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RULE 60 APPLICATION

Atty. Dkt. PAICE201.DIV.2

Hon. Commissioner for Patents

P.O. BOX 1450

Alexandria, VA 22313-1450

Sir:

This is a request for filing a divisional application under 37

CFR § 1.60 of pending prior application Serial No. 10/382,577 filed
on March 7, 2003 entitled Hybrid Vehicles

Full Name of first joint inventor: Alex J. Severinsky

Residence: Washingtonl D.C. Citizenship: U.S.

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

Full Name of second joint inventor: Theodore Louckes

Residence: Holly, Michigan Citizenship: USS.

10398 Appomattoxl Hollyl MI 48442Post Office Addressz~

X Enclosed is an 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. 10/382,577 as
originally filed on March 7, 2003.

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

LARGE ENTITY

CLAIMS Basic Filing Fee: $300

Total 7 - 20 = 0 x $50 $0

Indep. 3 - 3 = 0 x $200 $0

Search fee $500

Examination fee $200
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Size fee (110 sheets text, 17 sheets of drawing) $500

Total Fee $1500

X The Commissioner is hereby authorized to charge fees under 37

CFR § 1.16 and § 1.17 which may be required, or credit any

overpayment of 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:
1-9.

X A check in the amount of $ 1500.00 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.

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

This is a divisional application of application Serial No.

10/382,577 filed March 7, 2003, which was a divisional

application of Ser. No. 09/822,866 filed April 2, 2001, now
Patent 6,554,088, which was a continuation—in—part of Ser. No

09/264,817 filed March 9, 1999, now U.S. 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 U. S. 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.
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X New formal drawings are enclosed.

X The prior application is assigned of record to PAICE LLC via
a document dated April 28, 2004 and recorded by the U.S.

Patent and Trademark Office on April 28, 2004 at Reel 014546
Frame 0351.

X The power of attorney in the prior application (filed in

grandparent application Ser. No. 09/822,866) is to Michael de
Angeli, Reg. No. 27,869. The power was filed June 26, 2001.

X Address all future communications to:

Michael de Angeli

6O Intrepid Lane
Jamestown RI 02835

401-423-3190

X The undersigned declare 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
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,

  ism. /; Z47f
  Michael de ngeli

Reg. No. 27,869

60 Intrepid Lane
Jamestown RI 02835

401-423-3190
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HYBRID VEHICLES

Inventors: Alex J. Severinsky
Theodore N. Louckes

 

This application is a continuation~in~part of Ser. No.

5 09/264,817, filed March 9, 1999, now U. S. patent 6,209,672, issued

April 3, 2001, which in turn claims priority from provisional

application Ser. No. 60/100,095, filed September 14, 1998, and is

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

9, 1999, which in turn claims priority from provisional application

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

E' J: E I] I I'

. This application relates to improvements in hybrid vehicles,

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

15 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 cost, while achieving substantially improved fuel

20 economy and reduced pollutant emissions.

' e 'o

For many years great attention has been given to the problem

of reduction of fuel consumption of automobiles and other highway

25 vehicles. Concomitantly very substantial attention has been paid

Vto 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

30 operated at higher temperatures. Thus there has been substantial

interest in engines built of ceramic materials withstanding higher

Page 5 of 506 FORD 1312
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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, typically NOX. V

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

gasoline, and consumers have not accepted ethanol to any great

degree. Moreover, to make an alternate fuel such as ethanol

available to the extent necessary to achieve appreciable

improvements in nationwide air quality and fuel conservation would

require immense costs for infrastructure improvements; not only the

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

the vehicle manufacture, distribution, and repair system, would

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 "straight electric" cars have had very limited

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

for acceleration and hill climbing except when the batteries are

substantially fully charged, and require substantial time for

battery recharging. Thus, while there are many circumstances in

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

ethanol-fueled vehicles, much less with conVentional gasoline-

fueled vehicles. See, generally, Simanaitis, "Electric Vehicles",

FORD 1312
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Road & Track, May 1992, pp. 126-136; Reynolds, "AC Propulsion

CRX", Road & Track, October 1992, pp. 126—129.

Brooks et a1 U.S. patent 5,492,192 shows such an electric

vehicle; the invention appears to be directed to incorporation of

5 antilock braking and traction control technologies into an

otherwise conventional electric vehicle.

Much attention has also been paid over the years to

development of electric vehicles including internal combustion

engines powering generators, thus eliminating the defect of limited

10 range exhibited by simple electric vehicles. The simplest such

vehicles operate on the same general principle as diesel—electric

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

combustion engine drives a generator providing electric power to

traction motors connected directly to the wheels of the vehicle.

15 This system has the advantage that no variable gear ratio

transmission is required betWeen the engine and the wheels of the

vehicle.

More particularly, an internal combustion engine produces zero

torque at zero engine speed (RPM) and reaches its torque peak

20 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

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

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

25 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

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

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

or a clutch. Accordingly, the additional complexity of the

generator and electric traction motors is accepted. Electric

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

Page 7 of 506 FORD 1312
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connected directly to the wheels; when it is desired that the train

should accelerate, the diesel engine is simply throttled to

increase the generator output and the train begins to move.

The same drive system may be employed in a smaller vehicle

5 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

that a gasoline or other internal combustion engine is most

efficient when producing near its maximum output torque.

10 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 nearly

full torque production. Moreover, such locomotives tend to be run

at steady speeds for long periods of time. Reasonably efficient

15 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

low—speed operation and the like.

So-called "series hybrid" electric vehicles have been proposed

20 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 fuel—efficient output power

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

the vehicle to be operated as required. Thus the engine may be

25 loaded by supplying torque to a generator charging the batteries

while supplying electrical power to the traction ‘motor(s) as

required, so as to operate efficiently. This system overcomes the

limitations of electric vehicles noted above with. respect to

limited range and long recharge times. Thus, as compared to a

30 conventional vehicle, wherein the internal combustion engine

delivers torque directly to the wheels, in a series hybrid electric

vehicle, torque is delivered from,the engine to the wheels via a

serially connected generator used as a battery charger, the

battery, and the traction motor. However, energy transfer between

Page 8 of 506 , FORD 1312
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those components consumes at least approximately 25% of engine

pOWer. Further, such components add substantially to the cost and

weight of the vehicle; in particular, an electric motor capable of

providing sufficient torque to meet all expected demand, e.g., to

allow reasonable performance under acceleration, during hill-

climbing and the like, is rather heavy-and expensive. Thus, series

hybrid vehicles have not been immediately successful.

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

Patent Nos. 3,566,717 and 3,732,751 to Berman et al. In Berman et

al an internal combustion engine and an electric motor are matched

through a cxmmlex 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

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

converted knr 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,

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

needed.

Berman et a1 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

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

intended for mass production can be no more complicated to operate

than conventional vehicles, and must be essentially "foolproof",

that is, resistant to damage that might be caused by operator

error. Further, the gear train shown by Berman et a1 appears to be

quite complex and difficult to manufacture economically. Berman et

FORD 1312
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al also indicate that one or even two variable—speed transmissions

may be required; see, e.g., col. 3, lines 19 — 22 and 36 - 38 of

patent 3,566,717, and col. 2, lines 53 - 55 of patent 3,732,751.

Lynch et a1 patent 4,165,795 also shows an early parallel

5 hybrid drive. Lynch argues that maximum fuel efficiency can be

realized when a relatively small internal combustion engine is

provided, such that when the engine is operated at an efficient

speed, it produces approximately the average power required over a

typical mission. The example given is of an engine producing 25

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

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

15 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.

20 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

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

the engine (by charging a battery), or provide additional

propulsive torque. A variable~speed transmission is coupled

between the torque transmission unit and the propelling wheels.

Both the torque transmission unit and the variable—speed

3O transmission are complex, heavy, and expensive components, the use

of which would preferably be avoided.

Helling U.S. 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

Page 10 of 506 FORD 1312
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Helling the relative rates of rotation of the motor and engine

input shafts are fixed; a flywheel is provided to store excess

mechanical energy as well as a battery to store excess electrical

' energy. Albright, Jr. et al patent 4,588,040 shows another hybrid

drive scheme using a flywheel in addition to batteries to store

excess energy; various complicated (mechanical connections are

provided between the various components. Capacitors have also been

proposed for energy storage; see Bates et al U.S. patent 5,318,142.

Fjallstrom U.S. patent 5,120,282 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 4,470,476 also disclose

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,

while "in certain speed ranges, such as from 15 - 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 - 16).

However, the Hunt vehicle does not meet the objects of the

present invention, as discussed in detail below. Hunt's vehicle in

each embodiment 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)

MH—m

FORD 1312
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to provide additional torque and additional regenerative braking as

needed.

More particularly, the latter Kawakatsu patent asserts that

a single electric motor sized to provide sufficient torque to

5 propel the vehicle would not be capable of providing sufficient

regenerative braking force; see col. 1, line 50 — col. 2 line 8.

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 embodiment shown, the larger

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

engine and the smaller motor/generator are connected to the wheels

through a complex mechanism comprising three separately—

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

Numerous patents disclose hybrid vehicle drives tending to

15 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

20 combustion engine provided for operation outdoors. 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. The art also suggests using both when maximum torque

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

25 wheels and the internal combustion engine drives a different set.

See generally Shea (4,180,138); Fields et a1 (4,351,405); Kenyon

(4,438,342); Krohling (4,593,779); and Ellers (4,923,025).

Many of these patents show hybrid vehicle drives wherein a
variable speed transmission is required, as do numerous additional

30 references. A transmission as noted above is typically required

where the internal combustion engine and/or the electric motor are

not capable of supplying sufficient torque at low speeds. See Rosen

(3,791,473); Rosen (4,269,280); Fiala (4,400,997); and Wu et a1

(4,697,660). Kinoshita (3,970,163) shows a vehicle of this general

Page 12 of 506 FORD 1312
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type wherein a gas turbine engine is coupled to the road wheels

through a three-speed transmission; an electric motor is provided

to supply additional torque at low speeds.

For further examples of series hybrid vehicles generally as

5 discussed above, see Bray (4,095,664); Cummings (4,148,192); Monaco

et al (4,306,156); Park (4,313,080); McCarthy (4,354,144);

Heidemeyer (4,533,011); Kawamura (4,951,769); and Suzuki et al

(5,053,632). Various of.these address specific problems arising in

the manufacture or use of hybrid vehicles, or specific alleged

10 design improvements. For example, Park addresses certain specifics

of battery charging and discharge characteristics, while McCarthy

shows :1 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

15 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

20 include Toy (3,525,874), showing a series hybrid using a gas

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

use of 21 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

25 (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 (3,874,472); Horwinski

(4,042,056); Yang (4,562,894); Keedy (4,611,466); and Lexen

(4,815,334); Mori (3,623,568); Grady, Jr. (3,454,122),- Papst

30 (3,211,249); Nims et al (2,666,492); and Matsukata (3,502,165).

Additional references showing parallel hybrid vehicle drive systems

include Froelich (1,824,014) and Reinbeck (3,888,325).U.S. Patent

No. 4,578,955 to Medina shows a hybrid system wherein a gas turbine

is used to drive»a generator as needed to charge batteries. 0f

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, 168 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,

10 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 low-speed, 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

M
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wheels, and 1mm electric motor the second; .more particularly,

Kalberlah indicates that mechanical combination of the torque from

an internal combustion engine and an electric motor is impractical.

Gardner U.S. patents 5,301,764 and 5,346,031 follow

5‘ Kalberlah's teachings, in that Gardner shows separately driving at

least two pairs of wheels; one pair is driven by a first 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.

10 connected to the wheels, 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

powering the electric motors.

15 Bullock, "The Technological Constraints of Mass, Volume,

Dynamic Power Range and Energy Capacity on the Viability of Hybrid

and Electric Vehicles", SAE Paper No. 891659 (1989) provides a

detailed theoretical analysis of electric vehicles in terms of the

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

20 then available. Bullock concludes that a vehicle having ‘two

electric motors of differing characteristics, driving the wheels

through a variable—speed transmission, would be optimal for

automotive use; see the discussion of Fig. 8. Bullock also

suggests the use of an internal combustion engine to drive battery

25 charging, but does not address combining the engine's torque with

that from the motors; see pp. 24 - 25.

Further related papers are collected in Electrig_and_fiybrid

yenigl§_13ghnolggy, volume SP-915, published by SAE in February

1992. See also Wouk, "Hybrids: Then and Now"; Bates, "0n the road

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

Route", all in IEEE_§p§gtrum, Vol. 32, 7, (July 1995).

Urban et a1 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. Both embodiments have numerous

12
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common features, including similar operating modes. Referring to

the first embodiment, an internal combustion engine provides torque

to the road wheels or to a generator; tWO electric motors can

provide torque to the road wheels, or charge batteries during

5 regenerative braking. Torque from the engine and motors is

combined at the input shaft to a variable~ratio transmission.

Overrunning clutches are provided, e.g., to allow the engine's

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

motors.

10 As indicated at col. 6, lines 25 — 54, certain transitions

between various operating modes are made automatically, responsive

to the position of the accelerator pedal; for example, if the

operator does not depress the pedal beyond a given point, only 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 et a1 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 variable—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 excess

torque can be used to charge batteries; if this were incorporated

fix: the Urban system, the engine might be run at a reasonably

efficient output level while the vehicle was stationary, but this

would lead to high levels of noise and vibration. In any event

Urban does not appear to consider this possibility.)

On the other hand, Urban does suggest that the vehicle can be

operated as a "straight electric" under low-speed conditions, but

this requires the operator to provide an explicit control input;

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

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 the

same operational deficiencies.

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

method of operation of the vehicle of the '029 patent and suffers

the same inadequacies.

Various articles describe several generations of Toyota Motor

Company hybrid vehicles, believed to correspond to that available

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

readies gasoline/electric hybrid system", Autgmgtiye_§ngingeging,

July 1997, pp. 55 _ 58; Wilson, "Not Electric, Not Gasoline, But

Both", Autgweek, June 2, 1997, pp. 17 — 18; Bulgin, "The Future

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

"Toyota Electric and Hybrid Vehicles", a Toyota brochure. A more

detailed discussion of the Toyota vehicle's powertrain is found in

Nagasaka et al, "Development of the Hybrid/Battery ECU for the

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

According to the Wilson article, Toyota describes this vehicle as

14
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a "series-parallel hybrid“; regardless of the label applied, its

powertrain appears to be similar to that of the Berman patents

described above, that is, torque from either or both of an internal

combustion engine and an electric motor are controllably combined

5 in a "power-split mechanism" and transmitted to the drive wheels

through a ‘planetary gearset. providing" the functionality of a

variable-ratio transmission. See the Nagasaka article 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 a

variable—ratio transmission and an electric motor driving a second

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 or both engine and motor propel the vehicle. In some

circumstances the transmission may not be required; compare, for

example, col. 3, lines 4 - 8 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 5,823,280 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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wherein torque from an internal combustion engine is combined with

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

lower emissions.

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

hybrid wherein torque from an internal combustion engine and a

motor is again combined in a planetary gearset; the specific

improvement appears to be the use of a continuously—variable

transmission.

It will be appreciated by those of skill_in the art that there

are significant limitations inherent in the use of planetary

gearsets as 21 means for connecting different sources, e.g., an

internal combustion engine and an electric motor, to the drive

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

effectively locked (anathematic to its use as a continuously-

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,

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 27.

Additional disclosures of possible interest include U.S.

patent 5,845,731 to Buglione et al; this patent issued December 8,

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 18 to a first electric motor 20,

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 a1 is illustrated in Fig. 4. At low speeds one or both

motors may be used to propel the Vehicle, with the engine off,
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idling, or running to drive one motor as a generator. During low—

speed cruising the second motor propels the vehicle, while during

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

acceleration is required at high speed, the engine and both motors

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

that a variable-ratio transmission may be unnecessary, col. 3, line

9, and that the first motor can be used to start the engine, col.

4, lines 8 - 15.

U.S. patent 5,586,613 to Ehsani, showing an "electrically

10 peaking hybrid" vehicle is also of interest. Ehsani's vehicle is

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

15 transmission is provided in some embodiments of the Ehsani vehicle.

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

modified as discussed in the text at col. 9, lines 4 — 5. Fig. 7

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

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

20 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

25 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.

30 This application discloses a number of improvements over and

enhancements to the hybrid vehicles disclosed in IJ.S. patent

5,343,970 (the "'970 patent"), to one of the present inventors,

which is incorporated herein by this reference. Where differences

are not mentioned, it is to be understood that the specifics of the
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vehicle design shown in the '970 patent are applicable to the

vehicles shown herein as well. Discussion of the '970 patent

herein is not to be construed to limit the scope of its claims.

Generally speaking, the '970 patent discloses hybrid vehicles

5 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. The direction

of torque transfer is controlled by a microprocessor responsive to

the mode of operation of the vehicle, to provide highly efficient

10 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.

15 For example, according to the operating scheme of the hybrid

vehicle disclosed in the '970 patent, in low-speed city driving,

the electric motor provides all torque needed responsive to energy

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

internal-combustion engine can be operated efficiently, it

20 typically provides all torque; additional torque may be provided by

the electric motor as needed for acceleration, hillnclimbing, or

passing. The electric motor is also used to start the internal-

combustion engine, and can be operated as a generator by

appropriate connection of its windings by a solid—state,

25 microprocessor-controlled inverter. For example, when the state of

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

lengthy’ period 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

3O charging of the battery bank. Similarly, during braking or hill

descent, the kinetic energy of the vehicle can be turned into

stored electrical energy by regenerative braking.

The hybrid drive train shown in the '970 patent has many

advantages with respect to the prior art which are retained by the
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present invention. For example, the electric drive motor is

selected to be of relatively high power, specifically, equal to or

greater than that of the internal combustion engine, and to have

high torque output characteristics at low speeds; this allows the

5 ' conventional multi-speed vehicle transmission to be eliminated. As

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

associated power circuitry are operated at relatively high voltage

and relatively low current, reducing losses due to resistive

heating and simplifying component selection and connection.

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

'970 patent, clearly discloses the desirability of operating 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

15 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,

20 again as including the '970 patent.

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

part of Ser. No. 09/264,817, filed. March 9, 1999 (the '817

application), which discloses and claims several distinct

improvements over the hybrid vehicles shown in the '970 patent, as

25 discussed in further detail below. Similarly, the present

application is :1 continuation—in-part of Ser. No. 09/392,743,

filed September 9, 1999 (the '743 application), which discloses

and claims several distinct improvements over the hybrid vehicles

shown in the '970 patent and the '817 application, as discussed in

30 further detail below. The present application discloses and claims

further. improvements over the vehicles of the '817 and '743

applications.

As discussed in detail below, the '817 and '743 applications

(which are not to be limited by this brief summary) disclose a new
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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 :1 starter, to start the engine, a generator, to charge the

battery bank responsive to torque from the engine or the wheels

(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

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

vehicle operating mode is determined by a microprocessor responsive

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

the torque output of the engine when torque in 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—Brflcken U.S. patent

6,059,059 were addressed during the prosecution of the '817

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

applied against one claim. As indicated, the '817 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

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

motor is connected directly and permanently to the road wheels for

torque transmission therebetween, i.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

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 '817

application only the combination of the engine and starting motor
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is connected to the wheels through a clutch, while the traction

motor is connected directly to the wheels for torque transmission

therebetween, that is, without a clutch or variable-ratio

transmission. More specifically, Koide's entire disclosure is

5 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 '817 application, only the starter motor and engine need to be

disconnectible from the wheels for smooth starting, while the

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

This represents a substantial simplification with respect to the

system shown by Koide.

The Schmidt-Bracken patent also fails to show the topology

shown in the '817 application. Schmidt—Brflcken shows an engine 1 in

15 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 '817 and '743 applications also disclose that the

vehicle operating mode is determined by a microprocessor responsive

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

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

at a desired speed. The operator's input, by way of the

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

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

25 change in vehicle speed is called for. For example, 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

30 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, independent of vehicle speed, and can be

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

in which case the negative road load (that is, torque available at
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the wheels in excess of that required to propel 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,

5 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

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

a road load of well over 100% of MTO.

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

15 references, including the Koide and Schmidt-Brficken 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 - 48, and Schmidt-Brficken at col. 5, line 56 - col. 6 line

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

20 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,

25 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 ‘817 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

30 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

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

vehicle is controlled to shift into an engine-only mode whenever it
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exceeds some arbitrary road speed, as in Koide and Schmidt-Bracken,

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

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

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

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 MTO 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

Schmidt-Bracken, it will be incapable of responding to the

operator's commands, and will ultimately be unsatisfactory.

By comparison, according to the invention of the '817 and '743

applications, and as further disclosed and claimed herein, the

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

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 apparently-simple point has evidently been missed

entirely by the art.

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

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 MTO as

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

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-Brficken, because

they teach switching the vehicle's operational mode based on

vehicle speed and not its torque requirements, would inherently
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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

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 generated by the power generator [i.e., more of the

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

the vehicle load if the vehicle speed is the 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

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

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

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.

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

wheels, a continuously-variable 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
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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 mode

responsive to road load.

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

hybrid vehicle comprising an internal combustion engine and first

and second "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 Mv*", which might be misunderstood to be equivalent to

applicant'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. The same point, i.e., that the

"vehicle driving torque demand Mv*" is not equivalent to

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

specification; see, for example, col. 10, lines 28 - 32 and col.

27, lines 58 - 65.

Deguchi 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
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- 9) that the vehicle "runs on the motor at times of low load and

runs on the internal combustion engine at times of high load".

However, Deguchi makes it clear that in fact the operational—mode

decision is made "based on the accelerator aperture detected value

5' 8 which represents the required driving force of the vehicle and

the detected vehicle speed" (col. -5, lines 19 - 21). The

accelerator position and vehicle speed signals are the only

relevant inputs to the vehicle controller shown in Fig. 2. Hence

Deguchi does not show controlling the vehicle operating' mode

10 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

15 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

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

motor and engine can be 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

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

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

generator mode. Boll also teaches that a second motor can be

provided, operable as a generator and then driven‘either by the

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

30 can be used to charge the battery or to power the other motor.

other references of interest are directed to the kmaking

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 Iand mechanical braking, and the
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powering of ancillary systems, such as power steering pumps, see

U.S. patent 5,249,637 to Heidl. These references are discussed in

further detail below with reference to improvements provided in

these areas by the present application.

Qbiestuunumntien

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

combustion 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

an internal combustion engine and two separately-controlled

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

realize substantial fuel economy and reduced emission of
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undesirable pollutants in operation.

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

a series—parallel hybrid electric vehicle wherein the internal

combustion engine is sized to efficiently provide the average power

5 required for operation at moderate and highway speeds, with two )or

more) separately—controlled electric motors together sized to

deliver the additional power needed for acceleration and hill

climbing.

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

10 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

resistance heating losses are greatly reduced, and whereby

15 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,

20 while providing the functional advantages of the hybrid vehicle

shown in the '970 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

25 RPM, while controlling the fuel/air mixture supplied during

starting, throttling the engine, and providing a preheated

catalytic converter, minimizing emission of unburned fuel and

further improving fuel economy.

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

30 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.
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In addition to the above objects of the invention, which are

similar to those listed in the '817 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

according to the invention, 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 to pmovide

further improvements in methods of control of internal combustion

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 '817 and '743

applications, which is also employed accordimg to the present
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continuation-in—part application, the controllable torque-transfer

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 Figs.

