fig. 7, comprising Figs. 7(a) — (c), and‘

extending over two sheets, is a timing diagram. showing the

relationship between road load, engine-torque output, the state of

charge of the battery bank, and operation of the engine as these

vary over time, during lowwspeed city driving, highway cruising,

amd extended high~load driving, thus further illustrating the

control strategy employed according to the invention.

Fig. 7(a) shows the

requirement, that is, the "road load", by a solid line, and the

engine's instantaneous output torque by a dashed line, as these

vehicle's instantaneous torque

vary over- time. (The engine's instantaneous output ‘torque is

repeated in Fig. 7(c), for clarity, and in order to clearly show

certain additional aspects of the inventive control strategy.) The

road load is expressed as a function of the. engine's maximum

torque Where the road load

instantaneous output torque, the cross-hatched areas between these

output. exceeds the engine's

two lines represent torque provided by the traction and or starting

motor(s); where the road load is less than the engine's

instantaneous output torque, the cross-hatched areas represent

charging of the batteries.

It will be appreciated that positive vehicle torque demands

correspond to steady-state cruising, acceleration, hill¥c1imbing,

or the like, while negative vehicle torque requirements correspond

to deceleration or descent. The engine's output torque is

constrained to the range of efficient operation; as illustrated in

Fig. 7 {a} and (c), this range is controlled to be between 30% and

100% of the engine's maximum torque output ("MTG"). As mentioned

above, it will be appreciated that the 30% figure, as well as

similar figures mentioned herein, may vary without departure from

the scope of the invention.

In the example of vehicle 0P9rati°n Sh°“n in Fig- 7. initifl11Y
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the vehicle is operated only at road loads below 30% of HTO, that

is, in traffic, as indicated at A. Accordingly, all the torque

required is provided by the traction motor 25, and the state of

charge of the battery bank 22 ("BBC"), as illustrated by Fig. 7(b1,

corresponds directly to the road load; when the road load is

battery bank is

significantly

negative, BSC increases as the charged by

regenerative braking. (Changes in BBC are

exaggerated in order to clearly explain the events shown.)

At point B, the road load exceeds 30% of MTG for the first

time on this detected by

starting motor 21 spins the engine 40 at

particular trip. when this is

microprocessor 43,

relatively high speed, and the catalytic converter 64 is preheated,

causing a short drain on BSC, as shown at C. When the engine

reaches the desired starting speed, e.g. 300 RPM, and the catalyst
reaches a minimum effective operating temperature, e.g. at least

about 350° C, the engine is started by supply of fuel and firing of

its spark plugs, and the clutch is then engaged. As the engine is

already rotating at relatively high speed, and will have been

warmed by compression of air in its cylinders during the starting

process, it begins to produce useful torque almost immediately, as

indicated at D.

Thereafter, when the vehicle's torque reguirement exceeds the

instantaneous engine output torque, as at points E - G and P, one

or both of the traction and starting motors 25 and 21 are powered

to provide additional torque to the road wheels, that is, the

vehicle is operated in mode V. While the road load RL remains

within the engine's efficient operating range, e.g., while 30% MTG

> RL > 100% of MTG, the vehicle is operated in mode IV. During

mode IV operation, if the engine's instantaneous torque output

exceeds the vehicle's torque requirement, but the battery is

relatively fully charged, as at point H, the engine*s torque output

is reduced to match the road load; when MTO exceeds the road load,

and BSC falls below a predetermined level (see Fig. 7(b)), as at I

and J, the excess torque available from engine 40 is used to charge
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the batteries, as indicated at K and L (Fig, 7(c)}. when the

vehicle's torque requirement is less than the minimum permissible

engine torque output, as at M, the engine is again used to charge

the batteries, and regenerative braking is also performed, further

charging the batteries. If the batteries become substantially fully

charged, e.g., during a long descent, as at N, the engine may be

shut off entirely, as seen at Q in Fig. 7(c). '

More particular1y,.during deceleration or "coast—down", the

engine may be "motored", that is, driven by torque from the wheels,

with the clutch. engaged, but with at least the fuel supply shut

off. In addition to-using no fuel, this has the advantage that

when the operator next requires torque, e.g., when reaching the

point at the bottom of a hill, the engine is rotating and can be

immediately restarted by supply of fuel. The exhaust valves might

be opened during the motoring of the engine to reduce pumping

losses.

I The rate of change of the engine's torque output is limited,

e.g., to 2% or less per revolution, as indicated by noting that the

dashed line in Fig. 7(a), indicating ‘the instantaneous engine

output torque, lags the solid line indicating the vehicle's

instantaneous torque requirement. Thus limiting the rate of change

of engine output torque is preferred to limit undesirable emissions

and improve fuel economy; that is, as the stoichiometric fuel/air

ratio varies somewhat as the load changes, simply opening the

throttle and causing additional fuel to be injected (as is

typically practiced} upon the operator's depressing the accelerator

pedal would result in non~stoichiometric, inefficient combustion.

According to this aspect of the invention, the rate of change of

engine torque is limited; this provides sufficient time for the
essentially conventional. electronic engine management and

electronic fuel injection systems, which comprise a "lambda sensor"

47 (Fig. 3) for monitoring the oxygen content of the exhaust 935

stream as an indication of stoichiometric combustion, to respond as

the load changes, preserving stoichiometric combustion and reducing
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emission of unburned fuel.

The maximum permissible rate of change of engine output torque

also may be varied in accordance with the state of charge of the

batteries; more specifically, if the batteries are relatively

discharged, it may be preferable to allow the engine's output

torque to ramp-up more quickly than otherwise, in order to limit

the amount of electrical power drawn from the batteries in response

to an acceleration command. More generally, it is preferred to

operate the engine so as to limit the amount of power drawn from

the batteries,

conversion of energy stored in the batteries to motor output

as there are unavoidable losses attendant on

torque, and during the corresponding recharging period.

As mentioned above, Fig. 9.is a high-level flowchart of the

principal decision points in the control program used to control

the mode of Broadly speaking, the

microprocessor tests sensed and calculated values for system

vehicle operation.

variables, such as the vehicle's instantaneous torque requirement,

i.e., the "road load" RL, the engine's instantaneous-torque output

ITO, both being expressed as a percentage of the engine's maximum

torque output MTG, and the state of charge of the battery bank BBC,

expressed as a percentage of its full charge, against setpoints,

and uses the results of the comparisons to control the mode of

vehicle operation.

As noted above, certain control decisions involved in the

inventive control strategy illustrated in Fig. 9, and described

therein as being determined in response to precise criteria (in_

order to clearly present the main features of the inventive

operating strategy), may instead be usefully somewhat "fuzzy"; in

the present application, this term is intended to indicate that the

value of a setpoint (for example) may vary somewhat in response to

recent history, or in response to monitored variables not discussed

above. As mentioned above, it is also to be understood that the

values given above for various numerical quantities may VBTY

somewhat without departing from the invention. Specific
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alternatives are provided below for steps set forth in Fig. 9 that

implement certain of these alternatives.

For example, in the example of the inventive control strategy

discussed above, it is repeatedly stated that the transition from

1ow—speed operation to highway cruising occurs when road load is

equal to 30% of MTG.

claims as "SP", and sometimes hereinafter as the transition point

This setpoint, referred to in the appended

(i.e., between operation in modes I and IV) is obviously arbitrary

and can vary substantially, e.g., between 30 — 50% of HTO, within

the scope of the invention. -

It is also within the scope of the invention for the

microprocessor to monitor the vehicle's operation over a period of

days or weeks and reset this important setpoint in response to a

repetitive driving pattern. For example, suppose the operator

drives the same route from a congested suburban development to a

workplace about the same time every morning; typically the road

load might remain under 20% of MTG for the first few_minutes of

each day, then vary between 0 and 50% of MTO for another few

minutes as the operator passes through a few traffic lights, and

then suddenly increase to 150% of MTG as the operator accelerates

onto a highway. It is within the skill of the art to program a

microprocessor to record and analyze such daily patterns, and to

adapt the Control strategy accordingly. For example, in response

to recognition of'a regular pattern as above, the transition point

might be adjusted to 60% of MTO; this would prevent repetitive

engine starts as the road load exceeded 30% of MTG for a few

hundred yards at a time, as might often occur in suburban traffic.

Similarly, the engine starting routine might be initiated after

the same total distance had been covered each day.

It-is also within the scope of the invention to make the

setpoint SP to which the road load is compared to control the

transition from mode I to mode Iv somewhat "fuzzy", so that SP may

vary from one comparison of road load to MTO to the next depending

on other variables. For example, as discussed above, if during
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low-speed operation the operator depresses the accelerator pedal

rapidly, this can be treated as an indication that full PDWGI will

shortly be required, and the engine-starting operation begun before

the road load reaches any particular setpoint SP.

The value of the transition point may also vary in dependence

on the mode of-operation in effect when the road load equals a

given setpoint SP. For example, suppose the setpoint at which the

mode of operation is controlled to change from the low-speed mode

to the highway cruising mode is normally set to 30% of MTG, as in

the examples discussed above. If traffic conditions were such that

the road load fluctuated around this value, and engine operation

were controlled solely in response to road load, the engine would

be repeatedly started and shut off as the road load exceeded 30% of

MTG for a few hundred yards at a time, and then fell back below 30%

of MTG, as might often occur in. suburban traffic. Repeated

restarts might also occur if the road load averaged over 30% of MTG

but occasionally dropped below this value, as might occur in

moderate~speed, flat-road cruising.

By monitoring the road load over time, and comparing it to

different setpoints accordingly, much of this undesirable

repetitive sequence of engine starting and shut—off can be

eliminated. It might be preferable to commence mode IV operation

upon the occurrence of differing conditions; for example, mode IV

might be entered from node I only after the road load exceeded a

first, lower setpoint SP for an extended period of time, so that

the engine would be run for extended low—speed cruising, but to

start the engine immediately if the-road load exceeded a higher

setpoint SP2, e.g. 50% of MTG, as during acceleration to highway
speed. Similarly, the engine might preferably be shut down only if
the road load was less than a minimum setpoint for mode IV

extended period of time. Thus

in the mode—switching_ determination would limit

operation for an providing
"hysteresis"

repetitive engine starts in certain types of driving. These limits

Could be further adjusted as the driving pattern became clear,
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i.e., as discerned by the microprocessor.

In a further refinement, the setpoint at which the engine is

shut off as the road load droppped below the usual minimum value

for mode IV operation could vary dependent on BSC; if the batteries

were substantially fully charged, the engine might be shut off as

road load dropped below 30% of HTO, but if their charge was lower

the engine might be controlled to continue to run, even at a stop:

i.e., zero road load, to charge the batteries. of course, the

clutch would still have to be disengaged at when the road load fell

below 20 — 30% of MTO, in order that the engine could run at an

efficient speed for production of torque.

Fig. 9 thus shows the main decision points of the control

program run by the microprocessor, with the transition point

between mode I, 1ow—speed operation, and mode IV highway cruising,

set at a road load equal to 30% of MTG. Examples are then given

for some of the various options discussed above, by substituting

various of the decision points with alternatives indicated below.

other optional points not specifically shown but discussed herein

are within the scope of the invention.

where theThe control program is entered at step 100,

' microprocessor determines whether the road load RL is less than 30%

of MTO. If the answer is yes ("I"), the clutch is disengaged if

necessary as indicated at steps 103 and 105. The state of charge

of the battery bank BSC is then tested at step 110; if BSC is

between 50 and 70% of full charge, the vehicle can operate for some

time as a straight electric vehicle, and mode I is accordingly

A "mode I" loop is then established,

steps 100, 103. and 110; as long as all conditions

tested in these steps remain stable, the vehicle continues to be

entered, as indicated at 115.

including

operated in mode I.

However, if at step 110 it was determined that BSC was less

than 50% of its maximum value ("N"), the engine should be run, if

75% of

If the engine is

possible, to charge the battery bank, up to, for example,

its maximum charge, as tested at step 120.
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already running, as tested at step 125, the battery is charged as

indicated at 130, and a stable "mode II" loop, as noted at 135. is

established including steps 100, 103, 110, 120, 125, and 130.

(Normal operation of step 110 would be bypassed or disabled in thi5

mode to prevent battery charging from being stopped when 35C

If the engine is not running, an engine starting

9(a), is

reaches 70%).

(shown separately, by Fig. entered; a5subroutine

indicated at step 140.

In the engine starting subroutine, beginning with the 'enter'
block 141, the clutch is disengaged if necessary at steps 142 -

143, and the catalyst temperature is tested at 145, to determine

whether it is at least about 350° C: the catalyst is heated as

as indicated at 150. when the catalyst is heated

suitably, the engine is then spun by the starter motor until a

indicated by the

when the engine reaches its desired

DQCQSSEIY ,

desired starting speed loop

including blocks 155 and 160.

starting speed,

is reached, as

it is started at step 165, by supply of fuel and

firing of its spark plugs, concluding the starting

block 170. If the engine

starting subroutine was entered from the mode II loop, as above,

the battery bank may then be charged as indicated at 130.

If in performance of step 120 it appeared that BSC was less

than 40%, which would only occur upon failure of the engine or

charging system, step 175 may be performed; thus, if 30% < BBC <

40%, the vehicle may be operated in mode III as an electric car, to

this should be strictly

limited to avoid deep discharge of the battery bank, tending to

shorten its useful life. As indicated at 177,

completely disabled if BSC falls below 30%.

If RL is determined to exceed 30% of MTG in step 100, the

program goes to step 180,

engine

subroutine as indicated by ‘return’

provide emergency operation. However,

the vehicle is

where the term 30% > RL :~ 100% is

evaluated; that is, the microprocessor determines whether the road

1033 15 appropriate for highway cruising in mode IV. If so, and if

the engine is running, as tested at step 190, a stable loop
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including steps 100 and 190 is established; the system remains in

mode IV, as indicated at 135, until the state of one of these

tests changes.

If in step 190 it is determined that the engine is not

running, the engine start subroutine, starting with step 140 as

discussed above, is entered as indicated at 195; upon return, at

200, the clutch is engaged at 210, and the loop including steps 180

and 190 is entered.

As noted, in step_1B0 it is determined whether RL is between

30 and 100% of MTG; if not, it is determined in step 220 whether RL

is greater than 100% of MTG. If so, node v is entered, and the

traction motor (and optionally the starting motor) is powered to

provide additional torque propelling the vehicle, as indicated at
230. A loop inbluding steps 220 and 230 is thus established, so

that mode V remahns stable until the state of the test performed in
step 220 changes.

when in performance of step 220, it appears that RL is now

less than 100% of mo, it is then determined in step 215'whether RL

is less than 30% of MTG.

indicated at 240, and the program returns to step 100; if not, the

program is returned to step 180.

If so, the engine is shut off, as

It will be appreciated that according to the Fig. 9 flowchart,

it is possible for the system to proceed directly from mode I to

mode V, that is, from step 100 to step 220, if the road load

rapidly increases from less than 30% of MTG to more than 100% of

MTG. Permitting the operator to thus operate the system is an

1mP°rtfint Safety feature. for example when fast acceleration from

a stop is required to "merge into highway traffic. In these

circumstances the engine would not be running during initial

operation in mode V, necessitatimg a significant drain on the

battery_bank and overdriving the traction motor. Accordingly,

5t3PS equivalent to steps 190, 195, and 210 (including the engine

starting subroutine) are to be understood to follow step 220 and

precede step 230. That is, in the event mode IV was effectively
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omitted in passing directly from mode I to mode V, the engine is

started and the clutch engaged as soon as possible; these duplicate

steps are not shown, for clarity.

In the above discussion of Fig. 9, it was assumed that the

5 transition point between low—speed and highway operation i5 Set 50

that the transition occurs when the road load is equal to 30% of

MTO under all circumstances. However, as discussed above, it may

be desirable to operate the system so that the vehicle goes from

the low-speed mode I to the highway—cruising mode IV at a higher

10 road load, e.g., 50% of NTO, than the road load at which the low?
speed mode is reentered, e.g., when road load in mode IV falls to

below 20%. This "hysteresis" of the mode switching point *- for

example, allowing the vehicle to accelerate in mode I up to road

loads of up to 50% of MTG, but not shutting the engine off, ending

15 mode Iv operation, until road load falls below 20% of MTG —»

avoids excessive mode~switching during periods of fluctuating road

load.

For example, in typical suburban traffic, one might commonly

accelerate past 30% of MTO, to what might otherwise be a normal

20 cruising speed, but stop again shortly thereafter; it would be

inefficient to thus repetitively stop and restart the engine as the

load fluctuates around 30%. Hysteresis might similarly be useful in

avoiding’ needless :mode switching $11 moderate—speed, flat iroad

cruising in mode Iv, when the road load might well occasionally

25 drop below 30%; again, it would be inefficient to repeatedly shut

off and restart the engine.

