
IN THE UNITED STATES DISTRICT COURT

FOR THE DISTRICT OF DELAWARE
 

MASSACHUSETTSINSTITUTE

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

Plaintiffs, JURY TRIAL DEMANDED

Vv.

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 identified 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 numberof 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.

TheParties 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—10 which each claims

priority. Below is a key for such materials:

Exhibit|Document Description

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. 10,138,826 B2 (Cohn,et al.), dated November 27, 2018

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

 

2

3

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

5

6

 

 
 

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

  
  

I. Agreed Claim Constructions

The parties have stipulated to the following constructions for the following

claim terms and respectfully request that the Court include these constructionsin 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 documentin lieu of the individual specifications.
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[°839 (Claim 1), 7166 (Claims1, 19)]/[°839
(Claim 7), °166 (Claims1, 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 (Claims1,
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 (Claims1, 12, 21,
23, 24, 30, 31)] /[’826 (Claims21, 31)]

  
 

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

3 Theparties agree that, by agreeing to this construction ofthe phrases“first fueling
system that directly injects fuel,” “first fueling system,” and “first fueling system
that uses direct injection,” Ford has not waived its argumentthat each requiresa 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
amountoffuel that is introduced into the|the amountof fuelthatis

cylinder bythefirst 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 amountoffuel that is provided|reduce to zero the amountoffuel
by thefirst fueling system to zero” that is provided by direct

injection”

[519 (Claims2, 16)]

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

    
(7519 (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: P|
Plain and ordinary (no construction “Torque is the measure of a turning or
needed). rotational force on an object. Torqueis

calculated by multiplying force and

Alternatively, if construed, “measure of distance. It is a vector quantity,
a turning orrotating 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;

  
Claims1, 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.

e Ex. 4(7166 Patent) at Claims 1-4,
7-8, 10, 14-16, 19-21, 23, 26-28.

e 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;
Claims1, 3, 4, 6, 7, 10, 11, 15,
18, 19, 20, 22, 26, and 29, |

° 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, 8, 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 (Claims1, 4), 166 (Claims 7-8, 19)]
 

Plaintiffs’ Construction:

Plain and ordinary (no construction
needed).

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

 

Ford’s Construction:

“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.

e 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;
Claims 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 1s directly injected to
fuel that 1s port injected 1s 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.

  
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.

4, “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 thefirst fueling
system” [’826 (Claims 3-8)]/ “fueling from the first fueling system”
[°166 (Claim 10)] / “fuel provided by thefirst 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
remaindershould 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”
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“fuel that is directly injected into a
cylinder.” 

Intrinsic Support: Intrinsic Support:
e Ex. 1 (Orig. Appl.) at 5:25-26, e Ex. 2 (°839 Patent) at Title;

6:5-7, 3:5-8, 12:8-9; see also Ex. Abstract; 1:14-17, 42-62; 1:66-
1 (Orig. Appl.) at 3:8-11, 5:1-2, 2:40; 2:61-6:67; Claims 1, 2, 3,
10:16-20, FIG.3. 4,5, 9, 10, 11, 15, 16, 17, 18, 19,

e Ex. 2 (°839 Patent) at Claims 1, 8- 20; Figs. 1, 2, 3, 4, and 5.
11,15. e Ex. 4 (7166 Patent) at Title;

e See also Ex. 6 (’033 File History) Abstract; 1:35-38, 1:65-2:19;
at EBS00000018-28,at -21, -26; 2:23-67; 3:21-7:25; Claims 1, 2,
and EBS00000091-103, at -97-99. 3, 4,5, 6, 7, 8, 9, 10, 11, 12, 13,

e See also Ex. 7 (’166 File History) 14, 15, 16,18, 19, 20, 21, 22, 23,
at EBS00001959-75,at -1964, 27, 28, 29, 30; Figs. 1, 2, 3, 4,
1971-72. and 5.

e Ex. 5 (826 Patent) at Title;
Abstract; 1:38-41, 2:1-22; 2:26-
3:3; 3:24-7:37; Claims1, 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 “Highest torques”
needed).

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

e Ex. | (Orig. Appl.) at 8:22-25; see e Ex. 2 (°839 Patent) at 1:56-62;
also Ex. 1 (Orig. Appl.) at 8:6- Claims 6 and 18.
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.

 
 

 

 

 

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

Plaintiffs’ Construction: Ford’s Construction:

Plain and ordinary (no construction “always decreasing with decreasing
needed). torque”

Intrinsic Support: Intrinsic Support:

e Ex. 1 (Orig. Appl.) at 3:2-5, 9:12- e Ex.3 (7519 Patent) at Abstract;
14; see also Ex. 1 (Orig. Appl.) at 1:47-50; 2:5-14; 3:21-31; 5:46-
3:18-25, 4:21-27, 8:6-9:11. 57; 5:61-6:45; Claims 1, 2, 3, 4,

e Ex. 3 (°519 Patent) at Claims 1-3, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
5-6, 9-11. 15, 16, 17, 18, 19, 20, 21, 22, 23,

e See also Ex. 6 (°033 File History) 24, 25, 26, 27, 28, 29, 30, 31;
at EBS00000018-28,at-21, -26: Fig. 2;
and EBS00000091-103, at -97- e Ex. 6 (°033 Patent Pros. History)
100. at EBS00000034-38; and

EBS00000054-103.

 
 

7. “closed loop control that utilizes a sensor that detects knock” [’519
(Claim 1)]/ “input from the knocksensoris 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 ‘‘a microprocessorthat uses a direct
needed). feedback input signal from a knock

sensor”/ “‘a direct feedback input

Alternatively, if construed, “closed loop|Signal from the knocksensoris used by
control thatutilizes a sensor that detects|4 Microprocessorto control” /“a direct
knock” (Claim 1) should be construed to 

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

If construed, “input from the knock
sensoris utilized in a closed loop
control system that controls” (Claim 14)
should be construed to mean “input
from the knock sensoris 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 Claims1, 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)
MichaelJ. Farnan (Bar No. 5165)
919 North MarketStreet, 12th Floor

Wilmington, DE 19801
(302) 777-0300
(302) 777-0301
bfarnan@farnanlaw.com
mfarnan@farmanlaw.com

Attorneys for Plaintiff

Respectfully submitted,

Morris, NICHOLS, ARSHT &TUNNELL
LLP

/s/ Rodger D. SmithII
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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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 followingis a

specification:

Attlomey Docket No.: 0492611-0598
Express Mali No. EV196632874US
Date of Filing: November 18, 2004
Customer Number: 24280

EBS-00000175
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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

whichis a liquid fuel with a higher octane numberthan gasoline such as ethanol to improve

engine efficiency.

It is knownthat the efficiency of spark ignition (SI) gasoline engines can be increased by

high compressionratio operation andparticularly by engine downsizing. The engine downsizing

is made possible by the use of substantial pressure boosting from either turbocharging or

supercharging. Such pressure boosting makesit possible to obtain the same performancein a

significantly smaller engine. See, J. Stokes, et 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 engineefficiency, 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 compressionratio operation and high pressure boosting can be used to

increase engine efficiency by up to twenty-five percent.

Octane numberrepresents the resistance of a fuel to knocking but the use ofhigher

octane gasoline only modestly alleviates the tendency to knock. For example,the difference

between regular and premium gasolineis typically six octane numbers. Thatis significantly less

than is neededto realize fully the efficiency benefits of high compressionratio or turbocharged

operation. Thereis thus a need for a practical means for achieving a much higher level of octane

enhancementso that engines can be operated much moreefficiently.

It is known to replace a portion of gasoline with small amounts of ethanol addedat the

refinery, Ethanol has a blending octane number (ON) of 110 (versus 95 for premium gasoline)

(see J.B. Heywood,“Internal Combustion Engine Fundamentals,” McGraw Hill, 1988, p. 477)

andis also attractive becauseit 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 ethanolthat is readily available is much smaller than that of gasoline becauseoftherelatively

limited amount of biomass that is available for its production. An object of the present invention

Page 2 of 14
Attomey Docket No.: 0492611-0598
Express Mall No. EV196632874US
Date of Filling: Novamber 18, 2004
Customer Number: 24280

EBS-00000176
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is to minimize the amountofethanolor other antiknock agentthat is used to achieve a given

level of engine efficiency increase. By restricting the use of ethanol to the relatively small

fraction of timein an operating cycle whenit is needed to prevent knockin a higher load regime

and by minimizingits use at these times, the amountofethanol that is required can be limited to

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

Summary ofthe Invention

In one aspect, the invention is a fuel managementsystem forefficient operation of a

spark ignition gasoline engine including a source ofan 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 ofthe air-fuel charge to the cylinder whenit is

injected directly into the engine. This cooling effect reduces the octane requirementofthe

engine by a considerable amountin addition to the improvement in knockresistance from the

relatively high octane numberof ethanol. Methanol, tertiary butyl alcohol, MTBE, ETBE,and

TAMEmayalso 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 enhancementand 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 sensorthat provides a feedback signal to a fuel management

microprocessor system to minimize the amountof the ethanol added to prevent knockin a closed

loop fashion.

In one embodimentthe injectorsstratify 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 embodimentof this aspect of the invention, the system includes a measure of

the amountof the antiknock agent such as ethanol in the source containing the antiknock agentto

control turbocharging, supercharging or spark retard when the amount ofethanolis low.

Page 3 of 14
Altorey Docket No.: 0492611-0598
Express Mall No. EV186632874US
Date of Fillng: 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 percentof fuel energy provided by ethanol. An instantaneous octane enhancementof

at least 4 octane numbers maybeobtained for every 20 percent ofthe engine’s energy coming
from the ethanol.

Brief Description of the Drawing

Fig. 1 is a block diagram of one embodimentofthe invention disclosedherein.

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 schematicillustration ofthe stratification of cooler ethanol chargeusingdirect

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 embodimentof the invention in which the fuel

management microprocessoris used to control a turbocharger and spark retard based upon the

amountof ethanol in a fuel tank.

Description of the Preferred Embodiment

With reference first to Fig. 1, a spark ignition gasoline engine 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 anethanol

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 improvethe

torque and powerdensity of the engine 10. The amountofethanol injection is dictated cither by

a predetermined correlation between octane number enhancement andfraction 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 afi inpiit to ine fuel management microprocessor 14. In both

situations, the fuel managementprocessor 14 will minimize the amount ofethanol 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.: 0492611-0596
Express Mall No. EV196632874US
Date of Filing: November 18, 2004
Customer Number: 24280

EBS-00000178
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amountof ethanol. Recent advancesin fuel injector and electronic control technology allows

fue) injection directly into a spark ignition engine rather than into the manifold 20. Because

ethanol has a high heat of vaporizationthere will be substantial cooling whenitis directly

injected into the engine 10. This cooling effect further increases knockresistance by a

considerable amount. In the embodimentof Fig. 1 port fuel injection of the gasoline in which

the gasolineis injected into the manifold rather than directly injected into the cylinderis

preferred becauseit is advantageousin obtaining good air/fuel mixing and combustionstability

that are difficult to obtain with direct injection.

Ethanolhas 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. Thatis, for equal amounts of energy the required heat of vaporization of

ethanol is about four times higherthanthat of gasoline. The ratio of the heat of vaporization per

unit air required for stoichiometric combustion is about 94 kJ/kg ofair for ethanol! and 24 kJ/kg

of air for gasoline, or a factor of four smaller. Thus, the net effect of cooling the air chargeis

about four times lower for gasoline than for ethanol (for stoichiometric mixtures wherein the

amountofair contains oxygen that is just sufficient to combustall of the fuel).