5' 3 and 4 hereof. As in the '970 patent, an internal combustion

engine is provided, sized to provide sufficient torque to be

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

battery charging as needed. The internal combustion_ engine is

connected to the drive ’wheels by a ¢:lutch operated by the
10 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 operator of the vehicle. A relatively high-powered

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

15 vehicle; the traction motor provides torque to propel the vehicle

in low-speed situations, and provides additional torque when

required, e.g., for acceleration, passing, or hill~climbing during

high—speed driving.

According to the invention of the '817 and '743 applications,

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

be used to provide torque propelling the vehicle when needed. This

second. motor is connected (directly to ‘the internal combustion

engine for starting the engine. Unlike a conventional starter

motor, which rotates an internal combustion engine at low speed

25 (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.g., 300

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

much less fuel-rich fuel/air mixture than is conventional,

30 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.
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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.

Should. the batteries become relatively depleted (e.g., become

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

start the internal combustion engine, which then runs at relatively

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

torque), for efficient use of fuel, 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 '970 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., for hill-climbing or passing, the traction and/or starter

motors can be engaged as needed. Both motors can be operated as

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

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

good performance without employment of a variable-speed

transmission or the equivalent. ‘

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

as in the '970 patent, the operator of the vehicle need not

consider the hybrid nature of the vehicle during its operation, but

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

controls the various components of the hybrid drive train

accordingly.

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

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

manner. Accordingly, for example, the starter motor might drive

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

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

'motor may' be configured as a "faceplate" or "pancake" motor,

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 "center-point-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 in 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

after failure of one or more components. These motors, and the

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

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 unsatisfactory in the present system.

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 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

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

generator mode. The rate of change of torque output by the engine

may be controlled in accordance ‘with. the batteries' state of

charge.

The vehicle is operated in different modes, depending on its

instantaneous torque requirements, and the state of charge of the

battery, and other operating parameters. The mode of operation is

selected by the microprocessor in response to a control strategy

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

trips 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

'970 patent or the '817 and '743 applications include a

conventional multi—speed transmission between the motors and engine

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

the invention was to avoid such ‘transmissions, so that the

rotational speeds of the two motors and the engine were fixed with

l
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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 load—carrying 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, it is of great present interest to

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

load—carrying and performance abilities of the existing vehicles

with improved fuel economy and reduced emissions.

one of the aspect of SUVs 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 person, 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 pound trailer. The vehicle must. provide adequate

acceleration, passing, and hill-climbing performance in both uses.

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 '970 patent).

An important aspect of the invention as described by the

present continuation—in-part application as well as the predecessor

applications and the '970 patent lies in controlling the operation

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

iny operated at high efficiency, that is, only when is it loaded

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

output. That is, the engine is neyer 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

speeds; if additional torque is required for passing or hill-

climbing, the traction motor is operated. Application Ser. No.

392,743 further adds the idea of providing a turbocharger,

controlled by the microprocessor only to operate when torque in

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

output (MTO) 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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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", for example, when a heavy

trailer is be towed, or could be operated similarly to a

conventional multispeed. transmission, 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 '970 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 standstill. 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 optimized brake "feel" to the driver,

regardless whether conventional, regenerative, or both braking

systems are in use.

The present application also discloses certain problems

inherent in application of conventional vehicles' heating,

ventilation and air conditioning systems to hybrid vehicles, 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
5 vehicle, or likewise to be jumpstarted1as might be necessary after

a long hiatus, and to allow use; of conventional 12 volt

accessories, such as radios and otherfelectronic items.

The present application also; discloses further useful
modifications and enhancements to the hybrid‘ vehicles of the

10 predecessor applications. ,‘ '.

The above and still further objects, features and advantages
of the present invention will become apparent upon consideration of

the following detailed descriptiofi‘ of a specific embodiment
thereof, especially when taken in conjunction with the accompanying

15 drawings, wherein like reference numerals in the various figures

are utilized to designate like components.
I

 

The invention will be better understood if reference is made

20 to the accompanying drawings, in which:

Fig. 1 is a plot of output power versus rotational speed (RPM)

for a typical internal combustion engine, illustrating the relative

fuel consumption of the engine as used in a conventional automobile

in gallons/horsepower—hour;

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

small internal combustion engine used 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

30 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. 5 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, and engine

operation as functions of time, thus illustrating a typical control

strategy employed during low-speed city driving, highway cruising,

and extended high—load 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

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, similarly implementing a modification to

the vehicle control strategy;

Fig. 10 illustrates the preferred torque versus speed

characteristics of the electric starting and traction motors, and

of the internal combustion engine;

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

an alternative embodiment of .the hybrid vehicle powertrain

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

turbocharger which is controllably operable, so as to be employed
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only when needed; .

Fig. 12 is a three-dimensional diagram comparable to Fig. 6,

showing the modes of operation of the turbocharged hybrid vehicle

of Fig. 11;

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

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,

10 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

15 of a hybrid vehicle according to the invention; and

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

ventilation and air conditioning system of a hybrid vehicle

according to the invention.

20 

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

gasoline-fueled internal combustion engine as used with an

25 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

30 show average fuel consumption in city, suburban, and highway

driving, respectively; in particular, point C shows that the

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

Point S 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-

climbing.

Fig. 1 also includes dashed-line curves indicating the

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

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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is similar to Fig. l, and illustrates the operational

characteristics of the same 3,300 pound car if driven by a

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 H 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

city driving (point C) or for suburban driving (point S).

Accordingly, even with a: small engine sized appropriately for

highway cruising, substantial inefficiencies persist at lower

speeds. Moreover, of course, such a vehicle would have

unsatisfactory acceleration and hill climbing ability. Therefore,

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

1x) 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;

moreover, in order that such a vehicle can be commercially

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

existing vehicles.

As indicated above, "straight" electric vehicles, that is,

vehicles having electric traction motors and batteries requiring

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 gasoline-fueled automobiles. .

A first type of series hybrid vehicles, involving a gasoline

engine driving a generator charging a battery powering an electric

traction motor, are limited in acceleration and hill climbing

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

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

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

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;

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

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, typically at least

35% and preferably at least 50% of peak torque. When the vehicle

operating conditions require torque of this approximate magnitude,

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

5 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

10 enhancements described in detail below.'

According to one aspect of the invention of the '970 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

15 operates only in its most efficient operating range. The electric

motor, which is substantially equally efficient at all operating

speeds, is used to supply additional power as needed' for

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

low speeds, where the internal combustion engine is particularly

20 inefficient, e.g., in traffic.

As indicated above, this application discloses certain

modifications, improvements, and enhancements of the hybrid

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

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

25 similar to that shown in the '970 patent. Components commonly

numbered in this application and the '970 patent are functionally

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

system shown in the '970 patent with respect to the prior art are

provided by that of the present invention, with further

30 improvements provided by the latter, as detailed herein.

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, which. are inevitably a: source of audible noise and

5 frictional losses. According to one aspect of the present

invention, the controllable torque-transfer unit is eliminated.

Instead, two electric motors are provided, each separately

controlled by a microprocessor controller reSponsive to operator

commands and sensed Operating conditions.

10 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

15 "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

20 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

25 "microprocessor" or "microprocessor controller" as described

herein.

Fig. 3 of the present application shows a first embodiment of

the present invention, while Fig. 4, discussed below, shows a

second embodiment illustrating certain alternative mechanical

30 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

5 inverter/charger units 23 and 27, respectively, connected between

the motors and battery bank 22.- At present, 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

10 available and economically competitive.~

Motors 21 and 25 are controllably connected for torque

transfer by a clutch 51, mechanically interlocking the shafts 15

and 16 of motors 21 and 25 respectively. As discussed further

below in connection with Fig. 4, microprocessor ("MP") 48 is

15 provided with signals indicative of the rotational speeds of shafts

15 and 16, and 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.

Accordingly, clutch 51 need not necessarily be an ordinary

20 automotive friction clutch (as illustrated schematically in Fig.

1), as conventionally provided to allow extensive relative slipping

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,

25 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

30 simpler and less expensive than a friction clutch. In either case,

clutch 51 is operated by microprocessor 48, e.g., through a known

electric or hydraulic actuator 53, together with the other

components of the system, in accordance with the operational state

of the vehicle and the operator's input commands.
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The respective positions of motor 21 and engine 40 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

5 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

10 the relative rotational speeds of the shafts, and their respective

rotational positions. Such shaft encoders are ‘well-known and

commercially available. Alternatively, signals indicative of the

rotational speeds of the shafts may be derived from the inverter

control signals, in accordance with well—known principles of

15 control of "sensorless" motor drives (see, for example, Bose,

"Power Electronics and Variable Frequency Drives", IEEE, 1996).

However, provision of encoders 18 and 19 will allow better low-

speed torque characteristics of motor 21 and 25, and thus reduction

in cOst. , i

20 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

25 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

30 relationship, clutch 51 instead may be a simple, relatively

inexpensive self-aligning mechanical interlock (as illustrated

schematically in Fig. 4), wherein positive mechanical connection is

made between the shafts 15 and 16 upon engagement.

Fig. 4 also shows additional signals provided to
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microprocessor 48 in both the Fig. 3 and the ‘Fig. 4 embodiments.

‘These include operator input commands, typically acceleration,

direction, deceleration, and "cruise mode" commands, as shown.

The acceleration and deceleration commands may be provided by

5 position-sensing encoders 71 and 72 (Fig. 3)(which could be

configured as rheostats, Hall-effect sensors, or otherwise)

connected to microprocessor 48 by lines 67 and 68, to inform the

microprocessor of the operator's commands responsive to motion of

accelerator and brake pedals 69 and 70 respectively. The

10 microprocessor monitors the rate at which the operator depresses

pedals 69 and 70 as well as the degree to which pedals 69 and 70

are depressed. The operator may also provide a "cruise mode"

signal, as indicated, when a desired cruising speed has been

reached. The microprocessor uses this information, and other

15 signals provided as discussed herein, in accordance ‘with the

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.

20 For example, suppose the vehicle has been operated in city

traffic for some time, that is, under battery power only.

Typically the operator will only depress the accelerator pedal 69

slightly to drive in traffic. If the operator then depresses

accelerator pedal 69 significantly farther than he or she had, for

25 example, the prior few times acceleration was required, this may be

taken as an indication that an amount of torque that can

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.

30 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 catalytically combusted, reducing emission of
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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

5 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

stoichiometric. 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

10 pollutants emitted during any given trip are emitted during the

first 30 - 60 seconds of operation, due to the extremely rich

mixtures normally supplied during starting, and to the

ineffectiveness of the catalyst until it has been heated by the

exhaust.

15 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

20 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; if the operator instead presses

25 aggressively on brake pedal 70, and/or presses brake pedal 70

beyond a puedetermined 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

30 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
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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 program

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, and other components.

As indicated in Fig. 4, the control signals provided to

inverter/chargers 23 and 27 by microprocessor 48 allow control of

the current (represented as I), of the direction of rotation of the

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 invention differ in certain mechanical arrangements,

intended to illustrate variations within the scope of the

invention, and Fig. 4 also provides more detail concerning the

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

smaller, lighter, and less costly than slower—rotating motors.

However, it is envisioned that a preferred maximum speed for
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engine 40 is 6000 rpm, as internal combustion engines running at

substantially higher speeds wear 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

5 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. Further alternatives to this aspect of

10 the inventi'on are again added by the present continuation-in-part

applicatiog, and are discussed below.
i

Fig. 4 illustrates ,an alternative construction, also

permitting differing engine and motor speeds. In this case, the

output shaft of starting motor 21 is shown connected to that of

15 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

20 40 -f 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

25 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

30 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 a second pair of road 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. See Fig. 14

and the related text below for further discussion.

Other elements of the system as illustrated in Figs. 3 and 4

5 are generally as discussed in the '970 patent, including supply of

fuel 36 from tank 38, air filter 60, and throttle 61.

Control of engine 40 by microprocessor 48 is accomplished by

way of control signals provided to electronic fuel injection (EFI)

unit 56 and electronic engine management (EEM) unit 55, responsive

10 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

15 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

20 exceeds the vehicle's current torque requirements, either or both

of motors 21 and 25 are operated as generators, providing

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.

25 Thus, as indicated above, when microprocessor 48 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

30 before clutch 51 is engaged, to ensure a smooth transition. As

cruising speed is reached (as determined by monitoring 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

'970 patent, simplifies the control arrangements somewhat.

In one possibly preferred embodiment, both motors 21 and 25

5 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

10 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.

15 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,

e.g., about 300 ~600 rpm, as compared to the 60 - 200 rpm starts

conventionally provided. As is generally known in the art (see

20 Simanaitis, "What goes around comes around", Road & Track, November

1998, 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.

25 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

30 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

f 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

5 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

10 an effective working temperature of at least about 350° C before

starting the engine, to prevent eVen this relatively small emission
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

15 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

when operated as a generator, so that the engine can be

efficiently employed when charging the battery bank during extended

i low—speed operation; the main consideration in specification of the

20 torque of engine 40 is that it 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

j 25 sufficiently powerful to provide adequate acceleration in

combination with the engine 40 and starting motor 21. Stated

differently, the total power available provided by all of these

torque—producing components should be at least equal to and

. preferably exceeds the peak power provided by the internal

3 3O combustion engines of conventional vehicles of similar intended

: use, both as measured at the wheels. Moreover, as set forth in the
f '970 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

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

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 cm? a 3000 pound vehicle having performance

approximately equivalent to that of a "mid-size" sedan of United

States manufacture. It should be understood that in these

specifications, reference is made to the rated power produced

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.

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

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

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 variable-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

depending on the intended use of the vehicle of the invention, and

should not be construed to limit the scope of the invention.

As indicated above, in the preferred embodiment, both the

starting and traction motors are AC induction motors, although

other types may also be employed. These motors, and the

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 variable-ratio 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 precipitously 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 is required to allow the engine

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

feur-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 an conventional

vehicle, while eliminating the necessity of a variable-ratio

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 conventional

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

invention to operate the motors 21 and 25 and the internal

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 chain-

drive reduction unit, as indicated in Fig. 4. The maximum speed of

the internal combustion engine is preferably limited to on the

order of 6000 rpm to limit wear, noise and vibration, which

increase with higher operating speeds, and because engines capable

of higher-rpm operation tend to have narrow ranges of rpm within
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which they produce substantial torque; the latter characteristic

would be undesirable in a vehicle not having a variable-ratio

transmission and intended to cruise powered solely by the internal

combustion engine, according to the invention.

5 By comparison, operating the motors 21 and 25 at maximum

speeds of 9000 - 18,000. rpm allows them to be ‘made smaller,

lighter, and less costly; whether this advantage overcomes the

added complexity of chain, gear, or belt drives, or other

mechanical means allowing combination of torque from the motors
10 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

15 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

20 than three phases, so that failure of some components — such as the

power semiconductors used in the inverter/charger~ units, as
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

 
25 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

3O 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 vehicle; conversion of DC
stored by the battery bank to AC for motor operation; 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

5' thereof is applicable to the inverter design shown in Fig. 5
hereof.

As illustrated in Fig. 5, traction motor 25 is embodied as a

five—phase AC induction motor; starting motor 21, which is not
fully illustrated, as indicated, can be but is not necessarily

10 generally similar. 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 allowing operation even if some of the

15 semiconductors fail. Use of motors operated at relatively high

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

20 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 a pair of semiconductor switching elements 80

25 collectively making up inverter/charger 27. Inverter/charger 27 is

correspondingly configured as a set of ten power semiconductors 80
controlled by switching signals A through J provided by a pulse

generator 88 responsive to frequency, polarity and current signals

received from microprocessor 48 (Figs. 3 and 4). Typical operating
30 frequencies can be up to 200, 400 or 600 Hz; the transfer of power

between the battery bank 22 and motors 21 and 25 is then controlled

by pulse-width modulation, that is, by controlling the
semiconductors 80 to conduct during portions of the pOWer

waveform, the duration cu? the conducting portions varying in
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accordance with the power required. Semiconductors 80 may be any

type suitable for handling relatively high voltages and currents;

satisfactory insulated-gate bipolar transistors (IGBTs) are

currently available and are presently preferred. As conventional,

5 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 inverter/chargers perform the functions listed above is

10 within the skill of the art; again, see, for example, Bose, "Power

Electronics and Variable Frequency Drives", IEEE, 1996.

The current drawn from the battery bank 22 during long—term

operation of the traction and starting motor(s) to propel the

vehicle should be limited to 30 - 50 amperes, to reduce the size of

15 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;

20 As indicated, the battery bank 22 comprises two substantially

similar battery assemblies 84; in one embodiment, each battery

assembly will comprise eight 48-volt batteries, such that 384 volts

is provided by each. The battery assemblies 84 are connected in

series, so that 763 volts are provided across the circuit "rails"

25 86, 88. However, the vehicle chassis connection is taken from

between the series-connected battery assemblies, so that only 384

'volts is present between any given circuit component. and the

vehicle chassis; this "centerwpoint—chassis" connection

significantly reduces various insulation and heat-sinking

3O requirements. More specifically, the conductors, connectors,

relays, switches and like elements can be as approved by the

National Electrical Manufacturers' Association (NEMA) for 600 volt

service; such elements are widely available, and are much more

easily employed and much less expensive than those needed for
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continuously carrying current at, for example, 300 volts and 300

amperes.

Preferably, as indicated by Fig. 5(a), illustrating a detail

of a portion of one of the battery assemblies 84, the 48-volt

batteries 85 are connected by normallyeopen relays 87, so that the

batteries 85 are isolated from one another under fail-safe

conditions; 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 '817 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 12-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, is enclosed in a

rugged container, significantly reducing the danger of electrical
shock and the like.

' Turning now to detailed discussion of the inventive control

strategy according to which the hybrid vehicles of the invention
are operated: as in the case of the hybrid vehicle system shown in
the '970 patent, and as discussed in further detail below, the
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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. 6 illustrates the several modes of vehicle operation

with respect to the relationship between the vehicle's

instantaneous torque requirements or “road load", the state of

charge of the battery bank 22, and time, while Fig. 7 shows

'variation in, and. the :relationship between, road load, Sengine

torque output, 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

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

high—level 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

be expressed as ranges; although ranges are not used in the
following, to simplify the discussion, it should be understood

throughout that these numerical examples are exemplary only, and
that the invention is not to be limited to the exact values of the
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control variables mentioned herein.

Further, it should be realized that certain of these control

variables need not be restricted to specific numbers; in some

cases, the decision points may be "fuzzy", i.e., so-called "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

to time. Examples of this practice —— amounting in many

circumstances to modifying certain specific values depending on

other data items not discussed in detail, or by monitoring the

vehicle's actual usage patterns over time -— are given below.

‘ Given these several different explanations of the

relationship between the various operating modes of the vehicle of

the invention, and specifically these different illustrations of

the combinations of conditions in response to which the

microprocessor controls mode selection, one of ordinary skill in

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 ("MTO"), 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 a generator by

appropriate operation of inverter/charger 23, so that charging
current flows to kmttery bank 22. Accordingly, clutch 51 is

disengaged, so that the road speed of the vehicle is independent of
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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 véhicle in a range of desired

cruising speeds; this requirement ensures that the engine is

operated at high efficiency during normal highway cruising.

Therefore, when a sensed increase in the road load (e.g., by a

continued operator request for more power) indicates that the

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. 8(c).

If extra torque is needed during highway cruising, e.g., for

acceleration or hill—climbing, either or both of motors 21 and 25

can be powered. This "mode V" operation is illustrated in Fig.

8(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. 8, 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. Similarly, 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

5 operator command.

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

10 mode of vehicle operation as controlled by microprocessor 48 is a

function of the state of charge of the battery bank, the

instantaneous road load, and time. Fig. 7, discussed below,

further illustrates the inventive mode of vehicle operation.

Fig. 6 shows on one axis the state of battery charge extending

15 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 capacity; if a number of series—connected

batteries were all charged to 100% of their nominal full charge,

20 some would likely be OVercharged due to manufacturing variation,

local temperature variation and the like, which would significantly

shorten their service life. Moreover, frequently recharging any

individual battery to 100% of its theoretical capacity is

deleterious to battery life as well.

25 The road load is shown in Fig. 6 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. This

circumstance is discussed in connection with Fig. 7, below.) Time

30 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 operation
over the next short period of time (on the order of 30 - 60

seconds) from a present instant at the origin. Stated differently,

according to one aspect of the invention, the microprocessor 48
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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

5 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

10 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

15 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

20 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

25 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

30 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.
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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

required to propel the vehicle varies as indicated by the

operator's commands, the control system operates the engine at

correspondingly varying torque output levels. 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 instantaneous torque requirement exceeds the engine's

maximum efficient torque output, e.g., during passing or hi11~

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
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may be controlled to reduce emissidns, and in accordance with the
state of charge of the battery bank. Fig. 7 illustrates these

relationships.

As mentioned above, Fig. 7, comprising Figs. 7(a) — (c), and'

5 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 low-speed city driving, highway cruising,

and extended high—load driving, thus further illustrating the

10 control strategy employed according to the invention.

Fig. 7(a) shows the vehicle's instantaneous torque

requirement, that is, the "road load", by a solid line, and the

engine's instantaneous output torque by a dashed line, as these

vary over time. (The engine's instantaneous output torque is

15 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 output. Where the road load exceeds the engine's

instantaneous output torque, the cross~hatched areas between these

20 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

25 correspond to steady-state cruising, acceleration, hill-climbing,

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

30 100% 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 operation shown in Fig. 7, initially
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the vehicle is operated only at road loads below 30% of MTO, 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 ("BSC"), as illustrated by Fig. 7(b),

5 corresponds directly to the road load; when the road load is

negative, BSC increases as the battery bank is charged by

regenerative braking. (Changes in BSC are significantly

exaggerated in order to clearly explain the events shown.)

At point B, the road load exceeds 30% of MTO for the first

10 time on this particular trip. When this is detected by

microprocessor 48, starting‘ motor 21 spins the engine 40 at

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

15 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

20 process, it begins to produce useful torque almost immediately, as

indicated at D.

Thereafter, when the vehicle's torque requirement 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

25 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% MTO

> RL > 100% of MTO, the vehicle is operated in mode IV. During

mode IV operation, if the engine's instantaneous torque output

30 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 particularly, 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.

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 gas

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, as there are unavoidable losses attendant on

conversion of energy stored in the batteries to motor output

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 ‘vehicle operation. Broadly speaking, the

microprocessor tests sensed and calculated values for system

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 MTO, and the state of charge of the battery bank BSC,

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 iJI 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 vary

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

low-speed operation to highway cruising occurs when road load is

equal to 30% of MTO. This setpoint, referred to in the appended

claims as "SP", and sometimes hereinafter as the transition point

(i.e., between operation in modes I and IV) is obviously arbitrary

and can vary substantially, e.g., between 30 - 50% of MTO, 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 MTO 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 MTO 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 power 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 MTO, 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

MTO for a few hundred yards at a time, and then fell back below 30%

of MTO, as might often. occur in suburban traffic. Repeated

restarts might also occur if the road load averaged over 30% of MTO

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 mode 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 MTO, 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

operation for an extended period of time. Thus providing

"hysteresis" in the mode-switching determination would limit

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.

I 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 MTO, 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

progranl run by 'the 'microprocessor, with the transition point

between mode I, low—speed operation, and mode IV highway cruising,

set at a road load equal to 30% of MTO. 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.