Thus providing differing mode switching points depending on

the direction of the change in road load can be accomplished

readily by monitoring the road load RL as a function of time, and

30 taking appropriate control action. For example, if the system is

maintained in mode I until RL exceeds the "normal" 30% of MTO mode

switching point for a period of, for example, 30 seconds, and

without exceeding 50% of MTO, the excessive mode switching

otherwise likely to be encountered in suburban traffic can be
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largely avoided. Fig. 9(b} shows a step 100' replacing step 100 in

Fig. 9 and implementing this “low-speed hysteresis". As indicated,

the system remains in the low-speed mode I as long as RL is less

than 30% of MTO, or unless RL exceeds_30% of MTO for more than 30

seconds, or exceeds 50% of MTG; if either of the latter conditions

occurs, the program goes to step 180, initiating mode IV operation.

in_ order toSimilarly, in mode IV cruising,

implement excessive mode shifting that might otherwise occur if the

hysteresis

road load fluctuates around a fixed mode switching point, can be

implemented by simply providing that the system remains in mode IV

as long as RL remains between 30 and 100% of MTG, unless RL is less

than RL for more than 30 seconds, or exceeds 100% of MTG. This can

be implemented as shown in Fig. 9{c); a revised step 215' replaces

step 215 of Fig. 9, and provides that, if the system is in mode IV,

unless RL is less than 30% of MTO for more than 30 seconds, step

180 is reeentered, thus preserving the "mode IV loop"; when RL is

less than 30% of MTD for more than 30 seconds, the engine is shut

down, at step 240, control is passed to step 100, and mode I re-

entered.

detailed

strategy of the invention as illustrated in Figs. 6 - 9 will occur

Numerous further modifications to the control

to those of skill in the art, and are within the scope of the

invention. For example, it may be desirable to vary the operation

of the system insofar as responsive to BSC in accordance with

monitored variables indicative of battery temperature, ambient

temperature, and the like; e.ga, on a hot day it may be advisable

to avoid charging the battery bank to more.than 50% of full charge,

as this may cause overheating. Further, as noted above the

transition points between modes I, IV, and V in particular may vary

in accordance with the operator‘s commands, so as 1x: provide

maximum vehicle responsiveness for safety and ease of consumer

acceptance, and over periods of days or weeks, as the

microprocessor builds up 21 detailed historical record of the

vehicle's usage pattern. from which an optimized control strategy
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may be derived. I

It may also be possible to provide the microprocessor with

useful control information from the operator, without requiring the

operator to understand the workings of the system in detail. For

example, set a "cruise

control" when a desired cruising speed is reached; thereafter,

operators are now we1l—accustomed to

existing engine management systems control the instantaneous engine

torque output with respect to "variation in the road load to .

It would be a

simple matter for the microprocessor to accept a desired cruising

maintain vehicle speed substantially constant.

speed thus input by the operator, as indicated in Fig. 4. The

operator would then be relieved of continuous throttle control, and

the microprocessor would similarly control the instantaneous engine

torque output with respect. to "variation in the road load to

both as

invention, the

maintain vehicle speed substantially constant,

conventional; however, according to the

microprocessor would also reset the transition point so that the

system would remain in cruising mode Iv until the operator had

indicated to the contrary, i.e., by exiting cruise mode.

As discussed above, according to a further embodiment of the

invention, additional flexibility is provided to the hybrid vehicle

as described above by providing a turbocharger 100, also controlled

by the microprocessor 48, so as to be operated when useful in

further improving vehicle efficiency and drivability and not at

other 'times. Providing 'the "turbocnarger—on—demandfi allows 'the

engine to function efficiently in different torque output ranges,

as needed. Essentially, the turbocharger lDO_is employed only when

the vehicle's torque requirements, the "road load" as above,

exceeds the engine's normally-aspirated maximum torque capacity for

duringextended period T of time, for example,a relatively

extended high-speed driving, towing a trailer, or driving up a long

hill. Where the road load exceeds the engine's maximum torque for

a relatively short period less than T, the traction motor (and
possibly also the starting motor) are used to provide additional
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torque, as in the '970 patent and above. According to a further

aspect of the invention, the period T is controlled in response to

the state of charge of the battery bank; when the battery bank is

relatively depleted, the turbocharger is activated sooner than

otherwise, so as to preserve the battery bank.

- "As is well known to those of skill in the art, a turbocharger

100_(see Fig. 11) typically comprises two turbine wheels 102 and

104 on a common shaft 106, referred to herein as the exhaust—side

and air—side wheels respectively. The flow of exhaust gas from

engine 40 causes exhaust—side wheel lD2 to spin; air-side wheel 104

is driven by shaft 106, drawing air into the body of turbocharger

100 through air filter 110. Waste heat in the exhaust stream is

thus effectively recovered by compressing the intake air, which is

then ducted to the intake manifold 122 of engine 40. Additional

fuel can be burned in the additional air thus provided, so that

additional torque is produced. The compressed air may be cooled

adiabatically by heat exchange with ambient air in intercooler 117

if desired, further improving thermal efficiency of engine 40.

In typical turbocharger operation, a "wastegate" 114 is

provided to limit the exhaust pressure incident on exhaust-side

wheel 102, thus limiting the speed of air—side wheel 104 and

regulating the_"boost" provided by the turbocharger. The waste

gate may be spring—loaded to open at a fixed boost pressure (as

typically provided to regulate the output of turbocharged racing

engines) or may be controlled in a feedback loop using the pressure

in ‘the engine intake manifold as the control variable. See

aptomgtige_Handbook, 2nd_EdL, Robert Bosch GmbH (1985), p. 356.

Further, in conventional Pkactice, the turbocharger is used at all

times, and the engine's design is optimized accordingly. For

example, turbocharged gasoline engines typically have compression

ratios of 7 or 8 to 1, as compared to 9 ~ 11 to 1 for normally-

aspirated engines. Neither practice is employed according to the

turbocharger is _controlled by the

and. the engine's

present invention; the

microprocessor to operate only ‘when needed,
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compression ratio, and other design parameters, are selected based

on design criteria relevant when operated in the normally~aspirated
mode.

According to the present invention, the waste gate 114 is

5 controlled by the microprocessor 48; except under circumstances
when the extra power provided by turbocharging is needed, the waste

gate 114 is open (as shown in Fig. 1), so that the engine exhaust

essentially bypasses the turbocharger 100. A valve 120, also

controlled by microprocessor 48, may also be provided in the duct

10 connecting the air side of the turbocharger 100 and the intake

manifold 122 of the engine, so that the engine 40 draws air through

the turbocharger only when in use; a second air filter 124 is then

also provided. ‘

Commonly, turbocharging for automotive use is employed in

15 order that relatively small-displacement engines will produce high

horsepower at the upper end of their operating range; the other

design parameters of such engines (e.g., camshaft profiles) are

chosen similarly. Engines thus optimized for high-rpm horsepower

produce reduced 1ow—speed torque, that is, are "peaky" compared to

20 normal1y~aspirated engines. A variahle—ratio transmission is

essential to obtain reasonable acceleration from low speeds. Stated

differently, turbocharging as usually implemented for automotive

use. provides relatively‘ high torgue at the upper end of the

engine's speed range, but relatively poor torque at lower speeds;

25 such an engine would be unsuitable in practice of the present

invention. Moreover, turbocharged engines typically suffer "turbo

139". that 15. Slow response to sudden increase in torque required.

As discussed further below, this particular problem is overcome by

use of the turbocharger in a hybrid vehicle according to the
30 invention.

Those of skill in the art will recognize that turbocharged

engines are also used in heavy-load road vehicle applications, such

as trucks and the like, but these vehicles demand transmissions

having 12, 16, or more ratios, so that the engine's narrow power
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peak. can be matched to the load, and exhibit extremely poor

acceleration, as well as excessive gear-changing and G05t: 311 Of

which would be unacceptable to the ordinary motorist. Thus,

norma1ly—turbocharged engines, of both the low-speed truck type, or

automotive type, are not satisfactory in

implementation of the present invention.

the high-speed

As also noted above, as conventionally employed, a

By comparison, according to the

controlled by the

specified driving

turbocharger is used at all times.

present invention, the turbocharger is

microprocessor 43 to be used only under

conditions, allowing the'engine to be operated efficiently in other

modes.

Fig. 12, as indicated above, is a diagram comparable to Fig.

6. The differing modes of operation of the hybrid vehicle

powertrain of the invention shown thereon are identical to those of

the Figs. 3 and 4 vehicle illustrated in Fig. 6, with the addition

of turbocharged mode VI. Similarly, Fig. 13 is similar to Fig. 7,

but illustrates the

"turbocharger—on~demand" according to this aspect of the invention.

operation of a vehicle including a

As shown in Fig. 12, according to this aspect of the present

invention, a further region VI is provided, wherein the

turbocharger 100 is activated by the microprocessor 48 when it

detects that the road load has exceeded the engine's maximum output

for more than a period of time T..

occur when the vehicle is towing a trailer or is otherwise heavily

laden, is climbing a long hill, or is operated at high speed for a

long period of time.

More specifically, when the road load. only exceeds the

engine's maximum power for a short time, less than T, as during

acceleration onto a highway or during passing, the traction motor

is employed to provide the additional torque required, as described

above. when the road load exceeds the engine's maximum power for

a time greater than T, the turbocharger is energized by closing

waste gate 114, and operating valve 120, if provided, to open the
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duct between the aireside of turbocharger 100 and the intake

manifold 122 of engine 40. As the turbocharger "spools up" to its

operating speed range, the maximum torque produced by engine 40
traction motor 25 isincreases, and the torque .produced by

gradually reduced. This sequence of events is discussed further

below in connection with Fig. 13.

L Fig. 12 also shows, by the angle of the line separating

regions V and VI with respect to the t = 0 plane, that T can vary

with the state of charge of the battery_bank 22; when the battery
bank is fully charged, T is longer —— that is, energy from the

battery bank is used to satisfy road load in excess of the engine's

maximum torque output for a longer period —— than when the battery

bank is relatively less fully charged. The turbocharger can also

additional when fullbe operated to provide engine power

acceleration is needed, e.g., upon detection of the operator's

aggressively pressing the accelerator pedal down completely.

As mentioned above, Fig. 13, comprising Figs. 13(a) — (c), and

extending over two sheets, is a timing diagram showing the

relationship between road load, engine torque output, the state of

charge of the battery bank, and operation of the engine in

electric car, normally-aspirated and turbocharged modes as these

low-speed city driving, highway cruising,

thus further illustrating the

vary over time, during

and extended high~load driving,

control strategy employed according to the invention. Fig. 13 is

essentially identical to Fig. 7, with the addition of illustration

of the operation of turbocharger 100 when the road load exceeds

100% of MTG for more than a period of time T.

Thus, 13(a) at 1:1, 1:2, 1:3,

microprocessor monitors the length of time t during which road load

exceeds 100% of HTO, .

preferably varied in accordance with BSC; this is shown by the

While t <

as shown in Fig. and 1:4, the

and compares t continually to 21 value T

relative lengths of the arrows marked T on Fig. 13(b}.

T, as at E, F, and G in Fig. 13(a), the excess torque required by

the road load is provided by either or both of the traction and
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starting motors, drawing power from the battery bank. Note that

the motors together are rated to be capable of continuously

providing torque up to at least 100% of MTG, in accordance with the

'97D patent; this allows the motors to provide adequate torque for

good vehicle performance without a variab1e—ratio transmission-

The motors may also be overdriven to provide more than their rated

torque, well over 1DD% of MTO, for short periods of time, t < T, as

at F; as noted, according-to an important aspect of the invention,

where torque in excess of MTO is needed for a longer period of

time,-t > T, the turbocharger is activated. _

Thus, when t, 2 T, as at P, the microprocessor activates the

turbocharger essentially as discussed above, that is, by closing

waste gate 114 and valve 120 {if provided). As the turbocharger

"spools up“, which may take some seconds, and the boost it provides

increases, as indicated at Q, the torque provided by the traction

motor (and ‘possibly also by- the starting':motor} is decreased

accordingly, as indicated at R. the operator need not be aware of

or take any action to initiate the turbocharger's activation; this

is controlled by the microprocessor in response to monitoring the

road load over time and the state of charge of the battery bank.

As discussed in connection with both Figs. 12 and 13, T is

preferably varied in accordance with BSC, so that the turbocharger

is activated relatively sooner when BBC is relatively low; this

limits the amount-.of energy drained from the battery during

operation of the engine and the traction motor (or both motors)

when the road load exceeds 100% of MTO, so that BSC does not fall

to an undesirably low value.

Those of skill in the art will recognize that provision of a

hybrid

according to the invention permits operation in an additional mode,

microprocessorwcontrolled vehicleturbocharger in a

providing increased flexibility in the operational scheme provided;

essentially the turbocharger provides a larger engine only when

This is

particularly significant in meeting the goals of the hybrid vehicle

needed, at no cost in efficiency at other times.
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More addition to theof the invention. specifically, in-

operational advantages 'notedq provision of a "turbocharger-on-

demand" in the hybrid vehicle according to the invention allows the

engine to be smaller than otherwise, that is, to provide adequate

highway performance in a vehicle of a given weight. As the

starting motor/generator must be sized such that when it is

operated to charge the batteries {e.g., in extended city driving)

it loads the

efficiently, employment of a smaller engine allows use of a smaller

For similar reasons, provision of a smaller

engine adequately that the engine is operated

generator motor.

engine allows it to be used to efficiently propel the vehicle in

highway driving commencing at lower average speeds, resulting in

turn in better fuel economy. By providing the "turbocharger-on»

demand“ according to the invention, all these advantages can be

realized without sacrifice in the ultimate performance of the

vehicle.

As noted implementation of theabove, one convenient

"turbocharger—on*demand" according to the invention is to operate

controlled by the

microprocessor, that is, to employ the wastegate as a bypass valve

the wastegate by a solenoid or the like

except when turbocharged operations are desired. A separate bypass

valve might also or alternatively be provided. The wastegate is

still preferably implemented as a spring—1oaded relief valve, as

illustrated in Fig. 11, and as generally conventional, to limit the

"boost" provided- It is also within the invention to operate the

waste gate to take intermediate positions, that is, between fully—

open and closed positions, so as to limit the torque to limit

wheelspin as detected, and to keep the turbocharger wheels spinning

at an intermediate speed, to reduce the time necessary to "spool

up" to full speed. It is also within the invention to adjust the

wastegate responsive to an atmospheric-pressure signal provided by

a suitable sensor 107 (Fig. 11) to ensure that adequate boost is

provided at higher altitudes to ensure vehicle performance.

It will also be appreciated that a supercharger, that is, a
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positive-displacement air pump driven by the engine, could be used

to implement the differing modes of vehicle operation illustrated

in Figs. 12 and 13; for example, the supercharger's operation could

be controlled by the ‘microprocessor tar driving it through an

electricallyvcontrolled clutch, and this is accordingly within the

invention. However, this would be less efficient than turbocharger

operation, as turbocharging effectively recovers some of the waste

heat in the engine exhaust by compressing the air reaching the

engine torque.inlet manifold, while

Turbocharging, as discussed in detail, is accordingly preferred.

It will therefore be appreciated that by providing the

internal-combustion engine of a hybrid vehicle with a turbocharger

supercharging _consumes

controlled by the vehicle's controller to operate only during

extended periods of high torque requirements, a number of important

advantages are realized, both as compared to a conventional system

wherein the turbocharger is continually activated, or as compared

to a large engine having the same maximum torque as the smaller

turbocharged engine. As to the latter, as explained above all

internal combustion engines are.extreme1y inefficient, except when

operated at near peak torque output; the larger the engine, the

less frequently this will occur. As to the former, employing a

conventional1y—turbocharged engine, having the typical "peaky“

torque curve, would not allow the engine to be used to propel the.

without

Instead, by providing a "turbocharger~on-demand",

vehicle _during highway driving

transmission.

that is, which is only employed when it is actually needed, the

vehicle of the invention can employ a small engine optimized for

its main function of propelling the vehicle efficiently during

highway cruising, and which is operable as a much larger engine
when needed. _

other advantages provided by the invention include the fact

that as the wastegate is normally open, the exhaust temperature

will stay high, optimizing catalytic converter performance; as

conventionally implemented, cooling of the exhaust gases as their
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energy is removed in spinning the turbocharger rotor can prevent

good catalytic converter performance, especially at low speeds.

Further, because the traction motor provides additional torque when

needed, the "turbo lag" experienced in conventional turbocharged

vehicles as the turbocharger "spools up" when the operator calls

for more power is eliminated.

When constructed and operated according to the invention, that

is, as a hybrid vehicle having an internal—combustion engine with

a turbocharger controlled by the vehicle's controller to operate

only during extended periods of high torque requirements, even a

heavy vehicle having poor-aerodynamic characteristics, such as a

sport—uti1ity vehicle or van, can offer good acceleration and hill-

climbing and towing ability, while still providing extremely good

fuel economy and extremely low emissions.

Another aspect of the invention concerns the method of sizing

the various components of the system.

component selection for a vehicle not including a turbocharger

Using as a

("SUV")

required to have reasonable acceleration and passing performance

according to this aspect of the present invention.

further example a 5,500 pound. "sport-utility vehicle"

even while towing a 6,000 pound trailer, sizing of the components

of the hybrid drive system of the present invention is preferably

accomplished as follows:

1. An internal combustion engine is selected which has

sufficient torque to drive the SUV without trailer at medium to

high speed along a moderate grade. More specifically, a typical

specification will require that the engine be sufficiently powerful

to proceed up a 6% grade of unlimited extent at 50 mph. An engine

of 100 hp at 6,000 maximum: RPM is appropriate to meet this

requirement for the SUV described above.

2. If a trailer is to be towed, a turbocharger, operated as

above, is added. The turbocharger is sized so that when it is

operated the engine provides up to 140 hp.

3. The charger motor is sized so as to provide-an engine load
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equal to approximately 70% of the engine's maximum torque at a'

In this way fuel is used efficiently during

battery charging, as discussed above. In the example, the charger

motor is preferably an induction motor of 15 —— 30 hp capacity.

suitable engine speed.

possibly configured as a "faceplate" or "pancake" type,-essentially

forming the flywheel of the engine. Such a motor can be operated

as a generator requiring 20 - 22 hp, which is 70% of the maximum

torque produced by the engine specified above when operated at 1200

- 1500 rpm; battery charging can thus.be accomplished in a very

fuel-efficient equivalent to’manner. This is essentially

specifying the starter/generator based on its ability to accept at

least about 30% of the engine's maximum torque output (MTO, as

above); in this way the engine is operated at a fuelsefficient

power level during charging.

4. The traction motor is sized to provide adequate torque at

zero speed to overcome the maximum grade specified from rest, with

the starter motor assisting as needed. In the example the traction

motor may be an induction motor of 100 hp, with a maximum speed of

16,000 rpm, and be connected to the drive wheels through a chain

It will be

appreciated that in this example the total torque available from

drive providing the appropriate reduction ratio.

the starting and traction motors combined exceeds that provided by

the engine, in accordance with an aspect of the invention of the

‘Q70 patent.

