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Atty. Dkt. PAICE201.DIV
Hon. Commissioner of Patents and Trademarks ‘
Washington, D.C. 20231

Sir:
This is a request for filing a divisional application under 37
CFR § 1.60 of pending prior application Serial No. 09/822,866 filed

2001 entitled Hybrid Vehicles

on April 2,
Full Name of first joint inventor: Alex J. Severinsky

Citizenship: U.S.

Washington, DC
4704 Foxhall Cresgscent, Washington DC 20007

Residence:

Post Office Address:

Full Name of second joint inventor: Theodore Louckes
Residence: Holly, Michigan Citizenship: U.s.
10398 Appomattox, Holly, MI 48442

Post Qffice Address:
Enclosed is a copy of the prior application including the
I hereby verify that the

X
Declaration @as originally filed.
R attached papers are:a true copy of the prior application
Serial No. 09/822,866, as originally filed on 2April 2, 2001.
X The filing fee is calculated below: Claims as filed, less any
- claims canceled: ’
LARGE ENTITY
CLAIMS ; Filing Fee: $750
Total 7 - 20 = 0 x $18 $0
Indep. 3 - 3 = 0 x $84 $0
$750
H
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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.

Cancel the following claims before calculating filing the fee:
1 - 9.

A check in the amount of $§ 750.00 is enclosed.

Priority of application Serial No. filed on

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

aj) - Certified copy is on file in prior application
Serial No. filed

b) Certified copy filed herewith.

Amend the specification by rewriting lines 4 - 10 to read as

follows:

This is a divisional application of application Serial No.
09/822,866 filed April 2, 2001, 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 claims
priority from provisional application Ser. No. 60/100,095,
filed Spetember 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, which in turn claims
priority from provisional application Ser. No. 60/122,296,

filed March 1, 1999.

Transfer the drawings for the prior application to this
application, and abandon said prior application as of the
filing date accorded this application. A duplicate copy of
this sheet is enclosed for filing in the prior application
file.

New formal drawings are enclosed.
The prior application is assigned of record to PAICE
Corporation via a document dated May 18 and May 25, 2001 and
recorded by the U.S. Patent and Trademark Office on June 26,
2001 at Reel 011932, Frame 0488.
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The power of attorney in the prior application is to Michael
de Angeli, Reg. No. 27,869. The power was filed June 26,
2001.

Address all future communications to:

Michael de Angeli
60 Intrepid Lane
Jamestown RI 02835
401-423-3190

-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 1like 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 wvalidity of the
application or any patent issuing thereon.

Respectfully submitted,
3//os DY)

Dated

Michael de Angefg
Reg. No. 27,869

60 Intrepid Lane
Jamestown RI 02835
401-423-31920
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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
{applicaticn 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.

"Eiglg of the Invention

This application relates to improvements in hybrid vehicles,

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

15 one oOr more electric motors are provided to supply torque to the
driving wheels of the vehicle. More particularly, this invention
relates to a hybrid electfic 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.

.+ Discussion of the Prior Art
v For many years great attention has been given to the problem
” of reduction of fuél consumption of automobiles and other highway
25 vehicles. Concomitantly very substantial attention has been paid
to reduction of pollutants emitted by automobiles and other
vehicles. To a degree, efforts to solve these problems conflict
with one another. For example, increased thermodynamic efficiency
and thus reduced fuel consumption can be realized if an engine is
30 operated at higher temperaturés. Thus there has been substantial

interest in engines built of ceramic materials withstanding higher
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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 NoO,.

Another possibility for reducing emissions is to burn mixtures

5 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 tco the extent necessary ~to achieve appreciable

10 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.

15 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

20 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 1limited range and extended recharging time of the
batteries would not be an inconvenience, such cars are not suitable

25  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

30 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 1less with conventional gasoline-
fueled vehicles. See, generally, Simanaitis, "Electric Vehicles",
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Road & Track, May 1992, pp. 126-136; Reynolds, "“AC Propulsion
CRX", Road & Track, October 1992, pp. 126-129.

Brooks et al 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 speedr(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 torgque 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
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connected directly to the wheels; when it is desired that the train
should accelerate, the diesel engine 1is 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 torgue production. Moreover, such locomotives tend to be run
at steady speeds for long periods of time. Reasonably efficient
15 fuel use 1is 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
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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

5 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

10 al an internal combustion engine and an electric motor are matched
through a complex gear train so that both can provide torque
directly to the wheels, the vehicle being operated in several
different modes. Where the output of the internal combustion engine
is more than necessary to drive the wvehicle ("first mode

15 operation") the engine is run at constant speed and excess power is
converted by a first motor/generator ("speeder") to electrical
energy for storage in a battery. In "second mode operation®, the
internal combustion engine drives the wheels directly, and is
throttled. When more power is needed than the engine can provide,

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

Berman et al thus show two separate electric motér/generators
separately powered by the internal combustion engine; the "speeder®
charges the batteries, while the "torquer" propels the vehicle

25 forward in traffic. This arrangement is a source of additional
complexity, cost and difficulty, as two separate modes of engine
control are required. Moreover, the operator must control the
transition between the several modes of operation. Such a complex
vehicle 1is unsuited for the automotive market. Automobiles

30 intended for mass production can be no more complicated to operate
than conventional vehicles, and must be essentially "foolproof",
that 1is, resistant to damage that might be caused by  operator
error. Further, the gear train shown by Berman et al appears to be

quite complex and difficult to manufacture economically. Berman et
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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 al 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. 1In a first embodiment,
torgue 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 1is coupled

between the torque transmission unit and the propelling wheels.

Both the torgue transmission unit and the variable-speed

30 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 torgque transmission unit for combining torque from an

electric motor and an internal combustion engine. However, in
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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

5 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.

Fjdllstrdm U.S. patent 5,120,282 shows a parallel hybrid drive

10 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.

15 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

20 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

25 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

30 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 torgue

from the internal combustion engine and electric motor is combined)
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: !
by a "fluid coupling or torque converter of conventional

construction". Col. 2, lines 16 - 17. Such transmissions and fluid

couplings or torgque 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 single internal combustion engine
coupled to the drive wheels through a conventional variable-ratio

20 transmission, an electric motor, - and an alternator, to allow
efficient use of the internal combustion engine. As in the Hunt
disclosure, the;engine is intended to be operated in a relatively
efficient range of engine speeds; when it produces more torque than
is needed to propel the vehicle, the excess is used to charge the

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

A further Kawakatsu patent, No. 4,335,429, shows a hybrid
vehicle, in this case comprising an internal combustion engine and
two motor/generator units. A first larger motor/generator, powered

30 by a battery, is used to provide additional torque when that
provided by the engine is insufficient; the larger motor-generator
also converts excess torgque 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
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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
s 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, 1lines 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 torgue
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 al (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 al
(4,697,660).  Kinoshita (3,970,163) shows a vehicle of this general
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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 a complex drive system involving an internal combustion
engine driving two electric motors; the torgque 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 a compressed-air or similar mechanical starter for the
internal combustion engine of a series hybrid, such that batteries
of 1limited 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
4No. 4,578,955 to Medina shows a hybrid system wherein a gas turbine

is used to drive a generator as needed to charge batteries. Of

10

BMW1012
Page 13 of 1654




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

11
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wheels, and an 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 torgque to be.
10 connected to the wheels, and to a geﬁerator, 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 wvehicle 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 Electric and Hybrid

Vehicle Technology, volume SP-915, published by SAE in February
1992. See also Wouk, "Hybrids: Then and Now"; Bates; "On the road

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

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

parallel hybrids; a first embodiment is shown in Figs. 1 - 9 and
11, and a second in Figs. 12 - 17. Both embodiments have numerous
12
BMW1012
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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. Torgque from the engine and motors is
combined at the input shaft to a wvariable-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 contrél action. See

20 col. 7, lines 49 - 56.

The Urban et al design appears to suffer from a number of
significant defects. First, the internal combustion engine is
stated to provide all torque needed to accelerate the vehicle to
cruising speed under normal circumstances (see col. 5, lines 3 -

25 10), and also to propel the vehicle during cruising (see col. 6,
lines 48 - 54). The electric motors are to be used only during
rapid acceleration and hill-climbing; cecl. 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

'
i

13
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polluting. (Various additional references suggest that excess
torque can be used to charge batteries; if this were incorporated
in the Urban system, the engine might be run at a reasonably
efficient output level while the vehicle was stationary, but this

5 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;

10 this complexity is unacceptable in a vehicle intended to be sold in
guantity, as would be required in order to reach Urban's stated
goals of reduction of atmospheric pollution and reduced energy
consumption. As noted, hybrid vehicle operation must be
essentially "foolproof", or "transparent" to the user, to have any

15 chance of commercial success.

Urban's second embodiment is mechanically simpler, employing
but a single "dynamotor", through which torgue is transmitted from
the engine to the variable-~ratio transmission, but suffers from the
same operational deficiencies.

20 A second Urban et al patent, 5,704,440, is directed to the
method of operation of the vehicle of the \'029 patent and suffers
the same inadequacies.

Various articles describe several generations of Toyota Motor
Company hybrid vehicles, believed to correspond to that available

25 commercially as the "Prius". See, for example, Yamaguchi, "Toyota
readies gasoline/electric hybrid system", to i ineering,
July 1997, pp. 55 - 58; Wilson, "Not Electric, Not Gasoline, But
Both", Autoweek, June 2, 1997, pp. 17 - 18; Bulgin, "The Future
Works, Quietly", Autoweek February 23, 1998, pp. 12 and 13; and

30 "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 - 27.

According to the Wilson article, Toyota describes this vehicle as
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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, torgue from either or both of an internal
combustion engine and an electric motor are controllably combined
S in a Ypower-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.A See col. 3, lines 50 - 55. 1In 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
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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
5 lower emissions.

U.S. patent 5,846,155 to Taniguchi et al 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

10 transmission. ‘

It will be appreciated by those of skill in the art that there
are significant 1limitations inherent in the use of planetary
gearsets as a means for connecting different sources, e.g., an
internal combustion engine and an electric motor, to the drive

15 wheels of a vehicle, namely, that unless the planetary gearset is
effectively locked (anathematic to its use as a continuously-
variable transmission, e.g., in the Toyota véhicle) it is capable
of additive combination of shaft speeds, but not of output torque.
Hence, the principal advantage of the parallel hybrid drivetrain,

20 additive combination of the output torque of both the electric
motor and the internal combustion engine, is only available when
the planetary gearset is locked. This fact is acknowledged by
Lateur; for example, at col. 6, line 27.

Additional disclosures of possible interest include U.S.

25 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,

30 coupled to a second electric motor 26 through a second clutch 24;
the wheels are (apparently; see col. 3, line 8) driven by the
second motor 26. The overall hybrid operational scheme provided by
Buglione et al is illustrated in Fig. 4. At low speeds one or both
motors may be used to propel the vehicle, with the engine off,
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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 Yelectrically

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 improvéments over and
enhancements to the hybrid vehicles disclosed in U.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 torgue may be provided by

' the electric motor as needed for acceleration, hill-climbing, 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 pericd 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 torgque output, for efficient

30 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 1low current, reducing losses due to resistive
heating and simplifying component selection and connection.

10 It can thus be seen that while the prior art, includiﬁg 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 <c¢laims several distinct

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

25 discussed in further detail below. Similarly, the present

application is a 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 a starter, to start the engine, a generator, to charge the

battery bank responsive to torque from the engine or the wheels

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

propel the vehicle, are connected to the road wheels of the vehicle

through a clutch, so that the engihe can be decoupled from the

wheels during starting and battery charging, but can be connected

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

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

vehicle operating mode is determined by a microprocessor responsive

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

demands. The '743 application further discloses that a

turbocharger may be provided, and operated when needed to increase

15 the torque output of the engine when torque 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-Briicken U.S. patent

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

20 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

- 25 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

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

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

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

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

therebetween, that is, without a clutch or variable-ratio
transmission. More specifically, Koide's entire disclosure is
S premised on being able to vary the ratios between the torgque-

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-Briicken patent also fails to show the topology
shown in the '817 application. Schmidt-Briicken 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 Yroad load", that is, the vehicle's instantaneous torgque
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 1in vehicle speed 1is called for. For example, the
operator's depressing the accelerator pedal signifies an increase
in desired speed, i.e., an increase in road locad, 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 (MTO), 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 oberating 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-Briicken 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-Briicken at col. 5, line 56 - col. 6 line
29. Neither Koide nor Schmidt-Briicken, 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 rocad 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 torgue 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-Briicken,
it is apparent that the engine will be operated at various times
when the road lcad is less than 30% of MTO, for example, during
deceleration or during descents. Moreover, as noted above, the
5 torque actually required can vary widely irrespective of vehicle
speed. For example, 30% of MTO may be sufficient to maintain
steady speed on a flat road, but 150% of MTO may be required for
acceleration from the'séme speed. If the vehicle's operational
mode is selected based solely on speed, as taught by Koide and

10 Schmidt-Briicken, 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

15 torgque 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.

20 Moreover, according to this aspect of the invention, the
engine is used to propel the vehicle only when it is efficient to
do so. This is in accordance with another aspect of the invention,
wherein the engine is operated only at high efficiency, leading
directly to improved fuel economy. For example, the engine is also

25 used as needed to charge the battery bank, e.g., in low-speed city
driving, where the battery bank may become depleted. The starter
motor, which is operated as a generator in these circumstances, is
accordingly sized so as be able to accept at least 30% of MTO as
input torque; the battery bank is likewise sized so as to be able

30 to accept a corresponding amount of charging current. Therefore
the engine is never operated at less than 30% of MTO, and is thus
never operated inefficiently. Koide and Schmidt-Brilicken, because
they teach switching the vehicle's operational mode based on
vehicle speed and not its torgque 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

5 running state detection means detects vehicle speed and vehicle
load...{and] that the control means transfers the driving force
generated by the engine to the power generator and changes the
electric power generated by the power generator [i.e., more of the
engine power is used to charge the batteries] in accordance with

10 the vehicle locad if the vehicle speed isvthe predetermined value or
less. Moreover, it is preferable to change the predetermined value
of the vehicle speed in accordance with the vehicle load.” It thus
appears that Furutani determines the vehicle operating state based
on vehicle speed, although the change-over speed can be varied

15 responsive to the vehicle load. Furutani's "vehicle load" thus
apparently includes the torgue required to charge the battery, as
distinguished from applicants' "Y“road 1load", i.e., the torque
required to propel the vehicle. Even assuming that Furutani's
"vehicle load", which is not defined, were suggestive of "“road

20 load" as used by applicants, Furutani clearly does not suggest
determining the operating mode based on road 1load. More
specifically, although Furutani recognizes a distinction between
differing vehicle 1loads, and that the vehicle 1load can vary
independent of vehicle speed, the vehicle operating mode is
25 nonetheless selected based on vehicle speed; see col. 3, line 62 -
col. 4, line 32. Instead of varying the operating mode of the
vehicle based on road load, Furutani directs more or less of the
engine's torque to battefy charging; see col. 4, lines 24 - 32.
Frank 6,054,844 shows several embodiments of hybrid vehicles.
30 In those where an engine is used to provide torgque to the vehicle
wheels, a continuously-variable transmission is employed, and the
ratio R is considered in determining the fesponse 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
5 \ 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

10 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

15 (that 1is, 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

20 demand Mv*", which might be mnmisunderstood to be equivalent to
applicant's road load, Egami in fact does not determine the road
lcad. More specifically, Mv* is determined by consulting a “map",
using "the vehicle speed V, the accelerator 1lift AcC, the brake
state BRK, and the shift position SFT as the input parameters".

25 See col. 22, lines 23 - 26. The same point, i.e., that the
"vehicle driving torque demand Mv*" is not eguivalent 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. ,
30 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 alsoc states (col. 2, lines 7

25

BMW1012
Page 28 of 1654




- 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 © which represents the required driving force of the vehicle and
the detected vehicle speed" (col. 5, 1lines 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 abplicants.
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 braking
systems of hybrid vehicles, see for example German patent 19 05 641
to Strifler, discussing a method of control of a braking system

providing both regenerative and mechanical braking, and the
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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.

biect f the I ti
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
10 combustion and hybrid vehicles while Asuffering' 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
15 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

20 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

25 electric motors can separately or simultaneously apply torgue 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

30 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 ?rder to

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

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

S 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 1losses 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 1invention to allow . employment of a motor producing
substantially constant torgue up to a base speed, and substantially
constant power thereafter, as the engine starting motor, so that
torgque 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

5 according té6 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 provide

10 further imprbvements 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

15 braking system for hybrid vehicles including regenerative braking
that provides optimal operator feedback despite changes in
operation résponsive to the state of charge of the battery bank.

Other aspects and objects of the invention will become clear
as the discussion below proceeds.

20 |

Summary of the Invention

As discussed above, the '970 patent discloses hybrid vehicles
wherein a controllable torque transfer unit is provided capable of

25 transferring torque between an internal combustion engine, an
electric motor, and the drive wheels of the vehicle. See Figs. 3 - 5
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

30 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 micrdbrocessor.

According to one aspect of the invention of the '817 and '743

35 applications, which is also employed according to the present
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continuation-in-part application, the controllable torgque-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 1is 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 clutch 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 ﬁrovide 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 sta%ting, 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 1less 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 torgque; the
output shaft of the traction motor is then connected to the road

5 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

10 disconnected from the road wheels byi 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.

15 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

20 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.

25 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

30 ‘provide additional torgue. 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
5 generators, e.g., to transform the vehicle's kinetic energy into
electrical power during descent cr‘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
10 transmission or the equivalént. '

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 énd

15 brake pedalsi 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

20 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.

25 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 1larger toothed flywheel,

30 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 cperate the engine and the two motors at the

5 same speed when the clutch is engaged, avoiding intermediate gear
trains or 1like 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

10 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 Y“center-point-chassis" connection reduces
the voltage between various circuit components and the vehicle
chassis by half, significantly reducing the electrical insulation

15 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.

20 In the preferred embodiment, both the traction and starting
motors are AC induction motors of four or more phases and fhe
accompanying power circuitry pfovides 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

25 inverter/chargers driving them, should be chosen and operated such
that the motors have torgque 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

30 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 torgque
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
5 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
10 torque; where the vehicle's torgque 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 mnmay be
performed simultaneously, as torque from the engine and the
15 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
20 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 véry depending
25 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
30 970 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
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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

5 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

10 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

15 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

20 econoﬁy. Still more particularly, heretofore large classes of such

. vehicles have not been subject to certain emission requlations;
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

25 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
conéidered in design of a suitable hybrid powertrain is that their
owners use them to carry and tow widely-varying loads. That is, a

30 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 havé sufficient power at times of maximum loading, the
vehicle is grossly overpowered under all different circumstances;

5 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). .

10 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
only operated at high efficiency, that is, only when is it loaded

15 to require a substantial fraction e.g., 30% of its maximum torgque
output. That is, the engine is pever run at less than 30% of
maximum torque output ("MTO"). As discussed in the '970 patent and
the '817 application, this can be accomplished by sizing the engine
so that it can efficiently propel the vehicle unassisted at higﬁway

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

25 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
turbochargér uses are eliminated. Typically the turbocharger may
be sized such that the engine provides up to 150% of MTO when

30 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 éutomatically—operated "range shifting"
gearbox akin to those presently provided on SUVs and the like, to
5 allow shifting into a "low range", for example, when a heavy
trailer is be towed, or c¢ould 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.
10 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, enmploying
the microprocessor to control the operation of inverter/chargers
15 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
20 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
25 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,
30 regardless whether conventional, regeﬁerative, 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 scolutions 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 jumpstarted as might be necessary after
a long hiatus, and to allow use of conventional 12 volt
accessories, such as radios and other electronic items.

The present application also discloses further wuseful
modifications and enhancements to the hybrid- vehicles of the

10 predecessor applications. B

The above and still further objects, features and advantages
of the present invention will become apparent upon consideration of
the following detailed description of a specific embodiment
théreof, especially when taken in conjunction with the accompanying

15 drawings, wherein like reference numerals in the variocus figures
are utilized to designate like components.

Brief Description of the Drawings

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 autcmobile
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. 6 is a diagram illustrating differing modes of vehicle
powertrain operation, plotted on a three dimensional chart,

5 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;

Fig. 7, comprising. Figs. 7 (a)~-(c), and extending over two
sheets, is a timing diagram showing road 1load, engine torgque

10 output, the state of charge of the battery bank, and engine
operation as functions of time, thus illustrating a typical control
strategy employed duriné low-speed city driving, highway cruising,
and extended high-load driving;

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

15 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 micfoprocessor to implement the control strategies provided
by the vehicle according to the invention;

20 Fig. 9(a) is a flow chart of an engine starting subroutine
employed in the flowchart of Fig. 9; 7

Fig. é(b) is an alternate version of one of the steps of the
flowchart of Fig. 9, implementing a modification to the wvehicle
control strategy;

25 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 torgue versus speed
characteristics of the electric starting and traction motors, and

30 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. A

20 Description of the Preferred Embodiments

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 1internal combustion engine as wused 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, pocint 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

5 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

10 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.

15 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

20 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,

25 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

30 encountered during most normal driving that the engine is grossly
inefficient in its éonsumption of fuel. As noted, Fig. 1 further
shows that on1y>about 30 horsepower 1is 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. 1, and 1illustrates 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
5 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
10 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
15 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
20 to be gained by combining the virtues of a gasoline or other
internal combustion engine with those of an electric motor running
from a battery charged by the internal combustion engine. However,
the prior art has failed to provide a solution which is directly
price- and performance-competitive with vehicles now on the market;
25 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
30 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 ciimbing

5 ability unless the electric motor is made very large, costly, and
bulky. The alternative series hybrid approach, involving a
transmission between a relatively smaller electric motor and the
wheels to provide the torgque needed to accelerate guickly, loses
the virtue of'simplicity obtained by elimination of a multi-speed

10 transmission. These vehicles fail to realize the advantages
provided by the parallel hybrid system in which both an internal
combustion engine and an electric motor provide torque to the
wheels as appropriate.

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

15 to parallel hybrid vehicles fails to disclose a system sufficiently
simple for economical manufacture. The art further has failed to
teach the optimum method of operation of a parallel hybrid vehicle.
Moreover, the art relating to parallel hybrids (again, apart from
the '970 patent) does not teach the appropriate operational

20 parameters to be employed, relating to the relative power outputs
of the internal combustion engine and the electric motor; the type
of electric motor to be employed; the frequency, voltage, and
current characteristics of the motor/béttery system; the proper
control strategy to be employed under various conditions of use;

25 and combinations of these.

As shown in the '970 patent with reference to Figs. 1 and 2
thereof, and again above, typical modern automobiles operate at
very low efficiency, due principally to the fact that internal
‘combustion engines are very inefficient except when operating at

30 near peak torque output; this condition is only rarely met. (The
same is true, to greater or lesser degree, of other road vehicles
powered by internal combustion engines.) According to an important
aspect of the invention of the '970 patent, substantially improved
efficiency is afforded by operating the internal combustion engine
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only at relatively high torque output levels, 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 déscribed 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 ¢ombustion 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 in 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 torgque-transfer unit. This unit also
allows torgque 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 dears for power
transfer, which are inevitably a source of audible noise and

5 frictional 1losses. 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

710 available and economically competitive{

Motors 21 and 25 are controllably connected for torgque

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 ("uP") 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 1in 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 ahd 16 upon engagement. Such a mechanical interlock is much

30 simpier and less expensive than a friction clutch. In either case,
clutch 51 is operated by microprocessor 48, e.g., through a known
elecﬁric or hydraulic actuator 53, together with the other
compénents 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 microprocessorb48 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.

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 conmponents.

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 tfip 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 opei‘ator 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 predetermined point, both mechanical and regenerative
braking will be provided. Mechanical braking is also provided on
long downhills when the batteries are fully charged, and in case of
emergency. Further aspects of the preferred brake system of the

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 progranm
(see the high-level flowchart of an exemplary control program

5 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.

10 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

15 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

20 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.

25 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

30 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
50
BMW1012

Page 53 of 1654




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 1illustrated 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 invention are again added by the présent continuation-in-part
application, and are discussed below.

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
arrangementé will occur to those of skill in the art. However, in
each case there is no variable-ratio transmission between the
sources of torgue -- that is, the motors 21 and 25, and the engine

20 40 -- and the road wheels 34. Again, further alternatives to this
aspect of the invention are added by the present continuation-in-
part application, and are discussed below.

It is also within the scope of the invention to connect the
traction motor to one set of wheels, and to connect the combination

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 torgue 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 torgque) 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 torgque 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
cfuising’ speed 1is 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. Provisioneof 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 torgque 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 fﬁel

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
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 torgue 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 torgue output
when operated as a generator, so that the engine can be
efficiently employed when charging the battery bank during extended
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

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 egqual to and
preferably exceeds the peak power provided by the internal

30 combustion engines of conventional vehicles of similar intended
use, both as measured at the wheels. Moreover, as set forth in the
'970 patent, the total torque provided by motors 21 and 25 should
be at least equal to that produced by engine 46, in order to

provide adequate low-speed performance under motor alone, and
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without necessity of a variable-ratio transmission.
At the same time, motors 21 and 25 are also sized to be
capable of recovering almost all of the vehicle's kinetic energy
when operated as generators in the regenerative braking mode. A
5 | particularly high fraction of the vehicle's kinetic energy can be
recovered during low-speed operation; as compared to high-speed
operation, where air resistance and road friction consume a
relatively large fraction of the total energy required, in low
speed operation much energy is lost by conventional vehicles as
10 heat released during braking. ' ,
Given the above considerations, the following are typical
power specifications for the engine 40, starting motor 21 and
traction motor 25 of a 3000 pound vehicle having performance
approximately equivalent to that of a "mnid-size" sedan of United
15 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.
20 3; if the motors run at higher speeds, their ratings would be
determined accordingly.
Engine 40: 40 to 50 horsepower at 6000 rpm
Starting motor 21: 10 - 15 horsepower at approximately 1500
rpm and higher speeds
25 Traction motor 25: 50 - 75 horsepower from 1500 to 6000 rpm.
The same starting motor would be satisfactory for a larger,
4000 pound sedan, but the engine would typically provide 70 - 90
horsepower at 6000 rpm and the traction motor 75 - 100 horsepower.
In both cases, the total power available from the electric
30 motors together should equal, and preferably exceeds, the maximum
power available from the engine.
In the hybrid vehicle of the invention, which as noted does
not require a complex, heavy, and costly 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 apparént
that these specifications may vary over relativelijide ranges
5 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

10 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

15 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

20 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 gquite
acceptable performance, ' especially acceleration, without the

25 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

30 unsatisfactory in the present systen.

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
four-speed transmission, used to provide additional torque at low
speeds; the vertical spaces between sections of curve D represent

5 changes in gear ratio, that is, the vehicle will be shifted to move
between the sections of curve D. As shown by Fig. 10, the desired
torque characteristics of the starting and traction motors
discussed above allow the vehicle of the invention to provide low-
speed performance comparable to or better than a conventional

10 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,

15 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 fetween the lowest and highest gears of a conventional

20 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 1is within the scope of the
invention to operate the motors 21 and 25 and the internal

25 combustion engine 40 at the same maximum speed, so that no gearing
is required to couple these elements, it is presently preferred
that at least traction motor 25 have a maximum speed substantially
higher than that of the internal combustion engine 40; the output
shaft of motor 25 can be connected to the road wheels by a chain-

30 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 1limit 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 1less costly; whether this advantage overcomes the
added complexity of chain, dgdear, or belt drives, or other
mechanical means allowing combination of torgque 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

30 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 maghet
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 1if 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" érrangement; 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 of the conducting portions wvarying 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 Fregquency 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 pétent;,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 768 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 1is present between any given circuit component and the
vehicle chassis; this "center-point-chassis" connection
significantly reduces various insulation and heat-sinking

30 requirements. More specifically, the conductors, connectors,
relays, switches and 1like 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 1less 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

5 batteries 85 are connected by normally-open 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.

10 Similarly, the relays open when the vehicle's "jgnition" 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.

15 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

20 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 Jjumping
others, and providing the inverse 12 to 48 volt transformation as

25 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

30 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

5 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.

