IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

MASSACHUSETTS INSTITUTE
OF TECHNOLOGY, and ETHANOL
BOOSTING SYSTEMS, LLC, C.A.No. 19-cv-196-CFC-SRF

Plaintiffs, JURY TRIAL DEMANDED
\Z

FORD MOTOR COMPANY,

Defendant.

JOINT CLAIM CONSTRUCTION CHART

Pursuant to Paragraph 15 of the Court’s Scheduling Order (D.I. 17), Plaintiffs
Ethanol Boosting Systems, LLC and the Massachusetts Institute of Technology and
Defendant Ford Motor Company (collectively, “the Parties”) jointly provide this
Joint Claim Construction Chart (1) identifying for the Court the 7 terms and phrases
that Ford has 1dentified for construction and (2) setting forth each party’s proposed
constructions with citations only to intrinsic evidence.,

As set forth in its invalidity contentions, and as identified in the initial
exchange of claim terms for construction, Ford also believes that a number of claim
terms at issue in the patent are indefinite. However, it is the parties’ understanding

that the Court prefers to address indefiniteness issues separately from claim
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construction. To the extent the Court would prefer to address indefiniteness issues
at claim construction, the parties can supplement this document.

The Parties also attach a separate text-searchable PDF of each of the patents
in issue, as well as U.S. Patent Application No. 10/991,774—to which each claims

priority. Below is a key for such materials:

Exhibit | Document Description

1¢ U.S. Patent Application No. 10/991,774, dated November 18, 2004

U.S. Patent No. 8,069,839 B2 (Cohn, et al.), dated December 6, 2011

U.S. Patent No. 9,255,519 B2 (Cohn, et al.), dated February 9, 2016

U.S. Patent No. 9,810,166 B2 (Cohn, et al.), dated November 7, 2017

U.S. Patent No. 10,138,826 B2 (Cohn, et al.), dated November 27, 2018

| [l el B

Excerpts of the File History for U.S. Patent Application No. 10/991,774
(’033 File History)

7. Excerpts of the File History for U.S. Patent No. 9,810,166 B2 (’166 File
History)

L. Agreed Claim Constructions

The parties have stipulated to the following constructions for the following
claim terms and respectfully request that the Court include these constructions in its

claim construction order:

Term Construction

“port injection” / “port fuel injection” “injection of fuel into an intake
port or intake manifold”

' Because each of the asserted patents shares a common specification with that
included in U.S. Patent Application No. 10/991,774, for the Court’s convenience the
parties cite to this document in lieu of the individual specifications.
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[’839 (Claim 1), '166 (Claims 1, 19)]/ ['839
(Claim 7), °166 (Claims 1, 7, 10-12, 19, 22-
23), °826 (Claims 1, 12, 21, 31)]

“direct injection” / “direct fuel injection” | “direct injection of fuel into a
cylinder’?

[’839 (Claims 1, 8), 166 (Claims 1, 5, 16,
18, 19, 21-22, 26-28, 30), '826 (Claims 1,
12)]/[°166 (Claims 1, 19)]

“first fueling system that directly injects Plain and ordinary meaning?
fuel” / “first fueling system” / “first
fueling system that uses direct injection”

[’519 (Claims 1, 13)] /[’519 (Claims 1-3, 5,
10-11, 13-14, 16-18, 21, 24-25, 27-30), 826
(Claims 2-4, 13-21, 23-26, 29-33)] / [’826
(Claims 1, 12)]

“second fueling system that injects fuel Plain and ordinary meaning
into a region outside of the cylinder” /
“second fueling system” / “second fueling
system using port fuel injection”

[’519 (Claim 1)] / [’826 (Claims 1, 12, 21,
23,24, 30, 31)] / [’826 (Claims 21, 31)]

2 The parties agree that, by agreeing to this construction of the phrases “direct
injection” and “direct fuel injection,” Ford has not waived its argument that the type
of fuel required to be used in direct injection is a fuel that contains an anti-knock
agent that is not gasoline, and that is different from the fuel used for port injection/in
the second fueling system.

* The parties agree that, by agreeing to this construction of the phrases “first fueling
system that directly injects fuel,” “first fueling system,” and “first fueling system
that uses direct injection,” Ford has not waived its argument that each requires a fuel
that contains an anti-knock agent that is not gasoline, and that is different from the
fuel used for port injection/in the second fueling system.

3
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“employs spark retard so as to reduce the | “uses spark retard so as to reduce
amount of fuel that is introduced into the | the amount of fuel that is
cylinder by the first fueling system” introduced into the cylinder by
direct injection”

[’519 (Claim 1)]

“spark retard is employed [to/so] as to “spark retard is used so as to

reduce the amount of fuel that is provided | reduce to zero the amount of fuel

by the first fueling system to zero” that is provided by direct
injection”

[’519 (Claims 2, 16)]

“input” “information, including one or
more signals”

[’519 (Claim 13-14)]

The parties further state that, to narrow the issues in dispute, Plaintiffs have
agreed not to assert Claims 29 and 30 of U.S. Patent No. 10,138,826,

II.  Disputed Claim Constructions

The following terms/phrases remain in dispute:

1. “torque” [’839 (Claims 1-2, 7-8), °519 (Claims 1, 3-4, 6, 10-11, 15,
18-20, 22, 26, 29), *166 (Claims 1-4, 7-8, 10, 14-16, 19-21, 23, 26-28),
826 (Claim 1-8, 10-15, 20-24, 29-33)]

Plaintiffs’ Construction: Ford’s Construction:
Plain and ordinary (no construction “Torque is the measure of a turning or
needed). rotational force on an object. Torque is

calculated by multiplying force and

Alternatively, if construed, “measure of distanpe. _It is a vector q.uant.ity,
a turning or rotating force on an object.” | meaning it has both a direction and a

magnitude.”
Intrinsic Support: Intrinsic Support:
e Ex. 1 (Orig. Appl.) at passim. e Ex.2 (’839 Patent) at 5:42-6:27,

Claims 1,2,7,8, 13,15, 16, 19,
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e [Ex.2 (’839 Patent) at Claims 1-2,

7-8.

e Ex.3 (°519 Patent) at Claims 1, 3-

4,6,10-11, 15, 18-20, 22, 26, 29.

o Ex. 4 (’166 Patent) at Claims 1-4,

7-8,10, 14-16, 19-21, 23, 26-28.

o Ex.5(’826 Patent) at Claim 1-8,
10-15, 20-24, 29-33.

and 20.

e Ex.3 (’519 Patent) at 5:61-6:45,
Claims 1, 3,4, 6,7, 10, 11, 15,
18, 19, 20, 22, 26, and 29.

e Ex.4 (’166 Patent) at 6:4-55;
Claims 1, 2, 3,4, 6,7, 8,9, 10,
14, 15, 16, 19, 20, 21, 23, 26, 27,
28, and 29.

e Ex.5(’826 Patent) at 6:6-57,
Claims 1,2, 3,4,5,6,7,38,9, 10,
11,12, 13, 14, 15, 20, 21, 22, 23,
24, 25, 28, 29, 30, 31, 32, and
33.

2. “torque range” [’519 (Claims 19, 20, 22), "166 (Claims 1, 10, 14-16,
20, 28, 29), ’826 (Claims 1-15, 20-25, 28-33)] / “range of torque”
[’519 (Claims 1, 4), 166 (Claims 7-8, 19)]

Plaintiffs’ Construction:

Ford’s Construction:

Plain and ordinary (no construction
needed).

Alternatively, if construed, “range of
torque values from one value of torque
to another value of torque.”

“a range of torque values from one
specific value of torque to another
specific value of torque”

Intrinsic Support:
e Ex. 1 (Orig. Appl.) at 8:21-24,
9:3-10.
e Ex. 3 (°519 Patent) at Claim 20.

o Ex.4 (166 Patent) at Claim 8;
see also Ex. 4 (’166 Patent) at
Claims 9, 10, 20, 29.

e EX. 5 (826 Patent) at Claim 1;
see also Ex. 5 (’826 Patent) at
Claims 12, 22-25, 30, 31.

Intrinsic Support:

e Ex.3 (’519 Patent) at 5:61-6:62,
Claims 1, 3,4, 6,7, 10, 11, 15,
18, 19, 20, 22, 26, and 29.

e Ex.4 (’166 Patent) at 6:4-7:5;
Claims 1, 2,3,4,6,7,8,9, 10,
14, 15, 16, 19, 20, 21, 23, 26, 27,
28, and 29.

e Ex.5(’826 Patent) at 6:6-7:7,;
Clams 1,2,3,4,5,6,7,8,9, 10,
11,12, 13, 14, 15, 20, 21, 22, 23,
24,25, 28, 29, 30, 31, 32, and
33.
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3; “above a selected torque value the ratio of fuel that is directly
injected to fuel that is port injected increases” [’839 (Claim 1)]

Plaintiffs’ Construction:

Ford’s Construction:

Plain and ordinary (no construction
needed).

“Above a selected torque value the
ratio of fuel that is directly injected to
fuel that is port injected is always
increasing”

Intrinsic Support:
e Ex. 1 (Orig. Appl.) at 4:17-26,

9:13-14, 5:25-26, 6:5-7, 10:16-20,

12:8-9.
e Ex.2 (°839 Patent) at Claims 1-6.

e See also Ex. 6 (033 File History)
at EBS00000018-28, at -21, -26,
and EBS00000091-103, at -94,
-100.

4.

Intrinsic Support:

e Ex.2 (°839 Patent) at Abstract;
1:29-32, 54-62; 3:2-12; 5:27-38;
5:42-6:27; Claims 1, 2, 3, 4, 5, 6,
7,8,15,16, 17,18, 19, 20; and
Fig. 2.

e Ex. 6 (’033 Patent Pros. History)

at EBS00000034-38; and

EBS00000054-103.

“fuel that is directly injected” [’839 (Claim 1)] / “directly injected

fuel” [°839 (Claims 2-5)] / “fuel provided by direct injection” [*166
(Claims 5, 16, 27, 28)] / “fueling that is provided by the first fueling
system” [’826 (Claims 3-8)] / “fueling from the first fueling system”
(7166 (Claim 10)] / “fuel provided by the first fueling system” [’826
(Claims 13-15)] / “fuel is provided by a first fueling system” [’826

(Claim 31)]

' Plaintiffs’ Construction:

Ford’s Construction:

Plain and ordinary (no construction
needed).

Alternatively, if construed, “fuel is
provided by a first fueling system using
direct injection” [*826 (Claim 31)]
should be construed to mean “fuel is
directly injected into a cylinder” and the
remainder should be construed to mean

“a fuel that contains an anti-knock
agent that is not gasoline, and that is
different from the fuel used for port
injection/in the second fueling system’

9’
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“fuel that is directly injected into a
cylinder.”

Intrinsic Support:
e Ex. 1 (Orig. Appl.) at 5:25-26,
6:5-7, 3:5-8, 12:8-9; see also Ex.
1 (Orig. Appl.) at 3:8-11, 5:1-2,
10:16-20, FIG. 3.
e Ex.2 (’839 Patent) at Claims 1, 8-
11, 15.

e See also Ex. 6 (’033 File History)
at EBS00000018-28, at -21, -26;
and EBS00000091-103, at -97-99.

e See also Ex. 7 (166 File History)
at EBS00001959-75, at -1964,
-1971-72.

Intrinsic Support:

e Ex. 2 (’839 Patent) at Title;
Abstract; 1:14-17, 42-62; 1:66-
2:40; 2:61-6:67; Claims 1, 2, 3,
4,5,9,10,11,15,16,17,18, 19,
20; Figs. 1,2, 3,4, and 5.

e Ex.4 (’166 Patent) at Title;
Abstract; 1:35-38, 1:65-2:19;
2:23-67; 3:21-7:25; Claims 1, 2,
3,4,5,6,7,8,9,10, 11, 12, 13,
14, 15, 16, 18, 19, 20, 21, 22, 23,
27,28, 29, 30; Figs. 1, 2, 3, 4,
and 5.

e [Ex.5(’826 Patent) at Title;
Abstract; 1:38-41, 2:1-22; 2:26-
3:3; 3:24-7:37; Claims 1, 2, 3, 4,
5,6,7,8,9,10,11, 12, 13, 14,
15,16, 17,18, 19, 20, 21, 22, 23,
24,25, 26,27, 28, 29, 30, 31, 32,
33; Figs. 1, 2, 3, 4, and 5.

e Ex. 6 (°033 Patent Pros. History)
at EBS00000034-38; and
EBS00000054-103.

e Ex.7(’166 Patent Pros. History)
at EBS-00001998-2033.

5. “highest loads” [’839 (Claim 6)]

Plaintiffs’ Construction:

Ford’s Construction:

Plain and ordinary (no construction
needed).

Alternatively, if construed, “engine’s
highest torques at a given engine
speed.”

“Highest torques”
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Intrinsic Support:
e Ex.1(Orig. Appl.) at 8:22-25; see
also Ex. 1 (Orig. Appl.) at 8:6-
9:11.
e Ex.2 (’839 Patent) at Claims 1, 6,
18.

e See also Ex. 7 (’166 File History)
at EBS00002038-45, at -2044-45.

Intrinsic Support:

e Ex.2 (’839 Patent) at 1:56-62;
Claims 6 and 18.

6. “decreases with decreasing torque” [’519 (Claim 1)]

Plaintiffs’ Construction:

Ford’s Construction:

Plain and ordinary (no construction
needed).

“always decreasing with decreasing
torque”

Intrinsic Support:

e Ex. 1 (Orig. Appl.) at 3:2-5,9:12-
14; see also Ex. 1 (Orig. Appl.) at
3:18-25,4:21-27, 8:6-9:11.

e [Ex.3 (519 Patent) at Claims 1-3,
5-6, 9-11.

e Seealso Ex. 6 (033 File History)
at EBS00000018-28, at -21, -26;
and EBS00000091-103, at -97-
100.

Intrinsic Support:

e Ex. 3 (’519 Patent) at Abstract;
1:47-50; 2:5-14; 3:21-31; 5:46-
57; 5:61-6:45; Claims 1, 2, 3, 4,
5,6,7,8,9,10,11, 12, 13, 14,
15,16,17,18, 19, 20, 21, 22, 23,
24,25, 26,27, 28, 29, 30, 31;
Fig. 2;

e Ex. 6 (°033 Patent Pros. History)
at EBS00000034-38; and
EBS00000054-103.

7. “closed loop control that utilizes a sensor that detects knock” [’519
(Claim 1)]/ “input from the knock sensor is utilized in a closed loop
control system that controls” [’519 (Claim 14)]/ “where closed loop
control with a knock detector is used” [’519 (Claim 18)]

Plaintiffs’ Construction:

Ford’s Construction:

Plain and ordinary (no construction
needed).

Alternatively, if construed, “closed loop
control that utilizes a sensor that detects
knock” (Claim 1) should be construed to

“a microprocessor that uses a direct
feedback input signal from a knock
sensor” / “a direct feedback input
signal from the knock sensor is used by
a microprocessor to control” / “a direct

8
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mean “a feedback system that uses a
sensor that detects knock.”

If construed, “input from the knock
sensor is utilized in a closed loop
control system that controls” (Claim 14)
should be construed to mean “input
from the knock sensor is used by a
feedback system that controls.”

If construed, “where closed loop control
with a knock detector is used” (Claim
18) should be construed to mean “where
a feedback system with a knock sensor
is used.”

feedback input signal from the knock
detector is used by a microprocessor”

Intrinsic Support:

e Ex. 1 (Orig. Appl.) at 3:18-25,
4:21-27,9:26-28, FIG 1 & 5.

e Ex.3(’519 Patent) at Claims 1, 2,
5,10, 13, 14, 18, 19, 24, 25, 27,
29.

e See also Ex. 6 (033 File History)
at EBS00000091-103, at -99-100.

e See also Ex. 7 (’166 File History)
at EBS00002038-45, at -44-45.

Intrinsic Support:

e [Ex.3 (519 Patent) at 2:35-45;
3:13-31; Claims 1, 13, 14, 18,
19, 24, 25, 29; Figs 1 and 5.
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Dated: September 24, 2019
FARNAN LLP

/s/ Michael J. Farnan

Brian E. Farnan (Bar No. 4089)
Michael J. Farnan (Bar No. 5165)
919 North Market Street, 12th Floor
Wilmington, DE 19801

(302) 777-0300

(302) 777-0301
bfaman@famanlaw.com
mfarnan@farmanlaw.com

Attorneys for Plaintiff

Respectfully submitted,

MORRIS, NICHOLS, ARSHT & TUNNELL
LLP

/s/ Rodger D. Smith II

Rodger D. Smith II (#3778)
Michael J. Flynn (#5333)
Taylor M. Haga (#6549)
1201 North Market Street
P.O. Box 1347
Wilmington, DE 19899
(302) 658-9200
rsmith@mnat.com
mflynn@mnat.com
thaga@mnat.com

Attorneys for Defendant
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EXHIBIT 1
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JOINT

APPLICATION
FOR

UNITED STATES LETTERS PATENT

TO THE ASSISTANT COMMISSIONER FOR PATENTS:

BE IT KNOWN, that we,

Daniel R. Cohn, Chestnut Hill, Massachusetts
Leslie Bromberg, Sharon, Massachusetts
John B, Heywood, Newton, Massachusetts

have invented certain new and useful improvements in Fuel Management System for

Variable Ethanol Octane Enhancement of Gasoline Engines of which the following is a

specification:

Attomey Docket No.: 0492611-0598
Express Mall No. EV196632874US
Date of Flitlng: November 18, 2004
Customar Number: 24280

EBS-00000175
FORD Ex. 1144, page 12

IPR2020-00013



10

15

20

25

30

Fuel Management System for Variable Ethanol Octane Enhancement

of Gasoline Engines

Background of the Invention

This invention relates to spark ignition gasoline engines utilizing an antiknock agent
which is a liquid fuel with a higher octane number than gasoline such as ethanol to improve
engine efficiency.

It is known that the efficiency of spark ignition (SI) gasoline engines can be increased by
high compression ratio operation and particularly by engine downsizing. The engine downsizing
is made possible by the use of substantial pressure boosting from either turbocharging or
supercharging. Such pressure boosting makes it possible to obtain the same performance in a
significantly smaller engine. See, J. Stokes, ef al., “A Gasoline Engine Concept For Improved
Fuel Economy — The Lean-Boost System,” SAE Paper 2001-01-2902. The use of these
techniques to increase engine efficiency, however, is limited by the onset of engine knock.
Knock is the undesired detonation of fuel and can severely damage an engine. If knock can be
prevented, then high compression ratio operation and high pressure boosting can be used to
increase engine efficiency by up to twenty-five percent.

Octane number represents the resistance of a fuel to knocking but the use of higher
octane gasoline only modestly alleviates the tendency to knock. For example, the difference
between regular and premium gasoline is typically six octane numbers. That is significantly less
than is needed to realize fully the efficiency benefits of high compression ratio or turbocharged
operation. There is thus a need for a practical means for achieving a much higher level of octane
enhancement so that engines can be operated much more efficiently.

It is known to replace a portion of gasoline with small amounts of ethanol added at the
refinery, Ethanol has a blending octane number (ON) of 110 (versus 95 for premium gasoling)
(see J.B. Heywood, “Internal Combustion Engine Fundamentals,” McGraw Hill, 1988, p. 477)
and is also attractive because it is a renewable energy, biomass-derived fuel, but the small
amounts of ethanol that have heretofore been added to gasoline have had a relatively small
impact on engine performance. Ethanol is much more expensive than gasoline and the amount
of ethanol that is readily available is much smaller than that of gasoline because of the relatively
limited amount of biomass that is available for its production. An object of the present invention

Page 2 of 14
Attomey Docket No.: 0492811-0598
Express Mall No. EV196632874U8

Date of Flling: November 18, 2004
Customer Number: 24280

EBS-00000176
FORD Ex. 1144, page 13
IPR2020-00013



10

15

20

25

30

is to minimize the amount of ethanol or other antiknock agent that is used to achieve a given
level of engine efficiency increase. By restricting the use of ethanol to the relatively small
fraction of time in an operating cycle when it is needed to prevent knock in a higher load regime
and by minimizing its use at these times, the amount of ethanol that is required can be limited to

arelatively small fraction of the fuel used by the spark ignition gasoline engine.

Summary of the Invention

In one aspect, the invention is a fuel management system for efficient operation of a
spark ignition gasoline engine including a source of an antiknock agent such as ethanol. An
injector directly injects the ethanol into a cylinder of the engine and a fuel management system
controls injection of the antiknock agent into the cylinder to control knock with minimum use of
the antiknock agent. A preferred antiknock agent is ethanol. Ethanol has a high heat of
vaporization so that there is substantial cooling of the air-fuel charge to the cylinder when it is
injected directly into the engine. This cooling effect reduces the octane requirement of the
engine by a considerable amount in addition to the improvement in knock resistance from the
relatively high octane number of ethanol. Methanol, tertiary buty] alcohol, MTBE, ETBE, and
TAME may also be used. Wherever ethanol is used herein it is to be understood that other
antiknock agents are contemplated.

The fuel management system uses a fuel management control system that may use a
microprocessor that operates in an open loop fashion on a predetermined correlation between
octane number enhancement and fraction of fuel provided by the antiknock agent. To conserve
the ethanol, it is preferred that it be added only during portions of a drive cycle requiring knock
resistance and that its use be minimized during these times. Alternatively, the gasoline engine
may include a knock sensor that provides a feedback signal to a fuel management
micropracessor system to minimize the amount of the ethanol added to prevent knock in a closed
loop fashion.

In one embodiment the injectors stratify the ethanol to provide non-uniform deposition
within a cylinder. For example, the ethanol may be injected proximate to the cylinder walls and
swirl can create a ring of ethanol near the walls.

In another embodiment of this aspect of the invention, the system includes a measure of
the amount of the antiknock agent such as ethanol in the source containing the antiknock agent to

control turbocharging, supercharging or spark retard when the amount of ethanol is low.

Page 3 of 14
Attomey Docket No.: 0492611-0598
Express Mall No. EV186632874US
Date of Flling: November 18, 2004
Customer Number: 24280

EBS-00000177
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The direct injection of ethanol provides substantially a 13°C drop in temperature for
every ten percent of fuel energy provided by ethanol. An instantaneous octane enhancement of
at least 4 octane numbers may be obtained for every 20 percent of the engine’s energy coming

from the ethanol.

Brief Description of the Drawing

Fig. 1 is a block diagram of one embodiment of the invention disclosed herein,

Fig. 2 is a graph of the drop in temperature within a cylinder as a function of the fraction
of energy provided by ethanol.

Fig. 3 is a schematic illustration of the stratification of cooler ethanol charge using direct
injection and swirl motion for achieving thermal stratification.

Fig. 4 is a schematic illustration showing ethanol stratified in an inlet manifold.

Fig. 5 is a block diagram of an embodiment of the invention in which the fuel
management microprocessor is used to control a turbocharger and spark retard based upon the

amount of ethanol in a fuel tank.

Description of the Preferred Embodiment

With reference first to Fig. 1, a spark ignition gasoline enginc 10 includes a knock sensor
12 and a fuel management microprocessor system 14. The fuel management microprocessor
system 14 controls the direct injection of an antiknock agent such as ethanol from an ethanol
tank 16. The fuel management microprocessor system 14 also controls the delivery of gasoline
from a gasoline tank 18 into engine manifold 20. A turbocharger 22 is provided to improve the
torque and power density of the engine 10. The amount of ethanol injection is dictated either by
a predetermined correlation between octane number enhancement and fraction of fuel that is
provided by ethanol in an open loop system or by a closed loop control system that uses a signal
from the knock sensor 12 as ani iiput to ihe fuel management microprocessor 14. In both
situations, the fuel management processor 14 will minimize the amount of ethanol added to a
cylinder while still preventing knock. It is also contemplated that the fuel management

microprocessor system 14 could provide a combination of open and closed loop control.

As show in Fig. 1 it is preferred that ethanol be directly injected into the engine 10.

Direct injection substantially increases the benefits of ethanol addition and decreases the required

Page 4 of 14
Attomey Docket No.: 0492611-0598
Express Mall No. EV196632874US
Date of Filing: November 18, 2004
Customer Number: 24280
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amount of ethanol. Recent advances in fuel injector and electronic control technology allows
fuel injection directly into a spark ignition engine rather than into the manifold 20. Because
ethanol has a high heat of vaporization there will be substantial cooling when it is directly
injected into the engine 10. This cooling effect further increases knock resistance by a
considerable amount. In the embodiment of Fig. 1 port fuel injection of the gasoline in which
the gasoline is injected into the manifold rather than directly injected into the cylinder is
preferred because it is advantageous in obtaining good air/fuel mixing and combustion stability

that are difficult to obtain with direct injection.

Ethanol has a heat of vaporization of 840kJ/kg, while the heat of vaporization of gasoline
is about 350kJ/kg. The attractiveness of ethanol increases when compared with gasoline on an
energy basis, since the lower heating value of ethanol is 26.9MJ/kg while for gasoline it is about
44MJ/kg. Thus, the heat of vaporization per Joule of combustion energy is 0.031 for ethanol and
0.008 for gasoline. That is, for equal amounts of energy the required heat of vaporization of
ethanol is about four times higher than that of gasoline. The ratio of the heat of vaporization per
unit air required for stoichiometric combustion is about 94 kJ/kg of air for ethanol and 24 kl/kg
of air for gasoline, or a factor of four smaller. Thus, the net effect of cooling the air charge is
about four times lower for gasoline than for ethanol (for stoichiometric mixtures wherein the

amount of air contains oxygen that is just sufficient to combust all of the fuel).

In the case of ethanol direct injection according to one aspect of the invention, the charge
is directly cooled. The amount of cooling due to direct injection of ethanol is shown in Fig. 2. It
is assumed that the air/fuel mixture is stoichiometric without exhaust gas recirculation (EGR),
and that gasoline makes up the rest of the fuel. It is further assumed that only the ethanol
contributes to charge cooling. Gasoline is vaporized in the inlet manifold and does not
contribute to cylinder charge cooling. The direct ethanol injection provides about 13°C of
cooling for each 10% of the fuel energy provided by ethanol. Tt is also possible to use direct
injection of gasoline as well as direct injection of ethanol. However, under certain conditions

there can be combustion stability issues.

The temperature decrement because of the vaporization energy of the ethanol decreases

with lean operation and with EGR, as the thermal capacity of the cylinder charge increases. If

Page 5 of 14
Attorney Docket No.: 0492611-0588
Exprass Mall No. EV196632874US
Date of Fillng: Novembear 18, 2004
Customer Number: 24280
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the engine operates at twice the stoichiometric air/fuel ratio, the numbers indicated in Fig. 2
decrease by about a factor of 2 (the contribution of the ethano! itself and the gasoline is relatively
modest). Similarly, for a 20% EGR rate, the cooling effect of the ethanol decreases by about
25%.

The octane enhancement effect can be estimated from the data in Fig. 2. Direct injection
of gasoline results in approximately a five octane number decrease in the octane number required
by the engine, as discussed by Stokes, ef al. Thus the contribution is about five octane numbers
per 30K drop in charge temperature. As ethanol can decrease the charge temperature by about
120K, then the decrease in octane number required by the engine due to the drop in temperature,
for 100% ethanol, is twenty octane numbers. Thus, when 100% of the fuel is provided by
ethanol, the octane number enhancement is approximately thirty-five octane numbers with a
twenty octane number enhancement coming from direct injection cooling and a fifteen octane
number enhancement coming from the octane number of ethanol. From the above
considerations, it can be projected that even if the octane enhancement from direct cooling is
significantly lower, a total octane number enhancement of at least 4 octane numbers should be

achievable for every 20% of the total fuel energy that is provided by ethanol.

Alternatively the ethanol and gasoline can be mixed together and then port injected
through a single injector per cylinder, thereby decreasing the number of injectors that would be

used. However, the air charge cooling benefit from ethanol would be lost.

Altematively the ethanol and gasoline can be mixed together and then port fuel injected
using a single injector per cylinder, thereby decreasing the number of injectors that would be
used, However, the substantial air charge cooling benefit from ethanol would be lost. The
volume of fuel between the mixing point and the port fuel injector should be minimized in order

to meet the demanding dynamic sctane-enliainceineni requirements of the engine.

Relatively precise determinations of the actual amount of octane enhancement from given
amounts of direct ethanol injection can be obtained from laboratory and vehicle tests in addition
to detailed calculations. These correlations can be used by the fucl management microprocessor

system 14.
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An additional benefit of using ethanol for octane enhancement is the ability to use it in a
mixture with water. Such a mixture can eliminate the need for the costly and energy consuming
water removal step in producing pure ethanol that must be employed when ethanol is added to
gasoline at a refinery. Moreover, the water provides an additional cooling (due to vaporization)
that further increases engine knock resistance. In contrast the present use of ethanol as an

additive to gasoline at the refinery requires that the water be removed from the ethanol.

Since unlike gasoline, ethanol is not a good lubricant and the ethanol fuel injector can
stick and not open, it is desirable to add a lubricant to the ethanol. The lubricant will also

denature the ethanol and make it unattractive for human consumption.

Further decreases in the required ethanol for a given amount of octane enhancement can
be achieved with stratification (non-uniform deposition) of the ethanol addition. Direct injection
can be used to place the ethanol near the walls of the cylinder where the need for knock
reduction is greatest. The direct injection may be used in combination with swirl. This
stratification of the ethanol in the engine further reduces the amount of ethanol needed to obtain
a given amount of octane enhancement. Because only the ethanol is directly injected and
because it is stratified both by the injection process and by thermal centrifugation, the ignition

stability issues associated with gasoline direct injection (GDI) can be avoided.

It is preferred that ethanol be added to those regions that make up the end-gas and are
prone to auto-ignition. These regions are near the walls of the cylinder, Since the end-gas
contains on the order of 25% of the fuel, substantial decrements in the required amounts of

ethanol can be achieved by stratifying the ethanol.

In the case of the engine 10 having substantial organized motion (such as swirl), the
cooling will result in forces that thermally stratify the discharge (centrifugal senaration of the
regions at different density due to different temperatures). The cffect of ethanol addition is to
increase gas density since the temperature is decreased. With swirl the ethanol mixture will
automatically move to the zone where the end-gas is, and thus increase the anti-knock
effectiveness of the injected ethanol. The swirl motion is not affected much by the compression
stroke and thus survives better than tumble-like motion that drives turbulence towards top-dead-

center (TDC) and then dissipates. It should be pointed out that relatively modest swirls result in
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large separating (centrifugal) forces. A 3m/s swirl motion in a 5cm radius cylinder generates

accelerations of about 200m/s?, or about 20g’s.

Fig. 3 illustrates ethanol direct injection and swirl motion for achieving thermal
stratification. Ethanol is predominantly on an outside region which is the end-gas region. Fig, 4
illustrates a possible stratification of the ethanol in an inlet manifold with swirl motion and
thermal centrifugation maintaining stratification in the cylinder. In this case of port injection of

ethanol, however, the advantage of substantial charge cooling may be lost.

With reference again to Fig. 2, the effect of ethanol addition all the way up to 100%
ethanol injection is shown. At the point that the engine is 100% direct ethanol injected, there
may be issues of engine stability when operating with only stratified ethanol injection that need
to be addressed. In the case of stratified operation it may also be advantageous to stratify the
injection of gasoline in order to provide a relatively uniform equivalence ratio across the cylinder
(and therefore lower concentrations of gasoline in the regions where the ethanol is injected).

This situation can be achieved, as indicated in Fig. 4, by placing fuel in the region of the inlet

manifold that is void of ethanol.

The ethanol used in the invention can either be contained in a separate tank from the

gasoline or may be separated from a gasoline/ethanol mixture stored in one tank.

The instantaneous ethanol injection requirement and total ethanol consumption over a
drive cycle can be estimated from information about the drive cycle and the increase in torque
(and thus increase in compression ratio, engine power density, and capability for downsizing)
that is desired. A plot of the amount of operating time spent at various values of torque and
engine speed in FTP and US06 drive cycles can be used. It is necessary to ernhance the octane
number at each point in the drive cycle where the torque is greater than permitted for knock free
operation with gasoline alone. The amount of octane enhancement that is required is determined

by the torque level.

A rough illustrative calculation shows that only a small amount of ethanol might be
needed over the drive cycle. Assume that it is desired to increase the maximum torque level by a

factor of two relative to what is possible without direct injection ethanol octane enhancement.
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Information about the operating time for the combined FTP and US06 cycles shows that
approximately only 10 percent of the time is spent at torque levels above 0.5 maximum torque
and less than 1 percent of the time is spent above 0.9 maximum torque. Conservatively
assuming that 100 % ethanol addition is needed at maximum torque and that the energy fraction
of ethanol addition that is required to prevent knock decreases linearly to zero at 50 percent of
maximum torque, the energy fraction provided by ethanol is about 30 percent. During a drive
cycle about 20 percent of the total fuel energy is consumed at greater than 50 percent of
maximum torque since during the 10 percent of the time that the engine is operated in this
regime, the amount of fuel consumed is about twice that which is consumed below 50 percent of
maximum torque. The amount of ethanol energy consumed during the drive cycle is thus roughly

around 6 percent (30 percent x 0.2} of the total fuel energy.

In this case then, although 100% ethano! addition was needed at the highest value of
torque, only 6% addition was needed averaged over the drive cycle. The ethanol is much more
effectively used by varying the level of addition according to the needs of the drive cycle.
Because of the lower heat of combustion of ethanol, the required amount of ethanol would be
about 9% of the weight of the gasoline fuel or about 9% of the volume (since the densities of
ethanol and gasoline are comparable). A separate tank with a capacity of about 1.8 gallons
would then be required in automobiles with twenty gallon gasoline tanks. The stored ethanol
content would be about 9% of that of gasoline by weight, a number not too different from
present-day reformulated gasoline, Stratification of the ethanol addition could reduce this
amount by more than a factor of two. An on-line ethanol distillation system might alternatively
be employed but would entail elimination or reduction of the increase torque and power available

from turbocharging.

Because of the relatively small amount of ethanol and present lack of an ethanol fueling
infrastructure, it is important that the ethanol vehicle be operable if there is no ethanol on the
vehicle. The engine system can be designed such that although the torque and power benefits
would be lower when ethanol is not available, the vehicle could still be operable by reducing or
eliminating turbocharging capability and/or by increasing spark retard so as to avoid knock. As
shown in Fig. 5, the fuel management microprocessor system 14 uses ethanol fuel level in the

ethanol tank 16 as an input to control the turbocharger 22 (or supercharger or spark retard, not
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shown). As an example, with on-demand ethanol octane enhancement, a 4-cylinder engine can
produce in the range of 280 horsepower with appropriate turbocharging or supercharging but
could alsc be drivable with an engine power of 140 horsepower without the use of ethanol

according to the invention.

The impact of a small amount of ethanol upon fuel efficiency through use in a higher
efficiency engine can greatly increase the energy value of the ethanol. For example, gasoline
consumption could be reduced by 20% due to higher efficiency engine operation from use of a
high compression ratio, strongly turbocharged operation and substantial engine downsizing. The
energy value of the ethanol, including its value in direct replacement of gasoline (5% of the
energy of the gasoline), is thus roughly equal to 25% of the gasoline that would have been used
in a less efficient engine without any ethanol. The 5% gasoline equivalent energy value of
ethanol has thus been leveraged up to a 25% gasoline equivalent value. Thus, ethanol can cost
roughly up to five times that of gasoline on an energy basis and still be economically attractive.
The use of ethanol as disclosed herein can be a much greater value use than in other ethanol

applications.

Although the above discussion has featured ethanol as an exemplary anti-knock agent,
the same approach can be applied to other high octane fuel and fuel additives with high
vaporization energies such as methanol (with higher vaporization energy per unit fuel), and other
anti-knock agents such as tertiary butyl alcohol, or ethers such as methyl tertiary butyl ether
(MTBE), ethyl tertiary butyl cther (ETBE), or lertiary amyl methyl ether (TAME).

It is recognized that modifications and variations of the invention disclosed herein will be
apparent to those of ordinary skill in the art and it is intended that all such modifications and
variations be included within the scope of the appended claims.

What is claimed is:
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Fuel management system for efficient operation of a spark ignition gasoline engine

comprising:

a gasoline engine;

a source of an anti-knock agent;

an injector for direct injection of the anti-knock agent into a cylinder of the engine; and

a fuel management control system for controlling injection of the anti-knock agent into

the cylinder to control knock.

The system of claim 1 wherein the injectors stratify the anti-knock agent to provide non-

uniform deposition within a cylinder.

The system of claim 2 wherein the anti-knock agent is deposited near the walls of the

cylinder.

The system of claim 2 wherein the stratification is obtained through direct injection and

charge swirl.

The system of claim 1 wherein the anti-knock agent is selected from the group consisting

of ethanol, methanol, tertiary butyl alcohol, MTBE, ETBE and TAME.

The system of claim 1 wherein the fuel management system includes a microprocessor
that operates in an open loop fashion on a predetermined correlation between octane

number enhancement and fraction of fuel provided by the anti-knock agent.

The system of claim 1 wherein the gasoline engine includes a knock sensor providing a
feedback signal to a fuel management microprocessor to minimize the amount of the anti-

knock agent added to prevent knock in a closed loop fashion.
The system of claim 1 wherein the anti-knock agent is cthanol.

The system of claim 8 wherein the ethanol is mixed with water.
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10.  The system of claim 8 wherein the ethanol is mixed with a lubricant.

11.  The system of claim 1 wherein the engine has substantial organized motion such as swirl.

12.  The system of claim 1 wherein the system includes a measure of the amount of anti-
knock agent in the source to control turbocharging, supercharging or spark retard when
the amount of anti-knock agent is low.

13.  The system of claim 1 wherein the anti-knock agent is added only during portions of a
drive cycle requiring knock resistance.

14.  The system of claim | wherein gasoline is port injected into the engine.

15.  The system of claim 1 wherein the gasoline is directly injected into the cylinder.

16.  The system of claim & wherein the direct injection of ethanol provides substantially a
13°C drop in temperature for every 10% of fuel energy provided by the ethanol.

17.  The system of claim 1 wherein the fuel management system substantially minimizes the
amount of anti-knock agent used over a drive cycle.

18.  The system of claim 8 wherein an octane enhancement of at least 4 octarle numbers is
obtained when 20% of the fuel energy in a cylinder comes from ethanol.

19.  The system of claim 1 wherein turbocharging or supercharging are reduced or eliminated
and/or spark retard is increased when the anti-knock agent is not available.

20,  The system of claim 8 wherein ethanol is injected proximate to a cylinder wall and switl
creates a ring of ethanol.

21.  Fuel management system for efficient operation of a spark ignition engine comprising:

a gasoline engine;
a source of anti-knock agent;

a means for port fuel injection of the anti-knock agent; and
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a fuel management control system for controlling injection of the anti-knock agent into

the cylinder to control knock.

22.  The system of claim 21 wherein the ethanol and gasoline are mixed together and then

port injected.

23, The system of claim 21 wherein the port injection is stratified.
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Abstract of the Disclosure

Fuel management system for efficient operation of a spark ignition gasoline engine.
Injectors inject an anti-knock agent such as ethanol directly into a cylinder of the engine. A fuel
management microprocessor system controls injection of the anti-knock agent so as to control
knock and minimize that amount of the anti-knock agent that is used in a drive cycle. It s
preferred that the anti-knock agent is cthanol. The use of ethanol can be further minimized by
injection in a non-uniform manner within a cylinder. The ethanol injection suppresses knock so
that higher compression ratio and/or engine downsizing from increased turbocharging or

supercharging can be used to increase the efficiency of the engine.
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FUEL MANAGEMENT SYSTEM FOR
VARIABLE ETHANOL OCTANE
ENHANCEMENT OF GASOLINE ENGINES

This application is a continuation of U.S. patent applica-
lion Ser. No. 12/815,842 filed Jun. 15, 2010 which is a con-
tinuation of U.S. patent application Ser, No. 12/329.72Y filed
on Dec. 8. 2008 which is a continuation ol U.S. patent appli-
cation Ser. No. 11/840,719 filed on Aug. 17, 2007, which is a
continuation of U.S. patent application Ser. No. 10/991,774,
which is now issued as U.S. Pat. No. 7.314,033.

BACKGROUND

This invention relates to spark ignition gasoline engines
utilizing an antiknock agent which is a liquid fuel with a
higher octane number than gasoline such as ethanol to
improve engine eMcieney

It is known that the efficiency of spark igaition (S1) gaso-
line engines can be increased by lhigh compression ratio
operation und particularly by engine downsizing. The engine
downsizing is made possible by the usc of substantial pres-
sure boosting trom either turbocharging, or supercharging.
Such pressure boosting makes it possible to oblain the same
performance in a significantly smaller engine. See, 1. Stokes,
et al, “A Gasoline Engine Concept For lmproved Fuel
Feonomy The Tean-Boost System.” SAE Paper 2001-01-
2902. The use of these techniques o inerease engine clli-
ciency, however, is limited by the onset of engine knock.
Kuock is the undesired detonation of fuel and can severely
damage an engine. I knoek can be prevented, then high

compression ratio operation and high pressure boosting can -

be used to increase eugine efficiency by up to twenty-five
percenl.

Octane number represents the resistance of a fuel to knock-
ing but the use of higher octane gasoline only modestly alle-
viales the tendency (o knock. For example, the dilTerence
belween regular and premium gasoline s typically six octance
numbers. That is significantly less than is needed to realize
fully the efficiency benefits ol high compression ratio or
turbocharged operation. There is thus a need [or a practical
meaus tor achieving a much higher level of octane enhance-
ment so that engines can be operated much more elliciently.