The control program is entered at step 100, where the

microprocessor determines whether the road load RL is less than 30%

of MTO. If the answer is yes ("Y"), 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 somev

time as a straight electric vehicle, and mode I is accordingly

entered, as indicated at 115. A "mode I" loop is then established,

including' steps 100, 103, and 110; as long as all conditions

tested in these steps remain stable, the vehicle continues to be

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

possible, to charge the battery bank, up to, for example, 75% of

its maximum charge, as tested at step 120. If the engine is
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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 this

5 mode to prevent battery charging from being stopped when BSC

reaches 70%). If the engine is not running, an engine starting

subroutine (shown separately, by Fig. 9(a), is entered, as

indicated at step 140.

In the engine starting subroutine, beginning with the 'enter'

10 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

necessary, as indicated at 150. When the catalyst is heated

suitably, the engine is then spun by the starter motor until a

15 desired starting speed is reached, as indicated by the loop

including blocks 155 and 160. When the engine reaches its desired

starting speed, it is started at step 165, by supply of fuel and

firing of its spark plugs, concluding the engine starting

subroutine as indicated by 'return' block 170. If the engine

20 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% < BSC <

25 40%, the vehicle may be operated in mode III as an electric car, to

provide emergency operation. However, this should be strictly

limited to avoid deep discharge of the battery bank, tending to

shorten its useful life. As indicated at 177, the vehicle is

completely disabled if BSC falls below 30%.

30 If RL is determined to exceed 30% of MTO in step 100, the

program goes to step 180, where the term 30% > RL > 100% is

evaluated; that is, the microprocessor determines whether the road

load is 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 180 and 190 is established; the system remains in

mode IV, as indicated at 185, until the state of one of these

tests changes.

If in step 190 it is determined that the engine is not

5 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 180 it is determined whether RL is between

10 30 and 100% of MTG; if not, it is determined in step 220 whether RL

is greater than 100% of MTO. If so, mode 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 intluding steps 220 and 230 is thus established, so
15 that mode V remafins 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 MTO, it is then determined in step 215 whether RL

is less than 30% of MTO. If so, the engine is shut off, as

20 indicated at 240, and the program returns to step 100; if not, the

program is returned to step 180.

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

25 rapidly increases from less than 30% of MTO to more than 100% of

MTO. Permitting the operator to thus operate the system is an

important 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

30 operation in mode V, necessitating a significant drain on the

battery bank and overdriving the traction motor. Accordingly,

steps 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 is set so

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 MTO, 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 MTO, but not shutting the engine off, ending

15 mode IV operation, until road load falls below 20% of MTO --

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 in moderate~speed, flat road

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 MTG, 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 MTO; if either of the latter conditions

occurs, the program goes to step 180, initiating mode IV operatidn.

Similarly, hysteresis in mode IV cruising, in order to

implement excessive mode shifting that might otherwise occur if the

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 MTO, unless RL is less

than RL for more than 30 seconds, or exceeds 100% of MTO. 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 re-entered, thus preserving the "mode IV loop"; when RL is

less than 30% of MTO for more than 30 seconds, the engine is shut

down, at step 240, control is passed to step 100, and mode I re-

entered.

Numerous further modifications to the detailed control

strategy of the invention as illustrated in Figs. 6 - 9 will occur

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.g., on a hot day it may be advisable

to avoid charging the battery bank to more than 60% 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 to provide

maximum vehicle responsiveness for safety and ease of consumer

acceptance, and over periods of days or weeks, as the

microprocessor builds up a detailed historical record of the

vehicle's usage pattern, from which an optimized control strategy
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may be derived.

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, operators are now well—accustomed to set a "cruise

control" when a desired cruising speed is reached; thereafter,

existing engine management systems control the instantaneous engine

torque output with respect to variation in the road load to

maintain vehicle speed substantially constant. It wouhi be a

simple matter for the microprocessor to accept a desired cruising

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

maintain vehicle speed substantially constant, both as

conventional; however, according to the invention, 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 "turbocharger-on—demand" allows the

engine to function efficiently in different torque output ranges,

as needed. Essentially, the turbocharger 100 is employed only when

the vehicle's torque requirements, the "road load" as above,

exceeds the engine's normally-aspirated maximum torque capacity for

a relatively extended period T of time, for example, during

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 102 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

WW. ZnLEsL. Robert Bosch GmbH (1986), p. 356.

Further, in conventional practice, 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

present invention; the turbocharger is controlled by the

microprocessor to operate only when needed, and the engine's
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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 low-speed torque, that is, are "peaky" compared to

20 normally—aspirated engines. A variable—ratio transmission is

essential to obtain reasonable acceleration from low speeds. Stated

differently, turbocharging as usually implemented for automotive

use provides relatively' high torque 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

lag", that is, 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 cost, all of

which would be unacceptable to the ordinary motorist. Thus,

normally-turbocharged engines, of both the low-speed truck type, or

5 the high-speed automotive type, are not satisfactory in

implementation of the present invention.

As also noted aboVe, as conventionally employed, a

turbocharger is used at all times. By comparison, according to the

present invention, the turbocharger is controlled by the

10 microprocessor 48 to be used only (under specified driving

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

15 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 operation of a vehicle including a

"turbocharger—on—demand" according to this aspect of the invention.

20 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. Typically these events will

25 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

30 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 air—side 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

increases, and the torque .produced, by traction motor 25 is

gradually reduced. This sequence of events is discussed further

below in connection with Fig. 13.

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

be operated to provide additional engine power when full

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

vary over time, during low-speed city driving, highway cruising,

and extended. high-load driving, thus further illustrating the

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 MTO for more than a period of time T.

Thus, as shown_ in Fig. 13(a) at t1, t2, tL and t4, the

microprocessor monitors the length of time t during which road load

exceeds 100% of MTO, and compares t continually to a value T

preferably varied in accordance with BSC; this is shown by the

relative lengths of the arrows marked T on Fig. 13(b). While t <

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 MTO, in accordance with the

'970 patent; this allows the motors to provide adequate torque for

good vehicle performance without a variable-ratio transmission.

The motors may also be overdriven to provide more than their rated

torque, well over 100% 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 t4 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 BSC 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

microprocessor-controlled turbocharger in a hybrid vehicle

according to the invention permits operation in an additional mode,

providing increased flexibility in the operational scheme provided;

essentially the turbocharger provides a larger engine only when

needed, at no cost in efficiency at other times. This is

particularly significant in meeting the goals of the hybrid vehicle
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of the invention. More specifically, in- addition to the

operational advantages noted, 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

5 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 engine adequately that the engine is operated

efficiently, employment of a smaller engine allows use of a smaller

10 generator motor. For similar reasons, provision of a smaller

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

15 realized without sacrifice in the ultimate performance of the

vehicle.

‘vAs noted above, one convenient implementation of the

"turbocharger~on-demand" according to the invention is to operate

the wastegate by a solenoid or the like controlled by the

20 microprocessor, that is, to employ the wastegate as a bypass valve

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-loaded relief valve, as

illustrated in Fig. 11, and as generally conventional, to limit the

25 "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

30 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' by’ driving it through an

electrically-controlled 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

inlet manifold, while supercharging ‘consumes engine torque.

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

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 extremely 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

conventionally—turbocharged engine, having the typical "peaky"

torque curve, would not allow the engine to be used to propel the

vehicle during highway driving without a variable-speed

transmission. Instead, by providing a "turbocharger-on-demand",

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—utility 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. Examples were given above of

component selection for a vehicle not including a turbocharger

according to this aspect of the present invention. Using as a

further example a 5,500 pound "sport-utility vehicle" ("SUV")

required to have reasonable acceleration and passing performance

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 al

suitable engine speed. In this way fuel is used efficiently during

battery charging, as discussed above. In the example, the charger

motor is preferably an induction metor of 15 ~ 30 hp capacity,

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 manner. This is essentially equivalent to

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 fuel—efficient

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

drive providing the appropriate reduction ratio. It will be

appreciated that in this example the total torque available from

the starting and traction motors combined exceeds that provided by

the engine, in accordance with an aspect of the invention of the

'970 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

KAH battery pack is provided. The battery bank should be sized and

arranged so that the maximum current to be absorbed with the

starter/generator being driven at 30% of MTO is no more than 50
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amperes.

7. Finally, the controller is provided with software to

implement the control scheme described in detail above, that is, to

use the traction motor as the only source of driVe torque at low

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

fuel-efficient range, e.g., driving a load at least equal to 30% of

MTO.

Simulations show that vehicles configured as above will

generally be capable of 80 - 100% improvement in fuel economy with

respect to conventional ‘vehicles of similar size,’ weight and

performance characteristics.

 
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

invention 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 plug-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

example, thirty seconds; under most circumstances, the average

current would be much less) is controlled to be 50 A. This allows

use of inexpensive mass-produced plug-in connectors, and can be
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controlled by inexpensive mass-produced , power electronic

components, as needed to construct the inverter/charger units.

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 produce 153 A (= 100 kW/650 V) during full

acceleration, and the ratio of voltage to peak current is 3.92 (=

650 V/153 A).

In another example, of a much lighter 3000 lb vehicle, a 80

HP, 60 kW motor might be sufficient. To keep the peak current to

115 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

that an internal combustion engine (ICE) be provided, and be

connected to the wheels by way of a variable-ratio plantary

gearset. Operation of the ICE in the Prius is thus constrained by

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

multiple—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.

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 '970 patent and the '817 and '743 applications.

More specifically, according to one embodiment of this aspect

of the invention of the present continuation-in—part application,

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 SUVs 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

5 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 multiple-speed transmission which is

operated to provide a sequence of effective overall gear ratios

10 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 automatically during

acceleration, or in "kick—down" mode responsive to the operator's

15 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

20 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. several minutes, or

conventionally, i.e., shifted under ordinary acceleration.

25 Typically the gearbox 33 will be locked, providing a direct drive,

under ordinary circumstances; when a lower ratio is needed, for

example, when towing a heavy trailer, the gearbox 33 may be

controlled to yield a reduction of 0.5 - 0.8 : 1.

Fig. 14 also shows a second traction motor 222 driving a

30 second set of road wheels 210 through a second differential 211.

This is a convenient way of providing a "four-wheel 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

is, 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 road wheels through reduction gears 214. In this

implementation starter motor/generator 21 is also shown connected

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 respective road
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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 scope of the invention, is to provide a "torque

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

speeds. Such a torque converter 'would provide increased

acceleration from rest. HoweVer, a similar effect can be obtained

more simply by overdriving the traction motor(s) beyond their rated

power for the first few seconds of acceleration.

W

Numerous patents, including the '970 patent discussed above,

recognize that one advantage of hybrid vehicles is that by

appropriate control of electric motor/generators connected to the

road wheels, a substantial fraction of the energy lost by

conventional vehicles to friction can be recovered through

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

apparent to those of skill in the art that a conventional

mechanical braking system must also be provided, both for safety in

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 5,788,597

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 c0mpression 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.

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 05 641 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 brake 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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brake "feel" to the operator is important to provision of a

satisfactory vehicle, but differs substantially from the teachings

of the art, and the Boll 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

complicated in the case of a brake system incorporating

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

regime to another. 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. Regenerative

braking is also not available when the vehicle is moving very

slowly or is at rest, and mechanical brakes must be available under

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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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

assistance is 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

above. Where common reference numerals are employed, the

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 four—wheel 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. Inverter/chargers 224 and 27 are controlled by

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;

during regenerative braking, inverter/chargers 224 and 27 are

controlled so that the motors abSQrb 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 ndcroprocessor-controlled pneumatic cylinder

assembly 230. A piston 232 fitting within a pneumatic cylinder 238

is driven by a connecting rod 234 attached to pedal 70 by a clevis

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. The rate at which air is expelled in response to any

given pedal pressure is controlled by the spacing of a needle valve

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 248

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 opened, so that the cylinder provides little

resistance to the pedal, effectively informing the driver that only

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 to

5 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

10 hybrid vehicle according to the 'invention is generally

conventional, with two principal exceptions as follows: First, as

the engine is not always running during movement of the hybrid

vehicle, there is no consistent source of manifold vacuum as

conventionally employed to provide servo assistance to braking.

15 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

 
’20 the engine, such as the power steering pump and the air

 
conditioning compressor. (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 Heidl

patent 5,249,637, at col. 1, lines 7 — 45.) Second, in order that

25 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

30 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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268. 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 48 when the brake pedal

70 is depressed by the driver. The microprocessor 48 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 apparent that other types of devices for

controlling the resistance to pedal travel to correspond to the

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 microprocessor-controlled 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.

HEAQ.§¥§§§m

The essential components of the heating, ventilation and air

conditioning (HVAC) systems of conventional vehicles are a heater

core, connected to the engine cooling system, an air conditioning

system including an evaporator, and a fan to blow air over the

heater core and evaporator and into the passenger cabin. There are

several issues to be addressed in adapting the conventional

automotive HVAC system to use in a hybrid vehicle. One is that

conventionally the air conditioning compressor is driven by the

engine through an electrically-controlled clutch; in a hybrid

vehicle this is unacceptable, as the engine is not run constantly.

Therefore the air conditioning compressor must be powered

differently. Similarly, again as the engine is not run constantly,

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 Heidl patent 5,249,637, at col. 1,

lines 7 - 45. Heidl's disclosure is to the effect that a

‘motor/generator used to drive the ancillaries during electric

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

vehicle cabin is represented by a single duct 300. A fan 302

forces air through the duct 300, and in succession past an

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 pmwering 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. Another advantage of driving the

compressor from the battery bank according to the invention is as

follows. Conventionally, in order to be useful under all

circumstances, the compressor must be sized to provide full cooling

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 a throttling

valve controlling the flow of refrigerant, or by turning motor 312

on and off as required. The other components of the air

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, an electric heating element 308, essentially

comprising a coil of Nichrome wire or the like, is provided, again

downstream of the evaporator 304- Heating element 308 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

5 order that the hybrid vehicle of the invention suffers no comfort

or convenience drawback with respect to conventional vehic1es.

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

10 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 electrically-operated de—misting and deficing.

It will be appreciated that the hybrid vehicle and operational

15 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

20 not to be limited thereby.
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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

5 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—

10‘ 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

15 brake feel under varying circumstances, \
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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

provided by said engine, and a microprocessor adapted to control

operation of said engine, said traction motor, said

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

104
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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 starter/generator 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 In; is at least equal to a predetermined fraction of the

engine‘s maximum torque output (MTG).

5. The method of claim 4, wherein mode III is entered only

when RL is substantially equal to at least 30% of MTO.

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.

105
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8. The method of claim 1, wherein said vehicle further

comprises a turbocharger adapted to be controlled by said

microprocessor so as to increase the torque output of said engine

from its maximum value while normally aspirated (MTO), and wherein

a further vehicle operating mode V is established, wherein said

turbocharger is controlled to operate when RL is greater than MTO

for more than a given period of time T.

9. The method of claim 8, wherein if said vehicle is in said

mode IV, with RL between 30 and 100% of MTG, and if RL then exceeds

100% of MTO, torque required in excess of 100% of MTO is initially

provided by said traction motor, and if RL continues to exceed 100%

' of MTO 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 MTO.

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

operation of said vehicle and to provide electrical energy

responsive to torque from wheels of said vehicle during a

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 microprocessor 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
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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 microprocessor controls the amount of

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.

11. The brake system of claim 10, wherein said device

controllable by said ndcroprocessor to vary the resistance to

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, ventilation, and air conditioning (HVAC)

system for a hybrid vehicle, said vehicle comprising a drive train

including an internal combustion engine run only during

predetermined modes of operation of said vehicle and at least one

5 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 along

10 . said duct;

an evaporator in said duct;

an air conditioning compressor connected to said evaporator,

and driven by an electric motor powered by said battery bank;

a heater core in said duct and connected to a cooling system

15 of said engine; and

an e1ectrica1~heating element in said duct and connected to

said battery bank.

15. The 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, starting/charging and traction

motors, and battery bank of a hybrid vehicle comprising said

components, said method comprising the steps of:

5 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

10 approximately 30% of the engine's maximum torque output;
c. sizing the traction motor to provide adequate torque

108
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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

15 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 motor(s)

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

20 at least 2.5:1, and

f. selecting the battery bank to provide the calculated

voltage under peak load conditions.

~109
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This Page is Inserted by IFW Indexing and Scanning.

Operations and is not part of the Official Record

BEST AVAILABLE IMAGES

Defective images within this document are accurate representations Of the original

documents submitted by the applicant.

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

El BLACK BORDERS

CI IMAGE CUT OFF AT TOP, BOTTOM OR SIDES

El ADED TEXT OR DRAWING

BLURRED OR ILLEGIBLE TEXT OR DRAWING

El SKEWED/SLANTED IMAGES

El COLOR OR BLACK AND WHITE PHOTOGRAPHS

El GRAY SCALE DOCUMENTS

El LINES OR MARKS ON ORIGINAL DOCUMENT

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

El OTHER:

IMAGES ARE BEST AVAILABLE COPY.

As rescanning these documents will not correct the image

problems checked, please do not report these problems to
the IFW Image Problem Mailbox.
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RULE 60 APPLICATION

Atty. Dkt. PAICE201.DIV.2

Hon. Commissioner for Patents

P.O. BOX 1450

Alexandria, VA 22313-1450

Sir:

This is a request for filing a divisional application under 37

CFR § 1.60 of pending prior application Serial No. 10/382,577 filed
on March 7, 2003 entitled Hybrid Vehicles

Full Name of first joint inventor: Alex J. Severinsky

Residence: Washingtonl D.C. Citizenship: U.S.

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

Full Name of second joint inventor: Theodore Louckes

Residence: Holly, Michigan Citizenship: USS.

10398 Appomattoxl Hollyl MI 48442Post Office Addressz~

X Enclosed is an 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. 10/382,577 as
originally filed on March 7, 2003.

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

LARGE ENTITY

CLAIMS Basic Filing Fee: $300

Total 7 - 20 = 0 x $50 $0

Indep. 3 - 3 = 0 x $200 $0

Search fee $500

Examination fee $200

.I. a "1 . .. ,me
, .
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Size fee (110 sheets text, 17 sheets of drawing) $500

Total Fee $1500

X The Commissioner is hereby authorized to charge fees under 37

CFR § 1.16 and § 1.17 which may be required, or credit any

overpayment of 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:
1-9.

X A check in the amount of $ 1500.00 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.

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

This is a divisional application of application Serial No.

10/382,577 filed March 7, 2003, which was a divisional

application of Ser. No. 09/822,866 filed April 2, 2001, now
Patent 6,554,088, which was a continuation—in—part of Ser. No

09/264,817 filed March 9, 1999, now U.S. 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 U. S. 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.
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X New formal drawings are enclosed.

X The prior application is assigned of record to PAICE LLC via
a document dated April 28, 2004 and recorded by the U.S.

Patent and Trademark Office on April 28, 2004 at Reel 014546
Frame 0351.

X The power of attorney in the prior application (filed in

grandparent application Ser. No. 09/822,866) is to Michael de
Angeli, Reg. No. 27,869. The power was filed June 26, 2001.

X Address all future communications to:

Michael de Angeli

6O Intrepid Lane
Jamestown RI 02835

401-423-3190

X The undersigned declare 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
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,

  ism. /; Z47f
  Michael de ngeli

Reg. No. 27,869

60 Intrepid Lane
Jamestown RI 02835

401-423-3190

Page 156 of 506 FORD 1312



Page 157 of 506 FORD 1312
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.U.3 DEPARTMENT OF COMMERCE
"PATENT AND TRADEMARK OFFICE
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PTO/SB/06 (12-04)
Approved for use through 7/31/2006. OMB 0651 -0032

U.S. Patent and Trademark Ofiice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995. no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number

Substitute for Form PTO-875 1 1 229762

OTHER THAN
SMALL ENTITY

APPLICATION AS FILED — PART I
(Column 1) SMALL ENTITY(Column 2)

FOR NUMBER FILED NUMBER EXTRA RATE $) FEE (3) RATE ($) FEE (5;)
BASIC FEE
(37 CFR 1.16(a), (b), or (c))
SEARCH FEE
(37 CFR 1.16(k), (i). or (m))
EXAMINATION FEE
(37 CFR 1.16(0), (p). or ((1))
TOTAL CLAIMS
(37 CFR 1.16(i))
INDEPENDENT CLAIMS
(37 CFR 1.16(h))

If the specification and drawings exceed 100
APPLICATION SIZE sheets of paper, the application size fee due is
FEE $250 ($125 for small entity) for each additional

50 sheets or fraction thereof. See37 CFR 116
( (5)) 35 U.S.C. 41(a)(1)(G) and 37 CFR

S

0II

E
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.1 6(1))

' If the difference in column 1 is less than zero, enter "0" in column 2.

APPLICATION AS AMENDED — PART II
OTHER THAN

(Column 1) (Column 2) SMALL ENTITY
CLAIMS HIGHEST

REMAINING NUMBER PRESENT
AFTER PREVIOUSLY EXTRA

AMENDMENT PAID FOR

(Column 3) SMALL ENTITY
ADDI-

RATE (8) TIONAL RATE (5)
FEE (S) '

ADDI- TION ‘
FEE (5)

Total
(37 CFR 1.16(i))
Independent
(37 CFR 1.16(h))

Application Size Fee (37 CFR 1.16(s))

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.160))

<
I-
2
Lu
2
0
2
Lu
2
<

(Column 1) (Column 2)
CLAIMS HIGHEST

REMAINING NUMBER PRESENT
AFTER PREVIOUSLY EXTRA

AMENDMENT PAID FOR

(37 CFR 1.16(h))

Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.160))

~ (Column 3)

Total
(37 CFR1,16(i))

Independent -AMENDMENT8

' If the entry in column 1 is less than the entry in column 2. write “0" in column 3.

X II

TOTAL
ADD'T FEE

ADDI-
RATE (5) TIONAL

FEE (S)

X II

X H

HI
TOTAL
ADD'T FEE

“ If the “Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter “20".
'" If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3. enter “3".

The “Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the

X ll 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the'individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden. should be sent to the Chief Information Ofiicer. U.S. Patent
and Trademark OITIce, U.S. Department of Commerce, PO. Box 1450. Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, PO. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent. and Trademark Office
Addrul: COMMISSIONER FOR PATENTS

9.0. Box I450 . .Altman-1m, Vagina: 223134430www.mpiosuv

APPLICATION NUMBER FILING OR 37! (c) DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NUMBER

 
11/229,762 09/20/2005 Alex J. Sevefinsky PAICE20].DIV. 2

CONFIRMATION NO. 3347

Michael de Angeli FORMALITIES

60 Intrepid Lane , . LETTER
Jamestown, RI 02835

Date Mailed: 10/13/2005

NOTICE OF OMITTED ITEM(S) IN A NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR1.53(b)

A filing date has been accorded to the above-identified nonprovisional application papers; however, the following

item(s) appear to have been omitted from the application:

0 Page(s) 8 of the Specification (description and claims).

I. Should applicant contend that the above—noted omitted item(s) was in fact deposited in the US. Patent and

Trademark Office (USPTO) with the nonprovisional application papers, a copy of this Notice and a petition (and
$400.00 petition fee (37 CFR 1.17(f))) with evidence of such deposit must be filed within TWO MONTHS of the
date of this Notice. The petition fee will be refunded if is determined that the item(s) was received by the USPTO.