In the case of ethanoldirect injection according to one aspect of the invention, the charge

is directly cooled. The amountofcooling 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 makesupthe 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 ethanolinjection provides about 13°C of

cooling for each 10% ofthe fuel energy provided by ethanol. It 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.: 0492611-0598
Express Mall No. EV196632874US
Date of Fillng: November 18, 2004
Customer Number: 24280

EBS-00000179
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the engine operates at twice the stoichiometric air/fuel ratio, the numbersindicated in Fig. 2

decrease by abouta factorof 2 (the contribution ofthe ethanolitself and the gasolineis relatively

modest). Similarly, for a 20% EGRrate, the cooling effect of the ethanol decreases by about

25%.

The octane enhancementeffect can be estimated from the data in Fig. 2. Direct injection

of gasoline results in approximately a five octane number decrease in the octane numberrequired

by the engine, as discussed by Stokes, ef a/. Thus the contributionis aboutfive octane numbers

per 30K drop in charge temperature. As ethanol can decrease the charge temperature by about

120K,then the decrease in octane numberrequired by the engine dueto the drop in temperature,

for 100% ethanol, is twenty octane numbers. Thus, when 100% ofthe fuel is provided by

ethanol, the octane number enhancementis 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 numberof ethanol. From the above

considerations, it can be projected that evenif the octane enhancementfrom direct cooling is

significantly lower, a total octane number enhancementofat least 4 octane numbers should be

achievable for every 20% of thetotal 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 numberof injectors that would be

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

Alternatively the ethanol and gasoline can be mixed together and then port fuel injected

using a single injector per cylinder, thereby decreasing the numberofinjectors that would be

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

volume of fuel between the mixing pointand the port fuel injector should be minimized in order

to meet the demanding dynamic octane-emiaiceient requirements of the engine.

Relatively precise determinations of the actual amount of octane enhancement from given

amountsof direct ethanol injection can be obtained from laboratory and vehicle tests in addition

to detailed calculations. These correlations can be used by the fuel management microprocessor

system 14.
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An additional benefit of using ethanol for octane enhancementis the ability to use it ina

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 ethanolis added to

gasoline at a refinery. Moreover, the water provides an additional cooling (due to vaporization)

that further increases engine knockresistance. 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 amountof octane enhancement can

be achieved with stratification (non-uniform deposition) of the ethanol addition. Directinjection

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 ethanolin the engine further reduces the amountof ethanol needed to obtain

a given amount of octane enhancement. Because only the ethanolis directly injected and

becauseit is stratified both by the injection process and by thermalcentrifugation, 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 andare

prone to auto-ignition. These regions are near the walls of the cylinder, Since the end-gas

contains on the order of 25% ofthe fuel, substantial decrements in the required amounts of

ethanol can be achieved bystratifying 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 additionis to

increase gas density since the temperature is decreased. With swirl the ethanol mixturewill

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 survivesbetter than tumble-like motion that drives turbulence towards top-dead-

center (TDC) andthen 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 ethanolin an inlet manifold with swirl motion and

thermal centrifugation maintaining stratification in the cylinder. In this case ofport injection of

ethanol, however, the advantage of substantial charge cooling maybelost.

With reference again to Fig. 2, the effect of ethanol addition all the way up to 100%

ethanolinjection is shown. Atthe point that the engine is 100% direct ethanol injected, there

maybe issues of enginestability when operating with only stratified ethanol injection that need

to be addressed. In the caseofstratified operation it may also be advantageousto stratify the

injection of gasoline in order to providearelatively uniform equivalence ratio across the cylinder

(and therefore lower concentrations of gasoline in the regions where the ethanolis 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 amountofoperating time spentat various values of torque and

engine speed in FTP and US06 drive cycles can be used. It is necessary to enhance the octane

numberat each point in the drive cycle where the torque is greater than permitted for knock free

operation with gasoline alone, The amount of octane enhancementthat is required is dctermined

by the torque level.

A roughillustrative calculation showsthat only a small amount of ethanol might be

needed over the drive cycle. Assumethatit 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 showsthat

approximately only 10 percentofthe timeis spent at torque levels above 0.5 maximum torque

and less than 1 percentof 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 ethanolis about 30 percent. During a drive

cycle about 20 percentofthetotal fuel energy is consumedat greater than 50 percent of

maximum torque since during the 10 percent ofthe time that the engine is operatedin this

regime, the amountoffuel consumed is about twice that which is consumed below 50 percent of

maximum torque, The amount of ethanol energy consumed duringthe drive cycle is thus roughly

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

In this case then, although 100% ethanol addition was needed atthe highest value of

torque, only 6% addition was needed averaged overthe drive cycle. The ethanol is much more

effectively used by varying the level of addition according to the needsofthe drive cycle.

Because of the lower heat of combustion ofethanol, the required amountof 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 !.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 numbernot too different from

present-day reformulated gasoline, Stratification of the ethanol addition could reducethis

amount by more than a factor of two. An on-line ethanol distillation system mightalternatively

be employed but would entail elimination or reduction of the increase torque and poweravailable

from turbocharging.

Becauseofthe relatively small amountof 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 suchthat although the torque and powerbenefits

would be lower when ethanolis not available, the vehicle couldstill 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 inputto 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 also be drivable with an engine power of 140 horsepower withoutthe use of ethanol

according to the invention.

The impact of a small amount ofethanol upon fuel efficiency through usein a higher

efficiency engine can greatly increase the energy value of the ethanol. For example, gasoline

consumption could be reduced by 20% due to higherefficiency engine operation from use of a

high compressionratio, strongly turbocharged operation and substantial engine downsizing. The

energy value of the ethanol, including its value in direct replacement of gasoline (5% ofthe

energy of the gasoline), is thus roughly equal to 25% ofthe 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 upto five times that of gasoline on an energy basis andstill be economicallyattractive.

The use of ethanol as disclosed herein can be a muchgreater 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 perunit fuel), and other

anti-knock agents such astertiary buty! alcohol, or ethers such as methyl tertiary buty] ether

(MTBE), ethyl tertiary butyl ether (ETBE), or tertiary 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 andit is intended thatall such modifications and

variations be included within the scope of the appendedclaims.

Whatis claimed is:
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l. Fuel managementsystem for efficient operation of a spark ignition gasoline engine

comprising:

a gasoline engine;

a source ofan anti-knock agent;

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

a fuel managementcontrol system for controlling injection of the anti-knock agentinto

the cylinder to control knock.

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

uniform deposition within a cylinder.

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

cylinder.

4, The system of claim 2 whereinthe stratification is obtained through direct injection and

charge swirl.

5. The system of claim 1 wherein the anti-knock agentis selected from the group consisting

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

6. The system of claim | 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.

7; The systern of claim 1 wherein the gasoline engine includes a knock sensor providing a

feedback signal to a fuel management microprocessor to minimize the amountofthe anti-

knock agent added to prevent knock in a closed loop fashion.

8. The system of claim 1 wherein the anti-knock agentis ethanol,

9, The system of claim 8 wherein the ethanol is mixed with water.
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1h.

12,

13,

14,

15.

16.

18.

19.

20.

21,

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

The system of claim 1 wherein the engine has substantial organized motion such asswirl.

The system of claim 1 wherein the system includes a measure of the amountofanti-

knock agent in the sourceto contro] turbocharging, supercharging or spark retard when

the amountofanti-knock agentis low.

The system of claim | wherein the anti-knock agentis added only during portions of a

drive cycle requiring knock resistance.

The system of claim 1 wherein gasoline is port injected into the engine.

The system of claim | wherein the gasolineis directly injected into the cylinder.

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 bythe ethanol.

The system of claim I wherein the fuel management system substantially minimizes the

amountof anti-knock agent used overa drive cycle.

The system of claim 8 wherein an octane enhancementofat least 4 octane numbersis

obtained when 20% ofthe fuel energy in a cylinder comes from ethanol.

The system of claim 1 wherein turbocharging or supercharging are reduced or eliminated

and/or spark retard is increased when the anti-knock agentis not available.

The system of claim 8 wherein ethanolis injected proximate to a cylinder wall and swirl

creates a ring of ethanol.

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

a gasoline engine;

a source ofanti-knock agent;

a meansfor port fuel injection of the anti-knock agent; and
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a fuel managementcontro! system for controlling injection ofthe 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 suchas ethanoldirectly into a cylinder of the engine. A fuel

management microprocessor systemcontrols injection of the anti-knock agent so as to control

knock and minimize that amount ofthe anti-knock agentthat is used in a drive cycle. It is

preferred that the anti-knock agentis ethanol. The use ofethanolcan be further minimized by

injection in a non-uniform mannerwithin a cylinder. The ethanol injection suppresses knock so

that higher compression ratio and/or engine downsizing from increased turbochargingor

supercharging can be usedto increase the efficiency of the engine.
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FUEL MANAGEMENTSYSTEM 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-
linuation of U.S. patent application Ser, No. 12/329.729filed
on Dec. 8. 2008 which is a continuation of U.S. patent appli-
cation Ser. No. 11/840,719 filed on Aug. 17, 2007. whichis a
continuation of U.S. patent application Ser. No. 10/991,774,
whichis nowissued as U.S. Pat. No. 7.314.033.

BACKGROUND

This inventionrelates 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 eMiciency

It is knownthat the efficiencyof spark ignition (SL) gaso-
line engines can be increased by high compression ratio
operution and particularly by engine downsizing. The engine
downsizing is made possible bythe use of substantial pres-
sure boosting from cither turbocharging, or supercharging.
Suchpressure boosting makes it possible to oblain the same
performancein a significantly smaller engine.See, J. Stokes,
et al, “A Gasoline Engine Concept For lmproved Fuel
Feonomy The Tean-Boost System.” SAF Paper 2001-01-
2902. The use of these techniques lo increase engine ell
ciency, however, is limited by the onset of engine knock.
Knock is the undesired detonation of fuel and can severely
damage an engine. If knoek can be prevented, then high
compressionratio operation and high pressure boosting can
be used to increase engine efficiency by up to twenty-five
percent.

Octane numberrepresents the resistance ofa fuel to knock-
ing but the use of higher octane gasoline only modestlyalle-
viales the tendency to knock. For example, the difference
belween regular and premiumgasolineis typically six octane
numbers, That is significantly less than is needed to realize
fully the efficiency benefils of high compression ratio or
turbocharged operation. There is thus a need for a practical
means for achieving a much higher level ofoctane enhance-
ment so that engines can be operated much more elficiently.

IL is known lo replace a portion of gasoline with small
amountsofethanol addedatthe refinery. Ethanol hasa blend-
ing oclane number (ON) of 110 (versus 95 for premium
gasoline) (see J. B. Lleywood, “Internal Combustion Lingine
Fundamentals,” McGrawIIill. 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. Ethano] is much more expensive than
gasoline and the amount ofethanol that is readily available is
much smaller than that of gasoline because ofthe relatively
limited amount ofbiomassthat is available forits production.
An object of the present inventionis lo minimize the umount
ofethanol! or other antiknock agent that is used to achieve a
givenlevel ofengineefficiency increase. Byrestricting the
use ofethanol to the relatively small fraction of time in an
operating cycle whenitis needed to prevent knock inahigher
loud regime and by minimizing ils use al these limes, the
amount of ethanol that is required can be limited to a rela-
tively small fraction of the fuel used by the spark ignition
gasoline engine,

SUMMARY

In one aspect, the inventionis a fuel management system
for efficient operation of a spark ignition gasoline engine
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including a source of an antiknock agent such as ethanol. An
injeclor 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 cantral knock with
minimumuse ofthe antiknock agent. A preferred antiknock
agent is ethanol, Ethanol has a high heat of vaporization so
that there is substandal cooling of the air-fuel charge to the
cylinder whenit is injected directly into the engine. This
cooling effect reduces the octane requirement ofthe engine
by a considerable amount in additionto the improvement in
knock resistance from the relatively high octane number of
ethanol. Methanol, tertiary butyl alcohol, MTBE, ETBE, and
‘TAME mayalso be used. Whereverethanolis used hereinit is
to be understood that other antiknock agents are contem-
plated.