10 - Fig. 6 illustrates the several modes of vehicle operation
with respect to the relationship between the vehicle's
instantaneous torque requirements or "road 1load", the state of
charge of the battery bank 22, and time, while Fig. 7 shows
variation in, and the relationship between, road 1load, ‘engine -

15 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

20 the flow of torqgue by dashed lines. Finally, Fig. 9 provides a
high-level flowchart, showing the principal decision points in the
algorithm according to which the mnicroprocessor operates the
various components of the hybrid vehicle drivetrain according to
the invention, and Figs. 9 (a)-(c) show details and modifications

25 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 1like are used throughout for

30 clarity. It will be understood that these examples would normally
be expressed as ranges; although ranges are not used 1in 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 somne
cases, the decision points may be "fuzzy", i.e., so-called "fuzzy

5 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

10 circumstances to modifying certain speéific 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

15 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,

20 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 Figqg.
8(a). The same paths of energy and torque may also be employed

25 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 torgue output ("MTO"), engine 40 is run only as
30 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 battery 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 torgue 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
5 bank 22 through starting motor 21, and propulsion of the vehicle by
traction motor 25, are completely independent of one another.

As in the '970 patent, engine 40 is sized so that its maximum
torque is sufficient to.drive the vehicle in a range of desired
cruising speeds; this requirement ensures that the engine is

10 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

15 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

20 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 torgque is needed during highway cruising, e.g., for
acceleration or hill-climbing, either or both of motors 21 and 25

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

30 per se in Fig. 8, but will be understood by those of skiil in the
art, and 1is 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 lcocad 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 indicateq,
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 eléctric car
may also be permitted when the battery falls to below 40% of fuil
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 torgue 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

4 compared to the much richer mixtures normally used for starting.

66

BMW1012
Page 69 of 1654




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

5 produced by motor 25 is reduced as that produced by engine 40 is
increased, so that the transition between mocdes 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

10 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 torgue output, it controls inverter/charger 27

15 so that energy flows from battery bank 22 to traction motor 25,
providing torgue 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

20 required to propel the vehicle varies as indicated by the
operator's commands, the control system operates the engine at
correspondingly varying torgque 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

25 vehicle's instantaneous torque requirement exceeds 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 torgue then being produced by the engine, e.g.,

30 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 torgque output by the engine
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may be controlled to reduce emissions, 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, és 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 1is expressed as a function of the engine's maximum
torque output. Where the road 1load exceeds the engine's
instantaneocus 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 1load is 1less than the engine's
instantaneous output torgque, 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 ("MTO"). 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 tordue
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 locad is
negative, BSC increases as the battery bank 1is 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 1load,
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
5 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,
10 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
15 be opened during the motoring o©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 1line in Fig. 7(a), indicating the instantaneous engine
20 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
25 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
30 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 éllow 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 térque reguirement,
i.e., the "road locad" RL, the engine's instantaneous torgue 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 in the
inventive control strategy illustrated in Fig. 9, and described
therein as being determined in response to precise criteria (in
order to clearly present the main features of the inventive
operating strategy), may instead be usefully somewhat "fuzzy"; in
the present application, this term is intended to indicate that the
value of a setpoint (for example) may vary somewhat in response to
recent history, or in response to monitored variables not discussed
above. As mentioned above, it is also to be understood that the
values given above for various numerical guantities may vary

somewhat without departing from the invention. Specific

71

BMW1012

Page 74 of 1654



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

S 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

10 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

15 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

20 then suddenly increase to 150% of MTO 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

25 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.

30 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

72

BMW1012
Page 75 of 1654




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.

5 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

10 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%

.15 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

20 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 ioad exceeded a

25 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 highér

setpoint SP2, e.g. 50% of MTO, as during acceleration to highway

speed.  Similarly, the engine might preferably be shut down only if

30 the road load was 1less than a minimum setpoint for mode IV

operation for an extended period of time. Thus providing

"hysteresis" in the mnode-switching determination would 1limit

repetitive engine starts in certain types of driving. These limits

could be further adjusted as the driving pattern became clear,

73

BMW1012
Page 76 of 1654




i.e., as discerned by the microprocessor.

In a further refinement, the setpoint at which the engine is
shut off as the road load droppped below the usual minimum value
for mode IV operation could vary dependept on BSC; if the batteries

5 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

10 below 20 - 30% of MTO, in order that the engine could run at an
efficient speed for production of torgue.

Fig. 9 thus shows the main decision points of the control
program run by the microprocessor, with the transition point

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

15 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.

20 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

25 between 50 and 70% of full charge, the vehicle can operate for some
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

30 operated in mode I.

However, if at step 110 it was determined that BSC was less
éhan 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 eﬂgine 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), 1is 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 startihg speed 1is reached, as indicated by the 1loop
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 1is running, as tested at step 190, a stable 1loop

75

BMW1012
78 of 1654




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 MTO; 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\inFluding steps 220 and 230 is thus established, so

i5 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 1less 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 eguivalent 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

76

BMW1012
Page 79 of 1654




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 locad 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.q., 50% of MTG, than the réad 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.

7 Thus providing differing mode switching points depending on

the direction of the change in road locad can be accomplished

readily by monitoring the road load RL as a function of time, and

30 taking appropriate control action. For example, if the system is

maintained in mode I until RL exceeds the "normal" 30% of MTO mode

switching point for a period of, for example, 30 seconds, and

without exceeding 50% of MTO, the excessive mode switching

otherwise likely to be encountered in suburban traffic can be
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largely avoided. Fig. 9(b) shows a step 100' replacing step 100 in

Fig. 9 and implementing this "low-speed hysteresis". As indicated,

the system remains in the low-speed mode I as long as RL is less
than 30% of MTO, or unless RL exceeds 30% of MTO for more than 30

5 seconds, or exceeds 50% of MTO; if either of the latter conditions
occurs, the program goes to step 180, initiating mode IV operation.
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

10 implemented by simply providing that the'system remains in mode v
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,

15 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.

20 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

25 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 mocdes I, IV, and V in particular may vary

30 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 would 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
torgue output with respect to variation in the road 1load 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 torgue 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 torgque 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
5 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
10 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
15 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
20 provided to limit the exhaust pressure incident on exhaust-side
wheel 102, thus 1limiting 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
25 engines) or may be controlled in a feedback loop using the pressure
in the engine intake manifold as the control variable. See

Automotive Handbook, 2nd Ed., 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
30 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‘loo 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 reascnable 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 éngine‘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

5 gradually reduced. This sequence of events is discussed further
below in connection with Fig. 13.

Fig. 12 also shows, by the angle of the 1line 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

10 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

s be operatea to provide additional engine power when full

15 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, 1is a timing diagram showing the
relationship between road load, engine torgque output, the state of

20 4charqe of the battery bank, and operation of the engine in
electric car, normally-aspirated and turbocharged modes as these
vary over time, during 1low~-speed city driving, highway cruising,
and extended high-locad drivinq, thus further illustrating the
control strateqgy employed according to the invention. Fig. 13 is

25 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 t;, t,, t;, and t,;, the
microprocessor monitors the length of time t during which road load

30 exceeds 100% of MTO, and compares t continually to a wvalue 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
5 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 torgue in excess of MTO is needed for a longer period of
10 time, t > T, the turbocharger is activated.

Thus, when-t, > T, as at P, the microprocessor activates the
turbocharger essentially as discussed above, that is, by closing
wéste gate 114 and valve 120 (if provided). As the turbocharger
"spools up", which may take some séconds, and the boost it provides

15 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

s

is controlled by the microprocessor in response to monitoring the

20 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

25 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

30 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
stérting 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 1is 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. /

As noted above, one convenient implementation of the
"turbocharger-on-demand" according to the invention is to operate
the wastegate by a solenoid or the 1like 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 nicroprocessor by driving it through an
5 electrically-~-controlled clutch, and this is accordingly within the
invention. However, this would be less efficient than turbocharger
operation, as turbocharqing effectively recovers some of the waste
heat in the engine exhaust by compressing the air reaching the
inlet manifold, while supercharging consumes engine torque.
10 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
15 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
20 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
25 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
30 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

5 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

10 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.

15 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 pnot including a turbocharger
according to this aspect of the present invention. Using as a
further example a 5,500 pound "sport-utility wvehicle" ("“Suv")

20 reguired 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

25 sufficient torgque 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

30 requirement for the SUV described above.

2. If a trailer is to be towed, a turbocharger, operated as
above, is added. The turbocharger is sized so that when it is
operated the engine provides up to 140 hp.

3. The charger motor is sized so as to provide an engine load
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equal to approximately 70% of the engine's maximum torque at a
suitable engine speed. In this way fuel is used efficiently during
battery charging, as discussed above. In the example, the charger
7 motor is preferably an induction motor of 15 - 30 hp capacity,

5 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

10 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.

15 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. 1In 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

20 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. .

25 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

30 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
5 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
10 controller is operated so that the engine is“only operated in a
fuel-efficient range, e.g., driving a load at 1e$st egual to 30% of

MTO. ‘
Simulations show that vehicles configured as above will
generally be capable of 80 - 100% improvement in fuel economy with
15 respect to conventional vehicles of similar size, weight and

performance characteristics.

20
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

25 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.

30 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

5 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

10 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.

15 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

20 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).

25 In another example, of a much lighter 3000 1lb 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

30 "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 locad 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

5 the vehicle's torgque requirements, which unacceptably complicates

its operation and renders it incapable of maximally efficient
operation. _

Applicants assert, therefore, that according to the invention

the conmponents of the hybrid vehicles of the invention are to be

10 sized so that the ratio between battery Qoltage 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

15 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

20 very significant advantages mentioned above.

= smiss
As mentioned above, in some embodiments of the invention as
25 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
30 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 wvehicles. 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 1is 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.q. 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,
5 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
10 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

15 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 -- 1is conveniently

20 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

25 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

30 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 variéﬁs 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, 1is to provide a "torque

5 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 1low

10 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.

15 Braking System

Numerous patents, including the '970 patent discussed above,
recognize that one advgntage of hybrid vehicles 1is that by
appropriate control of electric motor/generators connected to the

20 road wheels, a substantial fraction of the energy 1lost 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

25 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

30 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
35 that electrical power is generated and stored in the battery bank

94

BMW1012
Page 97 of 1654




10

15

20

25

30

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 compression of air in the engine, and friction therein) as
well as regenerative braking. The choice between the two is
apparently to be made by the operator, at least in part responsive
to the battery's 'state of charge. This would be far too complex
for genéral 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 felatively linear relationship be provided by the brake system
of any hybrid vehicle, so that the dperator 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 ﬁhe
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 1leisurely 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 1is required in order thét 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
onitted 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 péir 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 absorb torque from the wheels,
slowing the vehicle, and storing the power thus generated in the
battery bank 22.

Control of the inverter/chargers and motors to absorb a

\

desired amount of torque from the wheels in response to a braking
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command from microprocessor 48 is considered to be within the skill
of the art. The command itself may be determined by microprocessor
48 responsive to the degree to which brake pedal 70 is depressed,
as measured by a potentiometer or similar device, indicated at 71.

5 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

10 deceleration and, when appropriate,,aléo 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 1is provided by
connecting it to a microprocessor-controlled pneumatic cylinder

15 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
20 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
25 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
30 252 may be provided to return the pedal to its initial position.
Thus, for example, if regenerative braking is not avéilable, needle
valve 242 1is opened, so that the c¢ylinder provides 1little
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 wvacuum 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 oOr 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 invefter/chargers
224 and 27 are operated such that motorsV222 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 régenerative braking being provided, and thus to provide

the desired 1linear 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.

5 HVAC System
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
10 heater core and evaporator and into the ?assenger 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
15 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
20 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 1is 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
25 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
30 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 powering the compressor 310. The 1latter 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 accordinq 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. 8Such 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 denerally
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 vehicles.
Indeed, because ample electrical power is available from the large

~battery bank of the hybrid vehicle, electric heater 308 can be
designed to heat the cabin much more rapidly than does the coolant

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 de-icing.

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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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 inﬁerter/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 T, whereln 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 1V, wherein said vehicle is propelled by torque from
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said engine and from said traction motor in response to electrical

35 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
40 response to a load equal at least to a predetermined minimum value

of its maximum torque dutput.

2. The method of claim 1, wherein‘said starter/gene;ator 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

5 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 torgque from said engine while producing at least
about 30% of its maximum torque output is no more than about 50

5 amperes. ’

4. The method of claim 1, wherein said microprocessor controls
operation of said vehicle such that said mode III is entered only
when RL 1is at least equal to a predetermined fraction of the
engine's maximum torgue output (MTO).

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 MTO.

7. The method of claim 1, wherein mode IV is entered only when
RL > 100% of MTO.
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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

5 a further vehicle operating mode V is established, wherein said
turbocharger is controlled‘tq operate when RL is greater than MTO

for more than a given period of time T.

9. The method of claim 8, wherein 1f said vehicle is in said

mode IV, with RL between 30 and 100% of MTO 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%

5 - 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

5 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

10 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:

15 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
20 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,

25 a device controllable by said microprocessor to vary the
resistance to motion of'éaid 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

30 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 microprocessor to vary the resistance to
motion of said pedal during braking responsive to the amount of
regenerative braking being provided comprises a pneumatic cylinder

5 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

5 said wheel brakes.

i3. 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 dﬁring
predetermined modes of operation of said vehicle and at least one
traction motor adapted to provideAvehicle 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
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 systen
of said engine; and

an electrical-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:

a. selecting an internal combustion engine having
sufficient torque to drive the vehicle without trailer at medium
to high speed along a moderate grade;

, b. sizing the starting/charging motor to provide an
engine load during battery charging equal to at least
approximately 30% of the engine's maximum torgque output;

c. sizing the traction motor to provide adequate torque
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at zero speed to overcome the maximum grade specified from rest,
with the starter motor assisting as needed;

4a. determining the maximum power drawn by the selected
motor under full power conditions;

e. calculating the battery voltage under load that will
be regquired to provide the power to be drawn by the motor(s)
under full power conditions, and so that the ratio of the battery
voltagé under load to the peak current drawn by the motor(s) is
at least 2.5:1, and

f. selecting the battery bank to provide the calculated
voltage under peak load conditions.
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ABSTRACT OF THE DISCLOSURE

A hybrid vehicle comprises an internal combustion engine, a
traction motor, a starter motor, and a battery bank, all controlled
by a microprocessor in accordance with the vehicle's instantaneous
torque demands so that the engine is run only under conditions of
high efficiency, typically only when the load is at least equal to
30% of the engine's maximum torque output. In some embodiments, a
turbocharger may be provided, activated only wheﬁ the load exceeds
the engine's maximum torque output for an extended period; a two-
speed transmission may further be provided, to further broaden the
vehicle's load range. A hybrid brake system provides regenerative
braking, with mechanical braking available in the event the battery
bank is fully charged, in emergencies, or at rest; a. control
mechanism is provided to control the brake system to provide linear
brake feel under varying circumstances.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE rr:
. m£
In re the Patent Application of : o8
- : o=
N . =)
Severinsky et al : Examiner: N/A gv4
H e}
Serial No.: 09/822,866 ¢ Group Art Unit: N/A
Filed: April 2, 2001 ¢ Att. Dkt.: PAICE201

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 PT0-1449 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.

Regpe submifttied,
j’/Z/ 7/
Dated / Michadl de Angelih'
Reg. No. 27,869
Suite 330

1901 Research Blvd.
Rockville, MD 20850
(301) 217-9585
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

7T
My

0/355%
Ll

In re the Patent Application of

JT;Q
gy

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 1list 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 requééted to indicate that all of the art thus
listed has been considered.

Early and favorable action on the merits is earnestly

solicited.

Respectfully submitted,

9/s /03 G~

Dated Michael de Angel&
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 U<V SS9
~ =i
In re the Patent Application of 5&,\\%{;‘:
0T o
* ™~y "u..a
Examiner: N/A =

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

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

50 80 s €6 00 o 2 e

For: Hybrid-Wehicles

"Hon. Commissioner of Patents and Trademarks
Washington,;DC 20231 :

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Dear Sir:
Listed on attached PT0-1449 forms are a number of new

patents discovered after filing of the above application.
Copies of tﬁe 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‘tordue". 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
BMW1012
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descents, fof regenerative braking), this parameter might be
misunderstoog to be generally comparable to the "road load"
parameter, which is analyzed by the present system to make its
mode switching determinations, as illustrated by Figs. 6, 7, and
9. However, Bader's "drive power P, can be calculated from the
torque M, ané the rotational speed n,". Col. 4, lines 21-22.
Hence the "drive power" is not in fact suggestive of applicants'
road load, since the engine output, i.e., "the torque M, at the

' gear input"i(col. 4, line 18), cannot be negative.

In anygevent, there is na suggestibn in Bader of changing
operational jmodes of a hybrid vehicle responsive to the value of
the "drive ﬂower P,", whether or not this is fairly equivalent to
the road lq%d. 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 1oad (among other variables), and so that the engine is
operated only under suff1c1ent load to make its operation
efficient. iFor example, when the road load is low, e.g., at low
speeds, theiengine 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 paéent 6,131,680 is directed to a hybrid vehicle wherein
an internalﬁcombustion 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 accordlng to the torque required, which is apparently
derived dlrectly 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 requ#red. See Fig. 9. Under certain circumstances the
planetary gaarbox may be locked-up to avoid inefficiency. See,
e.g., col. 9 line 1 - 7, and Fig. 10. However, the modes shown by
Nii are not|the same as those used by applicants, although there

.

| 2
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are some siﬂilarities. 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 ﬁeing operated in "motor driving" (i.e., electric car)
mode; this is highly inefficient, since the engine produces no
useful poweﬁ at idle. By comparison, applicants shut the engine
off completély 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. Suéh a gearbox is not a feature per se of the invention
described by the claims of the present application.

Yanaselet al patent 6,318,487 shows a scheme for braking a
hybrid vehigle when the battery is fully charged, so that
regenerativé braking would be inappropriate, and whereby friction
braking is .avoided; specifically, the engine is motored, so that
energy is cénsumed by compressing air in the engine. This is not
a feature of the invention defined by the claims of this
applicationi

Deguchi et al patent 6,278,915 shows a control system for a
hybrid compéisinq a continuously-variable transmission, wherein
the transmission ratio is set responsive to target values for the
driving toréue, the generated electrical power, and the engine
speed. Suchia transmission is not found in the system defined by
the claimsréf this application, and the control scheme described
by this pat?nt is irrelevant to the present claims.

Deguchi et al patent 6,190,282 relates to controlling the
engine,;motgr, and clutch of a hybrid so as to avoid shock to the
passengers upon clutch engagement. This is not relevant to the
claims of tPe present application. A similar Deguchi et al

patent, 5,993,351, was made. of record previously.
I

3
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Obayasﬁi 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:éf the various system components.

Kashique patent 6,146,302 shows a drive system for a hybrid
wherein anféngine and first motor are connected to the ring gear
of a planetary gearbox, a second motor is connected to its planet
carrier, agtransmission 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.

Frankipatent 6,116,363 is stated to be a continuation-in-
part of patént 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 travei initiates regenerative braking, while the latter 70%
of pedal travel initiates mechanical braking. See also Frank
patent 6,054,844, already of record, which limits the braking
torque to bg provided by regenerative braking as a function of
vehicle speéd.

Maeda ?t 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 abplicatian Serial No. 09/392,743, that is, is one of

the parent;%pplications.

|
|
| BMW1012
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An early and favorable action on the merits of the

application is earnestly solicited.
! Respectfully submitted,
| \
|

ki | A /@4/

|
Dated’ | ; Michael de Angeéli
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

Severinsgsky et al Examiner: David Dunn

Serial No.: 09/822,866 : Group Art Unit: 3616

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

For: Hybrid Vehicles

Hon. Commissioner of Patents and Trademarks
Washington, DC 20231

SECOND SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Dear Sir:
Listed on accompanying PTO-1449 form(s) are a number of

additional patents that may be considered relevant by the
Examiner to the claims of this application. These patents were
identified in supplemental searching conducted after the filing
of the application. - Copieg 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 necegsarily statutory
prior art effective against this application.

The relevance of the documents thus cited is as follows:

Goehring et al patent 6,394,209 discloses a hybrid vehicle
in which the internal combustion engine ig gtated 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

BMW1012
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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 isg defined as "an ouﬁput 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 6,. of the accelerator pedal, a
rate of change of this value 9,., running gpeed of the wvehicle
(speed N, of the output shaft 19) or the currently established
operating position of the automatic transmission." Col. 18,
lines 34 - 42.

Another Tabata patent, 5982,045, is directed to control of
mode shifting in a hybrid such that transmission ratios or torque
distribution ratio changes are prevented from occurring
concurrently with mode shifting, the goal evidently béing to
smooth mode shifting. No disclosure of control of mode shifting
responsive to a quantity comparable to applicantg' 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..includling] 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 al patent 6,059,064 shows a hybrid vehicle and
appears to be directed to improvements in the braking 'system
employed; these include using a prime mover (e.g., an electric
motor) on one axle and another, e.g., an IC engine on another
axle. Hill-holding is also addressed, as isgs anti-lock. The
improvements in brake "feel' addressed in the present:application

do not appear to be discussed by Nagano.
BMW1012
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The Examiner is regpectfully urged to consider tﬁes
in connection with examination of this application, and

indicate that he has done so in the file of the case.

e patents
to

Regpectfully submitted,

‘?/1~/w-— WM@

Dated Michael de Anéeli

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

|
|
G
|
|
1
|
|
|
|
|
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) IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

igL%.
ol

i

I

In re the Patent Application of

/
I

Severinsgky et al Examiner: David Dunn

Serial No.: 09/822,866 : Group Art Unit: 3616

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

For: Hybrid vehicles

Hon. Commissioner of Patents and Trademarks
Washington, DC 20231

THIRD SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Dear Sir:
Listed on accompanying PTO-1449 form(s) are five Japanese

patent publications that may be considered relevant by the
Examiner to the claims of this application. These publications
. were cited by the Japanesge Patent Office in an office action
dated September 2, 2002 in connection with prosecution of a
Japanese patent application corresponding to the parent US
applications, Ser. No. 09/264,817, now patent 6,209,672, and Ser.
No. 09/392,743, now patent 6,338,391. A copy of a translation of
this Japanese office action is attached, and copies of the newly-
cited documents are provided herewith marked (1) -~ (5), in
accordance with the Japanese Examiner's usage; copies of
uncertified, partial translations of references 1 and 4 are also
provided. The Examiner is respectfully requested to congider
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 tranglation
also being supplied), shows a hybrid wvehicle 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 torgue to the wheels or operate as a generator to
charge the battery during braking or hill descent. Typically,
such hybrids are operated in different modes depending on whether
the vehicle is sitting at a traffic light, accelerating, cruising
on the highway, and so on. The same is true of the vehicle of
the present invention.

In order that the hybrid vehicle can be made commercially
acceptable, it 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
applicatioﬁs, the mode gwitching decision is made based on the
vehicle's instantaneous torque reguirement or "road lcad" RL.

As previously, it is important to emphasize exactly what the
terms "road load" RL means as used in the present claimg, 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 lcoad" as used herein is simply that amount of
torque that must be supplied to the vehicle wheels in order to
carry out the operator's current command.

Note that "road load" as thus defined can be positive, as
during highway cruising, "highly" positive, as during
acceleration or hill-climbing, negative, as during hill descent,

and "heavily" ﬁegative, 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 decisiong 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 wode
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 decisionsg 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 guch 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 (}eferred
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.

Claimg 8 and 9 of thig 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 torgue when
needed, but to operate as a smaller, more efficient engine at
other times.

More specifically, in a conventional turbocharged vehicle
the turbocharger is spinning constantly, so that a turbine driven
by the exhaust flow drives a compressor forcing air into the
engine. The main problem with turbochargers as thus used is poor
throttle response or "turbo lag", that is, a substantial time

delay between the driver calling for more power by pressing on
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the accelerator pedal and the engine's response. While some
progress has been made, mostly by use of smaller turbochargers,
this problem 1s 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 thig 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 regsponse 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 wvary 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 ig 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,Athe 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
reguirements 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 thisg
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 oxr the like" is not correct, for several
reasons: no reference shows taking any kind of control action in
regponse to road load as claimed; no reference suggests combining
the turbocharger on demand of Reference 4 with a hybrid wvehicle;
and certainly no reference suggests the complete elimination of
the turbo lag problem thus achieved, while at the same time the
vehicle's useful load range is greatly broadened.

Finally, Japanese published application 04-274926 (Reference
5) was cited for a showing of preheating a catalyst before
starting the associated engine, which is not a feature of the
present claims.

The Examiner is respectfully urged to consider these patents
in connection with examination of this application, and to

indicate that he has done so in the file of the case.

Respectfully submitted,

A, 25 D002 //“/%&4/

Dated / Michael Me Angeli
Reg. No. 27,869
60 Intrepid Lane
Jamestown, RI 02835
401-423-3190
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PATENT AND
' TRADEMARK (OFFICE

Commiassionoar for Patents
Washington, OC 20231
WAWW. LS PLO.goV

| APPLICATION NUMBER | FILING/RECEIPT DATE [ FIRST NAMED APPLICANT | ATTORNEY DOCKET NUMBER |
10/382,577 03/07/2003 Alex J. Severinsky PAICE201.DIV

CONFIRMATION NO. 9389
Michael de Angeli ' FORMALITIES LETTER

oot Bl¢ VRN NG MR

Jame n, Rl
stown, RI 02835 *0C000000009913491*

Date Mailed: 04/25/2003

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)
Filing Date Granted

Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
“required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(3).

o The oath or declaration is missing.
A properiy signed oath or declaration in compiiance with 37 CFR 1.63, identifying the application by the
above Application Number and Filing Date, is required. .

¢ To avoid abandonment, a late filing fee or oath or declaraticn surcharge as set forth in 37 CFR 1.16(e) of
$130 for a non-small entity, must be submitted with the missing items identified in this letter.

UMMARY OF FEES DUE:

Total additional fee(s) required for this application is $130 for a Large Entity

o $130 Late oath or declaration Surcharge.

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

LS

Customer Service Center
Initial Patent Examination Division (703) 308-1202
PART 3 - OFFICE COPY

BMW1012
Page 170 of 1654



THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of

Severingky et al : Examiner: N/A
Serial No.: 10/382,577 : Group Art Unit: 3616

Filed: March 7, 2003 + Att. Dkt.: PAICE201.DIV
For: HYBRID VEHICLES

Hon. Commissioner for Patents
P.O. Box 1450
Alexandria VA 22313-1450

RESPONSE TO NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL
APPLICATION
Dear Sir:

In response to the Notice to File Missing Parts of
Nonprovigional Application mailed in this application on April
25, 2003 (copy enclosed), indicating that the oath or declaration
is missing, and requesting a surcharge, please note that this
application is a divisional of Ser. No. 09/822,866, now Patent
6,544,088. As such, under 37 CFR § 1.63 (d) no new ocath or
declaration referring to this application per se is required; a
copy of the declaration filed in the parent is enclosed, as is a
check for the $130 surcharge.

Examination of the application on the merits is respectfully
requested.

Regspectfully submitted,

éAu/a?

pDatdd

Michael d¢ Angeli
Reg. No. 27,869
60 Intrepid Lane
~Jamestown, RI 02835
401-423-3190
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DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION

My residence, post office address and citizenship are as |stated
next to my name.

I believe I am the original, first and sole inventor (if jonly one
name is listed below) or an original, first and joint inventor
(if plural names are listed below) of the subject matter which is
claimed and for which a patent is sought on the invention
entitled: :
" Hybrid Vehicles,
the specification of which
___ 1is attached hereto

X was filed on _April 2, 2001 now assigned Application Serial
No.09/822,866 and was amended on (if
applicable).

I hereby state that I have reviewed and understand the contents of
the above identified application, including the specification and
claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose information which is material to
the examination of this application in accordance with Title 37,
Code of Federal Regulations, § 1.56(a).