II. Should applicant desire to supply the omitted item(s) and accept the date that such omitted item(s) was filed in

the USPTO as the filing date of the above-identified application, a copy of this Notice, the omitted item(s) (with a

supplemental oath or declaration in compliance with 37 CFR 1.63 and 1.64 referring to such items), and a petition
under 37.CFR 1.182 (with the $400.00 petition fee (37 CFR 1.17(f)) requesting the later filing date must be filed
within TWO MONTHS of the date of this Notice.

Applicant is advised that generally the filing fee required for an application is the filing fee in effect on the filing

date accorded the application and that payment of the requisite basic filing fee on a date later than the filing date ‘

of the application requires payment of a surcharge (37 CFR 1.16(f)). To avoid processing delays and payment of

a surcharge, applicant should submit any balance due for the requisite filing fee based on the later filing date
being requested when submitting the omitted items(s) and the petition (and petition fee) requesting the later filing
date.

Ill. The failure to file a petition (and petition fee) under the above options (I) or (II) within TWO MONTHS of the
date of this Notice (37 CFR 1.181(f)) will be treated as a constructive acceptance by the applicant of the
application as deposited in the USPTO. THIS TWO MONTH PERIOD IS NOT EXTENDABLE UNDER 37 CFR

1.136(a) or (b). In the absence of a timely filed petition in reply to this Notice, the application will maintain a filing

date as of the date of deposit of the application papers in the USPTO, and original application papers (i.e., the
original disclosure of the invention) will include only those application papers present in the USPTO on the date of
deposit.

In the event that applicant elects not to take action pursuant to options (I) or (II) above (thereby constructively
electing option (|||)), amendment of the specification to renumberthe pages consecutively and cancel incomplete

sentences caused by any omitted page(s), and/or amendment of the specification to cancel all references to any
omitted drawing(s), relabel the drawing figures to be numbered consecutively (if necessary), and correct the
references in the specification to the drawing figures to correspond with any relabeled drawing figures, is required.
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A copy of the drawing figures showing the proposed changes in red ink should accompany with any drawing

changes . Such amendment and/or correction to the drawing figures, if necessary, should be by way of
preliminary amendment submitted prior to the first Office action to avoid delays in the prosecution of the
application.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to

exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit. the required
application size fee.

Replies should be mailed to: Mail Stop Missing Parts

Commissioner for Patents

PO. Box 1450

Alexandria VA 22313-1450

Wsfin»¥.hw-m-Amwwwmwnn-r'vn'a/Awkh-nvAWNvs.mmfl'fiwfififlvflmnhhmhwfiwW~W4uh“MnV."~~§”wwtmuhl.fiWW-WW’MWWMMWMM‘HMNN'VV.'4MNWNNfiwvvamWan-H§~WWWm

A copy of this notice MUST be returned with the reply.

Office of Initial Patent Examination E57 1) 272-4000, or 1—800—PTO-9199, or 1-800-972-6382
PART 3 - OFFICE COPY
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013’10/06 FRI 17:58 FAX 4014288191 MICHAEL DE ANGELI
121005

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 heavy,

bulky, and costly, and are to be eliminated according to one object

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

Furthermore, the primary means of battery charging disclosed

by Hunt involves a further undesirable complexity, namely a turbine

driving the electric motor in generator configuration. The turbine

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

10 col. 3, lines 10 — 60. Hunt's internal combustion engine is also

fitted with an alternator, for additional battery charging

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

Hunt fails to teach a hybrid Vehicle meeting the objects 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 4,407,132 show a

parallel hybrid involving a Eflngle internal combustion engine

coupled to the drive wheels through a conventional variable—ratio

20 transmission, an electrir: 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 a: 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 515‘ RCVD AT 111312005 4:56:00 PM [Eastern Standard Time]‘ SVR5USPTO£FXRF6I28 ' DNIS:2?38300 ’ (28101014233191 * DURATION (mm-ss):D1-55
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RECEWED

CENTRAL FAX CENTER
MICHAEL M. DE ANGELI, RC.

ATTORNEY AT LAW JAN 1 3 2005
5C3hflPEPE)LANE

JAMESTOWN, RHODE Ismno 02835
(40 I) 423-3 | 90

REGISTERED PATENT
ATl'DRNEY

ADMI‘ITEDTO Ems FAx: t40la423-3191

or PA a. MD ‘ E-MAIL: MDEANGE@COX.NET
No'r ADMITTED IN RI

EACEHNHLE‘HRANEHMHSSKDN

To: Office of Initial Patent Examination

Mail Stop Missing Parts

U. 8. Patent and Trademark Office
P.O. Box 1450, Alexandria VA 22313—1450

Fax Number: 571-273—8300 Date: January 13, 2006

Re: U.S. Ser. No. 11/229,762

Total Pages (including this sheet): 5

Dear Sirs:

I respond herewith to the Netice of Omitted Item(s) in a

Nonprovisional Application mailed in this application on October
13, 2005, a copy of which is enclosed herewith. I apologize for
not having responded sooner.

The Notice indicates that page 8 of the specification was
omitted from the application” A.copy of page 8 is enclosed; kindly

add this to the previously-filed application papers.

I understand from a conversation with your office that this

submission will result in this application being accorded today's
date as the filing date. As presently advised that will be

perfectly acceptable.

More specifically, this application is a continuation of Bar.
No. 10/382,577, which is about to issue, but according to an on—

line search of the PTO records, has not yet thus iSSUed.

Accordingly, if as a result of this submission the present

application is acc0rded today's filing date, and is thus co~pending*
with Ser. No. 10/382,577, there will be no need for further

proceedings. However, applicant reserves his right to proceed as
outlined in paragraph III of the Notice if this turns out to be

necessary, that is, to obtain the benefit of the earlier filing

date of September 20, 2005, if needed to ensure copendency with
Ser. No. 10/332,577.

Please charge any fees due in connection with this submission
to my Deposit Account No. 04~O401.

PAGE 115* RCVD AT 111312006 4:55:00 PM [Eastern Standard Time] * SVR2USPTO-EFXRF-BI28' DNIS:2?38300 * CSID14014233191 " DURATION (mm-ss):01-56
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01/13/06 FRI 17:57 FAX 4014233191 MICHAEL DE ANGELI .002In

Office of Initial Patent Examination

Page 2

January 13, 2006

Please feel free to contact the undersigned at the number

above if there are any questions.

Respectfully submitted,

flu/53 20% ' (figfi "
Dated Michael de Angeli

Reg. No. 27,369

60 Intrepid Lane
Jamestown, RI 02835
401—423—3190
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LAW. IF YOU HAVE RECEIVED THIS MOE 1N ERROR. PLEASE CALL US (CDLLEC'D AND RETURN THE
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In re the Patent Application of

Severinsky et al ; Examiner: N/A

Serial No.: 11/229,762 : Group Art Unit: 3616

Filed: ganuary 13, 2006 ' : Att. Dkt.:PAICE201.DIV.2
For: Hybrid Vehicles '

TRANSMITTAL OF AMENDMENT

Hon. Commissioner for Patents

P. O. Box 1450

Alexandria VA 22313-1450

Transmitted herewith is an amendment in the above —

identified application.

A check for the additional claim fee of $ 2150.00 as

calculated below is enclosed for this amendment.

X The Commissioner is hereby authorized to charge the

additional claim fee of $ 2150.00 as calculated below, and any

underpayment (or to credit overpayment) to our Deposit Account

No. 04—0401. A duplicate copy of this sheet is attached.

 

x LARGE ENTITY
TOTAL CLAIMS PRESENT ADDITIONAL

CLAIMS PREVIOUSLY EXTRA RATE

PAID FOR

TOTAL 59 20 = 39 Extra x 50 $1950.00

INDEP. 4 3 = 1 Extra X 200 $ 200.00

TOTAL: $2150.00

Respectfully submitted,

Dated/’07 { 2017‘ MlC ae de fiQ/i/
/ Reg. No. 27,869
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Hon. Commissioner for Patents

P.O. Box 1450 ‘
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PRELIMINARY AMENDMENT

Sir:

~Prior to examination, kindly amend the above-identified

application as follows:
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REMARKS

The above new claims are presented to ensure proper scope

to the protection of the invention. No new matter is included.

Entry and favorable consideration are respectfully requested.

Respectfully submitted,

 W
Michael de Angel

Reg. No. 27,869

60 Intrepid Lane
Jamestown, RI 02835
401—423—3190
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IN THE CLAIMS:

Amend the claims to appear as follows:

1 — 16 (canceled)

17. (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;

a first electric motor coupled to the engine;

a second electric motor operable to propel the hybrid

vehicle by providing torque to the one or more wheels;

a battery coupled to the first and second electric motors,

operable to:

provide current to the first and/or the second

electric motors; and

accept current from the first and second electric

motors; and

a controller, operable to control the flow of electrical

and mechanical power between the engine, the first and the

second electric motors, and the one or more wheels;

wherein the controller is operable to operate the engine

when torque required from the engine to propel the hybrid

vehicle and/or to drive one or more of the first or the second

motors to charge the battery is at least equal to a setpoint

(SP) above which the torque produced by the engine is

efficiently' produced, and wherein the torque produced by the

engine when operated at the SP is substantially less than the

maximum torque output (MTO) of the engine.

18. (new) The hybrid vehicle of claim 17, wherein the

controller is operable to stop the engine when the torque

required to propel the vehicle is less than the SP.
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19. (new) The hybrid vehicle of claim 17, wherein the controller

is operable to stop the engine when the torque required to

propel the vehicle and/or charge the battery is less than the

SP.

20. (new) The hybrid vehicle of claim 17, wherein to operate the

engine, the controller is operable to start the engine via the

first electric motor if the engine is not already running.

21. (new) The hybrid vehicle of claim 17, wherein the

controller is further operable to monitor patterns of vehicle

operation over time and vary the SP accordingly.

22. (new) The hybrid vehicle of claim 17, wherein the

controller is further Operable to:

monitor road load (RL) on the hybrid vehicle over time; and

control transition between propulsion of the hybrid vehicle

by the first and/or the second electric motors to propulsion by

the engine responsive to the RL reaching the SP, wherein the

transition only occurs when:

the RL > the SP for at least a first length of time;

or

the RL :> a second setpoint (SP2), wherein the SP2 >

the SP.

23. (new) The hybrid vehicle of claim 22, wherein if the engine

is not started, the controller is operable to start the engine

for the transition between propulsion of the hybrid vehicle by

the first and/or the second electric motors to propulsion by the

engine.

24. (new) The hybrid vehicle of claim 22, wherein the

3

Page 170 of 506 FORD 1312



Page 171 of 506 FORD 1312

controller is further operable to control transition from

propulsion of the hybrid vehicle by the engine to propulsion by

the first and/or the second electric motors such that the

transition. occurs only' when. the RL < the SP for at least a

second length of time.

25. (new) The hybrid 'vehicle of claim 24, wherein the first

length of time is the same as the second length of time.

26. (new) The hybrid. vehicle of claim 24, wherein. the first

length of time and the second length of time are predetermined.

27. (new) The hybrid vehicle of claim 24, wherein the

controller is further operable to stop the engine after the

transition between propulsion of the hybrid vehicle by the

engine to propulsion by the first and/or the second electric

motors.

28. (new) The hybrid vehicle of claim 17, wherein the

controller is operable to vary the SP as a function of speed of

the engine.

29. (new) The hybrid vehicle of claim 17, wherein the SP is at

least approximately 20% of the MTO of the engine when normally—

aspirated.

30. (new) The hybrid vehicle of claim 17, wherein the SP is at

least approximately 30% of the MTO of the engine when normally-

aspirated.

31. (new) The hybrid vehicle of claim 17, wherein the SP is

less than approximately 70% of the MTO of the engine when

normally-aspirated.
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32. (new) The hybrid vehicle of claim 17, wherein the

controller is operable to implement a plurality" of operating

modes responsive to road load (RL) and the SP, wherein both the

RL and the SP are expressed as percentages of the MTO of the

engine when normally—aspirated, and wherein the operating modes

comprise:

a low-load tnode I, wherein, when the RL < the SP, the

second electric motor is operable to provide torque to propel

the hybrid vehicle;

a highway cruising mode IV, wherein, when the SP < the RL <

the MTO, the engine is operable to provide torque to propel the

hybrid vehicle, and wherein the controller is operable to start

the engine if the engine is not running to enter the highway

cruising mode IV; and

an acceleration mode V, wherein, when the RL > the MTO, the

engine, the first electric motor, and/or the second electric

motor is operable to provide torque to propel the hybrid

vehicle, and. wherein the controller is operable to start the

engine if the engine is not running to enter the acceleration

mode V.

33. (new) The hybrid vehicle of claim 32, wherein the

controller is. operable to decouple the engine and the first

electric motor from the one or more wheels during operation in

the mode I and couple the engine and the first electric motor to

the one or more wheels during operation in the modes IV and V.

34. (new) The hybrid vehicle of claim 32, wherein the plurality

of operating modes further comprise a low-speed battery charging

mode II, wherein, when the RL < the SP and a state of charge of

the battery is below a predetermined level:

the controller is operable to decouple the engine and the

5
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first electric motor from the one or more wheels and start the

engine if the engine is not running to enter the battery

charging mode II;

the second electric motor is operable to provide torque to

propel the hybrid vehicle; and

the engine is operable to provide torque at least equal to

the SP to the first motor for charging the battery.

35. (new) The hybrid vehicle of claim 32, wherein the controller

is operable to control direct transition from operation of the

hybrid vehicle in the mode I to operation of the hybrid vehicle

in the mode V in response to operator input, and wherein the

operator input specifies a rapid increase in torque to be

applied to the one or more wheels of the hybrid vehicle.

36. (new) The hybrid vehicle of claim 32, further comprising a

turbocharger controllably coupled to the internal combustion

engine, operable to increase the MTO of the engine;

wherein the plurality of operation modes further comprise a

sustained high-power turbocharged mode VI, wherein, when the RL

> the MTO for more than a predetermined time T, the controller

is operable to engage the turbocharger to increase the effective

MTO of the engine.

37. (new) The hybrid vehicle of claim 36, wherein the controller

is operable to vary the time T with respect to a state of charge

of the battery.

38. (new) The hybrid vehicle of claim 17, further comprising a

turbocharger controllably coupled to the internal combustion

engine, operable to increase the MTO of the engine.

39. (new) The hybrid vehicle of claim 17, wherein the

6
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controller is operable to receive operator input of 21 desired

cruising speed, and thereafter control instantaneous torque

output of the engine and/or‘ one or‘ more of the first or the

second electric motors in accordance with variation in RL so as

to maintain a substantially constant vehicle speed.

40. (new) The hybrid vehicle of claim 17, wherein the battery

is operable to be regeneratively charged when instantaneous

torque output by the internal combustion engine > the RL, when

the RL is negative, and/or when. braking is initiated. by the

operator.

41. (new) The hybrid vehicle of claim 17, wherein total torque

available to the one or more wheels from the engine is no

greater than total torque available from the first and second

electric motors combined.

42. (new) The hybrid vehicle of claim 17, wherein the engine

and first electric motor are coupled to a first set of the one

or more wheels of the hybrid vehicle and the second electric

motor is coupled to a second set of the one or more wheels of

the hybrid vehicle.

43. (new) The hybrid vehicle of claim 17, further comprising a

variable—ratio transmission disposed between the engine and the

one or more wheels of the hybrid vehicle.

44. (new) The hybrid vehicle of claim 17, wherein the

controller is operable to rotate the engine via the first

electric motor before starting the engine such that cylinders of

the engine are heated by compression of air therein.

45. (new) The hybrid vehicle of claim 17, wherein the

7
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controller is operable to limit a rate of change of torque

produced by the engine, such that combustion of fuel within the

engine occurs substantially at a stoichiometric ratio, and

wherein if the engine is incapable of supplying an instantaneous

torque required, the controller is operable to transfer

additional torque from one or more of the first or the second

electric motors.

46. (new) The hybrid vehicle of claim 17, wherein the engine is

controllably' coupled to the one or' more wheels of the hybrid

vehicle by a clutch.

47. (new) The hybrid vehicle of claim 46, wherein the clutch

connects a first output shaft of or driven by the engine and the

first electric motor with a second output shaft of or driven by

the second electric motor coupled to the one or more wheels, and

wherein the controller is operable to control the speeds of the

engine and the first electric motor and of the second motor such

that when the clutch is engaged, the speeds of the first and

second output shafts are substantially equal.

48. (new) The hybrid vehicle of claim 17, wherein the

controller is operable to start and operate the engine at torque

output levels less than SP under abnormal and transient

conditions to satisfy drivability and/or safety considerations.

49. (new) A method for controlling a hybrid vehicle,

comprising:

determining instantaneous road load (RL) required to propel

the hybrid vehicle responsive to an operator command;

operating at least one electric motor to propel the hybrid

vehicle when the RL required to do so is less than a setpoint

(SP);
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operating an internal combustion engine of the hybrid

vehicle to propel the hybrid vehicle when the RL required to do

so is between the SP and a maximum torque output (MTO) of the

engine, wherein the engine is operable to efficiently produce

torque above the SP, and wherein the SP is substantially less

than the MTO; and

operating both the at least one electric motor and the

engine to propel the hybrid vehicle when the torque RL required

to do so is more than the MTO.

50. (new) The method of claim 49, further comprising:

turning off the engine when the torque required to propel

the vehicle is less than the SP.

51. (new) The method of claim 49, further comprising:

turning off the engine when the torque required to propel

the vehicle and/or Charge the battery is less than the SP.

52. (new) The method of claim 49, further comprising:

monitoring a state of charge of a battery comprised in the

hybrid vehicle, wherein the battery is operable to:

store power from the at least one electric motor

and/or the engine; and

transmit power to the at least one electric motor to

propel the hybrid vehicle.

53. (new) The method of Claim 49, further comprising:

operating the engine to charge the battery when the state

of charge of the battery indicates the need to do so, wherein

the engine is operable to provide torque at least equal to the

SP to propel the hybrid vehicle and to drive the at least one

electric motor to Charge the battery, wherein a first portion of

the torque equal to RL is used to propel the hybrid vehicle,

9
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wherein a second portion of the torque in excess of RL is used

to drive the at least one electric motor to charge the battery,

and wherein. said operating the engine to charge the battery

comprises if the engine is not already running, starting the

engine.

54. (new) The method of claim 49, wherein said operating the

internal combustion engine of the hybrid vehicle to propel the

hybrid vehicle and said operating both the at least one electric

motor and the engine to propel the hybrid vehicle, each

comprises:

if the engine is not already running, starting the engine.

55. (new) The method of claim 49, further comprising:

monitoring patterns of vehicle operation over time and

varying the SP accordingly.

56. (new) The method of claim 49, further comprising:

monitoring the RL over time;

wherein said operating the internal combustion engine to

propel the hybrid vehicle is performed when:

the RL > the SP for at least a predetermined time; or

the RL > a second setpoint (SP2), wherein the SP2 is a

larger percentage of the MTO than the SP.

57. (new) The method of claim 49, further comprising:

monitoring the RL over time; _

wherein said operating the at least one electric motor to

propel the hybrid vehicle is performed when the RL < the SP for

at least a predetermined amount of time.

58. (new) The method of claim 49, further comprising:

receiving operator input specifying a desired cruising

10
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speed;

controlling instantaneous engine torque output and

operation of the at least one electric motor in accordance with

variation in the RL to maintain the speed of the hybrid vehicle

according to the desired cruising speed.

59. (new) The method of claim 49, wherein the SP is at least

approximately 30% of the MTO.

60. (new) The method of claim 49,

wherehi the hybrid vehicle is operated in a plurality of

operating modes corresponding to values for the RL and the SP;

wherein said operating the at least one electric motor to

drive the hybrid vehicle composes a low-load operation mode I;

wherein. said operating the internal combustion. engine of

the hybrid vehicle to propel the hybrid vehicle composes a high-

way cruising operation mode IV; and

wherein said operating both the at least one electric motor

and the engine to propel the hybrid vehicle composes an

acceleration operation mode V.

61. (new) The method of claim 60, further comprising:

decoupling the engine from wheels of the hybrid vehicle for

operation in mode I; and

coupling the engine to the wheels for operation in modes IV

and V.

62. (new) The method of claim 60, wherein. the at least one

electric motors comprises a first electric motor and a second

electric motor, the method further comprising:

monitoring a state of charge of a battery comprised in the

hybrid vehicle, wherein the battery is operable to store power

from the engine and/or the at least one electric motor and

11
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transmit power to the at least one electric motor to propel the

vehicle;.

operating the engine to charge the battery when the state

of charge of the battery is below a predetermined level and when

the RL < the SP, wherein said operating the engine to charge the

battery composes a low-load battery charging mode II, and

wherein said operating the engine to charge the battery

comprises:

decoupling the engine from wheels of the hybrid

vehicle; and

the engine providing torque at least equal to the SP

to the first electric motor to charge the battery;

wherein during said operating the engine to charge the

battery when the state of charge of the battery is below a

predetermined level, the hybrid vehicle is propelled by torque

provided. by the second electric motor in response to energy

supplied by the battery.

63. (new) The method of claim 60, further comprising:

receiving operator input specifying a change in required

torque to be applied to wheels of the hybrid vehicle; and

if the received operator input specifies a rapid increase

in the required torque, changing operation from operating mode I

directly to operating mode V.

64. (new) The method of claim 60, wherein the hybrid vehicle

further comprises a turbocharger controllably coupled to the

engine, and wherein said operating both the engine and the at

least one electric motor occurs when the RL > the MTO for less

than a predetermined time T, wherein the method further

comprises:

operating the turbocharger to increase the MTO of the

engine when desired, wherein said operating the turbocharger to

12
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increase the MTO of the engine occurs when the RL > the MTO for

more than the predetermined time T, and wherein said operating

the turbocharger composes a turbocharged operation mode VI.

65. (new) The method of claim 64, further comprising:

varying the time T responsive to the state of charge of the

battery.

66. (new) The method of claim 49, wherein the hybrid vehicle

further comprises a turbocharger controllably coupled to the

engine, wherein the method further comprises:

operating the turbocharger to increase the MTO of the

engine when desired.

67. (new) The method of claim 49, further comprising:

regeneratively charging a battery of the hybrid vehicle

when instantaneous torque output of the engine > the RL, when

the RL is negative, and/or when braking is initiated by an

operator of the hybrid vehicle.

68. (new) The method of claim 49, wherein the hybrid vehicle

comprises a variable—ratio transmission disposed between the

engine and the wheels of the hybrid vehicle.

69. (new) The method of claim 49, wherein the engine is

controllably coupled to one or more wheels of the hybrid vehicle

by a clutch.

70. (new) The method of claim 49, further comprising:

controlling the engine such that combustion of fuel within

the engine occurs substantially at a stoichiometric ratio,

wherein said controlling the engine comprises limiting a rate of

change of torque output of the engine; and

13
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if the engine is incapable of supplying instantaneous

torque required to propel the hybrid vehicle, supplying

additional torque from the at least one electric motor.

71. (new) The method of claim 49, further comprising:

rotating the engine before starting the engine such that

its cylinders are heated by compression of air therein.

72. (new) The method of claim 49, further comprising:

operating the engine at torque output levels less than the

SP under abnormal and transient conditions to satisfy

drivability and/or safety considerations.