It is known o replace o portion of gasoline with small
amounts of ethanol added at the refinery. Cthanol has a blend-
ing octane number (ON) ol 110 (versus 95 [or premium
gasoline) (see J. B. lleywood, “Internal Combustion Lngine
Fundamentals,” McGraw [lill. 1988, p. 477) and is also
attractive because it is a renewable energy. biomass-derived
fuel, but the small amouats of ethanol that have heretofore
been added to gasoline have had a relatively small impact on
engine performance. Ethanol is much more expensive than
pasoline and the amount of ethanol that is readily available is
much smaller than that of gasoline becausc of the relatively
limited amount of biomass that is available for its production.
An ohject of the present invention is Lo minimize the umount
of cthanol or other antiknock agent that is used to achieve a
given level of engine efficiency increase. By restricting the
use ol cthanol (o the relatively small [raction of time in an
operating cycle when itis needed to prevent knock ina higher
loud regime and by minimizing its use at these limes, the
amount of ethanol that is required can be limited o a rela-
tively small Iraction of the fuel used by the spark ignition
gasoline engine,

SUMMARY

1n one aspect, the invention is a fuel management system
for eflicient operation of a spark ignition gasoline engine
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including a source of an antiknock agent such as ethanol. An
injeclor direetly injects the cthanol into a cylinder of the
engine and a fuel management system controls injection of
(e antiknock agent into the cylinder to contral knock with
minimum use of the antiknock agent. A preferred antiknock
agent is cthanol, Tthano! has a high heat ol vaporivzation so
that there is substantial cooling of the air-luel charge to the
cylinder when it is injected directly into the engine. This
cooling effect reduces the octane requirement of the engine
by a considerable amount in addition to the improvement in
knock resistance {rom the relatively hiph octane number of
ethanol. Methanol, tertiary butyl alcohol, MTBE, E'TBE, and
TAME may also be used. Whereverethanol is used herein it is
to be understood that other antiknock agents are contem-
plated.

‘The fuel management systen uses a fuel management con-
trol system that may use a microprocessor that operates in an
open loop fashion on a predetermined correlation between
octane number enhancement and fraction of fuel provided by
the antiknock agent. To conserve the ethanol, il is preferred
that it be added only during portions of a drive cycle requiring
knock reststance and that its use be minimized during thesce
times. Alternatively, the gasoline engine may include a knocek
sensor that provides a feedback signal to a fuel management
microprocessor system to minimize the amountof the ethanol
added to prevent knock in a closed loop fashion,

Ll one embodiment the injectors stratily ethanol to provide
non-uniform deposition within a cylinder. For example, the
elhanol may be injected proximate to the cylinder walls and
swirl can create a ring of ethanol near the walls.

In another embodiment of this aspect of the invention. the
systent includes a measure of the amount of the antiknock
agent such as ethanol in the source containing the antiknock
agent to control turbocharging, supercharging or spark retard
when the amount of ethanol is low.

‘T'he direct injection of ethanal provides substantially a 13¢
C. drop in temperature for every ten percent of {uel energy
provided by cthanol. An instantancous octane enhancement
of at least 4 octane numbers may be obtained for every 20
percent of the engine's energy coming [rom the ethanol.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diugram ol one embodiment of the inven-
tion disclosed herein.

[1G. 2 is a graph ol the drop in temperature within a
cylinder as a tunction of the fraction of energy provided by
cthanol,

FIG. 3 is a schematic illustration of the stratification of
cooler ethanol charge using direct injection and swirl motion
for achieving thermal stratitication.

FI1G. 4 is a schematic illustration showing cthanol stratified
in an inlet manifold.

FIG. 5 is a block diagram o an embodiment of the inven-
tion in which the fuel management microprocessor is used to
control a turbocharger and spark retard based upon the
amount of ethanol in a luel wank.

DETAILED DESCRIPTION

With reference first to FI1G. 1. a spark ignition gasoline
engine 10 includes a knock sensor 12 and a fuel management
microprocessor system 14. The fuel management micropro-
cessor system 14 controls the direct injection of an antiknock
agent such as ethanol from an cthanol tank 16. The fuel
management microprocessor system 14 also controls the
delivery of gasoline from a gasoline tank 18 into engine
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manifold 20. A turbocharger 22 is provided to improve the
torque and power density of the engine 10. T'he amount of
ethanol injection is dictated either by a predetermined corre-
lation between octane number enhancement and {raction of
fuel that is provided by ethanol in an open loop system or by
aclosed loop control system that uses a signal from the knock
sensor 12 as an inpul to the fuel management microprocessor
14. In both situations, the fuel management processor 14 will
minimize the amount of ethanol added o a cylinder while still
preventing knack. Ttis also conlemplated that the fuel man-
agement microprocessor sysiem 14 could provide a combi-
nation of open and closed loop control

As show in FIG. T itis preferred that ethanol be direetly
injected into the engine 10. Direct injection substantially
increases the benefits of ethunol addition and decreases the
required amount of ethanol. Recent advances in fuel injector
and clectronic conlrol technology allows [uel injection
directly into a spark ignition engine rather than into the mani-
fold 20. Because ethanol has a hiph heat of vaporization there
will be substantial cooling when it is directly injected into the
cngine 10. This cooling effect further increases knock resis-
tance by a considerable amount. In the embodiment of F1G, 1
port fuel injection of the gasoline in which the gasoline is
injected into the manifold rather than directly injected into the
cylinder is preferred because it is advantageous in obtaining
good air/fuel mixing and combustion stability that are difli-
cult to obtain with direct injection.

Fthanol hus a heat of vaporization of 840 kJ/kg, while the
heat ol vaporization of gasoline is about 350 kl/kg. The
altractiveness of ethanol increases when compared with guso-
line on an energy basis. since the lower heating value of
cthanol is 26.9 MJ/kg while for gasoline it is about 44 MI/kg.
Thus, the heat o' vaporization per Joule of combustion energy
is 0.031 for cthanol and 0.008 for gasoline, That is, [or equal
amounts of energy the required heat of vaporization of etha-
nolis aboul [our times higher than that ol gasoline. The ratio
ol the heat of vaporization per unit air required [or stoichio-
metric conbustion is about 94 kl/kg of air [or ethanol and 24
kl/kg of air for gasoline. or a lactor ol lour smaller. Thus, the
nel effect ol cooling the air charpe is aboul four times lower
lor gasoline than for ethanol (for stoichiometric mixmures
wherein the amount of air contains oxygen that is just suffi-
cient to combust ail of the fuel)

In the case of ethanol direct injection according to one
aspect of the invention, the charge is directly cooled. The
amomnt ol ennling due 1o direct injection of ethann] is shown
in FIG. 2, Tt is assumed that the air/luel mixture is stoichio-
melric without exhaust gas recirculation (EGR). and that
gasoline makes up the rest of the fuel. Tt s further assumed

that only the ethanol contributes o charge cooling. Gasoline 5

is vaporized in the inlet manifold and does not contribuic to
cylinder charge cooling. The direet ethanol injection provides
about 13° €, of cooling for cuch 10% of the fuel energy
provided by ethanol. 1t is also possible 1o use direet injection
ol gasoline as well as direet injection of ethanol. However,
under cerlain conditions there can be combustion stability
issucs,

The temperature decrement because ol the vaporization
energy of the ethanol decreases with lean operation and with
LGR, as the thermal capacity of the cvlinder charge increases.
If the engine operates at twice the stoichiometric air/fuel
ratio, the numbers indicated in I'1G. 2 decrease by about a
factor of 2 (the contribution of the ethanol itsel and the
gasoline is relatively modest). Similarly. for a 20% EGR rate,
the cooling effect of the ethanol decreases by about 25%.

The octane enhancement effect can be estimated trom the
datain FIG. 2. Direct injection of gasoline results in approxi-
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mately a five octane number decrease in the octane number
required by the engine, as discussed by Stokes, el al. Thus the
coatribution is about five octane numbers per 30K drop in
charge temperature. As ethanol can decrease the charge lem-
perature by about 120K, then the decrease in octane number
required by the engine due to the drop in temperture, for
100% cthanoel, is fwenty octane numbers. Thus, when 100%
of the fuel is provided by ethanol, the octane number
enhancement is approximately thirtv-five octane numbers
wilh a twenty octine pumber enhancement coming from
direct injection cooling and a fifteen octane number enhance-
ment coming from the octane number of ethanol. From the
above considerations, it can be projecied that even il the
octane cnhancement [rom direct cooling is signilicantly
lower. a total octane number enhancement olat least 4 octane
numbers should be achievable lor every 20% of the total fuel
energy that is provided by cthunol.

Alternatively the ethanol and gasoline can be mixed
together and then port injected through a single injector per,
cylinder, thereby decreasing the number ol injectors that
would be used. However, the air charge cooling benefit from
ethanol would be lost.

Altematively the ethanol and gasoline can be mixed
together and then port [uel injected using a single injector per
cylinder. thereby decreasing the number of injectors that
would be used. However, the substantial air charge cooling
benelit from cthanol would be lost, The volume of fuel
between the mixing point and the port tucl injector should be
minimized in order 1o meet the demanding dynamic octane-
enhancement requirements of the engine.

Relatively precise determinations of the actual amount of
octane enhancement [rom given amounts of direct ethanol
injection can be obtuined from laboratory and vehicle Lests in
addition to detailed calculations. These correlations can be
used by the fuel management microprocessor system 14,

An additional benefit of using ethanol for octane enhance-
ment is the ability to use it in a mixture with water. Such a
mixture can eliminate the need for the costly and energy
consuming water removal step in producing pure ethanol that
must be employed when ethanol is added to gasoline at a
refinery. Moreover, the water provides an additional cooling
(due to vaporization) that further increases engine knock
resistance. In contrast the present use of ethanol as an additive
to gasaline at the refinery requires that the water be removed
from the ethanol,

Since unlike gasoline, cthanol is not a good lubricant and
the ethanol fuel injector can stick and not open. it is desirable
o add u lubricant (o the cthanol. The lubdcunt will also
denature the ethanol and make it unattractive for human con-
sumplion.

Further decreises in the required cthanol for a given
amount of octane enhancement can be achieved with stratifi-
cation (non-uniform deposition) ol the ethanol addition.
Directinjection can be used w place the ethanol near the walls
of the cylinder where the need for knock reduction is greatest.
The direct injection may be used in combination with swirl.
This stratification ol the ethanol in the engine lurther reduces
the amount of ethanol needed to obtain a piven amount of
octane enhancement. Because only the ethanol is directly
injected and because it is stratified both by the injection
process and by thermal centrifugation, the ignition stability
issues associated with gasoline direct injection (GDI) can be
avoided

It is preferred that ethanol be added to those regions that
make up the end-gas and are prone to auto-ignition. These
regions are near the walls of the cylinder. Since the end-gas
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contains on the order of 25% ol the fuel, substantial decre-
ments in the required amounts of ethanol can be achieved by
stratifying the ethanal.

In the case of the engine 10 having subsiantial organized
mation (such as swirl), the cooling result in [orces that thet-
mally stratify the discharge (centrifugal separation ol the
regions at different density due to different temperatures).
The cttect of ethanol addition is 1o increase gas density since
the temperature is decreased. With swirl the cthanol mixture
will autlomatically move to the vone where the end-gas is, und
thus increase the anti-knock etfectiveness of the injected
cthanol. The swirl motion is not affected much by the com-
pression stroke and thus survives better than tumble-like
motion that drives turbulence lowards top-dead-center (TDC)
and then dissipates. Tt should be pointed out that relatively
modest swirls result in large separating (centrifugal} forces. A
3 /s swirl motion in a 5 cm radius cylinder generates accel-
erations ol about 200 m/s?, or about 20 g's.

I'1G. 3 itlustrates ethanol direct injection and swirl motion
for achieving thermal stratification. Cthanol is predominantly
on an outside region which is the end-gas region. F1G. 4
illustrates a possible stratification of the ethanol in an inlet
manifold with swirl motion and thermal centrifugation main-
taining stratification in the cylinder. In this case of port injec-
tion of ethanol, however. the advantage of substantial charge
cooling may be lost.

With reference again to FIG. 2, the effect ol ethanol addi-
tion all the way up to 100% cthanol injection is shown. Al the
point that the engine is 100% direct ethanol injected, there
ny be issues of engine stability when operating with only
strutified ethanol injection that need to be addressed. Tn the
case of stratified operation it may also be advantageous to
stratily the injection ol gusoline in order Lo provide a rela-
lively uniform cquivalence ratio across the eylinder (and
therefore lower concentrations of gasoline in the regious
where the ethanol is injecled). This situation can be achieved,
as indicated in FIG. 4. by placing (uel in the region ol the inlet
maunifold that is void of ethanol.

The ethanol used in the invention can either be contained in
a separate tank from the gasoline or may be separated trom a
pasoline/ethanol mixture stored in one lank.

The instantaneous ethanol injection requirement and total
cthanol consumption over a drive cycle can be estimated from
information about the drive cycle and the increase in torque
(and thus increase in compression ratio, engine power den-
sity. and capability for downsizing) that is desired. A plot of
the amount of operating time spent at various values of torque
and engine speed in FTP and US06 drive cycles can be used.
Ttis necessary to enhance the octane number al cach point in

the drive cycle where the torque is greater than permitted for 5

knock free operation with gasoline alone. The amount of
octane enhancement that is required is determined by the
lorgue level.

A rough ilustrative caleulation shows that only a small
amount ol ethanol might be needed over the drive cycle.
Assunie that it is desired to increase the maximum torque
level by a factor of two relative to what is possible without
direct injection ethanol octane enhancement. Tnformation
about the operating time for the combined FTP and US06
cycles shows that approximately only 10 percent of the time
is spent at torque levels above 0.5 maximum torque and less
thau 1 percent of the time is spent above 0.9 maximum torque
Conservatively assuming that 100% cthanol addition is
needed at maximum torque and that the energy [raction of
cthanol addition that is required to prevent knock decreases
linearly to zero at 50 percent of maximum torque. the energy
fraction provided by ethanol is about 30 percent. During a
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drive cycle aboul 20 percent of the total fuel enerpy is con-
sumed al greater than 50 pereent of maximum torque since
during the 10 percent of the time that the engine is operated in
this regime, the amount of luel consumed is about twice that
which is consumed below 50 percent of maximum torque.
‘Ihe amount ol ethanol energy consumed during the drive
cycleis thus roughly around 6 percent (30 percentx0.2) of the
total fuel enerpy.

in this case then, although 100% cthanol addition was
needed at the highest value o torque. only 6% addition was
needed averaged over the drive cycle. The ethanol is much
more effectively used by varying the level of addition uccord-
ing to the needs ol the drive cycle.

Because of the lower heat of combustion of cthanol, the
required amount of ethanal would be about 9% of the weight
of the pasoline fuel or about 9% of the volume (since the
densities ol ethanol und gasoline are comparable). A separate
tank with a capacity of aboul |.8 gallons would then be
required in automobiles with twenty gallon gasoline tanks
The stored ethanol content would be about 9% of that of
gasoline by weight, a number not too different Irom present-
day reformulated gasoline, Stratilication of the ethanol addi-
tion could reduce this amount by more than a factar ol twa. An
on-line ethanol distillation system might alternatively be
cmployed but would entail elimination or reduclion of the
increase torgue and power available from turbocharging

Becuuse of the relatively small amount of cethanol und
present lack of an cthanol fucling infrastructure, it is impor-
tant that the ethanol vehicle be operable il there is no cthano!
on the vehicle. The engine system can be designed such that
although the torque and power benefits would be lower when
cthanol is notavailable, the vehicle could still be operable by
reducing or eliminating turbocharging capability and/or hy
increasing spark retard so as to avoid knock. As shown in FI1G
5, the luel management microprocessor system 14 uses etha-
nol fuel level in the ethanol tank 16 as an input W control the
turbocharper 22 (or supercharger or spark relard, not shown)
As an example, with on-demand ethanol octane enhance-
ment. a 4-cylinder engine can produce in the range of 280
horsepower with appropriate turbocharging or supercharging
but could also be drivable with an engine power of 140 horse-
power without the use of ethanol according to the invention.

The impact of a small amount of ethanol upon luel effi-
ciency through use in o higher etliciency engine can greatly
increase the energy value of the ethanol. For example, gaso-
line consumption could be reduced by 20% due to higher
efliciency engine operation from use of a high compression
ralio, strongly turbocharged operation and substantial engine
downsizing. The energy vatue ol the ethanol, including its
value in direct replacement of gasoline (5% of the energy of
the gasoline), is thus roughly equal w0 25% ol the gasoline that
would have been used in a less eflicient engine without any
ethanol. The 5% gasoline equivalent energy value ol ethunol
has thus been leveraged up to it 25% gasoline equivalent
value. Thus, ethanol can cost roughly up to live times that of
gasoline on an energy basis and still be economically attrac-
tive. The use ol ethanol as disclosed herein can be o much
greater value use than in other ethanol applications.

Although the above discussion has {eatured ethanol as an
exemplary anti-knock agent, the same approach can be
applied to other high octane Juel and fuel additives with high
vaporizalion energies such as methanol (with higher vapor-
ization energy per unit fuel), and other anti-knock agents such
as tertiary bulyl alcohol. or ethers such as wmethyl tertiary
butyl ether (MTBE). ethyl tertiary butyl ether (ETBE). or
tertiary amy] methyl ether (IAML),
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It is recognized that modifications and variations of the
invention disclosed herein will be apparent to those of ordi-
nary skill in the art and it is intended that all such modifica-
tions and variations be included within the scope of the
appended claims.

What is claimed is:

1. A spark ignition engine that is fueled both by dircct
injection and by port injection whercin above a sclected
lorque value the ratio of fuel that is directly injected (o fuel
thal is port injected increases; and wherein the engine is
operated at a substantially stoichiometric fucl/air ratio.

2. The spark ignition engine of claim 1 where the ratio of
directly injected fuel to port injected fuel increases with
increasing torque.

3. The spark ignition engine ol claim 2 where the ratio of
directly injected fuel to port injected fuel is determined by a
signal from a knock detector.

4, The spark ignition engine of claim 3 [urther including u
microprocessor that controls the ratio of the directly injected
fuel to the port injected fuel based on the signal from the
knock detector.

5. The spark ignition engine of claim 2 where open loop
control is used to determine the ratio of the directly injected
fuel to the port injected fuel.

6. 'The spark ignition engine of claim 1 where the engine
operates at a substantially stoichiometric fucl/air ratio at the
highest loads,

7. The spark igpition engine of claim 1 where the engine
opcrates at some value of torque with port fuel injection
alone.

8. The spark ignition engine of ¢laim 1 where the engine
operates at some value of torque with direct injection alone.

9. The spark ignition engine ol'claim 1 where the engine is
fucled with cthanol.

10, The spark ignition engine of claim 1 where the engine
is [ueled with methanol.
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11. e spark ignition engine of claim 1 where the engine
is fueled with a gasoline-alcohol mixture.

12.T'he spark ignition engine of claim 1 where the directly
injected fuel is injected so as to have a higher concentration in
the end gas region.

13.'L'he spark ignition engine of claim 12 where the knock
free torque of the engine is higher than for a uniform distri-
bution of directly injected fucl.

14. Thespark ignition engine olclaim 11 where thedirectly
injected fuel is concentrated on the periphery of the cylinder.

15. A spark ignition engine which is fucled with port injec-
tion of fuel and is also fucled with direet injection of fuel and
where above a certain value ol orque the ratio of fucl thal is
directly injected to fuel that is port injected increases and
where the engine is operated with a substantially stoichiomet-
ric fuel/air ratio

and where the engine is fueled with gasoline and ethanol

and where the ethanol is directly injected such the octane
enhancement from evaporative cooling of the ethanol is
greater than the octane enhancement from the intrinsic
octane of the ethanol.

16. 'he spark ignition engine of claim 15 where the ratio of
directly injected fuel to port injected fuel increases with
increasing torque,

17. I'he spark ignition engine of claim 15 where a signal
from a knock sensor determines the ratio of directly injected
fuel to port injected fuel.

18. The spark ignition engine ol claim 15 where the engine
is operated at a substantially stoichiometric fucl/air ratio at
the highest loads.

19. The spark ignition engine of claim 15 where al some
level of torque the engine is fucled only with port injection.

20. The spark ignilion engine ol claim 15 where at some
level ol torque the engine s fueled only with direet injection.

* L L] L] "
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FUEL MANAGEMENT SYSTEM FOR
VARIABLE ETHANOL OCTANE
ENINANCEMENT OF GASOLINE ENGINES

I'his application is a continuation of U.S. patent applica-
tion Ser. No. 14/249.806 filed on Apr. 10, 2014, which is a
conlinuation of U.S, patent application Ser. No. 13/956,498
filed on Aug. 1, 2013, which is now issued as U.S. P’at. No.
8,733,321, which is a continuation of U.S. patent application
Ser. No. 13/629.836 filed on Sep. 28, 2012 which is now
issued as U.S, Pat, No. 8,522,746, which is a continuation of
U.S. patent application Scr. No. 13/368,382 filed on Feb. 8,
2012, which is now issued as U.S. Pat. Na. 8,302,580, which
is o continuation of U.S. patent application Ser. No. 13/282,
787 filed Ocl 27, 2011, which is now issued as U1.S. Pat. No
8.146.568. which is a continuation of U.S, patent application
Ser.No. 13/117,448 filed May 27, 201 |, which is now issucd
as U.S. Pal. No. 8.069.839, which is a continuation ol U.S,
patent application Ser. No. 12/&15,842. (iled Jun. 15, 2010,
which is now issued as U.S. Pat. No. 7.971,572, which is
continuation of U.S. patent application Ser. No. 12/329,729
filed on Dec. 8. 2008, which is now issued as U.S. Pat. No.
7.762.233, which is o continuation of U.S. patent application
Ser. No. 11,840.719 filed on Aug. 17. 2007, which is now

issued as U.S. Pat. No, 7.740,004. which is a conlinualion ot 2

U.S, patent application Ser. No, 10/991,774, which is now
issued as U8, Pat. No, 7,314,033,

BACKGROUND

This invention relales to spark ignition gasoline engines
utilizing an antiknock agent which is a liquid fucl with a
higher oclane number than gasoline such as cthanol (o
improve engine clliciency

It is known that the efficicncy of spark ignition (SI) paso-
line engines can be increased by high compression ratio
operation and particularly by engine downsizing. The engine
downsizing is made possible by the use of substantial pres-
sure boosting {rom either turbocharging or supercharging
Such pressure boosting makes it possible to obtain the same
performance in a significantly smaller enpine. See, . Stokes,
et al, “A Gasoline Engine Concept For Improved Fuel
iconomy ‘The Lean-Boost System.” SAE Paper 2001-01-
2902. 'The use of these techniques to increase engine efli-
ciency, however, is limited by the onset of engine knock.
Knoek s the nndesived detonation af foel and ean severely
damage an engine. I knock can be prevented, then high
compression ralio operation and high pressure boosting can
be used Lo increase engine efliciency by up 1o twenty-five
pereent

Octane number represents the resislance of o fuel fo knock-
ing but the use ol higher oclane gasoline only modestly alle-
viales the tendency to knock. For example, the dilTerence
between regular and premium gasoline is typically six oclane

numbers, That is significantly less thun is needed 1o realize

fully the elficiency benefits of high compression ratio or
turbocharged operation. There is thus a need lor a practical
means for achieving a much higher level ol octane enhance-
ment so that engines can be operated much more efticiently.

It is known to replace a portion of gasoline with small
amount of ethanol added at the refinery. Ethanol has a blend-
ing octane number (ON) of 110 (versus 95 for premium
gasoline) (see ). B. Heywood, “luternal Combustion Engine
FFundamentals.” McGraw Hill. 1988, p, 477) and is also
altractive because it is a renewable energy, biomass-derived
fuel. but the small amounts of ethanol that have herctofore
been added to gasoline have had a relatively small impact on
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engine performance. Lithanol is much more expensive than
gasoline and the amount olethanol that is readily available is
much smaller than that of pasoline because of the relatively
limited amount of biomass (hat is available for its production.
An object of the present invention is to minimize the amount
of ethanol or other antiknock agent that is used to achicve a
given level of engine cfficiency increase. By restricting the
use of ethanol to the relatively small fraction of time in an
operating cycle when it is needed to prevent knock in a higher
load regime and by minimizing its use al these times, the
amount of ethanol that is required can be limited to a rela-
tively small fraction of the fuel used by the spurk ignition
gasoline engine,

SUMMARY

In one aspect, the invention is a fuel management system
for elficient operation of o spark ignilion gasoline engine
including a source of an antiknock agent such as ethanol. An
injector dircetly injects the ethunol into a cylinder of the
engine and a fuel management system controls injection of
the antiknock agent into the eylinder to control knock with
minimum use of the antiknock agent. A prelerred antiknock
agent is ethanol. Ethanol has a high heat of vaporization so
that there is substantial cooling ol the air-luel charge to the
cylinder when it is injected directly into the engine. This
cooling eflect reduces the octane requirement of the engine
by a considerable amount in addition to the improvement in
knock resistance from the relatively high octane number of
ethanol. Methanol, tertiary butyl alcohol, MTBE, ETBE, and
‘TAME may also be used. Wherever ethanol is used hereinit is
to be understood that other antiknock agents are contem-
plated.

‘I'he fuel management system uses a fuel management con-
trol system thal may use a microprocessor thal operates in an
apen loop fashion on a predetermined correlation between
octane number enhancement and [raction of fuel provided by
the untiknock agent. To conserve the ethanol, it is preferred
that it be added only during portions of a drive cycle requiring
knock resistance and that its use be minimized during these
times. Altematively, the gasoline engine may include i knock
sensor that provides a feedback signal to a fuel management
microprocessor system lo minimize the amount ol the ethanol
added to prevent knock in a closed loop fashion.

In one embodiment the injectors stratify the ethanol to
provide non-uniform deposition within a cylinder. For
example, the ethanol may be injected proximate to the cylin-
der walls and swirl can create o ring ol ethanol near the walls.

In another embodiment of this aspect of the invention, the
system includes a measure ol the amount ol the antiknock
agent such as cthanol in the source containing the antiknock
agent to control turbocharging. supercharging or spark retard
when the amount of ethanol is Jow.

The direct injection of ethanol pravides substantially a 13°
C. drop in temperature for every len percent of fuel energy
provided by cthanol. An instantancous oclane enhancement
alat least 4 octane numbers may be oblained for every 20
percent ol the engine’s energy coming form the ethanot.

BRIEF DESCRIPTION OF THE DRAWINGS

I'1G. 1 is a block diagram of one embodiment of the inven-
tion disclosed herein.

FIG. 2 is a graph of the drop in temperature within a
cylinder as a [unction of the fraction of energy provided by
ethanol.
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I'IG. 3 is a schematic illustration of the stratification of
cooler ethanol charge using direet injection and swirl motion
for achieving thermal stratitication.

FIG. 4isa schemalic iltustralion showing ethanol stratitied
in an inlet manifold.

[IG. 5 is a block diagram ol'an embodiment ol the inven-
tion in which the fuel management microprocessor is used to
control a turbocharger and spark retard based upon the
amount of ethanol in & (uel tank.

DETAILED DESCRIPTION

With reference finst to FIG. 1. o spark ignition gasoline
engine 10 includes a knock sensor 12 and a {uel management
microprocessor system 14, The [uel management micropro-
cessor system 14 controls the direct injection of an antiknock
agent such as ethanol from an ethanol tank 16. The fuel
management microprocessor system 14 also controls the
delivery of gasoline from a gasoline tank 18 into engine
manifold 20. A turbocharger 22 is provided to improve the
torque and power density of the engine 10. T'he anmount of
ethanol injection is dictated either by a predetermined corre-
lation between octane number cnhancement and fraction of
fuel that is provided by ethanol in an open loop system or by
aclosed loop control system that uses a signal from the knock
sensor 12 as an input (o the [uel management microprocessor
14. In both situations, the fuel management processor 14 will
minimize the amount of ethanoladded to s cylinder while still
preventing knock. It is also contemplated that the lucl man-
agement microprocessor system 14 could provide a combi-
nation of open and elosed loop control.

As show in FIG. 1 it is preferred that cthanol be directly
injected into the engine 10, Direct injection substantially
increases the benefits of ethunol addition and decereases the

required amount of ethanol. Recent advances in fuel injector 33

and electronic control technology allows [uel injection
directly into a spark ignition engine rather than into the mani-
fold 20. Because ethanol has a high heat of vaporization there
will be substantial cooling when it is directly injected into the
engine 10. This cooling effect further increases knock resis-
lance by a considerable amount. In the embodiment of F1G. 1
port tuel injection of the gasoline in which the gasoline is
injected into the manifold rather than directly injected into the
cylinder is preferred because it is advantageous in obtaining
good air/fuel mixing and combustion slability that are difli-
cult to obtain with direct injection.

Ethanol has a heat of vaporization of 840 kl/kg, while the
heat of vaporization of gasoline is about 350 kl’kg. The
attractiveness olethanol increases when compared with gaso-

line on an energy basis, since the lower heating value of 5

cthanol is 26.9 MJ/kg while for gasoline it is about 44 MJ/kg.
Thus, the heat ol vaporization per Joule ol combustion encryy
is 0.031 for ethanol and 0.008 [or gasoline. That is, for equil
amounts of energy the required heat ol vaporization of etha-
nol is about four times higher than that ol gasoline. The ratio
of the heat of vaporization per unit air required for stoichio-
metric combustion is about 94 kl/kg ol air for ethanol and 24
kJ/kg olair lor gasoline, or a factor of [our smaller, Thus, the
net effect of cooling the air charge is about four times lower
for pasoline than for ethanol (for stoichiomelric mixtures
wherein the amount of air contains oxygen that is just sufli-
cicnl to combust all of the fuel).

In the case of ethanol direct injection according to one
aspect of the invention, the charge is directly cooled. The
amount of cooling due to direct iujection of ethanol is shown
in FIG. 2. 1t is assumed that the air/fuel mixture is stoichio-
metric without exhaust gas recirculation (EGR). and that
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gasoline makes up the rest of the [uel It is further assumed
that only the ethanol contributes o charge cooling. Gasoline
is vaporized in the infet manilold and does not contribute to
cylinder charge cooling. ‘e direct ethanol injection provides
about 13% C. of cooling for cach 10% of the fuel energy
provided by ethanol. (It is also possible to use direct injection
of gasoline as well as direet injection ol ethanol. However,
under certain conditions there can be combustion stability
issues.

The temperature decrement because of the vaporization
cnergy of the ethanol decreases with lean operation and with
FGR. as the thermal capacity of the eylinder charge increases,
Il the engine operates at twice Lhe stoichiometrdce air/luel
ratjo, the numbers indicated in FIG. 2 decrease by about a
[actor ol 2 (the contribution ol the ethanol itsell and the
pasoline is relatively modest). Similarly, for a 20% CGR rate,
the cooling effect of the ethanol decreases by about 25%,

The octane enhancement effect can be estimated from the
data in F1G. 2, Direct injection of gasoline results in approxi-
mulely a five octane number decrease in the octane number
required by the enpine, as discussed by Stokes, et al. [hus the
contribution is about five octane numbers per 30 K drop in
charge temperature. As ethanol can decreasce the charge tem-
perature by about 120 K, then the decrease in octane number
required by the engine due to the drop in temperature, for
100% ethanol, is twenty oclane numbers. Thus, when 100%
of the fuel is provided by cthanol, the octane number
enhancement is approximately thirty-five octane numbers
wilh a twenty octane number enhancement coming (rom
direet injection cooling and u [ilteen octane number enhance-
ment coming from the octane number of cthanol. From the
above considerations, it can be projected that even il the
octane enhancement (rom direet cooling s significantly
lower, a total octane number enhancement of at least 4 octane
numbers should be uchievable for every 20% of the tolal luel
energy that is provided by ethanol,

Allernatively the ethanol and pasoline can be mixed
together and then port injected through a single injector per
cylinder, thereby decreasing the number of injectors that
would be used. [Towever, the air charge cooling benefit [rom
ethanol would be lost

Alternatively the ethanol and pasoline can be mixed
topether and then port [uel injected using a sinple injector per
cylinder, thereby decreasing the number of injectors that
would be used. However, the substantial air charge cooling
benefit from cthanol would be lost. The volume of fucl
between the mixing point and the port fuel injector should be
minimized in order 0 meet the demanding dynamic octane-
enhancement requirements of the engine.

Relatively precise determinations of the actual amount of
octane enhancement from given amounts ol direet cthanol
injection can be obtained [rom laboratory and vehicle tests in
addition 1o detailed caleulations. These correlations can be
used by the [uel management microprocessor syslem 14,

An additional benefit ol using ethanol lor octane enhance-
ment is the ability to use it in o mixture with water. Such a
mixture can climinate the need for the costly and energy
consuming water removal step in producing pure ethanol that
must be employed when cthanol is added to gasaline at a
relinery. Moreover, the water provides an additional cooling
(due to vaporization) that further increases engine knock
resistance. In contrast the present use of ethanol as an additive
to gasoline at the refinery requires that the water be removed
from the ethanol.

Since unlike gasaline. ethanol is not a good lubricant and
the ethanol fuel injeclor can stick and not open, it is desirable
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lo add a lubricant to the ethanol. The lubricant will also
denature the ethanol and make it unattractive for human con-
sumption.

lurther decreases in the required ethanol for a given
amount ol octane enhancement can be achieved with stratifi-
cation (non-uniform deposition) of the ethanol addition.
Dircct injection can be used to place the ethanol near the walls
af the eylinder where the need for knock reduction is greatest.
The direet injection may be used in combination with swirl.
This stratification ol the ethanol in the engine further reduces
the amount of cthanol neceded to obtain a given amount of
actane enhancement. Because only the cthanol is directly
injected and because it is stratificd both by the injection
process and by thermal centrifugation, the ignition stability
issues associated with gasoline direct injection (GDI) can be
avoided.

It is preferred that ethanol be added to those regions that
make up the end-gas and are prone o auto-ignition. These
regions are near the walls of the cylinder, Since the end-pas
contains on the order of 25% of the ftuel, substantial decre-
ments in the required amounts of ethanol can be achieved by
stratifying the cthanol.

In the case of the engine 10 having substantial organized
motion (such as swirl). the cooling will result in forces that

thermally stratify the discharge (centrifugal separation of the 2

regions at different density due to different temperatures).
The elfect of ethanol addition is to increase gas density since
the temperature is decreased, With swirl the ethanol mixture
will automatically move to the zone where the end-gas is, and
thus increase the anti-knock elTectiveness of the injected
cthanol, The swirl motion is not affected much by the com-
pression stroke and thus survives better than tumble-like
mation that drives turbulence towards lop-dead-center (TDC)
and then dissipates. Tt should be pointed out that relatively

modest swirls result in large separating (centrifugal) forces. A 35

3 m/s swirl motion in o § em radius cylinder generates uccel-
erations ol about 200 m/s™, or about 20 g's.

I'IG. 3 illustrates ethanol direct injection and swirl motion
lorachieving thermal stratification. Cthanol is predominantly
on an outside region which is the end-pas region. FIG. 4
illustrates a possible stratification of the ethonel in an inlet
manifold with swirl motion and thermal centrifugation main-
taining stratification in the cylinder. In this case of port injec-
tion of ethanol, however. the advantage of substantial charge
cooling may be lost.

With reference again to FIG. 2, the eflect of ethano! addi
tion all the way up to 100% cthanol injection is shown. At the
point that the engine is 100% direct ethanol injected, there
maty be issues of engine stability when operating with only

stratified ethanol injection that need to be addressed. In the :

case of stratified operation it may also be advantageous to
stratify the injection of gasoline in order to provide a rela-
tively uniform cquivalence ratio across the eylinder (and
therelore Tower concentrations of gasoline in the regions
where the ethanol is injecled) This situation can be achieved,
as indicated in F1G. 4. by placing fuel in the region of the inlet
manifold that is void of ethanol.

The ethanol used in the invention can cither becontained in
a separate tank from the gasoline or may be separated {rom a
gasoline/ethanol mixture stored in one tank.

‘The instantancous ethanol injection requirement and total
ethano! consumption over a drive cycle can be estimated from
information about the drive cycle and the increase in torque
(and thus increase in compression ratio engine power density,
and capability for downsizing) that is desired. A plot of the
amount ofoperating time spent at various values ol torque and
engine speed in FT'P and US06 drive cycles can be used. [t s
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necessary to enhance the oclane number at each point in the
drive cycle where the torque is greater than permitted for
knock free operation with gasoline alone. 'The amount of
octane enhancement that is required is determined by the
torque level.

A rough illustrative calculation shows that only a small
amount of cthanol might be needed over the drive cycle.
Assume that it is desired to increase the maximum torque
level by u factor of two relative 1o what is possible without
dircel injection cthunol octane enhancement. Information
about the operating time for the combined FTP and US06
cycles shows that approximately only 10 pereent of the time
is spent at torgue levels above 0.5 maximum torque and less
than | percent ol'the time is spent above 0.9 maximum torque.
Conservitively assuming that 100%  ethunol addition is
needed at maximum torque and that the energy [raction ol
ethanol addition that is required to prevent knock decreases
linearly 1o zero at 50 percenl of maximum torque, the energy
{raction provided by ethanol is about 30 percent. During a
drive cycle about 20 percent of the total fuel energy is con-
sumed at greater than 50 percent of maximum tlorque since
during the 10 percent of the time that the engine is operated in
this regime, the amount of fuel consumed is about rwice that
which is consumed below 50 percent of maximum torque.
‘The amount of cthanol energy consumed during the drive
cycle is thus roughly around 6 percent (30 percentx0.2) of the
tolal fuel energy.

Tn this case then. although 100% cthanol addition was
needed at the highest value of torque, only 6% addition was
needed averaged over the drive eycle. The cthanol is much
more elTectively used by varying the level of addition accord-
ing to the needs of the drive eycle.

Becuuse ol the lower heat ol combustion of ethanol, the
required amount of ethanol would be about 9% ol the weight
of the gasoline fuel or about 9% of the volume (since the
densitics ol ethanol and gasoline are comparable). A separate
tank with a capacity ol about 1.8 gallons would then be
required in automobiles with rwenty gallon pasoline tanks.
The stored ethanol content would be about 9% of that of’
gasoline by weight, a number nat too different from present-
day relormulated gasoline. Stratification of the ethanol addi-
tion could reduce this amount by more than a factar of two. An
on-line ethanol distillation system might alternatively be
employed but would entail elimination or reduction of the
increase torque and power available from furbocharging.

Becauee of (he relatively emall amount of ethanol and
present lack of an cthanol fucling infrastructure, it is impor-
tant that the ethanol vehicle be operable if there is no ethanol
on the vehicle: The engine system can be designed such that
although the torque and power benef(its would be lower when
cthanol is not available, the vehicle could still be operable by
reducing or eliminaling wrbocharging capability and/or by
increasing spark retard so as Lo avoid knock. As shown in FIG,
5, the fuel management microprocessor system 14 uses etha-
nol fuel level in the ethanol tank 16 as an input to control the
turbocharger 22 (or supercharger or spark retard, not shown).
As an example, with on-demand ethanol octane enhance-
ment. a 4-cylinder engine can produce in the range of 280
horsepower with appropriate turbocharging or supercharging
but could also be drivable with an engine power of 140 horse-
power without the use of cthanol according to the invention.

‘The impact of a small amount of cthanol upon fuel elfi-
ciency through use in a higher efficiency engine can greatly
increase the energy value of the ethanol. For example, gaso-
line consumption could be reduced by 20% due to higher
elliciency engine operation from use of a high compression
ratio, strongly turbocharged operation and substanlial engine
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downsizing. ‘The energy value of the ethanol, including its
value in direct replacement of gasoline (5% of the eneigy of
the gasoline), is thus roughly equal to 25% of the gasoline that
would have been used in a less efficient engine without any
ethanol. The 5% gasoline equivalent energy value of ethanol
has thus been leveraged up to a 25% gasoline equivalent
value. Thus, ethanol can cost roughly up to fve times that of
gasoline on an cnergy basis and still be cconomically attrac-
live, The use of ethanol as disclosed herein can be o much
greater value use than in other cthunol applications.

Although the above discussion has featured ethanol as an
exemplary anti-knock agent, the same approach can be
applied to other high octane fuel and fuel additives with high
vaporization energies such as methanol (with higher vapor-
izalion energy per unit fuel), and other anti-knock agents such
as tertiary butyl alcohol, or ethers such as methyl tertiary
butyl ether (MTBL), ethyl tertiary butyl ether (CTBE), or
tertiary amyl methyl ether (TAME).

It is recognized that modifications and variations of the
invention disclosed herein will be apparent (o those of ordi-
nary skill in the art and it is intended that all such modifica-
tions and variations be included within the scope of the
appended claims.

‘Ihe invention claimed is:

1. A fuel management system for a turbocharged or super-
charged spark ignition engine where the lvel management
system conlrols fueling from a first fueling system that
direetly injects fuel into at least one eylinder as u liquid und
increases knock suppression by vaporization cooling and

from a sccond fueling system that injects fuel inlo a region

outside of the cylinder;

and where there is a range of torque where both fucling

syslems are used at the sume value ol lorque;

and where the fraction of fuel in the cylinder that is intro-

duced by the first [ueling system decreases with decreas-
ing torque and the [uel management system controls the
change in the fraction ol fuel introduced by the [irst
fueling system using closed loop control that utilizes a
sensor that detects knock;

and where the fuel management system also employs spark

retard 5o as to reduce the amount ol fuel that is intro-
duced into the cylinder by the first [ueling system.