I hereby claim foreign priority benefits under Title 35, United
States Code, § 119, of the international application for patent or
inventor's certificate listed below and have also identified below
any foreign application for patent or inventor's certificate having
a filing date before that of the application on which priority is
claimed: NONE

Prior International Application(s) Priority
Claimed
(Number) (Country) (Day/Month/Yr.Filed) Yes No

I hereby claim the benefit under Title 35, United States Code, $§
120 of any United States application listed below and, insofar as
the subject matter of each of the claims of this application is not
disclosed in the prior United States application in the manner
provided by the first paragraph of Title 35, United States Code, §
112, I acknowledge the duty to disclose material information as
defined in Title 37, Code of Federal Regulations, § 1.56{(a) which
occurred between the filing date of the prior application and the
national or PCT international filing date of this application:

09/264,817 3/9/99 Issued (6,209,672)

60/100, 095 9/14/98 Converted

09/392,743 9/9/99 Pending

60/122,296 3/1/99 Converted

(Application SN) (Filing Date) Status (patented|, p8nNRMINLR

abandoned, convagedd)of 1654
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POWER OF ATTORNEY: As a named inventor, I hereby app

oint the

following attorney to prosecute this application and tramsact all
business in the Patent and Trademark Office connected therewith:

Michael de Angeli, Reg. No. 27,869

Send correspondence to: Michael de Angeli
1901 Research Blvd.

Suite 330
. Rockville, MD 20850

Direct Telephone Calls to: (301) 217-9585

I hereby declare that all statements made herein of
knowledge are true and that all statements made on inform
belief are believed to be true; and further that these st
were made with the knowledge that willful false statement
like so made are punishable by fine or imprisonment, or bo
§ 1001 of Title 18 of the United States Code and that suc
false statements may jeopardize the validity of the appli

any patent issued thereon.

my own
ation and
tatements
s and the
th, under
h willful

cation or

Full name of sole or first joint inventor: Alex J. Severinsk

~ . N !
Inventor's Signature é%%’~/ f%%%%uﬁéq Date f5/7£ZZZWE/
V4 / /

Residence: Washington; DC

Post Office Address: 4707 Foxhall Crescent, Washington

20007

Citizenship: U

S

DC

Full name of second joint inventor,/)if any: Theodore Louckes

A
Inventor's Signature / szzgr
LR v

Residence: Holly, MI

Citizenship:

|
MAp Date S /25 N Zoo/
= 7

US

Post Office Address: 10398 Appomatox, Holl MI, 48442
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of

Severinsky et al A : Examiner: N/A

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

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

For: Hybrid Vehicles : RECEBVE@
Hon. Commissioner for Patents . AUG 81 2003

P.O. Box 1450

Alexandria VA. 22313-1450 GROUP m@

Transmitted herewith is an amendment in the above -
identified application.

X A check for the additional claim fee of $1230 as calculated
below is enclosed for this amendment.

X The Commissioner ig 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.

LARGE ENTITY

TOTAL CLAIMS PRESENT ADDITIONAL
CLAIMS PREVIOUSLY EXTRA RATE
PAID FOR
TOTAL 65 20 = 45 Extra x 18 $ 810.00
INDEP. 8 3 = 5 Extra x 84 $420.00

TOTAL: $1230.00

‘ Respectful ubmitted,
A U 2092 | AAM

Datgd Michael de Ange11
Reg. No. 27,869
60 Intrepid Lane
Jamestown, RI 02835
401-423-3190
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In re the Patent Application of
Severingky et al

Serial No.: 10/382,577 -~
Filed: March 7, 2003

For: Hybrid Vehicles

Hon. Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

PRELIMINARY

Sir:

2907

Examiner: N/A Jﬁ—/

Group Art Unit: 3616

Att. Dkt.: PAICE201.DIV

RECEIVED
AUG 2 1 2003
AMENDMENT GROUP 3600

Prior to examination, kindly amend the above-identified

application as follows:

08/19/2003 SZEWDIEL 00000112 10382577

420.00 OF
810.00 op
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IN THE CLAIMS:

Claims 1 - 9 (previously cancelled)

Claimg 10 - 15 (cancelled)

16. (Amended) A method for determining the relative sizes
of the internal combustion engine, starting/chargz;g and traction
motors, and battery bank of a hybrid vehicle comprising said
components, said method comprising the steps of:

a. selecting an internal combustion engine/ having sufficient
torque to drive the vehicle [without trailer] at medium to high
speed along a moderate grade;

b. sizing the starting/charging motor to provide an engine
load during battery charging equal to at /least approximately 30%
of the engine's maximum torgue output;

c. sizing the traction motor to proyide adequate torqgque at
zexro speed to overcome the maximum grdﬁe gpecified from rest,
with the starter motor assisting as needed;

d. determining the maximum powelﬁ7rawn by the selected
!

motor{s) under full power conditids;

e. calculating the battery volthlgersunder load that will be
required to provide the power to;bg drawn by the motor(s) under
full power conditions, and so t@at the ratio of the battery
voltage under load to the peak éurrent drawn by the motor(s) is
at least [2.5:1] 2.5 : 1, and

£. selecting the battery b?nk to provide the calculated

voltage under peak load condﬂfions.

--17. (New) A method for controlling the operation of a
hybrid vehicle having at least two pairs of road wheels, said
vehicle being operable in j/a plurality of differing modes, said
vehicle comprising an internal combustion engine for providing
torgue up to a maximum torque output (MTO), said internal
combustion engine being /controllably coupled to said road wheels
of said vehicle by a clptch, a first electric motor being coupled

2
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to said internal combustion engine, a second elegtric motor

coupled to said road wheels of said vehicle, said first and

second electric motors being operable as generators, a battery
bank for providing electrical energy to and agcepting energy from
said first and second electric motors, and controller for
controlling operation of gaid internal co stion engine, clutch,
and first and second electric motors, and /controlling flow of
electrical energy between said first and /second electric motors
and said battery bank,
characterized in that according to/ said method, said
controller controls said internal combustion engine, said first
and second electric motors, and said ¢lutch in order to control
selection of the operational mode of/said vehicle between at
least a low-load mode I, a cruising/mode IV, and an acceleration
mode V, wherein torgue to propel sdid vehicle is provided by one
or both of said first and second €lectric motors, said internal
combustion engine, and both said fengine and one or both of said
first and second electric motors/, respectively, in response to
monitoring the instantaneous torque requirements (RL) of the
vehicle, which is the torque on the output drive shaft of said
vehicle, and which can be pos{:ive, as during steady-state
cruising or acceleration, zerxo, or negative, as during
regenerative braking, wheriPy said vehicle is operated in a
plurality of operating moéfs responsive to the value of RL, and
so that said internal combustion engine is operated only when the
output torque thereof is /at least equal to a minimum value at

which torque is efficiently produced.--

--18. (New) The method of claim 17, wherein said controller
controls said vehicle/ to operate in said low load mode I while RL
< 8P, wherein SP is a setpoint expressed as a predetermined
percentage of MTO, said highway cruising mode IV while SP < RL «
100% of MTO, and sg
MTO. --

id acceleration mode V while RL » 100% of
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--19. (New) The method of claim 18, wherein said sdtpoint SP
is at least approximately 30% of MTO.--

~-20. (New) The method of claim 18, comprising/the further
step of disengaging said c¢lutch during operation in/mode I and

engaging said clutch during operation in modes IV and V. --

-=-21. (New) The method of claim 18, wherein said controller
further controls said vehicle to operate in a low-speed battery
charging mode II, entered while RL < SP and the state of charge
of the battery bank is below a predetermined %evel, during which
said vehicle is propelled by torque provided Ey said second motor
in response to energy supplied from said bagtery bank, and
wherein said battery bank is simultaneously/charged by supply of
electrical energy from said first motor, being driven by torque
by said internal combustion engine in response to supply of
combustible fuel, said clutch being dise#gaged during operation
in mode II.-- /

//

--22. (New) The method of claiq’ls, comprising the further

step of employing said controller to monitor patterns of vehiqle

operation over time and vary said setpoint SP accordingly.--

--23. (New) The method of claim 18, comprising the further
step of employing said controller:to monitor RL over time, and to
control transition between operation in modes I and IV
accordingly, such that said tranéition occurs only when RL > SP
for at least a predetermined tide, or when RL > SP2, wherein SP2

is a larger percentage of MTO than SP.--

~--24. (New) The method of claim 18, comprising the further
step of employing said controller to monitor RL over time, and to
control transition from operation in mode IV to operation in mode

I accordingly, such that said transition occurs only when RL < SP

4
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for at.-least a—predetermined time.--

--25. (New) The method of claim 18, comprising fhe further
step of operating said controller to monitor RL over/ time, and to
control the operating mode to change from operatior in mode I
directly to operation in mode V where a rapid incyease in RL as

desired by the operator is detected.--

--26. (New) The method of claim 18, comprising the further
step of operating said controller to accept operator input of a
desired cruising speed, said controller thereafter controlling
the instantaneous engine torque output in accordance with
variation in RL so as to maintain vehicle/%peed substantially
constant, and to prevent transition to mdde I operation until
the operator provides a further signal @ﬁdicative that the

13
desired cruising speed is no longer desired.--

--27. (New) The method of claiﬁ 18, comprigsing the further
step of performing regenerative charéing of the battery bank
under controller control when the engine's instantaneous torque
output > RL, when RL is negative, ér when braking is initiated

by the operator.--

--28. (New) The method of claim 18, wherein said first and
second electric motors are controlled together to provide maximum
torgque at least equal to the maximum torgue of said internal

combustion engine.--

--29. (New) The method of c¢laim 18, wherein the maximum
speed of at least said second motor is controlled to be at least

150% of the maximum speed of said internal combustion engine.--

--30. (New) The method of claim 18, wherein said hybrid
vehicle further compriseg a turbocharger being operatively and
controllably coupled to /said internal combustion engine for

5
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increasing the maximum torque output of said internal comb Stion
engine to more than MTO when desired, and wherein according to
said method, said controller controls selection of the
operational mode of said vehicle between a low-load mode I, a
cruising mode IV, an acceleration mode V, and a turbocharged

mode VI, in response to monitoring the instantaneous torque

requirements (RL) of the vehicle over time.--

~--31. (New) The method of claim 30, wherein /said controller
controls said vehicle to operate in said modes as follows:
in said low load mode I while RL < SP, wherein/SP is a setpoint
expressed as a predetermined percentage of MTQ, in said highway
cruising mode IV while SP < RL < 100% of MTO/ in said
acceleration mode V while RL > 100% of MTO flor less than a
predetermined time T, and in said sustained high-power mode VI

while RL > 100% of MTO for more than a predetermined time T.--

--32. (New) The method of claim 30,/ wherein said time T is
controlled responsive to the state of charge of the battery
bank. --

--33. (New) A hybrid vehicle, gomprising:

a controller capable of acceptﬂég inputs indicative of
vehicle operating parameters and providing control signalg in
response to a control program; ‘

a battery bank;

an internal combustion enginé;

a first electric motor electrically coupled to said battery
bank for (a) accepting electriqél energy from said battery bank
and (b) providing electrical energy to said battery bank, and
said first electric motor berﬁg mechanically coupled to said
internal combustion engine, the combination of said internal
combustion engine and said first electric motor being
mechanically coupled to a glutch controlled by said controller
for controllable torque-tyansmitting connection between said

6
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combination and road wheels of said vehicle,

said first electric motor being responsive to commands from
said controller, such that said first e}ectric motor'can be
controlled to (1) accept torque from séid internal combustion
engine to charge gsaid battery bank,f(2f accept energy from said
battery bank to apply torque to sa%a internal combustion engine
for starting said internal combustion engine, (3) accept energy
from said battery bank to apply tdfque to said road wheels to
propel said vehicle, and (4) acceétttorque from said road wheels
to charge said battery bank; andf /

a second electric motor, eléctrically coupled to said
battery bank, such that said sécbnd electric motor can be
controlled for (a) accepting eléctrical energy from said battery
bank and (b) providing electrical energy to said battery bank,
said second electric motor being mechanically coupled to road
wheels of said vehicle and being responsive to commands from said
controller in order to control said second electric motor to (1)
accept energy from said battery bank to apply torque to said road
wheels to propel said vehicié, and (2) accept torque from said
road wheels to charge said ?attery bank;

characterized in that jsaid controller is provided with a
value for the road load (RL), which is the instantaneous torqgue
required by said vehicle, /and which can be positive, as during
steady-state cruising or acceleration, zero, or negative, as
during regenerative braking, and a value for the torque required
to charge the battery bank, and controls said internal combustion
engine, said first and second electric motors, and said clutch so
that said vehicle is operated in a plurality of operating modes
responsive to said values, and so that said engine is operated in
certain of said operatfing modes to produce an amount of torque
which is equal to the [road load and/or additional torque required
to charge said battery bank through one or both of said electric
motors, and wherein daid engine is operated only when loaded so
as to produce torquef/in a range between a minimum value at which
torque is efficientry produced (SP) and the maximum torgue output

7
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of the internal combustion engine (MEO)L-—

f

--34. (New) The hybrid vehicle of ¢laim 33, wherein changes
in the torque to be applied to the vehifle wheels are determined
by said controller at least in part by/monitoring commands

provided by the vehicle operator.-- ;

4
‘

--35. (New) The hybrid vehicﬁé of claim 33, wherein road

load (RL) and a setpoint SP, set eqﬂal to a minimum value at
which torque is efficiently produced by said engine, are both
expressed as percentages of MTO, and said operating modes
include: J

a low-load mode I, wherein,@aid vehicle is propelled by
torque provided by said second efectric motor in response to
energy supplied from said battery bank, while RL < SP,

a highway cruising mode Ivy‘wherein said vehicle is
propelled by torque provided byféaid internal combustion engine
in response to supply of combugtible fuel, while SP < RL < 100%
of MTO, and !

an acceleration mode V, %herein said vehicle is propelled
by torque provided by said internal combustion engine in response
tc supply of combustible fueL}and by torque provided by said
second electric motor in response to energy supplied from said

battery bank, while RL > 100% of MTO.--

--36. (New) The hybrid jvehicle of claim 35, wherein said

setpoint SP ig at least app¥oximately 30% of MTO.--

--37. (New) The hybrid vehicle of claim 35, wherein said
clutch is disengaged during operation in mode I and engaged

during operation in modes (IV and V.--

--38. (New) The hybrid vehicle of claim 35, wherein said
operating modes further 'nLlude a low-speed battery charging mode
II, entered while RL < S nd the state of charge of the battery

8
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bank is below a predetermined level, and wherein sai vehicle is
propelled by torque provided by said second electrid7motor in
response to energy supplied from said battery bank, and wherein
said battery bank is simultaneously charged by supgf& of
electrical energy from said first electric motor, -being driven by
torque in excess of SP by said internal combustiod/engine in
response to supply of combustible fuel, said clutch being

disengaged during operation in mode II.--

--39. (New) The hybrid vehicle of claim 35, wherein said
setpoint SP may be varied by said controllef in response to

. . . . / .
monitoring patterns of vehicle operation over time.--

--40. (New) The hybrid vehicle of claim 35, wherein said
gsetpoint SP may be varied by said contrd&ler as a function of
engine speed.-- /7

/" '
--41, (New) The hybrid vehlcle of claim 35, wherein the

transition between operation in mo@ps I and IV is controlled to
occur only when RL > SP for at least a predetermined time, or

/
when RL > SP2, wherein SP2 is a larger percentage of MTO than
SP.-- /

’ /

--42. (New) The hybrld/vehlcle of claim 35, wherein the
transition from operation in méde IV to operation in mode I is
controlled to occur only when/RL < SP for at least a

predetermined time.--

--43, (New) The hybrfd/vehicle of claim 35, wherein the
controller may control transition of the operating mode from
operation in mode I directily/ to operation in mode V where a rapid
increase in the torque to agplied to the wheels of the vehicle as

desired by the operator is detected. --

~--44 . (New) The hybrid vehicle of claim 35, wherein the
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controller may accept operator input of a desired cruisiﬂé speed,
and thereafter controls the instantaneous torque outgz?fby said

internal combustion engine in accordance with variation in RL so
as to maintain vehicle speed substantially constan:/ and does not
permit transition to mode I operation until the oz7éator provides

a further signal indicating that the desired cruiging speed is no

longer desired.-- /i

J;

~-45 ., (New) The hybrid vehicle of claimy35, wherein

regenerative charging of the battery bank is pﬁrformed when the

instantaneous torque output by the internal qémbustion engine >
RL, when RL is negative, or when braking ig/initiated by the
operator. -- %ﬁ

/

--46. (New) The hybrid vehicle ochlaim 35, wherein the
total torque available at the road wheels from said internal
combustion engine is no greater than théétotal torgue available
from said first and second electric mouérs combined. - -

--47. (New) The hybrid vehicyz of claim 33, wherein the
engine and first electric motor are controllably coupled to a
first set of road wheels of said VJ}icle and said second electric
motor is coupled to a second set og‘road wheels of said

!

vehicle. -- )

/

--48. (New) The hybrid v#ﬁ}cle of claim 33, further
comprising a multispeed transmission disposed between said engine
/ ‘L
and said motors and the wheels/of said vehicle, said transmission

being operable to broaden the%léad-carrying range of said

Ty

vehicle.

~--49, (New) A hybrid vehicle, comprising:

—
TR

a controller capable of/accepting inputs indicative of

vehicle operating parameteﬁs and providing control signalg in
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X,

esponse to a con§f91 RLOGLAMT—
a battery bank; RN

an internal combustion engine fitted with a t ybocharger

m said
ji

that is operable in response to control signals £
controller in order to increase the torgue outpu ﬁy said
internal combustion engine; '

a first electric motor electrically coupled to said battery
éaid battery bank

[/

ttery bank, and

bank for (a) accepting electrical energy from
and (b) providing electrical energy to said
said first electric motor being mechanicallyf coupled to said
internal combustion engine, the combination/of said internal
hotor being

/

d by said controller

combustion engine and said first electric

mechanically coupled to a clutch controll/

éction between said

for controllable torque-transmitting con
combination and road wheels of said veh'éle,

said first electric motor being r éponsive to commands from
électric motor can be

A

- \ .
aid internal combustion

said controller, such that said first
controlled to (1) accept torgque from
engine to charge said battery bank, /2) accept energy from gaid
battery bank to apply torque to sa% / internal combustion engine
for starting said internal combus;ﬁbn engine, (3) accept energy
from said battery bank to apply y/'que to said road wheels to

£t torque from said road wheels
to charge said battery bank; andz/

a second electric motor,/e éctrically coupled to said

/
propel said vehicle, and (4) acce

battery bank, such that said g€cond electric motor can be

controlled for (a) accepting Tectrical energy from said battery
bank and (b) providing ele?tr'cal energy to said battery bank,
gsaid second electric moto# being mechanically coupled to road
wheels of said vehicle ada eing responsive to commands from said

controller in order to confyrol said second electric motor to (1)
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accept energy from said battery bank to apply torque/to said road

wheels to propel said vehicle, and (2) accept torqu¢ from said
road wheels to charge said battery bank;
characterized in that said controller is provyided with a
value for the road load, which is the torque on e output drive
shaft of said vehicle, and which can be positivef as during
steady-state cruising or acceleration, zero, or/negative, as
during regenerative braking, and controls said/internal
combustion engine, said turbocharger, said fiyst and second
electric motors, and said clutch so that said vehicle is operated
in a plurality of operating modes responsiveg to said values, and
so that said engine is operated in certain fof said operating
modes to produce an amount of torgue whicly is equal to the road
load and/or additional torque required tof charge said battery
bank through one or both of said electrif motors, and wherein
said controller causes said turbochargefr to operate, increasing
the maximum output torque of said inteynal combustion engine,
only when the instantaneous road load /exceeds the internal
combustion engine's normally-aspirated maximum torgque output for
more than a predetermined period of fime, and wherein said
internal combustion engine is operated only when loaded in a
range between a minimum value at which torque is efficiently

produced and its maximum torque ouytput value.--

-=-50. (New) The hybrid vehicle of claim 49, wherein the
road load (RL) isgs expressed as percentage of the maximum torque
output of the internal combustjion engine while normally-aspirated
(MTO) , and said operating modgs include:

a low-load mode I, wherefin said vehicle is propelled by
torque provided by said second electric motor in response to
energy supplied from said battery bank, while RL <« SP, wherein SP
is a setpoint expressed as /a predetermined percentage of MTO,

a highway cruising mgde IV, wherein said vehicle is
propelled by torgque provaded by said internal combustion engine
in response to supply of/combustible fuel, while SP < RL < 100%
12
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of MTO,
an acceleration mode V, wherein said vehicle fis propelled by
torque provided by said internal combustion engi in response to
supply of combustible .fuel and by torque provided by said second
electric motor in response to energy supplied f£Yom said battery
bank, while RL > 100% of MTO for less than a pyedetermined time
T, and
a high-power mode VI, wherein said turbo¢harger is operated
such that said vehicle is propelled by torqudg provided by said
internal combustion engine in response to suypply of combustible

fuel while RL > 100% of MTO for more than af predetermined time

--51. (New) The hybrid vehicle of claim 50, wherein said

setpoint SP is at least approximately 30 of MTO.--
--52. (New) The hybrid vehicle off claim 50, wherein said
clutch is disengaged during operation fin mode I and engaged

during operation in modes IV, V, and

--53, (New) The hybrid vehic)e of claim 50, wherein said
time T is controlled responsive to /the state of charge of the

battery bank.--

--54. (New) The hybrid vghicle of claim 49, wherein the
engine and first electric motor/are controllably coupled to a
first set of road wheels of sajd vehicle and said second electric
motor is coupled to a second get of road wheels of said

vehicle. -~

--55. (New) The hybtid vehicle of claim 49, further
comprising a multispeed transmission disposed between said engine
and said motors and the wheels of said vehicle, said transmission

being operable to broaden the load-carrying range of said
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vehicle. - -

--56. (New) A method for controlling the operation of a
hybrid vehicle operable in a plurality of differi modes, said
vehicle comprising an internal combustion engine for providing
torque up to a maximum torque output (MTQO), said/internal
combustion engine being controllably coupled to/road wheels of
said vehicle, a first electric motor being coupgled to said
internal combustion engine, said first electri/c motor being
operable as a generator, a second motor couplled to the wheels of
said vehicle and also operable as a generator, a battery bank for
providing electrical energy to and accepting energy from said
electric motors, and a controller for contfolling operation of
said internal combustion engine and the cgupling of said engine
to said road wheels, of said electric motlors, and controlling
flow of electrical energy between said Jelectric motors and said
battery bank,

characterized in that according said method, said
controller controls said internal compustion engine, said
electric motors, and the coupling of/ said engine to said wheels
so that said vehicle is operated infa plurality of operating
modes responsive to the instantanegus torque requirement (RL) of
the vehicle, which is the torque ¢n the output drive shaft of
said vehicle, and which can be p¢gsitive, as during steady-state
cruising or acceleration, zero, /for negative, as during
regenerative braking, and so tHat said internal combustion
engine is operated only when JYoaded such that the output torque
thereof is at least equal to/a minimum value at which torque is
efficiently produced, said gperating modes including:

a low load mode I entdred into while RL < SP, wherein SP is

a setpoint expressed as a/predetermined percentage of MTO, and in
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which torgue propelling said vehicle is provided byf{said motors,

a highway cruising mode IV entered into while/SP < RL < 100%
of MTO and in which torgque propelling said vehiclg¢ is provided by
gaid engine, and

an acceleration mode V entered into while RL > 100% of MTO
and in which torque propelling said vehicle is/provided by said

motors and said engine.--

--57. (New) The method of claim 56, whdrein SP is equal to
at least approximately 30% of MTO.--

--58. (New) The method of claim 5 comprising the
further step of decoupling said engine from said wheels during
operation in mode I and coupling said ehgine to said wheels
during operation in modes IV and V. -

~--59. The method of claim 56, wherein said controller
further controls said vehicle to opérate in a low-load battery
charging mode II, entered while R:/L SP and the state of charge
of the battery bank is below a predetermined level, during which
said vehicle is propelled by torgue provided by said second motor
in response toc energy supplied from said battery bank, and
wherein said battery bank is sipultaneously charged by supply of
electrical energy from gaid fi¥st motor, being driven by torque
by said internal combustion erlgine in response to supply of
combustible fuel, said engine/ being decoupled from said wheels

during operation in mode II.

--60. (New) The method of claim 56, comprising the
further step of employing/said controller to monitor patterns of
vehicle operation over time and vary said setpoint SP

accordingly.--

--61. (New) The method of claim 56, comprising the
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further step of employing said controller to monitor] RL over

time, and to control transition between operation ip modes I and
IV accordingly, such that said transition occurs ogly when RL >
SP for at least a predetermined time, or when RL SP2, wherein

SP2 is a larger percentage of MTO than SP.--

--62. (New) The method of claim 56, cofiprising the
further step of employing said controller to oﬁitor RL over
time, and to control transition from operatipn in mode IV to
operation in mode I accordingly, such that gaid transition occurs
only when RL < SP for at least a predetermined time.--

--63. (New) The method of claim 56, comprising the further
step of operating said controller to mopitor RL over time, and to
control the operating mode to change from operation in mode I
directly to operation in mode V where/a rapid increase in the
torque to be applied to the wheels ag desired by the operator is

detected. --

--64. (New) The method of/claim 56, comprising the
further step of operating said ¢gontroller to accept operator
input of a desired cruising spe¢d, said controller thereafter
controlling the instantaneous ¢ngine torque output in accordance
with variation in RL so as to/maintain vehicle speed
substantially constant, and /to prevent transition to mode I
operation until the operatoy provides a further signal indicative
that the desired cruising gpeed is no longer desired.--

'

--65. (New) The rplethod of claim 56, comprising the

further step of performing regenerative charging of the battery
bank undexr controller gontrol when the engine's instantaneous
torque output > RL, when RL is negative, or when braking is

initiated by the operator.--
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--66. (New) The method of claim 56, wherein /said hybrid

vehicle further comprises a multispeed transmissiory disposed
between said engine and said motors and the wheelg of said
vehicle, said transmission being operable responsive to a control
signal from said controller to broaden the load-carrying range of

said vehicle. --

--67. (New) The method of claim 56, whHerein said hybrid
vehicle further comprises a turbocharger bging operatively and
controllably coupled to said internal compustion engine for being
operated and thereby increasing the maxifmum torgue output of said
internal combustion engine to more thary MTO when desired, and
wherein according to said method, said controller controls
selection of the operational mode of/said vehicle between a
low-load mode I, a cruising mode IV/ an acceleration mode V, and
a turbocharged mode VI, in responsgfé to monitoring the
instantaneous torgue requirements/ (RL) of the vehicle over
time. --

--68. (New) The method ¢gf claim 67, wherein said controller
cohtrols said vehicle to operate in said modes as follows:
in said low load mode I whilge RL < SP, wherein SP igs a setpoint
expressed as a predetermined percentage of MTO, in said highway
cruising mode IV while SP RL <« 100% of MTO, in said
acceleration mode V while/RL > 100% of MTO for less than a
predetermined time T, and in said sustained high-power mode VI
while RL > 100% of MTO flor more than a predetermined time T.--
--69. (New) The method of claim 67, wherein said time T is
contreolled responsive/to the state of charge of the battery

bank. --
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-=70. (New) The method of claim 67, compriging the further

step of decoupling said engine from said wheels duying operation
in mode I and coupling said engine to said wheels /during
operation in modes IV, V, and VI.