73. (new) A method of operating a hybrid vehicle, the method

comprising:

receiving an operator request for acceleration;

if a vehicle load is greater than a first amount in

response to the operator request, supplying torque from an

internal combustion engine to wheels of the vehicle;

if the vehicle load is less than a first amount in response

to the operator request, supplying torque from an electric motor

to the wheels of the vehicle;

wherein the engine is not operated when the vehicle load is

less than the first amount, wherein the vehicle load is

independent of the speed of the vehicle;

a battery supplying electrical power to the electric motor

during said supplying torque from the electric motor to the

wheels of the vehicle;

the battery storing electrical power generated by the

vehicle responsive to torque provided by one or more of the

engine or regeneration during deceleration of the vehicle.

74. (new) The method of claim 73,

14
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wherein the first amount of vehicle load is a minimum load

value at which the engine is efficiently operated, wherein the

first amount varies in. accordance with engine speed, and the

engine is operated in a range of output torques from a minimum

value of output torque to a maximum value of output torque which

is sufficient to satisfy the vehicle’s maximum continuous design

load requirement.

75. (new) A method of operating a hybrid vehicle, the method

comprising:

if vehicle load is greater than a first amount during city

driving, an internal combustion engine of the vehicle supplying

torque to wheels of the vehicle;

if vehicle load is less than the first amount during city

driving, an electric motor of the vehicle supplying torque to

the wheels of the vehicle;

wherein if vehicle load is below the first amount during

city driving, the engine is not operated;

wherein the engine is used between a first percentage of

total vehicle load on the engine and 100% of the total vehicle

load on the engine, and wherein. the first percentage of the

total vehicle load is less than 70%.
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In re thekPatent Application of

Severinsky et al : Examiner: David Dunn

Serial No.: 09/822,866 : Group Art Unit: 3616

Filed: April 2, 2001 : Att. Dkt.: PAICEZOl

For: Hybrid Vehicles

Hon. Commissioner of Patents and Trademarks

Washington, DC 20231

SECOND SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Dear Sir:

Listed on accompanying PTO—1449 form(s) are a number of

additional patents that may be considered relevant by the

Examiner to the claims of this application. These patents were

identified in supplemental searching conducted after the filing

of the application. Copies of the newly-cited documents are

provided herewith. The examiner is respectfully requested to

consider these documents in connection with the patentability of

the claims of this application. Citation of these documents

should not be construed to admit they are necessarily statutory

prior art effective against this application.

The relevance of the documents thus cited is as follows:

Goehring et a1 patent 6,394,209 discloses a hybrid vehicle

in which the internal combustion engine is stated to be operated

only at or near full load. To thus operate the engine of the

vehicle of the invention is an object of the invention, and a

limitation to that effect is present in claim 1 of the

application as amended. However, the Goehring reference refers

only to a serial hybrid, and therefore does not teach a hybrid

vehicle operated in different modes responsive to the road load,

as also required by claim 1.

Tabata et al patent 6,081,042, to be candid, is extrememly

difficult to comprehend. It does appear that Tabata shows a

hybrid vehicle which can be driven by a motor/generator, an
'9
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engine, or both, the operation mode to be chosen based on "the

currently required output Pd" and the battery state of charge.

See Fig. 6 and cols. 17 ~ 20. Insofar as understood, the value

Pd is not the same thing as applicants' instantaneous torque

requirement or road load RL. Pd is defined as "an output of the

hybrid drive system 210 required to drive the vehicle against a

running resistance. This currently required output Pd is

calculated according to a predetermined data map or equation, on

the basis of the operation amount Gmrof the accelerator pedal, a

rate of change of this value GM, running speed of the vehicle

(speed Mgof the output shaft 19) or the currently established

operating position of the automatic transmission." Col. 18,

lines 34 — 42.

Another Tabata patent, $982,045, is directed to control of

mode shifting in a hybrid such that transmission ratios or torque

distribution ratio changes are prevented from occurring

concurrently with mode shifting, the goal evidently being to

smooth mode shifting. No disclosure of control of mode shifting

responsive to a quantity comparable to applicants' road load is

apparent.

Lawrie et al patent 5,993,350 discloses an "automated manual

transmission clutch controller" which purports to combine the

advantages of conventional automatic and manual transmissions.

Mode shifting is evidently carried out responsive to any or

several of various "information..includ[ing] vehicle speed, RPM

or the like..[or] other vehicle condition signals". Col. 8,

lines 37 - 49. The disclosures of three further Lawrie and

Lawrie et al patents, 6,006,620, 6,019,698, and 5,797,257 appear

to be essentially identical.

Nagano et a1 patent 6,059,064 shows a hybrid vehicle and

appears to be directed to improvements in the braking system

employed; these include using a prime mover (e.g., an electric

motor) on one axle and another, e.g., an IC engine on another

axle. Hill—holding is also addressed, as is anti-lock. The

improvements in brake "feel" addressed in the present application

do not appear to be discussed by Nagano.
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The Examiner is respectfully urged to consider these patents

in connection with examination of this application, and to

indicate that he has done so in the file of the case.

Respectfully submitted,

Dated Michael de Angeli
Reg. No. 27,869
60 Intrepid Lane
Jamestown, RI 02835
401-423-3190
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ApplicafionlControl No. Applicant(s)lPatent Under
Reexamination

SEVERINSKY Er AL.

Examiner

U.s. PATENT DOCUMENTS

”—
Document Number

Cowmy Code-Numbor-Kind Code MM-YY1

 
 

   Document Number Date _ ,II-M

  

 
NON-PATENT DOCUMENTS

 ‘ ' ‘ ‘ ‘ ~ ‘ ’ . PEP § 707.05(a).)
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 E UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of

Severinsky et al : Examiner: David Dunn

Serial No.: 09/822,866 : Group Art Unit: 3616

Filed: April 2, 2001 : Att. Dkt.: PAICEZOl

For: Hybrid Vehicles

Hon. Commissioner of Patents and Trademarks

Washington, DC 20231

THIRD SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Dear Sir:

Listed on accompanying PTO—1449 form(s) are five Japanese

patent publications that may be considered relevant by the

Examiner to the claims of this application. These publications

were cited by the Japanese Patent Office in an office action

dated September 2, 2002 in connection with prosecution of a

Japanese patent application corresponding to the parent US

applications, Ser. No. 09/264,817, now patent 6,209,672, and Ser.

No. 09/392,743, now patent 6,338,391. A copy of a translation of

this Japanese office action is attached, and copies of the newly~

cited documents are provided herewith marked (1) — (S), in

accordance with the Japanese Examiner's usage; copies of

uncertified, partial translations of references 1 and 4 are also

provided. The Examiner is respectfully requested to consider

these documents in connection with the patentability of the

claims of this application.

The relevance of the documents thus cited is as follows:

Japanese utility model registration 63-82283, published as

"laid-open No. 2~7702", which was referred to in the Japanese

office action as Reference 1 (a partial noncertified translation

also being supplied), shows a hybrid vehicle comprising an

internal combustion engine, an electric "traction" motor for

providing additional torque to the wheels of the vehicle, and a
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second electric motor that can be operated to also supply

additional torque to the wheels or operate as a generator to

charge the battery during braking or hill descent. Typically,

such hybrids are operated in different modes depending on whether

the vehicle is sitting at a traffic light, accelerating, cruising

on the highway, and so on. The same is true of the vehicle of

the present invention.

In order that the hybrid vehicle can be made commercially

acceptable, it is important that the "mode switching" decisions

be made by a microprocessor or the like instead of the driver.

Various references teach making this decision in different ways.

Reference 1 does not address this question. Commonly, as in

Japanese published application 06—080048, cited by the Japanese

patent office as Reference 3 (which corresponds to US patent

5,697,466, already of record), the decision is made based on the

degree to which the driver has depressed the accelerator pedal.

By comparison, according to the present invention, as discussed

extensively in the earlier prosecution of this and the parent

applications, the mode switching decision is made based on the

vehicle's instantaneous torque requirement or "road load“ RL.

As previously, it is important to emphasize exactly what the

terms "road load" RL means as used in the present claims, to

distinguish over the art. "Road load" is a somewhat subtle

concept, since during many phases of vehicle operation the road

load quantitatively resembles, for example, the operator's foot

pressure on the accelerator pedal, or simply the engine output

power. However, the road load as used herein is neither of

these. "Road load" as used herein is simply that amount of

torque that must be supplied to the vehicle wheels in order to

carry out the operator's current command.

Note that "road load" as thus defined can be positive, as

during highway cruising, "highly" positive, as during

acceleration or hillnclimbing, negative, as during hill descent,

and "heavily" negative, as during braking. Figs. 7 and 13 show
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this clearly, and it is explained in the specification of the

application as well. The flowchart of Fig. 9 illustrates

precisely how the mode switching decisions are made responsive to

road load (with an additional variation possible based on the

battery state of charge.)

The fact that according to the present invention the mode

switching decisions are made responsive to road load, a quantity

which can be positive or negative, distinguishes this invention

from all prior art of which we are aware. It will be appreciated

that making all of the mode switching decisions based essentially

on monitoring this single variable (with subsidiary attention to

the battery state of charge, as below) greatly simplifies the

decision—making process, as compared, for example, to a system in

which the operator's foot pressure on the throttle and brake

pedals must be continually monitored.

The new references made of record hereby does not show this

invention. Reference 1 does show a hybrid vehicle having

components arranged comparably to those recited in claim 1, but

there is no mention of the manner in which the mode-switching

determinations are made. The Japanese Examiner made the comment

that "the vehicle is operated in a plurality of operating modes

in response to states of operation such as a load of the vehicle

and the like", apparently based on the description in reference 1

of vehicle operation in different modes depending on the driving

conditions. However, we find nothing in reference 1 that

suggests mode switching based on road load as defined above.

None of the other references cited by the Japanese Examiner

and made of record hereby (nor any of those previously made of

record, of course) supply this deficiency of Reference 1. The

Japanese Examiner cited published application 06-144020 (referred

to as reference 2) against claim 1, for showing that the first

motor also starts the engine, and cited reference 3 against claim

2, for showing that the state of charge of the battery can be

considered in mode switching.
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More specifically, in his remarks concerning claim 4, the

Japanese Examiner aSserted that reference 3 describes mode

switching responsive to "road load (a press down amount of an

accelerator pedal)(see [Fig. 3]) or the like". As above, "road

load" as used in this application is something quite different

than the degree to which the accelerator pedal is pressed down;

for example, the latter cannot be negative, and road load as used

herein can decidedly be negative. We have reviewed US patent

5,697,466 (which corresponds to Reference 3) in detail and it

shows nothing comparable to mode switching based on road load as

used in this application.

Claims 8 and 9 of this application are directed to the

"turbocharger—on—demand" concept, which was an important aspect

of the invention in parent application Ser. No. 09/392,743, now

patent 6,338,391. Claims 15 - 20 of the Japanese application

recite this concept, i.e., that of a turbocharger that is

operated only when the road load exceeds a predetermined value

for more than a minimum period of time. That is, the

turbocharger is not operated continually, as in the usual prior

art vehicles, but is only operated when needed, i.e., when road

load exceeds the engine's normally aspirated torque capabilities

(i.e., RL > MTO); moreover, the turbocharger is operated only

when RL > MTO for more than some predetermined period of time T.

This is an extremely powerful concept, and one which is only

applicable to a hybrid vehicle. Providing the turbocharger on

demand allows the engine to provide additional torque when

needed, but to operate as a smaller, more efficient engine at

other times.

More specifically, in a conventional turbocharged vehicle

the turbocharger is spinning constantly, so that a turbine driven

by the exhaust flow drives a compressor forcing air into the

engine. The main problem with turbochargers as thus used is poor

throttle response or "turbo lag“, that is, a substantial time

delay between the driver calling for more power by pressing on

Page 193 of 506 FORD 1312



Page 194 of 506 FORD 1312

J

the accelerator pedal and the engine's response. While some

progress has been made, mostly by use of smaller turbochargers,

this problem is inevitable to some degree, since it takes some

time for the turbocharger to "spool up" to its full speed.

The Japanese Examiner cited Japanese published application

55—069724 as reference 4; as noted, a partial noncertified .

translation of this reference is also provided. Reference 4 shows

a turbocharger which is operated on demand, in response to a

"load detecting means"; this is the first reference we have seen

showing this concept. There is no suggestion of use of this

turbocharger in a hybrid vehicle. A conventional (i.e., non—

hybrid) vehicle fitted with a turbocharger of this type would

have extremely poor throttle response if used to provide

additional power for passing (i.e., overtaking) or hillclimbing;

the "turbo lag" inherent in operation of a turbocharger starting

from zero rpm would be on the order of tens of seconds, which

would be totally unacceptable for a consumer vehicle. Possibly

such a system would be useful in heavy truck operation or the

like, where the load will vary significantly depending on whether

the truck was loaded or not; in that case, the operator could be

the "load detecting means", i.e., could throw a switch when he

knew high power would be needed for an extended period of time.

By comparison, a turbocharger can be employed "on demand" in

a hybrid vehicle according to the invention without poor throttle

response cauSed by turbo lag,-and without requiring any

intervention by the operator. This is simply because the

traction motor can be used to supply the vehicle's torque

requirements in excess of MTO. Thus, when RL > MTO, the traction

motor provides the additional torque required. If RL > MTO for

longer than T, the turbocharger is activated and begins to spin.

When it is up to operating speed, the traction motor can be

deactivated. All this is shown clearly by Fig. 13, and would not

be possible simply given the turbocharger-on-demand of Reference

4 in a conventional, non-hybrid vehicle. By comparison, in the
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present vehicle, at no point are the vehicle's torque

requirements not met; therefore there is no "turbo lag".

It is apparent that this advantage can only be achieved by

use of a turbocharger on demand in a hybrid vehicle. No

combination of references can fairly be said to make this

obvious. Specifically, the Japanese Examiner's comment as to

claim 17, "it is a usual matter to control a turbocharger in

response to a road load or the like" is not correct, for several

reasons: no reference shows taking any kind of control action in

response to road load as claimed; no reference suggests combining

the turbocharger on demand of Reference 4 with a hybrid vehicle;

and certainly no reference Suggests the complete elimination of

the turbo lag problem thus achieved, while at the same time the

vehicle's useful load range is greatly broadened.

Finally, Japanese published application 04-274926 (Reference

5) was cited for a showing of preheating a catalystbefore

starting the associated engine, which is not a feature of the

present claims.

The Examiner is respectfully urged to consider these patents

in connection with examination of this application, and to

indicate that he has done so in the file of the case.

Respectfully submitted,

Idem 20“ 2002
2 Michael fie AngeliDated

Reg. No. 27,869

60 Intrepid Lane
Jamestown, RI 02835
401—423-3190
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In re the Patent Application of

Examiner: N/ASeverinsky et al

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

F11Ed: April 2, 2001 Att. Dkt.: PAICEZOl

For: Hybrid Vehicles

Hon. Commissioner of Patents and Trademarks

Washington, DC 20231 -

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Dear Sir:

Listed on attached PTO—1449 forms are a number of new

patents discovered after filing of the above application.

Copies of the listed patents are enclosed. The Examiner is

respectfully requested to consider these patents with respect to

the claims of this application.

The relevance of the newly-listed patents may be summarized

as follows:

US patent 6,307,276 to Bader shows a hybrid drive system

comprising an engine, a traction motor coupled to the

countershaft of a multispeed transmission, and a controller which

determines a running average value for the vehicle's "required

driving torque". The engine output power is then varied as the

average required power changes. The specification and claims

give examples of 15 and 50 seconds as the time period over which

the average is calculated, and it is made clear that the engine

power is varied accordingly slowly. Where the engine power is

insufficient to satisfy the instantaneous torque requirement, the

battery is used to supply power to a traction motor; conversely,

when the engine is producing more power than is needed, the

excess is used to charge the batteries.

Insofar as Fig. 2 of Bader suggests that the "required

driving torque" can be negative (for example, a negative torque

can be considered to be applied to the motor/generator(s) by the

kinetic energy of the vehicle, i.e., under deceleration or
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descents, for regenerative braking), this parameter might be

misunderstood to be generally comparable to the "road load"

parameter, which is analyzed by the present system to make its

mode switching determinations, as illustrated by Figs. 6, 7, and

9. However, Bader's "drive power PC can be calculated from the

torque MO and the rotational speed no". Col. 4, lines 21-22.

Hence the "drive power" is not in fact suggestive of applicants'

road load, since the engine output, i.e., "the torque MD at the

gear input" (col. 4, line 18), cannot be negative.

In any event, there is no suggestion in Bader of changing

operational modes of a hybrid vehicle responsive to the value of

the "drive power Po", whether or not this is fairly equivalent to

the road load. As made explicit by the relevant claims 1 — 9 of

this application, according to an important aspect of the

invention the vehicle is operated in different modes according to

the road load (among other variables), and so that the engine is

operated only under sufficient load to make its operation

efficient. For example, when the road load is low, e.g., at low

speeds, the engine is run only as necessary to charge the

batteries. By comparison, in Bader it appears the engine is to be

run constantly, and its speed varied slowly in accordance with

the then average value of drive power. Bader thus fails to teach

an important aspect of the invention.

Nii patent 6,131,680 is directed to a hybrid vehicle wherein

an internal combustion engine and first and second motors are all

connected to one of the sun gear, the planet carrier, or the ring

gear of a planetary gearbox. Nii adjusts the relative gear

ratios according to the torque required, which is apparently

derived directly from the position of the accelerator pedal - see

col. 22, lines 27 - 30. The Nii hybrid is operated in different

modes depending on the state of charge of the battery, and the

torque required. See Fig. 9. Under certain circumstances the

planetary gearbox may be locked—up to avoid inefficiency. See,

e.g., col. 9 line 1 - 7, and Fig. 10. However, the modes shown by

Nii are not the same as those used by applicants, although there

2

Page 198 of 506 FORD 1312



Page 199 of 506 FORD 1312

are some similarities. For example, as stated at col. 37, lines

1 - 6, and in Fig. 26, Nii sets his engine speed to idle when the

vehicle is being operated in “motor driving" (i.e., electric car)

mode; this is highly inefficient, since the engine produces no

useful power at idle. By comparison, applicants shut the engine

off completely except when it is being operated at high

efficiency.

Mikami patent 5,839,533 is discussed in the application as

filed, but was apparently not listed on the PTO-1449 forms filed

previously; this patent is acordingly listed on the PTO-1449

filed herewith. A copy of this patent is also provided herewith.

Stemler patent 6,300,735 relates to control of planetary

gearboxes as might be used in hybrid vehicles to control the

torque supplied by the internal combustion engien and electric

motors. Such a gearbox is not a feature per se of the invention

described by the claims of the present application.

Yanase et a1 patent 6,318,487 shows a scheme for braking a'

hybrid vehicle when the battery is fully charged, so that

regenerative braking would be inappropriate, and whereby friction

braking is avoided; specifically, the engine is motored, so that

energy is consumed by compressing air in the engine. This is not

a feature of the invention defined by the claims of this

application.

Deguchi et a1 patent 6,278,915 shows a control system for a

hybrid comprising a continuously—variable transmission, wherein

the transmission ratio is set responsive to target values for the

driving torque, the generated electrical power, and the engine

speed. Such a transmission is not found in the system defined by

the claims of this application, and the control scheme described

by this patent is irrelevant to the present claims.

Deguchi et a1 patent 6,190,282 relates to controlling the

engine, motor, and clutch of a hybrid so as to avoid shock to the

passengers upon clutch engagement. This is not relevant to the

claims of the present application. A similar Deguchi et a1

patent, 5,993,351, was made of record previously.

3
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Obayashi et al patent 6,232,733 appears to be a further

development of the invention described in Egami patents 5,789,881

and 6,018,694, previously made of record. All three of these

patents relate to operating the electric motors of a hybrid to

reduce vibration when the engine is started. This is not a

feature of the claims of this application.

Friedmann et al patent 5,788,004 shows a control system for

hybrid vehicles wherein the overall system efficiency is

continuously optimized by adjustment of the operational

parameters of the various system components.

Kashiwase patent 6,146,302 shows a drive system for a hybrid

wherein an engine and first motor are connected to the ring gear

of a planetary gearbox, a second motor is connected to its planet

carrier, a transmission is connected between the planet carrier

and the road wheels of the vehicle, and clutches are provided to

engage two of the sun gear, planet carrier and ring gear. No such

planetary gearbox is required by the system of the invention.

Frank patent 6,116,363 is stated to be a continuation-in-

part of patent 5,842,534, already made of record and disucssed in

this application as filed. Both of these Frank patents disclose

a braking system for a hybrid vehicle wherein the first 30% of

pedal travel initiates regenerative braking, while the latter 70%

of pedal travel initiates mechanical braking. See also Frank

patent 6,054,844, already oftrecord, which limits the braking

torque to be provided by regenerative braking as a function of

vehicle speed.

Maeda et al patent 6,074,321 shows a transaxle for a hybrid

vehicle having a specific construction that is not particularly

relevant to any of the claims of this application.

Moroto reissue patent Re. 36,678 is a reissue of patent

5,513,719, already of record.

Finally, Severinsky et al patent 6,338,391 has recently

issued on application Serial No. 09/392,743, that is, is one of

the parent applications.
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An early and favorable action on the merits of the

application is earnestly solicited.

Z: yin;
Dated

Respectfully submitted,

  Michael e Ange i

Reg. No. 27,869

60 Intrepid Lane
Jamestown, RI 02835

. 401-423-3190
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" ‘ THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of

Severinsky et al : Examiner: David Dunn

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

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

For: Hybrid Vehicles

Hon. Commissioner for Patents
P.O. BOX 1450

Alexandria VA 22313-1450

FOURTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Sir:

Applicant submits this Information Disclosure

Statement for consideration by the Examiner. The issued

patents from which this application claims priority have

been asserted against Toyota Motor Corporation, Toyota

Motor North America, Inc. and Toyota Motor Sales, USA, Inc.

(collectively "Toyota") in civil action 2:O4~CV—211 in the

United States District Court for the Eastern District of

Texas. A jury trial was recently conducted December 6—20,

2005, and a verdict holding the parent patents as valid but

not infringed was returned.

Applicants submit herewith materials from this

litigation for the purpose of full disclosure. Applicants

respectfully request the Examiner to fully review and

consider these materials in determining patentability of

the present application. The materials submitted include

transcripts of the trial and deposition testimony of the

witnesses on whom Toyota relied for prior art assertions,

with any confidential material redacted therefrom, together

with copies of the documentary evidence discussed therein.
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The materials also include a copy of the Court's Markman

ruling construing the claims of the parent patents.

The Examiner is respectfully requested to consider

these materials and indicate that he has done so in the

file of this application.

Should the Examiner have any questions concerning the

materials submitted, he is invited to telephone the

undersigned at the number given below.

A Supplemental Notice of Allowability is earnestly

solicited.

Respectfu y submi ed,

 
Reg. No. 27,869
60 Intrepid Lane
Jamestown, RI 02835
401'423~3190
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.Hong, “Toyota's H brid Program", Road & Track, Au-ust 1997
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In re the Patent Application of

Severinsky et al : Examiner: N/A

Serial No.: N/A : Group Art Unit: N/A

Filed: Herewith : Att. Dkt.: PAICE201.DIV

For: HYBRID VEHICLES

Hon. Commissioner of Patents and Trademarks

Washington, DC 20231

INFORMATION DISCLOSURE STATEMENT

Dear Sir:

This application is a divisional of Ser. No. 09/822,866.