‘The fuel management systemuses a fuel management can-
trol systemthat may use a microprocessor that operates in an
open loop fashion on a predetermined correlation between
octane number enhancement and fraction offuel provided by
the antiknock agent, To conserve the ethanol, il is preferred
that it be addedouly during portions ofa drive cycle requiring,
knock resistance and that ils use be minimized during these
times, Alternatively, the gasoline engine may include a knock
sensor that provides a feedback signal toa fuel management
microprocessor systemto minimize the amountofthe ethanol
added to prevent knock ina closed loop fashion,

Inone embodimentthe injectors stratily 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 embodimentofthis aspect ofthe invention, the
system includes a measure of the amount ofthe antiknock
agent such as ethanol in the source containing the antiknock
agent to control turbocharging, supercharging or sparkretard
when the amountofethanol is low.

‘The direct injection of ethanal provides substantially a 13°
C. drop in temperature for every ten percent offuel energy
provided by cthanol. An instantancous octane enhancement
ofat least 4 octane numbers may be obtained for every 20
percentofthe engine’s energy coming Iramthe ethanol.

BRIFF DESCRIPTION OF THRE DRAWINGS

FIG. 1 is a block diagram of one embodimentofthe inven-
tion disclosed herein.

FIG. 2 is a graph of the drop in temperature within a
cylinder as a functionofthe fraction of energy provided by
ethanol,

VIG. 3 is a schematic illustration of the stratification of

cooler ethanol! charge using direct injection and swirl motion
for achieving thermal stratification.

FIG. 4 isa schematic illustration showing ethanolstratified
in aninlet manifold.

FIG. 5 is a block diagram ofan embodiment ofthe inven-
tion in whichthe fuel management microprocessor is used to
control a turbocharger and spark retard based upon the
amount of ethanol ina fuel tank.

DETAILED DESCRIPTION

With reference first to FIG. 1. a spark ignition gasoline
engine 10 includes a knock sensor 12 and a fue! management
microprocessor system 14. [he fuel management micropro-
cessor system 14 controls the direct injection ofan 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
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manifold 20. A turbocharger 22 is provided to improve the
torque and power density of the engine 10. ‘The amount of
ethanol injectionis dictated either by a predetermined corre-
lation between octane number enhancement and fraction of

fucl that is provided by ethanol in an open loop systemor by
aclosed loop contro] systemthat uses a signal from the knock
sensor 12 as an inpul to the fuel management microprocessor
14, In bothsituations, the fuel management processor 14 will
minimize the amount ofethanol added loa cylinder while still
preventing knack. Tlis also contemplated that the fuel man-
agement microprocessorsysiem 14 could provide a combi-
nation of open and closed loop control

As show in FIG. 1 itis preferred that ethanol be dircetly
injected into the engine 10. Direct injection substantially
increases the benefits of ethanol addition and decreases the

required amountofethanol. Recent advances in fuel injector
and electronic control technology allows luel injection
directlyinto a spark ignition enpinerather thaninto the mani-
fold 20, Because ethanol has a highheat of vaporization there
will be substantial cooling whenitis directly injected into the
engine 10. ‘This cooling effect further increases knock resis-
tance by a considerable amount. In the embodiment of FIG,1
port fuel injection of the gasoline in which the gasolineis
injected into the manifold rather thandirectly injectedinto the
cylinder is preferred because il is advantageousin obtaining
good air/fuel mixing and combustionstability that are diffi-
cult to obtain with direct injection.

Fthanol his a heat of vaporization of 840 kI/ky, while the
heat of vaporization of gasoline is about 350 kJ/kg. The
attractiveness ofethanol increases when compared with gaso-
line on an energy basis, since the lower heating value of
ethanol is 26.9 M./kg while for gasolineit is about 44 MI/ke.
Thus, the heal ofvaporization per Joule of combustion energy
is 0.031 for ethanol and 0.008 for gasoline, That is, for equal
amounts of energythe required heat of vaponzationofetha-
nol is about four times higher thanthat ofgasoline. The ratio
ofthe heat ofvaporization per unit air required for stoichio-
inctric combustionis about 94 kJ/kg ofair for ethanol and 24
kJ/kg of air for gasoline. or a factor offour smaller. Thus, the
nel effect of cooling the air charge is about four times lower
for gasoline than for ethanol (for stoichiometric mixtures
wherein the amount ofair contains oxygen that is just sufii-
cient to combust ail ofthe fuel)

In the case of ethanol direct injection according to one
aspect ofthe invention, the charge is directly cooled. ‘The
amount ol enoling due to direct injection ofethanal is shown
in FIG, 2, It is assumed that the air/fuel mixture is stoichio-
metric without exhaust gas recirculation (EGR). and that
gasoline makes up the rest of the fuel. lis further assumed
that only the ethanol! contributes lo charge cooling. Gasoline 3
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 cach 10% ofthe fuel energy
provided by ethanol, Tt is also possible to use direct injection
of gasoline as well as direet injection of ethanol. However,
under cerlain conditions there can be combustion stabilityissues,

The temperature decrement because of the vaporization
energy ofthe ethanol decreases with lean operation and with
EGR,as the thermal capacityof the cylinder charge increases.
If the engine operates at twice the stoichiometric air/fuel
ratio, the numbers indicated in !'IG. 2 decrease by about a
factor of 2 (the contribution of the ethanol itself’ and the
gasolineis relatively madest). Similarly. fora 20% EGRrate,
the cooling effect of the ethanol decreases by about 25%.

The octane enhancementeffect can be estimated from the

data in FIG, 2, Direct injection ofgasoline results in approxi-
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mately a five octane number decrease in the octane number
required bythe engine, as discussed by Stokes, et al, Thus the
contribution is about five octane numbers per 30K drop in
charge temperature. As cthanol can decrease the charge tem-
perature by about 120K,then the decreasein octane number
required by the engine due to the drop in temperature, for
100% ethanol, is hwenty 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 anda fifteen actane numberenhance-
ment coming from the octane number of ethanol. From the
above considerations, il can be projected that even il the
octane enhancement lrom direct cooling is significantly
Jower, a total ockine number enhancement of'at least 4 octane

numbers should be achievable lor every 20% ofthe total fuel
energy that is provided by cthanol,

Alternatively the ethanol and gasoline can be mixed
together and then port injected througha 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 thenport 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

betweenthe mixing point andthe port fuel injector should be
minimized in order to 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 obtained fromlaboratory and vehicle lests in
addition to detailed calculations. These correlations can be

used by the fuel management microprocessor system 14
Anadditional benefit of using ethanol for octane enhance-

mentis the ability to use it in a mixture with water. Such a
mixture can eliminate the need for the costly and energy
consuming water remoyal step in producing pure ethanol that
must be employed when ethanol is added to gasoline ata
refinery. Moreover, the water provides an additional cooling
(due to vaporization) that further increases engine knock
resistance. In contrast the present use ofethanol as an additive
to gasoline al the refinery requires that (he water be removed
from the ethanol.

Since unlike gasoline, cthanal is not a good lubricant and
the ethanolfuel injector can stick and nol open, it is desirable
fo add a lubricant to the ethanol. The lubricant will also
denature the ethanol and makeit unattractive for human con-
sumption,

Further deereises in the required ethanol for a given
amount of octane enhancement cun be achieved with stratifi-

cation (non-uniform deposition) of the ethanal addition.
Direct injection can be used to place the ethanol near the walls
ofthe cylinder where the need for knock reductionis greatest.
The direct injection may be used in combination with swirl.
This stratification of the ethanol in the engine further reduces
the amount ofethanol needed to obtain a given amount of
octane enhancement. Because only the ethanol is directly
injected and becauseit is stratified both by the injection
process and by thermal centrifugation, the ignition stability
issues associated with gasoline direct injection (GDI) can be
avoided

lt is preferred that ethanol be addedto 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% of the fuel, substantial decre-
ments in the required amounts ofethanol can be achieved by
stratifying the ethanal,

In the case of the engine 10 having substantial organized
motion (such as swirl), the cooling result in forces that ther-
mally stratify the discharge (centrifugal separation of the
regions at different density due to different temperatures)
The effect of ethanol additionis to increase gas density since
the temperature is decreased, With swirl the ethanol mixture
will aulomuatically move to the zone where the end-yasis, and
thus increase the anti-knock effectiveness of the injected
ethanol. The swirl motionis not affected much by the com-
pression stroke and thus survives better than tumble-like
motionthat drives turbulence lowards top-dead-center (TDC)
and then dissipates. It should be pointed out that relatively
modest swirls result in large separating (centrifugal) forces. A
3 nv/s swirl motion in a 5 cm radius cylinder generates accel-
erations of about 200 m/s”, or ubout 20 g's.

l'1G. 3 itlustrates ethanoldirect injection and swirl motion
for achieving thermalstratification. 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 main-
taining stratification in the cylinder. Inthis case ofport injec-
tion of ethanol, however. the advantage of substantial charge
cooling may belast.

With reference again to FIG. 2, the effect of ethanal addi-
uion all the way up to 100%ethanol injection is shown, Al the
point that the engine is 100% direct ethanol injected, there
muy be issues of engine stability when operating with only
stratified ethanol injection that need to be addressed. In the
case ofstratified operation it may also be advantageous to
stratify the injection of gasoline in order to provide a rela-
lively uniform equivalence ratio across the cylinder (and
therefore lower concentrations of gasoline in the regious
where the ethanol is injected). This situation can be achieved,
as indicated in FIG, 4, byplacing fuel in the region of the inlet
manifold that is void ofethanol.

The ethanol used in the invention can either be contained in

a separate tank fromthe gasoline or maybe separated from a
gasoline/ethano! mixture stored in one lank.

‘Lhe instantaneous ethanol injection requirement andtotal
ethano) consumption overa drive cycle canbe estimated from
information about the drive cycle and the increase in torque
(and thus inerease in compressionratio, engine power den-
sity. and capability for downsizing) that is desired. A plot of
the amount ofoperating time spentat various values of torque
and engine speed in FTP and USO06drive cycles can be used.
Tt is necessary to enhuncethe octane numberat 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
torque level.

A roughillustrative calculation shows that only a small
amount ol ethanol might be needed over the drive cycle.
Assume that it is desired to increase the maximumtorque
level by a factor of two relative to what is possible without
direct injection ethanol octane enhancement. Information
about the operating time for the combined FTP and US06
cycles shows that approximately only 10 percentofthe time
is spent at torque levels above 0.5 maximumtorque and less
than | percent ofthe time is spent above 0.9 maximumtarque
Conservatively assuming that 100% ethanol addition is
needed at maximumtorque and that the energy fraction of
ethanol additionthat is required to prevent knock decreases
linearly to zero at 50 percent of maximumtorque. the energy
fraction provided by ethanol is about 30 percent. During a
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drive cycle aboul 20 percent ofthe total fuel energyis con-
sumed al greater than 50 percent of maximumtorque since
during the 10 percent o!the timethat the engine is operatedin
this regime, the amountof fuel consumed is about twicethat
which is consumed below 50 percent of maximumtorque.
‘The amount of ethanol energy consumed during the drive
cycle is thus roughlyaround 6 percent (30 percentx0.2) ofthe
total fuel energy.

in this case then, although 100° cthanol addition was
needed at the highest value of torque. only 6% addition was
needed averaged aver the drive cycle. ‘he ethanol is much
more effectively used by varying the level of addition accord-
ing to the needs of the drive cycle.