—71. (New) A hybrid vehicle operable in plurality of
differing modes, said vehicle comprising an igternal combustion
engine for providing torque up to a maximum gormally-aspirated
torque output (MTQO), said internal combustign engine being fitted
with a turbocharger operable in response tp a control signal for
increasing the maximum torgque output of gsaid internal combustion
engine beyond MTO, said internal combustion engine being
controllably connected to road wheels said vehicle through
means controllable by a controller, a /ffirst electric motor
coupled to said engine, and a second felectric motor coupled to
road wheels of said vehicle, both sgid electric motors being
operable as generators, a battery bank for providing electrical
energy to and accepting energy fr said electric motors, at
least one controllable inverter/dharger connected between said
electric motors and said battery bank, and a controller for
controlling operation of gaid iInternal combustion engine and
connection thereof to said whegels, said electric motors, and said
turbocharger, and for controlling flow of electrical energy
between said electric motorg and said battery bank,

characterized in that /said controller is provided with a
signal indicative of the jnstantaneous road load (RL) of said
vehicle, which can be pogitive, as during steady-state cruising
or acceleration, zero, ¢r negative, asgs during regenerative
braking, and controls g¢peration of said internal combustion
engine, conection of $said engine to said wheels, said at least

one electric motor, And said turbocharger, so that said vehicle
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is operated in said plurality of differing modes responsive to

said signal, and said controller further controlls operation of
said vehicle so that said internal combustion/engine is operated
only when the output torque thereof is at leagt equal to a
minimum value at which torque is efficiently/produced; and
wherein:

the road load (RL) is expressed as a percentage of the
maximum torque output of the engine while/ normally-aspirated
(MTO) , and said operating modes include:

a low-load mode I, wherein gsaid velicle is propelled by
\\\\ torque provided by said second electri¢ motor in response to
energy supplied from said battery bank, while RL < SP, wherein SP
is a setpoint expressed as a predeteymined percentage of MTO,

a highway cruising mode IV, wherein said vehicle is
propelled by torque provided by safid internal combustion engine
in response to supply of combustible fuel, while SP < RL < 100%
of MTO, said turbocharger not beijng operated in said mode IV,

an acceleration mode V, wheyein said vehicle is propelled
by torque provided by said inteynal combustion engine in response
to supply of combustible fuel d by torgque provided by said
second electric motor in resppnse to energy supplied from said
battery bank, while RL » 100%/of MTO for less than a
predetermined time T, said tyrbocharger not being operated in
said mode V, and

a high-power mode VI, wherein said turbocharger is operated
such that said vehicle is propelled by torque provided by said
internal combustion engineg in response to supply of combustible

fuel while RL > 100% of MO for more than said predetermined time

'7’9

T.--
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setpoint SP is at least approximately 30% of MTO.--

-2 (New) The hybrid vehicle of claim /0, wherein said
engine is disconnected from said wheels durifig operation in mode
I and connected to said wheels during operation in modes IV, V,

and VI. --

-;}Z( (New) The hybrid vehicle of f£laim 70, wherein said
time T is controlled resgponsive to the gtate of charge of the

battery bank.--

—!l(f (New) The hybrid wvehicle jof claim 70, wherein torque
from said internal combustion enginef/ is transmitted to a first
set of road wheels and torgque from faid second electric motor is

transmitted to a second set of road wheels.--

--3%7 (New) The hybrid vehifle of claim 70, wherein said
first electric motor is coupled to said internal combustion
engine for starting said internal combustion engine in regponse

to a control signal from said dontroller.--

-;%;L (New) The hybrid vehicle of claim 70, further
comprising a multispeed trangmission disposed between said engine
and said motors and the wheels of said vehicle, said transmission
being operable to broaden the load-carrying range of said
vehicle. --

79

-;#qf (New) A methbd for controlling the operation of a
hybrid vehicle operable in a plurality of differing modes, said
vehicle comprising an igternal combustion engine for providing

torgue up to a maximum ftorque output (MTO), said interxrnal
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combustion engine being controllably coupled to road/wheels of

said vehicle by a clutch, a first electric motor being coupled to

said internal combustion engine, a second electrif motor coupled
to road wheels of said vehicle, said first and gecond electric
motors being operable as generators, a battery/ bank for providing
electrical energy to and accepting energy fr said first and
second electric motors, and a controller foy controlling
operation of said internal combustion engifie, clutch, and first
and second electric motors, and controllihg flow of electrical
energy between said first and second electric motorsg and said
battery bank,

characterized in that according o said method, said
controller controls selection of the/operational mode of said
vehicle between at least a low-load/mode I and a cruising mode
IV, wherein torque to propel said pehicle is provided by said at
least gaid second electric motor Or said internal combustion
engine, respectively, in responsg to monitoring the instantaneous
torque requirements (RL) of the/ vehicle, which is the torque on
the ocutput drive shaft of said vehicle, and which can be
positive, as during steady-st/ate cruising or acceleration, zero,
or negative, as during regernferative braking, and said controllerx
further controls operation /jof said vehicle so that said internal
combustion engine is opergted only when the output torque thereof
is at least equal to a minimum value at which torque is
efficiently produced, a

wherein said vehicle further comprises a catalytic converter
compriging a catalyst for reducing undesirable emissions of CO,
NOx, and unburned hydyocarbonsg from said internal combustion
engine to harmless pyoducts, said catalytic converter being
provided with means jcontrolled by said controller for heating

gsaid catalyst to an/effective working temperature, and wherein
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when said controller determines that it is desirabl

to start
said engine, e.g., in order to change the operati mode of said
vehicle from mode I to mode IV, or to charge said battery, said
controller heats said catalyst to a minimum effective working
temperature if necessary before controlling sgid first electric
motor to spin said internal combustion enging for starting.--

--18. (New) A method for determining the'relative sizes of
the internal combustion engine, first and/second electric motors,
and battery bank of a hybrid vehicle comprising said components,
and a method for operating the vehicle fhus designed, the
determining steps of said method comprAsing the steps of:
a. selecting the internal combustion/ engine having sufficient
torque to drive the vehicle at medi to high speed along a
moderate grade;
b. sizing the first electric mot to provide an internal
combustion engine load during battery charging adequate to ensure
that torque is produced efficiently by said engine;
¢. sizing the second electric fmotor to provide adequate torque
at zero speed to overcome the maximum grade specified from rest,
with the first electric motor/ assisting as needed;
d. selecting the torque vs./ speed profile of the second electric
motor to allow convenient cAty driving, without use of torque
from the internal combustibn engine; and
e. selecting the battery/ capacity to be sufficient to avoid
excessively frequent digtharging and charging cycles; and

the operating stepg of said method comprising the steps of:
a. monitoring the instantaneous torque requirement (RL) of the
vehicle, which is the/torgque on the output drive shaft of said
vehicle, and which can be positive, as during steady-state

cruising or acceleration, zero, or negative, as during
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rege ive braking, and

b. employing a controller to control selection ¢f the operational
mode of said vehicle between at least a low-lgad mode I and a
cruising mode IV, wherein torgque to propel gaid vehicle ig
provided by said at least said second elegtric motor or said
internal combustion engine, respectively, in response to RL, and
wherein said controller further contr¢fls operation of said
vehicle so that said internal combyStion engine is operated only
when the output torque thereof is At least equal to a minimum
value at which torque is efficie tly'prodgced.-—
§0 9 |

-39 The method of cladm 2{; wherein said engine is
provided with a turbochargef controlled by said controller to
increase the engine's maxifum torgue output during extended
operation under circumstdnces where RL exceeds the maximum torgque
output of the internal fombustion engine in normally-aspirated
mode for an extended period of time, wherein the turbocharger

's maximum torque output by at least about

19

The/method of claim , wherein said first electric

increases the engin

25% .-~
motor is sized so as to load the intérnal combustion engine to
approximate 70% of its maximum torque output at an engine speed

at which torque is efficiently produced during battery
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REMARKS
After entry of the above amendment, claims 16 - 80 remain in
the application. Claims 10 - 15 were directed to different
inventions and have been cancelled hereby, while claims 1 - 9

were issued in the parent patent. Claim 16 is an original claim
to the method of gizing the components of a hybrid vehicle, while
claim 78 and its dependent claims' 79 and 80 are new claims
directed similarly. All of the other new claims 17 - 77 added
hereby are directed to the hybrid vehicle of the invention,
defined in terms of its components and the method of control
employed to ensure that they work together properly to achieve
the objects of the invention, or to the method of the invention,
which claims include a catalog of the parts of the vehicle as a
means of establishing support for the method of the invention.
More specifically, claims 17 - 77 recite that the vehicle
is operated in various operational modes, that is, in which the
torgque required to propel the vehicle is provided from different
sources, and that the operational mode at any given time is
chosen by a controller responsive to the road load of the
vehicle, that ig, its instantaneous torque requirement. This was
also recited in original claim 1. Claims 16 and 78 - 80 refer as
noted to the sizing of the various components that is needed to
ensure that they can carry out these functions, i.e., in order to
operate in the various operating modes, although these are not
recited per se in claims 16 and 78 - 80. Since new claims 17 - 77

have the same inventive concept as c¢laim 1, which distinguishes
over all art known to the inventors, and since claims 16 and 78 -
80 are directed to sizing the components for so doing, it is
respectfully submitted that claims 16 - 80 can properly be
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examined in a single application.

Hence it is resgpectfully submitted that all claims are
properly examinable in a single application, and furthermore that
they are allowable.

For the Examiner's information, an updated search for
patents related to the inventive subject matter was recently
completed, and it is the intention of the undersigned to file a
further Information Disclosure Statement within the next few

weeks.

Regpectfully submitted,

Al 207 AL

Datégi Michael éé'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.: 10/382,577 : Group Art Unit: 3616
Filed: March 7, 2003 : Att. Dkt.: PAICE201.DIV

For: HYBRID VEHICLES

ll-?log Bgimﬁggioner for Patents RECE‘VED

Alexandria VA 22313-1450 MAY 2 6 2004

— GROUP 3600

Hon. Commissioner for Patents
P. O. Box 1450
Alexandria VA 22313-1450
Transmitted herewith is an amendment in the above -

identified application.

X A check for the additional claim fee of $ 1356 as calculated
below is enclosed for this amendment.

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.

LARGE ENTITY

TOTAL CLAIMS PRESENT ADDITIONAL
CLAIMS PREVIOUSLY EXTRA RATE
PAID FOR
TOTAL 126 65 = 6l Extra x 18 $ 1098.00
INDEP. 11 8 = 3 Extra X 86 $ 258.00

TOTAL: $ 1356.00
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Respectfully submitted,

NS

Michael de Angeli
Reg. No. 27,869

60 Intrepid Lane
Jamestown, RI 02835
401-423-3190
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE ,&/t
e
In re the Patent Application of |

Severinsky et al : Examiner: N/A
Serial No.: 10/382,577 - : Group Art Unit: 3616
Filed: March 7, 2003 : Att. Dkt.: PAICE201.DIV

For: Hybrid Vehicles

Hon. Commissioner for Patents :F‘EE(;EEI\/EE[)

P.O. Box 1450 ' MAY
Alexandria VA 22313-1450 2 6 2004

SUPPLEMENTAL PRELIMINARY AMENDMENT LGROUP 3600

Sir:

Prior to examination, kindly amend the above-identified

Application as follows:

05/21/2004 YPOLITEL 00000043 10382577

01 FC:1201 258.00 Op
02 FC:1202 1096.00 o
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IN THE CLAIMS:

Claims 1 - 15 (previously cancelled)

J

16. (Amended) A method for determining the relative sizes
of the internal combustion engine, starting/charging and traction

motors, and battery bank of a hybrid vehicle of predetermined

weight comprising said components, said method comprising the
steps of:

a. selecting an internal combustion engine having sufficient
torque to drive the vehicle at medium—te—high a specified speed
along a mederate specified maximum grade;

b. sizing the starting/charging motor to provide an engine
load during battery charging equal to at least approximately 30%
of the engine's maximum torque output in normally-aspirated

operation;

c. sizing the traction motor to provide adequate torque at

zero speed to overcome the maximum grade specified from rest,

with the engine and/or starting/charging starter motor assisting

as needed;

d. determining the maximum power drawn by the selected

motor (s) 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
at least 2.5 : 1, and

£. selecting the battery bank to provide the calculated

voltage under peak load conditions.

--17. (Amended) A method for controlling the operation of a

hybrid vehicle having at least two pairs of road wheels, said
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vehicle being operable in a plurality of differing modes, said
vehicle comprising an internal combustion engine for providing

torque up to a maximum torque output (MTO) when normally

aspirated, said internal combustion engine being controllably
coupled to said road wheels of said vehicle by a—eluteh, a first

electric motor being coupled to said internal combustion engine,

~a second electric motor coupled to said road wheels of said

vehicle, said first and/or second electric motors being operable
as generators, a battery bank for providing electrical energy to
and/or accepting energy from said first and/or second electric
motors, and a controller for controlling operation of said
internal combustion engine, elutehs+ and first and second electric
motors, anmd controlling flow of electrical energy between said
first and second electric motors and said battery bank, and

controlling flow of mechanical energy between said engine, said

first and second electric motors, and said wheels,

characterized in that according to said method, said
controller controls said internal combustion engine, said first
and second electric motors, and-said-etwteh and flow of

electrical and mechanical energy therebetween in order to control

selection of the operational mode of said vehicle between at
least a low~load mode I, a cruising mode IV, and an acceleration
mode V, wherein torque to propel said vehicle is provided by one
or both of said first and second electric motors, said internal
combustion engine, and both said engine and one or both of said
first and second electric motors, respectively, in response to
monitoring the instantaneous torque requirements (RL) of the

vehicle, which is the torque en—the—eutput—drive—shaft— required

for propulsion of said vehicle, and which can be positive, as

during steady-state cruising or acceleration, zero, or negative,

as during regenerative braking, whereby said vehicle is operated

BMW1012
Page 205 of 1654



"\
J

in & said plurality of operating modes responsive to the value of
RL, and so that said internal combustion engine is operated when

the engine torque required to propel the vehicle, or to propel

said vehicle and/or drive either or both electric motor(s) to

charge saild battery emiy—when-the—eoutput—teorgue—thereeof is at

least equal to a minimum value at which torque is efficiently

produced. --

--18. (Amended) The method of claim 17, wherein said
controller controls said vehicle to operate in said low load mode
I while RL < SP, wherein SP is a setpoint expressed as a
predetermined percentage of MTO, said highway cruising mode IV
while SP < RL < 388%—ef MTO, and said acceleration mode V while
RL > 368%—ef MTO,--

--19. (previously presented) The method of claimvls, wherein

said setpoint SP is at least approximately 30% of MTO.--

-=20. (Amended) The method of claim 18, wherein said engine

is controllably connected to said wheels by a clutch, and

comprising the further step of disengaging said clutch during
operation in mode I and engaging said clutch during operation in

modes IV and V. ~--

--21. (Amended) The method of claim 18, wherein said
controller further controls said vehicle to operate in a low-
speed battery charging mode II, entered while RL < SP and the
state of charge of the battery bank is below a predetermined
level, during which said vehicle is propelled by torque provided
by said second motor in response to energy supplied from said

battery bank, and wherein said battery bank is simultaneously
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charged by supply of electrical energy from said first motor,
being driven by torque by said internal combustion engine in
response to supply of combustible fuel, said edwtek engine being

disengaged from said wheels during operation in mode II, and

wherein said engine is loaded by said first motor such that it

produces torque at least equal to SP while being operated in said

mode II.--

~=22. (previously presented) The method of claim 18,
comprising the further step of employing said controller to
monitor patterns of vehicle operation over time and vary said
setpoint SP accordingly.--

--23. (previously presented).The method of claim 18,
comprising the further step of employing said controller to
monitor RL over time, and to control transition between operation
in modes I and IV accordingly, such that said transition occurs
only when RL > SP for at least a predetermined time, or when RL >

SP2, wherein SP2 is a larger percentage of MTO than SP.--

--24. (previously presented) The method of claim 18,
comprising the further step of employing said controller to
monitor RL over time, and to control transition from operation in
mode IV to operation in mode I accordingly, such that said
transition occurs only when RL < SP for at least a predetermined

time.--

--25. (previously presented) The method of claim 18,
comprising the further step of operating said controller to
monitor RL over time, and to control the operating mode to change
from operation in mode I directly to operation in mode V where a
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rapid increase in RL as desired by the operator is detected.--

--26. (Amended) The method of claim 18, comprising the
further step of operating said controller to accept operator
input of a desired cruising speed, said controller thereafter

controlling the instantaneous engine torque output and operation

of said motor(s) to supply additional torque as needed in

accordance with variation in RL so as to maintain vehicle speed

substantially constant—anrd—te—prevent—transition—teomode—T
operotion—until the operateor provides—a further sigralindiecative
that—+thedesired-eruisingspeed—isneo—tonger-desired. --

--27. (previously presented) The method of claim 18,
comprising the further step of performing regenerative charging
of the battery bank under controller control when the engine's
instantaneous torque output > RL, when RL is negativé, or when

braking is initiated by the operator.--

--28. (previously presented) The method of claim 18,
wherein said first and second electric motors are controlled
together to provide maximum torque at least equal to the maximum

torque of said internal combustion engine.--

--29. (previously presented) The method of claim 18,
wherein the maximum speed of at least said second motor is
controlled to be at least 150% of the maximum speed of said

internal combustion engine.--

~--30. (previously presented) The method of claim 18, wherein
said hybrid vehicle further comprises a turbocharger being

operatively and controllably coupled to said internal combustion
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engine for increasing the maximum torque output of said internal
combustion engine to more than MTO when desired, and wherein
according to said method, said controller controls selection of
the operational mode of said vehicle between a low-load mode I, a
cruising mode IV, an acceleration mode V, and a turbocharged mode
VI, in response to monitoring the instantaneous torque

requirements (RL) of the vehicle over time.--

--31. (Amended) The method of claim 30, wherein said
controller controls said vehicle to operate in said modes as
follows:
in said low load mode I while RL < SP, wherein SP is a setpoint
expressed as a predetermined percentage of MTO, in said highway
cruising mode IV while SP < RL < 388%ef MTO, in said
acceleration mode V while RL > 108%—ef MTO for less than a
predetermined time T, and in said sustained high-power mode VI
while RL > 106%—ef MTO for more than a predetermined time T.--

--32. (previously presented) The method of claim 30, wherein
said time T is controlled responsive to the state of charge of

the battery bank.--

--33. (Amended) A hybrid vehicle, comprising:

a controller capable of accepting inputs indicative of
vehicle operating parameters and providing control signals in
response to a control program;

a battery bank;

an internal combustion engine;

a first electric motor electrically coupled to said battery
bank for (a) accepting electrical energy from said battery bank

and (b) providing electrical energy to said battery bank, and
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said first electric motor being mechanically coupled to said
internal combustion engine, the combination of said internal
combustion engine and said first electric motor being
mechanically coupled to a—eluteh—eontrolledbysaidecontroller
for—controllable torque-transmitting connection between said
combination and road wheels of said vehicle,

said first electric motor being responsive to commands from
salid controller, such that said first electric motor can be
controlled to (1) accept torque from said internal combustion
engine to charge said battery bank, or(2) accept energy from said

battery bank to apply torque to said internal combustion engine

for starting said internal combustion engine—3)—aeccept—enecrgy

a second electric motor, electrically coupled to said

said—second—eleectrie—moterbeing mechanically coupled to road

wheels of said vehicle, and being responsive to commands from
said controller in order to eentrol-—-said-secopd—electric—motor—teo
(1) accept energy from said battery bank to apply torque to said
road wheels to propel said vehicle, or (2) accept torque from
said road wheels to charge said battery bank; |

characterized in that said controller is provided with a
value for the road load (RL), which is the instantaneous torque

required by said vehicle for propulsion, and which can be

positive, as during steady-state cruising or acceleration, zero,
or negative, as during regenerative braking, and a value for the

torque required to charge the battery bank, and controls said
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internal combustion engine+ and said first and second electric
motors, and—said-etuteh so that said vehicle is operated imn—=a

pruratity—ofeoperatingmedes—responsive to said waltuwes value RL,

and so that said engine is operated ip—eertoin—of-said-operating
modes when the engine torque required to propel said vehicle

and/or charge said battery bank by producing fe—preduee an amount

of torque which is equal to the road load and/or additional

torque required to charge said battery bank through one or both

of said electric motors, ard—wherein——said—engineis—operated—only
whepr—toaded—so—as—to—produce—torgue is in a range between a

minimum value at which torque is efficiently produced +&BP}—and
the maximum torgque output of the internal combustion engine when

normally aspirated (MTO).--

--34. (Amended) The hybrid vehicle of claim 33, wherein

changes in the torque to be applied to or accepted from the

vehicle wheels are determined by said controller at least in part

by monitoring commands provided by the vehicle operator.--

--35. (Amended) The hybrid vehicle of claim 33, wherein
said vehicle is operated in a plurality of operating modes
responsive to the value of RL read—tead—RE)> and a setpoint SP,

set equal to a minimum value at which torque is efficiently

produced by said engine, are both expressed as percentages of
MTO, and said operating modes include:

a low-load mode I, wherein said vehicle is propelled by
torque provided by said second electric motor in response to
energy supplied from said battery bank, while RL < SP,

a highway cruising mode IV, wherein said vehicle is
propelled by torque provided by said internal combustion engine

in—response—to—suppty—of—ceombustible—fuel, while SP < RL < 166%
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ef MTO, and

an acceleration mode V, wherein said vehicle is propelled
by torque provided by said internal combustion engine in—respense
to—suppty—eof-—combustible—fued and by torque provided by said
second electric motor in response to energy supplied from said
battery bank, while RL > 188%ef MTO.--

--36. (previously presented) The hybrid vehicle of claim 35,

wherein said setpoint SP is at least approximately 30% of MTO.--

--37. (Amended) The hybrid vehicle of claim 35, wherein the

combination of said elwteh engine and said first motor is

disengaged from.said wheels during operation in mode I and

engaged during operation in modes IV and V.--

--38. (Amended) The hybrid vehicle of claim 35, wherein

said operating modes further include a low-speed battery charging

mode II, entered while RL < SP and the state of charge of the
battery bank is below a predetermined level, and-wherein—said

wherein said battery bank is simultaneously charged by supply of
electrical energy from said first electric motor, being driven by
torque in excess of SP by said internal combustion engine in

response to supply of combustible fuel, the combination of said

engine and said first motor said—eduwteh-Dbeing disengaged from

sald wheels during operation in mode II.--

--39. (previously presented) The hybrid vehicle of claim
35, wherein said setpoint SP may be varied by said controller in
response to monitoring patterns of vehicle operation over time.--
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--40. (previously presented) The hybrid vehicle of claim
35, wherein said setpoint SP may be varied by said controller as

a function of engine speed.--

--41. (previously presented) The hybrid vehicle of claim
35, wherein the transition between operation in modes I and IV is
controlled to occur only when RL > SP for at least a
predetermined time, or when RL > SP2, wherein SP2 is a larger

percentage of MTO than SP.--

-=42. (previously presented) The hybrid vehicle of claim
35, wherein the transition from operation in mode IV to operation
in mode I is controlled to occur only when RL < SP for at .least a
predetermined time.--

--43. (Amended) The hybrid vehicle of claim 35, wherein
the controller may control transition of the operatiftg mode from
operation in mode I directly to operation in mode.V where a rapid
increase in the torque to be applied to the wheels of the vehicle

as desired by the opefator is detected. --

--44. (Amended) The hybrid vehicle of claim 35, wherein
the controller may accept operator input of a desired cruising
speed, and thereafter controls the instantaneous torque output by

said internal combustion engine and by either or both motor(s) in

accordance with variation in RL so as to maintain vehicle speed

substantially constant;—and-—dees—net—permit—tronsition—to-—mode—T+

BMW1012
Page 213 of 1654



® o
12

--45. (Amended) The hybrid vehicle of claim 35, wherein
regenerative charging of the battery bank is performed when the
instantaneous torque output by the internal combustion engine >
RL, when RL is negative, or when braking is initiated by the

operator.--

--46. (previously presented) The hybrid vehicle of claim
35, wherein the total torque available at the road wheels from
said internal combustion engine is no greater than the total
torque available from said first and second electric motors

combined.--

--47. (previously presented) The hybrid vehicle of claim
33, wherein the engine and first electric motor are controllably
coupled to a first set of road wheels of said vehicle and said
second electric motor is coupled to a second set of road wheels

of said vehicle.--

--48. (previously presented) The hybrid vehicle of claim
33, further comprising a multispeed transmission disposed between
said engine and said motors and the wheels of said vehicle, said
transmission being operable to broaden the load-carrying range of

said vehicle.

--49. (Amended) A hybrid vehicle, comprising:

a controller capable of accepting inputs indicative of
vehicle operating parameters and providing control signals in
response to a control program;

a battery bank;

an internal combustion engine fitted with a turbocharger
that is operable in response to control signals from said
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controller in order to increase the torque output by said
internal combustion engine;

a first electric motor electrically coupled to said battery
bank for (a) accepting electrical energy from said battery bank
and (b) providing electrical energy to said battery bank, and
said first electric motor being mechanically coupled to said
internal combustion engine, the combination of said internal
combustion engine and said first electric motor being
mechanically coupled to road wheels of said vehicle te—a—etuteh
by a eentreolled-by—said—eontretier—for—controllable torque-

transmitting connection between said combination and road wheels

of said vehicle, said connection being controlled by said

controller,

said first electric motor being responsive to commands from
said controller, such that said first electric motor can be
controlled to (1) accept torque from said internal combustion
engine to charge said battery bank, and/or (2) accept energy from

said battery bank to apply torque to said internal combustion

engine for starting said internal combustion engine+ +3)—aeceept

a second electric motor, electrically coupled to said

battery bank, swveh—+thatsatd-second—electric moter—ean—be

lled—f ; \ 1 L ead c )
said-second—eteectrice—moter—being mechanically coupled to road

wheels of said vehicle, and beirg responsive to commands from
said controller in order to eertreol—said-scecopd—electric—moteor—+to
(1) accept energy from said battery bank to apply torque to said
road wheels to propel said vehicle, and (2) accept torque from
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said road wheels to charge said battery bank;
characterized in that said controller is provided with a

value for the road load, which is the torque emn—the—output—drive

shafe required for propulsion of said vehicle, and which can be

positive, as during steady-state cruising or acceleration, zero,
or negative, as during regenerative braking, and controls said
internal combustion engine, said turbocharger, and said first and

second electric motors—and—said—etuteh-seo—that—said—vehieclte—is

yatuwes,—and and wherein said controller causes said turbocharger

to operate, increasing the maximum output torque of said internal

combustion engine, eriy—when—the instantaneeous when the road load

exceeds a predetermined value for more than a predetermined

period of time, and wherein said internal combustion engine is
operated to propel said vehicle and/or drive either or both

motors to charge said battery bank em}ty when leaded the engine

torque required to do so is in a range between a minimum value at

which torque is efficiently produced and its maximum torque

output value.--

-=50. (previously presented) The hybrid vehicle of claim

49, wherein said vehicle is operated in a plurality of operating

modes responsive to the road load (RL), which is expressed as a

percentage of the maximum torque output of the internal
combustion engine while normally-aspirated (MTO), and wherein
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said operating modes include:

a low-load mode I, wherein said vehicle is propelled by
torque provided by said second electric motor in response to
energy supplied from said battery bank, while RL < SP, wherein SP
is a setpoint expressed as a predetermined percentage of MTO,

a highway cruising mode IV, wherein said vehicle is
propelled by torque provided by said internal combustion engine
in response to supply of combustible fuel, while SP < RL < 186%
ef MTO,

an acceleration mode V, wherein said vehicle is propelled by
torque provided by said internal combustion engine in response to
supply of combustible fuel and by torque provided by said second
electric motor in response to energy supplied from said battery
bank, while RL > 1B86%—eof MTO for less than a predetermined time
T, and _

a high-power mode VI, wherein said turbocharger is operated
such that said vehicle is propelled by torque provided by said
internal combustion engine in response to supply of combustible
fuel while RL > 188%—ef MTO for more than a predetermined time
T,--