5. The torque vs. speed profile of the traction motor is

selected to allow city driving, in particular, to provide

acceleration sufficient to conform to the Federal urban driving

fuel mileage test (“FUDs"), without use of torque from the engine.

6. The battery capacity is then selected to provide sufficient

cycle life, i.e., so as not to be overstressed by deep discharge

over many repetitive driving cycles. In the example, an 800 v, 8.5

The battery bank should be sized and

arranged so that the maximum current to be absorbed with the

KAH battery pack is provided.

starter/generator being driven at 30% of MTG is no more than 50
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amperes.

7. Finally,

implement the control scheme described in detail above, that is, t0

use the traction motor as the only source of drive torqué at 10“

speed, to start the engine when the road load increases beyond a

setpoint, to operate the turbocharger when the road load exceeds

the engine's maximum torque for more than a prescribed time T,

which may be varied in accordance with the state of charge of the

batteries, and otherwise as described above. Essentially, the

controller is operated so that the engine is only operated in a

fue1~efficient range, e.g., driving a load at least equal to 30% of

HTO.

the controller is provided with software to

Simulations show that vehicles configured as above will

generally be capable of B0 — 100% improvement in fuel economy with

respect to conventional vehicles of similar size, weight and

performance characteristics.

I r e e cc o u t — — t

C e t c' ' 'o

In addition to the methods of sizing the components of the

powertrain and ancillary components set forth above, another method

of doing so is generally as follows. As set forth above, it is

desirable for a number of reasons to operate the system of the

ineention at relatively high voltages, e.g., 800 V or above, in the

case of larger vehicles; this reduces the current flowing

throughout the system, which allows use of p1ug~in rather than

bolted connectors, allows use of inexpensive automatic disconnects,

and reduces resistance heating losses.

More particularly, suppose that the "average maximum" current

(e.g., defined as the maximum current flowing for more than, for

thirty seconds; under most circumstances, the average

This allows

example,

current would be much less) is controlled to be 50 A.

use of inexpensive mass—produced p1ug—in connectors, and can be
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controlled by inexpensive mass~produced - electronic

components, as needed to construct the inverter/charger units.

power

These components can be designed to conduct up to approximately 200

A for up to thirty seconds, so that full acceleration can be

provided for a time sufficient for the vehicle to reach essentially

its maximum speed; according to this-aspect of the invention, the

peak current can accordingly be set at, for example, 150 A, and the

power electronics components then sized based on this value.

‘ More particularly, it appears useful to size the components

with respect to one another, in particular, the battery bank with

respect to the traction motor{s), so that the peak current is no

more than about 150 A, and so that under peak electrical loading

(usually under acceleration) a ratio of at least 2.5 : 1 of the

battery voltage to the peak current is exceeded.

For example, suppose it is desired to implement the invention

with respect to a relatively heavy, e.g., 6000 pound, vehicle

having target acceleration capabilities such that a 120 HP electric

traction motor, typically drawing 100 kw, will be required. The

battery bank for such a vehicle is sized to provide a nominal

voltage of 830 V {i.e., when not under load); this will drop to

approximately 650 V under load. The battery bank will thus be

required to (= 100 kW/650 V) full

acceleration, and the ratio of voltage to peak current is 3.92 (=

650 V/153 A}. H

In another example, of a much lighter 3000 lb vehicle, a 80

To keep the peak current to

produce 153 A during

HP, 60 kw motor might be sufficient.

ll5 A, a battery bank of 600 V nominal, 500 V under load would be

required. The ratio is then 4.3 (= 500V/115 A).

By comparison, insofar as known to the inventors, the Toyota

"Prius" hybrid car now being marketed uses a 30 kw motor, and its

battery bank provides approximately 230 V under load; the current

required is thus approximately 120 A (= 30 kw/230 V) and the ratio

between the voltage under load and the peak current is only about

2 (= 230V/120A). The motor in the Prius is incapable of providing
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adequate acceleration without assistance: this in turn requires

and. be

connected to the wheels by’ way of a variab1e—ratio plantary

Operation of the ICE in the Prius is thus constrained by

that an internal combustion engine (ICE) be provided,

gearset.

the vehicle's torque requirements, which unacceptably complicates

its operation and renders it incapable of maximally efficient

operation.

Applicants assert, therefore, that according to the invention

the components of the hybrid vehicles of the invention are to be

sized so that the ratio between battery voltage under load to peak

current is at least about 2.5, and preferably is at least 3.5 to 4

1; this allows adequate acceleration from low speeds without use

of torque from the ICE, which in turn allows elimination of any

multip1e—speed or variable~ratio transmission, and allows the ICE

to be declutched from the wheels except when the ICE can be

employed efficiently to propel the vehicle (or the ICE is being

motored during deceleration or coast-down, as above). In turn this

requirement leads to operation at higher voltages than typical, to

keep both average maximum and peak currents low, which provides the

very significant advantages mentioned above.

Range:Broadenins_Ixansmission

As mentioned above, in some embodiments of the invention as

disclosed by the present continuation-in—part application, a two-

speed transmission may be provided to broaden the range of utility

of the vehicle. An exemplary hybrid vehicle powertrain providing
this and further additional features is shown in Fig. 14; where not

otherwise described, this embodiment of the invention includes

features in common with those discussed.above in connnection with

the '97o patent-and the '81? and '743 applications.

More specifically, according to one embodiment of this aspect

of the invention of the present continuation-in-Part 3PP1iCflti?n:
the range of efficient use of the hybrid vehicle of the invention
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is further broadened by providing a two—speed "range shifting"

transmission, akin to those presently provided on SUV5 and the like

to allow shifting into a "low range", so that when the load is

expected to be heavy for extended period of time, for example, when

a heavy trailer is to be towed, the transmission can be operated to

select the low range. As indicated, such a transmission would

normally only be operated once per trip, and is accordingly not

equivalent to a conventional multiplewspeed transmission which is

operated to provide a sequence of effective overall gear ratios

each time the vehicle is accelerated, as suggested in numerous
prior art references dealing with hybrid vehicles. However, in

another embodiment, the two—speed transmission thus provided could

be operated conventionally, i.e., shifted automatica1Ly during

acceleration, or in "kick—down" mode responsive to the operator's

demand for acceleration. '

In one implementation of this aspect of the invention, as

shown in Fig. 14, a planetary gearbox 33 is disposed between the

output shafts from the traction motor 25 and the combination of

engine 40 and starting motor 21. Gearbox 33 may be controlled

directly by the operator, as conventional, or by the microprocessor

48, in response to an operator command or responsive to sensing

that the road load has exceeded some predetermined value, e.g. 125%

of MTO, for an extended time, e.g.

conventionally, shifted

Typically the gearbox 33 will be locked, providing a direct drive,

under ordinary circumstances; when a lower ratio is needed, for

the gearbox 33 may be

several minutes, or

acceleration.i.e., under ordinary

example, when towing a heavy‘ trailer,

controlled to yield a reduction of 0.5 — 0.8 : 1.

Fig. 14 also shows a second traction motor 222 driving a

second set of road wheels 210 through a second differential 211.
This is a convenient way of providing a "fourwwheel drive“ hybrid

vehicle, which avoids the fore~and—aft driveshaft and third

differential needed by conventional four-wheel drive vehicles. In

this embodiment, road wheels 210 are configured as the steering
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wheels of the vehicle; accordingly halfshaft assemblies 212

incorporating universal joints are employed allowing wheels 210 to

pivot, as illustrated. Traction motor 222 is connected to battery

bank ("BB" in Figs. 14 and 15] via a further inverter/charger 224,

controlled by microprocessor 48 essentially similarly to traction

motor 25. As noted above, a DC—to~DC converter 223 may be provided

to allow the vehicle of the invention to be connected to vehicles

having conventional 12, volt electrical systems for emergency

starting purposes, and to provide 12 VDC for operation of

conventional accessories. '

Provision of separate traction motors 222 and 25 with respect

to the corresponding pairs of road wheels 210 and 34 has several

advantages with respect to conventional vehicles; as noted above,

the fore—and—aft driveshaft and third differential normally

required are eliminated, freeing substantial space normally

required by these components. Further, "traction control" —— that

15, control of the amount of torque directed to each pair of wheels

responsive to the traction conditions, which is useful in driving

in snow or mud, or on wet or icy pavement -- is conveniently

accomplished _by the microprocessor, simply by monitoring .the

wheels‘ response to given amounts of current and reducing the

current to spinning wheels.

As shown by Fig. 14, vehicles according to the invention

provided with two traction motors and having a planetary gearbox 33

between one traction motor and its corresponding road wheels may

have a similar gearbox 213 between the second traction motor 222

and its wheels; however, this second gearbox 213 is not expected to

be commonly required. Similarly, second traction motor 222 can be

configured as a high—RPM unit, with its output shaft connected to

the rgad through gears 214. In this

implementation starter motor/generator 21 is also shown connected

wheels reduction

to the road wheels through a reduction device 34, illustrated as a

chain drive; as indicated above, providing a mechanical reduction

between the various motors 21, 25, and 222 and the resPeCt1V9 r°ad
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35

wheels is desirable in order that the motors-can be selected and

optimized to operate at higher speeds than engine 40.

Another possibility not shown specifically by Fig. 14, but

within the "torquescope of the invention, is to provide a

converter“ of essentially conventional design, preferably fitted

with a "lock—up" clutch, between the traction motor(s) and the

corresponding wheels. As is well known, torque converters are

commonly employed as part of automatic transmissions for passenger

cars; the torque converter multiplies the input torque at low

Such a converter ‘would provide increasedspeeds. torque

acceleration from rest. However, a similar effect can be obtained

more simply by overdriving the traction motorfs) beyond their rated

power for the first few seconds of acceleration.

&m 

Numerous patents, including the '970 patent discussed above,

that by

appropriate control of electric motor/generators connected to the

of the

recovered through

recognize that one advantage of hybrid vehicles is

road wheels, a substantial fraction energy lost by

conventional vehicles to friction can be

regenerative braking, that is, by converting the vehicle's kinetic

energy to stored battery power by using torque available at the

road wheels to drive the motor(s) in generator mode, and storing

the resulting electrical energy in the battery bank for use later.

It is commonly estimated that most of the energy expended in

accelerating the vehicle in City driving can be recovered in this

way, since irrecoverable losses due to air resistance and rolling

resistance contribute relatively little to the vehicle's energy

demands at low speeds; by comparison, less of the energy expended

to drive the vehicle at highway speeds can thus be recovered,

although regenerative braking is nonetheless desirable. _

More particularly, it is known to operate the motor/generator

and cooperating inverter/charger electronics of hybrid vehicles so

that electrical power is generated and stored in the battery bank
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when. the operator desires to slow the vehicle. Accordingly

"regenerative braking" per se is known. It is generally also
the art that a

mechanical braking system must also be provided, both for safety in

apparent to those ‘of skill in conventional

the event of a failure in the regenerative braking system and to

provide braking in the event the battery bank is fully charged;

that is, it is important to avoid overcharging the battery bank in

order to maximize its useful life. See Boll U.S. patent 5,788,59?

and Frank U.S. patent 5,842,534. Similarly, mechanical braking is

also needed when regenerative braking is not possible, e.g., at a

stop. However, the art known to the inventors does not address all

the concerns relevant to provision of a braking system of a hybrid

vehicle, and to do so is another object of the present invention.

See, e.g., Mikami et al patent 5,839,533, which suggests employment

of engine braking (i.e., retardation of the vehicle using torque

due to compression of air in the engine, and friction therein) as

well as regenerative braking. The choice between the two is

apparently to be made by the operator, at least in part responsive

to the battery's state of charge- This would be far too complex

for general acceptance. I

The disclosure of the Boll patent itself is directed to

optimizing the use of regenerative, engine, and mechanical braking.

Boll also recognizes the desirability of maintaining a consistent

brake pedal “feel” in the various brake modes.
German patent application DT 19 O5 641 B2 to Strifler

- discloses a combined regenerative and mechanical braking system for

an electric vehicle, wherein regenerative braking is effected upon

the operator's first operating a Ibrake lever, and mechanical

braking is further effected upon reaching the maximum regenerative

braking effect- If the battery cannot accept further charge, the

mechanical braking is triggered relatively earlier, so that the

operator experiences substantially the same pedal "feel" regardless

whether regenerative or mechanical braking is being implemented.

The present invention also recognizes that providing proper
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"regime to another.

brake "feel" to the operator is important .to provision of a

satisfactory vehicle, but differs substantially from the teachings

of the art, and the B011 and Strifler references in particular, in

the type of pedal feel preferred.

More particularly, it will be appreciated that typical vehicle

mechanical brake systems provide a relatively linear relationship

between the force exerted on the brake pedal and the retarding

force exerted on the wheels by the brakes. It is essential that

this relatively linear relationship be provided by the brake system

of any hybrid vehicle, so that the operator can smoothly and

controllably brake the vehicle as desired.

Providing a relatively linear relationship between the force

exerted on the brake pedal and the retarding force exerted on the

tires by the brakes is substantially straightforward in the case of

conventional mechanical braking systems. It is much more

brake system incorporatingComplicated in the case of a

regenerative braking as described above, since such a system must

provide a linear relationship between the force exerted on the

brake pedal and the retarding force exerted on.the tires by the

brakes and motor/generator(s) under all circumstances. The problem

is particularly complicated during transitions from one braking

For example, if regenerative braking is used to

commence deceleration but hydraulic braking must take over, e.g.,

if the battery bank's state_of charge becomes full during a long

descent, or if a leisurely’ stop suddenly becomes abrupt, the

braking regime must change smoothly and controllably.

braking is also not available when the vehicle is moving very

slowly or'is at rest, and mechanical brakes must be available under

Regenerative

these circumstances.

In addition to maintenance of the linear relationship, it is

deemed preferable by the present inventors that the operator be

made aware by a change in the "feel" of the brake pedal that

regenerative braking is not available, typically due to the battery

bank's state of charge becoming full. As noted, this is contrary to
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assistance is

the teachings of the Boll patent and the Strifler German

application. More specifically, it is considered desirable by the

inventors that the brake pedal resist depression by the operator

to a degree proportional to the amount of regenerative braking

actually being effected at all times.

Finally, it will be appreciated that the engine manifold

vacuum as conventionally used to produce "power braking", i.e.,

servo assistance, is not available to a hybrid vehicle if the

engine is not .running; some other source of power for servo

required in order that brake effort is not

unacceptably high.

Fig. 15 shows schematically the principal components of a

brake system for a hybrid vehicle that addresses the concerns

Where reference numerals are employed, theabove. common

components are Common with those shown in other Figures, while

components not important to understanding of the braking system are

omitted for simplicity. Thus, Fig. 15 shows traction motors 222

and 25 connected directly to the respective road wheels 210 and 34

respectively, omitting the other components discussed above. (In

vehicles where a single traction motor drives a single pair of

wheels, the improvements described herein would be provided as to

these, while a fourewheel hydraulic braking system would also be

provided.) As also discussed above, motors 222 and 25 are

connected to battery bank 22 through respective inverter/chargers

224 and 27.

microprocessor 48 to operate so that the motors can draw power from

battery bank 22 and impart torque to the respective wheels to

propel the vehicle in the appropriate modes of vehicle operation;

Inverterfchargers 224 and 27 are controlled by

during regenerative braking, inverter/chargers 224 and 27 are

controlled so that the motors absorb torque from the wheels,

slowing the vehicle, and storing the power thus generated in the

battery bank 22.

Control of "the inverter/chargers and. motors to absorb a

desired amount of torque from the wheels in response to a braking
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command from microprocessor 48 is considered to be within the skill

of the art. The command itself may be determined by microprocessor

48 responsive to the degree to which brake pedal 70 is depressed,

as measured by a potentiometer or similar device, indicated at 71.

However, according to the invention, as above, a device is provided

which varies the "feel" of the pedal {essentially its resistance to

being depressed by the driver) responsive to the degree

regenerative braking is in fact being implemented, thereby

providing tactile feedback to the driver enabling smooth

deceleration and, when appropriate, also providing an indication

that regenerative braking is not available.

In the implementation of the invention shown, controllable

resistance to the movement of brake pedal 70 is provided by

connecting it to a microprocessor-controlled pneumatic cylinder

assembly 230.

is driven by a connecting rod 234 attached to pedal 70 by a clevis

A piston 232 fitting within a pneumatic cylinder 238

236. As the pedal is depressed, moving from right to left in Fig.

15, i.e., from the position shown in full to that shown in dotted

lines, piston 232 expels air from the interior of cylinder 238 via

vent 240.

given pedal pressure is controlled by the spacing of a needle valve

The rate at which air is expelled in response to any

242 from a seat 244; the needle valve 242 is moved closer to its

seat 244 to increase the resistance to airflow, or moved away from

seat 244 to reduce the resistance. The spacing is controlled by

microprocessor 48 in order to vary the feel of the brake pedal 70;

in the implementation shown, the needle valve 242 is threaded into

the body in which valve seat 244 is formed, and the spacing is

controlled by the microprocessor 48 by commands sent to a motor 243

rotating the needle valve 242 through a pair of gears 250. A spring

252 may be provided to return the pedal to its initial position.

Thus, for example, if regenerative braking is not available, needle

valve 242 is that the cylinder little

resistance to the pedal, effectively informing the driver that only

opened, so provides

hydraulic braking is available. When regenerative braking is
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initiated, responsive to the microprocessor's.detecting a signal

from potentiometer 71, the needle valve is closed responsive to the

degree of braking provided, resisting motion of the pedal 70, and

‘so that the pedal feel provided to the operator is responsive t0

the degree of regenerative braking actually being effected.

Obviously, numerous other arrangements to thus controllably vary

the feel of the brake pedal will occur to those of skill in the

art.