Incorporated herein by this reference are the original and three

supplemental Information Disclosure Statements filed in the

parent, copies of which are enclosed herewith. These, together

with an Examiner’s Notice of References Cited, a copy of which is

also enclosed, collectively list all of the art deemed relevant

to the claims of the application. Copies of the references were

provided in the parent or in the applications from which it in

turn claimed priority and thus are not being provided herewith.

The Examiner is requested to indicate that all of the art thus

listed has been considered.

Early and favorable action on the merits is earnestly

solicited.

Reapectfully submitted,

3"(03

Dated Michael e Angeli
. Reg. No. 27,869

60 Intrepid Lane
Jamestown, RI 02835
401-423-3190
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of

Severinsky et al Examiner: N/A

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

Filed: April 2, 2001 Att. Dkt.: PAICEZOl

For: Hybrid Vehicles

Hon. Commissioner of Patents and Trademarks

Washington, DC 20231

INFORMATION DISCLOSURE STATEMENT

Dear Sir:

Listed on attached PTO-1449 forms are the issued patents and

literature references considered to be most relevant to the

patentability of the claims of this application. Copies of the

patents listed on page 15 of the PTO-1449 are attached for the

convenience of the Examiner, as is a copy of German patent

1,905,641, with uncertified translation. Copies of the other

listed references were provided to the Examiner in connection

with one or both of patent applications 09/264,817 and

09/392,743, so additional copies are not being submitted

herewith.

Comments on the relevance of the new references which are

material to the claims of this continuation-in-part per se are

found in the application as filed, while the comments on these

references found in the prosecution files of the two parent

applications are also incorporated by reference herein.

Early and favorable action on the merits is earnestly

solicited.

fZ/ //

Dated

  
Michael de Angeli

Reg. No. 27,869
Suite 330

1901 Research Blvd.

Rockville, MD 20850
(301) 217-9585
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In re the Patent Application of

Severinsky et a1 : Examiner: David Dunn

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

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

For: Hybrid Vehicles

Hon. Commissioner for Patents

P.O. Box 1450

Alexandria VA 22313—1450

SECOND SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Listed on attached PTO~1449 forms are a number of

documents that have come to applicants' attention since the

filing of the Supplemental Information Disclosure Statement

filed in this application on May 28, 2004. Applicants‘

thus making these documents of record should not be deemed

a concession that they are necessarily available as prior

art as defined by 35 USC Sect. 102. The Examiner is

respectfully requested to consider these newly—cited

documents and to indicate that he has done so in the file

of this application.

The relevance of the newly-cited documents to the

present invention is summarized as follows:

Japanese Patent Application Publication 7—54983

(Nakagawa et a1) (provided with noncertified translation)

shows controlling the shifting of an automatic

transmission. The usual method is described as controlling

the ratio based on detected engine load and vehicle speed,
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following a predetermined shift pattern. Prior art shows

detecting increase in loading, e.g., "uphill running", if

the speed drops below shift boundary line while the

throttle opening is over a predetermined value. This is

stated to be workable only under limited circumstances.

This invention calculates a "running load coefficient

KFUKA" which is then smoothed and used to correct the

predtermined shift pattern.

From paragraph 10, "[T]he running load coefficient

KFUKA is calculated according to an equation KFUKA=2«(b/a)

when the detected vehicle Speed ‘b' is lower than the

standard loaded-vehicle speed ‘a', and according to an

equation KFUFA=a/c when the detected vehicle speed ‘c' is

higher than the standard value 'a' ". This is

mathematically inconsistent, since both "b" and "c" are the

"detected vehicle speed". Further, it is clear that KFUKA

is a running load coefficient, that is, a correction factor

somehow responsive to variation in running load, not the

running load itself.

Japanese Patent Application Publication 4-244568

(Onishi et al) (provided with noncertified translation) -

Shifting of an automatic transmission is controlled

responsive to a predictive program that calculates the

torque to be available after shifting. Running load is

employed in this calculation. It is stated to be

determined as follOWS:

"(0022) The running load estimating means 101 now

multiplies the torque converter output torque Tt by the

gear ratio "r" to calculate the torque Tm generated at the

wheels, and calculates the running load TL based on the
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relational formula TL = Tm — b4 - rw - (x from the vehicle

mass M, the effective wheel radius rw and the acceleration

a. The flow of this calculation shown in FIG. 6.

"(0023) In FIG. 6,

Step 601: Reading of the respective data of vehicle speed
V9 and engine rotational speed N, gear ratio "r" an

acceleration a is performed. .
Step 602: the turbine rotational speed Nt is calculated by

the following formula:

Nt = Vn/lZOH/rw - r x 1000

Step '603: Torque converter or rotational ratio "e" is

calculated and pump torque coefficient T and torque ratio
"t" are searched.

e = Nt/N, T = f1(e), t = f2(e)

Step 604: Pump torque Tp and turbine torque Tt are
calculated.

Tp = I - (N/1000)2. Tt = t - Tp
Step 605: Calculation of torque Tm. Tm = Tp - r

Step 606: Calculation of running load TL. TL = Tm - M - r

a".

This makes no sense. In particular, it is clear that

the idea is to correct the torque at the wheels Tm by the

factor M - r - a to reach the running load, but calculating

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

In any event it is clear that neither reference refers

remotely to hybrid vehicles, much less controlling

operating modes thereof responsive to road load.

08 Patent 6,067,801 (Harada) is based on Japanese

application 9-329430. The disclosure is directed to

reducing driveline shock occasioned upon shutting off the

engine in a hybrid by loading it using one of the two

motor/generators. Road load per se is not discussed; mode

switching is discussed only inferentially, e.g., "..at the

time when the engine is not required, for example, during a

reduction of the speed or a downslope run, the hybrid

vehicle stops operation of the engine 150 and runs only
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with the motor MG2" (col. 9, lines 40 - 43). Harada states

nothing of relevance to operating the engine when loaded to

above a setpoint SP.

However, this reference is generally relevant in that

it acknowledges that the engine can be loaded by the

battery charging load as well as the loading required for

vehicle propulsion (col. 1, lines 15 — 17), that the engine

can be shut off when not needed (as noted, col. 9, lines 40

— 43) and that it should be operated at an efficient

operating point (same). The vehicle's power requirements,

including power for acceleration, for charging, and for

auxiliaries, is calculated, and a decision made whether the

engine is required. Engine activation is based on vehicle

speed, or the necessity of battery charging (col. 10, line

41 - col. 11, line 18). The engine is run at low power

levels (col. 12, line 49), and idling is permitted (col.

11, line 65). The engine can be motored to warm it up

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

a given output power requirement it is more efficient to

run the engine at lower RPM and higher torque than at

higher RPM and lower torque output (col. 13, lines 34 ~

45). The minimum RPM of the engine in the loaded state is

maintained greater than in the non—loaded state, in order

to allow gentle variation in torque applied to the nwtor

MGl during mode changes, avoiding rough operation (col. 16,

lines 17 — 38), not so as only to operate the engine when

loaded to the point of efficient operation. Most of the

topologies shown involve the usual planetary gearset for

combining the torque from the engine and two motors, but an

embodiment is shown in Fig. 12 which avoids the planetary

gearbox and first motor in favor of a "clutch motor MG3"

which includes first and second rotors that function as an
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electromagnetic coupling (col. 18, lines 43 - 56). A

series hybrid version, in which the engine never transmits

torque directly to the wheels, is shown in Fig. 13.

Japanese Patent Application Publication 11—122712

(Morita et al) (provided with partial noncertified

translation) shows a hybrid with a traction motor and

engine propelling the vehicle; a second motor drives the

ancillaries and starts the engine (there is no suggestion

that this second motor is used to charge the battery), so

the topology is effectively a single-motor hybrid with a

separate starter. The invention is essentially to

disengage a clutch connecting the engine and wheels upon

braking, so that the engine can be shut off; when braking

ends, the starter is used to motor the engine, and when

the accelerator is then applied fuel is supplied and the

engine started. Mode shifting is thus performed strictly

in accordance with the operation of the accelerator and

brake pedals.

Japanese Patent Application Publication 11—113956

(Hisamura) (provided with partial noncertified translation)

shows a control device for a continuously variable

transmission. The lepe of the road being driven on is

determined by a calculation employing the actual torque

being supplied and the vehicle speed and acceleration. The

"flatland" required torque is calculated and compared to

the actual torque, to determine the slope of the road, and

the transmission ratio adjusted accordingly.

Japanese Unexamined Patent Publication 11-82260

(Tsuzuki et al) (supplied without translation) — Topology
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includes engine, first clutch, motor/generator, second

clutch, and automatic transmission, and wheels, in that

order. In order to reduce shock upon engine starting, the

second clutch is opened and left open until the engine and

motor/generator are synchronized. This would be completely

useless, since power flow to the wheels would be

interrupted, seriously impacting drivability. Moreover,

this would occur under acceleration, just when it would be

most annoying and possibly even unsafe.

Japanese Unexamined Patent Publication 11-82261

(Tsuzuki et al) (supplied without translation) is closely

related to the above Tsuzuki patent application. According

to notes provided by our searcher, this simply adds the

idea of providing a starter on the engine. This would

suffer the same drivability problem.

According to our German searcher, German applications

198 38 853, 102 60 435, and 198 14 402, (all supplied

without translations) describe methods for starting the

engines of single motor hybrids.

Fiala US patent 4,411,171 shows a single~motor hybrid

wherein the engine is connected through a first clutch to

one side of a flywheel; a second clutch on the other side

of the flywheel allows the flywheel to be locked to the

output shaft, for direct drive, or to serve as the sun gear

of a planetary gearbox. The planet carrier is connected to

the output shaft, and the ring gear to a single

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

provides an electric-car mode. The vehicle must be stopped

to allow starting of the engine (col. 3, line 55), so

Page 236 of 506 1 FORD 1312



Page 237 of 506 FORD 1312

clearly the vehicle must be operated in distinct low speed

(electric car) and high—speed hybrid modes. The engine

is to be used to start the vehicle from a standing stop by

using some of the engine's torque to drive the

motor/generator, i.e., the motor/generator acts as a brake

(col. 5, lines 1 ~ 7), with the planetary gearbox thus

decoupling the engine from the output shaft.

Maeda U.S. patent 3,620,323 shows a hybrid vehicle in

which the engine is intended to be operated at full

throttle at all times; see the abstract, col. 1, lines 37

- 38, col. 5, lines 13 - 15.

Tabata et al U. S. Patent 6,317,665 is directed to

control of a lock—up clutch in a hybrid vehicle so as to

smooth transitions between operation in motor-drive and

engine~drive modes. Tabata et a1 patent 6,183,389 is also

directed to control of operation of lock—up clutches.

Finally, Tabata patent 5,887,670 is also directed to

smoothing transitions.

Hagiwara patent 5,565,711 is the US equivalent to a

Japanese patent document cited against a Japanese

application claiming priority from the same basic

application as the present application. The Hagiwara

patent relates to specifics of the connection of the

individual batteries in a battery bank. No claims are

pending in this application which are drawn to this aspect
of the invention.
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Again, the Examiner is respectfully requested to

consider these documents, and to indicate that he has done

so in the file of the application.

Respectfully bmitte

 Dated: 2/[7/78’
Michael de Angeli

Reg. No. 27,869

60 Intrepid Lane

Jamestown, RI 02835

401-423—3190
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CHE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of

Severinsky et al : Examiner: David Dunn

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

Filed: March 7, 2003 : Att.Dkt.:PAICE20l.DIV

For: Hybrid Vehicles

Hon. Commissioner for Patents

P.O. Box 1450

Alexandria VA 22313-1450

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Sir:

The issued patents from which this application claims

priority are being asserted against an alleged infringer in

civil litigation in the United States District Court for

the Eastern District of Texas. The defendants in that case

have brought a number of new patents and other documents to

applicants' attention. New documents have also been cited

in a Complete Search Report prepared by the European Patent

Office, dated May 5, 2005 (Copy enclosed) against a

European application claiming priority from the same US

applications. These newly-cited patents and other

documents thus located are listed on attached PTO—1449

.forms, and are discussed below. The Examiner is

respectfully requested to consider these new documents and

to indicate that he has done so in the file of this

application, and to then re—issue the Notice of Allowance

mailed April 21, 2005.

Citation of a document herein should not be

considered an admission that the disclosure thereof is

indeed relevant to the invention defined by the claims, nor
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that the document thus made of record is indeed effective

as prior art under 35 USC 102.

It is respectfully submitted that although this

Statement is being filed after issue of a Notice of

Allowance, it is timely under 37 CFR 1.97 (e). The fee of

$180.00 (per 37 CFR 1.17(p)) is enclosed.

It is respectfully submitted that none of the newly—

cited patents or other documents made of record hereby

disclose or suggest the invention claimed herein. Early

and favorable action on the merits of the application —

specifically, issue of the patent, the Issue Fee having

been paid concurrently with smeission of this Statement -

is earnestly solicited .

Respectfully submitted,

 
Reg. No. 27,869

60 Intrepid Lane
Jamestown, RI 02835
401—423—3190

Dated: é/3J ‘75/
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of

Severinsky et al : Examiner: N/A

Serial No,: 11/229,762 : Group Art Unit: 3616

Filed: January 13, 2006 : Att.Dkt:PAICE201.DIV.2

For: Hybrid Vehicles

Hon. Commissioner for Patents

P.O. Box 1450

Alexandria VA 22313—1450

INFORMATION DISCLOSURE STATEMENT

Sir:

This application is a divisional of Ser. No.

10/382,577. Incorporated herein by reference are the

several Information Disclosure Statements (IDSs) that were

filed in Ser. No. 10/382,577, and its predecessor, Ser. No.

09/822,866, now Patent 6,554,088. Copies of the IDSs thus

incorporated are attached, together with the corresponding

PTO-1449 forms. Where available the PTO-1449s attached are

those returned by the Examiner, showing corrections that

were noted in prosecution of the earlier applications.

Copies of the documents thus cited were supplied in the

parent and grandparent applications, or in earlier
predecessor applications Ser. Nos. 09/264,817, now patent

6,209,672, and 09/392,743, now patent 6,338,391, and copies

are accordingly not now being supplied herewith.

The Examiner is respectfully requested to consider the

documents thus made of record, and to initial the PTO«1449

forms, indicating that he has done so.

FORD 1312
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Should there be any questions, the Examiner is invited

to telephone the undersigned at the number given below.

Early and favorable action on the merits is earnestly

solicited.

  J11; 4 2994
  Michael e Angeli

Reg. No. 27,869

60 Intrepid Lane
Jamestown RI 02835

40l~423—3l90
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'N THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of

Severinsky et a1 : Examiner: N/A

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

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

For: Hybrid Vehicles

Hon. Commissioner for Patents

P.O. Box 1450

Alexandria VA 22313—1450

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Sir:

As discussed in the Preliminary Amendment dated August 11,

2003 in this application, applicants have performed additional

searching for new patents possibly relevant to the subject matter

of this application as amended, and other new patents and other

documents have also come recently to applicants‘ attention. A

number of patents and other documents thus located are listed on

attached PTO—1449 forms, and are discussed below. Citation of a

document herein should not be considered an admission that the

disclosure thereof is indeed relevant to the invention defined by

the claims, nor that the document thus made of record is indeed

effective as prior art under 35 USC '102.

A correction is also desirable with respect to a statement

made in an earlier Information Disclosure Statement (IDS). In the

IDS filed on November 18, 1999 in grandparent application Ser.

No. 09/264,817, which has been incorporated by reference to form

part of the IDS for the present application, Taniguchi patent

5,846,155 was described as showing "a parallel hybrid of

generally conventional topology, that is, comprising an ICE

[internal combustion engine] and an electric motor connected to

l
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the road wheels of the vehicle through a continuously~variableI

transmission, but discloses a relatively sophisticated

operational scheme, wherein the source of propulsive torque

varies in accordance with the road load and the state of charge

of the battery bank ('SOC')".

This could be misunderstood to suggest that Taniguchi

suggests control of the hybrid vehicle's operating mode

responsive to the road load and SOC. In fact, Taniguchi does not

teach selection of the source of vehicle propulsive torque, much

less the operating mode, in accordance with the road load and

SOC, but in response to vehicle speed and accelerator pedal

position. See col. 8, lines 13 ~ 40:

Moreover, the individual engagement means, as shown in FIGS.
4 and S, are operated as shown in the operation diagram of FIG.

6. In the power split mode, the split drive unit 9 functions at

the start and at a low/medium speed. The output of the engine 2

is transmitted to the ring gear R through the input clutch Ci. On

the other hand, the rotor 5a of the motor-generator 5 is

connected to the sun gear S to charge the engine output partially

or to output it as the motor so that the composed force is output

from the carrier CR to the CVT input shaft 7a.

On the other hand, the parallel hybrid mode functions in a

medium/high speed range. In this state, the rotary elements of

the planetary gear 6 are rotated together, and the output of the
engine 2 is fed as it is to the CVT input shaft 7a. At the same
time, the motor-generator 5 is connected to the input shaft 7a to
assist the engine output or to charge the output partially.

The motor mode is in the state in which the accelerator

opening is small and in which the revolution number is small,
e.g., in which the engine 2 need not be used, such as in a
traffic jam. Then, the motor-generator 5 is used as the motor to
drive the vehicle. In this state, the input clutch Ci is released
to disconnect the engine 2 and the CVT input shaft 7a, and the

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

On the other hand, the engine mode functions during high

speed cruising, and the vehicle is driven exclusively by the
engine output without any participation of the motor~generator 5.
[Emphasis added].
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The Examiner is respectfully requested to review the

Taniguchi reference and confirm that in fact the road load is not

used to determine the operating mode; in fact, Taniguchi controls

the operation of the CVT, and the source of propulsive torque, in

response to the vehicle speed and accelerator pedal position.

Turning now to new documents made of record hereby:

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

vehicle.

Adler et al patent 5,515,937 claims a series hybrid where

the power required by traction motors is drawn from either the

batteries or directly from the engine/generator unit directly,

depending on evaluation of their respective efficiencies and the

batteries' state of charge, with respect to each new demand for

power.

Barske patent 5,336,932 ties the operation of a generator

used to charge a battery to specific fuel~consumption curves

stored in ROM.

Bullock patent 6,170,587 shows a hybrid drive, all claims of

which require at least three different types of energy storage,

e.g., combustible fuel, battery, flywheel, or hydraulic

accumulator.

Fattic et al patent 5,637,987 shows a hybrid vehicle in

which an internal combustion engine and motor are coupled by

controllable friction or electrical loading devices to control

ratios.

Gray, Jr. patent 5,887,674 relates to a vehicle driven by a

"fluidic motor", that is, having a hydraulic motor driving the

wheels, in turn driven by a pump driven by an internal combustion

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

a bus wherein multiple axles are driven via a driveshaft. Some

of the dependent claims of the present application, recite

connection of the combination of engine and first electric motor

to a first set of wheels and connection of the second electric

motor to a second set of wheels, which is quite different.

Hoshiya patent 6,315,068 shows a hybrid in which control of

the torque provided by the motor is responsive to the torque

provided by the engine, so that the engine can be operated at a

target speed.

Ibaraki patent 5,856,709, discloses and claims a hybrid

topology wherein an engine and a motor/generator are connected to

different elements of a "synthesizing/distributing mechanism". A

large number (nine or more) of operating modes are provided. The

determination of the amount of torque required to propel the

vehicle is apparently made in response to the position of the

acclerator pedal; see col. 15, lines 59 n 61.

Patent 6,225,784 of Kinoshita claims a battery charge

controller for a vehicle, wherein the level of charge above which

further charging is permitted is varied based on the battery

temperature. Patent 6,232,748 to the same inventor and assignee

allows only discharge when the battery is above a specified

temperature, and patent 6,204,636, again to the same inventor and

assignee, controls the charging and discharge rate of the battery

responsive to sensing of the "memory effect" of the battery. None

of these expedients are claimed in the present application.

Four Lawrie and Lawrie et a1 patents, 5,993,350, 6,019,698,

5,979,257, and 6,006,620, and Reed et al 5,943,918 (et al here

including Lawrie) are directed to transmissions for hybrids that

combine the efficiency of manual transmissions with the

convenience of automatic transmissions. Motors are used to

operate the conventional "H"—pattern shifter, and a clutch, while
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the motor/generator present in a hybrid is employed to match the

speeds of input and output shafts, to ensure smooth shifting.

Finally, Reed, Jr. et al 6,332,257 claims a method of converting

a manual transmission to automated operation.

Lovatt et al patent 6,291,953 shows an "electrical drive

system", in some cases applied to a hybrid vehicle, requiring a

lock—up torque converter.

Minowa et al patent 6,142,907 (Hitachi) claims a hybrid

wherein either an engine or a motor is used to propel the

vehicle. A generator is selectively connected to the wheels

through a two—Speed transmission. Patent 6,328,670 is a

continuation.

Morisawa et al 5,984,034 discloses a hybrid wherein

regenerative braking is used to oppose engine torque when idling

to keep the vehicle stopped. Morisawa et al 6,119,799 issued on

a continuation and discloses a hybrid offering control of braking

responsive to "obstruction [e.g., a car ahead] detection".

Another patent based on the same underlying document, no.

6,334,498, claims supplying power from a motor during upshifts of

an automatic transmission being driven by an engine. None of

these is a feature of the claimed invention.

Another Morisawa patent, no. 5,895,333, is limited to

packaging details for a planetary gearbox for a hybrid vehicle.

Still another Morisawa patent, no. 6,306,057, claims a complex

planetary gearbox arranged so that the internal combustion engine

is used to power the vehicle when reversing.

Nagano et al 6,344,008 discloses a hybrid wherein a

transmission is coupled between an engine and a torque

synthesizing device, which also accepts torque from a single

motor.

Nakajima et al 6,090,007 shows a control scheme for a hybrid

vehicle including a continuously variable transmission. Patent
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Takaoka et al patent application US 2003/0085577 has claims

drawn to control of gear selection in an automatic transmission

for a hybrid based on engine efficiency; apparently, if the

torque required cannot be supplied efficiently by the engine and

motor working together, the transmission is downshifted.

Tuzuki et a1 patent 5,415,603 shows details of a hydraulic

system for a hybrid vehicle in which the oil is used for cooling

of a traction motor and lubrication of the transmission.

Wakuta et al patent 6,258,001 is directed to very narrow

mechanical aspects of a motor and transmission assembly for a

hybrid.

Woon et al patent 5,890,470 claims a method of controlling

engine output power, evidently intended to improve on

conventional governors as used on diesel engines to smooth

throttle response and shifting. Claim 1 is typical and requires

operating the engine at a constant horsepower value responsive to

throttle position regardless of engine speed.

Yamada et al patent 6,328,122 discloses a series hybrid

wherein the ICE can be used for vehicle propulsion only in the

event of a failure in the charging system.

Nada patent 6,653,230 is also directed to operation of a

hybrid after a particular failure.

Yamaguchi patent 5,915,489 shows a hybrid powertrain. It

appears that the output torque is determined based on vehicle

speed and accelerator pedal position; see col. 6, lines 17 ~ 21.

Yamaguchi et al patent 6,278,195 shows applying torque from

the electric motor of a hybrid to quickly stop the engine.