--51. (previously presented) The hybrid vehicle of claim 50,

wherein said setpoint SP is at least approximately 30% of MTO.--

--52. (Amended) The hybrid vehicle of claim 50, wherein

said etuwteh controllable torque-transmitting connection between

said combination and road wheels of said vehicle is disengaged

during operation in mode I and engaged during operation in modes

Iv, v, and VI.--

~=53. (previously presented) The hybrid vehicle of claim
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50, wherein said time T is controlled responsive to the state of

charge of the battery bank.--

--54. (previously presented) The hybrid vehicle of claim
49, wherein the engine and first electric motor are controllably
coupled to a first set of road wheels of said vehicle and said
second electric motor is coupled to a second set of road wheels

of said vehicle.--

-=55. (previously presented) The hybrid vehicle of claim
49, further comprising a multispeed transmission disposed between
said engine and said motors and the wheels of said vehicle, said
transmission being operable to broaden the load-carrying range of

said vehicle.--

--56. (Amended) A method for controlling the operation of a
hybrid vehicle operable in a plurality of differing modes, said
vehicle comprising an internal combustion engine for providing
torque up to a maximum torque output (MTO), said internal
combustion engine being controllably coupled to road wheels of
said vehicle, a first electric motor beinrg—ecouplted—to—said
interpal—combustion—engine;——said—first—eleetriemoter being
operable as a gemerater starter, a second motor coupled to the
wheels of said vehicle and a¥se operable as a generator, a
battery bank for providing electrical energy to and accepting
energy from said electric motors, and a controller for
controlling operation of said internal combustion engine and the
coupling of said engine to said road wheels, of said electric
motors, and controlling flow of electrical energy between said
electric motors and said battery bank,

characterized in that aeecerding—to——said-methed said
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controller controls said internal combustion engine, said
electric motors, and the coupling of said engine to said wheels
so that said vehicle is operated in a plurality of operating

modes, said controller producing control signals in response to

vehicle operating conditions to arbitrate between said plurality

of operating modes, said controller producing a control signal to

operate said internal combustion engine when the respensive—to

instantaneous torque requirement (RL) of the vehicle, which is

the torque en—theoutput—driveshaft—of required to propel said

vehicle, and which can be positive, as during steady-state

cruising or acceleration, zero, or negative, as during
regenerative braking, exceeds a predetermined minimum level so
that said internal combustion engine is operated such that the
output torque thereof is at least equal to a minimum value at
which torque is efficiently produced, said operating modes
including:

a low load mode I entered into while RL < SP, wherein SP is
a setpoint expressed as a predetermined percentage of MTO, and in
which torque propelling said vehicle is provided by said motors,

a highway cruising mode IV entered into while SP < RL < 166%
ef MTO and in which torque propelling said vehicle~is provided by
said engine, and

an acceleration mode V entered into while RL > +88%—ef MTO
and in which torque propelling said vehicle is provided by one or

both of said motors and said engine.--

--57. (previously presented) The method of claim 56, wherein

SP is equal to at least approximately 30% of MTO.--

--58. (previously presented) The method of claim 56,
comprising the further step of decoupling said engine from said
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wheels during operation in mode I and coupling said engine to

said wheels during operation in modes IV and V. --

--59. (Amended) The method of claim 56, wherein said
controller further controls said vehicle to operate in a low-load
battery charging mode II, entered while RL < SP and the state of
charge of the battery bank is below a predetermined level, during
which said wvehicle is propelled by torque provided by said second
motor in response to energy supplied from said battery bank, and
wherein said battery bank is simultaneously charged by supply of

electrical energy from said first motor being operated as a

generator and +—being driven by torque at least equal to SP

provided by said internal combustion engine, said engine being

decoupled from said wheels during operation in mode II.--

-~-60. (previously presented) The method of claim 56,
comprising the further step of employing said controller to
monitor patterns of vehicle operation over time and vary said

setpoint SP accordingly.--

--61. (previously presented) The method of claim 56,
comprising the further step of employing said controller to
monitor RL over time, and to control transition between operation
in modes I and IV accordingly, such that said transition occurs
only when RL > SP for at least a predetermined time, or when RL >

SP2, wherein SP2 is a larger percentage of MTO than SP.--

--62. (previously presented) The method of claim 56,
comprising the further step of employing said controller to
monitor RL over time, and to control transition from operation in
mode IV to operaﬁion in mode I accordingly, such that said
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transition occurs only when RL < SP for at least a predetermined

time.--

--63. (previously presented) The method of claim 56,
comprising the further step of operating said controller to
monitor RL over time, and to control the operating mode to change
from operation in mode I directly to operation in mode V where a
rapid increase in the torque to be applied to the wheels as

desired by the operator is detected.--

-—-64. (Amended) The method of claim 56, comprising the
further step of operating said controller to accept operator
input of a desired cruising speed, said controller thereafter
controlling the instantaneous engine torque output in accordance

with variation in RL so as to maintain vehicle speed

substantially constant—anrd—te—prevent—transition—to mede T

--65. (Amended) The method of claim 56, comprising the
further step of performing regenerative charging of the battery
bank under—eontroller—eoentrel when the engine's instantaneous"
torque output > RL, when RL is negative, or when braking is

initiated by the operator.--

--66. (previously presented) The method of claim 56,
wherein said hybrid vehicle further comprises a multispeed
transmission disposed between said engine and said motors and the
wheels of said vehicle, said transmission being operable
responsive to a control signal from said controller to broaden
the load-carrying range of said vehicle.--
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--67. (Amended) The method of claim 56, wherein said hybrid
vehicle further comprises a turbocharger being operatively and
controllably coupled to said internal combustion engine for being
operated and thereby increasing the maximum torque output of said
internal combustion engine to more than MTO when desired, and
wherein according to said method, said controller controls
selection of the operational mode of said vehicle between a low-
load mode I, a cruising mode 1V, an acceleration mode V, and a
turbocharged mode VI, in response to monitoring the instantaneous

torque requirements (RL) of the vehicle over time.--

~-68. (Amended) The method of claim 67, wherein said
controller controls said vehicle to operate in said modes as
follows:

in said low load mode I while RL < SP, wherein SP is

]

3

setpoint expressed as a predetermined percentage of MTO, in said
highway cruising mode IV while SP < RL < MTO, in said
acceleration mode V while RL > MTO for less than a predetermined
time T, and in said sustained high-power mode VI while RL > MTO

for more than a predetermined time T.--

--69. (Amended) The method of claim €+ 68, wherein said
time T is controlled responsive to the state of charge of the
battery bank.--

-=70. (previously presented) The method of claim 67,
comprising the further step of decoupling said engine from said
wheels during operation in mode I and coupling said engine to

said wheels during operation in modes 1V, V, and VI.~-
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—-71. (Amended) A hybrid vehicle operable in a plurality of
differing modes, said vehicle comprising an internal combustion
engine for providing torque up to a maximum normally-aspirated
torque output (MTO), said internal combustion engine being fitted
with a turbocharger operable in response to a control signal for
increasing the maximum torque output of said internal combustion
engine beyond MTO, said internal combustion engine being
controllably connected to road wheels of said vehicle through

means a torque-transmitting connection controllable by a

controller, a first electric motor coupled to said engine, and a
second electric motor coupled to road wheels of said vehicle,
both said electric motors being operable as generators, a battery
bank for providing electrical energy to and accepting energy from
said electric motors, at least one controllable inverter/charger
connected between said electric motors and said battery bank,
and a controller for controlling operation of said internal
combustion engine and connection thereof to said wheels, said
electric motors, and said turbocharger, and for controlling flow
of electrical energy between said electric motors and said
battery bank,

characterized in that said controller is provided with a
signal indicative of the instantaneous road load (RL) of said
vehicle, which can be positive, as during steady~state cruising
or acceleration, zero, or negative, as during regenerative
braking, and controls operation of said internal combustion

engine, eemeetien connection of said engine to said wheels, said

at least one electric motor, and said turbocharger, so that said
vehicle is operated in said plurality of differing modes
responsive to said signal, and said controller further controls
operation of said vehicle so that said internal combustion

engine is operated emity when the output torque required to be
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produced by the engine to prople the vehicle or to propel the
vehicle while charging the battery bank thereef is at least equal

to a minimum value at which torque is efficiently produced+ , and
wherein:

the road load (RL) is expressed as a percentage of the
maximum torque output of the engine while normally-aspirated
(MTO), and said operating modes include:

a low-load mode I, wherein said vehicle is propelled by
torque provided by said second electric motor in response to
energy supplied from said battery bank, while RL < SP, wherein SP
is a setpoint expressed as a predetermined percentage of MTO,

a highway cruising mode IV, wherein said vehicle is
propelled by torque provided by said internal combustion engine
in response to supply of combustible fuel, while SP < RL < 166%
of MTO, said turbocharger not being operated in said mode 1V,

an acceleration mode V, wherein said vehicle is propelled by
torque provided by said internal combustion engine in response to
supply of combustible fuel and by torque provided by said second
electric motor in response to energy supplied from said battery
bank, while RL > 188%—ef MTO for less than a predetermined time
T, sald turbocharger not being operated in said mode V, and

a high-power mode VI, wherein said turbocharger is operated
such that said vehicle is propelled by torque provided by said
internal combustion engine in response to supply of combustible
fuel while RL > 388%—ef MTO for more than said predetermined time
T, -

--71. (previously presented) The hybrid vehicle of claim 70,

wherein said setpoint SP is at least approximately 30% of MTO.--

--72. (previously presented) The hybrid vehicle of claim 70,
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wherein said engine is disconnected from said wheels during
operation in mode I and connected to said wheels during operation
in modes IV, V, and VI. --

--73. (previously presented) The hybrid vehicle of claim
70, wherein said time T is controlled responsive to the state of

charge of the battery bank.--

--74. (previously presented) The hybrid vehicle of claim
70, wherein torque from said internal combustion engine is
transmitted to a first set of road wheels and torque from said
second electric motor is transmitted to a second set of road

wheels.--

--75. (previously presented) The hybrid vehicle of claim
70, wherein said first electric motor is coupled to said internal
combustion engine for starting said internal combustion engine in

response to a control signal from said controller.--

--76. (previously presented) The hybrid vehicle of claim
70, further comprising a multispeed transmission disposed between
said engine and said motors and the wheels of said vehicle, said
transmission being operable to broaden the load-carrying range of

said vehicle.--

~~77. (Amended) A method for controlling the operation of
a hybrid vehicle operable in a plurality of differing modes, said
vehicle comprising an internal combustion engine for providing
torque up to a maximum torque output (MTO), said internal
combustion engine being controllably coupled to road wheels of
said vehicle by—a—etuteh, a first electric motor being coupled to
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said internal combustion engine, a second electric motor coupled

to road wheels of said vehicle, at least one of said first and

second electric motors being operable as gemreraters a generator,

a battery bank for providing electrical energy to and accepting
energy from said first and second electric motors, and a
controller for controlling operation of said internal combustion
engine, eluwtehsy and first and second electric motors, and
controlling flow of electrical energy between said first and
second electric motors and said battery bank,

characterized in that according to said method, said
controller controls selection of the operational mode of said
vehicle between at least a low-load mode I and a cruising mode
IV, wherein torque to propel said vehicle is provided by said at
least said second electric motor or said internal combustion
engine, respectively, in response to monitoring the instantaneous
torque requirements (RL) of the vehicle, which is the torque en

the—eoutput—drive—shaft—of required to propel said vehicle, and

which can be positive, as during steady-state cruising or

acceleration, zero, or negative, as during regenerative braking,
and said controller further controls operation of said vehicle so
that said internal combustion engine is operated emdy in
response to a signal indicative of the instantaneous torque
demands (RL) of the wvehicle, and when loaded such that when the

output torque thereof is at least equal to a minimum value at
which torque is efficiently produced, and

wherein said vehicle further comprises a catalytic converter
comprising a catalyst for reducing undesirable emissions of CO,
NOx, and unburned hydrocarbons from said internal combustion
engine to harmless products, said catalytic converter being
provided with means controlled by said controller for heating
said catalyst to an effective working temperature, and wherein
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when said controller determines that it is desirable to start
said enginey—e—g-—+—in—order—to—<change—theeoperating mode—of-said
vehiele—from—mode—I—to-—mode—tV—or—to—echarge—said-battery, said
controller heats said catalyst to a minimum effective working
temperature if necessary before controlling said first electric

motor to spin said internal combustion engine for starting.--

-=-78. (Amended) A method for determining the relative sizes
of the internal combustion engine, first and second electric

motors, and battery bank of a hybrid vehicle of predetermined

weight comprising'said components, and a method for operating the
vehicle thus designed, the determining steps of said method
comprising the steps of:

a. selecting the internal combustion engine having sufficient

torque to drive the vehicle at medium—teo—high specified speed
along a mederate specified maximum grade;

b. sizing the first electric motor to provide an internal
combustion engine load during battery charging adequate to ensure
that torque is produced efficiently by said engine;
¢. sizing the second electric motor to provide adequate torque
at zero speed to overcome the maximum grade specified from rest,
with the first electric motor assisting as needed;
d. selecting the torque vs. speed profile of the second electric
motor to allow convenient city driving, without use of torque
from the internal combustion engine; and
e. selecting the battery capacity to be sufficient to avoid
excessively frequent discharging and charging cycles; and

the operating steps of said method comprising the steps of:
a. monitoring the instantaneous torque requiremept (RL) of the
vehicle, which is the torque emn—the—output—drive—shaft— required
for propulsion of said vehicle, and which can be positive, as
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during steady-state cruising or acceleration, zero, or negative,
as during regenerative braking, and

b. employing a controller to control selection of the operational
mode of said vehicle between at least a low-load mode I and a
cruising mode IV, wherein torque to propel said vehicle is
provided by said at least said second electric motor or said
internal combustion engine, respectively, in response to RL, and
wherein said controller further controls operation of said
vehicle so that said internal combustion engine is operated enty

when loaded such that the output torque thereof is at least equal

to a minimum value at which torque is efficiently produced.--

-=79, (Previously presented)The method of claim 78, wherein
said engine is provided with a turbocharger controlled by said
controller to increase the engine's maximum torque output during
extended operation under circumstances where RL exceeds the
maximum torque output of the internal combustion engine in
normally-aspirated mode for an extended period of time, wherein
the turbocharger increases the engine's maximum torque output by

at least about 25%.--

--80. (Previously presented) The method of claim 78,
wherein said first electric motor is sized so as to load the
internal combustion engine to approximately 70% of its maximum
torque output at an engine speed at which torque is efficiently

produced during battery charging.--
Add the following new claims:

--81. (New) A hybrid vehicle, comprising:
an internal combustion engine controllably coupled to road
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wheels of said vehicle;

a first electric motor connected to said engine and operable
to start the engine responsive to a control signal;

a second electric motor connected to road wheels of said
vehicle, and operable as a motor, to apply torque to said wheels
to propel said vehicle, and as a generator, for accepting torque
from at least said wheels for generating current;

a battery, for providing current to said motors and
accepting charging current from at least said second motor; and

a controller for controlling the flow of electrical and
mechanical power between said engine, first and second motors,
and wheels,

wherein said controller starts and operates said engine when
torque produced by said engine to propel the vehicle or to propel
the vehicle and/or to drive either one or both said electric
motor(s) to charge said battery is at least equal to a setpoint

(SP) above which said engine torque is efficiently produced.--

--82. (New) The vehicle of claim 81, wherein said
controller monitors patterns of vehicle operation over time and

varies said setpoint SP accordingly.--

--83. (New) The vehicle of claim 81, wherein said
controller monitors RL over time, and controls transition between
propulsion of said vehicle by said motor(s) to propulsion by said
engine responsive to RL reaching SP, such that said transition
occurs only when RL > SP for at least a predetermined time, or

when RL > SP2, wherein SP2 > SP.--

--84. (New) The vehicle of claim 83, wherein said

controller further controls transition from propulsion of said
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vehicle by said engine to propulsion by said motor(s) such that
said transition occurs only when RL < SP for at least a

predetermined time.--

--85. (New) The vehicle of claim 81, wherein said
setpoint SP may be varied by said controller as a function of

engine speed.--

~-86. (New) The vehicle of claim 81, wherein said setpoint
SP is at least approximately 30% of the maximum torque output of

the engine when normally-aspirated (MTO).--

--87. (New) The vehicle of.claim 81, wherein said vehicle
is operated in a plurality of operating modes responsive to the
value for the road load (RL) and said setpoint SP, both
expressed as percentages of the maximum torque output of the
engine when normally-aspirated (MTO), and said operating modes
include:

a low-load mode I, wherein said vehicle is propelled by
torque provided by said second electric motor in response to
energy supplied from said battery bank, while RL < SP,

a highway cruising mode IV, wherein said vehicle is
propelled by torque provided by said internal combustion engine,
while SP < RL < MTO, and

an acceleration mode V, wherein said vehicle is propeiled
by torque provided by said internal combustion engine and by
torque provided by either or both electric motor(s) in response

to energy supplied from said battery bank, while RL > MTO.--

--88. (New) The vehicle of claim 87, wherein the
combination of said engine and said first motor is disengaged
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from said wheels during operation in mode I and engaged during

operation in modes IV and V.--

--89. (New) The vehicle of claim 87, wherein said operating
modes further include a low-speed battery charging mode II,
entered while RL < SP and the state of charge of the battery bank
is below a predetermined level, and during which said vehicle is
propelled by torque provided by said second electric motor in
response to energy supplied from said battery bank, and wherein
sald battery bank is simultaneously charged by supply of
electrical energy from said first electric motor, being driven by
torque in excess of SP by said internal combustion engine, the
combination of said engine and said first motor being disengaged

from said wheels during operation in mode II.--

-=-90. (New) The wvehicle of claim 87, wherein the
controller may control transition of the operating mode from
operation in mode I directly to operation in mode V where a rapid
increase in the torque to be applied to the wheels of the vehicle

as desired by the operator is detected. --

--91. (New) The vehicle of claim 87, further comprising a
turbocharger operatively and controllably coupled to said
internal combustion engine for being operated and thereby
increasing the maximum torque output of said internal combustion
engine to more than MTO when desired, and wherein said controller
controls selection of the operational mode of said vehicle
between a low-load mode I, a cruising mode IV, an acceleration
mode V, and a turbocharged mode VI, in response to monitoring
the instantaneous torque requirements (RL) of the vehicle over

time.--
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--92. (New) The vehicle of claim 91, wherein said
controller controls said vehicle to operate in said modes as
follows:

in said low load mode I while RL < SP, in said highway
cruising mode IV while SP < RL < MTO, in said acceleration mode V
while RL > MTO for less than a predetermined time T, and in said
sustained high-power mode VI while RL > MTO for more than a

predetermined time T.--

--93, (New) The vehicle of claim 92, wherein said time T is
controlled responsive to the state of charge of the battery
bank.--

--94, (New) The vehicle of claim 81, wherein the
controller may accept operator input of a desired cruising speed,
and thereafter controls the instantaneous torque output by said
internal combustion engine and by either or both motor(s) in
accordance with variation in RL so as to maintain vehicle speed

substantially constant.--

--95, (New) The vehicle of claim 81, wherein regenerative
charging of the battery bank is performed when the instantaneous
torque output by the internal combustion engine > RL, when RL is

negative, or when braking is initiated by the operator.--

--96. (New) The vehicle of claim 81, wherein the total
torque available at the road wheels from said internal combustion
engine is no greater than the total torque available from said

first and second electric motors combined.--
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-=-97. (New) The vehicle of claim 81, wherein the engine
and first electric motor are controllably coupled to a first set
of road wheels of said vehicle and said second electric motor is

coupled to a second set of road wheels of said vehicle.--

--98. (New) The vehicle of claim 81, further comprising a
variable-ratio transmission disposed between said engine and said

motors and the wheels of said vehicle.--

--99., (New) The hybrid vehicle of claim 81, wherein said
engine is rotated before starting such that its cylinders are

heated by compression of air therein.--

--100. (New) The hybrid vehicle of claim 81, wherein the
rate of change of torque produced by said engine is limited, such
that combustion of fuel within said engine can be controlled to
occur substantially at the stoichiometric ratio, and wherein if
said engine is incapable of supplying the instantaneous torque
required, the additional torque required is supplied by either or

both of said motor(s) .-~

--101. (New) The hybrid vehicle of claim 81, wherein said
engine is controllably coupled to road wheels of said vehicle by

a clutch.-~

--102. (New) The vehicle of claim 81, wherein said engine
can be operated at torque output levels less than SP under
abnormal and transient conditions, e.g., 1in order to allow
starting and stopping of the engine or to provide torque to

satisfy drivability or safety considerations.--
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--103. (New) A method of control of a hybrid vehicle, said
vehicle comprising an internal combustion engine capable of
efficiently producing torque at loads between a lower level SP
and a maximum torque output MTO, a battery bank, and one or more
electric motors being capable of providing output torque
responsive to supplied current, and of generating electrical
current responsive to applied torque, said engine being
controllably connected to wheels of said vehicle for applying
propulsive torque thereto and to said at least one motor for
applying torque thereto, said method comprising the steps of:

determining the instantaneous torque RL required to propel
said vehicle responsive to an operator command;

monitoring the state of charge of said battery bank;

employing said at least one electric motor to propel said
vehicle when the torque RL required to do so is less than said
lower level SP;

employing said engine to propel said vehicle when the torque
RL required to do so is between said lower level SP and MTO;

employing both said at least one electric motor and said
engine to propel said vehicle when the torque RL required to do
so is more than MTO; and

employing said engine to propel said vehicle when the torque
RL required to do so is less than said lower level SP and using
the torque between RL and SP to drive said at least one electric
motor to charge said battery when the state of charge of said

battery bank indicates the desirability of doing so.--

--104. (New) The method of claim 103, comprising the
further step of employing said controller to monitor patterns of
vehicle operation over time and vary said setpoint SP
accordingly.--
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--105. (New) The method of claim 103, comprising the
further step of employing said controller to monitor RL over
time, and to control transition between propulsion of said
vehicle by said motor(s) to propulsion by said engine such that-
said transition occurs only when RL > SP for at least a
predetermined time, or when RL > SP2, wherein SP2 is a larger

percentage of MTO than SP.~-

--106. (New) The method of claim 103, comprising the
further step of employing said controller to monitor RL over
time, and to control transition between propulsion of said
vehicle by said engine to propulsion by said motor(s) such that
said transition occurs only when RL < SP for at least a

predetermined time.--

--107. (New) The method of claim 103, comprising the
further step of operating said controller to accept operator
input of a desired cruising speed, said controller thereafter
controlling the instantaneous engine torque output and operation
of said motor(s) to supply additional torque as needed in
accordance with variation in RL to maintain the speed of said

vehicle substantially constant.--

~-108. (New) The method of claim 103, wherein said vehicle
is operated in a plurality of operating modes responsive to the
values for the road load RL and said setpoint SP, said operating
modes including:

a low-load mode I, wherein said vehicle is propelled by
torque provided by said second electric motor in response to

energy supplied from said battery bank, while RL < SP,
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a highway cruising mode IV, wherein said vehicle is
propelled by torque provided by said internal combustion engine,
while SP < RL < MTO, and

an acceleration mode V, wherein said vehicle is propelled
by torque provided by said internal combustion engine and by
torque provided by either or both electric motor(s) in reéponse

to energy supplied from said battery bank, while RL > MTO.--

--1009. (New) The method of claim 108, wherein said setpoint
SP is at least approximately 30% of MTO.--

--110. (New) The method of claim 108, comprising the
further step of decoupling said engine from said wheels during
operation in mode I and coupling said engine to said wheels

during operation in modes IV and V. --

--111. (New) The method of claim 108, wherein said
controller further controls said vehicle to operate in a low-load
battery charging mode II, entered while RL < SP and the state of
charge of the battery bank is below a predetermined level, during
which said vehicle is propelled by torque provided by said second
motor in response to energy supplied from said battery bank, and
wherein said battery bank is simultaneously charged by supply of
electrical energy from said first motor being operated as a
generator and being driven by torque at least equal to SP
provided by said internal combustion engine, said engine being

decoupled from said wheels during operation in mode II.--

--112. (New) The method of claim 108, comprising the
further step of operating said controller to monitor RL over
time, and to control the operating mode to change from operation
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in mode I directly to operation in mode V where a rapid increase
in the torque to be applied to the wheels as desired by the

operator is detected.--

--113. (New) The method of claim 108, wherein said hybrid
vehicle further comprises a turbocharger being operatively and
controllably coupled to said internal combustion engine for being
operated and thereby increasing the maximum torque output of said
internal combustion engine to more than MTO when desired, and
wherein according to said method, said controller controls
selection of the operational mode of said vehicle between a low-
load mode I, a cruising mode IV, an acceleration mode V, .and a
turbocharged mode VI, in response to monitoring the instantaneous

torque requirements (RL) of the vehicle over time.--

--114. (New) The method of claim 113, wherein said
controller controls said vehicle to operate in said modes as
follows:

in said low load mode I while RL < SP, wherein SP is a
setpoint expressed as a predetermined percentage of MTO, in said
highway cruising mode IV while SP < RL < MTO, in said
acceleration mode V while RL > MTO for less than a predetermined
time T, and in said sustained high-power mode VI while RL > MTO

for more than a predetermined time T.--

--115. (New) The method of claim 114, wherein said time T
is controlled responsive to the state of charge of the battery
bank.--

--116. (New) The method of claim 103, comprising the

further step of performing regenerative charging of the battery
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bank when the engine's instantaneous torque output > RL, when RL

is negative, or when braking is initiated by the operator.--

--117. (New) The method of claim 103, wherein said hybrid
vehicle further comprises a variable-ratio transmission disposed
between said engine and said motors and the wheels of said
vehicle, said transmission being operable responsive to a control

signal from said controller.--

--118. (New) The method of claim 103, wherein a clutch
connects a first output shaft of or driven by said engine and/or
first motor with a second output shaft of or driven by said
second motor connected to said wheels, and wherein the speeds of
said engine and/or first motor and of said second motor are
controlled such that when said clutch is engaged the speeds of
the first and second output shafts are substantially equal,

whereby said shafts may be- connected by a non-slipping clutch.-

--119. (New) The method of claim 103, wherein the rate of
change of torque output by said engine is limited, such that
combustion of fuel within said engine can be controlled to occur
substantially at the stoichiometric ratio, and wherein if said
engine is incapable of supplying the instantaneous torque
required, the additional torque required is supplied by either or

both of said motor(s).--

--120. (New) The method of claim 103, wherein said engine is
rotated before starting such that its cylinders are heated by

compression of air therein.--

--121. (New) The method of claim 103, wherein said engine
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can be operated at torque output levels less than SP under
abnormal and transient conditions, e.g., in order to allow
starting and stopping of the engine or to provide torque to

satisfy drivability or safety considerations.--

--122. (New) A hybrid vehicle of predetermined weight
comprising an internal combustion engine, starting/charging and
traction motors, and battery bank, said components being
specified as follows:

a. the internal combustion engine having sufficient torque to
drive the vehicle at specified speed along a specified maximum
grade;

b. the starting/charging motor being connected to the engine
and providing an engine load during battery charging equal to at
least a setpoint SP which is a minimum level at which the engine
efficiently produces torque;

c. the traction motor providing adequate torque at zero speed
to overcome the maximum grade specified from rest, with the
starter motor assisting as needed; and

d. the battery bank being sized so that is is capable of being
charged by said starting/charging motor while loading said engine
to said setpoint SP, and so that the ratio of the battery voltage
to the peak current drawn by the motor(s) when producing maximum

torque is at least 2.5 : 1l.--

--123. (New) The method of claim 20, wherein said clutch
connects a first output shaft of or driven by said engine and/or
first motor with a second output shaft of or driven by said
second motor connected to said wheels, and wherein the speeds of

said engine and/or first motor and of said second motor are
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controlled such that when said clutch is engaged during the
transition from mode I to mode IV, the speeds of the first and
second output shafts are substantially equal, whereby said shafts

may be connected by a non-slipping clutch.-

--124 ., (New) The method of claim 17, wherein the rate of
change of torque output by said engine is limited, such that
combustion of fuel within said engine can be controlled to occur
substantially at the stoichiometric ratio, and wherein if said
engine is incapable of supplying the instantaneous torque
required, the additional torque required is supplied by either or

both of said motor(s).--

-=125. (New) The hybrid vehicle of claim 17, wherein said
engine is rotated before starting such that its cylinders are

heated by compression of air therein.--

--126. (New) The hybrid vehicle of claim 35, wherein the
rate of change of torque output by said engine is limited, such
that combustion of fuel within said engine can be controlled to
occur substantially at the stoichiometric ratio, and wherein if
said engine is incapable of supplying the instantaneous torque
required, the additional torque required is supplied by either or

both of s$aid motor(s).--

--127. (New) The hybrid vehicle of claim 33, wherein said
engine is rotated before starting such that its cylinders are

heated by compression of air therein.--

--128. (New) The hybrid vehicle of claim 33, further
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comprising a transmission for varying the ratio between the
speeds of input and output shafts thereof, disposed between said

engine and said motors and the wheels of said vehicle.--

--129. (New) The method of claim 56, wherein the rate of
change of torque output by said engine is limited, such that
combustion of fuel within said engine can be controlled to occur
substantially at the stoichiometric ratio, and wherein if said
engine is incapable of supplying the instantaneous torque
required, the additional torque required is supplied by either or
both of said motor(s).--

--130. (New) The method of claim 56, comprising the further
step of rotating said engine before starting such that its

cylinders are heated by compression of air therein.--

--131. (New) The hybrid vehicle of claim 71, further
comprising a transmission for varying the ratio between the
speeds of input and output shafts thereof, disposed between said

engine and said motors and the wheels of said vehicle.--

-=132. (New) The hybrid vehicle of claim 77, wherein said
engine is rotated before starting such that its cylinders are

heated by compression of air therein.--

--133. (New) The method of claim 16, wherein step (c)

precedes either or both of steps (a) and (b). --

--134. (New) The vehicle of claim 33, wherein said

controllable torque-transmitting connection between the
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combination of the engine and first electric motor and the wheels

of .said vehicle is made by a clutch.--

-=-135. (New) The method of claim 56, wherein said engine is

controllably coupled to the wheels of said vehicle by a clutch.-

--136. (previously presented as claim 71, second occurrence)
The hybrid vehicle of claim #+6 71, wherein said setpoint SP is at

least approximately 30% of MTO.--

~-—-137. (New) The hybrid vehicle of claim 71, wherein said
engine is controllably connected to the wheels of said vehicle by
a clutch.--

--138. (New) The vehicle of claim 33, wherein said engine

can be operated at torque output levels less than SP under
abnormal and transient conditions, e.g., in order to allow
starting and stopping of the engine or to provide torque to

satisfy drivability or safety considerations.--

--139. (New) The method of claim 17, wherein said engine
can be operated at torque output levels less than SP under
abnormal and transient conditions, e.g., in order to allow
starting and stopping of the engine or to provide torque to

satisfy drivability or safety considerations.--

--140. (New) The vehicle of claim 49, wherein said engine
can be operated at torque output levels less than SP under
abnormal and transient conditions, e.g., in order to allow

starting and stopping of the engine or to provide torque to
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satisfy drivability or safety considerations.--

--141. (New) The method of claim 56, wherein said engine
can be operated at torque output levels less than SP under
abnormal and transient conditions, e.g., in order to allow
starting and stopping of the engine or to provide torque to

satisfy drivability or safety considerations.--
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REMARKS

After entry of the above amendment, claims 16 - 141 remain
in the application. Amendments have been made to some of claims
16 - 80 presented previously to clarify the scope of the
invention, while claims 81 -~ 141 are new. All claims are
directed to the hybrid vehicle, its method of control, or the
relative capabilities of its components, which are all closely
related aspects of the invention. It is respectfully submitted
that claims 16 - 141 can properly be examined in a single
application.