2. I'he fuel management system of ¢laim 1 where the spark
relard is cmployed (o as 1o reduce the amount of fuel that is
provided by the first fueling system to zero.

3. T'he fuel management system of ¢claim 1 where whea the
torque is increased the increase in the fraction of tuel that is
introduced by the first fueling system is minimized while still
preventing knock.

4. The fuel management system of claim 1 where without s

cmploying the spark retard there is a range oftorque in which
only the sccond fueling system is used.

5. The fuel management system of claim 1 where the fuel
management system employs the spark retard in response to

sensed information and both the sensed information and 3

information about knock are used to control the fuel that is
introduced by the first fueling system.

6. The luel management system ol cluim 1 where the maxi-
mum torque that the engine provides occurs when both the
first and second fueling systems are used at the same value of
torque.

7. I'he fuel management system of claim 1 where the only
the first fueling system is used at the maximum torque that the
engine provides

8. T'he fuel management system of claim 1 where only the
first fueling system is used when the highest knock resistance
is required.
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9.'T'he fuel management systen of claim 1 where both the
first and second fueling system are used when the highest
knock resistance is required.

10. 'I'he fuel management system ol claim 1 where as the
torque is increased the increase in the fraction of fuel in the
cylinder that is provided by the first {ueling system is sub-
stantially equal to that needed to prevent knock.

11. The fuel management system ol claims 1 or 3 wherce the
[uel management system minimizes the increase in the frac-
tion ol luclin the cylinder thatis provided by the first fucling
system as lorque is increased.

12. The Tuel management system of claim 1 where the
seeond [ueling system uses port [uel injection.

13. A fuel management system lor o spark ignition engine
that controls (ueling [rom a first [ueling system that directly
injects luel into at least one cylinder as a liquid and increases
knock suppression by vaporization cooling and trom a second
lueling system that provides luel 1o the cylinder using port
fuel injection:

and where the fuel management system uses information

from a sensed parameter to control spark retard so as to
decrease the amount of fuel that would otherwise be
provided by the first fueling system;

and where the fuel management system uvses input that

includes input from the sensed parameter and input from
knock sensor.

14. The fvel management system of claim 13 where input
[rom the knoek sensor is utilized in o closed loop control
system that controls the fraction of fuel that is introduced into
the first fueling system.

15. The Tuel management system of claim 13 where both
the firstand sccond fucling systems arc used at the same value
ol'orque.

16. The fuel management system ol claim 13 where spark
retard is employed so as to reduce the use of the first fueling
syslem Lo zero

17. The luel management system ol cluim 13 where the
engine is turbocharged or supercharged and the level of tur-
bocharging or supercharging is reduced so as to decrease the
amount of fuel [rom the first fueling system

18. The fuel management system of claim 13 where closed
loop control with a knock delector is used (o increase the
relative amount of fuel from the first lueling system as torque
is increased.

19. A fuel management system for a turbocharged or super-
charged spark ignition engine where the fuel management
system controls fucling from a first fueling system that
directly injects fuel into at least one cylinder as a liquid and
increases knock suppression by vaporization cooling and
from a second fucling system that introduces fuel into the
cylinder by port fuel injection:

and where during a driving cycle there is a first torque range

where both fucling systems are used at the same torque
and where the fraction of fuel in the cylinder that is
introduced by the first [ueling system is increased so as
to prevent knock as torque increases:

and where the fuiel management system matches the frac-

ton of fuel that is provided by lirst fueling system with
the amount needed to prevent knock at a given value of
torque; and
where the fuel management system uses closed loop control
that employs a knock detector

20. The fuel management system ofclaim 19 where there is
a second torque range where only the second fueling system
is used and the highest value of torque in the second torque
range is lower than at least one value of torque in the first
tarque range.
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21.The fuel management system of claim 19 where the fuel
management system minimizes the amount of fuel from the
first fueling system while still preventing knock.

22. The fuel management system of claim 19 where the
maximum knock resistance required by the engine is in the
first torque range.

23. The [uel managemenl system of cluim 19 where lor the
maximum knock resistance required by (he engine only the
first fueling system is used.

24. A fuel management system [or a spark ignition engine
that controls fueling from a first fueling system that intro-
duces fuel into at least one cylinder as a liquid and increases
knock resistance by vaporization cooling and {rom a second
fueling system;

and where the knock resistance of fuel introduced by the

first fueling system is greater than the knock resistance
of fuel introduced by the second fueling system;

and where the fuel managemenl system uses information

from a sensed parameter to control spark refard so as to
decrease the amount of fuel that would otherwise be
provided by the first fucling system;

and where the fuel management system uses input that

includes input from the sensed parameler and input from
knock sensor.

B
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25. The fuel management system of claim 24 where input
from the knock sensor is ulilized in a closed loop control
system that controls the fraction of fuel that is introduced into
the first fueling system.

26. The fuel management system of claim 24 where both
the first and second fueling systems are used at the same value
of torque.

27. I'he fuel management system of claim 24 where spark
retard is employed so as to reduce the use of the first fueling
syslem o 2o

28. The fuel management system of claim 24 where furbo-
charging or supercharging is used and the leve] of turbocharg-
ing or supercharging is reduced so as to decrease the amount
of fuel from the first fireling system.

29, 'T'he fuel management system of claim 24 where closed
loop contro] with a knock detector is used to increase the
relative amount of fuel firm the first fueling system as torque
is increased.

30. The fuel management system of claim 24 where the first
fueling system uses direct injection.

31. The fuel management system of claim 24 where the
seeond fueling system uses port luel injection.

* L] L] L] L]
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1
FUEL. MANAGEMENT SYSTEM FOR
VARIABLE ETHANOL OCTANL
ENIIANCEMENT OF GASOLINE ENGINES

This application is a continuation of U.S. patent applica-
tion Ser. No., 14/982,086 Hled on Dec. 29, 2015, which is a
continuation of U.S. patent application Ser. No. 14/478,069
filed on Sep. S5, 2014, which is o continuation o U1.S. patent
application Ser. No. 14/249.806 (iled on Apr. 10, 2014,
which is now issued as U.S. Pat. No. 8.857,410. which is a
continuation of U.S. patent application Ser. No. 13/956.498
filed on Aug. 1, 2013, which is now issued as U.S. Pat. No.
8,733,321, which is a continuation ol U.S. patent application
Ser. No. 13/629,836 filed on Sep. 28, 2012, which is now
issued as 1J.S Pat. No. 8,522,746, which is a continuation ot
U.S. patent application Ser. No, 13/368.382 filed on Feb. 8,
2012, which is now issued as U.S. Pat, No. 8,302,580, which
is o continuation o U.S. putent application Ser. No. 13/282,
787 filed Oct, 27, 2011, which is now issued as U.S. [’at. No.
8,146,568, which is a continuation o'1J.S. patent application
Ser, No. 13/117.448 filed May 27, 2011, whiclh is now issued
as U.S. Pat. No. 8.069.839, which is a continuation of U.S.
patent application Ser. No. 12/815.842. filed Jun. 15, 2010,
which is now issued as U.S. Pal. No. 7.971,572. which is a

continuation o U.S. patenl application Ser. No. 12/329,729 2

filed on Dec. 8. 2008, which is now issued as 1.8, Pat, No,
7,762,233, which is a continuation ol U.S, patent application
Ser. No. 11/840.719 filed on Aug. 17. 2007, which is now
issued as U.S. Pat. No. 7.740,004, which is a continuation of
U.S. patent applicution Ser. No. 107991774, which is now
issued as ULS. Pat. No. 7.314,033

BACKGROUND

This invention relates o spurk ignilion gasoline engines
utilizing an antiknock agent which is a liquid fuel with a
higher octane number than gasoline such as ethanol to
improve engine efliciency

It is known that the efliciency ol spark ignition (SI)
gasoline engines can be increased by high compression ratio
operation and particularly by engine downsizing. The engine
downsizing is made possible by the use of substantial
pressure boosting from either turbocharging or supercharg-
ing. Such pressure boosting makes it possible to obtain the
same perlormance in a significantly smaller engine. Sec, |
Stokee, et al., “A Gagoline Engine Concept For Improved
Fuel Feonomy The T.ean-Boost System,” SAF Paper 2001 -
01-2902. The use of these techniques o increase engine
efficiency, however, is limited by the onset of enpine knock.

Knock is the undesired detonation of fuel and can severely  sc

damage an engine. If knock can be prevented, then high
compression ratio operation and high pressure baosting can
be used to increase engine efliciency by up to twenty-five
percenl.

Octane number represents the resistance of a fuel to s

knocking bul the use of higher octane gasoline only mod-
estly alleviates (he tendency to knock. For example. the
difference belween repular and premium pasoline is typi-
cally six octanc numbers. That is significantly less than is
needed to realive fully the elliciency benefits of high com-
pression ratio or turbacharged operation. There is thus a
need for a practical means for achieving a much higher level
of octane enhancement so that engines can be operated much
more eflicicntly.

It is known to replace a partion of gasoline with small
amounts of ethanol added at the relinery. Cthanol has o
blending octane number (ON) of 110 (versus 95 for pre-
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mium gasoline) (sce 1. B. Feywood, “Internal Combustion
Engine Fundamentals,”™ McGraw Hill, 1988, p. 477) and is
also attractive because it is a renewable energy, biomass-
derived fuel. but the small amounts of cthanol that have
heretofore been added to gasoline have had a relatively
small impact on engine performance. Cthanol is much more
expensive than gasoline and the amount of ethanol that is
readily available is much smaller than that of gasoline
becuuse of the relativety limited amount of biomass (hat is
availuble Tor its production. An object of the present inven-
tion is 1o minimize the amount of ethanol or other antiknock
agent that is used to achieve a given level of engine
efliciency increase. By restricting the use ol ethanol (o the
relatively small fraction of time in un operating cycle when
it is needed to prevent knock in a higher load regime and by
minimizing its use at these times, the amount of ethanol that
is required can be limited 1o a relatively small fruction of the
fue] used by the spark ignition gasoline engine.

SUMMARY

In one aspect, the invention is a fuel management system
for eficient operation of a spark ignition gasoline engine
including a source of an antiknock agent such as ethanol. An
injector directly injects the ethanol into a cylinder of the
enpine and a tuel manapement system coutrols injection of
the antiknock agent into the cylinder to control knock with
minimum use of the antiknocek agent. A preferred antiknock
agent is ethanol. Ethanol has a high heat of vaporization so
that there is substantial cooling of the air-fuel charge to the
cylinder when it is injected directly into the engine, This
cooling effect reduces the octane requirement of the engine
by a considerable amount in addition to the improvement in
knock resistance [rom the relatively high octane number off
cthanol. Methanol, tertiary butyl alcohol, MTBLE. CTBE.
and TAME may also be used. Wherever cthanol is used
herein it is to be understood that other antiknock agents are
contemplated

The fuel management system uses a fuel management
control system that may usc a microprocessor that operates
in an open loop fashion on a predelermined correlation
between octane number enhancement and {raction of fuel
provided by the antiknock agent. To conserve the cthanol, it
is preferred that it be added only during portions of a drive
cycle requiring knock resistance and that ite use be mini-
mized during these tmes, Ahernatively, the gasoline engine
may include a knock sensor that provides a feedback signal
o a fuel management microprocessor system to minimize
the amount of the ethanol added to prevent knock in a closed
loop [lashion.

In one embodiment the injectors stratify the ethanol to
provide non-uniform deposition within a cylinder. For
example, the ethanol may be injected proximate to the
cylinder walls and swirl can create a ring of cthanol near the
walls.

In another embodiment of this aspect of the invention, the
system includes a measure of the amount of the antiknock
agent such as ethanol in the source containing the antiknock
agent o control turbocharging, supercharging or spark retard
when the amount of ethanol is low.

‘The direct injection of cthanol provides substantially a
13° C. drop in temperature for every len percent ol [uel
energy provided by ethanol. An instantaneous octanc
enhancement of at least 4 octane numbers may be oblained
Jor every 20 pereent of the engine’s energy coming from the
ethanol.

FORD Ex. 1144, page S8
1PR2020-00013



US 9,810,166 B2

3
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of one embodiment of the
invention disclosed herein

FIG. 2 is a graph ol the drop in temperature within a
cylinder as a function ol the {raction of energy provided by
cthanol.

FIG. 3 is a schematic illustration of the stratification of
cooler ethunol charge using direcl injection and swirl molion
for achieving thermal stratification.

FIG. 4 is a schematic illustration showing cthanol strati-
fied in an inlet manifold.

FIG. § is a block dingram of an embodiment of the
invention in which the fuel management microprocessor is
used lo coutrol a turbocharger and spark retard based upon
the amount of ethanol in a fuel tank.

DETAILED DESCRIPTION

With relerence (irst o FIG. 1, a spark ignition gasoline
engine 10 includes a knock sensor 12 and a fuel management
microprocessor system 14. The fuel management micropro-
cessor system 14 controls the direct injection of an anti-
knock agent such as ethanol [rom an ethanol tank 16 The
fuel management microprocessor system 14 also controls
the delivery of gusoline {from a gasoline tank 18 into engine
manifold 20. A turbocharger 22 is provided to improve the
torque and power density of the engine 10. The amount of
cthanol injection is dictated cither by a predetermined cor-

relation between octane number enhancement and fraction 30

of fuel that is provided by ethanol in an open loop system or
by a closed loop control system that uses a signal from the
knock sensor 12 as an input to the fuel management 125
microprocessor 14. In both sitvations. the fuel management
processor 14 will minimize the wmount of ethanol added (o
a cylinder while still preventing knock. It is also contem-
plated that the fuel management microprocessor system 14
could provide a combination ol open and closed  loop
control,

As show in FIG. 1 it is preferred that ethanol be directly
injected into the engine 10. Direct injection substantially
increases the benefits of ethanol addition and decreases the
required amount of ethanol. Recent advances in fuel injector
and clectranic control technology allows fuel injection
directly into a spark ignition engine rather than into the
manifold 20. Because ethanol has a high heat of vaporization
there will be substantial conling when it is directly injected
into 135 the engine 10. This cooling ellect Jurther increases
knock resistance by a considerable amount. In the embodi-

ment of FIG. 1 port fuel injection of the gasoline in which 5o

the gasoline is injected into the manifold rather than directly
injected into the cylinder is prelerred because it is advan-
tageous in obtaining good air/fuel mixing and combustion
stability that are diflicult to obtain with direct injection.

Ethanol has a heal of vaporization of 840 ki/kg, while the s

heat of vaporization of gasoline is about 350 kl/kg. The
attractiveness of ethanol incresses when compared with
gasoline on an enerpy basis, since the lower heating value of
cthanol is 26.9 Ml/kg while for gasoline il is about 44
MI/kg. Thus, the heal of vaporization per Joule of combus-
tion energy is 0.031 for ethanol and 0.008 for gasoline. That
is, for cqual amounts of energy the required heat of vapor-
ization of ethano! is about four times higher than that of
gasoline. The ratio of the heat ol vaporization per unit air
required for stoichiometric combustion is about 94 kl/kg of
air for ethanol and 24 kJ/kg of air for gasoline, vr a Luctor
of four smaller. Thus. the net effect of ¢cooling the air charge
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is about four times lower for gasoline than for ethanol (for
stoichiometric mixtures wherein the amount of air contains
oxygen that is just sullicient to combust all of the fucl).

In the case of cthanol dirccl injection according to one
aspect ol the invention, the charge is directly cooled. The
amount ol'cooling due to direct injection of ethanol is shown
in FIG. 2. 1t is assumed that the air/fue] mixture is stoichio-
metric without exhaust gas recirculation (EGR), and that
gasoline makes up the rest of the fuel. [t is further assumed
that only the ethanol contributes to charge cooling, Gasaline
is vaporized in the inlet manifold and does not contribute to
cylinder charge cooling. The direct ethanol injection pro-
vides about 13 C. of cooling for cach 10% of the fucl
cnergy provided by ethanol. (It is also possible to use direct
injection of pasoline as well as direct injection ol ethanol
However, under certain conditions there can be combustion
stability issues.

The temperature decrement because of the vaporization
cnergy of the ethanol deereases with lean operation and with
EGR. as the thermal capacity of the cylinder charge
increases. 1f the engine operates at twice the stoichiometric
air/fuel ratio, the numbers indicated in FIG. 2 decrease by
about a lactor of 2 (the contribution ol the ethano] itself and
the gasoline is relatively modest). Similarly, for a 20% CGR
rate, the cooling effect of the ethanol decreases by about
25%.

The octane enhancement eftect can be estimated from the
data in FIG. 2. Direct injection of gasoline resulls in approxi-
malely a five octiane number decrease in the oclane number
required by the engine. as discussed by Stokes, ct al. ‘Thus
the conltribution is about five octane numbers per 30K drop
in charge temperature. As ethanol can decrease the charge
teniperature by about 120K, then the decrease in octane
number required by the engine due to the drop in tempera-
ture. for 100% ethanol, is twenty oclane numbers. Thus.
when 100% of the Rel is provided by cthanol. the octane
number enhancement is approximalely thirty-five octane
numbers with a twenty octane number enhancement coming
[rom direct injection cooling und a [illeen octane number
cnhancement coming from the oclane number of ethanol
From the above considerations, it can be projected that even
il the octane enhancement from direct cooling is signifi-
cantly lower, a lotal octane number enhancement of at least
4 octane numbers should be achievable for every 20% of the
lotal fuel enerpy that is provided by ethanal.

Alternatively the ethanol and gasoline can be mixed
together and then port injected through a single injector per
cylinder. thereby decreasing the number ol injectors that
would be used. However. the air charge cooling benefit from
cthanol would be lost

Alternatively the ethanol and gasoline can be mixed
together and then port [uel injected using o single injector
per cylinder, thereby decreasing the number of injectors that
would be used. [Towever, the substantial air charge cooling
benefit from ethanol would be lost. The volume of fuel
belween the mixing point and the port fuel injector should be
minimized in order to meet the demanding dynamic oclane-
cnhancement requirements of the engine.

Relatively precise determinations of the actual amount of
octane enhancement from given amounts of direcl ethanol
injection can be oblained from laboratory and vehicle tests
in addition to detailed calculations. ‘These correlations can
be used by the fuel management microprocessor system 14.

An additional benelit of using ethanol for octane enhance-
ment is the ability lo use it in a mixture with water. Such a
mixture can eliminate the need for the costly und encrgy
consuming water removal step in producing pure ethanol
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that must be employed when cthano! is added to gasoline at
a refinery. Morcover, the water provides an additional cool-
ing (due to vaporization) that further increases engine knock
resistance. In contrast the present use of ethanol as un
additive to gasoline at the refinery requires that the water be
removed from the ethanol.

Since unlike gasoline, ethanol is not a good lubricant and
the ethanol fuel injector can stick and not open, it is desirable
to add a lubricant 1o the cthanol. The lubricant will also
denature the ethanol and make it unattractive for humsan
consumption.

Further decreases in the required ethanol for a given
amount of octane enhancement can be achieved with strati-
fication (non-uniform deposition) of the ethanol addition.
Direct injection can be used 1o place the ethanol near the
walls of the cylinder where the need lor knock reduction is
greatest, The direct injection may be used in combination
with swirl. This stratification of the ethano!l in the engine
turther reduces the amount of cthanol needed to obtain a
given amount of octune enhuncement. Because only the
cthanol is directly injected and because it is stratified both by
the injection process and by thermal centrifugation, the
ignition stability issues associated with gasoline direct injec-
tion (GID1) can be avoided,

It is preferred that ethanol be added 1o those regions that
mnke up the end-pas and are prone to antn-ipnition These
regions are near the walls of the cylinder. Since the end-gas
contains an the arder of 25% of the fuel, subsiantial decre-
ments in the required amounts of ethanol can be achieved by
stratifying the ethanaol.

In the case of the engine 10 having substantial organized
moltion (such as swirl), the cooling will result in forces that
themally stratify the discharge (centrifugal separation of the
regions at diflerent density due to different temperatures).
The etfect of ethanol addition is to increase gas density since
the temperature is decreased. With swirl the ethanol mixture
will automatically move 1o the zone where the end-gas is,
and thus increase the anti-knock eltectiveness of the injected
cthanol. The swirl motion is not alfected much by the
compression stroke and thus survives betier than tumble-like
motion that drives wrbulence towards top-dead-center
(TDC) and then dissipates. Tt should be pointed out that
relatively modest swirls resull in large separating (centrifu-
pal) forces. A 3 m/s swirl motion in o S e radius cylinder
generates accelerations of about 200 m/s?, or about 20 ¢'s.

F1G. 3 illustrates ethanol direct injection und swirl motion
for achieving thermal stratification. Ethano! is predomi-
nantly on an outside region which is the end-gas region. FIG
4 illustrates u possible stratification of the ethano! in an inlet
manifold with swirl motion and thermal centrifugation
maintaining stratification in the cylinder. In this case of port
injection of ethanol, however. the advantapge of substantial
churge cooling may be lost,

With reference again o FIG. 2, the effeet of cthanol
addition all the way up 1o 100% cthano! injection is shown.
At the point that the engine is 100% direct ethanol injected,
there may be issues of engine stability when operating with
only stratilied ethanol injection thal need to be addressed. Tn
the case of stratified operation it may also be advantageous
to stratify the injection of gasoline in order to provide a
relatively uniform equivalence ratio across the cylinder (and
therelore lower concentrations ol gusoline in the regions
where the ethanol is injected). This situation can be
achieved. as indicated in FIG. 4. by placing [uel in the region
of the inlet manifold that is void of ethanol.
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The cthanol used in the invenlion can cither be contained
in a separate tank from the gasoline or may be separated
from a gasoline/ethanol mix(ure stored in one tank.

‘The instantancous cthanol injection requirement and total
ethanol consumption over a drive cycle can be estimated
from information about the drive cycle and the increase in
lorque (and thus incrense in compression ratio. engine power
density, and capubility for downsizing) that is desired. A plot
of the amount of operaling time spent at various values of
torque and engine speed in FTP and US06 drive cycles can
be used. 1t is necessary (o enhance the octane number at cach
point in the drive cycle where the torque is greater than
permitted for knock free aperation with gasoline alone. The
amount of octane enhancement that is required is determined
by the torque level.

A rough illustrative caleulation shows that only & small
amount of ethanol might be needed over the drive cycle.
Assume that it is desired to increase the maximum torque
level by a factor of two relative to what is possible without
direet injection ethunol octane enhancement. Information
about the operating time for the combined FIT and US06
cycles shows that approximately only 10 percent of the time
is spent at torque levels above 0.5 maximum torque and less
than | percent of the time is spent above 0.9 maximum
torque. Conservatively assuming thit 100% ethanol addition
is needed ut maximum torque and that the energy [raction of
cthanol addition that is required to prevent knock decreases
lincarly to zero at 50 percent of maximum forque, the cnergy
fraction provided by cthunol is about 30 percent. During a
drive cycle about 20 percent ol the total fuel enerpy is
consumed al greater than 50 percent of maximum torque
since during the 10 pereent of the time that the engine is
operated in this regime, the amount of fvel consumed is
about twice that which is consumed below 50 percent of
maximum torgue. The amount of ethanol energy consumed
during the drive cycle is thus roughly around 6 percent (30
percentx(),2) of the total fuel energy.

In this cuse then, although 100% cthanol addition was
needed at the highest value ol torque, only 6% addition was
needed averaged over the drive cycle. The ethanol is much
more cffectively used by varying the level of addition
according to the needs of the drive cycle.

Because of the lower heat of combustion of ethanol, the
required amount of cthanol would be about 9% of the weight
ol the gasoline fuel or about 9% of the volume (since the
densities of ethanol and gasoline are comparable). A separate
tank with a capucity ol about 1.8 gallons would then be
required in automobiles with twenty gallon gasoline tanks.
‘Ihe stored ethanol content would be about 9% of that of
gasoline by weight, a number not too different from present-
day reformulated gasoline. Stratification of the ethanol addi-
tion could reduce this amount by more than a factor of two,
An on-line cthanol distillation system might alternatively be
employed but would entail elimination or reduction of the
increase torque and power available from turbocharging.

Because of the retatively small amount of cthanol and
present lack of an ethanol fueling infrastructure, it is impor-
tant that the ethanol vehicle be operable if there is no ethanol
on the vehicle. The engine system can be designed such that
although the torque and power benelits would be tower
when ethano! is not available, the vehicle could still be
operable by reducing or eliminating turbocharging capabil-
ity and/or by increasing spark retard so as o avoid knock. As
shown in FIG. 5. the luel managemen! microprocessor
system 14 uses ethanol fuel level in the 295 ethanol tank 16
as an input to control the turbocharger 22 (or supercharnger
or spark retard. not shown). As an exumple, with on-demand
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cthanol octane enhancement, a 4-cylinder engine can pro-
duce in the range of 280 horsepower with appropriate
turbocharging or supercharging but could also be drivable
with an engine power of 140 horsepower without the use of
ethanol according to the invention.

The impact of a small amount of ethanol upon fuel
clliciency through use in a higher efliciency engine can
wreally increase the energy value ol the ethanol. For
example, gasoline consumption could be reduced by 20%
duc to higher cfiiciency engine operation from usc of a high
compression ratio, strongly turbocharged operation and sub-
stantia] engine downsizing. The energy value ol the ethanol.
including its value in direct replacement of gasoline (5% of
the energy of the gasoline), is thus roughly equal to 25% of’
the gasoline that would have been used in a less eflicient
engine without any cthanol. The 5% gasoline equivalent
energy value of ethanol hus thus been feveraged up to a 25%
gusoline equivalent value. Thus. cthanol can cost roughly up
to five times that of gasolinc on an encrgy basis and still be
ceonomically attractive, The use of cthanol as disclosed
herein can be o much preater value use than in other ethanol
applications.

Although the above discussion has featured ethanol as an
exemplary anti-knock agent, the same approach can be
applied to other high octane fuel and fuel additives with high
vaporizalion energies such as methano! (will higher vapor-
ization energy per unit {uel). and other anti-knock agents
such as tertiary butyl alcohol, or cthers such as methyl
lertiary butyl cther (MTBE), cthyl tertiary butyl ether
(EIBE). or tertiary amyl methyl ether (IAME).

It is recognized that moditications and variations of the
invention disclosed herein will be apparent (o those of
ordinary skill in the art and it is intended that all such
modifications and variations be included within the scope of
the appended claims.

‘Ihe invention claimed is:

1. A fuel management system for a spark ignition engine
which utilizes port [uel injection and also wtilizes direct fuel
injection;

and where there is a first torque range where direct

injection and port injection are both used at the same
value of torque throughout the first torque range
and where in at least part of the first torque range as torque
is increased the amount ol fuel that is directly injected
is changed so as 1o obtain knock-free operation and the
amount ol dircetly injected fuel used to provide knock-
[rec operation is minimized,

2. "The fuel management system of claim I where as

torque is increased the fraction of fuel that is directly s

injected is increased to the value that prevents knock.

3. I'he fuel management system of claim 1 where active
control using a knock detector is used (o change the amount
of tuel that is directly injected as torque is increased.

4. 'Ihe {fuel management system of claim 1 or 2 where :

open loop control using a lookup table is also used to change
the amount of fuel that is directly injected as torque is
increased.

5. The fuel management system of claim 4 where a
predetermined correlation between knock resistance and
fraction of fuel provided by direct injection is employed.

6. I'he fuel management system of claim 1 where if torque
is increased beyond the highest value of torque in the first
range of torque, direct injection alone would be required for
knock-free operation.

7. The fuel management system of claim 1 where only
port fuel injection is used in a second range of torque.
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8. The fuel management system of claim 7 where as the
torque increases beyond the highest value of torque in the
second range of torque, the engine operates in the first range
of torque.

9. The fuel management system of claim 7 where as the
torque increased beyond the highest value in the second
range ol torque, the engine operates in the [irst range of
lorque;

and where if the torque were to be increased beyond the

highest value in the first mnge of torque, direct injec-
tion alone would be required for knock-free vperation.

10. 'The fuel management system of claim 7 where the
highest torque in the sccond torque range is the highest
lorque at which knock-free vperation can be obtained with
port {uel injection alone.

11. The Tuel management system ol claim 7 where when
spark relard is employed Lo enable operation with port fuel
injection alone where it would not otherwise be used and
where the spark retard is controlled by sensed information

12. The luel management system ol claim 7 where spark
retard is cmployed so that port fuel injection alone can be
used where it would not otherwise be used.

13, The fuel management system of claim 1 where spark
retard is used to reduce the (raction ol luel that is provided
by direct injection.

14. The luel management system ol claim 1 where the
amount of directly injected [uel] is minimized throughout the
first torque range.

15, The fuel management system of claim 1 where the
amount of directly injected fuel is minimized from zero
torque (o the highest torque in the first torque range

16. The fuel management system of claim 1 where there
is third torque ranpe where the highest torque is the highest
torque in the first torque range of the operation and where
within the third torque range as torque is increased the
fraction of fuel provided by direct injection is changed to the
value needed to prevent knock.

17, The fuel management system of claim 9 or 16 where
the engine is turbocharged.

18. 'The fuel management system of claim 16 where the
amount of dircct injection is minimized.

19. A tuel management system for a turbocharged spark
ignition engine which utilizes port fuel injection and also
utilizes direct fuel injection;

and where there is a first ranpe ol torque throughout which

direct injection and port injection are used at the same
value of torque;

and wherein as torque is increased the Iraclion ol fuel that

is directly injected is increased to a value that prevents
knock:

and where there is a second range of torque where only

port fuel injection is used:

and where when torque exceeds the lighest torque in the

secoud range of torque the engine operates in the first
range of torque.

20. The fuel management system of cluim 19 where the
second torque range starts al Zero torque.

21. The fuel management system of claim 19 or 20 where
the highest value of torque in the sccond region of torque is
the highest value of torque at which direet injection is not
needed to prevent knock.

22. A spark ignition engine where port fuel injection and
direct injection are used and the fraction of fuel provided by
direct injection is increased so as to prevent knock that
would otherwise occur; and where spark retard is employed
lo enable reduction ol the amount of direct injection that
would otherwise be employed.
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23. The spark ignition engine of claim 22 where the
engine is operated with port fuel injection alone at values of
torque where port fucl injection alone would not otherwise
be employed.

24, "I'he spark ignition engine of claim 22 or 23 where the
spark retard is contrulled by deteetion of knock and by
information from another sensed parameter.

25. The spark ignition engine of claim 22 or 23 where
without the application of the spark retard the engine is
operated with direct injection alone.

26. The spark ignition engine of claim 22 or 23 where
without the application of the spark retard the engine is
operated with both port fuel injection and direct injection at
the same value of torque.

27. The spark igniton engine of claim 22 where without
the employmint of the spark retard the [raction of fuel
provided by dircct injection increases with increasing
lorgue.

0
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28. The spark ignition enginc of claim 22 where there is
a first torque range throughout which port fuel injection and
direct injection are used at the same torque and wherein the
[raction of fuel provided by direct injection increases with
increasing torque in such a way as to cnable knock-frec
operation and where there is a second torque range where
only port Tuel injection is used and where when the lorque
cxceeds the highest torque in this range, the engine operates
in the first torque range.

29. The spark ignition engine of claim 28 where the
engine openutes in the second lorque runge between zero
torque and the highest torque in the second torque range.

30. The spark ignition engine of claim 22 where spark
retard is used to recluce the imount of direct injection to zero
from what it would otherwise have bewn.

* * * L *
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1
FUEL MANAGEMENT SYSTEM FOR
VARIABLE ETHANOL OCTANE
ENITANCEMENT OF GASOLINE ENGINES

This application is a continuation of U.S. patent applica-
tion Ser. No. 15/463,425 filed on Mar. 20. 2017, which is a
continuation of U.S. patent application Ser. No. 14/982,086
filed on Nec. 29. 2015, which is a continvation of U.S. patent
application Ser, No. 14/478,069 filed on Sep. 5, 2014, which
is o continuation of U8, patent application Ser. No. 14/249,
806 filed on Apr. 10, 2014, which is now issued as U.S. Pat.
No. 8.857,410. which is a continuation of U.S. patent
application Ser. No. 13/956,498 [iled on Aug. 1, 2013, which
is now issued as U.S. Pat. No. 8,733,321, which is a
conlinuation of U.S. patent application Ser. No. 13/629,836
filed on Sep. 28, 2012. which is now issued as U.S. Pat. No
8,522,746, which is 1 continuation of U S, patent application
Ser. No. 13/368,382 fled on Feb. 8 2012, which is now

issued as U.S. Pat. No. 8,302,580. which is a conlinuation ol

U.S. patent application Ser. No. 13/282,787 filed Ocl. 27,
2011, which is now issued as U.S. PPal. No. 8.146,568, which
is o continuation of U.S. patent application Ser. No. 13/117,
448 filed May 27, 2011, which is now issued as U.S. Pal. No.,
8,069,839, which is a continuation of U.S. patent application
Ser. No. 12/815,842, filed Jun. 15. 2010, which is now

issued as U.S. Pal. No. 7,971,572, which is a continuation ol

U.S. patent application Ser. No. 12/329,729 filed on Dec. 8,
2008, which is now issued as U.S. Pat. No. 7,762,233, which
is u conlinuation of U.S. patent application Ser. No. 11/840,
719 filed on Aug. 17, 2007. which is now issued as U.S. Pat.
No. 7.740,004, which is a continuation of U.S. patent
application Ser. No. 10/991,774, which is now issued as U.S.
Pat. No. 7.314,033.

BACKGROUND

This invention relates to spark ignition gasoline engines
ulilizing an antiknock agent which is a liquid luel with «a
higher octane number than gasoline such as ethanol to
improve engine cfliciency.

It is known that the efficiency of spark ignition (SI)
gasoline engines can be increased by high compression ratio
operation and particularly by engine downsizing. The engine
downsizing is made possible by the use of substaatial
pressure boosting from either turbocharging or supercharg-
ing. Such pressure boosting makes it possible to obtain the
sume perlormance in w signilicantly smaller engine. See, J.
Stokes. et al., “A Gasoline Engine Concept For Improved

Fuel Feonomy The [.can-Boost System,” SAE Paper 2001-

01-2902. The use of these techniques to increase engine
clliciency, however, is limiled by the onset of engine knock.
Knock is the undesired detonation of tuel and can severely
damage an enpine. If knock can be prevented, then high

compression ratio operation and high pressure boosting can 55

be used Lo increase engine efliciency by up to twenty-five
pereent.

Octane number represents the resistance of a fuel to
knocking but the use of higher octane gasoline only mod-
estly alleviates the tendency to knock. For example. the
diflerence between regular and premium gasoline is typi-
cally six octane numbers. ‘T'hat is significantly less than is
needed to realize fully the efliciency benefits of high com-
pression ratio or turbocharged operation. There is thus a
need for a practical means for achieving a much higher level
ol octune enhancement so thut engines can be operaled much
more eiliciently.
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It is known to replace a portion of gasoline with small
amounts of cthanol added at the refinery. Ethanol has a
blending octane number (ON) of 110 (versus 95 for pre-
mium gasoline) (see 1. B Heywood, “Internal Combustion
Engine Fundamentals.” McGraw Hill, 1988, p. 477) and is
also attractive because it is a renewable encrgy, biomass-
derived fuel. but the small amounts of cthanol that have
heretofore been added to gasoline have had a relatively
small impact on engine performance. Ethano!l is much more
expensive than gasoline and the amount of ethanol that is
readily available is much smuller than that of gusoline
becausc of the relatively limited amount of biomass that is
available for its production. An object of the present inven-
tion is 0 minimize the amount of ethanol or other antiknock
agent that is used lo achicve a given level of engine
ellicieney increase. By restricling the use of ethanol o the
relatively small fraction of time in an operating cycle when
it is needed to prevent knock in o higher load regime and by
minimizing its use al these times, the amount of ethanal that
is required can be limited o a relatively small fraction of the
tuel used by the spark ignition gasoline engine.

SUMMARY

In one aspect. the invention is a [vel management syslem
for eflicient operation of o spark iguition pasoline engine
including a source of an antiknock agent such as cthanol, An
injector direetly injects the cthanol into a cylinder of the
engine and a fuel management system controls injection of
the antiknock agent into the cylinder to control knock with
minimum use of the antiknock agent. A preferred antiknock
agent is ethanol. Ethanol has a high heat of vaporization so
that there is substantial cooling of the air-luel charge to the
cylinder when it is injected directly into the engine. This
cooling effect reduces the octane requirement of the enpine
by a considerable amounl in addition to the improvement in
knock resistance from the relatively high octane number of
ethanol. Methanol, tertiary butyl alcohol, MTBE, ETBLE.
and TAME may also be used. Wherever cthanol is used
herein it is to be understood that other antiknock agents are
contemplated.

The fuel management system uses a [uel management
control system that may use a microprocessor that operates
in an open loop fashion on a predetermined correlation
between octane number enhancement and fraction of fuel
provided by the antiknock agent. To conserve the ethanol, it
is prelerred that it be added only during portions ol a drive
cyele requiring knock resistance and that its use be mini-
mized during these times. Alternatively, the gasoline engine
may include a knock sensor that provides a {eedbuck signal
lo a luel management micropracessor system to minimize
the amount of the cthano] added to prevent knock in a closed
loop fashion

In one embodiment the injectors steatify the ethanol to
provide non-uniform deposition within « c¢ylinder, For
example, the ethanol may be injected proximate to the
cylinder walls and swirl can create a ring of ethanol near the
walls.

In another embodiment ol this aspect ol the invention, the
system includes o measure of the amount of the antiknock
agent such as ethanol in the source containing the antiknock
agent to control turbocharging, supercharging or spark retard
when the amount of ethanol is low.

The direct injection of ethanol provides substantially
13° C. drop in temperature for every len percent ol Tuel
energy provided by ethanol. An instantaneous oclane
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enhancement of at least 4 octane numbers may be obtained
for every 20 percent of the engine’s energy coming from the
ethanol.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of one embodiment of the
invention disclosed herein.

FIG. 2 is u graph of the drop in lemperature within o
cylinder as a function of the fraction of energy provided by
cthanal.

[1G. 3 is a schematic illustration of the stratification of
cooler ethanel charge using direct injection and swirl motion
for uchicving thermal stratilication.

I'1G. 4 is a schematic illustration showing ethanol strati-
lied in an inlet manifold

FIG. 5 is a block dingram ol an embodiment of the
invention in which the fuel management microprocessor is
used to conlral a turbocharger and spark retard based upon
the amount of cthanol in a fuel tank.

DETAILED DESCRIPTION

With relerence first to FIG. 1, a spark ignition gasoline
cogine 10 includes a knock sensor 12 and a fuel management
microprocessor system 14. The fuel management micropro-
cessor system 14 controls the direct injection of an anti-
knock agent such as ethanol from an cthanol tank 16. The
fuel management microprocessor system 14 also controls
the delivery of gasoline [rom a gasoline tank 18 into engine
manifold 20. A turbocharger 22 is provided to improve the
torque and power density of the engine 10, The amount of
cthanol injection is dictated either by a predetermined cor-
relation benwveen octane number enhancement and fraction
of fuel that is provided by ethanol in an open loop system or
by a closed loop control system that uses a signal {rom the
knock sensor 12 as an input to the [uel management micro-
processor 14, In both situations, the fuel management pro-
cessor 14 will minimize the amount ol ethanol added 10 a
cylinder while still preventing knock. 1t is also contemplated
that the fuel management microprocessar system 14 could
provide a combination of open and closed loop control.

As show in FIG. 1 it is preferred that ethanol be directly
injected into the engine 10. Dircet injection substantially
increases the benetits of ethanol addition and decreases the
required amannt nf ethanal, Recent advances in fuel injector
and clectronic control technology  allows fuel injection
dircetly into o spark ignition engine rather thun into the
manifold 20. Because ethanol has a high heat of vaporization
there will be substantial cooling when it is directly injected
into the engine 10. This cooling effect further increases
knock resistance by n considerable amouat. In the embadi-
ment of FIG. 1 port fucl injection of the gasoline in which
the gasoline is injected into the manifold rather than directly
injected into the cylinder is preferred because it is advan-
lugeous in obtaining good air/fucl mixing and combustion
stubility that are dillicult to obtain with direet injection.

Cihanol has a heat of vaporization ol 840 kJ/kg, while the
heat ol vaporization of gasolinc is about 350 kl/kg. The
attructiveness of ethanob increases when compared with
gasoline on an energy basis. since the lower heating value of
cthanol is 26.9 MJ/kg while for gasolinc it is about 44
MI/kg. Thus, the heat of vaporization per Joule of combus-
tion energy is 0.031 [or ethanol and 0.008 tor gasoline. That
is, for equal amounts of energy the required heat of vapor-
ization of ethanol is about four times higher than that of
gasoline. The ratio of the heat of vaporization per unit air
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required for stoichiometric combustion is about 94 kl/kg of
air for cthanol and 24 kl/kg of air for gasoline, or a factor
of four smaller. Thus, the nct eftect of cooling the air charge
is ubout four times lower for gasoline than for ethanot (for
stoichiometric mixtures wherein the amount of air contains
oxygen that is just suflicient to combust all of the fuel).

In the case of ethanol direct injection according to one
aspect of the invention. the charge is directly cooled. The
amount of cooling due to direct injection of ethanol is shown
in F1G. 2. Itis assumed that the air/fucl mixture is stoichio-
metric without exhaust gas rectreulation (EGR), and that
gasoline makes up the rest of the fuel. It is further assumed
that only the ethunol contributes 1o churge cooling. Gasoline
is vaporized in the inlet manifold and does not contribute 1o
cylinder charge cooling. I'he direct ethanol injection pro-
vides ubout 13° C. ol cooling [or each 10% ol the luel energy
provided by ethanol. (It is also possible to use direct
injection of gasoline as well as direct injection of ethanol
[lowever, under certain conditions there can be combustion
stability issues.