Because ofthe lower heat of combustion ofethanol, the

required amount ofethanol 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 aboul |.8 gallons would then be
required in automobiles with twenty gallon gasoline tanks
The stored ethanol content would be about 9% ofthat of

gasoline by weight, a numbernot too different from present-
dayreformulated gasoline, Stratification ofthe ethanol addi-
ion could reduce this amount by morethana factor of two. An
on-line ethanol distillation system might alternatively be
employed but would entail elimination or reduction ofthe
increase torque and power available fromturbocharging

Because of the relatively small amount of ethanol and
present lack ofan cthanol fueling infrastructure, it is impor-
tant that the ethanol vehicle be operable if there is no ethano)
on the vehicle. The engine system can be designed such that
although the torque and powerbenefits 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 shownin PIG
5. the luel management microprocessor system 14 uses ethi-
nol fuel level in the ethanol tank [6 as an input lo control the
turbocharger 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
horsepowerwith appropriate turbocharging or supercharging,
but couldalso be drivable with an engine powerof 140 horse-
powerwithout the use of ethanol according to the invention,

Che impact of a small amount of ethanol upon fuel effi-
ciency through use in a higherefficiency engine can greatly
increase the energy value ofthe ethanol. For example, gaso-
line consumption could be reduced by 20% due to higher
efficiency engine operation from use ofa high compression
ratio, strongly turbocharged operation and substantial engine
downsizing. The energy value ofthe ethanol, including ils
value in direct replacement afgasoline (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 ofethanol
has thus been leveraged up to it 25% gasoline equivalent
value. Thus, ethanol can cost roughly up to five times that of
gasoline on an energybasis andstill be economically attrac-
tive, The use ofethanol 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 ather high octane fuel and fuel additives with high
vaporization energies such as methanol (with higher vapor-
ization enerpyper unil fuel), and otheranti-knock agents such
as tertiary butyl alcohol, or ethers such as methy! teruary
buty] ether (MTBE), ethyl tertiary buty! ether (ETBE), or
tertiary amy) methy'] ether (UAME),
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It is recognized that modifications and variations ofthe
invention disclosed herein will be apparentto those ofordi-
nary skill in the art andit is intended that all such madifica-
tions and variations be included within the scope of the
appendedclaims.

Whatis claimed is:

1. A spark ignition engine that is fueled both by direct
injection and by port injection wherein above a selected
lorgue value the ratio of fucl that is directly injected to fuel
thal is port injected increases; and wherein the engine is
operated at a substantially stoichiometric fuel/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 ignilion engine of 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 ofclaim3 further including a
nicroprocessorthat controls the ratio of the directlyinjected
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
contro] is used to determine theratio of the directly injected
fue! to the port injected fuel.

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

7. The spark ignition engine of claim 1 where the engine
operates at some value of torque with port fuel injectionalone,

8. The spark ignition engine of claim 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 ethanol.

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

12. The spark ignition engine ofclaim 1 where the directly
injected fuelis injected so as to have a higher concentrationin
the end gas region.

13. ‘lhe spark ignition engine of claim 12 wherethe knock
free torque of the engine is higher than for a uniform distri-
bution ofdirectly injected fuel.

14. The spark ignition engine ofclaim 11 where the directly
injected fuel is concentrated on the periphery of the cylinder.

15. A spark ignition engine whichis fueled with port injec-
tion of fuel and is also fueled with direct injection of fuel and
where above a certain value of torque the ratio of fucl thal is
directly injected to fuel that is port injected increases and
where the engine is operated witha substantially stoichiomet-
ric fuel/air ratio

and where the engineis fueled with gasoline and ethanol
and where the ethanol is directly injected such (he octane
enhancementfrom evaporative coolingof the ethanolis
greater than the octane enhancementfrom the intrinsic
octane ofthe ethanol.

16. The spark ignition engine ofclaim 15 wheretheratio of
directly injected fuel to port injected fuel increases with
increasing torque,

17, ‘The spark ignition engine of claim 15 where a signal
from a knock sensor determinesthe ratio of directly injected
fuel to port injected fuel.

18. Thespark ignition engine ofclaim 15 where the engine
is operated at a substantially stoichiometric fuel/air ratio at
the highest loads.

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

20. The spark ignition engine of claim 15 where at some
level of torque the engine is fueled only with direct injection.

* Ld * ” *
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FUEL MANAGEMENTSYSTEM FOR
VARIABLE ETHANOL OCTANE

END ANCEMENT OF GASOLINE ENGINES

This application is a continuation of U.S. patent applica-
tion Ser. No. 14/249.806 filed on Apr. 10, 2014, whichis 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 of U.S. patent application
Ser. No. 13/629.836 filed on Sep. 28, 2012 which is now
issued as U.S, Pal, No, 8,522,746, whichis a continuation of
U.S. patent application Ser, No. 13/368,382filed on Feb. &,
2012, which is now issued as U.S. Pat. Na. 8,302,580, which
is a continuation of U.S, patent application Ser, No, 13/282,
787 filed Oct. 27, 2011, which is nowissued as U.S. Pat. No

8.146.568, whichis a continuation of U.S, patent application
Ser. No. 13/117,448 filed May27, 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 nowissued as U.S. Pat. No. 7,971,572, which is a
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 a 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 continuation of 2
U.S, patent application Ser. Na, 10/991,774, which is now
issued as U.S, Pat. No, 7,314,033,

BACKGROUND

This invention reliles to spark ignition gasoline cnyines
utilizing an antiknock agent which is a liquid fucl with a
higher oclane number than gasoline such as ethunol to
improve engine elliciency

It is knownthat the efficiency of spark ignition (SI) gaso-
line engines can be increased by high compression ratio
Operation andparticularly by engine downsizing. The engine
downsizing is made possible bythe use of substantial pres-
sure boosting from either turbocharging or supercharging
Suchpressure boosting makes it possible to obtain the same
performance ina significantly smaller engine. See, J. Stokes,
et 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 effi-
ciency, however, is limited by the onset of engine knock.
Knoekis the undesired detonation af fiel and can severrly
damage an engine. If knock can be prevented, then high
compression ralio operation and high pressure boosting can
be used lo increase engine efficieney by up to twenty-five
pereenl

Octane numberrepresents the resistance ofa fuel to knock-
ing but the use of higher octane gasoline only modestlyalle-
viales the tendency to knock. For example, the difTerence
belween regular and premium gasoline is typicallysix octane
numbers, That is significantly less thin is needed to 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 of octane enhance-
ment so that engines can be operated much more efficiently.

It is known to replace a portion of gasoline with small
amountofethanol added ut the refinery. Ethanol has a blend-
ing octane number (ON) af 110 (versus 95 for premium
gasoline) (see J. B, Heywood, “Internal Combustion Engine
Fundamentals.” MeGraw Hill, 1988. p, 477) and is alsa
attractive becauseit 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
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engine performance. Lithanol is much more expensive than
gasoline and the amount of ethanol that is readily availableis
muchsmaller thaa that of gasoline becauseofthe relatively
limited amountof biomassthat is available forils production.
Anobject ofthe present invention is to minimize the amount
of ethanol or other antiknock agent that is used to achieve a
given level of engine efficiency increase, Byrestricting the
use ofethanol to the relatively small fraction of time in an
operating cycle whenit is needed to prevent knock ina 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 fucl used by the spark ignition
gasoline engine.

SUMMARY

In ane 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 fue! management system controls injection of
the antiknock agent into the cylinder to control knock with
minimumuse ofthe antiknock agent. A prelerred antiknock
agentis ethanol, Ethanol has a high heat of vaporization so
that there is substantial cooling ofthe air-fuel charge to the
eylinder when it is injected directly into the engine. ‘his
cooling effect reduces the octane requirement of the engine
by a considerable amount in addition to the improvementin
knock resistance fromtherelatively high octane number of
ethanol. Methanol, tertiary butyl! alechol, MTBE, ETBE,and
‘TAME mayalso be used. Whereverethanolis usedhereinitis
to be understood that other antiknock agents are contem-
plated.

‘The fuel managementsystemuses a fuel management con-
trol systemthat may use a microprocessor thal operates in an
apen loop fashion on a predetermined correlation between
oclane number enhancement and fraction of fuel provided by
the antiknock agent, To conserve the ethanol, il is preferred
that it be added only during portionsof'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
microprocessorsystemlo minimize the amounto!the ethanol
added to prevent knock ina closed loop fashion

In one embodiment the injectors stratify the ethanol to
provide non-unifonn deposition within a cylinder. For
example, the ethanol maybe injected proximate to the cylin-
der walls and swirl can create a ring of ethanol! near the walls.

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

Thedirect injection of ethanol pravides substantially a 13°
C. drop in temperature for every ten percent of fuel energy
provided by ethanol. An instantancous oclane enhancement
of at least 4 octane numbers may be obtained for every 20
percent ofthe engine’s energy coming form the ethanol.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram af one embodiment ofthe inven-
tion 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
ethanal.
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VIG, 3 is a schematic illustration of the stratification of
cooler ethanol charge using direct injection and swirl motion
for achieving thermal stratification.

VIG. 4isa schematic illustration showing ethanolstratified
in an inlet manifold.

PIG. § is a block diagram a! an emboctiment ofthe inven-
tion in whichthe fuel management microprocessoris used to
control a turbocharger and spark retard based upon the
amount of ethanol in afuel tank.

DETAILED DESCRIPTION

With reference first to FIG. La spark ignition gasoline
engine 10 includes a knock sensor 12 anda fuel management
microprocessor system 14, The fuel management micropro-
cessor system14 controls the direct injection ofan 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 LO. ‘lhe amount of
ethanol injectionis dictated either by a predetermined corre-
lation between octane number enhancement and fraction of

fuel that is provided byethanol in an open loop system or by
aclosed loop contro! systemthat uses a signal from the knock
sensor 12 as an input to the luc] management microprocessor
14. In bothsituations, the fuel managementprocessor 14 will
minimize the amount of ethanol added to a cylinder while still
preventing knock,It is also contemplated that the fucl man-
agement microprocessor system 14 could provide a combi-
nation of open and closed loop control.

As showin FIG. 1 it is preferred that ethanol be directly
injected into the engine 10, Direct injection substantially
increases the benefits of cthanol addition and decreases the

required amountofethanol. Recent advancesin fuel injector
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 ofvaporizationthere
will be substantial cooling whenitis directly injected into the
engine 10. ‘This cooling effect further increases knock resis-
lance by aconsiderable amount. In the embodiment of FIG. 1
port fuel injection of the gasoline in which the gasoline is
injectedinto the manifold rather thandirectly injectedinto the
cylinder is preferred becauseit is advantageous in obtaining
good air/fuel mixing and combustion stability that are diffi-
cult to obtain with direct injection.

Ethano! has a heat of vaporization of840 ki/kg, while the
heat of vaporization of gasoline is about 350 kJ/kg. The
attractiveness ofethanol increases when compared with gaso-
line on an energy basis, since the lower heating value of 5
ethanol is 26.9 MJ/kg while for gasoline it is about 44 MJ/kg.
Thus, the heat ofvaporization per Joule of combustion energy
is 0.031 for ethanol and 0.008 [or gasoline. That is, for equal
umounts of energy the required heat ofvaporization ofetha-
nol is about four times higher than that ofgasoline. The ratio
ofthe heat of vaporization per unit air required tor stoichio-
metric combustion is about 94 kJ/kg ofair for ethanol and 24
kJ/kg ofuir for gasoline, ora factor of four smaller, Thus, the
net effect of cooling the air charge is about four times Jower
for gasoline (han for ethanol (for stoichiometric mixtures
wherein the amountofair contains oxygen that is just sufli-
cient to combustall ofthe fuel).