The mechanical design of the hydraulic braking system of the

hybrid I generally

conventional, with two principal exceptions as follows:

the engine is not always running during movement of the hybrid

vehicle according to the invention is

First, as

vehicle, there is no consistent source of manifold vacuum as

conventionally employed to provide servo assistance to braking.

Therefore, a motor 254 powered directly by the battery bank BB is

provided, and drives a vacuum pump 256, providing vacuum to a

conventional servo booster 258, in turn operating conventional

wheel brakes 260. The same motor 254 can be used to power other

"ancillary" systems that in conventional vehicles are powered by

the engine, such as the steering pump and the air

(The art does recognize that hybrid

power

conditioning compressor.

vehicles require different sources of power for ancillary devices,

such as power steering pumps or power brake pumps. See Heidl

patent 5,249,637, at col. 1, lines 7 - 45.) Second, in order that

the initial movement of the brake pedal 70 activates only the

regenerative braking process {in order 'to obtain the maximum

benefit therefrom), a mechanism is provided so that the rod 262

actuating the piston within master cylinder 264 and thence the

wheel brakes 260 moves a distance X before the master cylinder

itself is actuated. In the implementation shown, this mechanism

simply involves provision of a cross-pin 266 fixed to rod 262 and

sliding within a slot 268 formed in the piston rod 270 of master

cylinder 264; accordingly, the master cylinder piston(s) do not

begin to move until the cross~pin 266 reaches the left end of slot
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2e8. If the overall pedal travel Y is six inches, the distance X
defined by slot 268 may be such as to allow pedal 70 to move freely

through 1-1/2 inches before the piston(s} of the master cylinder

264 begins to move.

Thus, according to this aspect'of the invention, potentiometer

71 provides a signal to the microprocessor 43 when the brake pedal

70 is depressed by the driver. The microprocessor 43 evaluates the

battery bank state of charge (SOC) as indicated at 66; unless this

is such that further charging is undesirable, the inverter/chargers

224 and 27 are operated such that motors 222 and 25 are operated as

generators, so that torque provided to the wheels by the road is

converted into electrical power, retarding the vehicle and charging

the battery bank. The degree of retardation thus provided depends

on the degree to which pedal 70 is depressed. The driver feels

resistance to depressing the pedal from air resistance controlled

by the opening of needle valve 242; microprocessor 48 controls the

opening of valve 242 so that the pedal feel corresponds to the

degree of regenerative braking that is provided. In the event

regenerative braking is not available for some reason, perhaps

because the battery bank is fully charged, because of some flaw in

the charging circuits, or because the vehicle is stopped, valve 242

is opened, so that the driver feels little resistance to initial

pedal travel, until the hydraulic brake system is.activated.

It will be

controlling the resistance to pedal travel to correspond to the

apparent that other types of devices for

amount of regenerative braking being provided, and thus to provide

the desired linear relationship between pedal resistance and

vehicle retardation, could be substituted for the pneumatic

cylinder with microprocessorwcontrolled vent device shown. For

example, a device controllably varying the friction between the

pedal pivot and its mounting structure could be provided; a

hydraulic system, similarly controlling the resistance to flow of

a fluid through an orifice, might be provided; or a device varying

the preload of a return spring might be provided. other equivalent
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devices for achieving the same goals will occur to those Of Skill

in the art.

fiEA§_§¥fiLen

The essential components of the-heating,

conditioning (HVAC) systems of conventional vehicles are a heater

an air conditioning

ventilation and air

core, connected to the engine cooling system,

an evaporator, and a fan to blow air over the
There are

system including

heater core and evaporator and into the passenger cabin.

in adapting the conventional

One is that

several issues to be addressed

automotive HVAC system to use in a hybrid vehicle.

conventionally the air conditioning compressor is driven by the

engine through an electricallywcontrolled clutch; in. a hybrid

vehicle this is unacceptable, as the engine is not run constantly.

the must be

Similarly, again as the engine is not run constantly,

poweredTherefore air conditioning compressor

differently.

the heater core cannot be relied upon to heat the cabin.

The art does recognize that hybrid vehicles require different

sources of power for ancillary devices, such as power steering

pumps or power brake pumps. See Heidi patent 5,249,63?, at col. 1,

7 ~ 45. to the effect that a

motor/generator used to drive the ancillaries during electric

lines Heidi's disclosure is

operation can be used as a generator when the vehicle is propelled

by an internal combustion engine.

Fig. 16 shows the principal components of an HVAC system for

a hybrid vehicle according to the invention. The complex ducting

that is typically provided to supply conditioned air throughout the

A fan 302

in succession past an

vehicle cabin is represented by a single duct 360.

forces 300, andair through the duct

evaporator 304, a heater core 306, and an electric heater 308. The

evaporator 304 is connected to an air Conditioning compressor 310

driven by an electric motor 312 powered from the battery bank, so

that the air conditioning system can be operated independent of the
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engine 40.

Motor 312 could be the same motor used to power other

ancillaries, such as the vacuum pump 256 (Fig. 15) used to provide

servo assistance to the brake system, or could be a separate motor

dedicated to powering the compressor 310. The latter may be

preferred, as this would allow elimination of the clutch otherwise

needed to permit operation of the compressor only when needed;

elimination of the clutch would also allow elimination of seals

that are a source of leaks.

compressor from the battery bank according to the invention is as

follows. to be useful under all

circumstances, the compressor must be sized to provide full cooling

conventionally, in order

with the engine at idle. Such a compressor is very inefficient at

higher speeds; by decoupling the compressor from the vehicle

drivetrain according to the invention, it can be designed to be

driven by motor 312 at a single optimally efficient speed. Cabin

temperature can be thermostatically controlled by an throttling

valve controlling the flow of refrigerant, or by turning motor 312

as required. of the airon and off The other components

conditioning system, including an expansion valve 314 and a

condenser 316, are shown schematically, and are generally

conventional.

When the engine is running, it is efficient to employ waste

heat from the engine cooling system to provide cabin heat, and

accordingly an essentially conventional heater core 306 and control

elements (not shown) are provided; heater core 306 is downstream of

the evaporator 304 with respect to the flow of air through duct

300, as conventional, so that dehumidified air can be heated to

provide efficient demisting.

In order to provide heat as may be required when the engine

is not running, Efll electric heating element 308, essentially

comprising a coil of Nichrome wire or the like, is provided, again

downstream of the evaporator 304- ‘Heating element 303 is provided

with conventional controls (not shown) and is powered directly from
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the battery bank 22, as indicated.

It will be appreciated that according to this aspect of the

invention, suitably heated or cooled cabin air is thus available

regardless of the mode of operation of the vehicle, as needed in

order that the hybrid vehicle of the invention suffers no comfort

or convenience.drawback with respect to conventional vehicles.

Indeed, because ample electrical power is available from the large
battery bank of the hybrid vehicle, electric heater 308 can be_

designed to heat the cabin much more rapidly than does the coolant

heat exchanging core of a conventional engine, thus providing a

convenience advantage. Similarly, conductors can be embedded-in

‘the vehicle windows and windshield and powered by the battery bank

for improved e1ectrica1ly—operated de—misting and de-icing.

It will be appreciated that the hybrid vehicle and operational

strategy therefor of the invention provide numerous advantages over

the prior art discussed herein, and that further improvements and

modifications thereto are within the skill of the art. Accordingly,

while a preferred embodiment of the invention has been disclosed,

and various alternatives mentioned specifically, the invention is

not to'be limited thereby.
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1. In a method of controlling an internal combustion engine

of a hybrid vehicle, said engine being operatively connected to

drive wheels of said vehicle through a clutch, said vehicle further

comprising a traction motor operatively connected to drive wheels

of said vehicle, a starter/generator motor operatively connected to

‘said engine for starting said engine and for Providing electrical

power in response to torque from said engine, a battery bank

adapted to store electrical energy to power said traction motor and

to start said engine, at least one inverter/charger adapted to

cooperate with said traction motor and said starter/generator such

that said traction motor can be operated to provide torque to said

road wheels responsive to electrical power from said battery bank,

or to provide electrical power to said battery bank responsive to

torque from said road wheels, and such that said starter/generator

can be operated to provide torque to start said engine, or to

provide electrical power to said battery bank responsive to torque

and a microprocessor adapted to control

said

provided by said engine,

operation of said motor,engine, said traction

starter/generator, and said at least one inverter/charger, so as to

.control flow of torque and electrical power therebetween in

response to sensed parameters, the improvement comprising:

establishing at least four vehicle operating modes, including:

a mode I, wherein said engine is not operated and said vehicle

is propelled by torque from said traction motor in response to

electrical power drawn from said battery bank;

a mode II, wherein said vehicle is propelled by torque from

said traction motor in response to electrical power drawn from said

battery bank, and said starter/generator is driven by torque

provided by said engine to provide electrical power to recharge

said battery bank;

a mode III, wherein said vehicle is propelled by torque from

said engine;

a mode Iv, wherein said vehicle is Propelled by torque from
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said engine and from said traction motor in response to electrical

power drawn from said battery bank;

wherein said microprocessor controls operation of said engine,

said traction motor, said starter/generator, and said at least one

inverter/charger in response to the instantaneous torque demands

(RL) of said vehicle, and such that said engine is operated only in

response to a load equal at least to a predetermined minimum value

of its maximum torque output.

2. The method of claim 1, wherein said starterfgenerator is

sized with respect to said engine such that said starter/generator

is capable of being driven by said engine in said mode II while

said engine produces at least about 30% of its maximum torque

output.

3. The method of claim 2, wherein said battery bank is sized

such that the charging current supplied by said starter/generator

in response to torque from said engine while producing at least

about 30% of its maximum torque output is no more than about 50

amperes.

4. The method of claim 1, wherein said microprocessor controls

operation of said vehicle such that said mode III is entered only

when RL is at least equal to a predetermined fraction of the

engine's maximum torque output (HTO).

5. The method of claim 4, wherein mode III is entered only

when BL is substantially equal to at least 30% of MTG.

6. The method of claim 5,-wherein said vehicle is operated in

mode III while 30% < RL < 100% of MTG.

7. The method of claim 1, wherein mode Iv is entered only when

RL > 100% of MTO.
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B. The method of claim 1, wherein said vehicle. further

comprises a adapted to be controlled by said

microprocessor so as to increase the torque output of said engine

from its maximum value while normally aspirated (MTG), and wherein

a further vehicle operating mode V is established, wherein said

turbocharger is controlled to operate when RL is greater than MTG

for more than a given period of time T.

turbocharger

9. The method-of claim 8, wherein if said vehicle is.in said

mode IV, with RL between 30 and 100% of hTO, and if RL then exceeds

100% of MTG, torque required in excess of 100% of MTG is initially

provided by said traction motor, and if RL continues to exceed 100%

of MTG for more than a given period of time T, said turbocharger is

activated by said microprocessor such that said engine produces

torque in excess of 100% of MTG.

10. A brake system for a hybrid vehicle, said vehicle

comprising a drive train including an internal combustion engine

operated to provide vehicle propulsive torque only during

predetermined modes of operation of said vehicle and at least one

traction motor and corresponding inverter/charger adapted to

provide vehicle propulsive torque during predetermined modes of

said vehicle and to provide electrical energyoperation of

from wheels of said vehicle during aresponsive to torque

regenerative braking mode of operation of said vehicle, a battery

bank adapted to provide electrical energy to said motor as required

and to accept charging energy from said motor when operated as a

generator during said regenerative braking mode of operation of

said vehicle, and a nficroprocessor for controlling the mode of

operation of said vehicle, said brake system comprising:

a brake pedal adapted to be operated by a driver of said_

vehicle,

a hydraulic brake system coupled to said brake pedal and

comprising at least one master cylinder and a number of wheel

I06
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brakes operatively connected to said master cylinder for retarding

said vehicle upon actuation of said pedal,

a sensor for providing a signal to said microprocessor

responsive to motion of said brake pedal,

a sensor for providing a signal to said microprocessor

responsive to the state of charge of-said battery bank,

a device controllable by said microprocessor to vary the

resistance to motion of said pedal during braking responsive to the

amount of regenerative braking being provided,

wherein said controls the

regenerative braking provided upon motion of said pedal responsive

to the state of charge of said battery bank, and controls the

resistance to motion of said pedal during braking responsive to the

amount of regenerative braking being provided.

microprocessor amount of

11. The .brake wherein said device

controllable by said microprocessor to vary the resistance to

system of claim 10,

motion of said pedal during braking responsive to the amount of

regenerative braking being provided comprises a pneumatic cylinder

having a piston sliding therein, said piston being operated by said

brake pedal, and comprising a vent passage including an orifice

controllable by said microprocessor to control the resistance to

motion of said pedal.

12. The brake system of claim 10, wherein said at least one

master cylinder is coupled to said brake pedal by an actuating rod

arranged so that said pedal can be moved through a predetermined

distance before said master cylinder begins to apply pressure to
said wheel brakes.

13. The brake system of claim 10, wherein said hydraulic

brake system comprises a servo actuator and a vacuum pump driven by

a motor responsive to electrical power supplied from said battery

bank. '
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14. .a heating, and air- conditioningventilation, (HVAC}

system for a hybrid vehicle, said vehicle comprising 3 driV9 Frain

including an internal combustion duringengine run only

predetermined modes of operation of said vehicle and at least one

traction motor adapted to provide vehicle propulsive torque during

‘predetermined modes of operation_of_said vehicle, a battery bank

adapted to provide electrical energy to said motor as required:

said HVAC system comprising:

-a duct having a fan disposed therein for forcing air 310“?

said duct; I

an evaporator in said duct;

an air conditioning compressor connected to said evaporatotr
and driven by an electric motor powered by said battery bank;

a heater core in said duct and connected to a cooling system

of said engine; and

an electrical-heating element in said'duct and connected to

‘said battery bank.

15. %he HVAC system of claim 14, wherein said evaporator is

disposed in said duct upstream. of said heater core and said

electrical heating element with respect to the direction of air

flow through said duct.

16. A method for determining the relative sizes of the

internal combustion engine, startinglcharging and traction

motors, and battery bank of a hybrid vehicle comprising said

components, said method comprising the steps of:

a. selecting an internal combustion engine having

sufficient torque to drive the vehicle without trailer at medium

to high speed along a moderate grade;

b. sizing the starting/charging motor to provide an

engine load during battery charging equal to at least

approximately 30% of the enginefs maximum torque output;

c. sizing the traction motor to provide adequate torque
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at zero speed to overcome the maximum grade specified from rest,
with the starter motor assisting as needed;

d. determining the maximum power drawn by the selected

motor under full power conditions;

e. calculating the battery voltage under load that will

be required to provide the power to be drawn by the mctorfs)

under full power conditions, and so that the ratio of the battery
voltage under load to the peak current drawn by the motor(s) is

at least 2.5:1, and

f. selecting the battery bank to provide the calculated

voltage under peak load conditions.
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ABSTRACT OF THE DISCLOSURE

A hybrid vehicle comprises an internal combustion engine, a

traction motor, a starter motor, and a battery bank, all controlled

by a microprocessor in accordance with the vehicle's instantaneous
torque demands so that the engine is run only under conditions of

high efficiency, typically only when the load is at least equal to

30% of the engine's maximum torque output. In some embodiments, a

turbocharger may be provided, activated only when the load exceeds

the engine's maximum torque output for an extended period; a two-

speed transmission may further be provided, to further broaden the

vehicle's load range. A hybrid brake system provides regenerative

braking, with mechanical braking available in the event the battery

bank is fully charged, in emergencies, or at rest; a control

mechanism is provided to control the brake system to provide linear

brake feel under varying circumstances.
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Best Available Copy

- :

FOR PATENT APPLICATION
DE TI N AND P WEE OF ATTORNEY

. d l re that:
As a below named inventor; I hereby 95 3

. 't'z nship are 35
My residence; P05t Office addr955 and Cl 1 3
next to my name-

riginal, firs
} or an original, first I .' ‘ d

} of the subject mat
ht on the inventifl

I believe I am the 0

name is listed below _
(if plural names are listed below
claimed and for which-a patent is soug
entitled: -

fiybrig Vehicles,
the specification of which

is attached hereto ' , , .

X was filed on A ril 2 2001 now assigned Applicati n Seriii
 No.O9gB22,866 and was amended on

applicable].

I hereby state that I have reviewed and understand the co-tents Of
the above identified application. including the specific tion and
claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose information which iscmaierial to

the examination of this application in accordance with Witle 37;Code of Federal Regulations, § l.56(a3.

I hereby claim foreign priority benefits under Title 3%, United
states Code, § 119, of the international application for atent or
inventor‘s certificate listed below and have also identif ed below

any foreign application for patent or inventor‘s certifica e having
a filing date before that of the application on which pr ority is
Claimed: NONE

   

Prior International Applicationisi Priori y
.‘ciaime

(Number) fCOUntry)' (Day/Month/Yr.Filedi Yes No

izgergby claim the benefit under Title 35, United State Code, §
the gubgggtfiiigfd Sgetes application listed-below and, i sofa: as
d. J ‘ er o ‘each of the claims of this epplicati n is not
isclosed in the prior United States application in t a manner

provided by the firSt_paragraph of Title 35, United Statef Code, §
112i I acknoeledge the duty to disclose material infor ation as
defined in Title 37. Code of Federal Regulations, § 1.56{a) which

occurred between the filing date of the prior applicatio and the
national or PCT international filing date of this applic tion:

 

O9/264,817 3/9/99 . Issued {6,209,6? )
60/100,095 9/14/99 Converted

09/392,743 9/9/99 Bending

50/122.295 3/l/99 "Converted

{APP1iCati0n SN} {Filing Date} Status ipatentedi pending
abandoned,_conVeFted)
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Best Available Copy

I hereby ap int the.As a named inventor; .a sect all
te this application and tr

POWER OF ATTORNEY:

demark Office connected th reWith=following attorney to PIDSGCU
business in the Patent and Tra

Michael de Angeli, Reg. No. 27.869

Send correspondence to: Michael de Angeli ‘I1901 Research Blvd.
Suite 330

‘ Rockville, MD 20850

Direct Telephone Calls to: £301} 2l7—95B5_

I hereby declare that all statements made herein o my own
knowledge are true and that all statements made on inform tion and
belief are believed to be true; and further that these S atements
were made with the knowledge that willful false statement and the
like so made are punishable by fine or imprisonment, or ho h, under
§ 1001 of Title 18 of the United States Code and that such willful

false statements may jeopardize the validity of the appli ation or
any patent issued thereon. '

Full name of sole or first joint inventor: Alex J. Seve insky

Inventor's signature j %t9f=fl‘5g:,é1 Date
Residence: Washington, DC Citizenship: UE

2EE§7OfflCe Address. 4707 Foxh ll Cresce t We h n tan QCP I '

Full - - - - -name of second goint inven or. lf any: iggggpre L9 ckes

Inventor's Signature‘ 3 ; .é:p Date $7 'Z»” 155%?3

Residence: Hall MI Citizenship: Ls

Post Office Address: 10398 A. omatox H ll - M 48 q  
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EATENT APPLICATION S‘!-ERIAL NO.