The temperature decrement because of the vaporization
energy of the ethanol decreases with lean operation and with
CGR. as the thermal capacity of the cylinder charge
increases. If the engine operates at twice the stoichiometric
air/fuel ratio, the numbers indicaled in FIG. 2 decrease by
about o factor of 2 (the contribution of the ethanol itsell and
the gasoline is relatively modest). Similarly, for a 20% EGR
rate. the cooling cffect of the ethanol decreases by about
25%.

‘I'he octane enhancement effect can be estimated from the
data in F1€i. 2. Direct injection of gasoline results in approxi-
mately a five octane number decrease in the octane number
required by the engine, as discussed by Stokes, et al. T'hus
the contribution is aboul [ive octane numbers per 30K drop
in charge temperature. As ethanol can decrease the charge
temperature by about 120K, then the decrease in actane
number required by the engine due 1o the drop in tempera-
ture, for 100% ethanol, is twenty oclane numbers. Thus,
when 100% of the fuel is provided by ethanol, the octane
number enhancement is approximately thirty-five octanc
numbers with a twenty octane number enhancement coming
from direct injection cooling and a fifteen octane number
cnhancement coming from the octane number of cthanol
I'rom the above considerations, it can be projected that even
if the octane enhancement from direct cooling is signifi-
canlly lower, o total octane number enhancement of at least
4 octane numbers should be achievable for every 20% ol the
total fuel energy that is pravided by ethanol.

Alternatively the cthanol and gasoline can be mixed
together and then port injected through o single injector per
cylinder. thereby decreasing the number of injectors that
would be used, However. the air charge cooling benefit from
ethanol would be losl.

Alternatively the cthanel and pasoline can be mixed
logether und then port fuel injected using u single injector
per eylinder, thereby decreasing the number ol injectors that
would be used. [lowever, the substantial air charge cooling
benefit from ethanol would be lost. The volume of fuel
helween the mixing point and the port fuel injector should be
minimized in order to meet the demanding dynaniic octane-
enhancement requirements of the engine.

Relatively precise determinations of the actual amount of
octane enhancement from given amounts of direct ethanol
injection can be obtained from laboratory and vehicle tests
in addition 1o detailed caleulutions. These correlations can
be used by the {uel management microprocessor system 14.
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An additional benefit ol using ethanol for octane enhance-
meat is the ability to use it in a mixtre with water. Such a
mixture can eliminate the need for the costly and encrgy
consuming water removal step in producing pure cthanol
that must be employed when cthanol is added to gasoline at
a retinery. Moreover, the water provides an additional cool-
ing (due to vaporization) that further increases engine knock
resistance, In contrast the present use of ethanol as an
additive to gasoline at the refinery requires that the water be
removed from the cthanol.

Since unlike gasoline. cthanol is not a good lubricant and
the ethanol fuel injector can stick and not open, it is desirable
to add a lubricant to the cthanol. The lubricant will also
denature the ethanol and make it unattractive for human
consumption

Further decreases in the required ethanol for a given
amount of octane enhancement can be achieved with strati-
fication (non-uniform deposition) of the ethanol addition.
Direct injection can be used to place the cthanol near the
walls of the eylinder where the need for knock reduction is
greatest. The direct injection may be used in combination
with swirl. ‘This stratification ol the ethanol in the engine
further reduces the amount of ethanol needed to obtain a
given amount of octane enhancement. Because only the
ethanol is directly injected and because it is stratitied both by
the injection process und by thermal centrifugation, the
ignition stability issues associated with gasoline direct injec-
tion (GDI) can he avoided.

Tt is preferred that ethanol be added 1o those regions that
make up the end-pas and are prone to auto-ignition, These
regions arc near the walls of the cylinder. Since the end-gas
contains on the order of 25% ol the fuel. substantial decre-
ments in the required amounts of ethano! can he achieved by
stratifying the ethanol.

In the case of the engine 10 having substantial organized :

motion (such as swirl), the cooling will result in forces that
thermally stratify the discharge (centrifugal separation of the
regions at different density due to different temperatures).
The efleet ol ethanol addition is to increase gas density since
the temperature is decreased. With swirl the ethanol mixture
will automatically move to the zone where the end-gas is.
and thus increase the anti-knock etlectiveness of the injected
ethanol. The swirl motion is not affected much by the
compression stroke and thus survives better than tumble-like
motion that drives turbulence towards top-dead-center
(I'DC) and then dissipates. It should be pointed out that
relatively modest swirls result in large separating (centrifu-
gal) lorces. A 3 m/s swirl motion in o 5 cm radius cylinder
generates accelerations of ahout 200 nys®, or about 20 g’s.

FIG. 3 illustrates cthanol direct injection and swirl motion
for achieving therma! stralification. Ethanol is predomi-
nantly on an outside region which is the end-gas region. FIG.
4 illustrates a possible stratification of the cthanol in an inlet
monilold with swirl motion and thermal centrifugation
maintaining stratification in the cylinder. In this case of port
injection of ethanol, however. the advantage of substantial
churge cooling may be Jost.

With reference again lo TIG. 2, the effect ol ethanol
addition all the way up to 100% cthano! injection is shown.
Al the point that the engine is 100% direct ethanol injected.
there may be issucs of engine stability when operating with
ouly stratified ethano! injection that need to be addressed. In
the case ol stratified operation it may also be advantageous
to stratify the injection of gasoline in order to provide a
relalively uniform equivalence ratio across the cylinder (and
therefore lower concentrations of gasoline in the regions
where the ethanol is injecled). This situation can be
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6
achieved. as indicated in FIG. 4. by placing fuel in the region
of the inlet manilold that is void of ethanol.

The ethanol used in the invention can either be contained
in a separate tank [rom the gasoline or may be separated
from a gasaline/ethanol mixture stored in one tank.

The instantaneous ethanol injection requirement and total
cthanol consumption over a drive eycle can be estimated
from information uboul the drive cycle und the increase in
torque (and thus increase in compression ratio. engine power
density. and capability for downsizing) that is desired. A plot
ol the amount of operating time spent at various values of
torque and engine speed in F'I'’ and USO6 drive cycles can
be used. It is necessary (o enhance the octane number at cach
point in the drive cycle where the torque is preater than
permitted for knock free operation with gasoline alone. The
amount ol octane enhancement that is required is determined
by the lorque level.

A rough illustrative calculation shows that only a small
amount of cthanol might be needed over the drive cycle
Assume that 1t is desired to increase the maximum torque
level by a fuctor of two relative to what is possible without
direct injection ethanol octane enhancement. Information
about the operating time for the combined TP and US06
cycles shows that approximately only 10 percent of the time
is spent at torque levels above 0.5 maximum torque and less
than | percent of the time is spent above 0.9 muximum
lorque. Conservatively assuming that 100% ethanol addition
is needed at maximum torque and that the energy fraction of
cthanol addition that is required  prevent knock decreases
linearly to zero al 50 percent of maximum torque, the energy
fraction provided by ethanol is about 30 percent. During a
drive cycle about 20 percent of the total fuel cnergy is
consumed at greater than 50 percent of maximum torque
since during the 10 percent of the time that the engine is
operated in this regime, the amount of [uel consumed is
about twice that which is cousumed below 50 percent ol
maximum torque. ‘The amount of ethanol enerpy consumed
during the drive cycle is thus roughly around 6 pereent (30
pereentx0.2) of the total Tuel energy.

In this case then, although 100% ethanol addition was
needed at the highest value of torque, only 6% addition was
needed averaged over the drive cycle. The ethanol is much
mare eflectively used by varying the level of addition
according to the needs ol the drive eycle.

Because of the lower heat ol combustion of ethanol, the
required amount of ethanol would be about 9% of the weight
of the gasoline Tuel or ubout 9% of the volume (since the
densities of ethanol and gasoline are comparuble). A separite
tank with a capacity of about 1.8 gallons would then be
required in automaobiles with twenty gallon gasoline tanks.
The stored ethano! content would be about 9% of that of
gasoline by weight, « number not too different from present-
day reformulated gasoline. Stratilication of the ethanol addi-
tion could reduce this amount by more than a factor of two.
An on-line ethanol distillation system might alternatively be
cmployed but would entail elimination or reduction of the
nerease torque and power available [rom turbocharging.

Because of the relatively small amount of ethanol and
present lack of an cthanol fucling infrastructure, it is impor-
Lant that the ethunol vehicle be operable il there is no ethanol
on the vehicle. 'I'he engine system can be designed such that
although the torque and power benefits would be lower
when ethagol is not available. the vehicle could still be
operable by reducing or eliminating turbocharping capabil-
ity anc/or by increasing spark retard so as (o avoid knock. As
shown in FIG. 5, the [uel management microprocessor
system 14 uses elhanol [uel level in the ethanol tunk 16 as
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an input to control the turbocharger 22 (or supercharger or
spark retard. not shown). As an example, with on-demand
cthanol octane enhancement. a 4-cylinder engine can pro-
duce in the range of 280 horsepower with appropriate
turbocharging or supercharging but could also be drivable
with an engine power of 140 horsepower without the use of
cthanol 300 according Lo the invention.

The impact of a small amount of ethanol upon [fuel
efliciency through use in a higher efliciency engine can
greatly increase the cnergy value of the ethanol. For
example, gasoline consumplion could be reduced by 20%
due to higher efficiency engine operation from use of a high
compression ratio, strongly turbocharged aoperation and sub-
stantial engine downsizing. The energy value of the ethanol,
including its value in direct replacement of gasoline (5% ol
the energy of the gasoline), is thus roughly equal o 25% of
the gusoline that would have been used in a less ellicient
engine without any ethanol. The 5% pasoline equivalent
cnergy value of'cthanol has thus been leveraged up to a 25%
gasoline cquivalent value. Thus. ethanol can cost roughly up
to five times that of gasoline on an energy basis and still be
economically attractive. The use of ethanol as disclosed
herein can be a much greater value use than in other cthanol
applications.

Although the above discussion has featured ethano! as an
exemplary anti-knock agent. the same upproach can be
applicd o other high octane fuel and fuel additives with high
vaporization energics such as methano! (with higher vapor-
izalion energy per unit fuel). and other anti-knock agents
such as tertiary butyl alcohol. or ethers such as methyl
tertiary butyl ether (MIBE), ethyl tertiary butyl ether
(ETBE), or tertiary amy!l methyl cther (TAME).

It is recognized that modifications and variations ol the
invention disclosed herein will be apparent 1o those of
ordinary skill in the art and it is intended that all such
modifications and variations be included within the scope of’
the appended claims.

The invention claimed is:

1. A fuel management system for a spark ignition engine
that has a first fueling system that uses direct injection and
also has a second fueling system that uses port fucl injection:

and where the lveling is such that there is a first torque

range where both the first and second {veling system
are used throughout the range:

and where the fraction of lueling provided by the lirst

fueling system is higher at the highest value of torque
in the first torque range than in the lowest value of
lorque in the (irst lorque range:

and where there is a second torque range where only the

second fueling system is used:

where when the torque is higher than the highest value of

torque in (he second torque range the engine is operated
in the first lorque range;

and where the second torque range extends from zero

torque to the highest rque in the second torque range.

2. The fuel management system ol claim 1 where the
[raction of Tueling that is provided by the lirst [ucling system
in the first torque range increases with increasing torque.

3. The fuel management system of claim 1 where the
[raction of fueling that is provided by the [irst [ueling system
in (he firs| torque range increases with increasing torque in
such a way that knock is prevented.

4. The luel management system of claim I where the
fraction of fucling that is provided by the first fueling system
in the first torque range increases with increasing torque
such that it iy substantially equal to the fraction needed 1o
prevent knock.
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5. The fuel management system of claim 1 where in at
lcast part of the first torque range closed loop control using
a knock detector is used to increase the fraction of fueling
that is provided by the first fucling system in the first torque
range with increasing torque such that it is substantially
cqual to the fraction needed to prevent knock.

6. The fuel management system ol claim 1 where in at
lcast part of the first torque range closed loop control using
a knock detector is used to increase the fraction of fveling
that is provided by the first fueling system in the (irst lorque
range with increasing torque such that it is substantially
cqual to the fraction needed to prevent knock and where
open loop control using a look up lable is also employed.

7. The fuel management system of claim 1 where through-
out the entire first torque range closed loop control using a
knock detector is used to increase the [raction of [ueling tha
is provided by the first fueling system in the first lorque
range wilh increasing torque such that it is substantially
cqual to the fraction needed to prevent knock.

8. The fuel management system of claim 1 where through-
out the entire first torque range closed loop control using a
knock detector is used to increase the traction of fueling that
is provided by the first fueling system in the first lorque
range will increasing torque such that it is substantially
equal to the [raction needed to prevent knock and where
open loop control using a look up table is also employed.

9. The fuel management system of claim 1 where if torque
were increased beyond the highest torque in the second
torque range [ueling by the first fueling system alone would
be needed to prevent knack.

10. The fuel management system ol claim 1 where fucling
from the first fueling system throughout the first torque
range is minimized.

11. The (uel management system of claim 1 the highest
lorque in (he second torque range is the highest torque at
which the engine can be operated without the need for
fucling from the first fucling system Lo prevent knock.

12, A luel management system lor o spark ignition engine
that has a first fueling system that uses direct injection and
also has a sccond fucling system that uses port fuel injection:

and where the fueling is such that there is a first wrque

range where both the first and second fueling system
arce used throughout the range;

and where here is a second torque range where only the

second fueling system is used;

where when the torque is higher than the highest value of

torque in the second torque range the engine is operated
in the first torque range:

and where the sccond torque range extends [rom zero

torque to the highest torque in the second torque range

13. The fuel management system of claim 12 where the
{raction of fucl provided by the first fueling system increases
with increasing lorque in at least part of the first torque
range.

14, The fuel management system of claim 12 where the
Iruction of fuel provided by the [irst [ueling system increases
with increasing torque in at least part of the first torque
range;

and where spark retard is used 10 reduce the (raction of

fuel that is provided by the frst fueling system.

15. The fuel management system of claim 12 where the
fraction of fuel provided by the first fueling system increases
with increasing torque in at least part of the first torque
range;

und where spark retard is used 1o reduce the [raction of

fuel provided by the first fueling system lo zero.
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16. The fucl management system of claim 12 where spark
retard is used to reduce the fraction of [uel that is provided
by the first fueling systen.

17. The [uel management system ol claim 12 where spark
retard is used to reduce the {raction of fuel that is provided
by the first fueling systen:

and where the fuel management system uses information

from a knock detector and a sensed parameter.

18. The fuel management system of claim 12 where spark
retard is used 1o reduce the fraction of Tuel thut is provided
by the [irst [ueling system o zero.

19. T'he tuel management system of claim 12 where spark
retard is used 1o reduce the [raction of fuel that is provided
by the first fucling system (o zero;

and where the fuel management system uses information

[rom a knock detector and a sensed parameter.

20. The lvel management system of claim 12 where the
fraction of fuel provided by the first fueling system in the
first torque range increases with increasing torque;

and where spark retard is used w reduce (he fraction of

fuel that would otherwise be used.

21. A fuel management system for a spark ignition engine
where a fuel is provided by a lirst fueling system using direct
injection and by a second fueling system using port fuel
injection;

and where there is a torque range throughout which both

fucling systems are used;

and wherein as lorque decreases the fraction of fueling

provided by the first fueling system decreases;

and where there is second torque range where only the

sccond fucling system is used.
22. The fuel management system of claim 21 where when
the torque is higher than the highest torque in the second
lorque range the engine is operated in the first torque range.
23. The fuel management system of claim 22 where when
the torque is higher than the highest torque in the second
torque range the engine is operated in the first lorque range;
and where the second [ucling systen is used from zero
torque to the highest torque in the firsl torque range:

and where Lhe highes! torque in the first torque range is the
highest torque at which the engine is operated with the
use of both the lirst and second [veling systems:

and where in at least part of the first torque as torque is

increased, the fraction of fuel that is provided by the
first fueling system is such that it is substantially equal
1o that needed to prevent knocek as torque is increased.
24. The [uel management system ol claim 22 where when
the torque is higher than the highest torque in the sccond
torque range the engine is operated in the first torque range;
and where the second [ueling system is used from zero
torque to the highest torque in the first torque range:

and where the highest torque in the first torque range is the
highest torque at which the engine is operated with the
use of both the first and second fueling systems;

and where throughout the first torque range as lorgue is

increased, the fraction ol fuel that is provided by the
Hrst fueling system is such that it is substantially equal
to that nceded to prevent knock as torque is increased.
25. The luel management systemt of cluim 22 where when
the torque is higher than the highest torque in the second
torque range the engine is operated in the first torque range;
and where the second fueling system is used from zero
torque to the highest torque in the first torque range;

and where the highest torque in the first torque range is the
highest torque at which the engine is operaled with the
use of both the firsl and second fueling systems:
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and where throughout the first torque range as torque is
increased. the fraction of fuel] that is provided by the
first fueling system is such that it is substantially equal
to that needed o prevent knock us rque is increased:

and where the highest torque in the first torque range is the
highest lorque at which the engine can be operated
without the necessity of operating with use of the (irst
fucling system alone.

26. The fuel management system of'cluim 22 where spark

) . - . _— .
returd i5 employed so as 0 reduce the frnetion of fuel that is

provided by first fucling system

27. The fuel management system ol claim 22 where spurk
returd is employed so as o enable operation with the second
fueling system alone where it would not otherwise be
employed.

28. The luel management system ol claim 21 where when
the torque is higher than the highest torque in the second
torque range the engine is operated in the first torque range:

and where the second lorque range extends from zero

torque to the highest torque in the first lorque range.

29, T'he fuel management system of claim 21 where when
the torque is higher than the highest torque in the second
lorque range the engine is operated in the {irst torque range:

and where the sccond torque range extends from zero

torque to the highest torque in the first torque range;
and where in at least part of the lirst torque range as torque
is incrcased, the fraction of fucl that is provided by the
tirst fucling system is such that it is substantially equal
to that needed to prevent knuck as torque is increased.

30. The luel management system ol claim 29 where when
the torque is higher than the highest torque in the second
torque range the engine is operated in the first torque range:

and where the secand [ueling system is used from zero

torque to the highest torque in the first torque range;
and where throughoul the first torque range as torque is
increased. the fraction of fuel that is provided by the
first fucling system is such that it is substuntially equal
to that needed Lo prevent knock as 1orque is increased.

31 A [uel management syslem [or o spurk ignition engine
where a fucl is provided by u first fueling system using direet
injection and by a second fueling system using port fuel
injection;

and where there is a lirst torque range through which both

fueling systems are used: and
wherein as torque decreases the [raction of fueling provided
by the first [ueling system decreases:

and where there is second torgue range where only the

sccond fueling system is used:

and where the second torque range extends from zero

torque to the lowest torque in the first torque range:
and where spark retard is employed so as to reduce the
fraction of luel is provided by the first fueling system.

32. 'T'he fuel management system of claim 31 where in at
least part of the first torque range the fraction of Tuel that is
provided by the [irst [ueling system is substantially equal to
that necded lo prevent knock:

and where the fucling management system uses a knock

sensor to control the raction of fuel that is provided by
the first fueling systenn:

and where spark retard is used to reduce the fraction of

fuel provided by the first fueling system to zero.

33. The fuel management system of claim 31 where
throughout the first torque range the fraction of fuel that is
provided by the first fueling system is substantially equal to
that needed to prevent knock:
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and where the fueling management system uses a knock
sensor and also open loop control using a lookup table
to control the fraction of fuel that is provided by the
first fucling system;

and where spark retard is used to reduce the fraction of

fuel provided by the first fueling system to zero;

and where the fuel management system uses information
from a knock deleclor and [rom o sensed parameler in
the control of spark retard;

and where the highest torque in the second torque range
is the highest torque at which the engine can be
operation with the second fueling system alone without
producing knock.

* L] L] * *
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upprapriate. All further torrespondence including the Patent, advance orders and netification of mainicnance fees will be mailed o the current correspondence nddress os
indicaled unless corrected below or directed otherwise in Block 1, by (u) specifymg o new correspondence address, ond/or (b) indicating o scpurate "FEE ADDRESS” for
maintenunce fee nolifi )

CURRENT CORRESPONDENCE ADDRESS (Noic: Use Bluck | for uny chunge of sddress) Note: A certificate o maillg can only be used for domestic mailings of e
Fee(s) Transmittal. This certificate cannot be uscd for any other accompanying
npers. Each eddjtionn] paper, such as an assignment or Torma! drawing, must

e s own cenificute of muiling or transmission,

24280 7590 08/16/2007
Certificate of Mailing or Transmission
CHOATE, HALL & STEWART LLP !‘;lhcln:h r:lur}il' that thig JFUQIFI) Transmittal i?_bcli_ng dri‘positcd Iwilh the Unlill:d
INT utes Postul Service with sufTicient postoge for first clags mail in an envelope
TWO ERNATIONAL PLACE addressed to the Mail Sto ISSUEP‘FEEgnddmis above, or bein fn::simﬁc
BOSTON, MA 02110 transmitted to the USPTO (571) 273-2885, on the date indieated belo
{Deposilors name)
(Signature)
(Datc)
I APPLICATION NO. FILING DATE l FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. ]
10/991,774 11/18/2004 Danicl R. Cohn 0492611-0598 8282
TITLE OF INVENTION: FUEL MANAGEMENT SYSTEM FOR VARIABLE ETHANOL OCTANE ENHANCEHMENT OF GASOLINE ENGINES
[ APPLN.TYPE SMALL ENTITY I ISSUE FEE DUE I PUBLICATION FEE DUE —I PREV. PAID ISSUE FEB TOTAL FEE(S) DUE DATE DUE
nonprovisional YES 5700 $300 $0 $1000 11/16/2007
[ EXAMINER ] ART UNIT [ CLASS-SUBCLASS ]
ALY, HYDER 3747 123-19800A
1. Chunfc of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.383). (1) the names of up to 3 registered palent alturmneys !
O Change of correspondence address (or Change of Correspondence or agents OR, aliemalively,
Address form PTO/SB/122) attached. (2) the nume of u single firm (having us 0 member o I3
O "Fee Address” indication (or "Fec Address" Indication form registered attamey or agent) and the names of up lo
PTO/SB/47; Rev 03-02 or more recent) ntlached, Use of n Customer 2 regisiered patent attomeys or agents, no name sy
Number Is required, listed, nu nume will be printed.

(W]

ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assipnec is identificd below, no assignec dala will appear on the patent. [f an assignee is identificd below, the document has been filed for
rccordation as sct forth in 37 CFR 3.11. Camplction of this form is NOT a substitutc for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE CR COUNTRY)

Plensc check the appropriate assignee category or categories (will not be printed on the patent) O individuet O Corpormtion or other private group entity O Govenment

40, The lollowing fee(s) arc submitied: 4b. Payment of Fee(s): (Please Mrst reapply any previously pold issuc fee shown above)
O tssue Fee O A check is encloscd,
O publication Fee (No smell entity discount permitied) a Payment by credit card. Form PTO-2038 is ettached.
O Advance Order - # of Copics O The Director is hereby authorized to charge the required fcc%s), any deficiency, or credit a?y
overpaymment, (1o Deposit Avcount Number cncloke an cxtra copy of this form).

5. Chunge In Entlty Status (from status indicatcd above)
Q. Applicant claims SMALL ENTITY status. Sce 37 CFR 1.27, Ob. Applicant is no longer claiming SMALL ENTITY status. Sec 37 CFR 1.27(g)(2).

NOTE: The |ssue Fec and Publication Fec (if required) will not be aceepted fram anyonc other than the applicant; a registered attorney or agent; or the essignee or other party in
inlcrest as shown by the reesrds of the United Siales Patent and Trademurk Office,

Authorized Signature Daic

Typed or printed name Registration No.

This cyllection of information is required by 37 CFR 1311 The information is required (o pbin or rewin o benelit by the public which is to file (and by the USPTO 1o process

an application. Confidentiality is governed by 35 U.S.C, 122 and 37 CFR | 14 This colleetion is estimated to take 12 minutes to complete, including gethering, preparing, un

submitting the complewal application lonn to the USPTO Time will va déﬁcndinsg upon the individual cose. Any comments on the tmount of Lime you require to complete
this form and/or suggestions lor rcducin%ll\is burden, should be sent to the Chicl Information Officer, U.S. Patent and Trademark Office, U.S, Depanment of Commerce, .0,
Blmt HaSU, A‘chum.#lg.zyir i;lix;gnl]-i 50. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexundrin, Vieginio 13-14

Under the Paperwork Reduction Act of 1995, no persons are required to respond 1o a collection of information unicss it displays a valid OMB control number

PTOL-85 (Rev, 08/07) Approved for use through 08/31/2007. OMB 0651-0033 U.S. Patent and Trudemark OfTice; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United Stutes. Patent and Trodemark Offlce
Address: COMMISEIONER FOR PATENTS

PO, Ray 1450

Adexandiia, Virginin 22313-1450

WAW LD, Y

[ APPLICATION NO. l FILING DATE l FIRST NAMED INVENTOR ] ATTORNEY DOCKETNO. | CONFIRMATION NO. ]
10/991,774 11/18/2004 Danicl R. Cohn 04926 1 1-0598 8282
24280 7590 08/16/2007 | EXAMINER l
CHOATE, HALL & STEWART LLP ALL HYDER
TWO INTERNATIONAL PLACE I ART UNIT PAPER NUMBER J

BOSTON, MA 02110 347

DATE MAILED: 08/16/2007

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 25 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 25 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to abtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or
(571)-272-4200.

Page 3 of 3
PTOL-85 (Rcv. 08/07) Approved for usc through 08/31/2007
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€ .
Application No. Applicant(s)
. . 10/991,774 COHN ET AL.
Notice of Allowability Examiner Art Unit
HYDER AL! 3747

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being aflowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notlce of Allowance (PTOL-85) or other appropriate communication will be mailed In due course. THIS

NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative

of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308,

1. [ This communication is responsive to Argumenis/Remarks filed on 07/27/2007.

2. X The allowed claim(s) Is/are 57-60.

3. [0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or {f).
a)d Al )0 Some* ¢)JNone of the:
1. [J Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [0 Copies of the certified copies of the priority documents have been recelved In this national stage application from the
Intemational Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [X] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-1562) which gives reason(s) why the oath or declaration is deficient.

5. [J CORRECTED DRAWINGS ( as “replacement sheets") must be submitted.
(a) [ including changes required by the Notice of Draftsperson's Patent Drawing Review ( PT0-948) attached
1) O hereto or 2) [J to Paper No./Mail Date .

(b) [0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date
Identifying Indicia such as the application number (see 37 CFR 1.84(c}) should be written on the drawings in the front {not tha back) of
each sheaet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [J DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Nota the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [J Notice of References Cited (PTO-892) 5. [0 Notice of Informal Patent Application
2. [ Notice of Draflperson's Patent Drawing Review (PTQ-948) 6. [ Interview Summary (PTO-413),
Papar No./Mail Date .
3, [J Information Disclosure Statements (PTO/SB/08), 7. X Examiner's Amendment/‘Commaent
Paper No./Mail Date
4, [] Examiner's Comment Regarding Requirement for Deposit 8. [] Examiner's Statement of Reasons for Allowance
of Biological Material
9. [ Other 5
U8, Patent nnd Tradgmans Ofion
PTOL-37 (Rev. 08-06) Notice of Allowability Pan of Paper No./Mail Date 20070813
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Application/Control Number: 10/991,774 Page 2
Art Unit; 3747

EXAMINER'S AMENDMENT
An examIner's amendment to the record appears below. Should the changes and/or additions be
unacceptable to applicant, an amendment may be filed as provided by 37 CFR 1.312. To ensure consideration of
such an amendment, it MUST be submitted no later than the payment of the issue fee.

The application has been amended as follows:

Oath/Daclaration Objection

Oath/Declaratlon is objected to because the oath/declaration duty to disclose
stalement is improper

The oath or declaration is defective. A new oath or declaration in compliance

with 37 CFR 1.67(a) identifying this application by application number and filing date is
required. See MPEP §§ 602.01 and 602.02.

The oath or daclaration is defective because:

It does not state that the person making the oath or declaration acknowledges

the duty to disclose to the Office all information known to the person to be
material to patentability as defined in 37 CFR 1.56.

Any inquiry concerning this communication or earlier communications from the examiner should be directed
to HYDER ALI whose telephone number is (571) 272-4836. The examiner can normally be reached on M-F (8:30-
5:00).

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, Stephen Kirk
Cronin can be reached on (571) 272-4536. The fax phone number for the organization where this application or
proceeding Is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent Application Information
Retrieval {PAIR) system. Status information for published applications may be obtained from either Private PAIR or
Public PAIR. Status information for unpublished applications Is avallable through Private PAIR only. For more
information about the PAIR system, see http:/ipair-direct.uspto.gov. Should you have quastions on access to the
Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toli-free). If you would llke
assistance from a USPTO Customer Service Representative or access to lhe automated information system, call

800-786-9199 (IN USA OR CANADA) or 571-272-1000.

e, A4

ha

STEPHEN K. CRONIN
SUPERVISORY PATENT EXAMINFER

EBS-00000022
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Application Number

Application/Control No.

Applicant(s)/Patent under
Reexamination

T e
Document Code - DISQ Internal Document — DO NOT MAIL
TERMINAL
DISCLAIMER X) APPROVED [] DISAPPROVED

REASONS:

Date Filed : 07/27/07

This patent is subject

to a Terminal
Disclaimer

Approved/Disapproved by:

[0 sharon Greene
Paralegal Specialist
Technology Center 3700

X Jan Hurley
Paralegal Specialist
Technology Center 3700

(] Patricia Martin

Paralegal Specialist
Technology Center 3700

[C] Andre Robinson

Paralegal Specialist
Technology Center 3700

U.S. Patent and Trademark Office

FORD Ex. 1144,
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page 84
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ATTORNEY DOCKET NO. 0492611-0598

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Applicant:  Cohn, et al.

Serial No.: 10/991,774 Examiner: ALI, HYDER
Filed: November 18, 2004 Art Unit: 1714
For: FUEL MANAGEMENT SYSTEM FOR VARIABLE ETHANOL OCTANE

ENHANCEMENT OF GASOLINE ENGINES

RESPONSE TO OFFICE ACTION

In responsc to the office action mailed May 25, 2007 plcasc consider the following
remarks:

4235440v]
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REMARKS

Reexamination and reconsideration of the rejections are hereby requested.

Claims 57-60 are pending in this application. Claims 57 and 58 stand rejected on the
ground of non-statutory obviousness-type double patentee, Claim 59 and 60 stand allowed.

Included herewith is a terminal disclaimer with respect to co-pending and co-owned
application serial number 11/100,026 (now US Patent No. 7,225,787) It is submitted that this
terminal disclaimer overcomes the obviousness-type double patenting rejection,

It is submittcd that this application is in condition for allowancc and cerly favorable
action is requested.

Respectfully submitted,

CHOATE, HALL & STEWART LLP

/SamPasternack/
Sam Pasternack

Date: July 27, 2007

Patent Department

CHOATE, HALL & STEWART, LLP
Two International Place

Boston, MA 02110

Tel: (617)248-5000

Fax: (617) 248-4000

4235440v]
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PTO/SB/25 (04-07)
Approvad for use through 09/30/2007 OMB 0651-0031
U.8 Palant and Trademark Office; U.S§. DEPARTMENT OF COMMERCE
Under the Paparwerk Reduction Act of 1995 no parsons dre required to respond to a collection of informalien unless It displays a valid OMB central number

TERMINAL DISCLAIMER TO OBVIATE A PROVISIONAL DOUBLE PATENTING | Docket Number (Optional)
REJECTION OVER A PENDING "REFERENCE” APPLICATION

In re Application of: FUEL MANAGEMENT SYSTEM FOR VARIABLE ETHANOL OCTANE ENHANCEMENT OF GASOLINE ENGINES
Application No : 10/991,774

Filed: November 18, 2004
For: Daniel R. Cohn

The owner*, M Insitite of Tecnnology ,of _ 100 percent interest in the instant application hereby disclaims,
except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend beyond
the expiration date of the full statutory term of any patent granted on pending reference Application Number _11/100,026 , filed
on _04-06-2005 , &8 such term is defined in 35 U.S.C. 154 and 173, and &s the term of any patent granted on said reference
application may be shortened by any terminal disclaimer filed prior to the grant of any patent on the pending reference application. The owner
hereby agrees that any patent so granted on the instant application shall be enforceable only for and during such period that it and any patent
granted on the reference application are commonly owned. This agreemenl runs with any palent granted on Lhe inslant applicalion and is
binding upon the granlee, its successors or assigns.

In making the above disclaimer, the owner does nol disclaim the lerminal part of any patenl granted on the inslanl applicalion thal would
extend to the expiralion date of the (ull slatutory lerm as defined in 35 U.S.C. 154 and 173 of any palenl granted on sad reference
applicalion, "as the term of any palenl granled on said reference applicalion may be shortened by any terminal disclaimer filed prior 1o the
grant of any patent on the pending reference application,” In the event lhat any such patent: granted on the pending reference application
expires [or failure to pay a maintenance fee, is held unenforceable, is found invalid by a courl of competent jurisdiclion, is slatutorily disclaimed
in whole or terminally disclaimed under 37 CFR 1 321, has all claims canceled by a reexamination certificate, is reissued, or is in any manner
terminated prior to the expiration of its full statutory term as shortened by any terminal disclaimer filed prior 1o its grant

Check aither box 1 or 2 below, if appropriate

1 D For submissions on behalf of a business/organization (e.g., corporation, partnership, university, government agency,
etc.), the undersigned is empowered to act on behalf of the business/organization

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false
statements may jeopardize the validity of the application or any patent issued thereon.

25 The undersigned is an altorney or agent of record. Reg. No. 29576

/SamPasternack/ 07/27/2007
Signature Date

Sam Pasternack
Typed ot prinled name

617-248-5143
Telephone Number

Terminal disclaimer fee under 37 CFR 1 20(d) is included

WARNING: Information on this form may become public. CredlIt card information should not
be Included on this form. Provide credlt card Information and authorlzation on PTO-2038,

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner)
Form PTO/SB/96 may be used for making this statement. See MPEP § 324,

Thin callechion of mtormation is rogquired by 37 GFR 1,321 The informalion is reduired o obtain or ratain a Benalil by the public which s 1o file (and by he LISPTO
to process) an application Confidentiality ls governed by 35 US.C. 122 and 37 CFR 111 and 1 14, Thia collection i estimated to take 12 minules w completa
Inclugding qathering, preparing. and submitting the completad application form o the USPTO. Time will vary depending upon the individual case. Any commants on
the amount of lime you requira to complata this lorm and/or suggestions for reducing this burden. should bs sent to tha Chief Information Cificer, U.S. Patont ant!
[rademark Offica, U.5. Department of Commerce, .0, Box 1450, Alerandrla, VA 22313-1450 DO NOT SEND FEES OR COMPLETED FORMS O THIS
ADDRESS, SEND TO: Ct Issioner for P ts, P.0. Box 1450, Aloxandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select optlon 2.
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FORD Ex. 1144, page 87
IPR2020-00013



Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract, Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of recards may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency's responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accerdance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issuad patent

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent und Tredemurk Offlce
Address: COMMISSIONER FOR PATENTS
0. Box 1450
Alexandrin, Virginia 22113-1450
Www_uspla.gov

APPLICATION NO. FILING DATE FIRST NAMED [NVENTOR I ATTORNEY DOCKETNO. | CONFIRMATION NO, ]
10/991,774 11/18/2004 Danicl R. Cohn 0492611-0598 8282
24280 7590 05/25/2007
CHOATE, HALL & STEWART LLP | el |
TWO INTERNATIONAL PLACE ALI, HYDER
BOSTON, MA 02110 I ART UNIT l PAPER NUMBER ]
3747
‘ MAIL DATE | DELIVERY MODE |
05/2512007 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)
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FORD Ex. 1144, page 89
IPR2020-00013



Application No. Applicant(s)
10/991,774 COHNET AL,

Office Action Summary Examiner Art Unit
HYDER ALI 3747

— The MAILING DATE of thls communication appears on the cover sheet with the correspondence address -
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of lme may be avellable under the provislons of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

aftar SIX (0) MONTHS from the malling date of this communication,
- MNO period for reply Is specified above, the maximum stalulory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication
- Fallure 1o reply within the set or extended perlod for reply will; by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply recelved by the Office later han threa months after the maliing date of this communication, even If timely filed may reduce any

earned patant term adjustmenl. See 37 CFR 1.704(b)

Status :

1) Responsive to communication(s) filed on 09 March 2007.
2a)[] This action is FINAL. 2b)IX] This action is non-final.
3)J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 0.G. 213.

Disposition of Claims

)X Claim(s) 57-60 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.
5% Claim(s) 59 and 60 is/are allowed.
6)BJ Claim(s) 57 and 58 is/are rejected.
7)1 Claim(s) _____is/are objected to.
8)[(J Claim(s) ____ are subject to restriction and/or election requirement.

Application Papers

9)J The specification is objected to by the Examiner.
10)X] The drawing(s) filed on 18 November 2004 is/are: a)(X] accepted or b){(] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held In abeyance. See 37 CFR 1.85(a).

| Replacement drawing shest(s) Including the correction is requlred if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)IX The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)0 Acknowledgment is made of a clalm for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[JAIl  b)[]Some * c)[] None of:
1.0 Certified copies of the priority documents have been received.
2.[J Certified copies of the priority documents have been received in Application No. _____
3.00 Copiss of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

i,

1) ] Notice of References Cited (PTO-892) 4) [ Interview Summary (PTO-413)
2) [ Notice of Draftsperson's Patent Drawing Review (PTO-348) Paper No(s)/Mall Date, _____.
3) [ information Disclosure Statement(s) (PTO/SB/08) 5) [ Notice of Informal Patent Application
Paper No(s)/Mail Date . 8) D Other:
U8, Palent and Tragemark Ofiica
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20070516
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Application/Control Number: 10/991,774 Page 2
Art Unit: 3747

DETAILED ACTION
Inventorship

This application currently names joint inventors. In considering patentability of
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of
the various claims was commonly owned at the time any inventions covered therein
were made absent any evidence to the contrary. Applicant is advised of the obligation
under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was
not commonly owned at the time a later invention was made in order for the examiner to
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g)
prior art under 35 U.S.C. 103(a).

Oath/Declaration Objection

QOath/Declaration is objected to because the oath/declaration duty to disclose
statement is improper.

The oath or declaration is defective. A new oath or declaration in compliance
with 37 CFR 1.67(a) identifying this application by application number and filing date is
required. See MPEP §§ 602.01 and 602.02.

The oath or declaration is defective because:

It does not state that the person making the oath or declaration acknowledges

the duty to disclose to the Office all information known to the person to be
material to patentability as defined in 37 CFR 1.56.

- Double Patenting

The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the "right to exclude” granted by a patent

EBS-00000036
FORD Ex. 1144, page 91
IPR2020-00013



Application/Control Number: 10/991,774 Page 3
Art Unit: 3747

and to prevent possible harassment by multiple assignees. A nonstatutory
obviousness-type double patenting rejection is appropriate where the conflicting claims
are not identical, but at least one examined application claim is not patentably distinct
from the reference claim(s) because the examined application claim is either anticipated
by, or would have been obvious over, the reference claim(s). See, e.g., /n re Berg, 140
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 10486, 29
USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 758 F.2d 887, 225 USPQ 645 (Fed. Cir.
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422
F.2d 438, 164 USPQ 619 (CCPA 1970); and /n re Thorington, 418 F.2d 528, 163
USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory
double patenting ground provided the conflicting application or patent either is shown to
be commonly owned with this application, or claims an invention made as a result of
activities undertaken within the scope of a joint research agreement.

Effective January 1, 1994, a registered attorney or agent of record may sign a
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with
37 CFR 3.73(b).

Claims 57 and 58 are provisionally rejected on the ground of nonstatutory
obviousness-type double patenting as being unpatentable over claims 77-85 of
copending Application No. 11/100028. Although the conflicting claims are not identical,
they are not patentably distinct from each other because they have the same structure
and scope.

This is a provisional obviousness-type double patenting rejection because. the
conflicting claims have not in fact been patented.

Allowable Subject Matter

Claln;1$ 59 and 60 are allowed.