Yamaguchi et al patent 6,247,437 claims control of the

operation of a starter motor, e.g., for a hybrid, responsive to

an engine parameter relevant to its startability. For example,

if the engine is cold, fuel is supplied at a lower cranking RPM
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to limit the drain on the battery. A divisional application (not

being supplied), Yamaguchi et al published patent application

2001/0022166, similarly claims a starting control for an engine,

in which the rotating speed is limited when the engine is cold to

avoid excessive use of battery power.

Yamaguchi patent 5,967,940 is directed to control of the

power provided by the engine of a hybrid to prevent noise due to

gear backlash.

Yamaguchi 6,135,914 discloses a method of control of a

hybrid including an ICE and two motor/generators. The invention

has to do with limiting the engine speed so that the first

motor/generator is not rotated beyond its capability in the event

of a failure The Yamaguchi system operates in engine—only, motor-

only, and engine+motor modes (see col. 4, lines 46 ~ 54), but the

method by which the choice between these is made is not explicit.

Field patent 5,081,365 discloses a hybrid vehicle wherein an

engine is connected to road wheels through an electric motor,

which is operated variously as traction motor or generator,

depending on the batteries‘ state of charge and the vehicle

operating mode; the operating mode is selected by the operator

from an urban mode, a highway mode, an engine mode, and a cruise

control mode. The selection is apparently to be made responsive

to motor speed. Field acknowledges at col. 7, line 48 the

desirability of operating the engine near its rated power to thus

realize high efficiency; as discussed in detail below, Field

suggest using an engine that is sized so that it operates at

nearly maximum output during flatehighway, constant speed

cruising. Such an engine would necessarily be too small to propel

the vehicle up hills, so its performance would suffer under such

circumstances.
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Two additional patents to Field and Field et al, nos.

6,044,922 and 6,481,516, relate to developments of the system

disclosed in the '365 Field patent above; the '516 patent is

stated to be a continuation of the '922 patent, but their

disclosures are not in fact identical. The vehicle described in

these patents comprises two separate battery packs, a highh

voltage battery pack for supplying power to the traction motor

and a lower-powered accessory battery for operating usual vehicle

ancillary components such as lights, radio, and the like.

Kubo patent 5,722,502 shows a hybrid vehicle comprising an

ICE, a generator and a traction motor also operable as a

generator. The vehicle can befoperated in a variety of modes,

include PEV ("pure electric vehicle", in which the ICE is not run

at all; see col. 10, lines 18'- 28), SHV ("serial electric

vehicle", wherein the ICE is run to drive the generator, which in

turn supplies current to the traction motor to power the

vehicle; see col. 5, lines 33 - 51), and "continuouthype PSHV"

("parallel-serial hybrid vehicle", where torque from the ICE is

used to propel the vehicle and to drive the generator to power

the traction motor to propel the vehicle if torque from the ICE

is inadequate; see col. 5, lines 52 ~ 66). A distinction is

drawn between this continuous-type PSHV and a "changeover-type

PSHV", as exemplified by Japanese Laid-Open Publication 2m7702;

see col. 3, lines 2 - 9 and col. 5, line 66 — col. 6, line 10.

The selection between the PEV mode and one or the other of

the SHV and PSHV modes is made by the operator (see col. 10, line

47), while the selection between SHV and PHSV modes is made

according to the battery's state of charge (SOC); see col. 6,

lines 12 - 13. When the driver selects a mode other than the PEV

mode, the engine is operated continuously (col. 11, lines 26 —

32), and may idle when not significantly loaded (col. 12, lines

31 — 32; col. 13, lines 51 - 52); if the battery is fully charged

10
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but braking is required, such that regenerative braking would be

inappropriate, the engine can be operated as a mechanical brake

(col. 11, lines 6 — 20).

In PSHV mode, an engine control unit (ECU) then determines

whether torque is to be supplied from the traction motor, ICE, or

both, depending on the accelerator pedal angle: "Further, if the

change in accelerator pedal angle is too large for the torque to

be supplied...by the ICE alone or...by the ICE alone because fuel

consumption and emission are degraded, the ECU 20 controls the

[inverter] to compensate by using the motor 10 for at least that

part of the torque required at the driving wheels." (Col. 13,

lines 32 - 39). At low speeds in PSHV mode, it appears that the

ICE provides power to the traction motor through the first motor,

being operated as a generator.

Tsukamoto et a1 5,771,478 shows a hybrid vehicle in which

the function of a clutch or torque converter, allowing slipping

of an ICE with reSpect to the wheels of a vehicle, e.g., when

accelerating from a stop, is provided by a gearbox connected

between the ICE, wheels, and a motor-generator. Excess torque

provided by the ICE at starting is absorbed by the motor-

generator and stored in a battery; it can then be used to run

accessories or propel the vehicle.

Tabata et a1 5,833,570 relates to smoothing the shifting of

an automatic transmission of a hybrid by application of torque

from the traction motor. Tabata 5,951,614 is generally similar,

but shows smoothing of shifting by reducing the torque supplied
by either the motor/generator or ICE.

Hata et a1 5,875,691 discloses and claims a specific

arrangement of the components of a hybrid (ICE, motor,

transmission) for packaging convenience.
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an ICE and be disconnected therefrom for efficient regenerative

braking.

Shibata et al patent 3,719,881 shows a battery charger

arrangement especially for a serial hybrid vehicle, wherein an

internal combustion engine is operated to drive a generator only

above a minimum load, so as to reduce emissions, which increase

at low loads.

Etienne patent 4,187,436 also shows a battery charging

arrangement for a serial hybrid vehicle, which includes a first

battery for powering the traction motor and a second battery for

starting the ICE.

Lynch et al patent 4,165,795 shows a hybrid drive

arrangement in which an ICE and a motor/generator are

mechanically coupled to one another, and to the wheels of the

vehicle, through a transmission. The engine is sized to provide

the average power necessary for ordinary driving, and is operated

near its optimal efficiency point at all times; the

motor/generator is operated for load—leveling, that is, when the

vehicle's torque requirements exceed the power provided by the

engine the motor/generator adds torque, and when the engine's

torque output exceeds the vehicle‘s torque requirement, the

motor/generator operates as a battery charger. The difficulty

with this approach is simply that the vehicle's torque

requirements may vary by a factor of up to lOOO%, or more,

between city driving and highway driving, particularly when there

are grades (using battery power to climb a grade of any length

will quickly discharge any reasonably—sized battery bank) so this

solution is not useful in "real-world" driving.

Hadley et al 5,283,470 shows an electric car, that is,

without ICE, with regenerative braking. Hadley et al 5,406,126 is
similar.

12
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Schmidt 5,669,842 shows a hybrid drive in which either the

ICE or one of several separate motors drive the accessories,

depending on whether the engine is running. The engine and

motors are arranged so that the engine and the mating member of

the geartrain are driven at the same speed, allowing the clutch

to be synchronously engaged.

Ibaraki et al 6,003,626 discloses a hybrid in which the

engine normally propels the vehicle and charges the battery

through a generator; if the generator fails, the engine propels

the vehicle.

Takahara et al 6,009,365 discloses a hybrid with ICE and

motor connected to the wheels through a continuously variable

transmission (CVT). During coasting the actual torque being

exerted is compared to a calculated desired torque and the actual

torque adjusted accordingly.

Bower patent 6,231,135 relates to improvements in brake

systems for hybrid vehicles. Although the present application is

a division of an application which was a continuation-in-part of

earlier applications, and which added disclosure of a new braking

system to the disclosure of the parent application, no claims to

that braking system are now being pursued in this application.

Soejima 5,951,118 discloses a vehicle braking system, not

limited to hybrids, which includes a seating velocity reducing

device for slowing the closing of a valve; this can be employed

together with regenerative braking in a hybrid. Otomo et al

5,984,432 is similar. As above, no claims of the present

application are directed to improvements in braking systems,

although the parent was a C-I—P which added material relating

thereto to the disclosure of the grandparent application.

Numazawa et al patent 5,497,941, Umebayahi et al patent

6,265,692, and Matsuda et al patent 6,357,541 all relate to

improvements in HVAC systems. As in the case of the braking

13
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systems discussed above, no claims are currently being pursued to

certain new material relating to HVAC systems that was added by

the parent C-I—P application to the disclosure of the parent

applications.

Takahara et al patent 6,064,161 shows operating a

motor/generator of a hybrid to brake a slipping Wheel. This is

not a feature of the claimed invention. Takahara also shows that

the vehicle operating mode can be controlled responsive to

accelerator pedal position and vehicle velocity, in common with

many other references. See Fig. 5.

Kaiser et a1 5,979,158 suggests that emissions of an ICE on

starting can be reduced by spinning the ICE to a speed

approximating its idle speed, activating the ignition system for

about a second, and only then activating the fuel supply. This

is suggested to be useful in a hybrid. No claims of the present

application are directed to high—rpm starting, although the

advantages of doing so are discussed in the application. Kaiser

also mentions preheating of the catalyst: this step is recited in

claim 77, but is not solely relied upon for patentability. Claim

77 recites, inter alia, that the vehicle's operating mode is

selected responsive to road load, which is not shown by Kaiser.

Salecker 5,983,740 discloses a system for controlling the

engine speed during shifting of an automatic transmission to

smooth transition between gears; there is a brief mention that

this could be useful in a hybrid.

Salecker 6,006,149 has a closely related disclosure and

claims continuing to monitor operating parameters, especially

temperatures of various components, for a time (the example being
one second) after the engine has been shut off.

Yang patent 5,562,566 is extremely difficult to understand,

but appears to disclose a power unit combining an ICE and a

motor, which is stated to be useful in vehicles, ships, aircraft,

14
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and in industrial and process equipment. The invention seems to

be directed to a unit for combining the torque, but again the

patent is extremely difficult to understand. Patents 5,547,433

and 5,549,524, also to Yang, appear to be directed to related

inventions.

Origuchi patent 5,212,431 is directed to a serial electric

hybrid vehicle wherein a generator, preferably to be driven by a

gas turbine, is operated in response to monitoring of the

battery's state of charge.

Antony et al 5,714,851 shows a serial hybrid with a bypass

current path around the rectifiers and battery, to connect a

generator driven by an ICE directly to a traction motor.

Horwinski patent 3,904,883 discloses a hybrid, wherein a

single electric motor/generator is provided with separably

rotatable armature and rotator, so that the unit can be operated

as both motor and generator. An ICE is provided to drive the

unit, and also to propel the vehicle under various conditions.

Mode switching is apparently to be accomplished responsive to the

battery's state of charge; see col. 5, lines 20 ~ 21 and col. 6,

lines 64 - 66. The vehicle is intended to operate primarily as an

electric car, with overnight charging from the power grid (see

col. 6, lines 45 — 51) with the engine primarily provided as a

range~extender, though, as noted, the engine can supply torque to

the wheels; see col. 5, line 64 ~ col. 6 line 30.

Reichmann et a1 5,851,698 and Venkatesan et al 5,856,047 are

directed to nickel—metal hybride (NiMH) batteries optimized for

hybrid vehicle applications.

Park 4,331,911 shows a method for equalizing the voltage

across individual cells of storage batteries.

Miller et al 4,126,200 shows a vehicle having a flywheel for

energy storage. Hagin et al 4,216,684 is similar. Matthews

4,591,016 shows recovering energy during regenerative braking by

15
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accelerating a flywheel. Michel 4,592,454 shows doing so

employing a hydropneumatic accumulator.

Stuhr 4,674,280 shows an accumulator for the storage of

energy in a hydraulic system.

Fiala 4,416,360 shows a vehicle powertrain in which a

flywheel connected to the engine by a clutch is rotated by a

starter motor, and then used to start the engine using rotational

inertia stored in the flywheel; the "starter" motor can then be

operated as a generator to recharge the battery.

Moore 4,090,577 shows a hybrid with a conventional

engine/transmission assembly driving one pair of wheels, with a

solar-charged battery and motor combination driving a second

pair.

Walker 5,323,688 discloses hydraulic wheel motors stated to

be capable of regenerative braking.

Coe 5,384,521 discloses flywheel energy storage for a

vehicle, with electromagnetic couplers.

Boll et a1 5,623,194 shows a charge information system for

an electric or hybrid vehicle for monitoring battery status and

advising the operator.

Weiss 5,947,855 shows a hybrid drive for a tractor or the

like wherein torque from an ICE is combined with torque from an

electric motor, driven by a generator powered by the ICE is

combined individually at the drive wheels by a "Ravigneaux"

summing gear set. This is stated to provide flexibility in
control.

Smith 5,971,088 shows a battery charging apparatus for

regenerative charging wherein the generator is built into the

vehicle driveshaft and moves with it as the vehicle encounters

bumps and the like.

Walker 5,971,092 shows a hybrid comprising two ICEs, sized

to accomodate differing typical loads, plus a hydraulic

16
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accumulator. The engines are preferably two-strokes with

"inertia pistons" sliding in bores in the main pistons.

Schulze et al 5,675,203 shows a motor/generator; the

direction of rotation of the output shaft can be reversed by

axial movement of a short—circuit winding.

Fliege 5,675,222 shows switchable winding motors for

electric road vehicles.

Fliege 5,915,488 shows reducing the power supplied to

switching components in a hybrid drive in response to detection

of acceleration over a limiting value, e.g., to prevent sparking

and erosion of switch contacts as they are jarred apart over

bumps.

Lutz 5,679,087 and 5,685,798 disclose details of planetary

gearboxes for vehicles.

Lutz 5,691,588 shows a clutch assembly for connecting motor

and ICE of a hybrid, having separately-actuated friction plates

on opposite sides of a hub forming part of the rotor.

Lutz et al patent 5,755,302 discloses a specific arrangement

of a clutch connecting an engine, motor, and transmission of a

hybrid — the rotor is attached to the transmission shaft and the

stator to either the engine or the transmission housing, while

the clutch also fits at least partially within the stator.

Fliege 5,678,646 discloses modular motors that can be

stacked with interconnected coolant circuits to provide different

power capacities, stated to be useful in hybrids.

Ruthlein et al 5,698,905 relates to emergency starting of a

hybrid with a dead battery, by rearranging connections to allow

starting by towing.

Lutz 5,713,427 shows a coupling structure for a hybrid

comprising a deformable, resilient disc member.

Lutz 5,829,542 shows vehicles with separate motors on each

wheel of at least one pair of wheels.

17
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Welke patent 5,833,022 shows a specific constructional

arrangement for a clutch and single traction motor of a hybrid

vehicle. No operating scheme is discussed.

Adler et a1 5,816,358 shows automatic disconnection of the

current supply in the event of accident or the like in vehicles

having relatively high current and voltage electric power

supplies, e g., hybrid vehicles.

Gardner 4,753,078 shows a hopelessly complicated hybrid

vehicle design involving, among other impracticalities, "recovery

of electricity from electromagnetic wind generators,

gyrogenerators, and gravitational generators, and for the

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

standard shock absorbers."

Wicks 5,000,003 shows a "combined cycle" engine wherein

heat normally lost in the exhaust gases and rejected by heat

exchange with cooling water from an ICE is recovered and used to

drive a turbine or the like, and suggests that this might be

especially suitable for use in a hybrid vehicle.

Lay 5,141,173 shows a vehicle capable of flight as well as

travel along the ground. An ICE can propel the vehicle or drive

a generator and thence electric motors, depending on the range
and speed of intended travel.

Kutter 5,242,335 shows a drivetrain for a hybrid vehicle,

shown in automobile and bicycle embodiments, wherein muscle power
is combined with power from an auxiliary motor.

Kuang 5,264,764 shows use of an ICE as a power source to
serve as a range extender for an electric car, that is, the ICE

does not directly propel the vehicle.

Addie 3,699,351 shows a bi—modal vehicle, such as a rail

car, which can be propelled by an external power source, such as

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

split torque device allows some of the turbine torque to be

18
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delivered to the output shaft and the remainder to a

motor/generator combination.

Shibata et al 3,719,881 shows a series hybrid, that is, an

electric car comprising an ICE arranged to charge a battery

connected to a traction motor, wherein the battery‘s State of

charge is monitored and used to control operation of the ICE; the

load on the ICE is monitored and the ICE is shut off when the

load drops below a predetermined value.

Berman patent 3,753,059 shows a control circuit for a motor

operated in both propulsive and regenerative modes, as might be

employed in the hybrid vehicle drive system of Berman patent

3,566,717, already of record. Berman 3,790,816 shows an "energy

storage and transfer power processor" apparently intended for use

with the same system.

Williams 4,099,589 shows a series hybrid wherein the

preferred power path is from an ICE to an AC generator to an AC

motor, to the wheels; a rectifier, battery and DC motor are also

provided as an auxiliary or additional power source.

Rowlett 4,233,858 shows a vehicle propulsion system wherein

two electric motors are provided. Torque from the two motors is

combined: excess torque is stored in a flywheel, to provide load~

leveling.

Dailey 4,287,792 shows a variable gear ratio transmission.

Fiala 4,411,171 shows a hybrid vehicle power train in which

a single electric motor/generator and an ICE are coupled to the

wheels of the vehicle. Various operating modes are described.

Tankersley et a1 patent 5,403,244 shows an electric vehicle

with a planetary gearbox for reducing the shaft speed of an

electric motor to a speed suitable for driving the wheels of the

vehicle, and also providing a direct drive.
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Hadley et al 5,406,126 shows another serial hybrid. The

invention appears to have to do with the method of regenerative

charging offered.

Westphal patent 5,570,615 shows a three*mass flywheel

construction, with two of the masses connected by springs and the

thrid by planetary gears for balancing of various moments and

vibrations.

Nedungadi patent 6,110,066 shows a hybrid vehicle operating

in four modes, as follows (col. 4, lines 25 - 38): "There are

four modes of operation for the vehicle, namely: (a) electric;

(b) charge; (c) assist; and, (d) regenerative. In the electric

mode, only the motor is providing propulsion power to the

vehicle. In the charge mode, part of the engine power drives the

vehicle and the rest is absorbed by the motor (operating as a

generator) to charge the batteries. In the assist mode, both the

engine and the motor are providing power to prOpel the vehicle.

In the regenerative mode, power from the decelerating wheels is

diverted to the motor so that it can be used to charge the

batteries. .... The controller selects the most appropriate mode

depending upon the position of the accelerator pedal, the vehicle

speed and the state of charge of the battery." Nedungadi

makes it clear that the idea is to keep the engine "as loaded as

possible" (col. 8, line 46). In assist mode, this is done by

keeping the engine at maximum power; in the charge mode, the

engine is maintained at its point of maximum fuel efficiency.
See col. 5, lines 46 - 53.

Fini patent 6,387,007 shows several embodiments of hybrids.

Mode control appears to be accomplished responsive to accelerator

pedal position.

Tsai et al 6,592,484 shows a hybrid comprising an ICE and a

single motor as prime movers. The invention is directed to a
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transmission including four clutches and two planetary gearsets.

Some 13 Operating modes are stated to be provided.

Horwinski patent 3,904,883 is essentially a predecessor of

the Horwinski patent already of record.

Yamada patent 6,041,877 was recently cited in an Office

Action issued against a Japanese application based on a PCT

application with disclosure corresponding to the disclosures of

the two parent applications. According to a non-certified

translation of the Office Action, Yamada was cited because it

shows "a hybrid vehicle in which a battery is configured as two

separate battery sub—banks"; this was cited against a claim not

corresponding to any now in this application, including a similar

recitation. (Claim 29 of isSued patent 6,209,672 includes a

comparable limitation.) The disclosure of Yamada otherwise seems

merely cumulative to numerous references of record. Japanese

Utility Model Application No. 50—099456 (provided with a

translated summary sheet only) was also cited in the same Office

Action, the Japanese Examiner stating that "there is described a

technology in which two battery groups in an electrically driven

vehicle (B1 and B2, B4 and B3) are connected in series and the

middle of the two battery groups is earthed to a vehicle

chassis." Again, this is not relevant to any claim now being

asserted herein.

Tabata patent 5,887,670 shows a single-motor hybrid. Mode

determination is accomplished (see Fig. 7) responsive to a

"currently required output Pd" which is determined responsive to

pedal position, rate of change thereof, vehicle speed and

trasnmission lever position (see col. 23, lines 20 — 26).

Otsu et al patent 6,123,163 shows a single—motor hybrid

configured as a sort of city scooter. The vehicle operates in

different modes depending on the "aimed" torque, which is

determined responsive to accelerator opening and vehicle speed.
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See Fig. 13, col. 10, lines 56 - 67 and col. 1?, lines 11 — 33.

Otsu 6,260,644 seems to have the same disclosure, and Suzuki

6,253,865 to relate to the same design.

Arai patent 6,435,296 shows a hybrid with an engine driving

one set of wheels and a motor driving the other. In order that a

DC motor can be used, avoiding the expense of an inverter, the

motor is to be used as little as possible.

Sherman 5,789,823 shows both a torque converter and a

friction clutch in a single motor hybrid. This is essentially an

enginesassist arrangement; the engine can only be started when

the vehicle transmission is in neutral (see col. 3, lines 30 -

38), so that it must be run at all times, and the motor/generator

is stated to only assist the engine during times of peak power

requirement (col. 4, lines 36 - 38). Another Sherman patent

5,258,651 is not directed to hybrid vehicles, but to a system for

starting an ICE.

Onimaru 6,007,443 (Nippon Soken) shows a hybrid wherein an

ICE is connected through a CVT and a clutch to a motor/generator,

the output shaft of which drives the.wheels. Above a minimum

velocity, the engine is operated at a maximum speed. See col. 7,

line 17. At lower vehicle speeds, the engine is permitted to
idle; see col. 6, lines 9 - 23.

Ehsani et al, in "Propulsion System Design of Electric and

Hybrid Vehicles", discuss determination of the sizes and

capacities of an ICE and traction motor for a hybrid vehicle.

This is generally relevant to the subject matter of claims 16 and

112. However, note that Ehsani fails entirely to address the

relationship claimed between the voltage and current of the

battery bank, as claimed. Ehsani et al, in "Parametric Design of

the Drive Train of an Electrically Peaking Hybrid (ELPH)

Vehicle", go into further detail, and indicate that the vehicle

of concern is a single-motor hybrid wherein torque from the ICE
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and motor can be combined by a "matchgear", as in applicant's

Ehsani patent 5,586,613, apparentlyprior patent 5,343,970.

is discussed in the application asdirected to the same work,

filed.

Yamaguchi et al, "Development of a New Hybrid System — Dual

System", SAE paper 960231 (1996) appears to be merely cumulative

to numerous patents to the same inventors already of record.

"Dual System - Newly Developed Hybrid System" (publication .

details not known), by some of the same authors, of which only a

partial copy is available, is generally cumulative but does

provide a diagram showing operation of the various components as

a function of time

Takaoka et al, in "A High-Expansion—Ratio Gasoline Engine

for the Toyota Hybrid System", discuss the details of an ICE

designed for use in a hybrid vehicle. This paper states that "By

using the supplementary drive power of the electric motor, the

system eliminates the light—load range, where concentrations of

hydrocarbons in the emissions are high and the exhaust

temperature is low." (p. 57; a similar statement is made on p.

59) and "By allocating a portion of the load to the electric

motor, the system is able to reduce engine load fluctuation under

conditions such as rapid accleeration. This makes it possible to

reduce quick transients in engine load so that the air—fuel ratio

can be stabilized easily." (p. 58). The former statement simply

emphasizes the fact that engines are operated more efficiently at

higher loads, and the latter that stoichiometric combustion can

be more nearly obtained if the engine's speed and/or load is

varied as slowly as possible.