No new matter is added by this amendment. The subject
matter of the independent claims has clearly been addressed in
the parent application. As to the new dependent claims, support
for claim 118 (non-slipping clutch) is provided at page 46, lines
11 - 34, page 47, lines 20 - 33, for claims 99, 120, 125, 127,
130 and 132 (rotating the engine before starting to preheat the
cylinders) at page 69, lines 17 - 21; for claims 117, 128, and
131 (transmission) at page 57, lines 11 - 15; and for claims
119, 124, 126 and 129 (control of rate of change of engine speed
with the motors supplying the torque deficiency, if any) at page
70, line 17 - page 71, line 1 and page 69, lines 22 - 26.

Support for claims 102, 121, and 131 - 141 (operation of
engine at torque output levels less than SP under abonormal or
emergency conditions) is provided by discussion of use of "fuzzy
logic" to vary SP responsive to variation in operating
conditions, usage over time, and the like. See page 63, lines 2
- 12. Further, it will be realized that such conditions as
starting and stopping the engine are essential, but during which
the engine cannot produce torque at least equal to SP; thus it

would be realized by one of skill in the art that the engine
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would necessarily operated other than at outputs less than SP
during these transient or abnormal circumstances. Production of
torque less than SP during starting is also shown in Fig. 7(a),
at point D.

Entry of the Amendment and favorable action on the merits is
earnestly solicited.

For the Examiner's information, a Supplemental Information
Disclosure Statement reflecting the results of several new
searches, action before foreign Patent Offices, and other sources

of information is intended to be filed shortly.

Respectfully submitted,

S15/7¢ PN

Dated Michael de Angeli
Reg. No. 27,869
60 Intrepid Lane V
Jamestown, RI 02835
401-423-3190
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of : ’ 452:257

Severinsky et al : Examiner: N/A G@U 32 (O
: 00
Serial No.: 10/382,577 ' : Group Art Unit: 3616 /b 4
Filed:  March 7, 2003 : Att. Dkt.: PAICE201.DIV 0
For: Hybrid Vehicles ;?ﬁf;:;
Hon. Commissioner for Patents ' _JL
P.O. Box 1450 Y /

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

-
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the road wheels of the vehicle through a continuously-variable
transmission, but discloses a relatively sophisticated
operational scheme, wherein the source of propulsive torque
varies in accordance with the road load and the state of charge
of the battery bank ('SOC'")".

This could be misunderstood to suggest that Taniguchi
suggests control of the hybrid vehicle's operating mode
responsive to the road load and SOC. 1In fact, Taniguchi does not
teach selection of the source of vehicle propulsive torque, much
less the operating mode, in accordance with the road load and
SOC, but in response to vehicle speed and accelerafor pedal

position. See col. 8, lines 13 - 40:

Moreover, the individual engagement means, as shown in FIGS.
4 and 5, are operated as shown in the operation diagram of FIG.
6. In the power split mode, the split drive unit 9 functions at
the start and at a 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 lcocading 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 - 61.

Patent 6,225,784 of Kinoshita claims a battery charge
controller for a vehicle, wherein the level of charge above which
further charging is permitted is varied based on the battery
temperature. Patent 6,232,748 to the same inventor and assignee
allows only discharge when the battery is above a specified
temperature, and patent 6,204,636, again to the same inventor and
assignee, controls the charging and discharge rate of the battery
responsive to sensing of the "memory effect" of the battery. None
of these expedients are claimed in the present application.

Four Lawrie and Lawrie et al patents, 5,993,350, 6,019,698,
5,979,257, and 6,006,620, and Reed et al 5,943,918 (et al here
including Lawrie) are directed to transmissions for hybrids that
combine the efficiency of manual transmissions with the
convenience of automatic transmissions. Motors are used to

operate the conventional "H"-pattern shifter, and a clutch, while
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the motor/generator present in a hybrid is employed to match the
speeds of input and output shafts, to ensure smooth shifting.
Finally, Reed, Jr. et al 6,332,257 claims a method of converting
a manual transmission to automated operation.

Lovatt et al patent 6,291,953 shows an "electrical drive
system”", in some cases applied to a hybrid vehicle, requiring a
lock-up torque converter.

Minowa et al patent 6,142,907 (Hitachi) claims a hybrid
wherein either an engine or a motor is used to propel the
vehicle. A generator is selectively connected to the wheels
through a two-speed transmission. Patent 6,328,670 is a
continuation.

Morisawa et al 5,984,034 discloses a hybrid wherein
regenerative braking is used to oppose engine torque when idling
to keep the wvehicle 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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6,328,671 to Nakajima et al is a continuation-in-part of the '007
patent and shows setting the "target drive power" based on the
accelerator pedal position and vehicle speed.

Nekola patent 5,660,077 shows a variable-speed transmission
stated to be useful in a hybrid vehicle, including a cone-shaped
gear; the meshing gear slides along the conical gear to vary
their relative speeds.

Nitta patent 6,321,150 shows an Aabnormality monitoring
system@ that is responsive to faults in a very specific type of
communication scheme that can be used for a hybrid vehicle.
Another Nitta patent, no. 6,203,468, requires first and second
motors on either side of a lock-~up clutch, to smooth transitions
between series and parallel operation.

Nogi et al patent application US 2001/0037905 is directed to
lean-burn operation of a hybrid.

Omote patent 5,944,630 claims controlling torque applied by
a motor during shifting operations, to smooth shift transitions.

Oyama patent 6,070,680 relates to prevention of stalling of
the engine of a hybrid vehicle due to rapid deceleration; the
traction motor provides torque to the engine in such cases.

Patent 6,123,642 to Saito claims a "speed change control
apparatus" wherein a motor is connected to the wheels of a
vehicle through a multispeed transmission; power to the
transmission is cut during shifting.

Tabata et al patent 6,158,541 shows a hybrid vehicle wherein
the battery is divided into several portions so that one or more
can be completely discharged while the others remain partially
charged.

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

the battery is sufficiently charged, and the engine otherwise.
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Another Tabata et al patent, no. 6,317,665, shows a hybrid
in which a torque converter with lock-up clutch is disposed
between the engine and motor and the wheels; the claims require
the lock-up clutch to be released during mode switching to
prevent rough running.

Another Tabata patent, no. 6,183,389, is directed to hybrids
having "torque transmission systems" (i.e., torque converters;
see col. 1, line 52) fitted with lock-up clutches; the invention
has to do with the control system for the clutch.

Yet another Tabata et al patent, no. 5,873,426, claims a
hybrid having an automatic transmission with differing shift
patterns selected depending on the load; apparently, the engine
is used as the only torque source in one mode and the engine and
motor together in ariother.

Another Tabata et al patent, no. 5,923,093, recites in claim
1 that the automatic transmission is inhibited from shifting
during regenerative braking, in claim 5 "braking shift control
means" used when regenerative braking is not available, to
downshift the transmission to increase engine braking, in claim
13 braking shift control means operated similarly prior to
operation of regenerative braking, in claim 17 a clutch between
transmission and engine that is engaged during regenerative
braking, and in claim 23 means for preventing changing between
engine and regenerative braking during a braking operation.

Still a further Tabata et al patent, no. 6,340,339, is
limited to specific constructional details of a motor and
transmission assembly for a hybrid.

In another Tabata et al patent, no. 5,935,040, claims 1, 5,
7, and 9 all require a manually-operated member for selecting
drive modeé, while claim 3 requires an automatic transmission
operated so that the drive force remains constant in various

drive modes as long as the required output remains constant.
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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 al patent 5,415,603 shows details of a hydraulic
system for a hybrid vehicle in which the o0il 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 flat-highway, constant speed
cruising. Such an engine would necessarily be too small to propel
the vehicle up‘hills, so its performance would suffer under such

circumstances.
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Two additional patents to Field and Field et al, nos.
6,044,922 and 6,481,516, relate to developments of the system
disclosed in the '365 Field patent above; the '516 patent is
stated to be a continuation of the '922 patent, but their
disclosures are not in fact identical. The vehicle described in
these patents comprises two separate battery packs, a high-
voltage battery pack for supplying power to the traction motor
and a lower-powered accessory battery for operating usual vehicle
ancillary components such as lights, radio, and the like.

Kubo patent 5,722,502 shows a hybrid vehicle comprising an
ICE, a generator and a traction motor also operable as a
generator. The vehicle can be operated in a variety of modes,
include PEV ("pure electric vehicle", in which the ICE is not run
at all; see col. 10, lines 18 - 28), SHV ("serial electric
vehicle", wherein the ICE is run to drive the generator, which in
turn supplies current to the traction motor to power the
vehicle; see col. 5, lines 33 - 51), and "continuous-type PSHV"
("parallel-serial hybrid vehicle", where torque from the ICE is
used to propel the vehicle and to drive the generator to power
the traction motor to propel the vehicle if torque from the ICE
is inadequate; see col. 5, lines 52 - 66). A distinction is
drawn between this continuous-type PSHV and a "changeover-type
PSHV", as exemplified by Japanese Laid-Open Publication 2-7702;
see col. 3, lines 2 - 9 and col. 5, line 66 - col. 6, line 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
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but braking is required, such that regenerative braking would be
inappropriate, the engine can be operated as a mechanical brake
(col. 11, lines 6 - 20).

In PSHV mode, an engine control unit (ECU) then determines
whether torque is to be supplied from the traction motor, ICE, or
both, depending on the accelerator pedal angle: "Further, if the
change in accelerator pedal angle is too large for the torque to
be supplied...by the ICE alone or...by the ICE alone because fuel
consumption and emission are degraded, the ECU 20 controls the
[inverter] to compensate by using the motor 10 for at least that
part of the torque required at the driving wheels." (Col. 13,
lines 32 - 39). At low speeds in PSHV mode, it appears that the
ICE provides power to the traction motor through the first motor,
being operated as a generator.

Tsukamoto et al 5,771,478 shows a hybrid vehicle in which
the function of a clutch or torque converter, allowing slipping
of an ICE with respect to the wheels of a vehicle, e.g., when
accelerating from a stop, is provided by a gearbox connected
between the ICE, wheels, and a motor-generator. Excess torque
provided by the ICE at starting is absorbed by the motor-
generator and stored in a battery; it can then be used to run
accessories or propel the vehicle.

Tabata et al 5,833,570 relates to smoothing the shifting of
an automatic transmission of a hybrid by application of torque
from the traction motor. Tabata 5,951,614 is generally simiiar,
but shows smoothing of shifting by reducing the torque supplied
by either the motor/generator or ICE.

Hata et al 5,875,691 discloses and claims a specific
arrangement of the components of a hybrid (ICE, motor,
transmission) for packaging convenience.

Haka 5,931,271 shows a hybrid powertrain wherein one-way

clutches are provided so that the same motor/generator can start
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an ICE and be disconnected therefrom for efficient regenerative
braking.

Shibata et al patent 3,719,881 shows a battery charger
arrangement especially for a serial hybrid vehicle, wherein an
internal combustion engine 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 1000%, or more,
between city driving and highway driving, particularly when there
are grades (using battery power to climb a grade of any length
will quickly discharge any reasonably-sized battery bank) so this
solution is not useful in "real-world" driving.

Hadley et al 5,283,470 shows an electric car, that is,
without ICE, with regenerative braking. Hadley et al 5,406,126 is

similar.
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Schmidt 5,669,842 shows a hybrid drive in which either the
ICE or one of several separate motors drive the accessories,
depending on whether the engine is running. The engine and
motors are arranged so that the engine and the mating member of
the geartrain are driven at the same speed, allowing the clutch
to be synchronously engaged.

Ibaraki et al 6,003,626 discloses a hybrid in which the
engine normally propels the vehicle and charges the battery
through a generator; if the generator fails, the engine propels
the vehicle.

Takahara et al 6,009,365 discloses a hybrid with ICE and
motor connected to the wheels through a continuously variable
transmission (CVT). During coasting the actual torque being
exerted is compared to a calculated desired torque and the actual
torque adjusted accordingly.

Bower patent 6,231,135 relates to improvements in brake
systems for hybrid vehicles. 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
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systems discussed above, no claims are currently being pursued to
certain new material relating to HVAC systems that was added by
the parent C-I-P application to the disclosure of the parent
applications.

Takahara et al patent 6,064,161 shows operating a
motor/generator of a hybrid to brake a slipping wheel. This is
not a feature of the claimed invention. Takahara also shows that
the vehicle operating mode can be controlled responsive to
accelerator pedal position and vehicle velocity, in common with
many other references. See Fig. 5.

Kaiser et al 5,979,158 suggests that emissions of an ICE on
starting can be reduced by spinning the ICE to a speed
approximating its idle speed, activating the ignition system for
about a second, and only then activating the fuel supply. This
is suggested to be useful in a hybrid. No claims of the present
application are directed to high-rpm starting, although the
advantages of doing so are discussed in the application. Kaiser
also mentions preheating of the catalyst; this step is recited in
claim 77, but is not solely relied upon for patentability. Claim
77 recites, inter alia, that the vehicle's operating mode is
selected responsive to road load, which is not shown by Kaiser.

Salecker 5,983,740 discloses a system for controlling the
engine speed during shifting of an automatic transmission to
smooth transition between gears; there is a brief mention that
this could be useful in a hybrid.

Salecker 6,006,149 has a closely related disclosure and
claims continuing to monitor operating parameters, especially
temperatures of various components, for a time (the example being
one second) after the engine has been shut off. .

Yang patent 5,562,566 is extremely difficult to understand,
but appears to disclose a power unit combining an ICE and a

motor, which is stated to be useful in vehicles, ships, aircraft,
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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 al 5,851,698 and Venkatesan et al 5,856,047 are
directed to nickel-metal hybride (NiMH) batteries optimized for
hybrid vehicle applications.

Park 4,331,911 shows a method for equalizing the voltage
across individual cells of storage batteries.

Miller et al 4,126,200 shows a vehicle having a flywheel for
energy storage. Hagin et al 4,216,684 is similar. Matthews

4,591,016 shows recovering energy during regenerative braking by
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accelerating a flywheel. Michel 4,592,454 shows doing so
employing a hydropneumatic accumulator.

Stuhr 4,674,280 shows an accumulator for the storage of
energy in a hydraulic system. A

Fiala 4,416,360 shows a vehicle powertrain in which a
flywheel connected to the engine by a clutch is rotated by a
starter motor, and then used to start the engine using rotational
inertia stored in the flywheel; the "starter" motor can then be
operated as a generator to recharge the battery.

Moore 4,090,577 shows a hybrid with a conventional
engine/transmission assembly driving one pair of wheels, with a
solar-charged battery and motor combination driving a second
pair.

Walker 5,323,688 discloses hydraulic wheel motors stated to
be capable of regenerative braking.

Coe 5,384,521 discloses flywheel energy storage for a
vehicle, with electromagnetic couplers.

Boll et al 5,623,194 shows 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
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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 componehts in a hybrid drive in response to detection
of acceleration over a limiting value, e.g., to prevent sparking
and erosion of switch contacts as they are jarred apart over
bumps.

Lutz 5,679,087 and 5,685,798 disclose details of planetary
gearboxes for vehicles.

Lutz 5,691,588 shows a clutch assembly for connecting motor
and ICE of a hybrid, having separately-actuated friction plates
on opposite sides of a hub forming part of the rotor.

Lutz et al patent 5,755,302 discloses a specific arrangement
of a clutch connecting an engine, motor, and transmission of a
hybrid - the rotor is attached to the transmission shaft and the
stator to either the engine or the transmission housing, while
the clutch also fits at least partially within the stator.

Fliege 5,678,646 discloses modular motors that can be
stacked with interconnected coolant circuits to provide different
power capacities, stated to be useful in hybrids.

Ruthlein et al 5,698,905 relates to emergency starting of a
hybrid with a dead battery, by rearranging connections to allow
starting by towing.

Lutz 5,713,427 shows a coupling structure for a hybrid
comprising a deformable, resilient disc member.

Lutz 5,829,542 shows vehicles with separate motors on each

wheel of at least one pair of wheels.
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Welke patent 5,833,022 shows a specific constructional
arrangement for a clutch and single traction motor of a hybrid
vehicle. No operating scheme is discussed.

Adler et al 5,816,358 shows automatic disconnection of the
current supply in the event of accident or the like in vehicles
having relatively high current and voltage electric power
supplies, 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
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delivered to the output shaft and the remainder to a
motor/generator combination.

Shibata et al 3,719,881 shows a series hybrid, that is, an
electric car comprising an ICE arranged to charge a battery
connected to a traction motor, wherein the battery's state of
charge is monitored and used to control operation of the ICE; the
load on the ICE is monitored and the ICE is shut off when the
load drops below a predetermined value.

Berman patent 3,753,059 shows a control circuit for a motor
operated in both propulsive and regenerative modes, as might be
employed in the hybrid vehicle drive system of Berman patent
3,566,717, already of record. Berman 3,790,816 shows an "energy
storage and transfer power processor" apparently intended for use
with the same system.

Williams 4,099,589 shows a series hybrid wherein the
preferred power path is from an ICE to an AC generator to an AC
motor, to the wheels; a rectifier, battery and DC motor are also
provided as an auxiliary or additional power source.

Rowlett 4,233,858 shows a vehicle propulsion system wherein
two electric motors are provided. Torque from the two motors is
combined; excess torque is stored in a flywheel, to provide load-
leveling.

Dailey 4,287,792 shows a variable gear ratio transmission.

Fiala 4,411,171 shows a hybrid vehicle power train in which
a single electric motor/generator and an ICE are coupled to the
wheels of the vehicle. Various operating modes are described.

Tankersley et al patent 5,403,244 shows an electric vehicle
with a planetary gearbox for reducing the shaft speed of an
electric motor to a speed suitable for driving the wheels of the

vehicle, and also providing a direct drive.
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Hadley et al 5,406,126 shows another serial hybrid. The
invention appears to have to do with the method of regenerative
charging offered.

Westphal patent 5,570,615 shows a three-mass flywheel
construction, with two of the masses connected by springs and the
thrid by planetary gears for balancing of various moments and
vibrations.

Nedungadi patent 6,110,066 shows a hybrid vehicle operating
in four modes, as follows (col. 4, lines 25 - 38): "There are
four modes of operation for the vehicle, namely: (a) electric;

(b) charge; (c) assist; and, (d) regenerative. In the electric
mode, only the motor is providing propulsion power to the
vehicle. In the charge mode, part of the engine power drives the
vehicle and the rest is absorbed by the motor (operating as a
generator) to charge the batteries. In the assist mode, both the
engine and the motor are providing power to propel the vehicle.
In the regeﬁerative mode, power from the decelerating wheels is
diverted to the motor so that it can be used to charge the
batteries. .... The controller selects the most appropriate mode
depending upon the position of the accelerator pedal, the vehicle
speed and the state of charge of the battery." Nedungadi
makes it clear that the idea is to keep the engine "as loaded as
possible" (col. 8, 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 (Bl and B2, B4 and B3) are connected in series and the
middle of the two battery groups is earthed to a vehicle
chassis." Again, this is not relevant to any claim now being
asserted herein.

Tabata patent 5,887,670 shows a single-motor hybrid. Mode
determination is accomplished (see Fig. 7) responsive to a
"currently required output Pd" which is determined responsive to
pedal position, rate of change thereof, wvehicle speed and
trasnmission lever position (see col. 23, lines 20 - 26).

Otsu et al patent 6,123,163 shows a single-motor hybrid
configured as a sort of city scooter. The vehicle operates in
different modes depending on the "aimed" térque, which is

determined responsive to accelerator opening and vehicle speed.
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See Fig. 13, col. 10, lines 56 - 67 and col. 17, lines 11 - 33.
Otsu 6,260,644 seems to have the same disclosure, and Suzuki
6,253,865 to relate to the same desién.

Arai patent 6,435,296 shows a hybrid with an engine driving
one set of wheels and a motor driving the other. 1In order that a
DC motor can be used, avoiding the expense of an inverter, the
motor is to be used as little as possible.

Sherman 5,789,823 shows both a torque converter and a
friction clutch in a single motor hybrid. This is essentially an
engine-assist arrangement; the engine can only be started when
" the vehicle transmission is in neutral (see col. 3, lines 30 -
38), so that it must be run at all times, and the motor/generator
is stated to only assist the engine during times of peak power
requirement (col. 4, lines 36 - 38). Another Sherman patent
5,258,651 is not directed to hybrid vehicles, but to a system for
starting an ICE.

Onimaru 6,007,443 (Nippon Soken) shows a hybrid wherein an
ICE is connected through a CVT and a clutch to a motor/generator,
the output shaft of which drives the wheels. Above a minimum
velocity, the engine is operated at a maximum speed. See col. 7,
line 17. At lower vehicle speeds, the engine is permitted to
idle; see col. 6, lines 9 - 23.

Ehsani et al, in "Propulsion System Design of Electric and
Hybrid Vehicles", discuss determination of the sizes and
capacities of an ICE and traction motor for a hybrid 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
prior patent 5,343,970. Ehsani patent 5,586,613, apparently
directed to the same work, is discussed in the application as
filed.

Yamaguchi et al, "Development of a New Hybrid System - Dual
System", SAE paper 960231 (1996) appears to be merely cumulative
to numerous patents to the same inventors already of record.
"Dual System - Newly Developed Hybrid System" (publicatidn
details not known), by some of the same authors, of which only a
partial copy is available, 1s 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 1is available) appears to
relate to an electric vehicle.

Japanese patent application publication 4-297330 (of which
only a partial translation is available) seems to relate to
supplementing the regenerative braking available using a traction
motor as the source of braking torque with regenerative braking
from a generator attached to an ICE, and with friction from
motoring the engine under braking.

Japanese patent application publication 55-110328 (of which
only a partial translation is available) relate to a vehicle
wherein a first pair of wheels is driven by a "main driving
unit", a second pair being driven by an "auxiliary power unit",
wherein the auxiliary power unit is controlled responsive to a
difference in speed between the first and second pairs of wheels.

Japanese utility model publication 51-103220 (of which only
a partial translation is available) describes a control system

for a hybrid wherein the output shaft of an ICE is connected to
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that of an electric motor through a clutch, the clutch being
controlled to operate when speed sensors on the shafts indicate
that their rotational speeds are equal.

Japanese patent 49-29642 (of which only a partial
translation is available) also shows a hybrid wherein the shaft
of an ICE is connected by a clutch to that of an electric motor;
in this case a one-way clutch is also provided.

Japanese patent publication 6-245317 (of which only a
partial translation is available) relates to a device for
preventing overcharging of the battery of an electric vehicle.

European patent application publication no. 510 582 shows a
vehicle powerplant featuring both an ICE and an electric motor as
sources of propulsion, and thus a hybrid of sorts, though the
term is not mentioned. No suggestion is made that the control of
operating mode is made other than by an operator; the determining
factor seems to be whether emission must be completely
prohibited, as in indoor operation.

European patent application publication no. 510 582 also
shows a hybrid vehicle featuring both an ICE and an electric
motor as sources of propulsion. Again there is no teaching of
the 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 0OS 25 17 110, provided with an English-language
abstract, is stated by the abstract to show a hybrid vehicle with
a turbine engine. It appears that the vehicle is operated as an
electric car until the current drawn exceeds a preset value, when
the turbine is actuated; thereafter, the turbine is run at an
"optimum setting", with the load split between battery charging

and vehicle propulsion.
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Mayrhofer et al, "A Hybrid Drive Based on a Structure
Variable Arrangement" (1994), shows a hybrid vehicle design
involving an ICE, two motor/generators, a planetary gearbox to
enable combinations of sources of torque, and no less than four
clutches, obviously much more complicated than would be
desirable. Of interest with respect to the present invention is
that in one operating strategy (see page 196) Mayrhofer et al
suggest that the ICE should be activated only when the mean value
of the power demanded exceeds a limit for more than a minimum
time, 20 seconds being the example given. It is apparent that
the ICE is thus to be used only for load-leveling and that mode
changes are not being made based on the road load per se. 1In
other strategies the engine operation appears to be even further
afield from applicants' simple and direct strategy.

A December 1990 Popular Science article, "Diesel-Electric
VW", describes a hybrid wherein an electric motor, also serving a
generator and engine starter, is disposed between clutches
connecting the motor to an ICE on one side and the vehicle wheels
on the other. It is not clear what modes are provided, although
some transitions are apparently made responsive to accelerator
pedal position and vehicle velocity.

A May 1991 Popular Science article, "Electric Vehicles
Only", addresses the then-current state of the art in electric
vehicles and mentions hybrids only peripherally.

An April 1991 article appearing in NASA Tech Briefs

discusses lead/acid batteries having woven electrodes.
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As indicated, none of the newly-cited patents made of record
hereby disclose or suggest the invention claimed herein. Early
and favorable action on the merits of the application is

earnestly solicited.

Respectfully submitted,

/M"Z"/Z, 20,4

Dated Michael de Angeli~
Reg. No. 27,869
60 Intrepid Lane
Jamestown, RI 02835
401-423-3190
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| Partial Translation of JP§{626
Title ofAthe Invention{ Driving System for aMVehiclé
Inventor: Shohtaroh Naitoh
Applicant:” Kabushiki Kaisha Hitachi Seisakushd‘-~
Filiﬁg date: December 10, 1971 |
| Filing Number: 46-99430
Publicationlnste:'ASeptembér 6, 1973

Publication No.: 48-64626

Scope of claim. for Patent

1. A~driviﬁg system for a vehicle characterized by
providing an engine for driVing one of front wheels or rear
wheels, and a moter for driving another. of front wheels or

rear wheels.
* Brief .description of the drawings

Figure 1 is a constltutlonal draw1ng of an embodlment of
A dr1v1ng system for a vehlcle accordlng to the present

invention.
+ Reference- Numerals'

1l ... Frame Qf'Vehiclé e : S ) -
2 ... Engine , . : |
4a, 4b ... Front wheel /. I -

P , . . -

S ... Motor L
7a, 7b .. Rear‘Wheel
8 ... Generator. = . S ST

9 ... High Voltage Battery S T

10 ... Charglng Diode S | .
,11 ... Control System R e PR

e ‘a vehlcle '
12 ... Low Voltage ‘Battery for startlng up BMV1012
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T

motor,

motor, and 1s connected with sald connectlng clutch in

Partial Translation of JPP'642

Title of the Invention: Driving Mechanism Control System fon

a Vehicle.,with an Electric Motor and

. an Internal Combustion Engine
Inventor: Kohhei Irinani | |
Applicant: Kabushiki Kaisha Toyota Jidohshokki Seisakusho
Filing date. September 9, 1970 7

Filing Number- 45~ 85443

Patent Grant.- Date: August 6, 1974

Patent No.: 49-29642
- Scope of claim for Patent -

1. . Driving mechanism control system for a vehicle

comprising:

an electric motor,

an 1nternal combustlon englne whlch drives a

,generator for supplylng electrlc power to said electrlc

a connectlng clutch for connectlng sald
electric motor to said internal combustlon engine only when’

the rotating speed of saldAelectrlc motor. is-greater than a

predetermined speed, 2

K .t
e

an,one—way'clutch which can transmlt ‘driving

"force from sald internal combustlon engine to sald electric

,3'

serles, and .