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to HYDER ALI whose telephone number is (571) 272-

4836. The examiner can normally be reached on M-F (8:30-5:00).
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Application/Control Number: 10/991,774 Page 4
Art Unit: 3747

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Stephen Kirk Cronin can be reached on (571) 272-4536. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see hitp://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the aﬁtomated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

Frden A

o
u?w Mrig ht

Primary Examiner
Art Unit 3747
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United Stotes Potant and Trademork Office
Address: COMMISSIONER FOR PATENTS

?.0.Box (430

Alunundriu, Virginia 22313.1450

WWW.Uspi0.gov

APPLICATION NO. L FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. l CONFIRMATION NO. J
10/991,774 11/18/2004 Danicl R. Cohn 0492611-0598 8282
24280 7590 12/19/2006
CHOATE, HALL & STEWART LLP | S ]
TWO INTERNATIONAL PLACE ALI, HYDER
COSHON, NG G2l 1 [ ART UNIT [ PAPER NUMBER |
3747
[ MAIL DATE L DELIVERY MODE ]
12/19/2006 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

PTOL-90A (Rev. 10/06)
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Application No. Applicant(s)
Advisory Action 10/991,774 COHN ET AL.
Before the Filing of an Appeal Brief Examiner Art Unit
HYDER ALI 3747

--The MAILING DATE of this communlication appears on the cover sheet with the correspondence address --

THE REPLY FILED 30 November 2006 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE,

1. X The reply was filed after a final rejection, but prior to or on the same day as flling a Notlce of Appeal. To avold abandonment of
this application, applicant must timely file one of the following replies: (1) an amendment, affidavit, or other evidence, which
places the application in condition for ellowance; (2) a Notice of Appeal (with appeal fee) in compliance with 37 CFR 41.31; or (3)
a Request for Continued Examination (RCE) in compliance with 37 CFR 1.114. The reply must be filed within one of the fallowing
time periods:

a) D The period for reply expires months from the malling date of the final rejection.

b) E The perlad for reply explres on: (1) the malling date of this Advisory Actien, or (2) the date set forth In the final rejeclion, whichever [s later. In
no event, however, will the statutory period for reply expire [ater than SIX MONTHS from the mailing date of the final reJection.
Examiner Note: If box 1 is checked, check elther box (a) or (b). ONLY CHECK BOX (b) WHEN THE FIRST REPLY WAS FILED WITHIN
TWO MONTHS OF THE FINAL REJECTION. See MPEP 708.07(f).

Extensions of time may be obtalned undar 37 CFR 1.138(a). The date on which the petition under 37 CFR 1.136(a) and the approprate extenslon fes

have been filed Is the date for purposes of determining the perled of extenslon and the corresponding amount of the fee. The appropriate extenslon fee

under 37 CFR 1.17(a} Is calculated from: (1) the expiration date of the shortened statutory period for reply orginally set in the final Offics action; or (2) as

set forth in {b) above, if checked. Any reply received by the Office later than three months after the malling dats of the final rejection, even If timely filed,
may reduce any earned patent term adjustment. See 37 CFR 1.704(b).

NOTICE OF APPEAL

2. [ The Notice of Appeal was filed on . Abrlef in compliance with 37 CFR 41,37 must be filed within two months of the date of
filing tha Notlce of Appeal (37 CFR 41.37(a)), or any extenslon thereof (37 CFR 41.37(e)). to avoid dismissal of the appeal. Since
a Notice of Appeal has been filed, any reply must be filed within the time perlod set forth in 37 CFR 41.37(a).

AMENDMENTS

3. [X The proposed amendment(s) filed after a final rejection, but prior to the date of filing a brief, will not be entered because

(a)[X] They ralse new issues that would require further consideration and/or search (see NOTE below);

(b)[(] They raise the issue of new matter (see NOTE below);

(c) (] They are not deemed to place the application in better form for appeal by materially reducing or simplifying the Issues for
appeal; and/or

{dy[J Thay prasent additional claims withaut canceling a corresponding number of finally rejected clalms.
NOTE: Claims 57-60 constitute new issue. (See 37 CFR 1.116 and 41.33(a)).

4. [J The amendments are not in compliance with 37 CFR 1.121. See attached Notice of Non-Compliant Amendment (PTOL-324).

5. [] Applicant's reply has overcome the following rejection(s):

6. (] Newly proposed or amended claim(s) would be allowable if submitted In a separate, timely filed amendment canceling the
non-allowable claim(s).

7.1X For purposes of appeal, the proposed amendment(s): a) X will not be entered, or by [1 will be entered and an explanation of
how the new or amended claims would be rejected is provided below or appended.

The status of the claim(s) is (or will be) as follows:
Claim(s) allowed:

Cleim(s) objected to: !

Claim(s) rejected: 1-16,18-20 and 24-58.

Claim(s) withdrawn from conslderation:

AFFIDAVIT OR OTHER EVIDENCE

8. [0 The affidavit or other evidence filed after a final action, but before or on the date of filing a Notice of Appeal will not be enterad
because applicant falled to provide a showing of good and sufficient reasons why the affidavit or other evidence Is necessary and
was not earller presented. See 37 CFR 1.116(e).

9. [0 The affidavit or other evidence filad after the date of filing a Notice of Appeal, but prior to the date of filing a brief, will not be
entered because the affidavlt or other evidence failed to overcome all rejections under appeal and/or appellant fails to provide a
showing a good and sufflcient reasons why it Is necessary and was not earlier presented, See 37 CFR 41.33(d)(1).

10. (] The affidavit or other evidence is entered. An explanation of the status of the claims after entry is below or attached.

REQUEST FOR RECONS|DERATION/QTHER

11. [0 The request for reconsideration has been considered but does NOT place the application in condition for allowance because:

12. [ Note the attached Informatlon Disclosure Statement(s). (PTO/SB/08) Paper No(s).
13. [X] Other: PTO-413 (Interview Summary).

q ( i PHEN K. CRONIN .
SUPERVISORY PATENT EXAMINER

U.S. Patent and Trademark Office
PTOL-303 (Rev. 08-06) Advlsory Actlon Before the Flling of an Appeal Brief Part of Paper No, 20061212
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Appllcation No. Applicant(s)
. 10/991,774 COHN ET AL.
imterview Summary Examiner Art Unit
HYDER ALl 3747

All participants (applicanl, applicant's representative, PTO personnel):

(1) HYDER AL (3)Dr. Daniel Cohn.
(2) Sam Pasternack. (4) )

Date of Interview: 27 November 2006.

Type: a)X] Telephonic b)[J Video Conference
¢)[J Personal [copy glven to: 1) applicant  2)[] applicant's representative]

Exhibit shown or demonstration conducted: d)[] Yes e)BJ No.
If Yes, brief description:

Claim(s) discussed: Proposed amendments claims 57-60.

Identification of prior art discussed: Art of record Jessel (US 4,541,383) and Watanabe et al (US 6,513,505).

Agreement with respact 1o the claims )] was reached. g)< was not reached. h)[J N/A,

Substance of Interview including description of the general nature of what was agreed to if an agreement was

reached, or any other comments: Examiner All indicated that there could be 35 USC 112, v paragraph issues raised
by the proposed armendments claims 57-60.

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims
allowable is available, a summary thersof must be attached.)

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE
INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office actlon has already been filed, APPLICANT IS
GIVEN A NON-EXTENDABLE PERIOD OF THE LONGER OF ONE MONTH OR THIRTY DAYS FROM THIS
INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY FORM, WHICHEVER IS LATER, TO
FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview
requirements on reverse slde or on attached sheet. .

Examiner Note: You must sign this form unless it Is an m"{ %{ .

Attachment to a signed Office action. Examiner's signature, if required
U3, Patent and Trodomark Qlfieg
PTOL-413 (Rev. 04-03) Interview Summary Paper No. 20061212
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713,04, Substance of Interview Musi be Made of Record
A complete writtan slatement as ta the gubstance of any face-to-face, video conferenca, or telaphone interview with regard to an application must be mads of racord In the
application whathir or not an agreament with the examiiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)
In every Instance where reconsideralitn s requesied in view of an Inlerview with an examiner, a complate writen statement of the reasons presanied &t the Interview as
warranling lavorable action must ba filed by the applicant. An Intervisw does not remove the necessity for raply to Office action as specified In §§ 1,111, 1.135. (38 US.C. 122)

37 CFR §1.2 Business {o be lransacted in writing.
All business with the Patent or Trademark Office should be transacted In writing. The personal ettendance of epplicants or their ettomeys or agenls at the Palent and
Trademark Office is unnacessary. The action of tha Patent and Trademark Office will be based exclusively an the written record In the Offica. No attention will be paid to
any alleged oral promise, stipulallon, or undarstanding in ralation to which there is disagresment or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record In the Office if that record is ilsel
incomplete through the fallura to racord the substance of interviews.

Itis th responsibliity of the applicant ar the attorney or agent to make the substance of an Interview of record In the application file, unless
the examiner indicates he or she will do s0. |t s the examiner's responsibility to see that such a record Is mads and to correct material Inaccuracles
which bear directly on the question of patentabillty.

Examiners must complete an Interview Summary Form for each Interview held where a matter of substance has been dlscussed during the
|nterview by checking the appropriate boxes and filling In the blanks. Dlscussions regarding only procedural matters, directed solely to restriction
requirements for which Interview recordation Is otherwise provided for In Section 812,01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script In Office actions or the ke, are excluded from the Interview recordatlon procadures below, Where the
substance of an interviaw Is completaly recordad In an Examiners Amendment, no separata Interview Summary Record Is requlred.

The Interview Summary Form shall be glven an approprlate Paper No., placed In the right hand portlon of the fila, and |lsted on the
“Contents” section of the file wrapper. In & perscnal interview, a duplicata of the Form Is glven to the applicant (or attornay or agent) at the
conclusion of the interview. In the case of a telephona or video-conference interview, the copy Is malled to the applicant's correspondence address
elther with or prior to the next officlal communication. If additional correspondence from the examiner Is not likely before an allowance or if other
circumstancas dictate, the Form should be mailed promptly after the Interview rather than with the next official communlcation.

The Form provides for recordatlon of the following Information:

- Application Number {Serles Code and Serlal Number)

- Name of applicant

- Nama of examiner

- Date of interview

- Type of interview (telephanic, video-conference, or personal)

- Name of participant(s) (appllcant, attomey or agent, examiner, other PTO parsonnel, elc.)

- Anindication whether or not an axhiblt was shown or a demanstration conducted

- An identification of the specific prior art discussed

- Anindication whether an agreemant was reached and If 8o, a description of the general nature of the agreemenl (may ba by
attachment of a copy of amendments or clalms agreed as being allowable), Note: Agreement as to allowability Is tentative and does
not restrict further action by the examiner to the contrary.

- The signature of the examiner who canducted the Inlerview (if Form Is not an attachment to a signed Offlce aclion)

It is desirable that the examiner orally reming the applicant of his or her obligation to record the substance of the Interview of each case. It
should be noted, howaver, that the Intarview Summary Farm will not normally be considered a complete and proper recordation of the Interview
unless it includes, or Is supplemented by the applicant or the examiner to Include, all of the applicable items required below conceming the
substanca of the Interview.

A complets and proper recordation of the substance of any interview should include at least the following applicable Items:
1) A briaf description of the nature of any exhiblt shown or any demonstration conducted,
2) an ldentificatlon of the claims discussed,
3) an Identification of the speacific prior art discussed,
4) an Identlfication of the principal propaosed amendments of a substantive nature discussed, unless these are already described on the
Interview Summary Form completed by the Examiner,
5) a brief Idantificalion of the general thrust of the principal arguments presented to the examiner,
(The identification of arguments need nol be lengthy or elaborate. A varbatim or highly detalisd description of the arguments s not
required. The Identificatian of the arguments s sufficient if the general natura or thrust of the principal arguments made to the
examliner can be understood In the context of the application fila. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feals were or might be persuasive to the examiner.)
6) a general Indication of any other pertinent matters discussed, and
7) If appropriate, the genaral results or outcome of the Interview unless already described in the Intarview Summary Form completed by
the examiner.

Examiners are expected to carefully review the applicant's record of the substanca of an interview. If the recard Is not complete and
accurale, the examiner will give the applicant an extendable one month time perlod to corract the racord.

Examliner to Chack for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner's version of the
siatement attributed to him or her. If the record Is complete and accurate, the examiner should place the indication, “Interview Record OK™ on the
paper recording the substancs of the interview along with the date and the examiner's initlals.
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Serlal No.:  10/991,774 AnUnit: 3747
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Title: FUEL MANAGEMENT SYSTEM FOR VARIABLE ETHANOL
'  QCTANE ENHANCEMENT OF GASOLINE ENGINES
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AMENDMENT AFTER FINAL ACTION

In response to the Office Action mailed September 27, 2006 finally rejecting the pending
claims, it is requested that this amendment be entered and the application allowed:
Amendments to the Claima are reflected in the listing of claims that begins on page 2 of

this paper.

Remarks begin on page 7 of this paper.
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Amendment to the Claims

Claims 1-56 cancelled,

Claim 57. (New) A turbocharged, spark ignition engine which uses port fuel injection of gasoline
from a first source in addition to direct fuel injection of liquid denatured ethanol from & second

source compriging:
a gpatrk ignition engine;
a turbocharger;
means for port fuel injection of gasollne from the first source;
means for direct fuel injection of liquid denatured ethanol from the second source;

wherein during part of cngine operating time, the engine is powered both by gasoline that is
port fuel injected and ethanol that is directly injected; and

wherein during part of the operating time the instantaneous ethanol energy fraction is at
least 20%; and

whetein the ethanol is directly injected in an amount such that the evaporative cooling of
the fuel/air charge by the directly injected ethano! combined with the higher octane number
of the ethanol enhances the octane number by at least 20 octane numbers; and

& fuel management system Including a microprocessor which increases the ethanol encrgy
fraction with increasing torque so that it is sufficient to prevent lmock; and

wherein the fuel management system uses closed loop control with information from a
knock detector to vary the ethanol energy fraction when the instantaneous ethanol fraction
is at least 20%; and

wherein the fuel management system minimizes the ethano! use by using information from
the knock detector; and

wherein the turbocharged direct injection spark ignition engine is operated at a
substantially stoichiometric air/fuel ratio; and

whetein the fuel management microprocessor nses information about the ethanol level in
the second source to ¢ontrol the turbocharger; and

whereln the tutbocharging is eliminated or reduced when there {s no ethanol in the second
source; and
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+NOV. 30. 2006 1:16PM CHOATE HALL & STEWART 6172484000 NO. 663 P 4

wherein a vehicle with this spark ignition engine can be aperated on port fuel injected
gasoline alone without knock.

Claim 58, (New) A turbocharged, Spa;'k ignition engine which uses port fuel injection of gasoline
from a first source in addition to direct fuel injection of liquid denatured ethanol from a second
source comprising:

a spark ignition engine;

a turbocharger;

means for port fuel injection of gasoline from the first source,

means for direct fuel injection of liquid denatured ethanol from the second source;

wherein during part of the engine operating time, the engine is powered both by gasoline
thet is port fuel injected and ethanol that is directly injected; and

wherein during part of the operating time the instanteneous ethanol energy fraction is at
least 20%,; and

wherein the ethanol is directly injected in such an amount that the evaporative cooling of
the fuel/alr chatge by the directly injected ethenol combined with the higher octane number
of the ethanol enhences the octane number by at least 20 octane numbers; and

& fuel management system Including a microprocessor which increases the ethanol energy
fraction with Increasing torque so that it is sufficient to prevent knock; and

wherein the fuel managetment system uses the combination of open loop control using a
look up table and closed loop control using a knock detector to vary the ethanol energy
fraction; and

wherein the fuel management system minimizes the ethanol use by using information from
the knock detector; and '

wherein the turbocharged ditect injection spark ignitlon engine is operated at a
substantially stoichiometric air/fuel ratio; and

wherein the fuel management microprocessor uses information about the level of ethanol in
the second source 10 control the turbocharger; and ) .

and forther wherein the turbocharging is eliminated or reduced when thers is no ethanol in
the second source; and
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- NOV. 30. 2006 1:16PM CHOATE HALL & STEWART 6172484000 NO. 663 P 5

wherein a vehicle using this engine can be operated on port fueled gasoline alone without
knock; and

further wherein liquid ethanol is directly injected in an amount such that the turbocharged
spark ignition engine is operated without knoek at & horsepower level which is at least
twice the horsepower level without knock as is the case when it is when operated with port
fuel injected gasoling alone.

Claim 59, (New) A turbocharged, spark ignition engine which uses port fuel Injection of gasoline
from a first source in addition to direct fuel Injection of liquid denatured ethanol from a second
source comprising:

a spark ignition enéine;

a mrbo'charger;

means for port fuel {njection of gasoline from the first source;

means for direct injection of liquid denatured ethanol from the second source;

wherein during part of the enginc operating time, the engine is powered both by gasoline
that is port fuel injected and ethanol that is directly injected; and .

wherein during part of the operating time the instantaneous ethanol energy fraction is at
least 20%; and

wherein the ethanol is directly injected in an amount such that the evaporative cooling of
the fuel/air charge by the directly injected ethano} combined with the higher ootane number
of the ethanol enhances the octane numbet by at least 20 octane numbers; and

a fucl management system in¢luding a microprocessor which increases the ethanol energy
fraction with increasing torque so that it is sufficient to prevent knock; and

wherein the fuel management system uses the combination of open loop control using a
look up table and closed loop ¢ontrol using & knock detector to vary the ethanol energy
fraction; and

wherein the fuel management gystem minimizes ethano] use by using information from the
knock detector; and

wherein the twbocharged direct injection spark ignition engine is operated at e
substantially stoichiometric air/fuel ratio; and

wherein the fuel management system microprocessor uses information about the level of
ethanol in the second source to control the turbocharger;

Page 4 of 8
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and further wherein the turbocharging is eliminated or reduced when there is no ethanol in
the second source; and

wherein a vehicle using this engine can be operated on port fueled gasoline alone without
knock; and

wherein the fuel management microprocessor uses information about the level of the
ethanol in the second source to control spark retard; and

where the spark retard is increased when there is no ethanol in the second source; and

further wherein liquid ethanol is directly injected in an amount such that the turbogharged
spark ignition engine is operated without knock at a horsepower level which is at least
twice the horsepower level without knock than {s the case when it is when operated with
port fuel injected gasoline alone.

Claim 60. (New) A turbocharged spark ignition engine which uses port fuel injection of gasoline

from & first scurce in addition to direct injection of liquid denatured gthanol from a second
source comprising:

a spark ignition engine;

a turbocharger;

means for port fucl injection of gasoline from the first source,;

means for direct injection of liquid denatured ethanol from the second source;

wherein during part of the engine opetating time, the engine is powered by a fuel that
consists of both gasoline that is port fuel injected and ethanol that is directly injected; and

wherein under some operating conditions the instantaneous ethanol energy fraction is at
least 20%; and

wherein the ethanol is directly injected in an amount such that the evaporative cooling of

the fuel/air charge by the directly injected ethanol combined with the higher octane number

of the ethanol enhances the octane numbet by at least 20 octane numbers; and

a fuel management system including e microprocessor which increases the ethanol energy
fraction with increasing torque so that it is sufficient to prevent knock; and

wherein the fuel management system uses a combination of open loop control with a look

up table and closed loop oontrol using & knock sensor to control the ethanol energy
fraction; and

Page 5 of 8
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wherein the open loop contro! uses a predetermined correlation between a required octane
enhancement and the fraction of the fuel provided by ethanol;

wherein the fuel manegement system minimizes the ethanol use by using information from
the knock sensor; and

wherein the turbocharged direct injection spark ignition engine is operated at a
substantially stoichiometric air /fuel ratio;

wherein the fuel management microprocessor uses information about the level of ethanol in
the second source to control the turbocharger;

and further wherein the turbocharging is eliminated or reduced when there is no ¢thanol in
the second source; and

wherein a vehicle using this spark ignition engine can be operated on port fueled gasoline
alone without knock; and

wherein the fuel management microprocesser uses informaton about the level of the
ethanol in the second source to control spark retard; and '

wherein the spark retard is increased when there is no ethanol in the second source; and

wherein the fuel management system includes 2 measure of the ethanol in the second
source to consrol turbocharging when the amount of ethanol s low; and

wherein the fuel management system includes a measure of the ethanol in the second
source to control spark retard when the amount of ethanol is low;

further wherein liquid ethanol is directly injected {n an amount such that the turbocharged
spark ignition engine operates without knock at @ horsepower level which is at least twice
the horsepower level without knock which is the case when operated with port fuel injected
gasoline alone; and

wherein the engine can be operated on the denatured ethanol alone; and

wherein the ethano! fraction needed to pravent knock is reduced by concentrating the
ethanol in regions that make up the end -gas and are prone to auto-ignition;

wherein the ethano! is injected 8o as to place the ethanol near the walls of the engine
cylinder; and

wherein swirl is used to create a ring of ethanol near the walls of the cylinder; and

wherein the ethanol is mixed with g lubricant.
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Remarks

It is requested that the foregoing Amendment be entered and considered.

The undersigned attorney and one of the inventors, Dr. Danie] Cohn, wish 10 thank
examiner Ali for according them a telephone interview of sufficient length to discuss this
application and a related application. The undersigned also wishes to thank examiner Cronin for
a short telephone interview to address a potential 35 USC §112, 2nd paragraph issue, Itis
submitted that the foregoing Amendments place this application into condition for allowance.

During the interview with examiner All, applicants discussed Claims 57-60 forming this
Amendment in relation to the cited prior art. The applicants pointed out that many of the
limitations in the newly presented claims distinguish over the prior art. For éxample, applicants
pointed out that the clalms now require “means for port fuel injection of gasoline from the first
source” and “means for direct fue) injection of liquid denatured alcohol from the second source.”
The applicants pointed out that none of the prior art references, elone or in combination, teach or
suggest the combination of port fuel injection of gasoline along with direct fuel injection of
liquid denatured ethanol, Other limitations that distinguish these claims from the prior art were
also mentioned.

After examiner Ali asked questions concerning the teachings in the prior art, he indicated
that these clairs distinguish over the references, At this point, examiner Ali indicated that there
could be 35 USC §112, 2nd paragraph issues raised by the claims. Examiner Ali suggested that
we discuss any potential 112, 2nd paragrapb, issues with his supervisor, Mr, Cronin.

During a telephone interview with Mr, Cronin, Applicant agreed that the preamble was
‘not ag clear as it could be. The undersigned suggested changing the beginning of the preamble to
recite “a turbocharged spark ignition engine.” The undersigned proposed making the first
limitation consistent with the preamble by reciting a spark {gnitlon engine. Examiner Cronin
stated that those changes would eliminate the 35 USC §112, 2™ paragraph issues.

In response to the telephone Interviews, pending Claims 1-56 have been caacelled herein
and replaced with new claims 57-60. Based on the telephone interviews with examiners Ali and
Cronin, it is submitted that these claims are in condition for allowance and early favorable action
is requested,
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Respectfully submitted,
CHOATE, HALL & STEWART LLP

S Aol

Sam Pasternack
Registration No, 29,576

Patent Department

CHOATE, HALL & STEWART, LLP
Two International Place

Boston, MA 02110

Tel: (617)248-5000

Fax: (617) 248-4000

Dated: November 30, 2006
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Application No, Applicant(s)
10/991,774 COHN ET AL.

Office Action Summary Examiner A UnIt
HYDER ALI 3747

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address —
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION,

- Extansions af lime may be available under (he provisions of 37 CFR 1 138(a). In no event, however, may a reply be timely filed

ator SIX (8) MONTHS trom Lhe mailing data of this communication
- ItNO periad for reply is spacified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the maillng date of this communication,
- Fallure ta reply within the set or extended perioc lor reply will, by stalute, cause tha application to becoma ABANDONED (35 U.S.C. § 133).

Any reply recelved by the Office lalar than (hree monihs afler the mailing date of Ihis communication, aven if timely filed, may roduce any

earned patent term adjustrmant, See 37 CFR 1.704{b).

Status

1)X] Responsive to communication(s) filed on 10 July 2006.
2a)[X] This action is FINAL. 2b)(] This action is non-final.
3)[0 Since this application Is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 0.G, 213.

Disposition of Claims

A)E Claim(s) 1-16,18-20 and 24-56 is/are pending in the application.

4a) Of the above claim(s) _____is/are withdrawn from consideration.
5)0 Claim(s) is/are allowed.
6)X) Claim(s) 1-16,18-20 and 24-56 is/are rejected.
7)J Claim(s) _____is/are objscted to.
8)[] Claim(s) ____ are subject to restriction and/or election requirement.

Application Papers

9)J The specification is objected to by the Examiner.
10)[X) The drawing(s) filed on 18 November 2004 Is/are; a)lX accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) Is objected to. Ses 37 CFR 1.121 (d)..
11)[J The oath or declaration is abjected to by the Examiner. Nole the attached Office Action or form PTQ-152,

Priority under 35 U.8.C. § 119

12)[J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) ar (f). .
a)lJ Al b)) Some * ¢)(] None of: I
1.1 Certified copies of the priority documents have been received
2.0 certified copies of the priority documents have been received in Application No. _____
3.0 Copies of the certified coplies of the priority documents have been received in this Natlonal Stage
application from the Inlernational Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.
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1) [X] Nolice of References Cited (PTO-892) 4) [ Interview Summary (PTO-413)
2) L] Notice of Draftsperson’s Patent Drawing Review (PTO-848) Paper No(s)/Mail Date. _ .
3} IX Information Disclosure Statement(s) (FTO/SB/0E) 5) [ Notice of informal Patent Appiication
Paper No(s)/Mail Date 7/10/06. 6) D Other: _____.
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Art Unit: 3747

DETAILED ACTION
Inventorship
This application currently names joint inventors. [n considering patentability of
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of
the various claims was commonly owned at the time any inventions covered therein
were made absent any evidence to the contrary. Applicant is advised of the obligation
under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was
not commonly owned at the time a later invention was made in order for the examiner to
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (@)
prior art under 35 U.S.C. 103(a).
Claim Objections
The subject matter of independent claim 30 such as “engine torque is above a selected
fraction of maximum torque" must be shown or cancelled.
The subject matter of claim 2, such as “the injectors deposit the anti-knock agent to
provide non-uniform deposition within a cylinder” must be shown or cancelled.
The subject matter of claim 3, sﬁch as “the anti-knock agent is deposited near the walls
of the cylinder” must be shown or cancelled.
The subject matter of claim 9, such as “ethanol is mixed with water” must be shown or
cancelled.
The subject matter of claim 10, such as “ethanol is mixed with a lubricant” must be

shown or canceiled.
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The subject matter of claim 11, such as “the engine has substantial organized motion
such as swirl" should read “the engine has substantial organized motion".
The subject matter of claim 15, such as "the gasoline is directly injected into the
cylinder” must be shown or cancelled.
The subject matter of dependent claims 12,19,45,50,55,56 such as “turbocharging and
/or supercharging” is not clear because independent claims 1 and 30 are not a
turbocharged and/or supercharged engine.
The subject matter of claim 20, such as “swirl creates a ring of ethanol” must be shown
or cancelled.
The subject matter of claim 53,4, such as "torque and/or horsepower” must be shown
or cancelled.
Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action;

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences batween the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner In which the Invention was made.

1. Claims 1-3,5,7,8,12-16,18,19,24-36,38-40,45-56 are rejected under 35 U.S.C.
103(a) as being unpatentable over Watanabe et al (US 6,513,505) in view of Jessel
(US 4,541,383).

Watanabe et al discloses fuel management system for operation of a spark ignition

gasoline engine comprising: a gasoline engine; a source of a liquid fuel anti-knock agent

EBS-00000076
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9; an injector 2 for direct injection of the liquid fuel anti-knock agent into a cylinder of the
engine for vaporization in the cylinder to provide charge cooling; and a fuel
management control system 30 including a microprocessor for controlling injection of
the liquid fuel anti-knock agent into the cylinder; wherein the fuel management control
system microprocessor substantially minimizes (See Fig. 4 for the control of the duty
ratio D of the control valve 15when D=D0 which is maximum 100% alcohol; when
D=D1 which is smaller than 100% alcohol; when D=D2 which is also smaller than
100% alcohol. See Fig. 5 for a routine for calculating the duty ratio D of the
control valve 15. This routine is executed every predetermined time by
interruption. Col. 5, lines 45-66 and col. 6, lines 1-27) the amount of anti-knock agent
used over a drive cycle.

Assuming it is not inherent in the Watanabe et al patent that injecting anti-knock agent
into the engine is for controlling engine knock during heavy load and/or during low rpm
and/or when engine torque is above a selected fraction of maximum torque to control
knock.

Also assuming control of the duty ratio D in the Watanabe et al patent is not for
minimizing anti-knock agent. =

Jessel discloses operating engines by injecting small, but effective, quantities of anti-
knock agent into the engine in response both to detected knock and engine load
conditions. When knock is detected, such small quantities of anti-knock agent are
injected at rates and for time periods dependent upon the engine load condition, as

measured by a quantity representative of mass airflow to the engine. See col. 1, lines
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12-18. Jessel discloses a system for modulating or regulating the amount of anti-knock
additive in relation to actual engine load condition causing engine knock. See col, 2,
lines 27-30. Jessel discloses alcohol injector 48; controller 32; manifold pressure
sensor 37; knock detector 30. Jessel also discloses a fuel management control system
for controlling injection of the liquid ethanol into the cylinder when engine torque is
above a selected fraction of maximum torque to céntrol knock.

It would have been obvious to a person having an ordinary skill in the art to modify
Watanabe et al by employing operating engines by injecting small, but effective,
quantities of anti-knock agent into the engine in response both to detected knock and
engine load condltions as taught by Jessel. Motivation to do so would have been to
minimize anti-knock agent during the drive cycle while preventing engine knocking.
With regard to claim 2, Watanabe et al discloses the injectors will deposit the anti-knock
agent to provide non-uniform deposition within cylinders.

With regard to claim 3, Watanabe et al discloses the anti-knock agent is deposited near
the walls of the cylinders.

With regard to claim 5, Watanabe et al discloses anti-knock agent is alcohol.

With regard to claim 7, Jessel discloses wherein the gasoline engine includes a knock
sensor 30 providing a feedback signal to a fuel mane;gement microprocessor to
minimize the amount of the anti-knock agent'added to prevent knock in a closed loop
fashion.

With regard to claim 8, Watanabe et al discloses anti-knock agent is alcohol such as

ethanol.
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With regard to claims 12,19,45,60,55,56 wherein turbocharging or supercharging are
reduced or eliminated and/or spark retard is increased when the anti-knock agent is not
available (inherently and necessary present in Watanabe et al patent and/or Jessel
patent and/or obvious matter of design choice and/or turbocharging or
supercharging should be cancelled because independents claims 1,30 are not
turbocharged and/or supercharged engine).

With regard to claim 13, Jessel discloses the high octane fuel is added only during
portions of a drive cycle requiring knock resistance.

With regard to claim 14, Jessel discloses wherein gasoline is port injected into the
engine.

With regard to claim 15, Watanabe et al discloses wherein the gasoline is directly
injected into the cylinder.

With regard to claims 16 and 47, wherein the direct injection of ethanol provides
substantially a 13 degrees Celsius drop in temperature for every 10% of fuel energy
provided by the ethanol (optional design choice if it is not inherently and necessary
present in Watanabe et al patent).

With regard to claim 48, Jessel discloses wherein the fuel management system
substantially minimizes the amount of anti-knock agent used over a drive cycle.

With regard to claims 18 and 49, wherein an octane enhancement of at least 4 octane
numbers is obtained when 20% of the fuel energy in a cylinder comes from ethanol
(optional design choice if it is not inherently and necessary present in Jessel patent

and/or Watanabe et al patent).
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With regard to claims 24,51, Watanabe et al and Jessel both discloses wherein the
engine is operated with substantially a stoichiometric air/fuel ratio.

With regard to claim 25, Jessel discloses wherein the alcohol such as ethanol is added
only during portions of the drive cycle requiring knock resistance and its use is
minimized during those times.

With regard to claims 26,52, Watanabe et al discloses wherein the ethanol is separated
from a gasoline/alcohol (ethanol) mixture.

With regard to claim 27, wherein torque of the engine at which knock occurs can be
increased by at least a factor of two by the direct injection of ethanol (optional design
cholce If It Is hot inherently and necessary present in Watanabe et al patent).

With regard to claim 28, wherein horsepower of a given size engine can be at least
doubled by using alcohol (ethanol) octane enhancement (optional design choice if it is
not inherently and necessary present in Watanabe et al patent).

With regard to claim 29, wherein gasoline consumption is reduced by at least 20% due
to higher efficiency engine operation (optional design choice if it is not inherently and
necessary present in Watanabe et al patent).

With regard to claim 30, as discussed above, Jessel discloses injecting ethanol into
the engine when engine torque is above a selected fraction of maximum torque to
control knock and Watanabe et al discloses direct injection of the ethanol into the
cylinder of an engine.

With regard to claim 31, Jessel discloses wherein torque levels at which the ethanol is

directly injected are those where knock would occur absent the ethanol injection.
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With regard to claim 32, combining the teaching of Watanabe et al and Jessel discloses
wherein the fraction of total fuel provided by the directly injected ethanol increases with
increasing torque.

With regard to claim 33, Jessel discloses wherein gasoline is port fuel injected.

With regard to claim 34, both Watanabe et al and Jessel discloses wherein up to and
including substantially 100% of the fuel can be (intended use and/or functional |
language) provided by the ethanol.

With regard to claim 35, both Watanabe et al and Jessel discloses wherein octane
number is enhanced with increasing torque.

With regard to claim 36, wherein an octane enhancement of more than 20 octane
numbers is achieved (optional design choice if it is not disclose by Watanabe et al
patent and/or Jessel patent).

With regard to claim 38, Jessel wherein the gasoline engine includes a knock sensor 30
providing a feedback signal to a fuet management microprocessor to minimize the
amount of the anti-knock agent added to prevent knock in a closed loop fashion.

With regard to claim 39, Watanabe et al discloses wherein the injectors 2 provide non-
uniform deposition of the ethanol within a cylinder.

With regard to claim 40, Watanabe et al discloses wherein the ethanol is deposited near
the walls of the cylinder.

With regard to claim 46, Watanabe et al discloses wherein the gasoline is directly

injected into the cylinder.
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With regard to claim 53, Watanabe et al discloses wherein the engine can be operated
with only gasoline and knock can be avoided by reducing the maximum torque and
horsepower relative to values when alcohol (ethanol) is directly injected into the
cylinder.

With regard to claim 54, both Watanabe et al and Jessel discloses wherein the

horsepower is reduced by at least a factor of two.

2. Claims 4,11,20,41,44 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Watanabe et al (US 6,513,505) in view of Jessel (US 4,541,383)
as applled to clalms 1-3,5,7,8,12-16,18,19,24-36,38-40,45-56 above, and further in
view of Nakakita et al (US 6,799,551).

Watanabe et al in view of Jessel does not disclose swirl in the combustion chamber.
Nakakita et al discloses as shown in FIG. 2 a state of the vertically stratified intake gas
charge consisting of the swirl flows of the first and second intake gases 11,12 of
different compositions. See col. 5, lines 5-10.

It would have been obvious to one of ordinary skill in the art at the time of the invention
was made to further modify the invention of Watanabe et al by employing swirl in the
combustion chamber as taught by Nakakita et al in order to provide Watanabe et al

engine combustion chamber with non-uniform depositen of fuel.

3. Claims 6,37 are rejected under 35 U.8.C. 103(a) as being unpatentable over

Watanabe et al (US 6,513,505) in view of Jessel (US 4,541,383) as applied to
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claims 1-3,5,7,8,12-16,18,19,24-36,38-40,45-56 above, and further in view of Uhl et
al (US 6,892,691).

Watanabe et al in view of Jessel does not disclose control apparatus with a
microprocessor which has a program stored in a storage medium, which program is
suited to carry out the entire control (open loop) of the engine.

Uhl et al discloses control apparatus 16 with a microprocessor which has a program
stored in a storage medium, which program is suited to carry out the entire control
(open loop) of the engine 1. See col. 3, lines 31-55.

It would have been obvious to one of ordinary skill in the art at the time of the invention
was made to further modify the invention of Watanabe et al by employing open loop
control as taught by Uhl et al in order to provide Watanabe et al engine control
apparatus with a microprocessor which has a program stored in a storage medium,

which program is suited to carry out the entire control (open loop) of the engine.

4. Claims 9,10,42,43 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Watanabe et al (US 6,513,505) in view of Jessel (US 4,541,383) as applied to
claims 1-3,5,7,12-16,18,19,24-36,38-40,45-56 above, and further in view of Fosseen
(US 4,958,598).

Watanabe et al in view of Jessel does not disclose ethanol is mixed with water as
claimed in claims 9 and/or 42 and/or ethanol is mixed with lubricant as claimed in claims
10 and/or 43.

Fosseen discloses a mixture of water and ethanol, in the ratio to provide approximately

EBS-00000083
FORD Ex. 1144, page 123

IPR2020-00013



Application/Control Number: 10/991,774 Page 11
Art Unit; 3747

an eighty proof mixture, and a small amount of water-soluble oil, is held in a reservoir or
fuel tank.. See col. 2, lines 34-37.
It would have been obvious to one of ordinary skill in the art at the time of the invention
was made to further modify the invention of Watanabe et al by employing ethanol is
mixed with water and/or oil as taught by Fosseen in order to replace the ethanol of
Watanabe et al patent with a mixture of ethanol and water and/or mixture of ethanol,
water and oil.

Response to Arguments

Applicant's arguments with respect to claims 1-16,18-20,24-56 have been
considered but are moot in view of the new ground(s) of rejection.

Conclusion

Applicant's amendment necessitated the new ground(s) of rejection presented in
this Office action. Accordingly, THIS ACTION 1S MADE FINAL. See MPEP
§ 706.07(a). Applicantis reminded of the extension of time policy as set forth in 37
CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
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the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the date of this final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to HYDER ALI whose telephone number is (571) 272-
4836. The examiner can normally be reached on M-F (8:30-5:00). The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status Information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free).
ha

STEPHEN K. CRONIN
SUPERVISCRY PATENT EXAMINER
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Abplicant: Cohn, et al.

Serial No.:  10/991,774 : Examiner; Ali, Hyder
Filed: November 18, 2004 . Art Unit: 3747
For: FUEL MANAGEMENT SYSTEM FOR Atty. Docket:  0492611-0598
VARIABLE ETHANOL OCTANE :
ENHANCEMENT OF GASOLINE
ENGINES

CERTIFICATE OF MAILING
1 hereby certify that the foregoing document is being depogited with the United States Postal Service,
postage prepaid, in an envelope addressed to Mail Stop Amendment\Commissioner for Patents, P.O. Box 1450,
Alexandria, VA 22313-1450 on July 6, 2006.

Name: Mattlyn

AMENDMENT AND RESPONSE TO OFFICE ACTION

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Sir:

In response to the Office Action mailed April 25, 2006, please amend the application as
follows:

Amendments to the Claims are reflected in the listing of claims which begin on page 2
of this paper.

Remarks begin on page 7 of this paper.

It is not believed that extensions of time or fees for net addition of claims are required,
beyond those which may otherwise be provided for in documents accompanying this paper.
However, in the event that additional extensions of time are necessary, then such extensions of
time are hereby petitioned under 37 C.F.R. § 1.136(a), and any fees required for consideration of
this paper (including fees for net addition of claims) are authorized to be charged in the

Amendment Transmittal Letter filed herewith.
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AMENDMENTS TO THE CLAIMS:

This listing of claims will replace all prior versions and listing of claims in the above-

referenced application.

Listing of Claims:

L. (currently amended) Fuel management system for operation of a spark ignition gasoline
engine comprising:

a gasoline engine;

a source of ar a liguid fuel anti-knock agent;

an injector for direct injection of the liquid fuel anti-knock agent into a cylinder of the

engine for vaporization in the cylinder to provide charpe cooling: and

a fuel management control system including a microprocessor for controlling injection of

the liquid fuel anti-knock agent into the cylinder to control knock wherein the fuel management

control system microprocessor substantially minimizes the amount of anti-knock agent used over

a drive cyele.

2, (previously presented) The system of claim | wherein the injectors deposit the anti-knock

agent to provide non-uniform deposition within a cylinder.

3. (original) The system of claim 2 whercin the anti-knock agent is deposited near the walls

of the cylinder,

4, (previously presented) The system of claim 2 wherein the non-uniform deposition is

obtained through direct injection and charge swirl.

5. (original) The system of claim 1 wherein the anti-knock agent is selected from (he group

consisting of ethanol, methanol, tertiary butyl alcohol, MTBE, ETBE and TAME,

6. (previously presented) The system of claim 1 wherein the fuel management system
includes a microprocessor that operates in an open loop fashion on a predetermined correlation
between required octane number enhancement and fraction of fuel provided by the anti-knock

agent.
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7. (original) The system of claim | wherein the gasoline engine includes a knock sensor
providing a feedback signal to a fuel management microprocessor to minimize the amount of the

anti-knock agent added to prevent knock in a closed loop fashion.

8. (original) The system of claim 1 wherein the anti-knock agent is ethanol.

9. (original) The system of claim 8 wherein the ethanol is mixed with water.

10.  (original) The system of claim 8 wherein the ethanol is mixed with a lubricant.

11, (original) The system of claim 1 wherein the engine has substantial organized motion

such as swirl.

12.  (original) The system of claim 1 wherein the system includes a measure of the amount of
anti-knock agent in the source to control turbocharging, supercharging or spark retard when the

amount of anti-knock agent is low.

13.  (original) The system of claim 1 wherein the anti-knock agent is added only during

portions of a drive cycle requiring knock resistance.
14, (original) The system of claim 1 wherein gasoline is port injected into the engine.

15.  (original) The system of claim 1 wherein the gasoline is directly injected into the

cylinder,

16.  (original) The system of claim 8 wherein the direct injection of ethanol provides

substantially a 13°C drop in temperature for every 10% of fuel energy provided by the ethanol.
17.  (canceled)

18.  (original) The system of claim 8 wherein an octane enhancement of at Jeast 4 octane

numbers is obtained when 20% of the fuel energy in a cylinder comes from ethanol,

19.  (original) The system of claim 1 wherein turbocharging or supercharging are reduced or

eliminated and/or spark retard is increased when the anti-knock agent is not available.
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20.  (original) The system of claim 8 wherein ethanol is injected proximate to a cylinder wall
and swirl creates a ring of ethanol,

21-23. (cancelled)

24, (previously presented) The system of claim 8 wherein the engine is operated with
substantially a stoichiometric air/fuel ratio.