In the case of ethanol direct injection according to one
aspect of the invention, the charge is directly cooled. ‘The
amount ofcooling due to direct injection ofethanol is shown
in FIG. 2. It 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 fuel. It is further assumed
that only the ethanol contributes to charge cooling. Gasoline
is vaporizedin the jet manilold and does not contribute to
cylinder charge cooling. ‘lhe direct ethanol injection provides
about 13° C. of cooling for each 10% of the fuel energy
provided byethanol. (It is also possible to use direct injection
ofgasoline as well as direct injection ofethanol. However,
under certain conditions there can be combustionstabilityissues.

The temperature decrement because of the vaporization
energy of{he ethanol decreases with lean operation and with
FGR. as the thermal capacity of the cylinder charge increases,
If the engine operates at twice the stoichiometic air/fuel
ratio, the numbers indicated in FIG. 2 deerease by about a
factor of 2 (the contribution of the ethanol itsell’ and the
gasolineis relatively modest). Similarly, for a 20% EGR rate,
the cooling effect of the ethanol decreases by about 25%,

The octane enhancementeffect can be estimated from the

data in FIG, 2, Direct injection of gasoline results in approxi-
mately a five octane number decrease in the octane number
required bythe engine,as discussed by Stokes,et al. [hus the
contribution is about five actane numbers per 30 K dropin
charge temperature. As ethanol can decrease the charge tem-
perature by about }20 K, 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
wilh a twenty oclane number 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 projected that even il the
octane enhancement from direct cuoling, is: significantly
Jower, a total octane number enhancement ofat least 4 octane
numbers should be uchievable for every 20%of the total luel
energythat is provided by ethanol,

Alternatively 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. [lowever, the air charge cooling benefit from
ethanal would belost

Alternatively the ethanol and gasoline can be mixed
together and then port fue] injected using a single injector per
cylinder, thereby decreasing the number ofinjectors that
would be used. However, the substantial air charge cooling,
benefit fram cthanol would be lost. The volume offuel

between the mixing point and the port fuel injector should be
minimized in order lo meet the demanding dynamic octane-
enhancement requirements of the engine.

Relatively precise determinations ofthe actual amount of
octane enhancement from given amounts of direct ethanol
injection can be obtained fromlaboratory and vehicle tests in
addition to detailed calculations. These correlations can be

used by the fuel management microprocessor system 14,
An additional benefit ol using ethanol for octane enhance-

meatis 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 presentuse ofethanol as an addilive
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 injector can stick and not open, it is desirable
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ta add a lubricant to the ethanol, The lubricant will also
denature the ethanol and make it unattractive for humancon-

sumption.
Further decreases in the required ethanol for a given

amountofoctane enhancement can be achieved with stratifi-

cation (non-uniform deposition) of the ethanol addition.
Direct injection canbe used to place the ethanol near the walls
of the cylinder where the need for knock reductionis greatest.
The direet 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 (GD) can be
avoided.

Itis preferred that ethanol be added to those regions that
make up the end-gas and are prone lo uuito-ignilion, These
regions are near the walls of the cylinder, Since the end-pas
contains on the order of 25%ofthe fuel, substantial decre-
ments 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 separation of the 2
regions at different density duc to different temperatures).
The effect of ethanol additionis to increase gas densitysince
the temperature is decreased, With swirl the ethanol mixture
wil] automatically move to the zane where the end-gas is, and
thus inerease the anti-knock clfectiveness of the injected
ethanol, The swirl motionis 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 aut that relatively
modest swirls result in large separating (centrifugal) forces. A
3 m/s swirl motion in a 5 emradius cylinder generates accel-
erations of about 200 m/s*, or about 20g's.

FIG. 3 illustrates ethanol direet 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 aninlet
manifold with swirl motion and thermal centrifugation main-
taining stratification in the cylinder. In this case ofport injec-
tion of ethanol, however, the advantage ofsubstantial charge
cooling maybe last.

With reference againto FIG. 2, the effect of ethanol addi
tion all the way up to 100% ethanol injection is shown. At the
point that the engine is 100% direct ethanol injected, there
muybe issues of engine stability when operating with only

 

stratified ethanol injection that need to be addressed. In the 50
case ofstratified operation it may also be advantageous to
stratify the injection of gasoline in order to provide a rela-
lively uniform equivalence ratio across the cylinder (and
therelore 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 regionofthe inlet
manifold that is void of ethanol.

Theethanol used in the invention cin either be containedin

a separate tank fromthe gasoline or may be separated fram a
pasoline/ethanol mixture stored in one tank,

‘The instantaneous ethanol injection requirementand total
ethanol consumptionover a drive cycle canbe estimated from
information aboutthe 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 ofthe
amount ofoperaling time spentat various values of torque and
engine speed in FTP and US06 drive cycles can be used. It is
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necessary to enhance the oclane numberat each point in the
drive cycle where the torque is greater than pennitted for
knock free operation with gasoline alone. ‘The amount of
octane enhancement that is required is determined bythe
torque level,

A roughillustrative 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 fo what is possible without
direct injection cthanol octane enhancement. Information
about the operating time for the combined FTP and US06
cycles shows that approximately only 10 percent of the time
is Spent al torque levels above 0.5 maximumtorque and less
than | percentol'the timeis spent above 0,9 maximumtorque.
Conservatively assuming that 100% ethanol addition is
needed at maximumtorque and that the energy [raction of
ethanol addition that is required to prevent knock decreases
linearly to zero at 50 percent ofmaximum torque, the energy
fraction provided by ethanol is about 30 percent. During a
drive cycle about 20 percent ofthe total fuel energy is con-
sumed ai greater than 50 percent of maximum torque since
during the 10 percent of the time that the engine is operated in
(his regime, the amountof fue! consumed is about twice that
which is consumed below 50 percent of maximumtorque.
‘The amount of ethanol energy consumed during the drive
cycle is thus roughly around 6 percent (30 percentx0.2) of the
tolal fuel 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
more clfectively used by varying the level of addition accord-
ing to the needsofthe drive cycle.

Because of the lower heat of combustion ofethanol, the

required amount ofethanol would be about 9% ofthe weight
of the pasoline fuel or about 9% ofthe 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 pasaline tanks.
The stored ethanol content would be about 9% ofthat of

gasoline by weight, a number nottoo different frompresent-
day reformulated gasoline. Stratification of the ethanal addi-
tion could reduce this amount by marethana fJactarof two. An
on-line ethanol distillation system might alternatively be
employed but would entail elimination or reduction ofthe
increase torque and poweravailable from turbocharging.

Becauce ofthe relatively small amount of sthanol and
present lack of an ethanol fucling infrastructure,it is impor-
tant that the ethanol vehicle be operableif there is no ethanol
on the vehicle. The engine system can be designed such that
althoughthe torque and powerbenefits would be lower when
ethanol is not available, the vehicle could still be operable by
reducing or climinaling turbocharging capability and/or by
increasing spark retard so as lo avoid knock, As shownin FIG,
§, 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 superchargeror 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 of140 horse-
power without the use of ethanol according to the invention.

‘The impact of a small amount of ethanol upon fuel effi-
ciency through use in a higher efficiency engine can greatly
increase the energy value ofthe ethanol. For example, gaso-
line consumption could be reduced by 20% due to higher
elficiency engine operation from use ofa high compression
ratio, strongly turbocharged operationand substantial engine
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downsizing. ‘he energy value of the ethanol, including its
value in direct replacement of gasoline (5% ofthe 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, ethane] can cost roughly up to five times that of
gasoline on an energybasis and still be economically attrac-
live. The use ofethanol as disclosed herein can be a much

greater value use than in other ethanolapplications,
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-
ization energyper 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 (ETB), or
leruary amy! methy!] ether (TAME).

It is recognized that modifications and variations of the
invention disclosed herein will be apparent to those ofordi-
naryskill in the art andit is intendedthat all such modifica-
tions and variations be included within the scope of the
appended claims.

‘The inventionclaimed is:

J. A fuel management system for a turbocharged or super-
charged spark ignition engine where the luc] management
system controls fueling from a first fucling system that
directly injects fuel into at least one cylinder as a liquid and
increases knock suppression by vaporization cooling and
from a second fueling system that injeets fuel into a region
outside ofthe cylinder;

and where there is a range of torque where both fueling
systemsare used at the same value of torque;

and wherethe fraction of fuel in the cylinder that is intro-
duced bythefirst fueling systemdecreases with decreas-
ing torque and the fuel management system controls the
change in the fraction of fuel introduced by the first
fueling system using closed loop contro! that utilizes a
sensor that detects knock;

and where the fuel management system also employs spark
retard so as to reduce the amount of fuel that is intro-
duced into the cylinder bythe first fueling system.

2. ‘The fuel management systemofclaim 1 wherethe spark
relard is employed to as to reduce the amount offuel that is
provided bythefirst fueling systemto zero.

3. The fuel managementsystem ofclaim 1 where whenthe
torqueis increased the increase in the fractionoffuel that is
introduced bythe first fueling systemis minimized whilestill
preventing knock.

4. The fuel management system ofclaim 1 where without
employing the spark retard there is a range of torque in which
only the second fucling systemis 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
information about knock are used to contro! the fuel that is

introduced by thefirst fueling system.
6. The luel managementsystem ofclaim 1 where the maxi-

mum torque that the engine provides occurs when both the
tirst and secondfueling systems are used at the saine value of
torque.

7, The fuel management systemof claim 1 where the only
thefirst fueling systemis used at the maximumtorque that the
engine provides

8. The fuel management system of claim 1 where onlythe
first fueling systemis used whenthe highest knockresistance
is required.
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9. "The fuel management systemofclaim J where boththe

first and second fueling system are used when the highest
knock resistance is required.

10. he fuel management system of claim 1 where as the
torque is increased the increasein the fraction offuel in the
cylinder that is provided bythefirst fueling system is sub-
stantially equal to that needed to prevent knock.

11. The fuel managementsystemofclaims 1 or 3 where the
fuel management system minimizes the increase in the [rac-
ion offuel in the cylinderthat is provided by the first fucling
system as torqueis increased.

12. The fucl management system ofclaim 1 where the
second fueling system uses port fuel injection.

13. A fuel management systemlor a spark ignition engine
that controls fueling from afirst fueling system that directly
injects [vel into at Jeast one cylinderas a liquid and increases
knock suppression by vaporization cooling and froma second
lueling system thal provides [uel to 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 bythe first fueling system;

and where the fuel management system uses input that
includes input from the sensed parameter and input from
knock sensor.

14. ‘he fuel managementsystemof claim 13 where input
from the knock sensor is ulilized in a closed loop control
systemthat controls the fraction offuel that is introducedinto
the first fucling system,

15. The fuel management system of claim 13 where both
the firstand second fucling systems are used at the samevalue
oftorque.

16. The fucl management systemofclaim 13 where spark
retard is employed soas to reducethe use ofthe first fueling
systemlo zero

17. The luel management system of claim 13 where the
engine is turbocharged or supercharged and the level oftur-
bocharging or supercharging is reduved so as to decrease the
amount of fuel [romthe first fueling system

18. The fuel management systemof'claim 13 where closed
loop control with a knock detector is used to increase the
relative amountof fuel fromthe first fueling system as torque
is increased.