U.S. DEPARTMENT OF COMMERCE

PATENT AND TRADEMARK OFFICE
FEE RECORD SHEET

B3f3Bl2B11 SDEHBIJBE 83833811 13B55?9»§
B1 rc.-19x1 . . 333.33 up
52 mun 549.33 up
33 rc:1a11 223.93 up
ea FI2:1B31 5+a.aa an

PTO--I 5'56

(SIS?) I

‘L15. GcwemmentPrin1ing Offica; 2002+ 489-257359033
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PATENT APPLICATION S-ERIAL N0. 

U.S. DEPARTMENT OF COMMERCE

'P_ATENT AND TRADEMARK OFFICE
_FEERECORDSHEET

- ‘ t : was/eon unnuuna
331333531? gfizfiansa uaeuaon 13035394

- 04 n::1na1 -540.00 DP

01f25!EO11 UEDUUIIE 00000015 13065704

91 F£:10B1 270.00 UP

Credit Card Refund Intel: $2?0-00

UI5fl....: KXXKXXXXXXIX871E

aam;a_an' snamuaa asaasau 1335-me
a: scam: man up
52 rczun 54.5.93 an
as rmzn 223.93 or
54 ream: 54.23 up

PTO--1556

(5/87) _-

'1.J.S. Guvemrnen: Printing Offica: 2092- 45$2fiTI59D33

J
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PATENT APPLICATION FEE DETERMINATION RECORD '°"-°F"‘5-3’-"~"'”* 9’ D°‘3*““"N'-‘“‘“e'
Substitute for Form PTC}8?5 131055-794

APPLICATION AS FILED - PART] OTHER THAN

IfCr:Iu<I-In I_1 I'CI:IIuII'In 2? S1'uIT.|'3.LL ENTITY SMALL ENTITY

NUMBER FILED NUMBER EXTRA FEE($} RATEI$} FEE{S}

NM 330

MA 540

MA 220

52

_ NH‘-\
.*.".vEI'-‘I-'-2I’,".—I FEE
I27 CH1‘. 16IjkfI_ [I]-_ r:< .'IrI;_I
¢':)'(."\I‘\J'II:’\IF\'I IQ-V FEE
[37 CI-74‘ 1I'3I'oJ SDI. 0| Iq."J
TIDTAL CLAIMS
[37 CPR? 1'3I:I:1]
'NDEF‘ENDEI'\IT CL.-°\‘I\.~1S
I3".-" CFR ’ |':iII-"I'I'I

II the speciiicaiioia and drawings exceed 100
APPLICATION SIZE sheets; of paper. the applmiioaw size Tee due is
FEE $2.70 ($135 for small entity} for each acIo‘iTiDnaI
(37 OFF: 1.113(5): 50 sheets or fraction theTeof. See 35 1.1.8.0

41{aJ[1)t_G} and 3? CFI-"E I: 16(5).

MULTIPLE DEPENDENT CLAIM PRESENT (3? CFR ‘I 16(1)‘;

‘ If the difiemnce In cdurnn 1 is Iess than zero enter ‘'0' in oolurnn 2.

APPLICATION AS AMENDED — PART II

OTHE FI TI-FA N

I'_':ut!I§Irr'.=I 2;. {C ol umn 31 SM I3-LL ENTI TY SMALL ENTITY
L_JLI|°\II'U'-S |'|'I'C5I*+'t_ST

FIE IIIIAI-.’\‘:NG NIIN3 ER FHES ENT RATES ADDITIONALA:'IzTI 3‘HF\.f|I3‘.JSLY sxrrsm I I=EEI$IIIIDIENDMENT FINE ECFI

ADDITIONAL
FEEt$I

Ind ape ncienl-23? {‘:—':7I I .II=.;21nAMENDMENTA  

TOTAL
ADD'L FEE ADD'L FEE

IjI'.‘.o|'..rrIn 1'I I-Dclumn 2'I [Column 3]
CLAIMS ._ .

FIE.‘ II-IAPNINLE PRES ENF ADDITIONAL
AF Te: EXTRA ‘IF-T E43! FEEI$IM\-1EI\*I.'J|'\-‘.E!\l E '

ADDITIONAL

FIATEIEII FEE:$I

Tcra:
.;3:' CFFI :.Ie.;-TI

|II'JepeII£IeIIl
!'.’.'r’ CF51 I . I SIM?AMENDMENTB

'IC)TA'I.
ADDL FEE

" |I'.'nc-I 6,-rI1r\_.rr'I1 cI:'-unar "~ is IrIs5:1II.=1II II‘-I2 uII1.ryInc::lLIrI~-‘I2.wrE1€:"D"i'rr:c:|<.IrnH3.
“ II Ina "I-Iigv ..;: M'.II".1.‘P.I Prev-oII:;Iy Pavd r‘-c-I" IN Fl-H5 .‘5-=’A2)I:‘-'s're-.=ss I-”narI2<'J. eI".1e-"'20".

**“ ll {I19 "Highcegt 5\.IIIz1I.IL_:r I-‘rs,=uiI::IIe:|y Pa:-d FD" IN THIS SIN-‘ICE I5 I95‘; II“-:Lr. 5. I_‘r|IeI "3"
Th: "|~I:-ghes: NJ!‘-'1 lac: F-‘re:-we-I.-5.’--,r Pald For‘ -:‘i':.-EDI or Iladefienéenti .5 Tn: mghect ‘.c:-.Ind II". {DC E‘.DI_.'I.‘iGDI‘|£!\E box III column ?.
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UNITED S’i‘A'I‘ES P’\'1‘El\i"1‘A.\iD Tl-EADEMARK Ol~"FI(3EJ
UN |'|"\"ID ."iT'\'i'|‘:.‘1' T3137?’ .-1 H'I‘i‘tT 1‘I\'T Iii" fTJ\T\r’FF".fi("|*‘.
Unitetl States I"'atcm nmzi 'i"r':icie.ma1-k Uf’l':'r-e
..-,_':.li.- '1 “ ' ' " '!n'_:\'E-'.l'-'. is :r-: I3’.-\'l'l<t_.'x"l‘r+

  APPL EC'A".'IOi\'
\"-iMlti'R 9:-'?Ia_‘i I]-'\I'§-‘F F-I1. H-TL: RF-.("‘,) an 'i-*.'.nnr:i(.*-.':.3xr:

I 3i'065,7()4 {‘:_%r'29i'2f}l I 366‘! PA[(‘l-‘.20! DIV. 10

CONF|RMATlON N0. 6039

Michael C16 Angeli FILING RECElPT

BO Intrepid Lane

Jamestown. mi oases illlllllilf it itiigimLiili,llliiLliiili;itil1lit iilflilil Elli
Date Mailed: 04f27i'2011

Receipt is acknowledged of this non—provisionai patent appiication. The appiication wiil be taken up for examination

in due course. Appiioant will be notified as to the results of the ea-ramination. Any correspondence concerning the

application must include the ioilowing identification information: the US. APPLICATION NUMBER, FILING DATE,

NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to coilection.

Ptease verify the accuracy of the data presented on this receipt. if an error is noted on this Filing Receipt, please

submit a written request tor a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the

changes noted thereon. it you received a "Notice to File Missing Parts" for this application, please submit

any corrections to this Filing Receipt with your reply to the Notice. when the USPTO processes the repty

to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)

Aiex J. Severinsky, Washington, DC;

Theodore Louokes, Hoily, Mi, Deceased:

Assignment For Published Patent Application
PAJCE LLC

Power of Attorney:

Michael De AngeIi—~27869

Domestic Priority data as claimed by applicant

This application is a Div of 121320500 01129.-‘E009

which is a DIV of 11/459,458 0?i'24.»'2006 ABN

which is a DIV of 10r3B2,5?7 03.107.-"2003 PAT 7,104,347

which is a Div of 091822.866 04.102.-'2001 PAT 6,554,088

which is a CIP of 09126481? 03.«'09.«'1999 PAT 6,209,6?2
which claims benefit of 60.11 00,095 0911411998

and said 10.«'3B2,57? 0310712003

is a CIP of 09r'392,743 osicsnsss PAT 6,338,391

which claims benefit of 60.«'122,296 030111999

Foreign Applications {You may be eiigible to benefit from the Patent Prosecution Highway program at the

USPTO. Please see h_t;Q;r.iip,rtaryv_.usp_to,g_ov for more information)

If Required, Foreign Filing License Granted: 04i'25r201 1

The country code and number of your priority application, to be used for tiling abroad under the Paris Convention,

is Us 13ro55,7o4
page 1 of 3

Page 154 of 277 FORD 1210
154 of}???



Projected Publication Date: 0B.i04r’2Ui t

Non-Publication Request: No

Early Publication Fiequest: No
Title

Hybrid vehictes

Preliminary Class

701

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a US. patent extend onty throughout the territory of the United States and have no

effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent

in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international

application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same

effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing

of patent applications on the same invention in member countries, but does not result in a grant of "an international

patent" and does not eliminate the need of applicants to tiie additional documents and fees in countries where patent

protection is desired.

Almost every country has its own patent iaw, and a person desiring a patent in a particuiar country must make an

application for patent in that country in accordance with its particular laws. Since the laws of many countries differ

in various respects from the patent iaw of the United States, applicants are advised to seek guidance from specific

foreign countries to ensure that patent rights are not lost prematurely.

Appiicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must

issue a license before applicants can appiy for a patent in a foreign country. The filing of a U.S. patent application

serves as a request for a foreign filing license. The application's tiling receipt contains further information and

guidance as to the status of applicant's iicense for foreign filing.

Applicants may wish to consult the USPTO bcolciet, "Generai Information Concerning Patents" (specifically, the

section entitled "Treaties and Foreign Patents") for more information on timetrarnes and deadlines for fiiing foreign

patent applications. The guide is available either by contacting the USPTO Contact Center at 800—?'8B~91 99, or it

can be viewed on the US PTO website at http:ri’www.uspto.govr'webr’otfioesr'pac.-looctgeneraiiindex.html,

For information on preventing theft of your inteliectual property (patents, trademarks and copyrights), you may wish

to consult the US. Government website, http:r'r'www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes se|f—he|p "toolkits" giving innovators guidance on how to protect intellectual property in specific

countries such as China, Korea and Mexico. For questions regarding patent enforcement issues. applicants may

cat! the U.S. Government hotline at 1-886-999-HALT (t-866-999-«$158).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 8: 5.15

GRANTED

The appiicant has been granted a license under 35 Ll.S.C. 184, if the phrase "IF REQUIRED, FOREEGN FlLlNG

LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where

the conditions for issuance of a license have been met, regardless of whether or not a license may be required as

set forth in 37 CFR 515. The scope and limitations of this iicense are set forth in 3? OFF! 5.15(a) uniess an earlier

license has been issued under 37 GFR 5.15(b). The license is subject to revocation upon written notification. The

date indicated is the effective date of the license. unless an eariier license of sirniiar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the etfective date thereof unless

it is revoked. This license is automaticaily transferred to any related appiicationsis} filed under 37 CFR 1,53{d}. This
license is not retroactive.

The grant of a iicense does not in any way lessen the responsibility of a iicensee for the security of the subject matter

as imposed by any Government contract or the provisions of existing laws retating to espionage and the nationai

security or the export of technicai data. Licensees should apprise themselves of current regulations especialfy with

respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of

State (with respect to Arms. Munitions and implements of War {22 CPR 12?-128)); the Bureau of industry and

Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsContro|, Department of

Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GBALLTEQ

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING

LiCENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,

if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed

from the fiiing date of this application and the iicensee has not received any indication of a secrecy order under 35

U.S.C. 181. the licensee may foreign iiie the application pursuant to 37 CPR 5.15(b}.

page 3 of 3
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Severinsky et al Examiner: N/A

Serial No.: 13/065,704 Group Art Unit: 3667

Filed: March 29, 2011 Dkt.:PAICE201.DIV.l0

For: HYBRID VEHICLES

REQUEST FOR.CORRECTED FILING RECEIPT

Hon. Commissioner for Patents

P. 0. Box 1450

Alexandria VA 22313-1450"

Sir:

A corrected filing receipt is_requested for this

application. The filing receipt received shows one of the

parent applications as abandoned; in fact it has issued as

patent 7,520,353. A copy of the filing receipt as

corrected is attached.

Respectfully submitted,

cfi
Michael de Angeli

Reg. No. 27,869

60 Intrepid Lane
Jamestown RI 02835

401-423-3190
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UNITED STATE-‘II ])I':i‘:‘\it'.’i..“l'L\"'I‘ OF CU.“MI':RC}':
UniI.I:1'.i .‘:iI.n.I.1_>:| Patent and Trndrflktalll 0[1—I|~1-
Alldrcili DVJMBH-':i!SI|D?‘<'i‘:H i"L‘PH. P:\Tl':N"i‘S

     
111:1-mu

l3a'065,?04 OM29/20} I 366? I360 PAICEZDI .DiV,i0 l I

CONFIRMATION NO. 6039

Michael cle Angeli . i=||__iN(; REcE|pT

60 Intrepid Lane I _ ‘I I I I 1 I
Jamestown. RI 02835 _ llllllslliilllllilliilli llillillllllfliglyllliilll.-lllilillllll

Date Mailed; 0412772011 

in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the

application must inciude the foiiowing identification information: the US. APPLICATEON NUMBER, HUNG DATE,

NAME OF APPLICANT, and TITLE OF iNVENTlON. Fees transmitted by check or draft are subject to coiiection._

Please verify the accuracy of the data presented on this receipt. lfan error is noted on this Filing Receipt, please

submit a written request tor a Filing Receipt Correction. Please provide a copy of this Fiting Receipt with the

changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit

any corrections to this Fiiing Receipt with your reply to the Notice. when the USPTO processes the reply

to the Notice, the USPTO will generate another Fiiing Receipt incorporating the requested corrections

Appiicant(s}

Alex J. Severinsky, Washington, DC;

Theodore Lduckes, Hoily, Ml. Deceased;

Assignment For Published Patent Apptication
PAIGE LLC

Power of Attorney:

Michael De Angeii+~27BEi9

Domestic Priority data as claimed by appiicant

This appiication is a DIV of 12!320,6GD 011299009

which is a Div of11r45Q,4-58 o7;24r20o5.Aa.u.. PAT 7, -97,0 35'”?
which is a UN of 1OJ'332,5-77 Cr3!'U7f2003 PAT 7,104,347 - "
which is a DIV of U9i'822.866 04:’02i'2001 PAT 6,554,088

which is a CIP ot 09964.31? O3iU9i'1999 PAT 6,209,6T2
which claims benefit of 60!? 00,095 can-mesa

and said 1U!3Ei2.5?7 03!O?'!20D3

is a CIF‘ of 09f392.7-43 O9:‘O9r"i999 PAT 5,338,391

which claims benefit of 501122.296 Ci3r’Cl1i1999

Foreign Applications (You may be eiigible to benefit from the Patent Prosecution Highway program at the

USPTO. Please see http:i'iw3vw.uspto.gg for more information.)

if Required, Foreign Filing License Granted: 04129201 1

The country code and number of your priority appiication, to be used for filing abroad under the Paris Convention,

is US 13!065,704
page 1 of 3
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Projected Publication Date: DBi'04t201 1

Non-Publication Request: No

Early Publication Request: No
Time

Hybrid vehicles

Preliminary Class

701

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a US. patent extend only throughout the territory of the United States and have no
effect in a foreign country. an inventor who wishes patent protection in another country must apply for a patent

in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international {PCT} application generalty has the same

effect as a regular national patent application in each PCT~mernber country. The PCT process simptifies the filing

of patent applications on the same invention in member countries, but does not resuft in a grant of "an international

patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent

protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an

application for patent in that country in accordance with its particular iaws. Since the iaws of many countries differ

in various respects from the patent taw of the United States. applicants are advised to seek guidance from specific

foreign countries to ensure that patent rights are not test prematurely.