Sasaki et al, "Toyota's Newly Developed Electric—Gasoline

Hybrid Powertrain System" (publication data not available)

provides a mathematical analysis of the planetary gearbox.
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PCT application PCT/SE81/00280, published as WO 82/01170,

shows a hybrid vehicle wherein an ICE is used for propulsion

under some circumstances and an electric motor under others,

e.g., to provide a forklift truck that operates electrically when

indoors and is driven by the ICE when outdoors. The change from

one torque source to the other is made as a function of vehicle

speed. See p. 3, lines 19 - 28.

Japanese utility model publication 53—55105 (of which only a

partial translation is available) appears to show a hybrid

vehicle having both an ICE and a motor as sources of propulsive

torque, but the description provided is inadequate to understand

how the two sources are to be operated. The disclosure of

Japanese patent application publication 48—64626 (of which only a

partial translation is available) seems to be similar.

Japanese unexamined patent application publication 4-67703

(of which only a partial translation is available) appears to

relate to an electric vehicle.

Japanese patent application publication 4-297330 (of which

only a partial translation is available) seems to relate to

supplementing the regenerative braking available using a traction

motor as the source of braking torque with regenerative braking

from a generator attached to an ICE, and with friction from

motoring the engine under braking.

Japanese patent application publication 55-110328 (of which

only a partial translation is available) relate to a vehicle

wherein a first pair of wheels is driven by a "main driving

unit", a second pair being driven by an "auxiliary power unit",

wherein the auxiliary power unit is controlled responsive to a

difference in speed between the first and second pairs of wheels.

Japanese utility model publication 51~103220 (of which only

a partial translation is available) describes a control system

for a hybrid wherein the output shaft of an ICE is connected to
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that of an electric motor through a clutch, the Clutch being

controlled to operate when speed sensors on the shafts indicate

that their rotational speeds are equal.

Japanese patent 49-29642 (of which only a partial

translation is available) also shows a hybrid wherein the shaft

of an ICE is connected by a clutch to that of an electric motor;

in this case a one-way clutch is also provided.

Japanese patent publication 6-245317 (of which only a

partial translation is available) relates to a device for

preventing overcharging of the battery of an electric vehicle.

European patent application publication no. 510 582 shows a

vehicle powerplant featuring both an ICE and an electric motor as

sources of propulsion, and thus a hybrid of sorts, though the

term is not mentioned. No suggestion is made that the control of

operating mode is made other than by an operator; the determining

factor seems to be whether emission must be completely

prohibited, as in indoor operation.

European patent application publication no. SlO 582 also

shows a hybrid vehicle featuring both an ICE and an electric

motor as sources of propulsion. Again there is no teaching of

the specifics of switching operating mode; the invention has to

do with loading the ICE by means of the generator so as to match

the speed of the engine to the speed of a drive shaft driven by

the traction motor before engaging a clutch connecting the two.

German 03 25 17 110, provided with an English-language

abstract, is stated by the abstract to show a hybrid vehicle with

a turbine engine. It appears that the vehicle is operated as an

electric car until the current drawn exceeds a preset value, when

the turbine is actuated; thereafter, the turbine is run at an

"optimum setting", with the load split between battery charging
and vehicle propulsion. ‘
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Mayrhofer et al, "A Hybrid Drive Based on a Structure

Variable Arrangement" (1994), shows a hybrid vehicle design

involving an ICE, two motor/generators, a planetary gearbox to

enable combinations of sources of torque, and no less than four

clutches, obviously much more complicated than would be

desirable. Of interest with respect to the present invention is

that in one operating strategy (see page 196) Mayrhofer et al

suggest that the ICE should be activated only when the mean value

of the power demanded exceeds a limit for more than a minimum

time, 20 seconds being the example given. It is apparent that

the ICE is thus to be used only for load—leveling and that mode

changes are not being made based on the road load per se. In

other strategies the engine operation appears to be even further

afield from applicants' simple and direct strategy.

A December 1990 Popular Science article, "Diesel-Electric

VW", describes a hybrid wherein an electric motor, also serving a

generator and engine starter, is disposed between clutches

connecting the motor to an ICE on one side and the vehicle wheels

on the other. It is not clear what modes are provided, although

some transitions are apparently made responsive to accelerator

pedal position and vehicle velocity.

A May 1991 Popular Science article, "Electric Vehicles

Only", addresses the then-current state of the art in electric

vehicles and mentions hybrids only peripherally.

An April 1991 article appearing in NASA Tech Briefs

discusses lead/acid batteries having woven electrodes.
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As indicated, none of the newly—cited patents made of record

hereby disclose or suggest the invention claimed herein- Early

and favorable action on the merits of the application is

earnestly solicited.

Respectfully submitted,

 A47/7, 206‘ 4'
Dated   Michael e Angeli

Reg. No. 27,869

60 Intrepid Lane

Jamestown, RI 02835
401*423—3190
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Application No. Applicant(s)

11/229,762 SEVERINSKY ET AL.

Office Action Summary Examine,

David Dunn

-- 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 IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,

WHICHEVER IS LONGER FROM THE MAILING DATE OF THIS COMMUNICATION
Extensions of time may be available under the provisions of 37 CFR 1 136(3) In no event however, may a reply be timerIfiled
after SIX (6) MONTHS from the mailing date of this communication.

- If NO period for reply is specified above. the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute. cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication. even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

  

Status

MEI Responsive to communication(s) filed on 08 May 2006.

a)El This action is FINAL. 2b). This action is non-final.

3):] 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 Quayle. 1935 CD. 11, 453 0.6. 213.

Disposition of Claims

4MB Claim(s)1_7-fiis/are pending in the application.

4a) Of the above claim(s) __ is/are withdrawn from consideration.

5 El Claim(s)___ is/are allowed

6 El CIaim(s)_17-75 is/are rejected.
(S

(S

)M is/are objected to.

)_ are subject to restriction and/or election requirement.

Application Papers

9)l:| The specification is objected to by the Examiner.

10)|:| The drawing(s) filed on __ is/are: a)El accepted or b)El objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is retituired ifthe drawing(s) is objected to. See 37 CFR 1.121(d).

11)I:| The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO~152.

Priority under 35 U.S.C. § 119

12)|:| Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)I:] All b)|:| Some * c)[:] None of:

Certified copies of the priority documents have been received.

Certified copies of the priority documents have been received in Application No.

Copies of the certified copies of the priority documents have been received in this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) III Notice of References Cited (PTO-892) 4) [:1 Interview Summary (PTO-413)
2) E] Notice of Draftsperson's Patent Drawing Review (PTO-948) Paper No(s)iMaiI Date.
3) IX] Information Disclosure Statement(s) (PTO-1449 or PTO/SB/OB) 5) CI Notice of Informal Patent Application (PTO-152)

Paper No(s)/Mai| Date 7/07/06. 6) D Other:

 
US. Patent and Trademark Office _ .
PTOL-326 (Rev. 7-05) Office Action Summary Part of Paper No./Mai| Date 20060802
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DETAILED ACTION

An amendment was filed May 8, 2006 in which claims 1-16 were canceled and new

claims 17-75 were added.

Double Patenting

1. The nonstatutory double patenting rejection is based on a judicially created doctrine

grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or

improper timewise extension of the “right to exclude” granted by a patent and to prevent possible

harassment by multiple assignees. A nonstatutory obviousness-type double patenting rejection

is appropriate where the conflicting claims are not identical, but at least one examined

application claim is not patentably distinct from the reference claim(s) because the examined

application claim is either anticipated by, or would have been obvious over, the reference

claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re

Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225

USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re

Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163

USPQ 644 (CCPA 1969). ’

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may

be used to overcome an actual or provisional rejection based on a nonstatutory double patenting

ground provided the conflicting application or patent either is shown to be commonly owned

with this application, or claims an invention made as a result of activities undertaken within the

scope of a joint research agreement.

Effective January 1, 1994, a registered attorney or agent of record may sign a terminal

disclaimer. A terminal disclaimer signed by the assignee must fully comply with 37 CFR

3.73(b).

2. Claims 17-72 are provisionally rejected on the ground of nonstatutory obviousness-type

double patenting as being unpatentable over claims 82-122 of copending Application No.

10/3 82,577. Although the conflicting claims are not identical, they are not patentably distinct

from each other because the claims recite the same limitations; for example claim 82 of

lO/382,577 recites the engine, motors, battery, and same conditions of the controller as recited in

claim 17 of the instant application.
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This is a provisional obviousness-type double patenting rejection because the conflicting

claims have not in fact been patented.

Claim Rejections — 35 USC § 102

3. The following 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 shall be entitled to a patent unless ——

(e) the invention was described in (1) an application for patent, published under section 122(b), by another filed
in the United States before the invention by the applicant for patent or (2) a patent granted on an application for

patent by another filed in the United States before the invention by the applicant for patent, except that an
international application filed under the treaty defined in section 351(a) shall have the effects for purposes of this
subsection of an application filed in the United States only ifthe international application designated the United
States and was published under Article 21(2) of such treaty in the English language. ~

4. Claims 73 and 74 are rejected under 35 U.S.C. 102(e) as being anticipated by Tabata et

al. (US Patent 5,935,040; cited in IDS).

Tabata et al. discloses a method of operating a hybrid vehicle, the method comprising:

receiving an operator request for acceleration; if the vehicle load is greater than a first amount,

an internal combustion engine supplies torque to the wheels (see column 15, lines 31—36); if the

vehicle load is less than a first amount, supplying torque from an electric motor (see column 15,

lines 25-30); wherein the engine is not operated when the vehicle load is less than the first

amount (“only the motor/generator 14 as the drive power source. in the low-load running state”;

column 15, lines 25-30), wherein the vehicle load is independent of the speed of the vehicle (the

load can be independent of the speed, e.g., a larger load running state would be required on a

hill); a batter for supply electrical power to the motor (see column 9,1ines 45-50). Regarding
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claim 74, the vehicle is inherently operated in a range from a minimum load being efficiently

operated (relative term) to a maximum load.

Claim Rejections - 35 USC § 103

5. The following is a quotation of 35 U.S.C. 103(a) which forms 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 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the 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. Claim 75 is rejected under 35 U.S.C. 103(a) as being unpatentable over Tabata et al.

alone.

Tabata et al. is discussed above but fails to show the engine being used at a load between

100% and 70% of total vehicle load.

It would have been obvious to one of ordinary skill in the art at the time the invention

was made to select the operation mode such that the engine was used between a total vehicle

load range of 70%-100% as it has generally been held that the selection of an Optimum range

within prior art general conditions requires only routine skill in the art.

7. Claims 49-54, 58-61, 68, 69, and 72 are rejected under 35 U.S.C. 103(a) as being

unpatentable over Gray, Jr. et al. in view of Tabata et al.

Gray, Jr. et al. discloses a method for controlling a hybrid vehicle, comprising:

determining instantaneous road load (“power demand”; see column 7,1ines 45-50); operating at

least one electric motor to propel the vehicle when the RL is less than a setpoint (point A; see

Figure 2D); operating an engine when the RL is between the SP and maximum torque output of
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the engine, wherein the engine is operable to efficiently produce torque above the SP, and

wherein the SP is substantially less than the MTO (see Figure 2B; between points A and B);

operating the motor and engine when the torque require is more than the MTO (see Figure 2A;

supplied by engine and P/M, above point B). The vehicle comprises a variable-ratio

transmission (CVT 3) between the engine and the wheels. Gray, Jr. discloses a clutch 4.

Gray, Jr. et al. does not show an electric motor and battery.

Tabata et a1. is discussed above.

It would have been obvious to one of ordinary skill in the art at the time the invention

was made to modify Gray, Jr. et al. with the teachings of Tabata et al. to use an electric motor

and battery in order to provide a more reliable hybrid vehicle.

Allowable Subject Matter

8. Claims 17-48 would be allowable upon submission of a proper Terminal Disclaimer as

noted in the double patenting section above.

9. Claims 55-57, 62-67, and 70-71 would be allowable if rewritten to include all of the

limitations of the base claim and any intervening claims and upon submission of a proper

Terminal Disclaimer as noted in the double patenting section above.

Conclusion

10. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to David Dunn whose telephone number is 571-272-6670. The

examiner can normally be reached on Mon-Fri, 8:30-5:00.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Paul Dickson can be reached on 571-272-6669. The fax phone number for the

organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent

Application Information Retrieval (PAIR) system. Status information for published applications

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished

applications is available through Private PAIR only. For more information about the PAIR

system, see http://pair—direct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would

like assistance from a USPTO Customer Service Representative or access to the automated

information system, call 800-786-9199 (IN USA OR CANAD 1-272-1000.

 
4 David

Primary Examiner
Art Unit 3616
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Application No. Applicant(s)

 11/229,762 SEVERINSKY ET AL.

Examiner Art Unit

David Dunn 3616

All participants (applicant, applicant's representative, PTO personnel):

Interview Summary

(1 ) David Dunn. (3)._.

(2) Micheal de Angeli. (4) .

Date of Interview: 18 October 2006.

Type: a)El Telephonic b)|:l Video Conference
c)|Z Personal [copy given to: 1)[:] applicant 2)|Z applicant's representative]

Exhibit shown or demonstration conducted: d)[:l Yes e)E No.
If Yes, brief description:

C|aim(s) discussed: Draft amendment.

Identification of prior art discussed: n_/a.

Agreement with respect to the claims f)[:l was reached. gm was not reached. h)l:l N/A.

Substance of interview including description of the general nature of what was agreed to if an agreement was

, reached, or any other comments: Claims 17-322 were discussed and agreed to be allowable. New claims 329-335
and 337-343 were discussed and will be reviewed in further detail ugon submission of an amendment,

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims

allowable is available, a summary thereof must be attached.)

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE

INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANT IS
GIVEN A NON-EXTENDABLE PERIOD OF THE LONGER OF ONE MONTH OR THIRTY DAYS FROM THIS

INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY FORM, WHICHEVER IS LATER, TO

FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview
requirements on reverse side or on attached sheet.

 
Examiner Note: You must sign this form unless it is an

Attachment to a signed Office action. ' . Examiner’s nature, if required 
US, Patent and Trademark Office

PTOL-413 (Rev. 04—03) Interview Summary Paper No. 20061018
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record -
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U,S.C. 132)

37 CFR §1.2 Business to be transacted in writing.

All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark OfficeIs unnecessary The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid toany alleged oral promise, stipulation. or understanding in relation to which there is disagreement of doubt. 

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

ItIs the responsibility ofthe applicant or the attorney or agent to make the substance ofan interview of recordIn the application file, unless
the examiner indicates he or she will do so. ItIs the examiner’s responsibility to see that such a record is made and to correct materialInaccuracieswhich bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and fillingIn the blanks. Discussions regarding only procedural matters. directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents" section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video~conference interview. the copy is mailed to the applicant‘s correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:
— Application Number (Series Code and Serial Number)
-— Name of applicant
— Name of examiner
— Date of interview

-» Type of interview (telephonic, videoeconference, or personal)
- Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)
— An indication whether or not an exhibit was shown or a demonstration conducted

- An identification ofthe specific prior art discussed
— An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by

attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

— The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview

unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning thesubstance of the interview

A complete and proper recordation of the substance of any interview should include at least the following applicable items:
1) A brief description of the nature of any exhibit shown or any demonstration conducted,
2) an identification of the claims discussed,
3) an identification of the specific prior art discussed
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,
5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and
7) if appropriate, the general results or outcome ofthe interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, "Interview Record OK" on the
paper recording the substance of the interview along with the date and the examiner's initials.
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REMARKS

The Examiner is thanked for his courtesy in extending an interview to applicants’

undersigned attorney on October 18, 2006, at which amendments to the claims substantially as

above were discussed, as recorded in the Examiner Interview Summary form.

Applicant is in receipt of the Office Action dated August 10, 2006. An obviousness type

double patenting rejection was made with respect to copending Ser. No. 10/382,577, now patent

7,104,347. The Examiner indicated that claims 17 - 48 would be allowable subject to entry of a

Terminal Disclaimer. A Terminal Disclaimer in proper form is enclosed herewith.

Additionally, the Examiner indicated that claims 55 — 57, 62 - 67, 70, and 71, would be

allowable if rewritten in independent form. Claim 49 has been rewritten to include the subject

matter of claim 55, and thus is allowable. Correspondingly, claims 55 and 73 - 75 have been

cancelled. Furthermore, new claims 76-322 are based on the allowable subject matter as

indicated above and are also allowable.

More specifically, new independent claim 100 includes the allowable subject matter of

claim 56; new independent claim 135 includes the allowable subject matter of claim 57; new

independent claim 168 includes the allowable subject matter of claim 62; new independent claim

182 includes the allowable subject matter of claim 63; new independent claim 195 includes the

allowable subject matter of claim 64; new independent claim 209 includes the allowable subject

matter of claim 66; new independent claim 236 includes the allowable subject matter of claim

67; new independent claim 272 includes the allowable subject matter of claim 70; and new

independent claim 298 includes the allowable subject matter of claim 71.

Sets of dependent claims have also been added reciting additional aspects of the

invention and which are clearly supported by the disclosure of the application as filed.

Specifically, several sets of claims, e.g. claims 76 - 85, have been added reciting specifics of

the preferred ranges of voltage and current, and their ratio; these are supported at, for example,

pages 89 - 91 of the application text. Similarly, claims, e.g., claim 86, have been added

specifying that the variable-ratio transmission previously in the claims comprises a planetary

gear mechanism; this is clearly supported, at pages 91 - 94. Finally, claims, e.g., claim 87, have

been added specifying that the traction motor is sufficiently powerful to satisfy the Federal urban

driving cycle without use of torque from the engine; this is supported at page 88, lines 25 - 29 of

67
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the application. To the extent this incorporation of a standard which might change over time

could be considered to render the claim indefinite, applicants refer to this standard as effective

as of September 9, 1999, the filing date of predecessor application Ser. No. 09/392,743, now

patent 6,338,391, where support for this limitation first appeared.

Finally, new claims 323 - 337 have been added. These claims are similar in certain

respects to claims previously allowed in this and predecessor applications. For example, claims

323 - 332 have similarity in certain respects to claims 1 and 2 of patent 6,209,672, and include

limitations related to maximum DC voltage, current, and the ratio therebetween, as above.

Claims 333 - 337 have similarity in certain respects to claim 17 of this application, and include a

limitation related to control of the engine as well as limitations related to the voltage, current and

ratio therebetween, as'above.

Reconsideration and allowance of all claims is earnestly solicited.

Respectfully submitted,

 0424:2304
Dated Michael e Angeli

Reg. No. 27,869

60 Intrepid Lane

Jamestown, RI 02835
401—423—3 190

68
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 UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of

Severinsky et a1 Examiner: David Dunn

Serial No.: 11/229,762 Group Art Unit: 3616

Filed: January 13, 2006 Att. Dkt.: PAICE201.DIV.2
‘-0.ua.inon‘-I.

For: Hybrid Vehicles

Hon. Commissioner of Patents and Trademarks

Washington, DC 20231

TERMINAL DISCLAIMER

Sir:

Your petitioner, PAICE LLC, residing at 380 SE Mizner Blvd,

Suite 1721, Boca Raton Florida 33432, by its undersigned attorney

of record, represents that it is the assignee of the entire

right, title and interest in the above-identified application by

virtue of an Assignment recorded in the records of the Patent and

Trademark Office at Reel 011932, Frame 0488. Your petitioner is

also the assignee of Patent 7,104,347, issued September 12, 2006,

on application Ser. No. 10/382,577. The undersigned has reviewed

all the evidentiary documents accompanying or referred to in the

instant Terminal Disclaimer and it is certified that, to the best

of the undersigned's knowledge and belief, title to the present

application and the issued patent is in the assignee identified

above.

Your petitioner, PAICE LLC, hereby disclaims the terminal

part of any patent granted on the above—identified application

which would extend beyond the expiration date of patent

7,104,347, and hereby agrees that any patent so granted on the
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above-identified application shall be enforceable only for and

during such period that the legal title to any such patent shall

be the same as the legal title to said patent 7,104,347, this

agreement to run with any patent granted on the above—identified

application and to be binding upon the grantee, its successors or

assigns.

PAICE LLC

by its attorney of record:

M 24 a;

Dat Michael de Angeli

Reg. No. 27,869

60 Intrepid Lane
Jamestown, RI 02835
401-423-3190
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In re the Patent Application of

Severinsky et a1 : Examiner: David Dunn

Serial No.: 11/229,762 : Group Art Unit: 3616

Filed: January 13, 2006 : Atty. Dkt.:PAICE201.DIV.2

For: Hybrid Vehicles

TRANSMITTAL OF AMENDMENT

Hon. Commissioner for Patents

P. O. Box 1450

Alexandria VA 22313-1450

Sir:

Transmitted herewith is an amendment in the above -

identified application.

A check for the additional claim fee of $ 0.00 as calculated

below is enclosed for this amendment.

X The Commissioner is hereby authorized to charge any

underpayment (or to credit overpayment) to our Deposit Account

No. 04*0401. A duplicate copy of this sheet is attached.

 

X Please charge the fee for this amendment to the credit card

specified on the accompanying Credit Card Payment Form.

 

LARGE ENTITY

TOTAL CLAIMS PRESENT ADDITIONAL

CLAIMS PREVIOUSLY EXTRA RATE

PAID FOR

TOTAL 317 59 = 258 Extra x 50 $12900.00

INDEP. 22 4 = 18 Extra x 200 $ 3600.00

TOTAL: $16500.00
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Respectfully submitted,

Dated: /§/Z f/(yé e AngeliReg. No. 27,869

ichael

6O Intrepid Lane
Jamestown RI 02835

401-423—3190
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IN TH “‘34; * .. . 01: ATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of :

Severinsky et al : Examiner: Dunn

Serial No.: 11/229,762 2 Group Art Unit: 3616

Filed: January 13, 2006 : Att.Dkt:PAICE201.DIV.2

For: Hybrid Vehicles

Hon. Commissioner for Patents

PO. Box 1450

Alexandria VA 22313-1450

AMENDMENT

Sir:

In response to the Office Action mailed August 10, 2006, kindly amend the above-

identified application as follows:

Julia/211.16 HBERHE 08883858 11229762

mafia 132183223 3:
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IN THE CLAIMS:

Amend the claims to appear as follows:

1 - 16. (Canceled)

17. (Previously Presented) 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;

a first electric motor coupled to the engine;

a second electric motor operable to propel the hybrid vehicle by providing torque to the

one or more wheels;

a battery coupled to the first and second electric motors, operable to:

provide current to the first and/or the second electric motors; and

accept current from the first and second electric motors; and

a controller, operable to control the flow of electrical and mechanical power between the

engine, the first and the second electric motors, and the one or more wheels;

wherein the controller is operable to operate the engine when torque required from the

engine to propel the hybrid vehicle and/or to drive one or more of the first or the second motors

to charge the battery is at least equal to a setpoint (SP) above which the torque produced by the

engine is efficiently produced, and wherein the torque produced by the engine when operated at

the SP is substantially less than the maximum torque output (MTO) of the engine.

18. (Previously Presented) The hybrid vehicle of claim 17, wherein the controller is operable to

stop the engine when the torque required to propel the vehicle is less than the SP.

19. (Previously Presented) The hybrid vehicle of claim 17, wherein the controller is operable to

stop the engine when the torque required to propel the vehicle and/or charge the battery is less

than the SP.
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