25.  (previously presented) The system of claim 8 wherein the ethano! is added only during
portions of the drive cycle requiring knock resistance and its use is minimized during those
times.

26.  (previously presented) The system of claim 8 wherein the ethanol is separated from a

gasoline/ethano] mixture.

27.  (previously presented) The system of claim 8 wherein torque of the engine at which

knock occurs can be increased by at least a factor of two by the direct injection of ethanol.

28.  (previously presented) The system of claim 8 wherein horsepower of a given size engine

can be at least doubled by using ethanol octane enhancement.

29.  (previously presented) The system of claim 8 wherein gasoline consumption is reduced

by at least 20% due to higher efficiency engine operation.

30.  (currently amended) Fuel management system for operation of a spark ignition gasoline
engine comprising:

a gasoline engine;

a source of liquid ethanol;

an injector for direct injection of the liquid ethanol into a cylinder of the engine for

vaporization in the cylinder to provide charge cooling; and

a fuel management control system for controlling injection of the liquid ethanol into the

cylinder when engine torque is above a selected fraction of maximum torque to control knock.

31, (previously presented) The system of claim 30 wherein torque levels at which the

ethanol is directly injected are those where knock would occur absent the ethanol injection.

4099747vI
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32, (previously presented) The system of claim 30 wherein the fraction of total fuel provided
by the directly injected ethanol increases with increasing torque.

33.  (previously presented) The system of claim 30 wherein gasoline is port fuel injected.

34,  (previously presented) The system of claim 30 wherein up to and including substantially
100% of the fuel can be provided by the ethanol.

3s. (previously presented) The system of claim 30 wherein octane number is enhanced with
increasing torque.

36.  (previously presented) The system of claim 30 wherein an octane enhancement of more
than 20 octane numbers is achieved.

37.  (previously presented) The system of claim 30 wherein the fuel management system
includes a microprocessor that operates in an open loop fashion on a predetermined correlation
between the required octane number enhancement and fraction of fuel provided by the ethanol.
38.  (previously presented) The system of claim 30 wherein the gasoline engine includes a
knock sensor providing a feedback signal to a fuel management microprocessor to minimize the
amount of the ethanol added to prevent knock in a closed loop fashion.

39.  (previously presented) The system of claim 30 wherein the injector provides non-
uniform deposition of the ethanol within a cylinder.

40,  (previously presented) The system of claim 39 wherein the ethanol is deposited near the
walls of the cylinder.

41,  (previously presented) The system of claim 39 wherein the non-uniform deposition is
obtained through direct injection and charge swirl.

42, (previously presented) The system of claim 30 wherein the ethanol is mixed with waler.
43,  (previously presented) The system of claim 30 wherein the ethanol is mixed with a
lubricant.

44,  (previously presented) The system of claim 30 wherein the engine has substantial
organized motion such as swirl,

45.  (previously presented) The system of claim 30 wherein the system includes a measure of
the amount of ethanol available to control turbocharging, supercharging or spark retard when the

amount of ethanol is low,
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46.  (previously presented) The system of claim 30 wherein the gasoline is directly injected
into the cylinder.

47.  (previously presented) The system of claim 30 wherein the direct injection of ethanol
provides substantially a [3°C drop in temperature for every 10% of the fuel energy provided by
the ethanol.

48.  (previously presented) The system of claim 30 wherein the fuel management system
substantially minimizes the amount of ethano! used over a drive cycle.

49.  (previously presented) The system of claim 30 wherein an octane enhancement of at
least four octane numbers is obtained when 20% of the fuel energy in a cylinder comes from
ethanol.

50.  (previously presented) The system of claim 30 wherein turbocharging or supercharging
are reduced or eliminated and/or spark retard is increased when ethanol is not available.

51. (previously presented) The system of claim 30 wherein the engine is operated with
substantially a stoichiometric fuel/air ratio.

52.  (previously presented) The system of claim 30 wherein the ethanol is separated from a
gasoline/ethanol mixture.

53. (previously presented) The system of claim 30 wherein the engine can be operated with
only gasoline and knock can be avoided by reducing the maximum torque and horsepower
relative to values when ethanol is directly injected into the cylinder.

54.  (previously presented) The system of claim 53 wherein the horsepower is reduced by at
least a factor of two.

55. (previously presented) The system of claim 30 wherein the fuel management
microprocessor control system uses ethano! level in the ethanol tank as an input to control a

turbocharger, supercharger or spark retard.

56.  (previously presented) The system of claim 55 wherein the turbocharger, supercharger or

spark retard is adjusted to prevent knock.
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REMARKS

Re-examination and reconsideration of the rejections are hereby requested.

First of all, the inventors, Daniel Cohn, Leslie Bromberg, and John Heywood, and the
undersigned attorney wish to thank Examiner Ali for according them a telephone interview of
sufficient length to discuss fully the issues in this prosecution. At the beginning of the interview,
Dr. Cohn briefly described the present technology. Dr. Cohn explained that the knock limit in a
gasoline engine can be greatly extended by the direct injection of an appropriate liquid fuel anti-
knock agent such as ethanol into a cylinder of the engine. The liquid fuel anti-knock agent
vaporizes in the cylinder providing a substantial charge cooling effect. The cooling effect along
with a higher octane number of an anti-knock agent such as ethanol extends the knock limit so
that more aggressive turbo charging can be used and/or the engine can operate at a higher
compression ratio without knock. In this way, substantial fuel can be saved because smaller
engines can be used. Dr. Cohn explained that the change of state of the liquid fuel anti-knock
agent from liquid to gas provides the predominant effect for extending the knock limit. Dr. Cohn
also pointed out that in order to achieve commercial attractiveness it is important to obtain a
large knock suppression effect in order to justify the inconvenience of using two tanks and two
fuels. He further explained that for the same reason it was important to minimize the amount of

the liquid fuel anti-knock agent, such as ethanol, that is used over the drive cycle.

At this point in the interview the rejections and references were discussed. The
applicants proposed amending claim 1 to recite a liquid fuel anti-knock agent for vaporization in
the cylinder to emphasize the importance of direct injection of a liquid fuel anti-knock agent. As
to U.S. Patent No. 4,480,616 to Takeda, applicants pointed out that this patent teaches
introducing liquid alcohol into the intake manifold of an engine. Professor Heywood explained
that the alcohol would vaporize before entering the combustion chamber so could not provide the
evaporative cooling as set forth in the claims as amended herein. Thus, Takeda teaches neither

direct injection nor the introduction of a liquid fuel into the combustion chamber.
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U.S. Patent No. 3,106,194 to Cantwell was discussed next. It was pointed out to the
Examiner that alkali metal compounds are vaporized and then introduced into the engine. These
alkali metal compounds are not a fuel and are not introduced in the liquid state. The Examiner
pointed to Cantwell at column 1 at line 32 suggesting that water is “an auxiliary fuel.” Professor
Heywood explained that water cannot be considered a fuel notwithstanding Cantwell’s
characterization. In any event, Cantwell teaches nothing beyond introducing a vaporized
material into the combustion chamber rather than a liquid that would not provide the change-of-
state cooling effect. Next, the applicant discussed the Krauja et al. reference, U.S. Patent No.
4,721,081. This patent teaches a modified compression ignition engine for use either with 100%
ethanol or with gasoline. This reference does not teach the introduction of any anti-knock agent,

but rather is designed to operate on 100% ethanol.

The Examiner maintained his position that the references in combination meet the
limitations in claim I. The applicant disagreed suggesting that the examiner was making an
impermissible hindsight reconstruction based on the teachings in the present application, No

agreement was reached.

The applicant then addressed many of the dependent claims pointing out that the
Examiner had no basis for the rejections, At this point, the Examiner indicated that he should
have made a restriction requirement when he issued the office action because of a large number
of embodiments. The Examiner stated that he would likely give a restriction requirement in the
next office action. The undersigned attomey urged the Examiner not to issue a restriction
requirement at this time suggesting that the attendant substantial delays could have a serious
adverse effect upon the applicant. The undersigned attorney suggested that it would be unfair to
penalize the applicant by a post office action reversal in the Examiner’s decision as to which
claims he would consider. Applicants urged that if the independent claims were not allowable,
that the Examiner should consider allowing the dependent claims that are clearly not met by the

prior art.

During the interview, the examiner cited two new references, U.S. Patent No, 3,089,470

to Payne, and U.S. Patent No. 4,182,278 to Coakwell. The undersigned attorney has now had an
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opportunity to review these references carefully and it is quite clear that the Payne reference does
not suggest introducing a liquid fuel into an engine. The Examiner’s attention is directed to
column 3 beginning at line 15 wherein Payne states that the liquid auto-ignition suppressant “is
preferably water” but that it is “to be clearly understood that any other liquid preparation suitable
to suppress auto-ignition” is contemplated. The Examiner asserted that this section suggests
injecting a liquid fuel. Applicants respectfully disagree. The Examiner has not shown that “any

other liquid preparation to suppress auto-ignition” includes any liquid fuel.

As to the Coakwell patent, this reference teaches the addition of hydrogen peroxide to
provide additional oxygen. The Examiner’s attention is directed to Coakwell at column 9
beginning at line 7 where it is stated that the additional oxygen from the hydrogen peroxide
“makes it possible to achieve combustion with leaner mixtures, to save fuel and to reduce air
pollution by achieving more complete combustion.” Thus, it is quite clear that the hydrogen

peroxide is being introduced to provide free oxygen. Hydrogen peroxide is not itself a fuel.

Although Applicants and the Examiner continue to disagree about the patentability of the
independent claims, claim 1 has been amended herein to incorporate the limitation of originally
filed claim 17 and claim 17 has been cancelled. Thus claim 1 now includes the limitation
“wherein the fuel management control system microprocessor substantially minimizes the
amount of anti-knock agent used over a drive cycle.” This amendment is being introduced in an
effort to move prosecution forward. The specification speaks to the importance of minimizing
the amount of anti-knock agent used over a drive cycle. For example, the specification
beginning on the last linc of page 2 states “An objcet of the present invention is to minimize the
amount of ethanol or other anti-knock agent that is used to achieve a given level of engine
efficiency increase. By restricting the use of ethanol to the relatively small fraction of time in an
operating cycle when it is needed to prevent knock in a high load regime and by minimizing its
use at these times, the amount of ethanol that is required can be limited to a relatively small
fraction of the fuel used by the spark ignition gasoline engine.” Moreover, page 3,beginning on
line 23 of the specification states “‘Alternatively, the gasoline engine may include a knock sensor
that provides a feedback signal to the fuel management microprocessor system to minimize the

amount of ethanol added to prevent knock in a close loop fashion.”
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Claim 1 as amended herein (with the limitation of originally filed claim 17) has been
examined and the Examiner rejected claim 17 as being unpatentable over Takeda in view of
Cantwell. The Examiner states on page 5 of the Office Action “With regard to claim 17, Takeda
discloses wherein the fuel management systems substantially minimizes the amount of anti-
knock agent used over a drive cycle.” The undersigned attorney and the inventors herein have
reviewed Takeda carefully and can find no teaching whatsoever that the fuel management system
substantially minimizes the amount of anti-knock agent used over a drive cycle. The Applicant
remains puzzled at this assertion by the Examiner since Takeda is totally silent in this regard.
Further, the undersigned attorney has reviewed all of the references of record including Payne
and Coakwell and can find no teaching of a fuel management system that substantially
minimizes the amount of anti-knock agent used over a drive cycle. It is urged that claim 1, as
amended herein, is clearly in condition for allowance and reconsideration is requested. Claims

2-16, 18-20 and 24-29 ultimately depend from amended claim 1 and are therefore also allowable,

Independent claim 30 has been amended herein to recite a source of liquid ethanol for
vaporization in the cylinder to provide charge cooling and to control knock. Claim 30 as
originally filed included the limitation of a fuel management control system for controlling
injection of the ethanol “when engine torque is above a selected fraction of maximum torque.”
During the interview, Applicant pointed out that this limitation is not present in the prior art. In
the Office Action, the Examiner asserts that this limitation is disclosed by Takeda. Again, the
undersigned attorney and the inventors have reviewed Takeda carefully and can find no teaching
that injection is controlled “when engine torque is above a selected fraction of maximum
torque.” Such a teaching, in fact, is totally lacking in Takeda. It is urged that the Examiner
review Takeda again and remove this rejection or describe with specificity where and how

Takeda provides such a teaching,

During the interview, many of the dependent claims were discussed. For example, claim
4 states that non-uniform deposition is obtained through direct injection and charge swirl. The
Examiner states, without support, that Cantwell meets this limitation. In fact, a careful review of

Cantwell reveals no teaching whatsoever concerning charge swirl. The Examiner is asked to
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remove the rejection of claim 4 or to explain with specificity where and how Cantwell discloses

charge swirl.

Dependent claim 6 includes the limitation “wherein the fuel management system includes
a microprocessor that operates in an open-loop fashion on a predetermined correlation between
required octane number enhancement and fraction of fuel provided by the anti-knock agent.”
The Examiner asserts, again without support, that Takeda discloses such a limitation. The
Examiner is asked to remove the rejection of claim 6 or provide, with specificity, those portions

of Takeda that support the Examiner’s position.

Claim 7 requires that the gasoline engine include a knock sensor to provide a feedback
signal lo minimize the amount of anti-knock agent added to prevent knock in a closed-loop
fashion. The Examiner rejects this claim as “optional design choice”. Reconsideration is
requested. Claim 10 recites that the ethanol is mixed with a lubricant. As to this important
limitation the Examiner again asserts that it is just an optional design choice. A careful review of
the references of record shows no teaching or suggestion of adding a lubricant to the ethanol.
Reconsideration is requested. Claim 11 adds the limitation “wherein the engine has substantial
organized motion such as swirl.” The Examiner asserts, without specifics, that “Takeda
discloses engine has substantial organized swirl motion” and a careful review of Takeda shows
that it is lacking in any such teaching. The Examiner is asked to remove this rejection of claim
11 or explain with specificity how and where Takeda discloses the organized swirl motion

limitation.

Claim 12 includes the limitation “wherein the system includes a measure of the amount
of anti-knock agent in the source to control turbocharging, supercharging or spark retard when
the amount of anti-knock agent is low.” The Examiner asserts that Takeda discloses this
limitation. A careful review of Takeda indicates no teaching of such limitation. The Examiner is

asked Lo point out where in Takeda this limitation is taught or suggested.
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Claim 19 states that the turbocharging or supercharging are reduced or eliminated and/or
spark retard is increased when the anti-knock agent is not available. The Examiner appears to
conclude that Takeda includes this limitation. It is submitted that such limitation is not disclosed
in Takeda. Claim 20 states that the ethanol is injected so that swirl creates a ring of ethanol. The
Examiner, without support, states that Takeda discloses that swirl creates a ring of alcohol.

Takeda provides no such teaching. Reconsideration is requested.

As another example of an unfounded rejection, Claim 26 states that the ethanol is
separated from a gasoline/ethanol mixture. The Examiner, without support, states that Takeda
discloses this limitation. It is submitted that Takeda clearly docs not teach or suggest this
limitation. With regard to claim 27, the Examiner asserts that Takeda teaches that the torque at
which knock occurs can be increased by at least a factor of two by the direct injection of ethanol.
It is submitted that such a teaching is lacking in Takeda. The Examiner also, without support,
contends that Takeda teaches that horsepower of a given size engine can be at least doubled by
using alcohol octane enhancement. It is submitted that Takeda provides no such teaching. The
Examiner also states that the limitation in claim 29 concerning the gasoline consumption being

reduced by at least 20% is also taught in Takeda. There is no such teaching in Takeda.

The Examiner has rejected the dependent claims depending from claim 30 with similarly
sweeping, and unsupported, assertions about the prior art. The Examiner is asked either to
remove the rejections of these dependent claims or provide a detailed set of specifics as to how

the references meet the limitations in the claims depending claim 30.

In simmary, in order to advance prosccution, the limitation of claim 17 has been
introduced into claim 1. Claim 30 has been amended to provide more specificity. For the
reasons discussed in detail above, it is submitted that the pending claims, as amended herein, are

in condition for allowance. Early favorable action is requested.
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Respectfully submitted,

CHOATE, HALL & STEWART LLP

Sam Pasternack
Registration No. 29,576

Date: July 6, 2006

Patent Department

CHOATE, HALL & STEWART
Two International Place

Boston, MA 02110

Tel: (617) 248-5000

Fax: (617) 248-4000
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
RBudget approval before requesting most types of information from the pnblic. When OMB approves an agency
request to collect informalion from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency (o inform the public about the OMB Control Number's Iegal signilicance in accordance with 5 CFR
1320.5(b).

The information collceled by PTOL-85 Part B is required by 37 CFR [.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO 1o process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 nunutes to complete,
including gathering, preparing, and subniitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chiel Information Ofticer, U.S. Patent and
Trademark Office, U.S. Department of Commeree, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are reguired (o
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.I.. 93-579) requires that you be given cerlain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the gencral authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing ol the inlormation solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related 1o a patent application or patent. If you do not turnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or cxpiration ol the palenl.

‘T'he information provided by you in this form will be subject to the following routine uses:

1. The information on this form will he treated confidentially to the extent allowed under the Freedom of
[nformation Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Acl.

2. A record from this system ol records may be disclosed, as a routine use, in the course of presenting evidence
to & court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. Arccord in (his system of records may be disclosed, as a routine use, 10 a Member of Congress submilling a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect 1o the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, 10 a contractor of the Agency having
need for the information in order 1o perform o contract. Recipients of information shall be required 1o
comply with the requircments ol the Privacy Act ol 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Burcau of the World Intellectual Property
Organization, pursuant (o the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, lo another tederal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
21R(e)).

7. A record from rthis system of records may be disclosed, as a routine use, to the Adminisirator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
ol 44 11.8.C. 2904 and 2906. Such disclosurc shall be made in accordance witl (he GSA rcgulations
governing inspection af records Lor this purpose. and any othien televaut (ie., GSA or Connerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(h) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be discloscd. subject to the limitations of 37 CHFR 1.14. as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State. or local law
enforcement agency, it the USPTO becomes aware of a violation or potential violation of law or regulation.
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Appllcation No. Applicant(s) i
15/463,425 COHN ET AL. |
Notice of Allowability i Eart | Festes
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED In this application. If not included
herewith (or previously mailed), a Notlce of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308,

1. X This communication is responsive to Terminal Disclaimer tiled on 08/08/17.
D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [[J An election was made by the applicant in response to a restrictlon requirement set forth during the interview on ; the restrictlon
requirement and election have been incorporated Into this action.

3. X The allowed claim(s) is/are 1-30. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
ttowww usole govipatents/init_eventsioph/ingex.so or send an [nquiry to PEHRecihask@usiolo goy

4. [J Acknowledgment Is made of a claim for foreign prlority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[] Al b)[JSome *c)[J None of the:
1. [ Certified copies of the priority documents have been received.
2. [J Certified copies of the priority documents have been received in Application No
3. [ Copies of the certified copies of the priority documents have been recsived in this national stage applicatlon from the

International Bureau (PCT Rule 17.2(a)).
* Certifled coples not recelved: ___

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J] CORRECTED DRAWINGS ( as “"replacement sheets") must be submitted,

O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mall Date

Identifying Indlcia such as the application number (see 37 CFR 1.84(c)) should be written an the drawings In the front (not the back) of
each sheel. Replacement sheel(s) should be labeled as such In the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [ Notice of References Cited (PTO-892) 5. [0 Examiner's Amendment/Comment

2. X Information Disclosure Statements (PTO/SB/08). 8. [] Examiner's Statement of Reasons for Allowance
Paper No./Malil Date

3. [ Examiner's Comment Regarding Requirement for Deposit 7. X Other response to TO.

of Biological Material
4. [] Intervlew Summary (PTO-413),
Paper No./Mail Date :

/HAIHUYNH/
Primary Examiner, Art Unit 3747

Ll & Patenl and Tradomari Gifion

PTOL-37 (Rev 08-13) Notlce of Allowabllity Part of Paper No./Mail Date 20170828
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Application/Control Number: 15/463,425 Page 2
Art Unit: 3747

1. The present application is being examined under the pre-AlA first to invent
provisions.
2. Applicant's arguments, see page 1, filed on August 8, 2017, with respect to

claims 1-30 have been fully considered and are persuasive.
31 Claims 1-30 are allowed.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to HAI HUYNH whose telephone number is (571)272-
4844. The examiner can normally be reached on Monday through Friday from 7:30 am
fo 6:00 pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Lindsay M. Low can be reached on (571) 272-1196. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see hltp:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

HAT HUYNH/
Primary Examiner, Art Unit 3747
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U ' PCT/IB2007 ‘03004 09.07.2008

PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

-SFX:M PAS'I.'ERNACK P CT .

CHOATE, HALL & STEWART .
TWO INTERNATIONAL PLACE NOTIFICATION OF TRANSMITTAL OF

THE INTERNATIONAL SEARCH REPORT AND
MA 021]

BOSTON, 0 THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)

e 09 JUL 2008

Applicant's or agent’s file reference

2006734-0002 FOR FURTHER ACTION See paragraphs | and 4 below
International ppplication Ne. Internotional filing date

PCT/IB07/03004 (dey/month/year) 06 March 2007 (06.03.2007)

Applicant

ETHANOL BOOSTING SYSTEMS. LLC

L. Eﬂ The applicant is hereby notified that the internalional scarch repart and the written opinion of the International Searching Authority
have been established ond ere transmitted herewith,

Filing of amendments and statement under Article 19:
The appllcant Is entltled, if he so wishes, to amend the clalms of the Intcrnatlonal application (se¢ Rule 46):

When?  The time limit for filing such amendments is normally two months from the dute of transmittal of the intemnational
search report.

Where? Direetly to the Internationnal Rurean of WIPN, 34 chemin des Calambettes
1211 Geneva 20, Swilzerland, Focsimile No.: (41-22) 338.82,70.

For more detalled instructions, sse the notes on ths acaompany(ng cheet.

2, D The applicant is hereby notified that no intcrnational search reporti will be established and that the declaration under
‘Artlcle 17(2)(a) to that effect and the wrltten opinlon ofthe Intemational Searching Authority are transmitted herewlth,

3. D With regard to the pratest against payment of (an) additional fee(s) under Rule 40.2, the appllcant is notified that:

I—_-I the protest logether with the decislon thereon has been transmitted to the Intemalional Bureau together with the appllcunl s
request to forward the texts of both the protest and the decision thereon to the designated Offices,

no decislon has been mode yet on the praest; the applicant will be fotifled ns soon &s a decision is made.

4. TReminders

Shortly afler the expiralion of 18 months from the priority date, the international applioation will be published by the Intemational
Bureau, If the applicant wishes 1o ayoid or postpone publication, a notice of withdrawal of the international application, or of the
priority claim, must reach the Intemational Bureau as provided in Rules 905/s.1 and 506/s.3, respectively, before the completion of the
technical preparalions for intemational publication.

The applicant may submit comments on an Informal basis on the written opinion of the Intemnutional Searching Authority to the
International Burenu, The Intemationa) Bureau will send a copy of such comments to nll designated Offices unless en Internetional
preliminary ¢xamination report has been or Is to be esteblished, These comments would nlso be mode available lo the public but not
before the expiration of 30 months from the priority date.

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority date
(in some Offices even luter); otherwise, the spplicant must, within 20 months from the priority date, perform the prescribed acts for
entry into the nationa) phase before those designated Offices.

In respect of other designated Offices, the time Iimit of30 months (or later) will pply even if no demend is filed within 19 months.

Sce the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCT Applicant's Gulde,
Yolume 11, Nationa) Choplers and the WIPO Intemel site.

Name and mailing ddress of the ISA/ US Authorized ofﬁcer
Mai! Stop PCT, Attn: ISA/US //
Commissloner for Patents Stephen K Crcnm
P.O, Box 1450
Alexandria, Virginia 22313-1450 *| Telephone No, (571) 272-4383
Facsimlle No. (571) 273-3201

Form PCT/ISA/220 (January 2004) (See notes on acccmpunymg sheer)

EBS-00001998
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; PCT/IB2007 03004 09.07.2008

PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent’s file reference FOR FURTHER see Form PCT/ISA/220 .

2006734-0002 ACTION as well as, where applicable, item § below

Internatlonal application No. ! International filing date (day/month/year) (Earlltest) Priority Date (day/month/year)
- PCT/IB07/03004 06 March 2007 (06.03.2007) 08 March 2006 (08.03.2006)

Applicant

ETHANOL BOOSTING SYSTEMS. LLC

This international search report has been prepared by thls International Searching Authority and is transmitted to the applicant
according 1o Article 18. A copy is being transmitted fo the International Bureau.

This {nternational search report consists of a total of_k'sheets.
It is also accompanied by & copy of each prior art document cited in this report.

1. Basls of the Report
a.  With regard to the language, the International scarch was carried out on the basls of:

the internationa) application In the language in which it was flled.

D a transletion of the international application into , which is the language
of a translation furnished for the purposes of inlernational search (Rules 12,3(a) and 23.1(b))

b. This International search report has been established taking Into account the rectification of an obvious mistake

authorized by or notified to this Authority under Rule 91 Rule 43.6 bis(a)
c. r_—, With regard to'any nucleotide nnd/or smino acld sequencedisclosed in the international pplication, see Box No. 1.
2, Certain claims were found unsearchable(See Box No. II) '

3. [:l Unlty of Invention is lacking (See Box No. III)
4, With regard to the tltle,

’VA the text is approved as submltted.by the appllcant.
EI the text has been-established by this Authority to read as follows:

15, With regard to tho abstract,
the text is approved as submitted by the applicant.

|:| the text has been establlshed, according to Rule 38,2(b), by this Authorlty as it eppears in Box No. IV. The applicant
may, within one month from the date of malling of this international search report, submit comments to this Authorlry.

6. With regnrd to the drawings,
8, the figure of the drawings to be published with the abstract Is Flgure No. L

as suggested by the applicant,
VA as selected by thls Aulhorlry., because the applicant failed to suggest a figure.
as selected by this Authority, because this figure better characterizes the inventjon,
b. D none of the figures is to be published with the abstract.

Farm PCT/ISA/210 (first sheet) (April 2007)

EBS-00001999
FORD Ex. 1144, page 163
IPR2020-00013



INTERNATIONAL SEARCH REPORT

PCT/IB2007 03004 09.07.2008

International applicatlon No.,

PCT/TB07/03004

A CLASSIFICATION OF SUBJECT MATTER
IPC: F02M 17/00( 2006.01)

USPC: 123/447

According to Intemational Patent Classification (IPC) or to both.national classificatlon and IPC

B. FIELDS SEARCHED

U.8.:123/447

Minimum documentatlon searched (classificatlon system followed by classification symbols)

Documentation searched other than minlmum documentatlion to the extent that such documents are Included in the fields searched

EAST

Electronic data base consulled during the International search (name of data base and, whers practlcabls, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category *

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No,

A US 2005/0056264 A1, (WEISSMAN et al) 17 March 2005, Figure 2, claim 11,

A US 5,560,344 A (CHAN) 1, October 1996 (01 10.1996), whole doenment

1-15

1-15

D Further documents are listed in the continuation of Box C.

See patent family annex,

N Specinl categares of cled documents:

“A"  document defining the gencrul state of the arl which is not considered to be of
pantfcular relevance

“E"  earlior application or potent published on or alter the intematienal filing date

“L"  document which may throw douhts on priority claim{s) or which Is ciied 1o
. estoblish the publication dote of another citation or other special reason (as
specified)

"0"  document referring b an oral disclosure, usa, sxhiblton or other means

wpn d bllched

p | filing date but lnter than the
priority dnte clnimed

prior to the intematl

LT Tner duoument published afer the intermational fling dete or priority
dale nnd not in conllet with the application but ¢lted 1o understaad the
princlple or theory undarlying the invention '

L 0 dosument of particulur relevanoc; the olnimed invention cannol be
consldered navzl or cannot bo considered 1o invalve an inventive step
when the document is taken glone

wym documaont of particular relevance; the claimed invention cannol bé
congidered (o involve an inventive step when the documenl is combined
with one or more ather such docutnents, sueh combination being
obvious 10 4 parson skilled In the an

g document member of the same patent family

Date of the actual completion of the international search
08 June 2008 (08.06.2008)

Dale of mailing of the international search report

09 JUL 2008

Name and mailing address of the ISA/US
Mall Stop PCT, Aun: ISA/US
Commissioner or Patents
P O. Box 1450
Alexandria, Virginia 22313-1450

Facsimile No. (571) 273-3201

Stephen K Cronin

Authorized officer 2 W
Telephone No. (571) 272-4383 . ;

Form PCT/ISA/Z10 (second sheet) (April 2007)

EBS-00002000
FORD Ex. 1144, page 164
IPR2020-00013



" PCT/1B2007/C 3004 09.07.2008

PATENT COOPERATION TREATY
From the INTERNATIONAL SEARCHING AUTHORITY FML’E CQPY

;Z:M PASTERNACK P CT

%%ﬁﬁﬁ%%ﬁ%?ﬁ%ﬁ& NOTIFICATION OF TRANSMITTAL OF
ot U THE INTERNATIONAL SEARCH REPORT AND
' THE WRITTEN OPINION OF THE INTERNATIONAL

SEARCHING AUTHORITY, OR THE DECLARATION
(PCT Rule 44.1)

Date of mailing
(day/month/year)
icent’ (’s fll fe
%)gﬁ]l”c;g-osog;agen ¢ flle reference FOR FURTHER ACTION  See peragraphs | and 4 below
International application No. Intemational filing date
PCT/IB07/03004 (day/month/year) 06 March 2007 (06.03.2007)

Applicant
ETHANOL BOOSTING SYSTEMS, LLC

1. _}:‘ The npplicant is hereby notified that the Internotional search report and the written opinion of the [nterniational Searching Authority
have been established and are transmitted herewlth,

Filing of nmendments and statement under Ariicle 19:
The applicant is entitled, if he so wishes, lo amend the claims of the international application (see Rule 46}):

When? The time limit for filing such amendments fs normelly two months from the date of transmittal of the International
scarch report,

Where? Dlrectly to the Intemational Bureau of WIFO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Facsimile No.: (41-22) 338.82.70.

For more detalied Instructlons, see the nates on the accompanying sheet.

2 E] The applicant is hereby notified that no intemational search report will be estblished and that the declaration under
Article 17(2)(a) to that cffect and the writien opinlon of the International Scarching Authority arc transmitted herowith,

[:] With regard to the protest against payment of (an) edditional foe(s) undor Rule 40.2, the applicant is notified that:

D the prolest together with Lhe decision thercon has been transmitted to the Intemations! Bureou logethcr with the applicant’s
request to forward the texts of both the protest and the declslon thereon to the deslgnated Offices.

no declsion has becn made yet on the protest; the applicant will be notified as soon es a declslon Is made,

4,  Reminders

Shortly afier the expiration of 18 months from the pricrity date, the international application will be publishcd by the International
Burenu, If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the intermational applicalion, or of the
priority eloim, must reach the International Bureauw as provided in Rules 90bis,1 and 90bis.3, respectively, before the completion of the
technicnl preparalions for international publication.

The applicant may submit commients, on an informal basls on the writien opinion of the International Searching Autherity to the
Internationa! Bureau. The International Burcau will scnd a copy of such comments to all designated Offlces unless an interational
preliminary examination report has baen or [s to be established. These comménts would also be made avallable to the public but not
before the explration of 30 months from the priority dae.

Within 19 months from the priority dats, but only in respect of some designaled OfTices, n demand for internations! preliminary
examination must be filed if the applicant wishes to postpone the cntry into the national phase untll 30 months from the priority date
(in some Offices cven later); otherwise, the applicant mus(, within 20 months from the priority date, perform the prescribed acts for
entry inlo the nationa! phase before those designated Offices.

In respect of other designated OFfices, the time limit of 30 months (or later) will apply cven if no demand is filed within 19 months,

Sce the Annex to Form PCT/IB/301 end, for details ebout the epplicable time limlts, Office by Office, sce the PCT dpplicant's Guide,
Volume [1, Netlonel Chapiers and the WIPO Internet site.

Name and mailing address of the [SA/ US Authorlzed officer
Mail Stop PCT, Attn: {SA/US
Commissioner for Patents Stephen K Cronin
P.O. Box 145

0
Alexandrle, Virginia 223131450 Telephone No. (571) 272-4383
Facsimile No. (571) 273-3201
Fonm PCTASA/220 (January 2004) (See notes on accompanying sheet

EBS-00002001
FORD Ex. 1144, page 165
IPR2020-00013



PCT/IB2007/ 3004 09.07.2008

PATENT COOPERATION TREATY FILE COPY
PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file reference FOR FURTHER see Form PCT/ISA/220

2006734-0002 ACTION as well as, where applicable, item 5 below,

Internations! application No. Intemational filing date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/IB07/03004 06 March 2007 (06.03.2007) 08 March 2006 (08.03.2006)

Applicant

ETHANOL BOOSTING SYSTEMS, LLC

This Intemnatlonal search report has been prepared by this Interatlonal Seerching Authority and is transmitted to the applicant
according to Article 18, A copy is being transmitied Lo the International Bureau,

sheets, .
It is also accompunied by a copy of each prior art document cited in this report,

This internations) scarch report consists of s total of

1. Basis of the Report )
a, Wim%&rd to the language, the Intemationnl search was carried out on the basis oft

the intemational application in the language in which it wus filed.

l:] a translation of the international application into , which is the language
of it translation fisrnished for the mirpnses nf' intemational search (Rules 12.3(s) and 23.1(b))

b, D This international search report has been established tiking into gccount the rectilication of an obvious mistake
authorlzzd by or notificd to thie Authority under Rule 91 Rule 43.6 bis(a)

c D With regerd to any nucleotide nnd/or amino acid sequence disclosed in the intematlonal application, see Box No. I,
2, D Certain elaims were found unsenrchable (See Box No, II)

3 D Unity of Inventlon Is lacking (See Box No, IlI)
4, ‘With regard Lo the thle,

the text is approved as submitled by the applicant.

the text has been established by this Authorily to rend as follows:

5. With regerd 10 the abstract,
Lthe text is appraved as submitted by the applicant.

I:l the text has been established, according to Rule 38.2(b), by this Authority as |t appears in Box No, IV, The applicant
may, within one month from the date of mailing of this intemnationo! search report, submit comments lo this Authority.

6. WIth regard to the drawings,
8. the figure of the drawings (o be published with the abstract is Figure No, 1

as suggested by the applicant.
as selected hy thls Authority, because the npplicont failed to suggest a figurs.
as selected by this Authority, because this figure better characterizes the invention,
b. D none of the figures is to be published with the abstract.

Form PCTASA/Z10 (first sheet) (April 2007)

EBS-00002002

FORD Ex. 1144, page 166
IPR2020-00013




INTERNATIONAL SEARCH REPORT

PCT/IB2007/¢ 004 09.07.2008

= .‘f“l_{f‘\’\Tl‘\\'“ ¥

Imarna'lfﬁnléﬂkmﬂlcaﬂMﬁJlr
PCT/IB07/03004

A, CLASSIFICATION OF SUBJECT MATTER
IPC: F02M 17/00( 2006.01)

USPC: 123/447

According to International Patent Classification (IPC) or to both national classification and 1PC

B.  FIELDS SEARCHED

U.S. 1 123/447

Minimum documentation searched (classification system followed by classification symbols)

Documentetion seerched other than minimum documentation to the cxtent thal such documents ore included in the fields searched

EAST

Electronic data base consulted during the International search (name of data base and, where practicable, search terms used)

Ci DOCUMENTS CONSIDERED TO BE RELEVANT

Category *

Citation of document, with indication, where eppropriate, of the relevant passages

Relevant to claim No,

A US 2005/0056264 A1, (WEISSMAN et al) 17 March 2005, Figure 2, claim 1.

A US 5,560,344 A (CHAN) 1, October 1996 (01.10,1996), whole document.

1-15

1-15

Further documents are listed in the continuation of Box C,

See palent femily annex.

¢ Speclal estegorles of cled dacuments:

“A™  document definlng the general siate of the art which is nol consldered fo be of

porticular relevance
“E*  earller opplleatlon or patent published on or afier the inlemational filing dete

wL"  deciment which may throw doubu o priorry clalm(s) or which Is cited to
extablish the publication date of anather cliotfon or other speolnl reason (ns

specified)
“0"  document referring to an ot disclosure, use, exhibitlon or other means
“pm  document published prior to the Intematanal filing dote but later than the

priority date claimed

g {ater dogument published aRer the (niermationel filing date or prianty
dnle and not In conflict with the nppl!cnllun but elted to understand the

le or theory underlying the i

"y d of p 1 the claimed invention cannot be

considered novel or cannot bu cnnsldurud 1o Involve an invenrve step
when the document |5 taken alone

- 1

dazument of panfeuier relevince; the clalmed invention cannot be
considered lo involve gn inventive step when the document iy combined
with ang or mare other such documents, such combinetion being
obvlous 10 o person skiled In the an

& document member of the aame patent family

Date of the actual completion of the intemationel search
08.June 2008 (08.06.2008)

Date of meiling of Lhe international search report

Name end mailing eddress of the ISA/US
Mauil Stop PCT, Atin: ISA/US
Commissioner for Potenis
PO, Box 1450
Alexandria, Virginia 22313-1450

Facsimile No. (§71) 273-320!

Authorized officer ]
Stephen K Cronin

Telephone No, (571) 272-4383

Form PCT/ISA/210 (second sheet) (April 2007)

EBS-00002003

FORD Ex. 1144, page 167
IPR2020-00013




! PCT/IB2007/ 3004 09.07.2008
PATENT COOPERATION TREATY

FTEJ?Tn;EIL{hIgATIONAL SEARCHING AUTHORITY FI[LE C@PY

To:
SAM PASTERNACK PCT
CHOATE, HALL & STEWART
B N ATIONAL ECACE WRITTEN OPINION OF THE
' INTERNATIONAL SEARCHING AUTHORITY
(PCT Rule 43bis.1)

Date of mailing

{day/montiiyaar)
Applivant’s or agenl's file reforence FOR FURTHER ACTION

See paragraph 2 below

2006734-0002
Intermationn] application No, Internationa! filing date (day/monthiear) Priority dute (day/monthivear)
PCT/IB07/03004 06 March 2007 (06.03,2007) 08 March 2006 (08.03.2006)
International Patent Classification (IPC) or both national classification and IPC
IPC: Please Sce Continuation Sheet
USPC:  123/447,1A,300,304,431,478,575,577, 198C,198A;701/101
Applicant
ETHANOL BOOSTING SYSTEMS, LLC

1, This opinlon contains indicatlons relating to the following items:

’x‘ Box No. | Basis of the opinion

Box No. 11 Priority

Box No, 1]] Non-establishment of opinion with regerd lo novelty, inventive step and industrial epplicability
Box No. IV Lack of unity of invention

Box No. V Reasoned statement under Rule 43415, 1{a)(i) with regerd to novelty, inventive step or industrial
applicabllity; citations and cxplenations supporting such statement

Box No, VI Certain documents cited

Box No. VII Certain defects in the International appllication

LD }XOdo

Box No, VI Certain observations on the international application

2, FURTHER ACTION

Il a demand For inlernationa) preliminary examination is made, this opinion will be considered to be a wrilien apinion of the
Intermutlonsl Prellminary Exemining Authority ("IPEA") except thal this does not apply where the spplicant chooses an
Authority other than this one 1o be the IPEA and the chosen [PEA has notified the International Bureau under Rule 66.1bis(b)
that written opinlons of this International Searching Authority will not be 5o considered,

If this opinicn is, as provided above, considered to be a writlen opinion of the IPEA, the applicent is invited to submit to the
IPEA a writien reply together, where appropriate, with umendments, before the expiration of 3 months from the date of meiling
of Form PCT/1SA/220 or before the expiration of 22 months from the priority date, whichever expires later,

For further options, see Form PCT/1SA/220.

3. For further details, see notes to Form PCT/ISA/220,

Alexandria, Virginia 22313-1450
Facsimile No. (571) 273-3201

Telephone No. (571) 272-4383

Neme wid mailing nddress of the 1SA/ US Date of completion of this opinion | Authorized officer _
Mail Stup PCT, Aln, 1SA/US
Commissloner for Patents 08 June 2008 (08.06.2008) Stephen K Cronin 7
P.O, Bax 1450 :

Farm PCTSA/237 (cover sheet) (April 2007)

EBS-00002004

FORD Ex. 1144, page 168
IPR2020-00013




PCT/IB2007/. 3004 09.07.2008

Trisraational apal .
WRITTEN OPINION OF THE nlemationd jE}Tﬂmleq COPY
INTERNATIONAL SEARCHING AUTHORITY PCTAB07/03 i

Box No. 1 Basis of this opinion

1. With regard to the [anguage, this opinlon has been established on the basls of:

X  the international application In the language in which it was filed

[:] a translalion of the international epplication Into , which is the language of a translation furnished for the purposes of

2]

international search (Rules 12,3(a) and 23.1(b)). N
This opinion has been established teking into account the rectification of an obvious mistake puthorized by or notified lo this
Authority under Rule 91 (Rule 43bis,1(a))

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established an the basis of:

+0

type of material
D a sequence listing
l:] table(s) refated to the sequence listing

format of moterial
D on paper

l:l in elcctronic form

time of filing/furnishing

l:] contained in the international application as filed,
D filed together with the internatianel application in electronic form.

D furnished subsequently to this Authority for the purposes of search.