19. A fuel managementsystemfora turbocharged or super-
charged spark ignition engine where the fuel management
system controls fucling from a first fucling 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 fucl injection:

and where during adriving cycle there is afirst torque range
where both fucling systems are used at the sume torque
and where the lraction of fuel in the cylinder that is
introduced by the first fueling systemis increased so as
to prevent knock as torque increases:

and where the fuel management system matches thefrac-
tion offuel that is provided byfirst fueling system with
the amount needed to prevent knock ata givenvalue of
torque; and

where the fuel management system uses closed loop control
that employs a knock detector

20. The fuel management system ofclaim 19 wherethereis
a second torque range where only the secand fueling system
is used and the highest value oftorque in the second torque
range is lower than at least one value oftorque in the first
torque range.
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21. The fuel management system ofclaim 19 wherethe fuel
management system minimizes the amountoffuel 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 engineis in the
first torque range.

23. The fuel management system ofcluim 19 wherelor the
maximum knockresistance required by the engine only the
first fueling system is used.

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

and where the knockresistance offuel introduced by the
first fueling system is greater than the knockresistance
of fuel introduced by the second fueling system;

and where the fuel management! systemuses information
from a sensed parameter to control spark retard so as to
decrease the amount of fuel that would otherwise be

provided by thefirst fucling system;
and where the fuel management system uses input that

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

15
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25. The fuel management systemof claim 24 where input
from the knock sensor is ulilized in a closed loop contro!
system that controlsthe fraction offuel thatis introduced into
the first fueling system.

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

27, The fuel management system of claim 24 where spark
retard is employed so as to reduce the use of thefirst fueling
system to zero

28. The fuel management system ofclaim 24 where turbo-
charging or supercharging is used and the level ofturbocharg-
ing or supercharging is reducedso as to decrease the amount
of fuel fromthefirst ftreling system.

29. ‘The fuel management system of claim 24 where closed
loop contro] with a knock detector is used to increase the
relative amountoffuel firm thefirst fueling system as torque
is increased.

30. The fucl managementsystem ofclaim 24 wherethefirst
fueling system usesdirect injection.

31. The fuel management system of claim 24 where the
second fucling system uses port fuel injection.

* * * ” *
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FUE]. MANAGEMENT SYSTEM FOR
VARIABLE ETHANOL OCTANE

ENTANCEMENT OF GASOLINE ENGINES

This application is a continuation of U.S. patent applica-
tion Ser. No, 14/982,086 led on Dec. 29, 2015. whichis a
continuation of U.S. patent application Ser. Na, 14/478,069
filed on Sep, 5, 2014, whichis a continuation of U.S. patent
application Ser. No. 14/249,806 filed on Apr. 10, 2014,
which is nowissued as U.S. Pat. No. 8.857,410. whichis a
continuation of U.S. patent application Ser. No. 13/956,498
filed on Aug. 1, 2013, which is nowissued as U.S. Pat. No.
8,733,321, which isa continuation of US. patent application
Ser. No. 13/629,836 filed on Sep, 28, 2012, which is now
issued as U.S. Pat. No. 8,522,746, whichis a continuation of
U.S. patent application Ser. No, 13/368,382filed on Feb. 8,
2012, which is nowissued as U.S. Pat. No. 8,302,580, which
is a continuation of U.S. patent application Ser. No. 13/282,
787 filed Oct, 27, 2011, which is nowissued as U.S. Pat. No.

8,146,568, whichis a continuation efU.S, patent application
Ser, No. 13/117,448 filed May 27, 2011, which is now issued
as ULS. 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, Pat. No. 7.971,572. which is a
continuation of U.S. patent application Ser. Na. 12/329,729
filed on Dec. &. 2008, which is nowissued as U.S. Pat, No,
7,762,233, which is a 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, whichis a continuation of
USS. patent application Ser No, 10/991,774, which is now
issued as U.S. Pat. No, 7.314,033

BACKGROUND

This invention relates lo spark ignition gasoline engines
utilizing an antiknock agent which is a liquid fuel with a
higher octane number than gasoline such as ethanal to
improve enyine eMiciency

It is known that the efliciency of spark ignition (SI)
gasoline engines can be increased by high compressionratio
operation and particularly by engine downsizing. The engine
downsizing is made passible by the use ofsubstantial
pressure boosting from either turbocharging or supercharg-
ing. Such pressure boasting makes it possible to obtain the
same perlormance in a significanly smaller engine, See, J
Stokee, et al. “A Gacoline Engine Concept Kor Improved
Fuel ReonomyThe [ecan-Boost System,” SAF, 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 fucl and can severely
damage an engine. If knock can be prevented, then high
compression ratio operation and high pressure baosting can
be used to increase engine cfliciency by up to pwenty-five
percenl.

 

Octane number represents the resistance of a fuel to ;
knocking bul the use of higher octane gasoline only mod-
estly alleviates the tendency to knock. For example. the
difference belween regular and premium gasoline is typi-
cally six octane numbers. That 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 muchhigherlevel
of octane enhancementso that engines can be operated much
more efliciently.

It is known to replace a partion of gasoline with small
amounts of ethanol added at the refinery. Ethanol has a
blending octane number (ON) of 110 (versus 95 for pre-
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mium gasoline) (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 mare
expensive than gasoline and the amount ofethanol that is
readily available is much smaller than that of gasoline
because ofthe relatively limited amount of biomass that is
available for its production, An object of the present inven-
lion is lo minimize the amount of ethanol or other antknock

agent that is used to achieve a given level of engine
efliciency increase. By restricting the use of ethanol to the
relatively small fraction of time in un operating cycle when
it is needed ta prevent knock ina higher load regime and by
minimizingils use at these times, the amount ofethanol that
is required can be limited to a relatively small fraction of the
fuel used by the spark ignition gasoline engine.

SUMMARY

In one aspect, the inventionis a fuel management system
for efficient operation of a spark ignition gasoline engine
including a source of an antiknock agent such as ethanal. An
injector direclly injects the ethanol into a cylinder of the
engine and a fuel management system controls injection of
the antiknock agent into the cylinder ta contrel knock with
minimumuse of the antiknock agent. A preferred antiknock
agent is ethanol. Ethanol has a high heat of vaporization soa
that there is substantial cooling ofthe air-fuel charge to the
cylinder when it is injected directly into the engine. This
cooling effect reduces the octane requirementofthe engine
by a considerable amount in addition to the improvement in
knock resistance fromthe relatively high octane number of
ethanol, Methanol, tertiary butyl alcohol, MTBE, ETBE,
and TAME mayalso be usec, Wherever ethanal 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 thal operates
in an open loop Jashion on a predetermined correlation
between octane number enhancement and fraction offuel

provided bythe antiknock agent. To conservethe ethanol, it
is preferred that it be added only during portions ofa drive
cycle requiring knock resistance and that ite use be mini-
mized during these times, Alternitively, the gasoline engine
mayinclude a knock sensor that provides a feedback signal
lo a fuel management microprocessor system to minimize
the amount ofthe cthanol added to prevent knock ina closed
loop fashion.

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

In another embodimentofthis aspect ofthe invention, the
system includes a measure ofthe amount ofthe antiknock
agent such as ethanol in the source containing the antiknock
agent to control turbocharping, supercharging or spark retard
when the amount ofethanol is low,

The direct injection of cthanol provides substantially a
13° C. drop in temperature for every ten percent of fuel
energy provided by ethanol. An instantaneous octane
enhancementof at least 4 octane numbers may be obtained
for every 20 percent ofthe engine’s energy coming fromthe
ethanol.
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BRIEF DESCRIPTION OF THE DRAWINGS

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

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

FIG. 3 is a schematic illustration ofthe stratification of

cooler ethanol charge using direct injection and swirl motion
for achieving thermal stratification

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

FIG. § is a block diagram of an embodiment of the
invention in which the fucl management microprocessoris
used lo control a turbocharger and spark retard based upon
the amount ofethanol in a fuel tank.

DETAILED DESCRIPTION

With reference first to FIG. 1, a spark ignition gasoline
engine 10 includes a knock sensor 12 and a fuel management
microprocessor system 14. ‘lhe fuel management micropro-
cessor system 14 controls the direct injection of an anti-
knock 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
manilold 20. A turbocharger 22 is provided to improve the
torque and power density of the engine 10, The amount of
ethanol injection is dictated cither by a predetermined cor-
relation between octane number enhancement and fraction

offuel that is provided by ethanol in an open Joop system or
by a closed loop control system that uses a signal fromthe
knock sensor 12 as an input to the fuel management 125
microprocessor 14. In both situations. the fuel management
processor 14 will minimize the amount of ethanol added to
a cylinder while stil! preventing knock. It is also contem-
plated 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 ofethanol addition and decreases the

required 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 whenit is directly injected
into 135 the engine 10. This cooling effect furtherincreases
knock resistance by a considerable amount. In the embadi-
ment of FIG. 1 part fuel injection of the gasoline in which
the gasoline is injected into the manifold nither than directly
injected into the cylinder is preferred because it is advan-
tagcous in obtaining good air/fuel mixing and combustian
stability that are dificult to obtain with direct injection.

Ethanol has a heat of vaporization of840 kJ/kg, while the
heat of vaporization of gasoline is about 350 kI/kg. The
attractiveness of ethanol increases when compared with
gasoline onan energybasis, since the lower heating value of
cthanol is 26.9 MJ/kg while for gasoline it is about 44
Mi/ky. Thus, the heat of vaporization per Joule of combus-
tion energyis 0.031 for ethanol and 0.008 for gasoline. ‘That
is, for equal amounts of energy the required heat of vapor-
ization of ethano! is about four mes higher than that of
gasoline. The ratio of the heat of vaporization per unit air
required for staichiometric combustionis about 94 ki/kg of
air for ethanol and 24 kJ/kg of air for gasoline, or a factor
of four smaller. Thus, the net elfect of cooling the air charge
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is about four times lower for gasoline than for cthanol (for
stoichiometne mixtures wherein the amount ofair contains

oxygen that is just suflicient to combust all ofthe fuel),
In the case of ethanol direct injection according to one

aspect of the invention, the charge is directly cooled. The
amount o!'cooling due to direct injection ofethanol is shown
in FIG, 2. It is asstumed that the air/fuel mixture is sloichio-
metric without exhaust gas recirculation (EGR), und that
gasoline makes up the rest of the fuel, [t 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. lhe direct ethanol injection pro-
vides about 13° C. of cooling for each 10% ofthe fuel
energy provided by ethanol. (It is also possible to use direct
injection of gasoline as well as direct injection ofethanol
However, under certain conditions there can be combustion
slability issues.

The temperature decrement because of the vaporization
energy of the cthanol decreases with lean operation and with
FGR, as the thermal capacity of the cylinder charge
increases. If the engine operates at twice the stoichiometric
air/fuel ratio, the numbers indicated in FIG. 2 decrease by
abouta Jactor of 2 (the contributionofthe ethanol] itself and
the gasolineis 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 fromthe

data in FIG. 2. Direct injection of gasoline results in approxi-
mately a five ocuime number decrease in the oclane number
required by the engine. as discussed by Stokes, et al. ‘Thus
the contributionis about five octane numbers per 30K drop
in charge temperature. As ethanol can decrease the charge
lemperature 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 octane numbers. Thus.
when 100% ofthe 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 und a fifteen octane number
enhancement caming from the octane number of ethanol
Fromthe above considerations, it can be projected that even
if the octane enhancement from direct cooling is signifi-
cantly lower, a lotal octane numberenhancement ofat least
4 octane numbers should be achievable for every 20% ofthe
total fuel energy 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 ofinjectors that
would be used. However, the air charge cooling benefit from
ethaneal would be lost

Alternatively the ethanol and gasoline can be mixed
together and then port luel injected using a single injector
per cylinder, thereby decreasing the numberofinjectors that
would be used. However, 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-
enhancement requirements ofthe engine.