Applicants also are advised that in the case ofinventions made in the United States, the Director of the USPTO must

issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application

serves as a request for a foreign filing license. The apptications filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically. the
section entitled "Treaties and Foreign Patents") for more information on timefrarnes and deadlines for filing foreign

patent applications. The guide is available either by contacting the USPTO Contact Center at BO0—?86~9‘l 99. or it

can be viewed on the USPTO website at http:i!wvvw.u5pto.goviwebtofficesipaddocigeneraliindex.htmt.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights}. you may wish
to consutt the US. Government website. http:frvvi.uw.stopfakes.gov. Part of a Depanrnent of Commerce initiative.

this website includes seif-help "toolkits" giving innovators guidance on how to protect inteilectual property in specific

countries such as China, Korea and Mexico. For questions regarding patent enforcement issues. appticants may
call the U5. Govemment hotline at 1~866~999-HALT (1-856-999-4158).
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LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 8. 5.15

The applicant has been granted a license under 35 USC. ‘l84,_if the phrase "IF REQUIRED, FOREIGN FILING

LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where

the conditions for issuance of a ticense have been met, regardless of whether or not a license may be required as

set forth in 3? CFR 5.15. The scope and limitations of this license are set forth in 37’ CFR 5.15(a) unless an earlier
license has been issued under 37 CPR 5.1593). The license is subject to revocation upon written notification. The

date indicated is the eftective date of the license. unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14,

This license is to be retained by the licensee and may be used at anytime on or after the eflective date thereof unless

it is revoked. This iicense is automaticaliy transferred to any related applications(s} filed under 3?’ CFR 1.53(d}_ This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter

as imposed by any Government contract or the provisions of existing laws relating to espionage and the national

security or the export of technical data. Licensees should apprise lhemsetves of current reguiations especially with

respect to certain countries. of other agencies, particularly the Office of Defense Trade Controls, Department of
Stale (with respect to Arms. Munitions and Implements of War (22 CFR 121-123)}: the Bureau of Industry and

Security. Department of Commerce (‘I5 CFR parts ?3U-i'?4); the Oifice of Foreign Assetscontrol, Department of

Treasury (31 CFR Parts 500+) and the Department of Energy.

i1_o_T_eRAnTe_g

No license under 35 U.S.C. 184 has been granted at this time. it the phrase "iF. REQUIRED, FOREIGN FlLtNG

LICENSE GRANTED" DOES NOT appear on this form. Applicant may stilt petition for a ticense under 37 CFR 5.12,

if a license is desired beiore the expiration of 6 months from the filing date of the application. if 6 months has lapsed

from the filing date of this application and the licensee has not received any indication of a secrecy order under 35

U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 51 5(b).
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Request for Corrected filing receipt

Applicant: Severinsky at al

Ser. No.: 13/065,704

Filed: March é9, 2011

For: HYBRID VEHICLES

Docket No.: PAICE20l.DIV.10

Please daté-stamp and return
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Application No. Applio-antic}

133065304 SEVEFHNSKY ET AL.

Office Action Summary Examine, A” Unit

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --

Perlod for Reply

A SHORTENED STATUTORY PERIOD FOFE REPLY IS SET TO EXPiFiE _i_ MONTt—t{S) OH THIRTY (30) DAYS,
WHICHEVER t8 LONGER, FROM THE MAILING DATE OF THIS COMMUMCATEON.
— Extensions of time may be available underthe provisions of 3? CF? 1 13o(a]. In no event. however. may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication
— Ii NO period to-' reply is specified above. the rnaxrrnurn statutory period w==i apply and will expire SIX {6} MONTHS from the matting date of the ccrrrrr-unlcatiort.
— Failure to reply within the set or extended period for reply will, by statute cause the application to become ABANDONED (35 U S (3 § 133';-.

Ar-y rfiph; received by the Office later than three mcraihs after the rr-aiili-g date oi this cornn-uriicatior-. even it t:mc-ly tiled. may reduce any
earned patent term adjustment. See 3?’ OFF} ‘:30-fi{i3}.

Status

1)iZ| Responsive to communication(s) filed on 29 March 2011.

Qajfl This action is FINAL. 2b)E This action is non—tinai.

3)|:| Since this appiication is in condition for altowance except for formal matters, prosecution as to the merits is

ciosed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11. 453 O.G. 213.

Disposition of Claims

ztjfi Ctaim(s) jj—_f_éjisJare pending in the appiication.

4a) Of the above claimis)j isiare withdrawn from consideration.

S}I:I Claimisj __ isiare allowed.

6)I___I Ciaim(s isiare rejected.

7)D Ctaim(s isiare objected to.

8) Ctaim(s) 1'16 are subject to restriction andior election requirement.

)_

)

Application Papers

9)|:| The specification is objected to by the Examiner.

tO)I:I The drawing(s) filed on __ isiare: a)EI accepted or DJD objected to by the Examiner.

Appticant may not request that any objection to the dtawihg(s) be held in abeyance. See 37 CFR 1.35( j.

Reptacement drawing sheetist including the correction is required if the drawingist is objected to. See 37 CPR 1.t21{d).

1 t}|:I The oath or dectaration is objected to by the Examiner. Note the attached Office Action or form PTO—152.

Priority under 35 use 5 119

‘l2}l:| Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 1‘l9(a)—(d} or (f).

a}I:I Ail b}I:I Some * CJD None of:

1.|:| Certified copies of the priority documents have been received.

HE Certified copies ot the priority documents have been received in Application No. _j.

3.D Copies of the certified copies of the priority documents have been received in this National Stage

apptication from the international Bureau (PCT Ftute 17.2( J).

* See the attached detailed Office action for a list of the certified copies not received.

Attachmentist

1} I:] Notice of References Cited (PTO-B92) 4) D Interview Summary {PTO--4113)

2) I___| Notice of Draflspersons Patent Drawing Review (PTO-948) Paper No(s)iMa'I| Date._ .
3) El Information Disciosure Stalerneni(s} (F'TCJiSEli-'08) 5} D Notice of Informal Patent Application

Paper No(s}i"Mail Date _. 5} D 091973 _-
U 5. Patent and Tradeniam Ottice

PTOL-325 Rev. 08-06 Oflice Ar~*i- Q--W-mary Part of Paper No.iMall Date 20110627
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Application/Control Number: 13f065,?04 Page 2

Art Unit: 3667

DETAILED ACTION

Elecfion/Restrictions

1. Restriction to one of the following inventions is required under 35 U.S.C. 121:

l. Claims 1-9 are drawn to a method of controlling an internal combustion

engine of a hybrid vehicte, classified in class 180, subclass 6521.

ll. Ciaims 10-13 are drawn to a brake system for a hybrid vehicle. classified

in ctass 180, subclass 370.

Ill Claims 144 5 are drawn to an HVAC system of a hybrid vehicle, classified

in ciass 237, subclass 2B.

IV. Ciaim 16 is drawn to a method for controlling the relative size of the

internal combustion engine, classified in class 123, subclass 52.1.

The inventions are distinct. each from the other because of the following reasons.

2. Invention l/IV and Will are related as process and apparatus. The inventions are

distinct if it can be shown that either: (1) the process as claimed can be practiced by

another and materially different apparatus or by hand, or (2) the apparatus as claimed

can be used to practice another and materiatly different process. (MPEP § 806.05[e)).

In this case, the process as claimed (i.e. invention I/IV) can be practiced by another and

materialiy different apparatus such as it can be utilized by an engine ECU for

controlling the l.C. engine of a hybrid vehicle.
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Application/Control Number: 13f065,704 Page 3

Art Unit: 3667

3. Inventions it and iii are reiated as subcombinations disclosed as usabte together

in a singie combination. The subcombinations are distinct if they do not overiap in scope

and are not obvious variants, and if it is shown that at teast one subcombination is

separatety usabie. in the instant case, subcombination II has separate utility such as

controlling resistance to motion of brake pedal in brake system. See MPEP § 806.05(d).

4. Inventions I and IV are related as subcombinations disclosed as usable together

in a single combination. The subcombiriations are distinct if they do not overtap in scope

and are not obvious variants, and it it is shown that at least one subcombination is

separateiy usable. in the instant case, subcombination !V has separate utility such as

controlling the size of internal combustion engine by sizing startingicharging motor,

sizing traction motor and battery bank. See MPEP § 80~6.05(d).

5. Further, ugon election of invention I, ll, H1 or IV , the applicant is further required

to elect one of the disclosed species:

A1. Embodiment of Fig. 3.

A2. Embodiment of Fig. 4.

A3. Embodiment of Fig. 11.

A4. Embodiment of Fig. 14.

The species are independent or distinct because claims to the different species

recite the mutually exclusive characteristics of such species. in addition, these species

are not obvious variants of each other based on the current record.
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Application/Control Number: 13f065,704 Page 4

Art Unit: 3667

6. Applicant is required under 35 U.S.C. 121 to elect a single disclosed species fro

prosecution on the merits to which the claims shatl be restricted if no generic claim is

finally held to be allowable.

7. Restriction for examination purposes as indicated is proper because all these

inventions listed in this action are independent or distinct for the reasons given above

ald, there wouid be a serious search and examination burden if restriction were not

required because one or more of the following reasons apply:

(a) the inventions have acquired a separate status in the art in view of their

different classification;

(13) the inventions have acquired a separate status in the art due to their

recognized divergent subject matter;

(C) the inventions require a different fieid of search (for example, searching

different ciasses/subclasses or electronic resources, or employing different

search queries);

(d) the prior art appiioable to one invention would not tikely be applicabie to

another invention;

(e) the inventions are likely to raise different non-prior art issues under 35 U.S.C.

101 and/or 35 U.S.C. 112, first paragraph.

Applicant is advised that the reply to this requirement to be complete must

include (i) an election of a invention to be examined even though the requirement
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Application/Control Number: 13fO65,704 Page 5

Art Unit: 3667

may be traversed (37 CPR 1.143) and (ii) identification of the claims encompassing

the elected invention.

The election of an invention may be made with or without traverse. To reserve a

right to petition, the election must be made with traverse. if the reply does not distinctly

and specificalty point out supposed errors in the restriction requirement, the election

shall be treated as an election without traverse. Traversal must be presented at the ttrne

of election in order to be considered timely. Failure to timely traverse the requirement

will resuit in the loss of right to petition under 37 CFR 1.144. It claims are added after

the eiection, appticant must indicate which of these claims are readable on the elected

invention.

It claims are added after the election, applicant must indicate which of these

claims are readable upon the eieoted invention.

Shoutd appticant traverse on the ground that the inventions are not patentably

distinct, applicant should submit evidence or identify such evidence now of record

showing the inventions to be obvious variants or cteariy admit on the record that this is

the case. in either instance, if the examiner finds one of the inventions unpatentable

over the prior art. the evidence or admission may be used in a rejection under 35 U.S.C.

103(a) of the other invention.

Any inquiry concerning this communication or eartier communications from the

examiner should be directed to MUHAMMAD SHAFI whose telephone number is

(571)270-5741. The examiner can normally be reached on lvl-F 8:30 AM —5:00 PM.
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Application/Control Number: 13f065,704 Page 6

Art Unit: 3667

If attempts to reach the examiner by teiephone are unsuccessful, the examiners

supervisor, James Trammell can be reached on (571)-272-6712. The fax phone

number for the organization where this application or proceeding is assigned is 571-

27343300.

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 PAlFi or Public PAIR.

Status information for unpubiished applications is avaitable through Private PAIR only.

For more information about the PAIR system, see httpflpair~direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EEC) at 866-217-9197 (toll-free). If you woufd like assistance from a

USPTO Customer Service Representative or access to the automated information

system, Call 800~786~9199(lN USA OR CANADA) or 571 ~272~‘l 000.

fins!

Examiner

Art Unit 3667

/James P Trammellf

Supervisory Patent Examiner, Art Unit 3667

ie**
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CONFIRMATION NO. 6039

Michael de Angeli PUBLICATION NOTICE

60 intrepid Lane

RI 02835 iilllllliill|llilil@mllll0iill§li[‘liLlgltiillli iillliiliillf

Titie:Hybrid vehicles

Publication No-.US—2CI1 i—U1QOQ71—A1

Publication Date:08f04i'201 1

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronicaliy published as a patent appiication publication pursuant to 37

CFR 1211, et seq. The patent appiication publication number and pubiication date are set forth above.

The pubiication may be accessed through the USPTO's publically availabie Searchable Databases via the

tnternet at www.uspto.gov. The direct link to access the publication is currentiy http:i’.iwww_uspto_govi"patftf_

The publication process established by the Office does not provide for mailing a copy of the publication to

applicant. A copy of the publication may be obtained from the Office upon payment otthe appropriate fee set forth

in 37 CFR t.tQ(a)(i}_ Orders for copies of patent application pubtications are handied by the USPTO's Office of

Public Records. The Office of Pubiic Records can be reached by telephone at {T03} 308-9728 or (800) 972-6382.

by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of

Public Records, Alexandria, VA 223134450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent

Etectronic Business Center at www.uspto_gov using the public side of the Patent Apptication information and

Retrieval {PAtR) system. The direct link to access this status information is currently http:iipair.uspto,govi'. Prior to

publication, such status information is confidential and may oniy be obtained by applicant using the private side of
PAiR.

Further assistance in eiectronicaliy accessing the pubticaiion, or about PAIR, is avaiiable by calling the Patent
Electronic Business Center at 1—BBfi~21?-919?.

Office of Data l'vl:;iuag.:n:-11t. Application Assistaitcc Unit (571) 272-4000, or i 571 l 272-4200. or 1-838-786-0101
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 IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

11 re the Patent Application of :

Severinsky et al Examiner: Shafi

semi No.: 13!065,'/04 2 Group Art Unit: 366?

Filed: March 29, 201] A1t.Dkt:PAICE201.DIV.l0

For: Hybrid Vehicles

Hon. Commissioner for Patents

PO. Box 1450

Alexandria VA 22313-1450

AMENDMENT

Sir:

In response to the Office Action maiied June 28, 201 1 setting a shortened statutory period

for response extended by a paper filed herewith with fee to expire September 28, 20] 1, kindly

amend the ahove-identified application as foiiows:

lE:’Ei3/E1311 HUIJEII-H31 i3Biifi38B4 B43481 $865784

B1 Fcueaa ' 1533.93 on
32 runes: 253.93 up

1

Page 171 of 277 FORD 1210



IN THE CLAIMS

1 - 16 (Cancelied)

17. (New) A method for controlling a hybrid vehicie, said vehicle comprising a battery, a

controller, wheels, an internal combustion engine and at least one eiectrie motor, wherein both _

the internal combustion engine and motor are capable of providing torque to the wheels of said

vehicle, said method comprising the steps of: I

operating the internal combustion engine of the hybrid vehicie to provide torque to operate the

vehicle;

operating said at least one eieetric motor to provide additional torque when the amount of torque

provided by said engine is less than the amount of torque required to operate the vehicle; and

employing said. controller to control the engine such that a rate of change of torque output of the

engine is limited to no more than a predetermined value.

18. (New) The method ofclaim 17, wherein said step of controlling the engine such that a rate

of change of torque output of the engine is limited is performed such that combustion of fuel

within the engine occurs at a near-stoichiometric ratio.

l9. (New) The method ofelaim I3, wherein the amount of oxygen in an exhaust stream from

said engine is monitored to ensure that combustion of fuel within the engine occurs at a near-
stoichiornetric ratio.

20. (New) The method of claim 17, wherein when said engine is rotated at at least 300 rpm,

whereby the engine is heated prior to supply of fuel for starting the engine.

21. (New) The method of claim 17, wherein fuel and air are supplied to said engine at a fuel:air

ratio of no more than 1.2 of the stoichiometric ratio for starting the engine.

22. (New) The method of claim 17, wherein said at least one electric motor produces torque at

least equal to the engine’s maximum torque output (MTO).

23. (New) The method of claim 17, comprising the further steps of:

operating said at least one electric motor to provide additional torque when the torque required to

operate the vehicle is greater than the engine’s instantaneous torque output (ITO), and
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operating said electric motor as a generator to accept torque from said engine to charge said

battery when the torque required. to operate the vehicle is less than ITO.

24. (New) The method of claim 1?, comprising the further steps of:

operating said internal combustion engine to provide torque to the hybrid vehicle when the

torque required to operate the hybrid vehicle is between a setpoint SP and a maximum torque

output (MTO) of the engine, wherein the engine is operable to efficiently produce torque above

SP, and wherein SP is substantially less than MTO;

operating both the at least one electric motor and the engine to provide torque to the hybrid

vehicle when the torque required to operate the hybrid vehicle is more than MTO; and

operating the at least one electric motor to provide torque to the hybrid vehicle when the torque

required to operate the hybrid vehicle is less than SP.

25. (New) The method of claim 24, further comprising the step of operating the engine at torque

output levels less than SP under abnormal and transient conditions.

26. (New) The method ofclaim 17, further comprising the step of:

operating the engine to charge the battery responsive to the state of charge of the battery,

wherein the engine is operable to provide torque at least equal to SP to propel the hybrid vehicle,

to drive the at least one electric motor to charge the battery, or both, wherein torque produced by

the engine equal to the torque required to propel the vehicle (RL) is used to propel the hybrid

vehicle, and torque produced by the engine in excess of RL is used to -drive the at least one

electric motor to charge the battery.

27. (New) The method of claim 17, wherein energy is supplied to the motor from the battery at a

voltage of at least 500 volts under peak load conditions.

28. (New) The method of claim 17, wherein energy is supplied to the motor from the battery at

no more than about 75 amperes under peak load conditions.

29. (New) A method for controlling a hybrid vehicle, said vehicle comprising a battery, a

controller, wheels, an internal combustion engine and at least one electric motor, wherein hoth

the internal combustion engine and motor are capable of providing torque to the wheels of said

vehicle, said method comprising the steps of:

operating the internal combustion engine of the hybrid vehicle to provide torqueto operate the

vehicle;

operating said at least one electric motor to provide additional torque when the amount of torque

being provided by said engine is less than the amount of torque required to operate the vehicle;
and
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employing said controller to control the engine such that a rate of change of torque output of the

engine is limited to no more than a predetermined value, and such that combustion of fuel within

the engine occurs at a near-sroichiometrie ratio.

30. (New) The method of claim 29, wherein the amount of oxygen in an exhaust stream from

said engine is monitored to ensure that combustion of fuel within the engine occurs at a near-
stoichiometrie ratio.

31- (New) The method of claim 29, wherein when said engine is rotated at at least 300 rpm,

whereby the engine is heated prior to supply of fuel for starting the engine.

32. (New) The hybrid vehicle of claim 29, wherein fuel and air are supplied to said engine at a

fuelzair ratio of no more than 1.2 of the stoichiometric ratio for starting the engine.

33. (New) The method of claim 29, wherein said at least one electric motor produces torque at

least equal to the engine’s maximum torque output (MTO).