In addition, in the case that more than one version or copy of a sequence listing and/or table(s) relating thereto has becn filed
or furnished, the required statements that the information in the subsequert or additional copies is identical ta that in the
application as filed or does not go beyond the application as filed, as appropriate, were furnished,

5. Additional comments:

Farm PCT/ISA/237(Box No. [) (April 2007)

E£BS-00002005

FORD Ex. 1144, page 169
IPR2020-00013



j PCT/IB2007/C 1004 09.07.2008

WRITTEN OPINION OF THE L“é?r“ﬂgbﬁ??gg%mjﬁ C@PY

INTERNATIONAL SEARCHING AUTHORITY

Box No. V Reasoned statement under Rule 43 is.I(a)(i) with regard to novelty, inventive step or industrial
applicability; citations and cxplanatlons supporting such statement

1, Statement

Novelty (N) Claims }-15 YES
Cleims NONE NO
Inventlve step (1S) Claims 1-15 YES
Claims NONE NO
Industrial applicability (1A) Claims 1-15 YES
Claims NONE NO

2, Citations and explanations:

Claims 1-15 meet the criteria set out in PCT Article 33(2)-(3), because the prior art does not teach or fairly suggest claimed invention,

Cleim1-15 meet the criteria set out in PCT Article 33(4), and thus have industrial applicability because the subject matter claimed can
be made or used in industry, :

Form PCTASA/237 (Box No. V) (April 2007)

EBS-00002006
FORD Ex. 1144, page 170
IPR2020-00013



PCT/IB2007/. 3004 09.07.2008

IntermationalrupphigatipmN
WRITTEN OPINION OF THE ' PCT/IBO7/ Lgfti; C@PY
INTERNATIONAL SEARCHING AUTHORITY

Supplemental Box
In case the space In any of the preceding boxes is not sufficient.

Continuation of IPC:
F02M 63/00( 2006,01),43/00( 2006.01);F02B 47/00( 2006,01),47/04( 2006.01),13/00( 2006.01),13/10( 2006.01)

Form PCT/1SA/237 (Supplemental Box) (April 2007)

EBS-00002007
FORD Ex. 1144, page 171

IPR2020-00013
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PATENT COOPERATION TREA . ¥ MAR 2 § 2008 D

From the INTERNATIONAL SEARCHING AUTHORITY PATENT DEPARTMENT

To: Sam Pasternack P'Cr_l‘

" Choate, Hall & Stewart
Two Intemmatlonal Place
Boston, Massachusetts 02110 NOTIFICATION OF TRANSMITTAL OF

THE INTERNATIONAL SEARCH REPORT AND

THE WRITTEN OPINION OF THE INTERNATIONAL

SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)

Date of inailing
(day/monih/year)

Applicant’s or agent’s file reference
2006734-0003PC

International application No. Interuuuvual filing date

PCT/US 07/05777 (day/monthiyear) 08 March 2007 (08.03.2007)

FOR FUIV" < ACTION See paragraphs 1 and 4 helow

Applicant Ethanol Boosting Systems, LLC

i The applicant is hereby notified that the intemational search report and the writtcn opinion of the International Searching
Authority have becn establishcd and are transmitted herewith.

Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the intemational application (see Rule 46):
When? The time limit for filing such nmendments is normally two months from the date of transmittal of the
international search report.
Where? Directly to the Intemational Burenu of WIPO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Facsimile No.: +41 22 740 14 35

For more detatled instructions, see the notes on the accompanying sheet.

2 |:| The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith,

3 D With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the upplicant is nolified that;

the protest together with the decision thereon has been transmitted to the Intemational Burcau together with the
applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices.

D no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

4. Reminders

Shortly after the expiration of 18 months from the priority date, the international application will be published by the
International Bureau. 1f the applicant wishes to avoid or postpone publication, 8 notice of withdrawal of the international
upplication, or of the priority elnim, must reach the Intemational Burcou os provided in Rules 90bis. | and 905133, respectively,
before the campletion of the technical preparations for intemational publication,

The applicant may submit comments on an informal busis on the written opinion of the International Scarching Authority to the
International Burewu,  The International Burcau will gend o copy of such comments to all designated Offices unless an
international preliminary examination report has been or 1 to be established. These commients would nlso he made available 1o
the public but not before the expiration of 30 months from the priority date.

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for internationsl preliminury
examination must he filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescrihed
acts for entry into the netonal phase before those designated Offices.

In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19
months.

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office hy Office, see the PCT Applicant's
Guide, Volume [1, National Chapters and the WIPO Internet site.

Naome and mailing address of the ISA/US Authorized officer:
Mall Stop PCT, Attn: ISA/US Lec W. Young
Commissioner for Palenls '
P.O. If“iox' 1450, Alexandria, Virglnla 22313-1450 PCT Holpdosk: 671-272.4300
Facsimile No, 571-273-3201 PCT OSP: 571-272-7774
Form PCT/ISA/220 (January 2004) (See noles on accompanying sheet)
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‘THE INTERNATIONAL SEARCH REPORT AND
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(PCT Rule 44.1)

Dule of mailing
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FOR FURTHER ACTION  See paragraphs 1 and 4 below

Applicant's or agent’s file reference

2006734-0003PC

International application No. International filing date

PCT/US 07/05777 (day/monthiyear) 08 March 2007 (08.03.2007)

Applicant Ethanol Boosting Systems, LLC

I IZ] The applicant is hereby notified that the international se#rch report and the wrilten opinion of the Inlernationul Seurching
Authority have been cstablished and are transmitted herewith

Filing of nmendments nnd statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46):

When? The time limit for filing such amendments is normally two months trom the date of transmittal of the

internutional search report. R )
Locketed

Where? Directly to the Intermational Bureau of WIPO, 34 chemin des Colon
For more detailed instructions, s¢e the notes on the sccompanying sheet. j ,J‘ [u = y
ldi4 i 25,
1 /7
2, D The applicant is hereby notified that no international search report will be established and that the declaralion ng AP

1211 Geneva 20, Switzerland, Faesimile No,: +41 22 740 14 35
Article 17(2)(s) lo that effect and the wrillen opinion of the Interational Searching Authority are trunsmitted herewith.
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3. D With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

the protest together with the decision thereon has been trnnsinilled (o the Intemational Buresu logether with the
applicant's request to forward the texts of both the protest and the declsion thereon o the designated Offices.

D no decision has been made yet on the protest; the applicant will be nolified us soon as a decision is made.

4. Reminders

Shortly after the expiralion of 18 months from the priority dute, the intemmational npplication will be published by the
International Bureau. If the applicant wishes to avoid or postpane publication, a notice of withdrawal of the intemational
application, or of the priority clalm, must reach the International Bureau as provided in Rules 90bis. | and 90bis.3, respectively,
before the completion of the technical preparations for international publication.

The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to the
International Bureau, The International Bureau will send a copy of such comments to all designated Offices unless an
intcrnational preliminary examination report has been or is to be cstablished. These comments would also he made available to
the public but not before the expiration of 30 months from the priority date.

Within 19 months from the priority dalte, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to Fnstpuna the entry into the national phase until 30 months from the priority
dute (ins same Offices even later); otherwise, the upplicant must, within 20 months frum the priority date, pertorm the prescribed
acts for enlry into the national phase before those designated Offices,

In respect of other designated Offices, the time limit of 30 months (or later) will apply cven if no demand is filed within 19
months. :

See the Annex to Form PCT/IB/30| and, for details about the applicable time limits, Office by Office, see the PCT Applicant's
Gulde, Volume 1], National Chapters snd the WIPO Internet site.
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Name and mailing address of the ISA/US Authorized officer:

Mall Stop PCT, Attn: ISA/US Lee W. Yol

P.0, Box 1450, Alexandrla, Virginla 22313-1460 PCT Helpdesk: 571-272-4300 MAR 2 6 2008
Facsimile No. §71-273-3201 PGT OSP: 671-272-7774
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PATENT COOPERATION TRE:.+Y

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent's file reference FOR FURTHER see Form PCT/ISA/220
2006734-0003PC ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/monti/year) (Earliest) Priority Date (day/month/year)
PCT/US 07/05777 08 March 2007 (08.03.2007) 10 March 2006 (10.03.20086)

Applicant
Ethanol Boosting Systems, LLC

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of 9’\ sheets,

E It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a, Wilh regard lo the langusage, the intemational search was carried out un the basis of:
the international application in the language in which it was filed.

I:] a trenslation of the intemational applicationinto .~~~ which is the language of
a translation furnished for the purposes of internotional search (Rules 12.3(a) and 23.1(b)).

This international scarch report has been established taking into eccount the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6b/s(a)).

b. []
c. I:] With regard to any nucleotide and/or amino acld sequence disclosed in the international application, sec Box No. 1.
D Certaln claims were found unscarchable (see Box No. 11).

Unity of Invention is lacking (sec Box No. [I1).

4. With regard to the title,
the text is appioved as submitted by the applicant.

the text has been established by this Authority ta read as follows:

5. With regard to the abstract,
the texl is approved as submitied by the applicant,
‘_I the tex( has been eslablished, according to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this Intemational search report, submit comments to this Authority.

6, With regard to the dr-awings.

a. lhe figure of the drawings (o be published with the abstract is Figure No. 1

DECEIV
< MAR 2 6. 2008
PATENT DEPARTMERNT

as suggested by the applicant

as sclected by this Authority, because the applicant failed to suggest a figure.

D as selected by this Authority, because this figure better characterizes the invention.

b. D none of the figures is to be published with the abstract.

Form PCT/ISA/210 (first sheet) (April 2007)

EBS-00002010
FORD Ex. 1144, page 174
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INTERNA . sONAL SEARCH REPORT International application No.
PCT/US 07/05777

A. CLASSIFICATION OF SUBTECT MATTER
IPC(8) - F02B 77/04 (2007.10)
USPC - 123/198A

According to International Patent Classification (IPC) or to hoth national classification and IPC
B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
USRC: 123/198A

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC: 123/198R, 406,29, 406.47 (text search - see tenms below)

Electronic data base consulted during the intemnational scarch (name of data base and, where practicable, search terms used)
PubWEST(USPT,PGPB,EPAB,JPAB); Google Patents; Coogle Scholar

Search Terms: gasoline engine, ethanol, direct Injeclion, engine knock, emlssions, restart, control system, shut down, deceleration, port
Infection, motor

C. DOCIMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y Calculations of Knock Suppression in Highly Turbocharged Gaeolin/Ethanol Engines Using 1-18
Direct Ethanol Injection (L. Bromberg et al.) 23 February 2006 (23.02.2008), enlire document
especlally Abstract, Section |, para [0003], Sectiun il, para [0001], [0003], [0006]

Y US 4,312,310 A (Chivilo' et al.)} 26 January 1982 (26.01.1882), col 2, In 20-26 and in 36-54 1-18
Y US 6,358,180 B1 (Kurada et al.) 19 March 2002 (19.03.2002), Fig 4, co! 3, In 65-67 tacol 4,In 1 | 2, 9-10, 13-18
-15, col 8, In 3-27col 12, In 54-56

Y US 4,974,416 A {Taylor) U4 December 199D (04.12,1890), col 4, In 15-21 5

Y US 6,260,525 B1 (Moyer) 17 July 2001 (17.07.2001), col 3, in 5-8 G, 8, 13-18

Y US 4,967,714 A (Inoue) 06 November 1990 (06.11.1990), col 3, In 27-30 end In 66-67 11

L—_] Further documents are listed in the continuation of Box C. I:I

* Special categories of cited documents: “T  Inter document published after the internationnl fling :Intu_ur{griorily

“A" document defining the general state of the url which is nut considered date and not n confict with the ap&hqsuun but cited to understand
to be of particular relevance the principle or theory underlying the invention

“E"  earlicr upplication or patent but published on or afier the inlernationa!  “X™  document of particular relevance; the claimed invention cunnot be
filing date considered novel or cannot be considered to involve an inventlve

i duc:j.lmml wr‘lill:r} mll:y lhrbu‘\y d:_)ubu; on pl;.iurilymclnim(s). ur whic&is step when the document is laken alone
sited to establish the publication date of another citation or other wyw  goayment of particular relevance; the claimed invention cannat be
specinl reason (as specificd) " considered tg involve an inveniive step when the document is

“"O" documnent referring to an oral disclosure, use, exhibitlon or other combined with one or more other such ducurments, such sumbination
means being obvious 10 & person skilled in the art

“P"  document published prior to the international filing date butlater than g gocument member of the same patent family
the priority datc claimed

Date of the actual completion of the international search Datc of mailing of the internationa} search report
03 December 2007 (03,12.2007) 2 4 MAR 20 08

Name and mailing uddress of the ISA/US Authorized officer:
Malt Stap PCT, Attn: ISA/US, Commissloner for Patents Les W. Young
P.O. \.30>‘< 1450, Alexandria, Virginla 22313-1450 PCT Halprinsk: 571.277-4300

Facsimile No.  571-273-3201 PCT OBP: 671-272-7774

Form PCT/ISA/210 (second sheet) (April 2007)
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From the

INTERNATIONAL SEARCHING AUTHORITY

To: Sam Paslernack
Cheate, Hall & Stewart
Two International Place
Boston, Massachusetts 02110

PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Datc of mailing
(day/inonth/year)

24 MAR 2008

Applicant's or agent’s file reference

2006734-0003PC

FOR FURTHER ACTION

Sec paragraph 2 below

Intcrnational application No.

PCT/US 07/05777

International filing dote (day/month/vear)
08 March 2007 (08.03.2007)

Priority date (day/monthlyear)
10 March 2006 (10.03.2006)

IPC(8) - FO2B 77/04 (2007.10)

Intemnational Patent Classification (IPC) or both national classification and IPC

2. FURTHER ACTION

USPC - 123/198A
Applicant  Ethanol Boosting Systems, LLC
I Thix opinion conlaing indiestions refuting to the fullowing items:

Docketed

X} Box No. | Basis of the opinion D
D Box No. I] Priority u @ L!?&?@_t" {1 ',,é. !u ‘E% ﬁgm worl~
I:] Box No. ITl Non-establishment of apinion with regard to novelty, inventive step and industrial applicability {3%
I:l Box No. IV Lack of unity of invention MC;‘L,
IZ] Box No. V. Reasoned statemnent under Rule 43bis.1(n)(i) with regard to navelty, inventive step or industrial applicability;
citations and explanations supporting such statement
D Box No. VI Certain documents cited
D Box No. VIl Certain defects in the international application
l:] Box No. VIII Certain observations on the intemational application

If 8 decmand for intcrnntional preliminary cxamination is made, this opinion will be congidered to be a written opinion of the
Iniernational Preliminary Examining Authority ("IPEA™) except that this does not apply wlhere the applicant chaases an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1bis(b) that written
opinions of this International Searching Authority will not be so considered.

If this opinion is, #s provided above, considered (o be o written opinion of the IPEA, the applicant Is invited 1o submit fo the IPEA
a written reply tagether, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Form
PCTASA/220 or before the expiration of 22 months from the priority date, whichever expires later,

For further options, see Form PCT/ISA/220.

3. For further detoils, see notes to Form PCT/ISA/220.

Commissioner for Patents
P.C. Box 1460, Alexandria, Virginla 22313-1450

Facsimile No, 571-273-3201

OATENT DEPARTMENT
t — ——
Name and mailing address of the ISA/US | Date of completion of this opinion Authorized officer:
Mall Stop PCT, Atin: ISA/US Lee W. Young

03 December 2007 (03.12.2007)

PCT Helpdesk: 571-272-4300
PCT OBP: 571-272-7774

Form PCT/ISA/237 (cover sheet) (April 2007)
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY
PCT/US 07/05777

Box No., I Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of:
the international application in the language in which it was filed.

I:l a translation of the international application into which is the language of 8
translation furnished for the purposes of intemational search (Rules 12.3(a) and 23.1(b)).

2 D This opinion has been established taking Into account the rectifiention of an obvlous mistake authorized by or notlfied
to this Authority under Rule 91 (Rule 43bis.1(a))

3. With regard to any nucleotide nnd/or amino acid sequence disclosed in the inlernational npplication, this opinion has been
established on the basis of:

a. type of material

I:I a sequence listing
[:I table(s) related to the sequence listing

b. format of material

I:l on paper

D in electronic form

¢, time of filing/furnishing
D contained in the internatlonal application as filed
I:l filed together with the intenational application in clectronic form

D furnished subscquently to this Authority for the purposes of search

4, D In addition, in the case that more than one version or copy of a sequence listing and/or table(s) relating thereto has been
filed or furnished, the required statements that the information in the subsequent or additional copies is identical to that
In the application as filed or does not go beyond the application as filed, as appropriate, were fumished.

5. Additional comments:

Form PCT/1ISA/237 (Box No. 1) (April 2007)
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCTIUS 07/05777

Bux Nu. V Rensoned statement under Rule 43bis.1(a)(i) with regard to novelty, Inventive step or industrial applcability;
cltations and explnnations supporting such statement

1. Statement

Novelty (N) Claims 1-18 YES
Claims None NO
Inventive step (IS) Claims Nane YES
Claims =18 NO
Industrial applicability (1A) Claims 1-18 YES
Claims None NO

2. Citations and explanations:

Claims 1, 3-4, 7 and 12 lack an inventive step under PCT Article 33(3) as being cbvlous over the article entitled "Calculations of Knock
Suppresslon In Highly Turbocharged Gasoline/Ethanal Englnes Using Direct Ethanol Injection” by L. Bromberg et al. (herelnafter
‘Bromberg') in view of US 4,312,310 A lo Chivilo el al. {hereinafter ‘Chivila*).

As per clalm 1, Bromberg discloses a fuel management system [or operatlon of a spark Ignition gasoline engine In a vehicle comprising: a
gasoline englne powerlng the vehlcle (see Abstract); a source of gasollne for Introductlon Into the sngine (sae Section I, para [0003}); a
separate source of ethanal (sea Section |1, para (0003]); an Injector for diract injectlan of the sthanol into a cylinder of the engine (see
Secllon 11, para (0001]). Bromberg does not disclose a control system for shutting down the englne by stopping gasoline and ethenal flow
into the engine during vehicle deceleratlon and idling and restarting the engine upon driver demand. Chivilo discloses a control syslem for
shutting down the engine by stopping gasoline flow Into the engine during vehicle deceleration and Idling and restarting the englne upon
driver demand (col 2, In 20-28 and In 38-54). It would have been obvious to one of ordinary skill in the art to madify the fuel management
system as disclosed by Brombarg with the contral system as taught by Chivllo since a major development in the system disclased by
Bromberg Is fuel conservallon end an obvious way (¢ congerve fuel Is to shul down the englne during Idle or deceieration.

As per claim 3, Bromberg further discloses the system wherein the englne uses direct ethanol Injection during a renge of engine operating
conditions to prevent engine knock (see Section |, para [0008]), Brombery dees nol speclfically disclose direot ethanal Injeolion during
engine restart to pravent engine knock. However, it wauld have been obvious to ane of ordinary skill In the art to Include ethanol Injaction
during engine restart as one of the operating conditlons since engine knock often occurs durlng restart and one of the objects of Bromberg
is to prevent engine knock.

As per claim 4, Bromberg dlscloses the system whereln the engine uses direct ethanol Injection to minimize hydrocarbon emlsslons (see
Section I, para [0006]). Bromberg does not specifically disclose dirsct ethanal injection during sngine restart to minimize hydrocarbon
emisslons. Howaver, It would have been obvlous to one of ordinary skill in the art to Include ethanol Injection during engine restart to
minimize hydracarbon emissions sinee hydrocarbon emisslons can be high durng restart and one of the objects of Bramberg Is to
minimize hyrdrocarbon smisslons.

As per claim 7, Bromberg furlher discloses the system whereln lhe engine is turbocharged or supercharged (see Section 11, para [0001]).

As per claim 12, Brumberg further discloso the systern wherein gasoline 1s not used and ethanol, E85, methanol, other alcohols or a blend
thereaf are used as the only fuel (sas Abstract). Bromberg states direct ethanol Injection could be be used ta displace gasoline.

Claims 2, 9 and 10 lack an Inventive step under PCT Article 33(3) as belng obvious over Bromberg in view of Chivilo, further In view of US
8,358,180 B1 lo Kuroda el al. (herginalter 'Kuroda').

As per claim 2, Chivllo dlecloses & control system for shutting down the engine by stopping gasoline flow into the engine during vehicle
deceleration and idling and restarting the engine upon driver demand (co! 2, In 20-26 and In 36-54). Chlvila does nat specificaily disclose
wherain the control syslem disables the shulting down of the engine during deceleration and Idling when an auxlllary pawer or energy
requirement exceeds & selected level Kuroda discloses wherein the control system disables the shutling down af he engine during
decelaratiun and idling when an auxiliary power or energy requirament exceeds a salactad lavel (ool 3, In 65-67 to col 4, In 1-156), It would
have been obvious to one of ordinary skill in the art to modify the control system as disclosed by Chivilo with the system as taught by
Ruroda, sinee bath refate to (he lechnology of shutling engines down lo conserve fusl and since such would avold having the engine shut
down when the batteries are unable to perform Impartant fupctlons such as restarting,

At per clalim 9, Kuroda further discloses the system further including a 12V motor to restart the engine after shutdown during deceleration
andlor ldie (Fig 4; col 12, In 54-58).

— Please See Conlinualion Sheel —-

Form PCT/ISA/237 (Box No. V).(April 2007)
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INTERNATIONAL SEARCHING AUTHORITY
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Supplemental Box

In case the space in any of the preceding boxes [s not sufficient.

Continuation of: )
Box V. 2. Citations and explanations:

As per claim 10, Kuroda further discloses the system Including a restart motor (Fig 4; col 12, In 54-56), wherein the low voltage motar Is a
low valtage matar (Fig 4 - the motor used for restarting the englne Is a low voitage motor operating on 12 V).

Clalm 5 lacks an Inventlve step under PCT Article 33(3) ae belng obvlous over Bromberg In view of Chivllo, further In view of US 4,874,416
A (Taylor).

A per claim 5, Bromberg discloses tha system wherein the engine uses direct injection (see Seclion [I, para [0001]). Bromberg does not
spacifically disclose the system wherein the engine uses direct injection during engine restart ta supplemeant part fuel injeation while a fusl
film that feeds the engine Is established so as lo minimize energy, emlsslons and time required for engjne restart. Taylor discloses a
system wherein the engine Includes porl fuel injection while & Tuel flm that feeds the englne Is established (col 4, In 16-21). It would have
bean ebvious to ane of ardinary skill in the art to modily the system as disclosad by Bromberg with the port fuel injection and fusi fim as
taught by Taylor, since It Is well known In the art to supplement port Injection with direct injection and since fuel films are well known and
the use of such wauld have minimized aneigy, vnissions and Lime requlred for engine reslan.

Claims 6 and 8 lack an inventive step under PCT Arlicle 33(3) as being obvious over Bromberg in view of Chivilo, further in view of US
6,260,525 B1 (Moyer).

As per claim B, Chivile discloses a control system for shutting down the sngine by stopping gasoline flow inta the engine (cal 2, In 20-26
and In 38-54). Chivilo does not specifically disclose the system further including a valve disabler for all engine valves. Moyer discloses lhe
systern further including a valve disabler for all engine valves (col 3, In 5-8), I would have baen obvious to ene of ordinary skill in the art [0
modify the system as disclosed by Chivilo and Bromberg with the valve disabler as taught by Moyer, since all relate to the technology of
shutting engines down to conserve fuel and since such would have enagled the engine to be a varlablg displacement engine so that when
Jess than maximim pawer is required some pylinders can be shul down and power increased in the remalining cylinders which will then
operate at greater efflciency.

As per clair 8, Brombery further discloses the system whereln max!mum manifold pressure |s Increased by at least a factor of two aver a
non-pressure-boosted engine (see Abstract).

Clalms 11 lacks an Invenlive step under PCT Arlicle 33(3) as being obvious over Bromberg in view of Chivilo, further in view ol US
4,967,714 A (Inoue).

As per claim 11, Bromberg further discloses (he syslem wherein the ethanol |s Injected through a fuel Injector (see Section 11, para [0001]).
Bromber does not specifically disclose wheraln the pasaline and the ethanol are Injected through the seme fuel Injector. Inoue discloses
the system wherein the gasoline and the ethanol are Injacled through the same fuel Injector (col 3, In 27-30 and In 66-87). I would have
been obvious to ane of ardinary skill in the an to modify the system as disclosed by Brombarg (o enable the system ta inject othanol and
gasoline through the same fuel Injector as taught by Inoue, since both relate lo the technology of ethanel burning systems and since such
would have prinbled Ihe system to operate using only one fuel injector per cylinder which Is a well known design to one of ardinary sklll In
the art.

Clalms 13-18 lack an Inventive step under PCT Article 33(3) as being obvlous over Bromberg In view of Chivllo, further In view of Kuroda,
further in view of Moyer.

As per clalm 13, Bromberg discloses a lurbocharged spark Ignition engine which uses separalaly controlled direct Injection of ethanol and
port fuel Injection of gascline (see Abstract). Bromberg does not specifically disclosa where the engine is shul down during periods of
deceleration and ldle. KKuroda discloses where the engine Is shut down during periods of deceleration and Idie (col 8, In 3-27). Bromberg
further discloses the englne comprising a first source of gesoline (see Seciion Il, para [0003]): a second source of ethanol (see Section I,
para [D003]); a gasoline mngine (sea Abstract), Brombearg does nat spacifically disclose a means to angine eylinder daactivation through
valve disabling during sngine deceleretion and idling. Moyer dlecloses a means to engine cylinder deaclivation through vaive disabling
fool 3, In 5-8), It would have been obvious to one of ordinary skill in the art to madify the engine as disclosed by Bromberg with the shut
down during deceleration and idle as taught by Kuroda and the disabling of the valves as taught by Moyer, sinca all relale lo the
technology of improving fuel economy end since the disabling of the valves Is well known in the aft as an effective way to shul down the
engine and sinca shutting down the angina during deceleration and idle is an obvious means to conserving fusl.

Ag per claim 14, Bromberg further discloses the wrbocharged spark ignition engine (see Section Il, para [0001]) wharein [he engine uses
diract ethanal Injaction during a range of engine operating conditions to pravant anglne knock (see Section |, para [00C3]). Bromberg does
not speclfically disclose direct sthanol injection during engine restart lo prevent engine knock, However, it would have been obvious lo
one of ordinary skill in thé art o includs ethanol Injection during engine restart as one of the operating conditions since angine knock often
oceurs during restart and one of the objects of Bromberg [s to prevent engline knock.

—- Pleaese See Continuation Sheet ---
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international application No.

WRITTEN OPINION OF THE
PCT/US 07/05777

INTERNATIONAL SEARCHING AUTHQRITY

Supplemental Box

In case the spnce in any of the preceding boxes Is not sufflcient.

Continvation of:
Suplemental Box 1:

As per claim 15, Bromberg discloses the turbocharged spark tgnition engine (see Saction Ii, para [0001]) whersln the engine uses direct
athanol injectlon to minimize hydrocarbon emissions (sea Sectlon i, para [0006]). Bromberg does not specifically disclose direct sthanol
Injectlon during englne restart to minimize hydracarbon emisslons. However, it would have been obvious to one of ordinary skill in the art
to Include ethanol injaction during angine restart to minimize hydrocarban smisslons slnce hydrocarbon emisslons can be high during
restarl and one of the abjects of Bromberg Is to minlmize hyrdrocarbon emlssions.

At per clain 18, Bromberg disclusas the turbocharged spark ignition angine (ses Section II, para [0001)). Bromberg does nol specifically
disclose the wrbocharged spark Ignition engine where & low voltage motor is used to restart the engine. Kuroda discloses the system
whereln the low vollage motor is a low voltage motor (Fig 4; col 12, In 54-66), Furthermare, It would have been ohvious to ane of ordinary
skill in the art to madify the engine as disclosad by Bramberg and Chivilo with the law valtage motor for restart since maost vehicles
currently operate with & 12 V battery and using a low voltage motor for restart would not require an additional battery for operating the
restart motor. :

As perclalm 17, Brombery discloses o Wibocharged spark ignilion engine which usas separately contralled difect Injectian of ethanol and
port fuel Injaction of gascline (see Abstract). Bromberg does not specifically disclase where the engine Is shut down during periods of
deceleralion and Idie, Kurcda discloses where the engine Is shut down during perinds of decaleration and idle (ool 8, In 3-27). Bromberg
further discloses the engine comprising a first source of gasoline (see Seclion I, para [0003]), @ second source of ethanol (ssa Saction 1],
para [0003]); a gasollne engine (see Abstract), Bromberg doss not specifically disciose 2 means to disable the engine cylinders and
where direct ethanol injection is used during engine restart and furthar where a low voltage motor is used lor engine rostart. Moyer
disaloses o means to angine cylinder deactivation through valve disabling (col 3, In 5-8). Kuroda further discloses where a low voltage
motor |s used for engine restart (Fig 4; col 12, In 54-56), |t would have been obvious 1o one of ordinary skill in the art to modify the englne
au distlosed by Brambarg with the shut down during deceleration and Idie and low yoltage restart motor as taught by Kurods and the
disabling of the valves as taught by Moyar, since all relate to the technology of Impraving fusl ecenomy and since the disabling of the
valves is well known in the art as an effective way to shut down the engine and since shutting down the engine during deceleration and idia
Is an obvious means to conserving luel.

As per claim 18, Bromberg discloses o lurbocharged spark Ignition endgine which uses direct Injectlon of ethanal (see Abstract), Bromibery
does not specifically disclose whers the englne Is shul down duiing periods of deceleratian and idle campriring a wrhocharged spark
lgnition englne: and a means to shutdown the engine cylinders and where direct athanol Injection Is used during engine restart and further
where a low voltaga motor is used lor engine restarl, Kuroda disclosoy where the engine |s shut dewn during periods of deceleration and
ldle (col 8, In 3-27). Moyer discloses a means to engine cylinder deactivation through valve disabling (col 8, In §-8). Kuroda further
discloses where a low voltage motor s used for engine restart (Fig 4t col 12, In 54-58). It would have been obvious to one of ordinary skill
in the an to modify the angine as disclosed by Bromberg with the shut down during decaélaration and idle and low vellage restart molor as
taught by KKuroda and the disabling of the valves as taught by Mayer, since all relate to the technology of Improving fual ecanamy and
since the disabling of the valves is well known in the arl as an effectlve way o shul down the engine and sinee shutting down the engine
durlng deceleration and Idle is an obvlous means to consarving fuel.

Clatms 1-18 have Industrial applicabliity as defined by PCT Article 33(4) because ths sublect mattar can be made or used In Industry.
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CHOATE, HALL & STEWART I.LLP
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s NOTIFICATION OF TRANSMITTAL OF

Wy THE INTERNATIONAL SEARCH REPORT AND
e ﬂ L— C’ \G\’ THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)

@ i

i ug\ - -
;)L} & :‘L-a._‘,;.gmﬁnﬂ-ﬂ Date of mailing 2 5 F E 200
z (dawmonthiyear) 0 B B
Applicant's or agent’s file reference
2(119(1)96734-0015 %/ FOR FURTHER ACTION See paragraphs 1 and 4 below
International appllcation No. International filing datc
PCT/US07/74227 (day/monthryear) 24 July 2007 (24.07.2007)

Applicant
ETHANOL BOOSTING SYSTEMS, LLC

3

g The applicant is hereby notified that the international search report and the written opinion of the Intemational Searching, Authorily
have been established und are transmitted herewith.

Flling of amendments and statement under Artlcle 19;
The applicant is entitled, if he so wishes, to amend the cluims ol the intemativnal opplicalion (see Rule 46):

When? The time limit for filing such amendments is normally two months from the date of transmittal of the international
search report.

Where? Directly to the Intenational Bureau of WIPO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Facsimile No : (41-22) 338.82.70.

For more detalled Instructlons, see the notes on the accompanying sheet,

The applicant is hereby notified that no intcmational search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the Internalional Searching Authority ars transmilled herewith,

D With regard to the prolest agoinst payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

D the protest together with the decision thereon has been ransmitted to the International Bureau togetlier with the applicant’s
request to forward the texts of both the protest and the decision thereon to the designated OfTices

no decision has been made yet on the pratest; the applicant will be notified as soon as a decision is made.

Reminders

Shortly after the expiralion of 18 months from the priority date, the intemational application will be published by the Internntionnl
Bureau, If the applicant wishes to avoid or postpuue publication, a notice of withdrawal of the international application, or of the
priority claim, must reach the International Bureau as provided In Rules 9047s.1 and 90b1s.3, respectively, before the completion of the
technical preparations for intermational publicatlon,

The applicant may submil comments on an informal basis on the written opinion of the International Searching Autherity to the
International Bureau. The Intemnational Bureau will send a copy of such comments to all designated Offices unless an international
preliminary examination report hes been or is to be established. These comments would also be made available to the public but not
before the expiration of 30 months from Lhe priority date.

Within 19 meonths from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wlshes to postpone the cntry into the national phasc until 30 months from the priority date
(in some Offices even later); olherwise, the applicant must, within 20 months from the priority date, perform the presuribed acts for
entry into the nutivnal phase before those designated Offices,

In respect of other designated Offices, the time limit of 30 months (or later) will epply even if no demand is filed within |9 months.
See the Annex W Funi PCT/1B/301 and, for delails about the applicable time limits, Office by Office, see the PCT Applicant's Guide,
Volume U, National Chapters and the WIPO Internet site.

Name and muiling address of the ISA/ US Authorized officer
Mail Stop PCT, Atm: I[SA/US
Commissioner for Patents Stephen K Cronin!
Form PCT/1SA/220 (January 2004) E @ E HWTE:;

P.O.Box 1450
Alexandria, Virginin 22313-1450 Telephone No. (571) 272-4383
] Facsimile No. (571) 273-3201

A

FEB 2 7 2008

BATENT DEPARTMENT

Bompanylng J;;u-r)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent's file referance FOR FURTHER sec Form PCT/ISA/220

2006734-0015 ACTION as well as, where applicable, item 5 below.

Intemnational application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/1IS07/74227 24 July 2007 (24.07.2007) 24 July 2006 (24.07.2006)

Applicant

ETHANOL BOOSTING SYSTEMS, LLC

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18, A copy is being transmitted to the Intermational Bureau.,

This international search report consists of a total of L sheets.

It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the Report
a.  With regard to the language, the intemational search was carried out on the basis of:

the International application in the language in which it was filed.

l:l a translation of the international application into , which is the language
of a translation furnished for the purposes of intemational search (Rules 12.3(e) and 23.1(b))

b. E[ Wilh regard to nny nucleotide and/or amino acid sequence disclosed in the intemational application, see Box No. |

o

Certain claims were found unsearchable (See Box No. IT)

3 I:l Unity of invention is lacking (See Box Na. III)
4. With regard to the title,

the texl is approved as submitted by the applicant.
the text has been established by this Authority to read as follows:

5. With regard to the abstract,
the text is approved ns submitted by the applicant.

the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. V. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority

6. With regard to the drawings,
a. the figuwe of the drawings to be published with the abstract is Figure No. 1

as suggested by the applicant.
as selected by this Authority, because the applicant failed to suggest a figure.
D us selected by this Authorily, because this figure betler characterizes the invention.
b. I:I none of the ﬁ-gurcs is to be published with the abstract.

Form PCT/ISA/210 (first sheel) (April 2005)
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US07/74227
A. CLASSIFICATION OF SUBJECT MATTER
IPC: FO2D 41/30( 2006.01);F02B 1/08( 2006.01)
USPC: 123/1A,431,447,575

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification systém followed by classificetion symbols)
1].5. : 123/1A,300,304,431,447,478,575,577,198C,198A

Documentation searched other than minimum documentation (o the exient that such documents are included in the felds searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
Plense See Continuation Sheel

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.,
X US 2007/0119416 Al (Boyarski) 31 May 2007 (31.05.2007), figures 16, 17, 23, 28, 37, 44, 1-23, 26, 42-48, 56
-— paragraphs [0066], [0107)-[0117], [0284]-[0318], clalms 3, 5, 11, 15. B e
P, Y 24,25,27-41,49-55
X US 2002/01393321 Al (Weissinan el al.) 3 October 2002 (03.10.2002), figure 2, paragraphs 24-25, 27-56
- [vo2z3-(0046]. e
Y 1-23, 26

D Further documents are listed in the continuation ot Box C. I:I See patent family annex.

! Speuial catepericn of cited documents: T later d published after the i innal Gling detc or priority
date and not in sonfliot with the npplicotion bot vited to und d the
“A"  document defining the ganoral stale of the ast which i nol considered to be of principle or theary underlying the inveation
particular relevance
X dacumeat of particulor relevance; the claimed invention connot be
"E™  carlier application or patent published on or after the intemational fillng date congidered novel or cannot be consldersd to Invelve an Inventive siep
when the document i5 aken alone
“L™  dpeument wlhich muy Uuow doubts on priarity clnim(s) or which is cited to
catabilish the publication date of another clistion or other speainl renson (ns "y d of partioular rel : the olalmed Inventon cannot be
specified) considered o involve an inventiva slep when the docwnent is
combincd with one or more ather such documents, such ecamhinntion
“0"  document referring to an oral disctosure, use, exhibition or other means baing pbvious to o parsen skilled in (he art
»p*  document published pdor o the intarmotional filng dace but later than the & document member of Uie same paot family
priorty dule claimed
Date of the actual completion of the inlemational search Date ul’mm’llﬁ of m,zhlﬁguuiunaj search report
07 December 2007 (07.12.2007) 2 5 F t

Name and mailing address of the ISA/US Authorized officer -~ N
Mail Stap PCT, Atin: ISA/US Stephen K Cron W " ZA,‘?L
Commissloner for Patents tephen ronin
P ) Box 1450
Alexandria, Virglnia 22313-1450 Telephone No. (571) 272-4383 %/f

Facsimile No. (571) 273-3201

Form PCT/ISA/210 (second sheet) (April 2005)
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From the

INTERNATIONAL SEARCHING AUTHORITY

gS:M PASTERNACK PCT

CHOATE, HALL & STEWART LLP

TWO INTERNATIONAL PLACE .
BOSTON, MA 02110 WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bls.1)

D ol ety &5 FEB- 2008

Applicant’s or ageut’s file reference FOR FURTHER ACTION

See paragraph 2 below
2006734-0015
Intemmational application No. International filing date (day/mom'h/year) Priority date (day/month/year)
PCT/USQ7/74227 24 July 2007 (24.07.2007) 24 July 2006 (24.07.2006)

International Patent Classification (IPC) or both national classification and IPC

IPC: F02D 41/30( 2006.01);F02B 1/08( 2006.01)
USPC: 123/1A,431,447,575
Applicunt

ETHANOT, BOOSTING SYSTEMS, LLC

1 This opinion conlains indications relaling to the following items:

Box No. I Basis of the opinion

Box No. IT Priority

Box No. III Non-establishment of opinion with regard to novelty, lnventive step and industrial applicability
Box No, IV Lack of unity of invention -

Box No. V Reasoned statement under Rule 43b/s.1(a)(i) with regard to novelly, inventive step or industrial
opplicability; citations and explanations supporting such statement

Box No. V1 Certain documents cited

Box No. VII Cerlain defects in the inlemational application

OO0 XOOOK

Box No. VIl Certain ohservations on the international application

.FURTHER ACTION
If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority ("IPEA") except that this does not apply where the applicant chooses an
Authority other than this onc to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.15/5(5)
that written opinions of this International Searching Authority will not be so considered.

N

If this opinion is, as provided above, considered to be a written opinlon of the IPEA, the applicant is Invited to submit to the
[PEA n written reply together, where appropriate, with amendments, before the expiration of 3 months trom the date of mailing
of Form PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For Further options, see Form PCT/ISA/220.

3. For further details, see notes to Form PCT/ISA/220.

Name and mailing address of the ISA/ US Date of completion of this opinion | Authorized officer
Mall Stop PCT, Attn: ISA/US o
Commissioner for Patents 18 February 2008 (18.02.2008) Stephen K Croni
P.O. Box 1450 :
Alexandrin, Virginia 22313-1450 Telephone No. (571} 272-4383
Facsimile No. (571) 273-3201 P (371)
Form PCT/ISAR37 (cover sheet) (April 2007) L
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WRITTEN OPINION OF THE Intemational application No,

INTERNATIONAL SEARCHING AUTHORITY PCT/US07/74227

Box No. I Basis of this opinion

1. With regard to the lnnguage, this opinion has been established on the basis of:
x the international application in the language in which it was filed

D a translation of the international application into , which is the language of a translation furnished for the purposes of
international scarch (Rules 12.3(n) and 23.1(b}).
2. D This opinion has been established taking-into account the reetification-of an obvious mistake authorized by or notified to this
Authorily under Rule 91 (Rule 43bis.1(a))
3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the hasis of:
a. type of material
D a sequence listing

D table(s) related to the sequence listing

b. format of material
D on paper

I:] in electronic form

c. time of filing/furnishing

D contained in the internationa) application as filed.
D filed together with the international application in ¢lectronlc form.

D furnished subscquently to this Authority for the purposes of search,

4, |:| In addition, in the case that more than one version ar copy of a sequence listing and/or table(s) relating thereto has been filed
or Furnished, the requircd statements that the information in the subsequent or additional copies is identicel to that in the
application as filed or does not go beyond the application as filed, s approprinte, were fumished.