Relatively precise determinations of the actual amount of
octane enhancement from given amounts ofdirect 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 benefit of using ethanol for octane enhance-

mentis the ability lo use it ina mixture with water. Such a
mixture can eliminate the need for the costly und energy
consuming water removal step in producing pure ethanol
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that must be employed when ethanol is added to gasolineat
a refinery. Moreover, the water provides an additional coal-
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 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 ofoctane enhancement can be achieved with strali-

fication (nen-unifonn 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 octiune enhancement. Becuuse only the
ethanol is directly injected and becauseit is stratified bath by
the injection process and by thermal centrifugation, the
ignition stability issues associated with gasoline direct injec-
tion (G11) can be avoided,

It is preferred that ethanol be added to those regions that
make up the end-pas and are prone to antn-ipnitian These
regions are near the walls of the cylinder. Since the end-gas
contains an the order of 25%ofthe fuel, substantial deere-

ments in the required amounts ofethanol can be achieved by
stritifying the ethanal.

In the case ofthe engine 10 having substantial organized
mouion (such as swirl), the cooling, will result in forces that
thennally stratify the discharge (centrifugal separation ofthe
regions al different density due to different temperatures).
The effect of ethanol additionis to increase gas density since
(he temperature is decreased. With swirl the ethanol mixture
will automatically move lo the zone where the end-gas is,
and thus increase the anti-knock elfectiveness ofthe injected
ethanol, The swirl motion is not affected much by the
compressionstroke 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 large separating (centrifu-
gal) forees. A 3 m/s swirl motion in a 5 emradius cylinder
generates aceclerations of about 200 m/s*. or about 20 g's.

PIG. 3 illustrates ethanol direct injection and swirl motion
for achieving thermal stratification. Ethanal is predami-
nantly on an outside region whichis the end-gas region. FIG
4 illustrates a possible stratification ofthe ethanol in aninlet
manifold with swirl motion and thermal centrifugation
maintaining stratification in the cylinder. In this case of port
injection of ethanol, however, the advantage ofsubstantial
charge cooling may belost.

With reference again lo FIG, 2, the effect of ethanol
addition all the way up to 100% ethanol injection is shown.
Atthe point that the engine is 100%direct ethanol injected,
there maybeissues of engine stability when operating with
only stratified ethanol injection thal need to be addressed. In
the case ofstratified operation it may alsa 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). ‘his situation can be
achieved, as indicated in FIG, 4. byplacing fuel in the region
ofthe inlet manifold that is void ofethanol.
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6
The ethanol used in the invention can cither be contained

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

‘The instantancous ethanol injection requirement andtotal
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 capubility 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 enhance the octane numberat cuch
point in the drive cycle where the torque is greater than
permitted for knock free aperation with gasoline alone. ‘The
amountofoctane enhancementthat is required is determined
bythe torque level.

A rough illustrative calculation shows thal only a smal]
amount of ethanol might be needed over the drive cycle.
Assume that it is desired to increase the maximumtorque
level by a factor of tworelative to what is possible without
direct injection ethanol octane enhancement. Information
about the operating time for the combined Fl? and US06
cycles shows that approximately only 10 percentof the time
is spent at torque levels above 0.5 maximumtorque and less
than 1 percent of the time is spent above 0.9 maximum
torque, Conservalively assuming that 100%ethanol addition
is needed ut maximum torqueand that the energy [raction of
ethanol addition that is required to prevent knock decreases
linearly to zero at 50 percent of maximumtorque, the energy
fraction provided by ethanol is about 30 percent. Dunng a
drive cycle about 20 percent of the total fuel enerpy is
consumedal 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
maximumtorque. 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 cause then, although 100% cthanol addition was
needed at the highest value of torque, only 6% addition was
needed averaged over the drive cycle. Ihe ethanol is much
more effectively used by varying the level of addition
according to the needs ofthe drive cycle.

Because of the lower heat of combustion ofethanol, the
required amount ofethanol would be about 9% of the weight
ol the gasoline fuel or about 9% ofthe volume (since the
densities of ethanol and gasoline are comparable). A separate
tank wilh a capacity of ubout 1.8 gallons would then be
required in automobiles with twenty gallon gasoline tanks,
The stored ethanol cantent would be about 9% ofthat of

gasoline by weight, a numbernot toodifferent from present-
day reformulated gasoline. Stratification of the ethanol addi-
lion could reduce this amount by more thana factor of hwo,
An on-line cthanol distillation system might altematively be
employed but would entail elimination or reduction ofthe
increase torque and poweravailable from turbocharging.

Because of the relatively small amount of ethanol and
present lack ofan ethanol fueling infrastructure, itis impor-
tant that the ethanol vehicle be operableif there is no ethanol
onthe 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 climinating turbocharging capabil-
ily 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 295 ethanol tank 16
ag an input to control the turbocharger 22 (or supercharger
or spark retard, not shown). As an example, with on-demand
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ethanol 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 horsepowerwithout the use of
ethanol according to the invention.

The impact of a small amount of ethanol upon fuel
elliciency through use in a higher efficiency engine can
really increase the energy value of the ethanol. For
example, gasoline consumption could be reduced by 20%
duc to higher efficiency engine operation from use ofa high
compression ratio, strongly turbocharged operation and sub-
stantial engine downsizing. ‘he energy value ofthe ethanol.
including its value in direct replacement of gasoline (5% of
the energyofthe gasoline), is thus roughly equal to 25% of
the gasoline that would have been used in a less eflicient
engine without any ethanol, The 5% gasoline equivalent
energy value of ethanol has thus been leveraged up to a 25%
pusoline equivalent value. Thus. cthanol can cost roughly up
to five timesthat ofgasoline on an energy basis and still be
economically attractive. The use of ethanol as disclosed
herein can be # muchgreater value use than in other ethanol
applications.

Althoughthe 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
vaponvalion energies such as methanol (wilh higher vapor-
ization 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 buty! ether
(EI'BE). or tertiary amyl methy! ether (AME).

It is recognized that modifications and variations ofthe
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.

‘The inventionclaimed is:

1, A fuel management system for a spark ignition engine
which utilizes port fuel injection and also ulilizes 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 whereinat least part of the first torque range as torque
is increased the amountoffuel that is directly injected
is changed so as to obtain knock-free operation and the
amount ofdirectly injected fuel used to provide knock-
free operation is minimized,

2. ‘he fuel management system of claim 1 where as
torque is increased the fraction of fuel that is directly
injected is increased to the value thal prevents knock.

3. ‘Ihe fuel management system of claim 1 where active
control using a knock detector is used to change the amount
of fuel that is directly injected as torque is increased.

4, ‘lhe fuel management system ofclaim 1 or 2 where
open Joop 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. The fuel management system of claim 1 whereif torque
is increased beyond the highest value oftorque in the first
range oftorque, 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 oftorque.
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8
8. The fuel management system of claim 7 where as the

torque increases beyond the highest value of torque in the
second range oftorque, the engine operates in the first range
oftorque.

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

and where if the torque were to be increased beyond the
highest value in the first range of torque,direct injec-
lion alone would be required for knock-free operation

10. ‘he fuel management system of claim 7 where the
highest torque in the second torque range is the highest
lorque at which knock-free operation can be obtained with
port fitel injection alone.

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

12. The fuel management system of claim 7 where spark
retard is employed so that port fuel injection alone can be
used where it would not othenvise be used.

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

14, The fucl management system of claim 1 where the
amountofdirectly injected fuel 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 to the highest torque in the first torque range

16, The fucl management system of claim 1 where there
is third torque range where the highest torqueis the highest
torquein the first torque range of the operation and where
within the third torque range us torque is increased the
fraction offuel provided bydirect injection is changed to the
value needed to prevent knock.

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

18. ‘The fuel management system ofclaim 16 where the
amountof direct injection is minimized.

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

and where thereis a first range oftorque throughout which
direct injection and port injection are used at the same
value oftorque;

and whereinas torque is increased the fraction offuel that
is directly injected is increased to a valuc that prevents
knock:

and where there is a second range of torque where only
port fuel injection is used:

and where when torque excceds the highest torque in the
secoud range oftorque the engine operates in the first
range oftorque.

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

21. The fuel management systemof claim 19 or 20 where
the highest value oftorque in the second 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 of 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 wilh port fucl injection aloneat values of
torque where port fucl injection alone would not otherwise
be employed.

24. ‘The spark ignition engine of claim 22 or 23 where the
spark retard is controlled by detection 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 valuc of torque.

27. ‘The spark ignition engine of claim 22 where without
the employment of the spark retard the fraction of fuel
provided by diroct injection increases with incrcasing
lorque.

10

28. The spark ignition engine of claim 22 wherethere is
a first torque range throughout whichport fuel injection and
direct injection are used at the same torque and whereinthe
fraction of fuel provided by direct injection increases with

5 increasing torque in such a way as to enable knock-free
operation and where there is a second torque range where
only port fuel injection is used and where when the torque
execedsthe highest torque in this range, the engine operates
in the first torque range.

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

30. The spark ignition engine of claim 22 where spark
18 retard is used to reduce the amountofdirect injection to zero

from whal it would otherwise have been.
* * * * *
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FUEL MANAGEMENT SYSTEM FOR
VARIABLE ETHANOL OCTANE

ENTANCEMENT OF GASOLINE ENGINES

This application is a continuation of U.S, patent applica-
tion Ser. No. 15/463,425 filed on Mar. 20. 2017, whichis a
continuation of U.S. patent application Ser. No. 14/982,086
filed on Dec, 29, 2015. which is a continuation of U.S. patent
application Ser, No. 14/478,069 filed on Sep. 5, 2014. which
is a continuation of U.S, patent application Ser. No. 14/249,
806 filed on Apr. 10, 2014, which is nowissued as US. 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 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
Ser. No, 13/368,382 filed on Feb. 8, 2012, which is now
issued as U.S. Pat. No. 8,302,580. whichis a continuation of

U.S. patent application Ser, No. 13/282,787 filed Oct. 27,
2011, which is nowissued as U.S. Pal. No. 8,146,568, which
is a continuationofU.S. patent application Ser, No. 13/117,
448 filed May 27, 2011. whichis nowissued 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. Pat. No. 7,971,572, which is a continuation of
U.S. patent application Ser. No, 12/329,729filed on Dee. 8,
2008, which is nowissued as U.S. Pat. No. 7,762,233, which
is a continuation of U.S. patent application Ser. No. 11/840,
719 filed on Aug. 17, 2007, whichis nowissued as U.S. Pat.
No. 7,740,004, which is a continuation of U.S. patent
application Ser. No. 10/991,774, which is nowissued as U.S.
Pat. No. 7.314.033.

BACKGROUND

This invention relates to spark ignition gasoline engines
ullizing an antiknock agent which is a liquid luel 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 compressionratio
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
sume performance in a significantlysmaller engine. See, J.
Stokes. et al., “A Gasoline Engine Concept For Improved
Fucl Feonomy The Lcan-Boost System,” SAF Paper 2001 -
01-2902. The use of these techniques to increase engine
efliciency, however, is limited by the onset of engine knock.
Knockis 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 lo increase engine efliciency by up to twenty-five
percent.