34. (New) The method of claim 29, comprising the further step of:

operating said electric motor as a generator to accept excess torque from said engine to charge

Said battery when the torque required to operate the vehicle is less than the engine’s ITO.

35. (New) The method of claim 29, comprising the further steps of:

operating said internal combustion engine to provide torque to the hybrid vehicle when the

torque required to operate the hybrid vehicle is between a setpoint SP and a maximum torque

output (MTO) of the engine, wherein the engine is operable to efficiently produce torque above

SP, and wherein Si’ is substantially less than MTG;

operating both the at least one electric motor and the engine to provide torque to the hybrid

vehicle when the torque required to operate the hybrid vehicle is more than MTG; and

operating the at least one electric motor to provide torque to the hybrid vehicle when the torque

required to operate the hybrid vehicle is less than SP.

36. (New) The method of claim 35, further comprising the step of operating the engine at torque
output levels less than Si’ under abnormal and transient conditions.

37. (New) The method of claim 35, further comprising the step of:

operating the engine to charge the battery responsive to the state of charge of the battery,

wherein the engine is operable to provide torque at least equal to SP to propel the hybrid vehicle,

to drive the at least one electric motor to charge the battery, or both, wherein torque produced by

the engine equal to the torque required to propel the vehicle (RL) is used to propel the hybrid
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vehicle, and torque produced by the engine in excess of RL is used to drive the at least one

eiectric motor to charge the battery.

38. (New) The method of claim 29, wherein energy is supplied to the motor from the battery at a

voltage of at least 500 volts under peak load conditions. I

39. (New) The method of claim 29, wherein energy is supplied to the motor from the battery at a

current of no more than about 75 amperes under peak load conditions.

40. (New) A method for controlling aihybrid vehicle, comprising the steps of:

determining instantaneous road load (RL) required to propel the hybrid vehicle;

operating at least one electric motor to propel the hybrid vehicle when R1. is less than a setpoint

(SP);

operating an internal combustion engine of the hybrid vehicle to propel the hybrid vehicie when

RL is between SP and a maximum torque output (MTO) of the engine, wherein the engine is

operable to efficiently produce torque above SP, and wherein SP is substantially less than MTO;

operating both the at least one electric motor and the engine to propel the hybrid vehicle when

RL is more than MTO; and

controlling the engine such that a rate of change of torque output of the engine is limited, and, if

the engine is incapable of supplying instantaneous torque required to propet the hybrid vehicle,

supplying additional torque from the at least one electric motor.

41. (New) The method of claim 40, wherein said step of controlling the engine such that a rate of

change of torque output of the engine is limited is performed such that combustion of fuel within

the engine occurs at a near—stoichiometric ratio.

42. (New) The method of claim 41, wherein the amount of oxygen in an exhaust stream from

said engine is monitored to ensure that combustion of fuel within the engine occurs at a near-
stoichiometric ratio.

43. (New) The method of claim 40, wherein when said engine is rotated at at least 300 rpm,

whereby the engine is heated, prior to suppiy of fuel for starting the engine.

44. (New) The method of claim 40, wherein fuel and air are supplied to said engine at a fuei:air
ratio of no more than 1.2 of the stoichiometric ratio for starting the engine.

45. (New) The method of claim 40, wherein said at least one electric motor produces torque at

least equal to M10.

46. (New) The method of claim 40, comprising the further steps of:

Page 175 of 277 FORD 1210
1....,.-. .7 -



operating Said electric motor as a generator powered by said engine to charge said battery when

RL is less than the cngine’s instantaneous torque output (ITO); and

operating said at least one electric motor to provide additional torque when RL is greater than the

engine’s instantaneous torque output (ITO). '

47. (New) The method of claim 40, further comprising the step ofoperating the engine at torque

output levels less than SP under abnormal and transient conditions.

48. (New) The method of claim 40, further comprising the step of:

operating the engine to charge the battery responsive to the state of charge of the battery,

wherein the engine is operable to provide torque at least equal to SP to propel the hybrid vehicle,

to drive the at least one electric motor to charge the battery, or both, and wherein torque

produced by the engine equal to KL is used to propel the hybrid vehicle, and torque produced by

the engine in excess of RL is used to drive the at least one electric motor to charge the battery.

49. (New) The method of claim 40, wherein energy is supplied to the motor from the battery at a

voltage of at least 500 volts under peak load conditions.

50. (New) The method of claim 40, wherein energy is supplied to the motor from the battery at a
current of no more than about 75 arnperes under peak load conditions.

51. (New) A hybrid vehicle, comprising:

one or more wheels;

an internal combustion engine operable to propel the hybrid Vehicle by providing torque to the

one or more wheels;

at least one electric motor operable to propel the hybrid vehicle by providing torque to the one or

more wheels;

a battery coupled to the at least one electric motor, operable to provide electrical power to the at

least one electric motor; and

a controller, operable to control the flow of electrical and mechanical power between the engine,

the at least one electric motor, and the one or more wheels, responsive to an operator command;

wherein said controller controls said at least one electric motor to provide additional torque when

the amount oftorque being provided by said engine is less than the amount of torque required to

operate the vehicle; and

wherein said controller controls said engine such that a rate of change of torque output by said

engine is limited to no more than a predetermined value.
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52. (New) The hybrid vehicle of claim 51, wherein the controller is operable to limit a rate of

change of torque produced by theengine such that combustion of fiiel within the engine occurs at
a near—stoichiometric ratio.

53. (New) The hybrid vehicle of claim 52, wherein the amount of oxygen in an exhaust stream

from said engine is monitored to ensure that combustion of fuel within the engine occurs at a

near-stoichiometric ratio. '

54. (New) The hybrid vehicle of claim 51, wherein when said engine is rotated at at least 300

rpm, whereby the engine is heated, prior to supply of fuel for starting the engine.

55. (New) The hybrid vehicle ofclairn 51, wherein fuel and air are supplied to said engine at a

fuel:air ratio of no more than 1.2 of the stoichiometric ratio for starting the engine.

56. (New) The hybrid vehicle of claim 51, wherein the controller stops the engine when the

torque required to propel the vehicle, to charge the battery, or both, is less than SP.

57. (New) The hybrid vehicle of claim 51, wherein the battery is operable to be charged when

the instantaneous torque output of the internal combustion engine is greater than the amount of

torque required to propel the vehicle, when the amount of torque required to propel the vehicle is

negative, or when braking is initiated by the operator.

58. (New) The hybrid vehicle ofclaim 51, wherein the maximum torque available for supply to

the one or more wheels from the at least one electric motor is at least equal to the maximum

torque available for supply to the one or more wheels from the engine.

59. (New) The hybrid vehicle of claim 51, wherein the controller is operable to start and operate

the engine at torque output levels less than SP under abnormal and transient conditions.

60. (New) The hybrid vehicle of claim 51, wherein energy is supplied from the battery to the

motor at a peak of at least 500 volts under peak load conditions.

61. (New) The hybrid vehicle of claim 51, wherein energy is supplied from the battery to the

motor at no more than about 75 amperes under peak load conditions.
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REMARKS

Claim 16 previously pending in this application (claims I - 15 having been canceled in

the original cover letter filed August 9, 2010) has been cancelled in favor of new claims 17 - 61.

Entry is respectfully requested.

The Office Action of June 28, 20] l was a restriction requirement, which has been

obviated by the submission of new ciaims. All of claims 17 — 61 include the limitation that the

rate of change of torque of the engine of the hybrid vehicle of the claims is limited, and it is

respectfully submitted that all of these claims are accordingly appropriate for examination in a

single application. The advantage of thus limiting the rate of change of torque output by the

engine is that the engine can be controlled to combust fuel at the stoichiometric fuel:air ratio,

while any shortfall in torque required to propel the vehicle can be provided by an electric motor

of the hybrid vehicle. This is recited explicitly in some of the independent claims (see claim 29),

and is found in dependent claims of some of the other claim sets (see claim 52, for example).

lhis aspect of the invention is discussed at pages 70~ Tl of the application as filed. Early and

favorable action on the merits is earnestly solicited.

. Respectfully submitted,

Dated: 1-7 ,r_' ‘H '
Michael de Angeli

Reg. No. 27,869

60 intrepid Lane

Jamestown, RI 02835
401-423-3190
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E: HE UNITED STATES PATENT AND TRADEMARK OFFICE
oi” . .

- - . ent Application of :

Severinsky et al Examiner: Shafi

Serial No.: l3a’065,704 Group Art Unit: 366'?

Filed: March 29, 201 I Att.Dkt:PAICE201.DlV.10

For: Hybrid Vehicles

Hon. Commissioner for Patents

P.O. Box 1450

Alexandria VA 2231} I450

TRANSMITTAL OF AMENDMENT

Transmitted herewith is an amendment inthe above — identified application.

x_ A credit card charge form for the additional claim fee of $1520 as caiculated below (also

paying the $490 fee for a two-month extension of time) is enclosed for this amendment.

_ The Commissioneriis hereby authorized to charge the fee for additional claims, as calculated
below, or any underpayment (or to credit overpayment) to our Deposit Account No. 04-0401. A

duplicate copy of this sheet is attached.

LARGE ENTITY

TOTAL CLAIMS PRESENT ADDITIONAL

CLAIMS PREVIOUSLY EXTRA RATE

PAID FOR

TOTAL 45 20 = 25 Extra x 52 = $1300.00

INDEP. 4 3 = 1 Extra x 220 = $ 220.00

TOTAL: $1520.00
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Respectfilily submitted,

Michael dc Angeli '

Reg. No. 27,869

60 Intrepid Lane
Jamestown RI 02835

4-01-423-3 190

--v‘ CERTIFICATE or HAILTNG -*v*

I hereby certify that this correspondence is being maxled with
adequate postage on the date below via the US Postal Service,
and addressed to Hon. Commissioner for Patents, P.0. Box 1450,
Arlington VA 22313-1450 .

Michael de Angeli

/C ‘id 7-7!};
Signazure Date
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/ IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 5;

3
_.-a re the Patent Application of :

Severinsky et al Examiner: Shafi

Serial No.: 13f065;704 Group Art Unit: 366?

Filed: March 29, 2011 Att.Dk.t:PAICE20l.DIV.10

For: Hybrid Vehicles

Hon. Commissioner for Patents

P.O. Box 1450

Alexandria VA 22313-1450

PETITION FOR EXTENSION OF TIME

Dear Sir:

The above-named applicant hereby requests a Iwo—m0nth extension of time to

respond to the Offioe Action mailed in this application on June 28, 2011.

The petition fee of $490 is being paid by way of a credit card charge from also

paying the fee for additional claims.

Respectfully submitted,

ff '2»? /1 r '  /4 “
Dated Michael ale Angeli

Reg. No. 27,869

60 Intrepid Lane

' Jamestown, RI 02335

401-423-3190

13/{I3/2811 HUUOHBI BBQBEBB4 343481. l3B65?B4
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 IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Severinsky et al Examiner: Shafi

Serial No.: 13/065,704 Group Art Unit: 3667

Filed: ° Atty..Dkt.:March 29, 2011 PAICE201.DIV10

For: Hybrid Vehicles

CHANGE OF CORRESPONDENCE ADDRESS

Hon. Commissioner for Patents

P. O. Box 1450

Alexandria VA 22313-1450

Sir:

Effective November 15, 2011, kindly change the address for

correspondence concerning this matter to the following

Michael de Angeli
34 Court Street

Jamestown RI 02835

Tel: 401-423-3190

Fax: 401-423-3191

Email: Mdeangeli20@gmai1.com

Thank you for your attention to this matter.

Respectfully submitted.

Michael de Angeli

Reg. No. 27,869

60 Intrepid Lane
Jamestown RI 02835

401—423~3190

Dated: Z¢/ t/”i;;7;Q/
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Application No. Appiicantts}

r3ro55,7-34 sEvEr=rrrisl<v ET AL.

Office Action Summary Examine, A” Unit

MUHAMMAD SHAFI ass?

-- The MAILING DA TE of this communication appears on the cover’ sheet with the correspondence address --

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY lS SET TO EXPIRE Q MONTHIS) OR THIRTY (30) DAYS,
WHICHEVEH lS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.
— Extensions of time may be available under the [}!'CI'lit$!12|15 oi 3? Ci-"Fl 1.!3ora} In no event. however. may a reply be timely filed

ariier SIX {6} 9lrlON‘l"—rS irorrr the rr-arireg date ollhis oarnrnunrcarior‘-.
— II NO period to-' reply is spec-lied above. the rnaxrrnurn statutory per-od wili apply and will expire six is) MONTHS from the maliir‘-g date of this ccrrrmunicatron
- Faieuze to repay wrthrr-. the set or extended period lor reply will. by statute cause the appircairon to become ABANDONEG (35 U_S.C}. § 133}.

Any repiy received by 1i‘-F: Oiiice later than three months alter the mailing dale o! this r:rJrr:n1un=C;at:o<1_ even J l:rr.ely Iiiecl. may reduce any
sari‘-er-d pa:erat‘.srrn adjustment See 3?’ Ci-"Fl t i’Li4{b}.

Status

1)lX| Flesponsive to comrnunication(s) filed on 30 Sepremberzor t.

2a}i:_I This action is FINAL. Qbifi This action is non-finai.

3)|:] An election was made by the applicant in response to a restriction requirement set forth during the interview on

j: the restriction requirement and election have been incorporated into this action.

4}I:] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Ex parte Ouayle, 1935 CD. 11, 453 O.G. 213.

Disposition of Ctaims

5)E Ciaim(s) _i__7__~_'_6_1israre pending in the application.

5a} Of the above claims)_ is.-“are withdrawn from consideration.

j isiare allowed.

E isiare rejected.

isiare objected to.

are subject to restriction andror election requirement.

Application Papers

1o}|:| The specification is objected to by the Examiner.

11)E] The drawing(s_l filed on 29 March 2011 israre: a)|Xi accepted or b}CI objected to by the Examiner.

Applicant may not request that any objection to the drawingfs) be held in abeyance. See 37 CFR 1.B5{ ).

Flepiacement drawing sheetisj including the correction is required if the drawingisl is objected to. See 37 CFH 1.121{ ).

12}|:| The oath or declaration is objected to by the Examiner. Note the attached Office Action or iorm PTO-152.

Priority under 35 U.S.C. § 119

13)i:I Acknowledgment is made of a claim forforeign priority under 35 U.S.C. § 1 19(a)—(d) or (f).

a}i:I All b)l:I Some " c)[:] None of:

1 .i:I Certified copies of the priority documents have been received.

2.I:| Certified copies of the priority documents have been received in Application No. .

3.Ij Copies of the certified copies of the priority documents have been received in this Nationai Stage

application from the international Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action for a list of the certified copies not received.

Attachmentisl

1} IX! Notice of Fieierences Cited rerosozr 4) C] interview Summary iF=TO—413)

2) D Notice of Drattspersons Patent Drawing Review (PTO -943) Paper N0(5lr'l‘-‘laii Dale1 .
3} D Information Disclosure Staternentisl (PTors Bros} 5} i:i Notice of informal Patent Application

Paper Norsymarl pate _ 5) [:| Other: .
LJ.5. Patent and Trademark Oillce

PTOL—326 (Rev. os-11) orrrce Ar‘“M- s--»--i-rary Part of Paper l\io..-“Nlail Date 20111123
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Application/Controt Number: 13/065,704 Page 2

Art Unit: 3867

DETAILED ACTION

The communication is a first office action, non—final rejection on the merits.

Ctaims 17-61, as ortginalty tiled, are currentiy pending and have been considered

below.

Claim Rejections - 35 USC § 112

1. The fottowing is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall conclude with one or more claims particuiarty pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

2. Claims 18-19. 29-39,-41-42 and 52-53 are rejected under 35 U.S.C. 112, second

paragraph, as being indefinite for failing to particularly point out and distinctly claim the

subject matter which appticant regards as the invention.

In these ciaims, the recitation "a near-stoichicmetric ratio" renders the claim

indefinite since it is not ciear what stoichiometric ratio is meant here, lean ratio or rich

ratio. What is the air fuel ratio '? Clarification is required.

Claim Rejections - 35 USC § 102

3. The foitowing is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shat! be entitied to a patent unless —

{D} the invention was patented or described in a printed publication in this or a toreign country or in
public use or on sale in this country, more than one year prior to the date of application for patent in
the United States.

4. Claims 17-18, 23-29, 34-41, 46-52, 58-60 and 61 are rejected under 35

U.S.C. 102(b) as being anticipated by Severinsky (USP 5343970).

As Per Claim 17, Severinsky teaches, a method ( via microcontroller 48. Fig. 3)
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Application/Controt Number: 13/065,704 Page 3

Art Unit: 3667

for controtling a hybrid vehicie ( Fig.3), said vehicie comprising a battery (22) , a

controller ( microcontroller 48). wheets ( 34). an internal combustion engine (40) and at

least one electric motor ( 20), wherein both the internal cornbustéon engine (40) and

motor (20) are capabie of providtng torque to the wheels of said vehicle ( Fig. 3), said

method comprising the steps of: operating (via microoontroiler 48, Fig. 3) the internal

combustion engine ( 40) of the hybrid vehicle to provide torque ( via controltaole torque-

transfer unit 28) to operate the vehicle (Abstract), also see Abstract. tines 2-4, and via

steady state highway cruising , abstract, lines 9-10); operating (via microcontroller 48,

Fig. 3) said at least one eiectric motor (20) to provide additional torque when the

amount of torque provided by said engine (40) is less than the amount of torque

required to operate the vehicie; (via Abstract : when acceierating or climbing hill (i.e.,

engine torque is not sufficient to meet road load torque) , both engine and motor

providing torque to drive the vehicle, Abstract) and employing said controller (via

microoontroiier 48. Fig. 3) to control the engine (40) (via controllable torque-transfer unit

28) such that a rate of change of torque output of the engine is limited to no more than a

predetermined value ( via engine producing substantial torque over a wide RPM

operating range, Got. 12. lines 7-13. In Fig.14. O-C being torque range. after that torque

decrease with increase in RPM).