A t

a’.connecting mechanlsm for éonnectlng a A

~

control pedal for controlllng electrlc power supplled to said’

BMW1012
electrlc motor with .a' lever of a control system forPaw286d16&1



™

controlling fuel amount supplied to said internal combustion
engine when said internal combustion engine is in operation
and said connecting clutch is in a connecting state.

+ Brief description of drawings

Figure shows an embodiment of a driving mechanism
control system for a vehicle according‘to the present

invention.

Reference Numeral

1. Internal combustion engine

2 . Transmission gear

3 Connecting clutch

4 . One-way élutch

5 . Electric motor

6 . Differential gear

7 . Driving wheel

8 . Chain

9 Generator

10 Relay ‘

11 Battery

12 Vehicle speed sensor ;

13 Acceleration pedal

14 Control unit

15 Sliding contact

16 Driving rod

17 Control system

18 Lever

19 Contact

20 Sliding cylinder

21 Solenoid

22 Rod

23 Switch.

24 Electric power source ‘ : BMW1012
Ignition switch - Page 287 of 1654
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26
27
28
29
30
31

Spring
Back spring
Switch

Manual grounding switch

Driving system
Clutch

LS

BMW1012
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@© Japanese Patent Office (jP)
@ Unexamined Utility Model Publication
@ Unexamined Utility Model Publication

©53-55105
@ Publication Date: May 11, 1978

& IPC
HO02 P 9/14
B 60 L 11/12
H 02 J 7/16
&) Name of Invention: Generator Control System for a
Hybrid vehicle
@ Utility Model Application No: 51-138199
@ Filing Date: October 13, 1976
@ Applicant: Toyo Kohgyo Kabushiki Kaisha
6) Scope of Claims for Utility Model

Generator control system for a hybrid vehicle, which

provides different kinds of power sources, an engine and a
motor powered by a battery, and is\driven by at least one of

said power sources, wherein

said battery is charged by a generator driven by

said engine,

a detecting means is provided for detecting a

depressing amount of an accelerator which controls output of

said engine, and

at least one of avfield circuit and an armature )
' BMW1012
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circuit of said generator is controlled by said detecting

circuit.

Brief Description of the Drawings

Figure 1 is an explanatory drawing of a hybrid vehicle

Figure 2 is a circuit diagram of a generator controlled

by a generator control system of the present invention. .

Figure 3 is an explanatory drawing of a relationship

between an accelerator and an accelerator switch.

Figure 4 is a modified embodiment of an accelerator

switch.

Figure 5 is a graph showing torgques at various gear
positions when a generator is charged and when a generator is

not charged.

1 ... ehgine
5a, 5b ... battery for running
7 ... motor

9 ... generator

12 ... accelerator switch

13 ... accelerator

A ... armature circuit

F ... field circuit ;

- 2 - . . BMW1012
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@® Japanese Patent Office (JP)
@ Unexamined Patent Publication

@ Unexamined Patent Publication

"4-67703

@ Publication Date: March 3, 1992

& IPC
B 60 L 11/02 -
1/00
11/18

H 02 J 7/16

& Name of Invention: Electric Vehicle
) Patent Application No: 2-176218

@  Filing Date: July 5, 1990

@ Applicant: Nissan Corporation

&) Scope of Claims for Patent

Electric vehicle comprising;
an electric motor for driving a vehicle;
auxiliary equipments arranged on said vehicle;

rechargeable battery for powering to said electric

motor and said auxiliary eguipments;

generating means for generating power to charge

said rechargeable'béttery;

detecting means for detecting operating conditions

BMW1012
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of said vehicle; and

controlling means for directly supplying electric
power from said generating means to said electric motor, and
gradually decreasing electric power to said auxiliary

equipments.

Brief Description of the Drawings
Figure 1 is a structural diagram of the present

invention.

Figure 2 is a block diagram of one embodiment of the

present invention.

Figure 3 is a flowchart for the block diagram of

Figure 2.

Figure 4 is a flowchart for another embodiment of the -

present invention.

1 ... electric motor

3 ... air conditioner (auxiliary equipment)

5 ... defroster (auxiliary equipment)

7 ... lump (auxiliary équipment)

9 ... 100 Volt battery (rechargeab}e battery)
CL1 ... generating means

CL2 ... controlling means

CL3 ... operating condition detecting means
11 ... 12 Volt Battery

13 ... in vehicle generator

15 ... solar bafﬁery

17 ... regenerating brake ‘
19 ... controller

21 ... controller

23 ... charge/discharge controller

. BMWwW1012
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" . T A vagey 5 -

25« ... D701¢ohvertgr S o v . ’ _
27 ... contréller : S

e 29 ... controller

33 .... central controller
35 ... speed sensor
37 ... accelerator opening sensor

#
r
*
3
s
!
N

e,

b

e
-
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3/5/1
“DIALOG(R)File 347:JAPIO
(c) JPO & JAPIO. All rts. reserv.

04573417
MOTOR CONTROLLER FOR ELECTRIC AUTOMOBILE EQUIPPED WITH ENGINE DRIVEN
GENERATOR

PUB. NO.: 06-245317 [JP 6245317 Al

PUBLISHED: September 02, 1994 (19940902)

INVENTOR(s): -FURUYA MASAYUKI -

APPLICANT(s): TOYOTA MOTOR CORP [000320] (A Japanese Company or
Corporation), JP (Japan)

APPL. NO.: 05-023135 [JP 9323135]

FILED: February 12, 1993 (19930212)

INTL CLASS: [5] B60L-011/02; B60L-009/18; B6OL-011/18

JAPIO CLASS: 26.1 (TRANSPORTATION -- Railways); 21.2 (ENGINES & TURBINES,
PRIME MOVERS -- Internal Combustion); 26.2 (TRANSPORTATION --
Motor Vehicles); 43.4 (ELECTRIC POWER -- Applications)

JOURNAL: Section: M, Section No. 1714, Vol. 18, No. 633, Pg. 76,
Decenmber 02, 1994 (19941202)

ABSTRACT
PURPOSE: To obtain a motor controller for electric automobile equipped with
an engine driven generator in which abrupt overdischarge of battery is
prevented when the engine driven generator is not operating and the service
- life of battery is prolonged by protecting the battery against damage.

CONSTITUTION: An SOC meter 10 detects charged state of a battery 6 and when
the charged state is deteriorated, an engine 1 is driven to start operation
of a generator 3. When a decision is made that the generator 3 is not
operating normally based on a detection value of a voltmeter 13, an ECU 11
controls an inverter 5 to limit current supply to a motor 7 to 1/3-1/2 of
normal level. This constitution prevents overdischarge of the battery 6

upon failure of the generator 3.

BEST AVAILABLE COPY
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EURO-™EAN PATENT O FFICE

‘Patent Abstracts of Japan

PUBLICATION
PUBLICATION
APPLICATION
APPLICATION

VOL: 18
AB. DATE
PATENTEE

PATENT DATE:

INVENTOR

INT.CL.

TITLE

ABSTRACT"

NUMBER . JP6245317 : 9

DATE . 02-09-94 :

NUMBER : JP930023135 8

DATE : 12-02-93 proyy
-4

NO: 633 (M - 1714)

02-12-1994 PAT: A 6245317
TOYOTA MOTOR CORP
02-09-19%4

FURUYA MASAYUKI

B60L11/02; B60OL9/18;
B60L11/18

MOTOR CONTROLLER FOR
ELECTRIC AUTOMOBILE. EQUIPPED
WITH ENGINE DRIVEN GENERATOR

PURPOSE:To obtain a motor controller for electric automobile
equipped with an engine driven generator in which abrupt
overdischarge of battery is prevented when the engine driven
generator is not operating and the service life of battery is
prolonged by protecting the battery against damage.
CONSTITUTION:An SOC meter 10 detects charged state of a battery 6
and when the charged state is deteriorated, an engine 1 is driven
to start operation of a generator 3. When a decision is made that
the generator 3 is not operating normally based on a detection
value of a voltmeter 13, an ECU 1l controls an inverter 5 to

- limit current supply to a motor 7 to 1/3-1/2 of normal level.

This constitution prevents overdischarge of the battery 6 upon
failure of the generator 3. .

Al ey .
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SERIES-PARALLEL COMPLEX HYBRID CAR SYSTEM

PUB. NO.: 04-297330 [JP 4297330 A]

PUBLISHED: October 21, 1992 (19921021)

INVENTOR(s): FURUYA MASAYUKI ‘

APPLICANT(s): TOYOTA MOTOR CORP [000320] (A Japanese Company or
Corporation), JP (Japan)

APPL. NO.: 03-061662 [JP 9161662]
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INTL CLASS: [5] B60K-017/04; B60K-006/00; B60K-008/00; B60K-017/356;
B60L-011/02

JAPIO CLASS: 26.2 (TRANSPORTATION -- Motor Vehicles); 21.2 (ENGINES &
TURBINES, PRIME MOVERS -- Internal Combustion); 26.1
(TRANSPORTATION -- Railways) ’

JAPIO KEYWORD:R131 (INFORMATION PROCESSING -- Hicrocomputers &
Microprocessers) ' '

JOURNAL : Section: M, Section No. 1375, Vol. 17, No. 106, Pg. 156,
March 04, 1993 (19930304)

ABSTRACT
PURPOSE: To provide such a series-parallel complex hybrid car system that
is solving any regenerative bréking torque shortage at the high speed side
of a motor at time of regenerative braking,’and capable of securing an
almost constant regenerative braking torque ranging from low to high speed

rotation.

CONSTITUTION: The system 1is provided with an engine 1, a generator 3, a
traveling motor 9 and a battery 17, while it installs a continuously
variable transmission 5 in space beﬁween'the engine 1 and the motor 9, and
simultaneously there 1is provided a control means 18 which controls the
continuously variable transmission 5 so as to make up for a regenerative
braking torque insufficient portion at the high speed side of the motor §
with. the resultant torque of friction torque of the engine 1 and

regenerative braking torque of the generator 3.
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) Scope of Claims for Utility Model

Control system for a hybrid vehicle, 1n which an output
shaft of an engine is connected to a rotatlng shaft of a
motor - powered by a battery through a clutch, said battery is
charged by power generated by a generator connected to said
output shaft of said engine, and a solenoid valve controlled -
by an electric signal is arranged on an oil tube connected to

said clutch, comprising:

rotating speed sensors for detecting rotating
speeds of said output shaft of said engine and said rotating

shaft of said motor respectively;

. a comparator for comparing a rotating speed of said
output shaft of said engine'detected by said output shaft

rotating speed sensor with a- rotatlng speed of said rotatlng
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shaft of said motor detected by said rotating shaft rotating
speed sensor, outputting ah_electric signal when said
rotating shaft rotating speed is higher or equal than said
output shaft rotating speed, and for controlling said
solenoid valve to open said oil tube when said comparator

outputs said electric signal;

_ an oil pressure switch for generating an electric
signal when oil pressure reaches to a clutch connecting

pressure; and

an interrupting means for interrupting a field
circuit of said generator when electric signals are generated
from said comparator and said oil pressure switch

‘simultaneously.

Brief Description of the Drawings
Figure 1 is a contractual drawing showing an embodiment

of a hybrid vehicle according to the present invention.

Figure 2 is a circuit diagram of a control system according

to the present invention.

Figufe 3 is timing graphs when the operation mode is
transferred from the first mode to the second mode

1 ... engine

2 ... output shaft

3 clutch

4 motor

5 rotating shaft
6 speed up gear
7 generatér

9 battery

10, 11 sensor
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31

oil pipe
solenoid valve

0il pressure switch.

comparator
AND gate
inverter
field coil

coil
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@ Vehicle powerplant featuring thermal and electrical drive means.

@ A powerplant comprising a combustion engine
(1) connected to a transmission (2) via a propeller
shaft (3) fitted with a clutch (4); a current generator
(7) for supplying current to a storage battery (8), and
powered by a countershaft (5) connected to the
propeller shaft (3) via a first gear drive (6) upstream

1

\
{

from the clutch (4), and an electric motor (10) con-
nected to the propeller shaft (3) via a second gear
drive {11) downstream from the ciutch (4); a second
clutch (12) being provided between the electric mo-
tor (10) and the second drive (11).

o

Fig.1

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

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

On one known powerplant of this type, the
thermal drive means comprise a combustion en-

.gine connected mechanically to the transmission

input shaft' by a propeller shaft fitted with.a clutch
designed to assume a first and second position
wherein the combustion engine is respectively con-
nected to and disconnected from the transmission
input shaft.

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

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

Alternatively, the rotor element of the unit is
connected directly to the propeller shaft to form a

single drive line between the combustion engine

and the transmission input shaft, in which case, the
drive line is fitted with a second clutch downstream
from the unit. '

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

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

. provides for powering both the transmission input

shaft and the countershaft.

Powerplants of the aforementioned type
present numercus drawbacks.

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

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

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

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

According to the present invention, there is
provided a vehicle powerplant comprising first ther-
mal drive means and second electrical drive
means; said first and second means being ac-
tivated for transmitting motion to the drive wheels
of the vehicle via a transmission; said first drive
means comprising a combustion engine connected
mechanically to said wheels by a drive line fitted
with said transmission and with a clutch located
between said engine and said transmission - and
which may be set to a first and second position
wherein said - combustion engine is respectively
connected to and disconnected from said transmis-
sion; characterized by the fact that it comprises:

a current generator for supplying electric cur-
rent to a storage battery, and the rotor elément of
which is connected lo said drive line upstream
from said clutch;

an electric motor, the rotor element of which is

.connected by a first drive to said drive line down-

stream from said ciutch, said electric motor being
driven by the current supplied by said battery;

a second clutch located between the rotor ele-
ment of said electric motor and said drive line, and
which may be set to a first and second position
wherein said rotor element of said motor is respec-

tively connected to and disconnected from said
drive line. BMW1012
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according to the present invention will be described
by way of example with referance to the accom-
panying drawings, in which: )
Fig.1 shows a schematic view of a first configu-
ration of the powerplant according to the present
invention;
Fig.s 2 and 3 show a further two configurations
of the Fig.1 powerplant.

The powerplant according to the present inven-
tion comprises a combustion engine 1, e.g. a diesel
engine; and a transmission 2, the input shaft of
which is connected mechanically to engine 1 by a
propelier shaft 3 fitted with a clutch, e.g. a friction
clutch, 4. Clutch 4, which is operable in any man-
ner, e.g. directly by the driver and/or by means of

any type of actuator, is designed to assume two.

positions: an engaged position (Fig.1) wherein the
up- and downstream portions of shaft 3 are con-
nected; and a release position (Fig.s 2 and 3)
wherein said portions are disconnected.

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

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

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

The powerplant according to the present inven-
tion also comprises an electric motor 10 powered
by the current supplied by battery 8, and the rotor
element {(not shown) of which is connected to pro-
peller shaft 3, downstream from clutch 4, by a
second drive consisting, for example, of gears 11.
A second clutch 12, which may be the same type
as clutch 4, is located between the rotor element of

motor 10 and drive 11, and is designed to assume -

a first engaged position (Fig.3) wherein the rotor
element of motor 10 is connected to drive 11, and

a ‘second release position (Fig.s' 1 and 2} wherein

the rotor element and drive 11 are disconnected.
For the reasons explained later on, current
generator 7 may conveniently be designed to also
operate as an electric motor powered by battery 8,
in which casse, drive 6 is provided with a clutch Sa
of any type. designed to assume a first and second
position wherein shaft 5 of generator-motor 7 is
respectively connected to and disconnected from

0 .
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_ drive line 3 immediately downstream from engine

1. Clutch 5a may conveniently be housed in one of
the gears of drive 6, as shown schematically in the
accompanying drawings. :

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

. wheels of the vehicle.

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

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

in a first operating mode (Fig.1), combustion
engine 1 is operated with clutch 4 in the first
(engaged) position and clutch 12 in the second
(release) position, so that the vehicle is driven by

- engine 1 connected by shaft 3 to the input shaft of

transmission 2. In this mode, clutch 4 is operated
normally for shifting transmission 2.

At the same time, drive 6 rotates countershaft
S, which in turn rotates the rotor element of current
generator 7 for charging battery 8, and operates
the accessory devices on the vehicle connected to
power takeoff 9.

This first operating mode therefore provides,
thermally, for running the vehicle normally, operat-
ing the accessory devices, and charging the bat-
tery, and may conveniently be employed over
routes involving no particular contro! of emission.

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

In a third operating mode (Fig.3). combustion

. engine 1 is again operated, but with clutch 4 in the

secand (release) position, clutch- 12 in the first
{engaged) position, and electric motor 10 activated,
so that shaft 3 is disconnected from engine 1 and
drive 6, the input shaft of transmission 2 is power-
ed by motor 10 via drive 11, and the vehicle is
driven entirely electrically by the power drawn from

battery 8. If combustion engine 1-is activated,
current generator 7 is also operated simultaneously
' BMW1012
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for charging battery 8, which thus acts- as a -

flywheel for the power suppiied by engine 1 and
drawn off by slectric motor 10.

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

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

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

When absolutely no emission is permitted, a
fourth operating mode may be employed, which
consists in de-activating engine 1 and operating the

powerplant as described with reference to Fig.3, in
which case, the vehicle is operated entirely elec-

trically by battery 8.

in fourth mode (with engine 1 de-activated), .

power takeoff 9 may still be controlled electrically,
as required for at least operating the accessory
devices governing the driveability of the vehicle,
such as the power steering pump and brake sys-
tem devices. '

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

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

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

In particular, the rotor element of current gen-
erator 7 may be connected directly to drive line 3,
upstream from coupling 4, instead of via the inter-
position of shaft 5 and gear drive 6 as described
herein. ’ '

In this case, shaft 5 may still be connected to
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line 3 via gear drive 6, as shown in the accom-
panying drawings, but no longer to the rotor ele-
ment of current generator 7.

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

Claims

1. A vehicle powerplant comprising first thermal
drive means and second electrical drive
means; said first and second means being
activated for_transmitting motion to the drive
wheels of the vehicle via a transmission (2);
said first drive means comprising a combustion
engine (1} connected mechanically to said .
wheels by a drive line (3) fitted with said
transmission (2) and with a clutch (4) located
between said angine (1) and said transmission -
(2) and which may be set to a first and second
position wherein said combustion engine (1} is
respectively connected o and disconnected
from said transmission (2); characterized by
the fact that it comprises:

a current generator (7) for supplying elec-
tric current to a storage battery (8), and the
rotor slement of which is connected to said
drive line (3) upstream from said ciutch (4);

an electric motor (10), the rotor element of
which is connected by a first drive {11) to said
drive line (3) downstream from said clutch (4),
said electric motor (10) being driven by the
current supplied by said battery (8);

a second clutch (12) located between the
rotor element of said electric motor (10) ‘and
said drive line (3), and which may be set to a
first and second position wherein said rotor
element of said motor {10) is respectively con-
nected to and disconnected from said drive
line i3). ’

2. A powerplant as claimed in Claim 1, character-

ized by the fact that it also comprises a shaft
(5) connected by a second drive {6) to said
drive line (3) upstream from said clutch (4),
and which provides for a power takeoff (9) for
operating the accessory devices of said ve-
hicle; the rotor element of said current gener-
ator (7) being connected to said shaft (5).

3. A powerplant as claimed in one of the fore-

" going Claims, characterized by the fact that
said current generator (7) is also designed to.
operate as an electric motor; said second drive
{6) presenting a third clutch (5a) designed to
assume a first position wherein said shaft (5)
connected to said rotor element of s#EfIovHETh
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generator (7) is also connected to said drive

line (3), and a second position wheregin said
shaft (5) is disconnected from said drive line
(3)-

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

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

A powerplant as claimed in one of the fore-
going Claims from 1 to 4, characterized by the
fact that said first drive (11} is connected to
said- drive line {3) downstream from said trans-
mission (2).

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

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

A powerplant as claimed in one of the fore-
going Claims, characterized by the fact that’
said electric motor (10) is also designed to
operate as a current generator, for electrically
braking said vehicle and generating electric
current which is supplied to said battery (8).
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DRIVE SYSTEM

This invention relates to a drive system for a and in
particular to a system in which a vehicle may be
propelled either by an electric motor or by an internal

combustion engine.

In such a'system it is commonly required to chanée from
electrical to internal combustion power while the
vehicle is running, and in known systems it has been
the practice to match the engine and motor speeds by
operating the engine throttle. However before the
engine shaft is engaged with an output shaft of the
system the response of the unloaded engine to throttle

"adjustments results in the engine speed hunting above

and below its desired value. The consequent mismatch of
the engine and motor speeds is likely to result in
damage or severe wear to a clutch used to couple the
engine to the ocutput shaft.

According to the invention there is provided a drive
system, comprising a main drive shaft for the vehicle,
an internal combustion engine, a first clutch for
coupling said engine to said drive shaft, means for
electrically locading said engine to vary the sﬁeed
thereof and means for actuating said first clutch only
when the speeds of said engine and said shaft are

substantially equal.

In one embodiment said means for coupling the engine to
the drive shaft includes a rotor shaft of said motor.

BMW1012
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In a -preferred embodiment said engine speed is
controllable by an electric generator, and there is
provided means for varying the load applied to said
engine by said generator.

In a particular embodiment said generator is
connectable to charge said battery.

An embodiment of the invention will now be described by
way of example only and with reference to the
accompanying drawings in which:-

Figure 1 is a diagram of a vehicle propulsion system
according to the invention,

Figure 2 is a diagram of a clutch control circuit
forming part of Figure 1,

Figure 3 is a diagram of a speed coméarator circuit
forming part of Figure 1, and

Figures 4, 5 and & show reépective parts of a circuit
forming part of the system of Figure 1.

As shown in Figure 1 a vehicle drive system includes a
main drive shaft 10 which is connected through a known
type of differential gear 11 to driving wheels 12 of
the vehicle. Drivingly coupled to the shaft 10 is the
rotor of an electric motor 13 which can be energised by
a battery 14 by way of a contrel circuit 15. The speed
of the motor 13 is adjustable by a suitable control 16.

An internal combustion engine 20 has an output shaft 25
which can be couplgd to the shaft 10 by means of an -
electro-magnetic c¢lutch 21. A non-slipping belt and

pulley arrangement 22 is coupled to a further shaft 23.

BMW1012
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A three-phase alternator 24 is drivingly coupled to the
shaft 23. The "arrangement 22 includes a pulley 32 which
is loose on the shaft 25. A plate 33 is drivingly
coupled to the shaft 25. A stationary electromagnet 34
surrounds the pulley 32 and plate 23 and is energisable
to urge the plate 33 and pulley 32 into frictional
driving engagement. The pulley 32, plate 33 and
electromagnet 34 combine to provide a further clutch
35. OQutput current from the alternator 24 is supplied
to a rectifier circuit 26 whose output is connected
across the battery 14.

The battery ‘14 comprises eighteen 12 volt battery‘
units, providing 216 volts. A dc/dc converter 27 is
connected across the output of the battery 14 for_
maintaining a charge on an auxiliary 12 volt battery 28
which can supply, inter alia, the starter and ignition
circuits of the engine 20, through a switch 29,

In its fully clockwise position the switch 29 supplies
current to a starter (not shown) of the engine 20
through a switch 36.

A battery charging circuit 30 is also connected across

the terminals of the battery 14 and can be connected to
a 240 volt mains supply through terminals 31.

A transducer 40 1is coupled to the shaft 10 and
provides, on a line 41, a signal Nd corresponding to
the speed of the shaft 10: A further transducer 42 is
coupled to the shaft 25 and provides, on a line 43 a
signal Ne corresponding to the:speed of the enéine 20.
A limit detecting circuit 46 1is tesponsive to the
engine speed signal Ne on line 43 to provide a signal
on a line 45 when the signal Ne exceeds a predetermined
low value. A circuit 44 is shown 'in detail in Figures 4
to 6 and .acts to regulate the field current of the

BMW1012
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alternator 24, and thereby the load imposed by the
alternator 24 on the engine 20 when the clutch 35 is
operated. '

The propulsion system can be operated in at least five
modes: -

1. With the clutch 21 disengaged and the motor 13
energised by the battery 14 to drive the shaft 10.

2. With the clutch 21 disengaged, the battery 14
~ energising the motor 13 to drive the shaft 10, the
engine 20 running and the clutch 35 engaged to
drive the alternator 24 and thereby to maintain
the charge of the battery 14 and to.provide at
least part of the current supply to the motor 13.

3. With the engine.ZO running, clutch 21 engaged,
clutch 35 disengaged and the motor 13 de-energised
by means of its control circuit 15. In this
condition the engine 20 is driving the shaft 10
directly and the rotor of. the motor 13- acts,
.effectively, as a flywheel. .

4, With the engine 20 running, the clutch 21
engaged and the motor 13 energised to drive the
shaft. 10, In this condition the engine 20 1is
supplémenting the power output of the motor 13.

5. With the engine 20 running, the clutch 21
engaged and the motor 13 acting as a generator to -
charge the battery 14.

In any of operating modes.3, 4 or 5 above, the speed of
the engine 20 is controlled in a conventional manner Dy

a throttle operated by a pedal. ) BMW1012
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Operation in modes 3, 4 and 5 will usually be commenced
when the vehicle is moving at a_subétantial speed. It
is therefore necessary to match the speed of the engine
20 with that of the shaft 10 before the clutch 21 is
engaged. Speed matching is effected by engaging the

‘clutch 35 while the engine 20 is stationary, starting

the engine, opening the engine throttle sufficiently to
enable its speed to be raised to a level at which the-
clutch 21 can be operated, and varying the load applied
by the alternator 24 to the engine 20, to cause

operation of the clutch 21 by circuits 50, 51 shown in

detail in'Figures 2 and 3 respectively.

As shown in Figure 2 the circuit 50 includes a relay Rl
having normally-closed contacts Rla and normally open
contacts Rlb. A further relay R2 has normally open
contacts R2a and normally closed contacts R2b. A third
relay R3 has normally closed contacts R3a and normally
open contacts R3b. A fourth relay R4 has normally opén
contacts R4a and a fifth relay RS5 has notmally closed
contacts R3a. When the engine ignition switch 29 '
(Figure 1)‘is in its central, normally-running position
a signal is provided on a line 52 to the circuit 50.

The line 52 is connected to the ciqtch 35 through a

line 53, by way of the relay contacts R4a. The line 52

is- also connected to thbe lihg 53 'through a series .
arrangement of the contacts Rla, contacts R2b, diodes

54, 55 connected cathode to cathode and the contacts

R5a. ‘The relay R4 is connected in parallel with a RC

delay circuit 56 to the junction between -the diodes 54,

55. The line 45 is connected thréugh a diode 57 and a
resistor 58 to a line 59 connected to the ignition

circuit of the edgine 20. A series arrangement of twoBMW1012
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cbntacts R2a and contacts Rla are also connected

_between the line 45 and the line 52. The relay R2 is

connected between .earth and the junction of the diodes
60, 61. The relay R3 can be eneréised from the line 52
through the contacts Rlb and a switch 65 arranged in
series. The switch 65 is operable by a signal on a line
66 from the circuit 51 (Figure 1l). The line 52 can be
connected to the relay Rl by means of a manually
operable switch 67. Energisation of relay Rl clcses
contacts Rlb and the relay Rl is thereafter maintained
energised through a diode 68, The relay R5 1is
energisable from the 1line 52 through a series
arrangement of the contacts R1lb, R3b and a diode 73{
The relay R5 is also energisable from the line 52 whed
the contacts Rlb and the switch 65 are both closed. A
line 69 to the clutch 21 (Figure 1) communicates with
the line 52 when the contacts Rlb and R3b are both
closed. Indicator devices 70, 71 are eneréised when
signals are present on the lines 53, 69 respectively. A
further indicator device 72 is energised when the relay
Rl is latched on through the contacts Rlb and dicde 68.