5. Additionn} comments:

Form PCT/SA/237(Box No. T) (April 2007)
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Intemalional application No.
WRITTEN OPINION OF THE PCTAIS07/74227
INTERNATIONAL SEARCHING AUTHORITY

Box No. V Reasoned statement under Rule 43 b/s.1(a)(I) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement
Novelty (N) Claims 1-56 YES
Claims NONE NO
Inventive step (IS) Clalms 1-56 YES
Claims NONE NO
Industrial applicability (1A) Claims {-56 YES
Claims NONE NO

2. Citatlons and explanations:
Claims 1-56 meel the crilerin set oul in PCT Article 33(2)~(3), because the prior art dees not teach or fairly suggest the claimed
inventon.

Claim1-56 meet the criteria set out in PCT Article 33(4), and thus have indusirial applicability because the subject matter claimed can
be made or used in industry.

Form PCTASA/237 (Box No. V) (April 2007)
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HE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNA ITONAL
SEARCHING AUTHORITY, OR THE DECLARATION

\olo&

SAM PASTERNACK
Choate, Hall & Stewart LLP
Two Internatlonal Place

Boston, Massachusetts 021 1UWA \q"ﬂ
AR PrAa- (e Ug.h
Aut\on:&&?wm\*‘ opyh

Due Dute _ N
(PCT Rule 44.1)

Finel Dug Dute L&*‘é}ﬁ_ﬁ:_} 12l - g}

Docket Administratior Date:_iol¥ Wﬂlﬁm 0 CT 20[]8

Applicunt’s u'u‘ﬁEEﬁE ¥

2006734-0021

FOR FURTHER ACTION

See paragraphs | and 4 below

[nticrmational application No.

PCT/US2008/069171

International filing dute

({duymanth.year) 03 July 2008

Applicanl

ETHANQOL BOOSTING SYSTEMS LLC

The tipplicunt is hereby notified that the Internationdl search ceport and the wrilten opinion of the Intermational Scarching
Authority have been established and are transmltted herewith,
Filing of umendments and statement under Article 19:
The applicant is cnolitled, if he so wishes, to amend the claims of the international application (sec Rulc 46):
When?  The time limit for filing such amendments {s normaily two months from lhe date of transmilsl of the
inlernational search report. .

Where? Directly 1o the Internat|onal Bureau of WIPQ, 34 chemin des Colombeltes
1211 Geneva 20, Swilzerland, Facsimile No.. +41 22 740 14 35

For more detailed instructions, sec the notes on the accompanying sheet.

The applicant is hereby notified thel no inlemationnl seurch report will be established and that the decluration under

the protest together with the decision thercon has been transmitied to the Internetional Burcau tagether with the
applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices.

2. [
Article 17(2)(a) to that effcct and the written opinion of the Internationnl Scarching Authority arc transmitted herewith,
3. D With regard fo the prutest ugainst ppyment of (an) nddilional fee(s) under Rule 40 2, the applicant is notified that:
D no declsion has been made yct on the protest; the applicant will be notified as soon ns n decision is made
4, Remlindery

Shortly aRer the expiration of 18 months from the priority date, the internntional application will he pullished by the
Interninlional Bureuu, [f the applicant wishes (v avoid or posipone publivition, o notce ol withdrawal ol the internafional
application, or of the priority claim, must reach the Inicmational Burcau as provided in Rules 90b/s.1 and 90b7s.3, respeetively.
before the completion of the technical preparations for intemational publication,

The spplicant may submit comments on an Informal busis on the written apinion of the [nternational Searching Authority 10 the
International Bureau. The lnlernational Bureau will send n copy of such comments to oll designaled Offices unless an
intemational preliminary exnmination report has been or is 10 be established. These commenls would also be made vvarluble Lo
the public but not before the cxpiration of 30 months from the priority dnte

Within 19 months from the priority dote, but only in respeet of s desiguated OMees, o demand Tor international prelimmnry
exmnination must be filed if the npplicant wishes to pestpene the entry into the nntional phase until 30 months from the priorty
date (in some Offices even later); otherwvise, the applicant must, within 20 months from e priority date, perform the prescribed
acts fir entry into the national phase hefore those designated Offices.

In respect of other designated Offices, the time limit of 30 months (or later) will apply cven if no demand is [iled within 19
months

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCT dpplicant §
Guide, Volume 11, Nationnl Chapters and the WIPO Internet site,

Name and mailing address of the 1SA/US

Mall Stop PCT, Alln: ISAUS
Commilssianor for Polonic
P.O.

Facsimile No. §71-273-3201

Authorized officer:

Blelne R. Copenheaver

Box 1450, Alexandrle, Virginia 22313-1450
571-272-7774

Telephone No.

Form PCTN8A/220 (January 2004)

(See nates an accompanying sheei)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant’s or ngent’s file referance FOR FURTHER sec Form PCT/ISA/220
3006734-0021 ACTION as well as, where applicable, item 5 below.
Internativnul upplication No. International filing date (day/monih/year) (Ewrliest) Priorily Date (day/montivyear}
PCT/US52008/069171 03 July 2008 10 July 2007

Applicant

ETHANOL BOOSTING SYSTEMS LLC

This international search report has been preparcd by this Intenational Searching Aulharity and is transmitied (o the applicant
according to Article 18. A copy is being transmitled to the International Burcau.

This intemational search report consists of a total of i_ sheels.
D It is also accompanied by a copy of each prior art document cited in this report,

1. DBasig of the report
a. Wilh regard to the language, the international search was carried onl on the basis of;

[Z] the international application in the lnnguage in which it was filed

D a translation of the intemational application into _ , which is the language
of a translation fumished for the purposes of international search (Rules 12.3(u) and 23.1(b))

b. ‘:I With regard 1o any nucleotlde and/or nmino acid sequence disclosed in the intemnalional npplication, see Box No. 1.
2 [Z] Certaln claims were found unsearchable (see Box No. 1)
3. [] unity ofinvention Is lacking (sec Box No. 11)

4, With regard to the title,
the text is approved as submitted by the applicant
[:] the text has been established by this Authority to read us follows:

5. With regard Lo the abstract,
[Zl the text is approved as submitled by e applicant

the text has been established, according 10 Rule 38 2(b), by this Authority ns il appears in Box No. I'V. The applicant
may, within on¢ month from the date of mailing ol'this intematianal search report, submit comments 1o this Authority

6. With regard to the drawlngs,
a. the figure of the drawlngs to be published with the abstract is Figure No. 1
D as suggested by the applicant
X as selected by this Authority, becayse the applicant (siled o suggest a figure

D as selected by this Authority, because this figure better charncterizes the invention

b. L—_| none of the figures is to be published with the abstract

Form PCT/1SA/210 (first sheet) (April 2005)
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INTERNATIONAL SEARCH REPORT Intemationa] application No.

PCT/UJ82008/068171

Dox No, II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This inleinstional search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

| I:l Claims Nos.:

because they relale to subject matter not required to be searched by this Authority, namely:

2, I:] Claims Nos.:

because they relate to parts of the internatinnal application that do not comply with the prescribed requirements Lo such un
extent that no meaning ful intermational search can be carried out, specificully:

3. iX’ Cluims Nos.: 15-17, 31-33
beeause they arc dependent claims and are not drafied In accordance with the sccond and third sentences of Rule 6.4(a).

Box No. JI1  Observatlons where unity of invention Is Incking (Continuation of item 3 of first sheet)

This inlemutionsl Searching Authority found mulliple inventions in Lhis internationsi application, os follows:

[ [:] As ll required additional search fees were timely paid by the applicant, this international search report covers all scarchable
cluiins

2. |:| As all searchable claims could be searched without effort justifying additional fees, this Authority did nol invitc payment of
additionn! fees

¥i D As only some ol he reguired additional search fees were timely paid by the applicant, this international search report covers
only those clalms for which fees were paid, specifically claims Nos.:

d l:] No required additional seurch fees were timely puaid by the applicant. Cuuseyuently, this international search report is
restricied 1o the invention first mentioned in the claims; it {s covered by claims Mos.:

Remurk ou Praotest I:l The additional search feus were accompenicd by the applicant's protest and, where applicable. the
payment of a protest fee.

r___] The additional search feey were sccompunied by the applicunt's piotest but the spplicable protest
fee was not paid within the time limit specified in the invitution.

D No protest accompanied the payment of additional search fees.
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To: SAM PASTERNACK
Choate, Hall & Stlewart LLP

Two International Place
Boston, Massachusetls 02110 WRITTEN OPINION OF THE

PCT

INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Date of mailing

(dey/montivyaar) 0 EL} D_GI_ZD_DB ===

2006734-0021

Applicant’s or agent's file reference

FOR FURTHER ACTION
Sec paragraph 2 below

PCT/US2008/089171

Inlernational application No.

International fiting date fday. monrh'year) Priority dule (day. atonth year)

03 July 2008 10 July 2007

USPC - 123/198A

International Patent Classification (1PC) or both national classification and IPC
IPC(8B) - FO2B 77/04 (2008.04)

Applicant

ETHANOL BOOSTING SYSTEMS LLC

[Z] Box No. |

D Box No, 11
X] BoxNo.m
] BoxNo.1v
Box No, V
D Box No. VI
l__-] Box No. VII
]

1 This opinion contains indications reluting lo the lollowing items.

Basis of the opinion -

Priority

Non-establishment of opinion with regard Lo novelty, inventive step and industrial applicability

Lack of unity

Rensoncd statement under Rule 43675, 1(a)(i) with regard 1o novelty, inventive step or industrial applicability:
citations and explanatlons supporting such statement

Certain documents cited
Certain defects in the international application

Box Np. VIl Certain observations on the intemalional apphcation

2. FURTHERACTION

IFs demand for international preliminary examination is made, this opinfon will be considered Lo be o writien vpinion of the
tiernational Preliminay Examining Authority (“IPEA") except that this does not apply whete the spplicant chooses an Authority
other than this ane w0 be e IPEA and the chosen [PEA his notified the Interational Bureou under Rule 66.1515(b) thai written
opinions of this International Scarching Authority will not be so considered.

I this opinion is, as provided sbove, considered 1o be n writlen opinion of the IPEA, the applicant ls inviled to submil lo the IPEA
awritten reply together, where approprinte, with smendments, before tie expiration of 3 months [tom the date ol mailing of FForm
PCTASA220 or before the expiration of 22 months fram the priority date, whichever expires lner

For further options, sce Form PCT/ISA/220.

3 For flurther details, see notes to Form PCT/ISA/220.

of invention

Mall Btop PCT, Alin: ISA/US
Commissioner for Patents

Name and mailing address of the 1SA/US | Date of completion ol this opinion Authorized officer:

P.0. Box 1460, Aloxandria, Virginia 223 13-1450

Facsimile No. 571-273-3201

Blaina Copenheavar
25 September 2008
PCT Helpdosh: 571-272-4300
PCT OSP: §74.272-7774
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/US2008/068171

Box No. 1 Basls of thls opinlan

1. Withregard 1o the language, this opinion has been established on the basis of:
the inlcrmational applicetion in the language in which it was filed.

D a translation of the mternational application into ___ which is the language of a
translation furnished for the purposes of international search (Rules 12,3(a) and 23.1(b)).

2. D This opinion has been established taking Into account the reetificution of kn vbvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43bis.1(a))

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
estnblished on the basis of:

#, type oM muterinl
’__| a scquence listing
I:I table(s) related to the sequence listing

b foimat of matcrial

I:] on paper

D in electronic fbrm

c. lime of filing/furnishing
l_] contained in the inlernational npplicution ns filed
D filed together with the intemational application in ¢lectronic form

El furnished subscquently to this Authority for the purposes ol search

4, I:l In addition, in the case that more than one version or copy of a sequence listing and/or tabile(s) relating thercio has been
filed or furnished, the required statements that the information in the subseyuenl or additional copics is identical 1o that
in the application as filed or does not go beyond the appllcation as filed, ns appropriate, were furnished.

5. Additional comments:
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/US2008/069171

Box No. III  Non-establishment of opinion with regard to noveity, invenilve step and-industrinl xppleabllity

The queslions whelher the claimed invention eppears to be novel, to involve an inventive step (10 be non obvious), or 1o be industrially
applicable have not been examined in respect of

D the entirc intermational application

|gl claims Nos. 15-17, 31-33

because:

l:’ the said intermational application, or lhe said clnims Nos. relale 1o Lhe following
subject matter which does not require an internationul senrch (spreify):

the description, claims or drawings (indicate particular elements below) or said claims Nos, 1517, 31-33
are 5o unclear that no meaning ful opinion could be formed (specifiy):

Claims 15-17, 31-33 ara multiple depsndent claims not drafted in accordance with the second and third sentances of Rule 8.4(a)

D the claims, or said claims Nos. nre so inadequately supported
by the description (hal no meaningful opinion could be formed (specify):

1o internations] search report has been estoblished for said claims Nos,  15-17, 31-33

[ X

a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the prescribed time limit:

D furnish a sequence listing on paper complying with the standard provided for in Annex C of the Adininistrative
{nstructions, and such listing was not aveilnble Lo the Intemational Searching Authority in a form and manner neceplable
to it

I:‘ furnish a sequence lisling in electronic form complying with the standard provided for in Annex C ofthe Administrative
Instructions, and such listing was not available 10 the International Searching Authority in 2 fsrm and manner acceplable

" to it

I | pay the required late furnishing fee for the fummishing of a sequence listing in responsc 1o an invitation under
Rule 13fer 1(a) or (b).

D n meaning ful vpinion could not be tormed withoul the tnbles related to the sequence listings; the applicant did not, within the
prescribed time limit, furnish such lables in elecironic form complying with the technical requircments provided for in
Annex C-bis of the Administrative [nstructions, and such tables were not available to the International Scarching Authority in
o form and menner acceptable to it.

l:] the tbles related 10 the nucleotide and/or aminu acid sequence listing, il in electronic form only, do not comply wilh the
technical requirements provided for in Annex C-bis of the Administrative [nstruclions.

D Sce Supplemental Box for further details.
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International application No.

WRITTEN OPINIO F THE
As ), PCT/US2008/0689171

INTERNATIONAL SEARCHING AUTHORITY

Box No. V Reasoned statement under Rule 43bis.1{a)(i) with regard to novelty, inventive step or industrinl nppllcabliity:
citations and explanations supporting such statement

1. Statement
Novelty (N) Claims 1-14, 18-30, 34-35 YES
Claims None NO
Inventive step (15) Claims Nane . YES
Cluims 1-14, 18-30, 34-35 NO
Industrial applicability (IA) Claims 1-14, 18-30, 34-35 YES
Claims Nonc o NO

2. Ciwations and explanations;

Clalms 1-5, 7-14, 18-22, 24-30, and 34 lack an Inventlve step under PCT Article 33(3) as belng obvlous over Bromberg el al, In view of
Cohn et al.

Regarding claim 1, Bremberg ot al, discloss a fusl managament system for a spark Ignition gasollne englne (Abslract) comprising. a
gasoling engina (18); a seurca of gasoling (Fig. 4a); a saurea ot & sacond liquid fual (Fig, 4a); a means tar Introducing grsaline (Fig. 4b)
Into the eylinders of tho angine (18); injestors for dires! Injection ol the second liquld fuel (Gol. 11, lines 23-80) into \hi oylinders of tha
angine (1B); o fusl managoment control syatem (Cal. 1, lines 45-60) for contralling Injection of the second fuel Inte the eylindzr 5o that It 1s
provided In an amount needed to prevent knock (Flg, 3) es other condilions requlre; and a means for providing fast lams speed (Col. 10,
lines 45-53). Bromberg et al. do not shew controlling injection of the secend fuel into the cylinder so that It Is pravidsd in an amount
nuedad to pravenl knock as lorgue incleases, and a means for providing fast burn, It s deemaed obvious that a fast flamo spead producaes
a fuanl burn, Catm ul al. show a fusl managemeant cantrol system (14) lor contralling Injection of a sesand fusl into a eyvlindar so that | is
providad i an amount needed o prevent knock as leique ingreases (paragraph 32). | would hove been obvious st the me the Invenltion
was made to a parson having ordinary skill [n [lie art \o employ the slructures and processes as taught by Cohn st al. in the device of
Bromberg et al. In order to provide Improved engine performance.

Regarding clalm 2, Bromberg et al, and Cohn et el. disclose that as applied above. Bromberg et al. do not show where the 10% - 80%
burn oceurs In 16-20 crank angle degress. It is obvious from Bromberg et al. (Figs. 2A-2B) that a significant portion of the energy [raction
(burn) necurs in a small grank angle range Including that claimed.

Regarding claim 3, Bromberg el al. and Cahn et al, disclose that as applled above. Bromberg at al. show where tha fast bumn {Col. 10,
lines 45-55) In the engine is provided by chargo motion (Col. 10, Iinos 15-20).

Regarding clalm 4, Bromberg et al, and Cohn et al. disclose that as applled absve. Bromberg et al. show where the fast burn (Cal. 10,
lines 45-55) In the engine Is provided by Increased temperature (Col. 4, fines 1-10) In the unbumed zona of alr/luel mixture zone that burns
aarly In the cycle after the firing of the spark (Col. 4, linas 30-45),

Regarding claim 5, Bromberg at al. and Cohn at al. discloss (hat as applied above, Bromberg et al. do not show whers thara are dual
ignition slles on ellher side of tha cylindar but shaw twn ignition sourcas (Col. 1. lines 13-15, Cul. 8, lines 23-30). Il is obvlous thal the dual
sltes can be on opposite cylinder sldes lo promole complete combustion.

Regarding clalm 7, Bromberg at al. and Cohn et al. disclose thet as applled above. Bromberg et al. do not show whers the spray of the
socond fuel Is aimed toward the end gas on the exhaust valve side of the cylinder and the injector Is located near the perlphary, Cohn et
al. show where spray of the second fuel Is aimed loward an end gas an an axhaust valve side of the cylinder and an Injector in located
near the puriphery (paragraph 7). It would have bean obvlous at the time thu invontion wae mads to a persan having ordimary skill in the
art lo employ Lhe slruclures and processes aa faughl by Cohn el al. in tha dovica of Bromberg et al. in ordar W provide Improviad sngine
performanca.

Raegarding clalm 8, Bromberg el al. and Cohn et al. disclose that as applled above, Bromberg et al. show where the time of the direcl
Injectian of the second fuel Is adjusted 1o minimize the elhanol consumplon (Col. 6. lines 48-52, Cal. 10, lines 25-35).

Regarding claim 8, Bromberg et al. and Cohn et al. disclose that as appllad above. Brombarg et al. do not show where turbulence is
acreated at or near the Intake port. Cohn et al. show whare turbulence is created at or near an Intake port (paragraph 28). It would have
bpen obvlous st the tims tha inventlon was made to & parsan having ardinary sklll In the art to wmplay (he structures and processes as
taught by Cohn et al. In the deviza of Bromberg st al. in order to provide Improved engine performance.

Regarding clalm 10, Bromberg et al. and Cohn et al. disclose that as epplled sbove. Bromberg et al. show whare combustion Is relerded
by means of spark retard relative to what it would be if fast bum were not employed (Col. 8, linss 20-25).

Rogarding clafin 11, Bromberg st al. ane* Cohn el al. dlsLiuse thal s upplled sbove. Bromberg at al, do nat show where combuslion, as
measurad by the 50% burn crank angle, Is rutarded using appropriate spark rétard by an amiaunt belwien 5 end 10 degrees but shaow
spark relard (Col. 8, llnes 20-25). It s dearnil obvious thal spark retard is a small but significant amount Including Ihet clalmed.

{Continued In Supplemanlal Box)
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Supplementnl Box

In casc the space in any of the preceding boxes is not sufiicient.
Continuation of:
Box V

Regarding clalm 12, Bromberg et al. and Cahn el al. disclose that as applied above. Bromberg st al. show whara lhe amount of second
fuel that Is usod is raduced when the fast burn is provided (Cal. 3, lines 25-30).

Ragarding clalm 13, Bromberg et al, and Cohn et al, disclose that as applied above. Bromberg et al. show whare tha amount of
combustlon retard Is varled as a function of load (Col. 1, lines 20-25) and speed by means of approprlate spark retard (Col. 8, lines 20-25).

Ragarding clalm 14, Broimberg et al. and Cahn et al. distiose that pa applled above. Bramberg ot al. do net show whare tha dagrea of
combuslion ratard Is chusen so es 1o upliniize the combination of efficiency galn and minimlzation of the raquired amaount of the sacond
flukd fuel. Gann ol al. show whers & degree of combustion ratard Is chosen a0 as to optimize the cambination of efficioncy gain and
minimization of the required amount of the second fluld fuel (Flg. 5, paragraphs 14 and 35). It would have bean obvious at the lime tho
Invention was made to a person having ordinary skill In the art to amploy the slructures and processes as taught by Cohn el &l. in tha
davice of Bromberg et al. In order to provide improved engine perfarmancs.

Regarding claim 18, Brombarg st al. disclose a fual managemant system for a spark ignltion gasoline engine (Abstracl) comprising: a
gasaline englne (18) of compraseion ralle between 13 end 14 (Col. 7, lines 55-80); a saurca of & second liquld fuel (Fig. 4a); @ means for
Introducing gasaline (Fig. 4b) into the eylinders of the englne (18); injeclors lor direct injection of the sacond liquld fusl (Col. 11, linas
23-80) Into tha cylindar of the anging (18); 8 fuel managemont control system (Col. 1, lines 45-50) far contralling Injaction af \ha second
luel Inte the cylinder so thet it |s provided in an emount needad lo prevent knock (Fig. 3) as torque Incraases of other conditions reculre;
and a moans for fast lame speed (Col. 10, lines 45-55), Bromberg et al, do nol show contralling injection of the second tuel inla the
cylinder 50 that It Is provided in an amount needed to prevent knack as torque Increasss; and a means for providing fast bum. Il is desrned
obvious that a fast flame spead produces a fast burn. Colin et al. show a fuel marzgement canlrol system (14) for controlling injeclion of a
second fuel into a eylindar 5o ihat it Is provided In an minount needed lo prevent knock Bs tarque Incroases (paregmph 32). It would have
been obvlous at the time the invention was made to a person having ordinary skill In the art to employ the structures and processes as
taught by Cohn et al. In the device of Bromberg et al. In order to provide Improved engine performance.

Regarding claim 19, Brombarg et al. and Cohn st al, disclose that as applled abave. Bromberg el al. do not show whera the 10% - 80%
buin oecurs In 15-20 crank angle dogress. |t is obvlous from Bromberg et al (Figs. 2A-2B) that a slignificant portion of lhe energy fraclion
{burn} oceuis In @ small crank angle range Including that claimad.

Regerding clalm 20, Bromberg st al, and Cohn et al. disclose that as applled abave. Bromberg et al show where tha fast burn (Col. 10,
lines 45-55) In the englne Is provlded by charge motlon (Col. 10, lines 15-20).

Regarding claim 21, Brombarg et al. and Cohn et al. disclose that as applled above. Brombarg el al. show whera the fast burn (Col, 10,
lines 45-55) in tha enginae Is provided by Increased temparature (Col. 4, lines 1-10) In the unbumed zone of alr/fual mixture zone that burns
early In lhe cycle after the liring of the spark (Col. 4, lines 30-45).

Regerding clalm 22, Bromberg st al, and Cohn et al. disclose that es applled abuve. Bromberg el al. do not show whoro lhare aro dual
Ignitlon sites on alther slda of the cylinder but show two ignitlon sources (Col. 1, llnes 13-15, Col. B, lines 23-30). It ts obvious thal the dual
sltes can be on opposlte cylinder sides to promole complete combustion.

Ragarding clalm 24, Bromberg et al. and Cahn et al. disclose that as applied above, Bromberg et al. do not show whers the spray of lhe
sacand luel ts almed luward Lhe end gas on the exhaust valve slde of the cylinder, Cohn et al. show whare spray of the second fusl is
simed toward en end gas on the exhaust valve side of the cylinder (paragraph 7). It would have been obvious at lhe tima tha Invention was
made to a person having ardinary skill In the art to employ the struclures and procosses as taught by Cohn 8t al. in tha davice of Brombarg
ot al. In order to provide Improved englne performancs.

Regarding claim 25, Bromberg et al. and Cahn et al. disclose that as applied above. Bromberg et al. do not show whare turbulence Is
created at or near the Intake port. Cohn et al. show where turbulence Is created at or near an Intake port (paragraph 28). It would have
baen obvious at the tima the invention was made to a parson having ordinary skill In the art to employ the structures and processas as
taught by Cohn et al. in the devlce of Brombarg et al. In order to provide Improved engine performance,

Regarding claim 26, Bromberg at al. and Cohn et al. disclose that as applled above. Bromberg et al. show where combustion is relardod
by means of sperk retard relatlve to what it would be If fast bum wera not employed (Col. 8, lines 20-25),

Regarding claim 27, Bromberg et al, and Cohn et al. dlsclose that as appllad above. Bromberg et al. do not show where combustion, as
measured by the 50% bum crank angle, Is retarded using eppropriate spark ratard by an amount betwsen 5 and 15 degrses but show
spark retard (Col. 8, Ines 20-25). it Is desmed obvlous that spark retard is a small but significant amount Including that cialmad.

s

Regarding cleim 28, Bromberg ! al. and Cohn el al, disclose that as applled above. Brombarg et al. show whara the amount of second
fuel that is used Is reduced when the fast burn Is provided (Col. 3, lines 25-30).

Regarding claim 28, Bromberg et al. and Cohn et al, disclose that as appllad above. Bromberg et al. show where the amount of
combustlon retard Is variad as a functlon of load (Col. 1, lines 20-25) and spaed by means of appropriate spark retard (Cal, 8, lines 20-25).

(Conlinued in next Supplamental Box)
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Ragarding clalm 30, Bromberg et al. and Cohn et al, disclose that as applied above. Bromberg et al. do not show whers the degree of
combusllon relard Is chosen so 8s to oplimize lha comblination of efficlancy galn and minimizallon of the required amount of the second
fluld fuel. Cohn st al. show where o dagroe of combustion ratard is choson so as to optimizo ihc comblnation of efficioncy gain and
minimizetlon of the required amount of the second fluld fuel (Fig. 6, paragraphs 14 and 35). It would havo been obvious ol the time Lthe
invention was mede to a person having ordinary sklll In the art to employ the structures and processes as taught by Cohn st al. In lhe
davice of Bromberg et al. In order to provlde Improved anglne performance.

Regarding clalin 34, Bromberg st al, disclose a spark ignition gasallne englne (18) where alcohol and gasoline are both directly injecled
(Col. 1, lines 55-60) and whare the alcohal/gasoline ratlu needed lo prevent knouk uses fasl butn, Brambarg et al. do nol show where the
sicohol/gasoline ratlo nesded to pravent knock !s raduced by using fast flama spead. It Is deemed abvlous that a fas! flama spesd
(Bromberg - Col. 10, lines 45-55) produces a frst bum. Cohn et &l show where an alcohol/gascline ratlo neaded to pravent knack Is
raduced (paragraph 19). It would have been obvlous at the time the Invantion was made to & persan having ordinary skill in the art to
employ the structures and processes as taught by Cohn et al. in the device of Bromberg et al. In order to provide Improvad angina

parorrmanca.

Clalms 6, 23, 35 lack an Invenllve stop undar PCT Article 33(3) as being obvlous over Bromberg et al. In view of Cohn st al. and zur Loye
etel

Regardlinig claim 8, Bromberg et al. and Cohn et al. disclose that as applled above. Bromberg et al. do nol show whare the direct injector Is
located in tha cenler of the cylinder. zur Loye et al. show where a direcl Injector (62} Is localed in a center of a cylinder (Fig. 1}. Il wouid
have bean obvlous at tha tima tha Invention was made 1o a person having ordinary skill in the ar to employ the siructures and processes
as laught by Cohn st al. and zur Loye et al. In the device of Bromberg st al, In order to provide Improved englne performance.

Regarding claim 23, Bromberg st al. and Cohn el al. disclose that as applled above. Bromberg et al. do not show whara the direct Injeclor
J6 located In the center of the cylinder. zur Loya et al. show whera a direct Injectar (82) Is located in a center of a cyllnder (Fig. 1). It would
have baen obvlous at the time the invention was made lo 8 parson having ordinary sklit In the art to employ the structures and processas
as taught by Cohn et al. and zur Loye ot al. In the device of Brombarg et al. In order to provide Improved engine performance.

Regarding olaim 35, Bromberg et al. and Cohn et al, disclese Ihat as applied above. Brombery et al. do not shaw whara a high anargy
spark plug 18 used to provide fas! burn, zur Loye et al, show whate a high energy spark plug (52) ls used to provide fast burn, It would have
been chvious al the time the Invention was mada lo o porson hoving oroinary skill in the art to employ the structures and procossos s
taught by Cobn et al. and zur Loye et al. In the device of Bromberg ol &l. in order to provide Improved snglne performance.

Claims 1-14, 18-30, and 34-35 maet the criteria set out In PCT Article 33(4), end thus have Industrlal applicability bacause the subject
matter claimed can be rmade or used In industry

Form PCT/ISA/237 (Supplemental 3ox) (April 2007)
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NOTES TO FORM PCT/ISA/220 (continued)

The letter must indicale the difﬂsmpcaa between the cleims ps Aled and the olaims as amended. [t must, in
particular, indicate, in connection with ench cleim appearing in the international application (it being understood
that identical indications conseming several claims may bs grouped), whether

(i) the claim is unchanged;
(ii) the claim is cancelled;
(ili) the claim is new;
(iv) the cleim replaces one or more claims as tiled;
(v) the claim is the resuit of the division of a claim as filed.

The following examples illustrate the manncr in which amendments must be explained in the accompanying
letter:

1. {Where originally there were 48 claims aud after umendinent of some claims there are 51):
"“Claims 1 to 29, 31, 32, 34, 35, 37 to 48 replaced by amended claims bearing the same numbers;
claims 30, 33 and 36 unchanged; new claims 49 to 51 added.”

2, [Where originally there were 15 claims and after amendrment of all claims there are 11]:
“Claims 1 to 15 replaced hy smended claims 1to 11" .

3. [Whelie originally there were 14 claims and the amendments consist in cancelling some clairns end in adding
new claims]:
“Claims 1 to 6 and 14 unchanged; claims 7 lo 13 cancelled; new claims 15, 16 and 17 added.” or
“Claims 7 to 13 cancelled; new claims 15, 16 and 17 added; all other claims unchanged,”

4. [Where various kinds of smendments ure made]: .
"Claims 1-10 unchanged; claims 11 to 13, 18 and 19 cancelled; claims 14, 15 and 16 replaced by amended
claim 14; cleim 17 subdivided into amended claims 15, 16 and 17; now claims 20 and 2] added.”

“Statement under Article 19(1)” (Rule 46.4)

The amendments may be nccompanied by e stilement explaining the amendments and indicating any impact thet
such amendments might have o the deseription and the drawings (which cannot be emended under Article 19(1)).

The statement will be published with the international application snd the amended claims.
It must be in the language in which the international application is to be published.
It must be brief, not exceeding 500 words if in English or if translated into English,

It should not be confused with and does not replace the letter indicating the diflerences between the claims as filed
and as amended. It must be filed on a separate sheet and must be identified as such by a heading, preferably by
using the words “Statement under Article 19(1).”

1t may not contain any disperaging comments on the international search report or the relevance of citations
contained in that report. Reference to citations, relevant to & given claim, contnined in the international search
report may be made only in connection with an nmendment of thet ¢laim.

Consequence If n demand for Internnttenal prellminury examination has nlready been filed !

If, at the time of filing any amendments and any accompanying statemerit, under Article 19, a demand for
international preliminary examination has already been submitied, the spplicant must preferubly, ut the lime of
liling the nmendments (and uny stetement) with the Internationa]l Butcuu, ulse fAle with the lnternationsl
Preliminary Examining Authority o copy of such amendments (and of any statement) and, where required, a
translation of such amendments for the procedure before that Authority (sse Rules 55.3(a) and 62.2, first
senlence). For {urther information, see the Notes to the demand form (PC'I/IPEA/401),

If a demand for international preliminary examination is made, the written opinion of the International Searching
Authority will, except in cerfuin cases where the Intemationul Preliminary Exumining Authority did not act oy
Internationel Searching Authority and where it has notified the Inlernational Bureau under Rule 66.1b45(b), be
considerad to be a written apinion of the Internationa! Preliminary Examining Authority. 1fa demand is made, the
applivant may submit to the Tnternational Preliminary Examining Authority a reply to the written opinion tagether,
where appropriate, with amendments before the expiration of 3 months from the date of mnilin§ of Form
PCTHS;FIIZIFW before the expiration of 22 months from the priority date, whichever expires later (Rule 43515.1(c)).

Consequence with regard to translation of the international application for entry into the national phase

The applicant's attention is drawn to the facl that, 1.:ipun eniry into the naticnal phose, a translation of the claims as
amended under Article 19 may have to be furnished to the designated/elected Offices, instead of, or in addition to,
the translation of the claims az filed.

For further details on the requirementy of each designated/elected Office, see the PCT Applleant's Guide,
Volume I

Notes to Form PCT/ISA/220 (second sheet) (Ootober 2005)
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ATTORNEY DOCKET NO.: 11381122948
INTHE UNITED STATES PATENT AND TRADEMARE OFFICE

Applicant: Massachuseits lnsticute of Technology  Examiner: HUYNH, BAI R

Serial Nooo 158463425 Art Linit: 3747

Filing Date: 03-20.2017 Confirmation No.: 37¢8

Title:  FUBL MANAGEMENT SYSTEM FOR VARIABLE ETHANOL OCTANE
ENHANCEMENT OF GASOLINE BNGINES

Amendment

Via BFS-Web
Commaissiongr for Patenis
P.C. Box 1430

Alesandia, VA 223131450

In response o the office action dated June 22, 2017, please amend the application as

follows.

FORD Ex. 1144, page 198
IPR2020-00013



Apphication No.o 15483425 Docket Noao 11381122998
Dater Q3-2002017

Listing of Clais

1 (Qriginal) A fue! manzgement systera for a spark ignition engine which utilizes port [nel

injection and also unitizes direct fuel injection;

and where there is a first forgue range where direct injection and port injoction are both

pged at the same value of forque throughout the first toague LS range

and where o ag least part of the fless torque range as forqoe is inereased the amount of
fuel that is directly injected is changed o as to obtain knock-free operation and the amount of

directly injecied fuel uged to provide knock-free operation is minimized.

2. (Qriginal) The fuel management system of claim | where as torque {8 increased the fraction of

fuel that is directly Injected is increased to the value that prevents kaoek.

3. (Original) The fuel management sysiem of claim | where active control using a knock detector

is used to chavge the amount of fuel that is directly injected as torque s increased,

4, (Oniginal) The fuel management system of claims 1 or 2 where open loop control using a
lookup table is also used to change the amount of fuel that is diceetly injected as torque is

increased.

5. {Original) The foel management system of claim 4 where a predetenmined corvelation between

knoek resistance and fraction of fuel provided by direct injection is amploved.

6. (Original) The fuel management sysem of clain 1 where it wrgue is iocreased beyond the
highest value of torque in the first range of torque, direct injection alone would be required foe

knoek-free operation.

7, {Oviginal} The fuel management system of claim 1 whene only port feel injection is used ina

second range of torque.
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8. (Oniginad) The fuel management system of claim 7 where as the torque increases beyond the
highest value of thrqus i the second range of torque, the engiue operates i the first range of

trgae,

8. (Original) The fuel management system of claim 7 where as the trgne inereased bayond the

trighest vaiue in the second ranges of torgne, the cagine operates in the fisst range of wrgue;

and where it the lorque were to be tncressed heyond the highest value in the fitst range of

wrgoe. direct injection alone wookl be requited for knock-free operation.

10, (Original) The fuel management system of claim 7 whers the bighest torque in the second
torgue range is the highest torgue at which knock-free operation can be obtaived with port fuel

inection alone.

L {Originaly The fuel management system of claim 7 whene when spark retacd is em ploved 1o
enable operaiion with port fuel infection alone where 1§ would not otherwise be used and where

the spark retand is controdled by sensed information.

£2, (Origival) The fuel management system of claim 7 where spask retaxd is emploved so that

port fuel Wjection alone can be vsed where it would not athenwise be used.

13, (Original) The fuel management systems of claim | whene spark retasd is used to reduce the

fraction of fuel that is provided by direct injection,

M (Original) The foel managenment svstem of claim | where the amoant of directly injectod fuel

is minimized throughout the tiest torgue tange.

L3, i0nginal} The foed managemeot system of claim { where the ameant of dircerly injeoted fued

is minimized from zero torque o the hghest longue in the first torque rapge.
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Drater (03202017

16, {QOriginal) The fuel management system of claim § whers there is third torque range where
the highest torgue is the highest torque in the first torque range of the operation and where within
the third torque mnge as torque is increased the fraction of fuel provided by direct injection is

changed to the value needad to prevent knock.

17, (Original) The fuel managemwent system of claims 9 or 16 where the engine is terbocharged.

18 (Original) The fucl management system of claim 16 where the amount of direct injection is

mimimized.

18, {Original) A fuel management systeny for & turbocharged spack ignition engine which utilizes

port fuel Wnjection and alse wtilizes direct fuel injection:

and where there is a first range of torgue throughout which direct injection and port

injection are used at the same valoe of torquey

and wherein as torque 15 focreased the fraction of fuel that s directy injected s increased

{0 o vadue that prevents koock;

and where there Is a second range of torque where only port fued injection is used:

and where when torque exeseds the highest torque in the second range of torgue the engine

Qperates in the first range of torque.

20, (Onigival) The fuel management system of elaim 19 where the second tomue range starts at

YO Lo,

21, (Original) The fuel management system of claims 19 or 20 where the highest value of torque
in the second region of torque is the highest value of torgque at which direct injection is not

needed to prevent knock.
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23 (Currertly Ameaded) A spark igaition engine wheee port foel injection and direct
fnjection are osed and the fraction of Sl provided by directiniection Is increased 80 2519

present kvoek il woudd otherwise ocour and where spark retard is eploved w sduee gnahle

) ]

23, (Original) The spark ignition engine of claim 22 whers the engine is operated with port fuel
injection alone at values of torque where port fuel injection alone wonld not otherwise be

emploved.

24 Orighaal) The spark [gnibion engine of cloims 22 or 23 where the spack. retard §8 controlled

by datection of knock snd by information from ansther sensed parameter.

25 {Original) The spark fgnition eogine of claims 22 or 23 where withowt the apphication of the

spark retard the engine (8 operated with divect injection along.

26, (Originad) The spark {gnition cogine of claims 22 or 23 where without the application of the
spark retard the engive is operated with both port fuel injection and direct injection af the same

value of forque.

37 {Original) The spark ignition engine of clairy 23 where without the ensployment of the spack

retard the fraction of fuel provided by direct injeation jucreases with increasing torque.

28, (Origival} The spark ignition engine of olaim 22 where there is 2 first torgue range
throughout which port fuel injection and direct injection are used at the same torque and wherein
the traction of fuel provided by directinjection troreases with increasing torque in such a way
ax o enable koock -free operation and where there is & second torgue range  where only port
fuel injection s used and where when the torgoe exceads the highest iorgee in this rangs, the

engine operates in the first wrgue range

29, {Original) The spark ignition engine of ¢laim 38 where the engive operates in the second

torgue range betwveen zero thoque and the highest torgque in the second fomue range,
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30, {Original) The spark ignition engine of chaim 22 where spark retard is used 1o reduce the

amount of dircet injectinn to zero from what it would ctherwise have heen.,
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Application Na.
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3
id

Renuarks

Reexamination and reconsideration of the rejections are hereby requested.

Claims 1-30 stand rejected on the ground on non-statuiory double patending as being
unpateatable over claims 131 of U8 Patent Number 9,255.51% and as heing unpateniable over
clatras 1-29 of US Patent Number 8,837,410, Boclosed herewith are terminal disclaimers with
sespent ) these two eartier, commonly owned, patents, It iy subwnitted that the eaclosed terarinal
disclatimers overcome the rejection of claims 1-30 on the grovad of non-statutory double

pateniing. Reconstderation s requested.

Clabms 22-30 stand rejecied onder 35USCI0{e! as being aoticipated by Olitan,
US200S/0098157. In response o this rejection, independent claim 22 is being amended hereln to
wnprove iy olarity and i hightight differences between the veniion set out (o wueuded Claim

22 and the Obtani reference.

As now claimed, claim 23 discloses a systern in which the fraction of fuel provided by
dimeet injection increases in order to prevent knock (nnwanted seif-ignition) which wonld
sthorwise occur when torgue inereases, Ta ovder (0 be able 10 use a ower fraciion of directly
injected foel the inventon in claim 32 vses spark retard (inoreased igelton defay) to allow the

preveution of knock at a fower fraction of fuel that I8 direetly injectad.

In contrast, @ meview of pasagraphs {0004] - {(00D] shows that Qltand decreases the
fractivn of fuel provided by divect injection {(fuel provided by the in-ovlinder valve) in order to
prevent & combastion deterdoration (different from bnock) which would otherwise ocour,

Further, increased spark retard would worsen combusiion detoriceation.

For the foregoing reasons, we suhmit that clatry 33, as amended herein, is pot antcipared

by Ohtaot. Reconsideration is regoesied.
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In view of the amendment to claim 22 and the terminal disclaimers accompanying this

response, it is submitted that the application is in condition for alfowance.
Early favorabie action is requested,

R‘mpu 'ﬂvjiv Submivied,
'
}{é}% N Lo 5’,{.

Sam (Bo) Pasternasck

Registration Numbes: 29576
Magsachusetts Institute of Technology
One Cambridge Center

Room NEI1&-501

Cambridge, MA 62142

617.238.717)
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