As per Claims 18 and 41, 52. Severinsky teaches the limitation of Ciaim 1?.

Severinsky further teaches, wherein said step of controlting the engine such that a

rate of change of torque output of the engine is limited is performed such that

combustion of fuel within the engine occurs at a near-stoichiometric ratio (operating the
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engine 40 in lean burn mode via supptying air slightiy in excess of the amount required

for stoichiometric combustion , achieving complete combustion (Col. 12. lines 13-22, ,

Fig. 11, 4).

As per Claims 23 and 34 , Severinsky teaches the limitation of Ctaim 17.

Severinsky, further teaches, operating ( via 48) said at least one electric motor to

provide additional torque when the torque required to operate the vehicle is greater than

the engine‘s instantaneous torque output (ITO) (via Abstract : when accelerating or

climbing hill (i.e., engine torque is not sufficient to meet road load torque) . both engine

and motor providing torque to drive the vehicle, Abstract) and operating said electric

motor as a generator to accept torque from said engine to charge said battery when the

torque required to operate the vehicle is less than ITO. ( Abstract; Co|.6, lines 19-49,

Col.7, lines 8-26, Figs. 1-2).

As per Claims 24 and 35 , Severinsky teaches the limitation of Ctaim 17.

Severinsky, further teaches, comprising the further steps of: operating said internal

combustion engine ( via Microcontroiler 48) to provide torque to the hybrid vehicie

when the torque required to operate the hybrid vehicle is between a setpotnt SP and a

maximum torque output (MTG) of the engine, wherein the engine is operabte to

efficiently produce torque above SP, and wherein SP is substantiaily less than MTO (via

when in steady state htghway cruising , Abstract, lines 9-10); operating both the at {east

one electric motor and the engine to provide torque to the hybréd vehicle when the

torque required to operate the hybrid vehicle is more than MTO; ( via when accelerating

or ctimbing hill , Abstract, lines 7-8, i.e., engine torque is not sutttclent , so motor atso
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start producing torque to supplement high torque demand) also see co|.5, lines 19-48);

and operating the at ieast one eiectric motor to provide torque to the hybrid vehicle

when the torque required to operate the hybrid vehicle is less than SP (via Abstract, low

speed or in traffic driving; aiso see, Coi.6, lines 19-49, Col}, lines 8-28, Figs. 1-2).

As per Claims 25 and 36, 47, 56, 59 , Severinsky teaches the limitation of

Ctaim 17. Severinsky, further teaches step of operating the engine at torque output

Ieveis less than SP under abnormal and transient conditions (via Abstract, low speed or

in traffic driving; atso see , Col. 6, lines 1948)

Examiner interprets “abnormat and transient condition " as in traffic or city drive ,

too many traffic light so too many stops and reverse operation.

As per Ciaims 26 and 37,43 , Severinsky teaches the limitation of Ctaim 1?’.

Severinsky. further teaches, further comprising the step of: operating the engine (via

mtcrocontroiier 48) to charge the battery responsive to the state of charge of the battery

(22), wherein the engine is operabte to provide torque at least equat to SP to propei the

hybrid vehicle ( at low speed or in traffic driving), to drive the at least one eiectric motor

to charge the battery, or both, wherein torque produced by the engine equal to the

torque required to propei the vehicte (BL) is used to propel the hybrid vehicle (via both

engine and motor producing torque when accelerating or cttmbing hili) and torque

produced by the engine in excess of RL is used to drive the at least one electric motor

to charge the battery ( via Abstract, Co|.6, tines 19-49, Co|.7, lines 8-26, Figs. 1-2).

As per Claims 27 and 33, 49 , 60, Severinsky teaches the limitation of Claim

17. Severinsky, further teaches wherein energy is supplied to the motor from the
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battery under peak load conditions (via electrical energy fiowing from battery to motor

as shown by dot-dash tine, in Fig. 6, also see Abstract, lines 15-20). Severinsky

teaches electrical energy flowing from battery to motor. However Severinsky does not

teach energy supplied being at a voitage of at ieast 500 volts.

It would have been obvious to one having ordinary skill in the art at the time

invention was made to achieve this range, since it has been held that where the genera}

conditions of a claim are disclosed in the prior art, discovering the optimum or workable

ranges involves oniy routine skill in the art. In re Atler, 105, USPQ 233.

As per Claims 28 and 39, 50 and 61 , Severinsky teaches the limitation of

Claim 17. Severinsky, further teaches, wherein energy is supplied to the motor from the

battery at lower current under peak load conditions ( Abstract, tines 15-20).

However Severinsky does not teach energy supptied being at 75 arnperes or

less under peak load conditions.

It would have been obvious to one having ordinary skill in the art at the time

invention was made to achieve this range, since it has been held that where the generai

conditions of a claim are disclosed in the prior art, discovering the optimum or workable

ranges involves oniy routine skill in the art. In re After. 105, USPO 233.

As Per Claim 29, Severinsky teaches , a method for controiiing a hybrid

vehicie( via rnicrocontroller 48, Fig. 3) said vehicle comprising a battery (22). a controlier

(via microcontrolier 48), wheels ( 34), an internal combustion engine (40) and at least

one electric motor ( 20), wherein both the internat combustion engine (40) and motor

(20) are capable of providing torque to the wheels of said vehicie. said method
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comprising the steps of: operating ( via microcontroller 48, Fig. 3) the internal

combustion engine (40) of the hybrid vehicte to provide torque to operate( via

controllabie torque~transter unit 28) the vehicle(Abstract), aiso see Abstract, tines 2-4,

and via steady state highway cruising , abstract, lines 9-10); operating (via

rnicrocontrotler 48, Fig. 3) said at least one eiectric motor (20) to provide additionat

torque when the amount of torque being provided by said engine is iess than the

amount of torque required to operate the vehicie (via Abstract : when accelerating or

climbing hill (i.e., engine torque is not sufficient to meet road load torque) . both engine

and motor providing torque to drive the vehicle, Abstract); and empioying said controiler

(via microcontrolter 48, Fig. 3) to control the engine (40) (via controliable torque-

transfer unit 28) such that a rate of change of torque output of the engine is limited to

no more than a predetermined value. (via engine producing substantial torque over a

wide RPM operating range, Col. 12, lines 7-13. In Fig.14, O~C being torque range, after

that torque decrease with increase in RPM) and such that combustion of tuei within the

engine occurs at a near-stoichiometric ratio (operating the engine 40 in Iean burn mode

via supplying air siightly in excess of the amount required for stoichiometric combustion

, achieving complete combustion (Col. 12, lines 13-22, , Fig. 11, 4).

As Per Claim 40, Severinsky teaches, a method for controiling a hybrid vehicle

(via rnicrocontroller 48, Fig. 3) , comprising the steps of: determining instantaneous

road load (RL) required to propel the hybrid vehicle { via microcontroiier 48, computing

torque based on operator cornmands( acceleration, deceleration, reverse) and data

input from different sensors (Col. 10. lines 4-44); operating at least one eiectric motor to
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propei the hybrid vehicle when RL is less than a setpoint (SP) ( via when in steady state

htghway cruising , Abstract, lines 9-10); operating an internal combustion engine of the

hybrid vehicle to propet the hybrid vehicle when RL is between SP and a maximum

torque output (MTO) of the engine, wherein the engine is operable to efficiently produce

torque above SP. and wherein SP is substantially less than MTO (via when low speed

mode, ie, in traffic or in city, during reverse operation or the like, less torque required,

only motor producing the torque, Col. 6. lines 19-48, co|.?'. lines 8—28,Figs. 1-2);

operating both the at least one electric motor and the engine to propel the hybrid vehicte

when RL is more than MTO; ( via when accelerating or climbing hill , Abstract, tines 7-8,

i.e., engine torque is not sufficient, so motor also start producing torque to suppternent

high torque demand) aiso see cots, lines 19-48); and Controlling the engine such that a

rate of change of torque output of the engine is limited, and, if the engine is incapable of

suppiying instantaneous torque required to propel the hybrid vehicle, supplying

additionai torque from the at least one electric motor.

(Abstract, also see Cot. 8, lines 'i9—48,co|.7,I1rtes 8~26,Figs. 1-2).

As per Claims 46 , Severtnsky teaches the limitation of Claim 40. Severinsky,

further teaches, the method comprising the further steps of: operating said electric

motor as a generator powered by said engine to charge said battery when Flt. is less

than the engine's instantaneous torque output (ITO); and operating said at teast one

electric motor to provide additional torque when BL is greater than the engine's

instantaneous torque output (ITO) (Abstract. Col. 8. tines 19-48, Got. 7, lines 8-26, Figs.

3-4).
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As Per Claim 51, Severinsky teaches A hybrid vehicle (via Figs. 3-4),

comprising: one or more wheels (34); an internal combustion engine ( 40) operable to

propel the hybrid vehtcte by providing torque to the one or more wheets;(via in traffic or

during reverse operation, Abstract), Also see Col. 6, lines 1948, Got. 7', lines 8-26, at

least one electric motor operabte to propel the hybrid vehicle by providing torque to the

one or more wheels;( both engine and motor providing torque when accelerating or hill

climbing (Abstract, Also see Col. 6, lines 19-48, Col. 7', lines 8-26) a battery ( 22}

coupted to the at teast one electric motor ( coupled with motor 20 through ACIDC

converter 44), operabie to provide etectrical power to the at least one electric motor;

(Abstract) Figs. 34} and a controller ( via microcontroller 48, Fig.3~4), operable to

control the flow of electrical and mechanical power between the engine, the at least one

electric motor, and the one or more wheets, responsive to an operator command;( via

EFI, operator commands, data input Fig.3) wherein said controller (48) controls said at

least one electric motor to provide additional torque when the amount of torque being

provided by said engine is iess than the amount of torque required to operate the

vehicle; ( accelerating or hill climb , Abstract, Also see Col. 6, lines 19-48, Col. 7', lines

8-26) and wherein said controller (48) controls said engine such that a rate of change

of torque output by said engine is limited to no more than a predetermined

vatue(Abstract, Also see Col. 6, lines 1948, Col. 7, lines 8~26).

As per Claims 57 , Severinsky teaches the timitation of Claim 51. Severinsky,

further teaches wherein the battery is operable to be charged when the instantaneous

torque output of the internal combustion engine is greater than the amount of torque
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required to propel the vehicie, when the amount of torque required to propet the vehicie

is negative, or when braking is initiated by the operator (Abstract, Also see Col. 6, lines

19-48, Col. 7, lines 826).

As per Claim 58, Severinsky teaches the limitation of Ciaim 51. Severinsky.

further teaches , wherein the maximum torque availabte for supply to the one or more

wheels from the at least one eiectric motor is at least equai to the maximum torque

available for suppty to the one or more wheels from the engine (See Abstract : when

accelerating or ctimbing hill (i.e., engine torque is not sufficient to meet road load

torque) . both engine and motor providing torque to drive the vehicle, Abstract); Also

see Got. 6, tines 1948. Col. 7, lines 8-26).

Claim Rejections - 35 USC § 103

5. The fotiowéng is a quotation of 35 U.S.C. 103(3) which terms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 01 this title, if the differences between the subject matter sought to be patented and
the prior art are such thatthe subject matter as a whole would have been obvious at the time the

invention was made to a person having ordinary skill in the art to which said subject matter pertains.

Patentability shall not be negatived by the manner in which the invention was made.

6. The factual inquiries set forth in Graham v. John Deere C0,, 383 US. 1. 148

USPQ 459 (1966), that are applied for establishing a background for determining

obviousness under 35 U.S.C. 103(3) are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Ftesoiving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating
obviousness or nonobviousness.
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7. This apptication currently names ioint inventors. in considering patentabiiity of

the ctaims under 35 U.S.C. tO3(a), the examiner presumes that the subject matter of

the various claims was commonly owned at the time any inventions covered therein

were made absent any evidence to the contrary. Applicant is advised of the obligation

under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was

not commonly owned at the time a later invention was made in order for the examiner to

Consider the applicability of 35 U.S.C. 103(c) and potentiai 35 U.S.C. 102(e), (f) or (g)

prior art under 35 U.S.C. 103(a).

8. Claims 18. 21, 30, 32, 42, 44, 53 and 55 are rejected under 35 U.S.C. 103(a) as

being unpatentable over Severinsky (USP 5343970) in view of Kamura et at. [USP

5483939)

As per Claim 19, 30 , 42, 53 , Severinsky teaches the limitation of Claim 18.

Severinsky further teaches, monitoring the engine to ensure that combustion of fuel

within the engine occurs at a near- stoichiometric ratio (operating the engine 40 in lean

burn mode via supplying air slightly in excess of the amount required for stoichiometric

combustion (Col. 12‘ lines 13-2). However, Severinsky does not explicitly teach

monitoring the amount of oxygen in an exhaust stream from said engine to achieve

combustion in neahstoichiometric fuel air ratio.

However, in the same fteid of endeavor , Kamura et al. ( Kamura) teaches a

control system for leanvburn internal combustion engine ( Co|.1, lines 6-13), monitoring

{via ECU 25, RG. 2) the amount of oxygen ( via oxygen sensor 22) in an exhaust

stream ( 4) from said engine to achieve combustion in near-stoichiometric fuel air ratio (
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via oxygen sensor 22 being placed in exhaust passage 4 (Fig.2) for tineariy detecting

concentration of oxygen, Coi.5, lines 54-59, Fig.2, also see Cot.3, line 64- Coi.. 4. line

10.

Both Severinsky and Kamura are directed toward hybrid vehicie operation

control. Severinsky teaches Hybrid vehicie cruising in different speed, improved fuei

efficiency and reduced pollutant emissions. However, Severinsky does not teach a

monitoring amount of oxygen in exhaust stream. However, Kamura teaches monitoring

amount of oxygen in exhaust stream.

It would have been obvious to one of ordinary skill in the art at the time the

invention was made to have inciuded the Internal combustion engine lean~burn control

teachings ( ECU 25 and sensors) of Kamura with the system of Severinsky and

configure it with the system of Severinsky to have ECU getting signals from different

sensors and controlling air/tuel ratio ( rich or lean) based torque demand. Karnura

provides the motivation to combine the two teachings to perform a |ean~burn operation

at an air/fuel ratio ieaner than a stoichiometric air/fuel ratio under predetermined

operation conditions.

As per Claim 21 and 32, 44, 55 , Severinsky teaches the iimitation of Claim 17.

Severinsky also teaches stoichiometric combustion Col. 12, lines 13-17. However,

Severinsky does not explicitiy teach wherein fuel and air are supplied to said engine at

a fuet: air ratio of no more than 1.2 of the stoichiometric ratio for starting the engine.

However, in the same field of endeavor , Karnura teaches a controi system

wherein fuei and air are supplied to said engine at a tuets air ratio of no more than 1.2 of
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the stoichiometric ratio for starting the engine (via controi system for a lean-bum

internal combustion engine which performs a lean—burn operation at an air/fuel ratio

leaner than a stoichiometric airrfuel ratio under predetermined operation conditions( Col

.1, lines 15-20) via ECU 25. Figs. 2-3).

Both Severinsky and Kamura are directed toward hybrid vehicle controi.

Severinsky teaches Hybrid vehicie cruising in different speed, improved iuei efficiency

and reduced pollutant emissions. However, Severinsky does not teach monitoring

stoichiometric airffuei ratio. However, Kamura teaches monitoring stoichiometric airrfuei

ratio by ECU 25.

It would have been obvious to one of ordinary skill in the art at the time the

invention was made to have included the IC Iean—burri controi teachings ( ECU 25 and

sensors} of Kamura with the system of Severinsky and configure it with the system of

Severinsky to have ECU getting signais from different sensors and controlling airrfuel

ratio ( rich or lean) based on necessity. Kamura provides the motivation to combine the

two teachings to perform a iean—burn operation at an air/fuei ratio ieaner than a

stoichiometric airifuet ratio under predetermined operation conditions.

Severinsky in view of Kamura discioses the invention except for airffuel ratio

not more than 1.2 of the stoichiometric ratio for starting the engine. It would have been

obvious to one having ordinary skiii in the art at the time invention was made to achieve

this range, since it has been held that where the general conditions of a ciaim are

disclosed in the prior art. discovering the optimum or workable ranges involves only

routine skill in the art. in re After, 105. USPO 233.
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9. Claims 20, 31, 43 and 54 are rejected under 35 U.S.C. tO13{a) as being

unpatentabte over Severinsky (USP 5343970} in view of Myers et al. (USP 5695722).

As per Claims 20 and 31,43, 54 , Severinsky teaches the limitation of Claim

17. However, Severinsky does not explicitly teach wherein when said engine is rotated

at least 300 rpm, whereby the engine is heated prior to supply of fuel for starting the

engine.

However, Severinsiszy teaches engine 40 having a relatively "flat" output torque

versus RPM characteristic——that is, engine 40 producing substantial torque over a wide

RPM operating range. See FIG. 14.(Col.12, lines 9-13). It is inherent that the engine has

minimum 300 rpm speed.

It would have been obvious to one having ordinary skill in the art at the time

invention was made to achieve this range, since it has been held that where the genera!

conditions of a claim are disclosed in the prior art, discovering the optimum or workable

ranges involves only routine skill in the art. in re After, 105, USPQ 233.

However, Myers teaches a cataiyst heater assembly, wherein, a heater (11)

being mounted at the catatyttc converter front end (10) and comprising an electric

heater (20) through which the flow of the gas passes and is heated ( Abstract ; Col.1,

lines 5565, Col.; Coi.1, tines 5565, Col. , line 65 —Coi. 4, line 13, Fig. 1; also see

{Abstract : DERWENT}.

Both Severinsky and Myers are directed toward vehicle operation.

Severinsky teaches Hybrid vehicie cruising in different speed, improved fuei efficiency

and reduced pollutant emissions. However, Severinsky does not teach heating the
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