As shown 1in Figure 3 the circuit 51 includes a
differential amplifier 80 which is responsive to the
signals Nd, Ne on- lines 41, 43 respectively. An output
signal_ from the amplifier 80 is supplied to a
zero-level detecting circuit 81 which provides a signal
on the lines 66 to the circuit 50 when the speeds of
the drive ‘shaft 10 and engine 20 are substantially
equal. An alternative form of the device 81 provideé a
signal when a difference between these speeds is less
than a predetermined amount. For exémple a signal may
be provided on lines 66 when the speed of the engine 20
is less than one or two hundred rpm above or below that

.0of the shaft 10. Output 'signals from the amplifier 80

are also supplied to a proportional plus integrgjnwio12

Page 327 of 1654
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amplifier 82 whose output is connected .through a switch
83 and a resistor 84 to the inverting input of a .
further differential amplifier 85. The switch 83 is

' ganged with the switch 67 in the circuit 50 (Figure 2)

and -the switch 36 in the line to the engine starter
(Figure 1), so these switches are operated at the same
time and that when the switches 67, 83 are closed, the

"switch 36 is open. The inverting input of the amplifier

85 is also supplied, through a resistor 86, with an
engine speed demand signal on a line 87 from a selector
device 88 (Figure 1). The non-inverting input of the
ampiifier 85 is supplied with 'the engine speed signal
Ne on line 43. The output of the amplifier 85 forms a
field current demand signal which is supplied on a line
89 to the control circuit 44 (Figure 1) for the
alternator 24, to regulate the alternator field
current, and thereby the load imposed by the alternator
24 on the engine 20 when the clutch 25 is engaged.

If the propulsion system is operating in mode 1 above,
and it is required to couple the engine 20 to the shaft
10 to operate in any of modes 3, 4 or 5, the switch:29
applies and maintains a signél on line 52 and
subsequently starts the engine 20. Return of the switch
29 to its central position mainiéins the signal on £hé
'line 52. This signal passes through contacts Rla, R2b
and diode 54 to operate the relay R4 and close the
contacts R4a, the resulting voltage on line 53 ‘
energising the clutch 35 to couple the engine 20 to the
alternator 24, When the engine speed signal Ne exceeds
a predetermined low value limit detection circcuit 46
provides a signal on line 45 which is applied ihrough
the diode 57 and resistor 58 to the lirne 59, to supply
the ignition circuit of the engine 20. At the same time

the control circuit 44 provides a field current to the
alternator 24, thereby imposing a load on the engine MW1012
) i Page 328 of 1654
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The signal on line 45 energises the relay R2 (Figure
2), opening the contact R2b and shutting the contacts
R2a. Since contacts R4a have been shut, relay R4 is
maintained energised through the "normally-closed

contacts R5a and the diode 55. Closure of contacts R2a
maintains the relay R2 energised through the diode 61,

The switch 67 is now operated to énergise relay R1 from
the supply on line 52, closing contact R1lb and opening
contact Rla. Relay R2 is nevertheless maintained
energised by the signal on line 45 and relay R4 by -the
latch provided by contacts R4a, R5a. Closure of
contacts Rlb energises the indicating device 72 through
the normaily-closed contacts R3a, pfoviding an
‘indication that driving cénnection between the engine
20 and the shaft 10 has been selected, but has not yet
occurred.

when the speed of the engine 20 is substantially equal

to that of the shaft 10 the switch 65 is closed,

energising relay R3 and closing the contacts R3b. The
voltage signal on line 52 is then applied through line
69 to energise the clutch 21. Closure of contacts R3b
also energises relay R5 through the diode 73, opening
contacts R5a and de-energising relay R4. Contacts R4a
open after a delay imposed by the circuit 56, causing
the clutch 35 to be disengaged. The alternator 24 is,
however, no longer required to load the'engine 20,
since speed matching has'al:eédy occurred. -Indicator
device 72 is de-energised and device 71 is energised to
show that the clutch 21 is engaged. . ‘

After the ganged switches 67, 83 in circuits 50, 51
respectively have been closed, but before the switch 65
is closed the speed of the enginé 20 is varied by
adjusting the load of the alterhator 24 thereon, by

g . BMW1012
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means of thé signal on line 87 from the speed selector
device 88 (Figure 1). As shown in Figure 3 the engine-
speed signal Ne and the shaft speed signal Nd on lines
43, 41 respectively are applied to the amplifier 80 and
any speed error is subjected to proportional plus
integral amplification before being applied through the
switch 83 and resistor 84 to the inverting. input of the
amplifier 85, to which input the signal on line 87 is
also applied. The engine speed signal Ne is also
applied to the non-inverting input of amplifier 85. The
effect is that a required increase in engine speed '
results in the signal on line 89 being applied to the
circuit 44 to reduce the field current of the
alternator 24, and hence the load of the latter on the
engine 20. When the speed signals Ne, Nd are equal, the
resulting zero output from the amplifier 80 is detected
by the circuit 81 and pfovides a signal on the line 66
to operate the switch 65, resulting in energisation of
the clutch 21, as described above. .

After the clutch 35 has been diseﬁgaqed it is neceésary
to ptevent'the clutch 21 from being disengaged while
the engine 20 is running, since the engine would then
be unloaded and could overspeed. This requirement 1is
met by the arrangement described, since if switch 67
(Figure 2) is opened while the engine is running the
relay Rl nevertheless remains energised through the
contacts Rlb and the diode 68. The contacts R3b are
thus maintained shut by relay R3 and the clutch 21
remains energised. '
Additionally, since relay Rl remains energised the
contacts Rla are opéh. Contacts Rd4a are also open and
the clutéh 35 cannot be re-engaged with the engine 20

running.

, . BMW1012
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In order to de-energise the relay Rl and disengege the
clutch 21 it is necessary to operate the switch 29 to
remove the voltage supply from line 52. If, with the
switch 67 open the switch 29 is first operated to
remove the voltage on line 52, de-energisation of relay
Rl closes contacts Rla and'épens contacts Rlb. Relay R3
is de-energised, contacts R3a close and contacts R3b
open, and clutch 21 is disengaged. If switch 29 1is
subsequently shut while the speed Ne of the engine 20
is above that required to provide the signal on line
45, relay R2 remains energised and contacts R2b are
open. Relay R4 .cannot therefore be energised through
contacts Rla and the clutch 35 cannot be engaged while
the engine speed Ne 1is above its predetermined low

\

value.

The switch 36, being ganged to the switches 67, 83,
érevents the engine 20 from being started when the
sQitch 67 is closed, since if this occurred the clutch
21 would be engaged while the engine 20 was running
unloaded by the alternator 24, by Wey of the clutch 35.

As described above the control circuit 44. controls the
field current of the alternator 24 in accordance with

‘the magnitude of the signal online 89. The circuit 44

comprises well-known circuit arrangements which operate
in a known manner, and which do not of themselves form
part of the invention. The circuit 44 will therefore- be

described only insofar as to enable itseoperation to be

understood.

As shown in Figures_4, 5 and 6 the circuit 44 may be
considered as comprising’parts 44A, 44B and 44C. Part
44A is an amplifier stage responsive4to the signal on
line 89 from the circuit 51 (Figure 3) and to the
ignitioh voltage on line 59 (Figure 1). Two amplifkﬁ&nom
circuits 100, 101 respond to the signal on, lin&adB3taf 1654
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provide a signal on a line 102. A semiconductor switch
arrangement 103 is responsive to the ignition voltage
signal on line 59, absence of this signal connecting
the line 102 to an earth rail 164.~A buffer circuit 105
is responsive to the signal on line 102 to supply a
signal on a line 106 to the part 44B (Figure 5).

As shown in Figure 5 the signals on line 106 is applied
to the inverting input of an amplifier 95 whose other
input is connected to a feedback 1line 122. The
amplifier 95 forms one element of an integrated circuit
of the type available from Motorola under the
designation MC3301, the numerals adjacent: the amplifier
indicating the terminals to which respective

. connections are made. The amplifier 95 has associated

externally connected components to provide an
integrating term and its output is supplied on a line
96 to an oscillator circuit 97 which also forms an
element of the aforementioned Motorola integrated
circuit.

The frequency of the output of oscillator 97 is
dependent on the.magnitude of ;he signal on line 96 and
typically is in the'fange of 100 Hz to 1 KHz. The
oscillator output is applied to the base of a npn
transistor 110, through a resistor 98 which forms pa:é'
of a resistor-capacitor network 99 connected between a
+12v .rail 111 and an earth rail 112, and provides a
suitable bias at the output of oscillator 97. The
transistor 110 is connected between the rails 111, 112
through a +8V regulating circuit 107 and the
arrangement is such that a negative signél on the base
of transistor 110 results ;n a positive voltage on a’
line 113. A diode, resistor and capacitor network 114

acts as a voltage pulse shaping circuit for the signals
BMW1012
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The signals on line 113 are applied through a potential
divider 115 to a line 116 to the base of npn transistor
117 which is connected between the rails 111, 112 so
that a positive signal on its base results in a low
level signal on the base of a pnp transistor 118,
Transistor 118 is connected'between the rails 111, 112
so that in response to the low level signal on its base
it provides a positive signal on the base of a npn
transistor 119, causing the latter to conduct.

The transistor 119 is connected between the rails il,
112 in series with the primary of a transformer 120.
The transistors 117, 118, 119 and their associated
capacitors and resistors comprise a voltage to current
switching circuit which provides current pulses in the
primary of the transformer 120, these pulses having the
frequency of the oscillator circuit 97. A capacitor 130
and resistor 131 in series between the transformer

.primary and the rail 112 act to suppress voltage spikes.

The secondary winding of the transformer 120 is
centre-tapped and is connected to a network 132 of.
resistors, diodes and 2zener diodes which shape the
transformer output current pulses to provide drive
pulses to the base of a power transistor 133, and also
provide protection. against excessive voltage on the
base of the transistor 133. The transistor 133 1is

connected through the primary winding of a transformer

134 between the negative terminal of the 216 volt

battery 14 (Figure 1) and a lead 135 to the field
winding of the alternato; 24. A second lead 136 from
the field-.winding is. connected to the positive terminal
of the battery l4. A diode 137 is connected between the
lines 135, 136 sd as to be reverse biésed with respect
to the dc voltage on thése lines, and acts as a

so—calléd "free-wheel" diode to maintain the field
. BMW1012
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current during intervals when the transistor 133 is
switched off.

As described the primary winding of the transformer 134
is connected in the -216 volt line. Switching of the
transistor 116 in response to the pulses on line 115
results in current pulses through the.primary of the
transformer 120, These puises have the frequency of the
output of the oscillator 109 and are detected by the:
secondary of the transformer 134.

A resistor, capacitor and diode network 138 forms a
compensated ‘peak-td-peak detection <circuit which
provides a feedback signal on the line 122, this signal
comprising a dc level proportional to the peak-to-peak
magnitude of the current pulses through the primafy of
the transformer 134.

The arrangement is such that the magnitude of the
signal on line 122 is dependent on the magnitude 6f the
field current. An increase in the field current demand
signal on line 106 results in an increase in frequency
of the field current, and a signal corresponding to the
increased current is fed back to- the amplifier 95 on
the line 122 to provide a new steady-state condition.

BMW1012
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CLAIMS

1. A propulsion system for a veh;cle, comprising a main
drive shaft (10) for the vehicle, an internal
combustion engine (20), an electric battery (14), an
electric motor (13) energisable by said battery (14), a
driving coupling between said motor (13) and said shaft
(10), and a first clutch (21) operable to couple said
engine (20) to said drive shaft (10), characterised in
that there is provided an apparatus (24, 35, 44) for
electrically loading said engine (10) to vary the speed
thereof, and a control device (50, S51) for operating
said first clutch (21) only when the speeds of said
engine (20) and said shaft (10) are subétantially equal.

2. A system' as claimed ‘in claim 1 in which said
apparatus for electrically loading the engine (20)
comprises an electric generator (24) and a device (35)
for providing a driving connection between said engine
(20) and said generator (24). -

3. A system as claimed in claim 2 in which said device

for providing the driving-connectioﬁ is a second clutch
(35). ' L

4, A system és claimed in claim 3 in which said second
clutch (35) is electrically operable and which includes
a first switching device (R4) operable to energise said

‘second clutch (35).

5. A system as claimed in claim 4 which includes means
(R2, 60) responsive to the speed of the engine (20) for
maintaining said first switching device (R4) operated
to energise said second clutch (35) when said engine

speed exceeds a predetermined value. : B
BMW1012
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6. A system as claimed in claim 4 or claim 5 in which
said control device (50, 51) includes a control circuit
(51) for providing a first .control signal when the
speeds of said engine (20) and said drive shaft (10)
are substantially equal, said first switéhing device
(R4) being responsive to said first control signal to
de-energise said second clutch (395).

7. A system as claimed in claim 6 in which said first
clutch 1is electrically energisable to couple' said

engine (20) to said drive shaft (10) and which includes
further switching devices (R3, 65) responsive to said

first control signal to energise said first clutch.

8. A system as claimed in any of claims 2 to 7 in which
said control device (50, 51) includes means (85) for
generating a second control signal dependent on a
difference between desired and sensed values of engine
speed, and which includes a field current regulator
(44) for said generator (24),'said field current
regulator (44) being responsive to said seconé control
signal.

9. A system as claimed in claim 8 which includes means
(80, 82, 84) for modifying said second control signal

- in response to the speed of said drive shaft (19).

BMW1012
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zeuger,@ﬁﬁ/odef der Batterie gespeist. Bei dieséﬁ System ist
eine’SfeuerQorrichtung vorgeséhen. die' die Turbine automa-
‘tisch starten 14Rt, wenn die Batterieladung eine vorgegebene
H8he untérscﬁreitet; dann liefert der von der Turbine an-
getriebene Wechselstﬁomérzeuger Strom fir den Antriebsmotor
des Fahrzeugs und fir die Wiederaufladung der Batterie, bis
der Ladungszustand der Batterie ein Niveau erreicht hat, das
es erlaubt, den Motor wieder aus der Batterie zu speisen;
nun wird die Turbine automatisch angehalten,

Die Erfindung stellt eine Weiterenfwicklung eines derartigen
Systems dar. Der Erflndung liegt die Aufgabe zugrunde, e1n
besonders wlrtschaftllch arbeitendes System der oben ange-
gebenen allgemeinen Art zu entwickeln, mit dem die Ausniitzung
der in den Fahrzeugbatterien gespeicherten Energie wirkungs-
voller erfolgen kann, Auf diese Weise wird der CGesamtwirkungs-
grad des Systems verbessert, so da® man ein Fahrzeug vor-
gegebener Grfe, das mit einém Elektromotor vorgegebener Stdr-
ke ausgerustet 1st, mit Batterien gerlngerer Kapa21tat ausstat-
ten kann; derartlge Batterien sind kleiner und leichter ungd.
bedeutenﬁsomlt fUr das System einen weiteren Vorteil,

Ferner liegt der Erfindung die weitere Aufgabe zugrhnde, eine
Einpichtung zum Steuern der Leistung des Wechselstromerzeugers
anzugeben, derart, daB die verlangte Ausgangsleistung der
Turbine konstant gehalten wird, was zu einer Herabsetzung

der Abgasemissionen der Turbine selbst fihrt.

Gemd® der Erfindung ist ein Antriebssystem flr Kraftfahrzéuge
vorgesehen, mit einerlElektromotoranlage fur den Antrieb
mindestens eines Fahrzeugrades, einer Turbine, einem von der
Turbine angetriebenen Wechselstromérzeuger, der, wenn er an-
getrieben wird, Strom an den Motor abgibt, und einer Batterie,
die Uber eine.erste Speiseieitung mit der Motoranlage ver-

, , BMW1012
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bunden 1st, das Antrlebssystem ist dadurch gekennzeichnet,

daB eine ‘auf den aus der Batterie Uber die genannte erste
Speiseleitung fllessenden Strom ansprechende Einrichtung vor-
gesehen ist, ferner eineKomparatorschaltung. der‘ein Bezugs=-
signal sowie ein Signal zugefdhrt wird, das ‘den aus der Bat-~
terie Uber die genannte erste Spelseleltung entnommenen Strom
reprdsentiert, ferner eine die Turbine in Betrieb setzende
Startvorrichtung, die durch das Ausgangssignal der Komparator-
échaltung gesteuert wird, um die Turbine zu starten, wenn der.

"{ber die genannte erste Speiseleitung aus der Batterie entnom-

mene Strom einen durch das Bezugssignal bestimmten Wert iber-
steigt, und schlieBlich eine Steuerung, die den Betrieb des
Wechselstromerzeugers derart zu steuern vermag, daR der Wechsel-

stromerzeuger, wenn er angetrieben wird, eine praktisch gleich-

bleibende Leistung {lber eine an die erste Speiseleitung ange-
schlossene zweite Speiseleitung abgibt.

Bei einem System dieser Art wird ein EnergiefluB zwischen

Turbogeﬁerator und Elektromotor, Turbogenerator und Batterie
und Batterie und -Motor und umgekehrt hergestellt, ohne daR be-
sonders zu betdtigende Schaltvorrichtungen benutzt werden, viel-

mehr ausschlieflich gemdl den Energieverhdltnissen des Systems _
und den Fahrleistungsansprichen, die von der Art abhdngen, in .
der das Fahrzeug . gefahren wird.

Nach einem wesentlichen Merkmal der Erfindung weist die
Steuereinrichtung zum Steuern der Ausgangsgrdfe des Wechsel-
stromerzeugers einen LeistungsmeRfithler auf, der auf die Aus-

gangsgrifie des Wechselstromerzeugers anspricht und ein Aus-
gangssignal an einen Steuerkreis abgibt, dessen Ausgangsgrofie
den Erregerkreis des Wechselstromerzeugers so beeinfluft, da8
die Ausgangsleistung des Wechselstromerzeugers und daher die
von der Turbine abgegebene leistung konstant bleibt.

Dieses System erméglicﬁt die Steuerung der Ausgangsleistung
BMW1012
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des Wechselstromerzeugers ohne Verwendung kostspieliger Bau-
elemente, wie Dloden; Regeldioden usw., und 148t die Turbine
mit gleichbleibender Ausgangsleistung arbeiten, was dann eine
Herabsetzung der Emission schddlicher Abgase aus der Turbine
zur Folge hat. Die Steuerung der Startvorrichtung fir die Tur-
bine erfolgt ilber einen Komparator, dessen einem Eingang ein
Signal zugefihrt wird, das den aus der Batterie Uber die erste /
Speiseleitung geftihrten Strom représentlert, wdhrend dem anderen
Eingang des Komparators das Bezug831gna1 zugefuhrt wird, so
daR, wenn der von der Batterle abgegebene Strom Uber einen

"vorgegebenen Wert hinausgeht, die Turbine selbsttdtig gestar-

tet wird; aus diesem Grund kann man Batterien von geringerem
Gewicht verwenden, denn der aus der Batterie entnommene Strom
kann begrenzt werden. Wegen der Begrenzung der Stromstdrke

.veriangert sich die Lebensdauer der Batterie, denn eine schnelle

Entladung durch hohe Str&me 1l4Rt sich vermeiden.

Eine Ausfihrungsform der Erfindung soll nun im einzelnen bei-
spielshalber anhand der Zeichnung beschrieben werden, die ein
schematisches Blockschaltbild der Erfindung wiedergibt. Die
Figﬁr zeigt einen Motor M (an dessen Stelle auch eine Gruppe
von Motorentreten kann), der ilber ein Kraftubertragungssyétem
T mit einem Rad R (oder einer Anzahl Rider) eines (nicht ge-
zeichneten)‘Kraftfahrzeugs.verbunden ist. Der Motor M erhilt
Strom aus einer Batterie B {lber eine Speiseleitung 10 und einen
{iblichen Regler.RE; oder von einem Wechselstrqmgenefator A
iber eine Speiseleitung 12; der von dem Wechselstromerzeuger

A herkommende Strom flieft ebenfalls durch den Regler RE. Die
beiden Speiseleitungen 10 bzw. 12, die von der Batterie bzw.
dem Wechselstromerzeuger in .den Regler laufen, sind an einem
Verbindungspunkt 14 zusahmengerhrt, so daf der Regler RE

nur einen einzigen Stroméingang hat, gleichgiiltig, ob der
Strom von der Batterie B oder von dem Generator A geliefert
wird. In dem Regler befindet sich eine {ibliche Schaltung von

BMW1012
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Regeldloden, die durch Slgnale durchl&ssxg getrlggert werden,
die von einem Steuerkreis 16 herruhven. der seinerseits durch
Eingangssignale aus zwei Vorrichtungen 18 bzw. 20 gesteuert
wird, die auf das Fahrpedal (18) bzw. eine Bremse (20) des
Fahrzeugs ansprechen. Qas Steuersystem aus Regler RE, Steuer-
kreis 16 und den MeBfilhlern 18, 20 ist an sich bekannt: ein
Beispiel eines derartigen Steuersystems ist in unserer italie-

- nischen Patentanmeldung No. 67045-A/72 beschrieben.

Die Leitung 10 ist an den. Pluspol 22 der Batterie B angeschlos-
sen, und der Mlnuspol 24 der Batterle B ist geerdet., Ein Strom-
meBfihler 26 liegt in der Leltung 10 und liefert ein Signal,

das von einer Leitung 28 an einen Eingang eines Komparator-
kreises 30 gefuhrt wird. Eine Leitung 32 fihrt das Ausgangs-
signal von dem MeRfithler 26 in eine den Ladungszustand be-
ricksichtigende Schaltung 34, die ausserdem Informationen

Uber die Spannung Vb an dem Pluspol der Batterie B, die Tempe-
ratur P der Batterie B und den Druck G des in der Batterie
entwickelten Gases erhilt: die Schaltung 3% verarbeitet Infor-
matlonen, die in den Signalen dieser Parameter enthalten sind,
die die Ladungsverhdltnisse der Batterie charaktermsxeren,

und veranlaBt die Erzeugung von zwei Signalen; eines dieser
Ausgangssignale‘wird {lber é;ne Leitung 36 in die Steuerschaltung
16 gefiihrt, die den ReglerjRE steuert, und das andere Ausgangs-
signal gelangt Uber eine Leitung 38 zu einer Startvorrichtung
40 fUr eine Turbine TU, die den Generator A antreibt.

Die Datenverarbeltungsschaltung 34, die die Signale verarbeitet,
die eine Aussage {iber den Ladezustand der Batterie liefern,

und die beiden Ausgang551gnale liefert, und die Art und Weise,
wie diese Ausgangssignale den Kreis 16 und die Startvorrich-
tung 40 steuern, sind im einzelnen in dem Italienischen Patent

No. 977 869 beschrieben,
BMW1012
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Dem anderenEingang des Komparators 30 wird ein Bezugssignal
S zugefdhrt; déf Wert dieses Signals bestimmt den Maximal-
wert des von der Batterie zu liefernden Stroms. Wenn bei
‘achnellem Anfahren des Fahrzeugs aus dem Stillstand oder

bei starkem Beschleunigen des bereits in Bewegung befind-
lichen Fahrzeugs der aus der\Bétterie B entnommene Strom
den durch das Signal S festgelegten Wert-Ubersteigt, so lie-
fert der~Komparator'30_ein Signal an die Startvorrichtung
40, die die Turbine TU anlaufen 14Rt. Die Batterie braucht
daher niemals starke Stréme zu liefern, und infolgedessen
hat sie eine langeve.NUtiungslebensdauer: ausserdem 1ldBRt sich
nun fdr einen bestimmten Motor und ein Fahrzeug bestimmter
~Grdfe eine deutlich kleinere Batterie verwenden als sie in
einem iblichen System der oben allgemein beschriebenen Art .

erforderlich widre.

Der Ausgéng des Generators A gelangt Uber einen Leistungsfih-
ler 42, der auf einen Steuerkreis Uuu wirkt, um den Erregerkreis
46 des Generators zu steuern; ein Ubersteuereingang L fir

‘den Erregerkreis 46 ist vorgesehen, um eine stdrkere Erregung
zu erreichen, falls das von Zeit zu Zeit erforderlich ist.

Auf d;gse_Weise arbeiten Cenerator und Turbine normalerweise
mit gleichbleibenﬁer Leistung, und infolgedessen wird die
Abgasemission der Turbine herabgesetzt.

Wie sich aus der vorstehenden Beschreibung ergibt, kann man
die Turbogeneratoranlage in Abhdngigkeit von dem Energiebedarf
des Motors ‘ein- oder abschalten; dieser Energiebedarf kann
unter Umstdnden die Leistungsgrenze des Generators ilberstei-
gen. Wenn beispielsweise die maximale Stromlieferung der Bat-
terie grYRer als die Maximalleistung des Generators oder
gleich dieser ist, kann der dem Motor von Generator und Bat
terie zugeleitete Gesamtstrom, weil der Generator der voll-
stdndig geladenen Batterie keinen Strom zufithrt, grdsser sein

. BMW1012
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als der Maximalstrom, den der Generator liefern kann,

Das beschrlebene Svstem erreicht einen hohen W1rkung5grad -
Wenn man erreichen. will, daB die Luftverunrelnlgung auf einen
kleinstmdglichen Wert herabgesetzt wird, sollte in dem System
eine Turbine verwendet werden, die h&ufig und sofort angelas-
sen werden kann, ohne daB eine wesentlich grdssere Abgas-
emission stattfindet, als wenn sie stdndig liefe.

Die konstruktiven Einzelheiten kdnnen gegenilber den beschrie-

benen zahlreiche Abweichungen zeigen. Beispielsweise ist es

'mdglich, zwischen den Komparator 30 und die Startvorrichtung

40 einen Zeitgeber, z.B. einen RC-Kreis, zu schalten, um zu
verhindern, daR der Turbogenerator eingeschaltet wird, wenn
ein erh8hter Strombedarf nur wihrend sehr kurzer Zeit besteht,

Patentansprlche:
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Patentanspriche:

-1, Antriebséystem fir Kraftfahrzeuge, mit einer Elektromotor-
anlage fir den Antrieb mindestens eines Fahrzeugrades,
einer Turbine, einem von der Turbine angetriebenen Wech-
selstromerzeuger, der, wenn er angetrieben wird, Strom an
den Motor abgibt, und einer Batterie, die {Uber eine erste
‘Speiseleitung mit- der Motoranlage verbunden ist,‘
dadurch gekennzeichnet, daB eine auf den aus der Batterie
ilber die genannte erste Speiseleitung fliessenden Strom
ansprechende Einrichtung vorgesehen ist, ferner eine Kom-
'paratorschaltung (30), der ein Bezugssignal sowie ein Sig-
nal zugeftthrt wird, das den-aus der Batterie ilber die ge-
nannte erste Speiseleitung entnommenen Strom reprdsen-
tiert, ferner eine die Turbine (TU) in Betrieb setzende

.-Startvorrichtung (40), die durch das Ausgangssignal der .
Komparétorschaltung (30) gesteuert wird, um die Turbine
(TU) zu starten, wenn der Uber die genannte erste Speise-
leitung (10) aus der Batterie (B) entnommene Strom einen
durch das Bezugssignal bestimmten Wert ilbersteigt, und
schlieflich eine Steuerung (42, 44), die den Betrieb des

-WechselstromerzeUgers (A) derart zu steuern vermag, daf
der Wechselstromerzeuger (A) eine praktisch gleichblei-
bende Leistung {ber €ine an die erste Speiseleitung (10)
angeschloséene zweite Speiseleitung (12) abgibt.

2. Antriebssystem nach Anspruch 1, dadurch gekennzeichnet,
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daf die Steuerung (42, 44) zum Steuern der Ausgangs-
gréfe desWechselstromgenerators einen Leistungsfihler

- (42) aufweist, der-auf die Ausgangsleistung des Wechsel-
stromerzeugers anspricht und Ausg;ngssigp;ale auf einen
Steuerkreis (4u) gibt, dessen A\isgangsgr‘élié\den Erreger-
kreis (46) des Wechselstromerzeugers derart beeinfluft,
daf die Auégangsleistuhg des Wechselstromerzeugers und
daher die von der Turbine (TU) gelieferte Leistung kon-

stant bleiben.

Filr: FIAT SOCIETA PER AZIONI

PATENTANWALTE
OR.-tNG. H. FINCKE, DIPL-ING. H. 80t
OIPLANG. 8. STASGER
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