Octane number represents the resistance of a fuel to
knocking but the use of higher octane gasoline only mod-
ustly alleviates the tendency to knock. For example. the
difference between regular and premiumgasoline is typi-
cally six octane numbers. ‘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
needfor a practical meansfor achieving a much higher level
of octane enhancementso thal engines can be operaled much
more elliciently.
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It is knownto 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-
miumgasoline) (see J. B. Heywood, “Internal Combustion
Engine Fundamentals.” MeGraw 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 (han gasoline and (he amount of ethanol! that is
readily available is much smaller than that of gasoline
because ofthe relatively limited amount of biomass that is
available for its production. An abject ofthe present inven-
Gon is to minimize the amount of ethanol or other antiknock

agent that is used to achieve a given level of engine
elliciency increase. By restricting the use of ethanol to the
relatively small fraction of lime in an operating cycle when
it is needed to prevent knock in a higher load regime and by
minimizingils use al these times, the amountofethanol that
is required canbe limited to a relatively smal) fraction of the
fuel used by the spark ignition gasoline engine.

SUMMARY

In one aspect. the invention is a fuel management system
for eflicient operation of a spark ignition gasoline engine
including a source ofan 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
minimumuse of the antiknock agent. A preferred antiknock
agentis 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 ofthe engine
bya considerable amount in addition to the improvement in
knock resistance [romthe relatively high octane number of
ethanol. Methanol, tertiary butyl alcohol, MTBE. ETBL.
and ‘TAME may also be used. Wherever ethanol is used
hereinit is to be understood that other antiknock agents are
contemplated.

The fue] 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 prelurred that it be added only during portions ofa drive
evele requiring knock resistance and that its use be mini-
mized during these times. Alternatively, the gasoline engine
mayinclude a knock sensor that provides a feedback signal
fo a fuel management microprocessor system to minimize
the amount of the cthano] added to prevent knock ina 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 ofthis aspect ofthe invention, the
system includes a measure of the amount of the antiknock
agent such as cthanol in the source containing the antiknock
agent to control turbocharging, supercharging or spark retard
whenthe amount ofethanol is low.

‘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
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enhancement ofal least 4 octane numbers may be obtained
for every 20percentofthe engine's energy coming fromthe
ethanol,

BRIEF DESCRIPTION OF‘THE DRAWINGS

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

FIG. 2 is a graph of the drop in temperature wilhin a
cylinder as a function ofthe fraction of energy provided by
ethanol.

FIG. 3 is a schematic illustration ofthe stratification of
cooler ethanol charge using direct injection and swirl motian
for achieving thermal stratification,

PIG. 4 is a schematic illustration showing, ethanol strati-
fied 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 contra] a turbocharger and spark retard based upan
the amount of ethanol in a fuel tank.

DETAILED DESCRIPTION

With relerence first to 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 from an ethanol tank 16. The
fuel management microprocessor system 14 also controls
the delivery of gasoline froma 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 cor-
relation between octane number enhancement and fraction

offuel that is provided byethanol in an open loop system or
by a closed loop contro] system that uses a signal from the
knock sensor 12 as an input to the fuel management micro-
processor 14, In both situations, the fucl management pro-
cessor 14 will minimize the amount ofethanol addedto a

cylinder while still preventing knock. Il is also contemplated
that the fuel management microprocessor system 14 could
provide a combination of open and closed loop control.

As showin 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 ofethanol, Recent advances in fuel injector
and electronic control technology allows fuel injection
directly into a spark ignition engine rather than into the
manilold 20, Because ethanol has a high heat of vaporization
there will be substantial cooling whenit is directly injected
into the engine 10. This cooling effect further increases
knock resistance by a considerable amount, In the embadi-
ment of FIG. 1 port fuel injection ofthe gasoline in which
the gasolineis injected into the manifold rather thandirectly
injected into the cylinder is preferred becauseit is advan-
lageous In obtaining good air/fuel mixing and combustion
stability Uhat are diflicult to obtain with direct injection.

Ethanolhas a heat ofvaporization of 840 kJ/kg, while the
heat of vaporization of gasoline is about 350 kI/kg. The
allractiveness of ethanol increases. when compared with
gasoline onan energybasis. since the lower heating value of
ethanol is 26.9 MJ/kg while for gasoline it is about 44
MiJ/kg. Thus, the heat of vaporization per Joule of combus-
tion energy is 0.03) for ethanol and 0.008 for 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 ofthe heat of vaporization per unit air

10

20

30)

35

40

50

SS

f0

65

4

required for stoichiometric combustionis about 94 kJ/kg of
air for ethanol and 24 kJ/kg of air for gasoline, or a factor
offour smaller. Thus, the net effect of cooling the air charge
is about four times lowerfor gasoline than for ethanol (for
stoichiometric mixtures wherein the amountofair contains

oxygenthat is just sufficient to combust all of the fuel).
In the case of ethanol dircet injection according to one

aspect of the invention, the charge is directly cooled. The
amount ofcooling due to direct injection ofethanol is shown
in FIG. 2. [Cis assumed that the air/fuel mixture is stoichio-

metric without exhaust gas recirculation (EGR), and that
gasoline makes up the rest of the fuel. It is further assumed
that onlythe elhinol contributes to charge cooling. Gasoline
is vaporized in the inlet manifold and docs not contribute to
cylinder charge cooling. Ihe direct ethanol injection pro-
vides about 13° C. of cooling for each 10% ofthe fuel energy
provided by ethanol, (It is also possible to use direct
injection af gasoline as well as direct injection of ethanol
Tlowever, under certain conditions there can be combustion

stability issues.
‘The temperature decrement because ofthe vaporization

energyofthe ethanol decreases with lean operation and with
EGR. as the thermal capacity of the cylinder charge
increases. If 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 ethanol itself and
the gasolineis relatively modest), Similarly, for a 20% EGR
talc. the cooling effect of the ethanol decreases by about25%.

‘The octane enhancementeffect can be estimated fromthe

data in FIG. 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. ‘hus
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 tempera-
ture, 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 benty octane number enhancement coming
from direct injection cooling and a fifteen octane number
enhancement coming from the octane number of ethanol
rom the above considerations, it can be projected that even
if the octane enhancement from direct cooling is signifi-
cantly lower, a lotal octane number enhancementof at least
4 oclane numbers should be achievable lor every 20%ofthe
total fuel energy that is pravided 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.

Alternatively the ethanol and gasoline can be mixed
together and then port fuel injected using a single injector
per cylinder, thereby decreasing the numberof injectors (hat
would be used. [lowever, the substantial air charge cooling
benefit from ethanol would be lost. The volume of fucl

betweenthe mixing point andthe port fuel injector should be
minimized in order to meet the demanding dynamic octane-
enhancement requirements of the engine.

Relatively precise determinations ofthe actual amount of
octane enhancement from given amounts ofdirect ethanol
injection can be obtained fromlaboratory and vehicle tests
in addition to detailed calculations. These correlations can

be used by the fuel management microprocessor system 14.
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An additional benefit of using ethanol for octane enhance-
mentis the ability to use it ina mixture with water. Such a
mixture can eliminate the need for the costly and energy
consuming, water removal step in producing pure cthanol
that must be employed when ethanol 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 ethanol.

Since unlike pasoline. ethanol is nota good lubricant and
the ethanol fuel injector canstick 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 ofoctane enhancement can be achieved with strali-

fication (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. ‘his stratification of the ethanol in the engine
further reduces the amount ofethanol needed to obtain a

given amount of octane enhancement. Because only the
ethanolis directly injected and becauseitis stratified both by
the injection process und by thermal centrifugation, the
ignitionstability issues associated with gasoline direct injec-
tion (GDI) can be avoided.

It is preferred that cthunol be added to those regions that
make up the end-pas and are prone to auto-ignition. ‘These
regions are near the walls ofthe cylinder. Since the end-gas
contains on the order of 25%ofthe fuel. substantial deere-

ments in the required amounts of ethano] can he achieved by
stratifying the ethanal.

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 separationofthe
regions at different density due to different temperatures).
Theeffect of ethanol additionis to increase pas densily 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-knocketlectiveness ofthe injected
ethanol. The swirl motion is not affected much by the
compression stroke andthus survives better than tumble-like
motion that drives turbulence towards top-dead-cenler
(IDC) and then dissipates. It should be pointed out that
relatively modest swirls result in large separating (centri fu-
gal) forces. A 3 m/s swirl motion in a 5 cm radius cylinder
generates accelerations of ahout 200 nvs*, or about 20 g’s.

FIG.3illustrates ethanol direct injection and swirl motion
for achieving thermal! stratification, Ethanol is predomi-
nantly on an outside region whichis the end-gas region. FIG,
4 illustrates a possible stratification of the ethanol in aninlet
manifold with swirl motion and thermal centrifugation
maintaining stratification in the cylinder. In this case ofport
injection of ethanol, however. the advantage of substantial
charge cooling may be lost.

With reference again lo FIG. 2, the effect of ethanol
additionall the way up to 100% ethanol injection is shown.
At the point that the engine is 100% direct ethanol injected,
there may be issues ofengine stability when operating with
only stratified ethanol injection that need to be addressed. In
the case olstratified operation it may also be advantageous
to stratify the injection of gasoline in order to provide a
relalively uniform equivalenceratio across the cylinder (and
therefore lower concentrations of gasoline in the regions
where the ethanol is injected), This situation can be
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achieved,as indicated in FIG. 4. by placing fuel in the region
ofthe inlet manifoldthat is void ofethanol.

The ethanol used in the invention caneither be contained

in a separate tank [rom the gasoline or may be separated
from a gasaline/ethanol mixture slored in one tank.

The instantaneous ethanol injection requirement and total
ethanol consumption over a drive cycle can be estimated
from information aboul 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 plat
of the amount of operating time spent at various values of
torque and engine speed in F'l'P and US06 drive cycles can
be used. It is necessary to enhancethe octane numberat cach
point in the drive cycle where the torque is preater than
permitted for knock free operation with gasoline alone. The
umount of octane enhancement that is required is determined
by the torque level.

A roughillustrative calculation shows that only a small
amount ofethanol might be needed over the drive cycle
Assume that iis desired to increase the maximum torque
level by a factor of two relative to what is passible without
direct injection ethanol octane enhancement. Information
about the operating time for the combined FTP and US06
cycles shows that approximately only 10 percentofthe time
is spent at torque levels above 0.5 maximumtorque andless
than L percent of the time is spent above 0.9 muximum
lorque. Conservatively assuming that 100%ethanol addition
is needed at maximumtorque and that the energy fraction of
ethanol addition that is required to prevent knock decreases
linearly to zero al 50 percent of maximumtorgue, 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 maximumtorque
since during the 10 percent of the time that the engine is
operated in this regime, the amount of fuel consumedis
about twice that which is consumed below 50 percent of
maximumtorque. ‘The amount of ethanol energy consumed
during the drive cycle is thus roughly around 6 percent (30
percentx0,2) of the total [uel 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
more effectively used by varying the level of addition
according to the needs ofthe drive cycle.

Because ofthe lower heat of combustion ofethanol, the
required amountof ethanol would be about 9% ofthe weight
of the gasoline fuel or ubout 9% of the volume (since the
densities ofethanol and gasoline are comparuble), A separite
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 numbernot too diferent from present-
dayreformulated gasoline. Stratification af the ethanol addi-
ion could reduce this amount by more than a factor oftwo,
An on-line ethanol distillation system might allernatively be
employed but would entail elimination or reduction ofthe
increase torque and power available [rom turbocharging.

Because ofthe relatively small amount of ethanol and
present lack ofan ethanol fueling infrastricture, it is impor-
tant that the ethanol vehicle be operable ifthere is no ethanol!
onthe vehicle. ‘Ihe engine system can be designed suchthat
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 capabil-
ity and/or by increasing spark retard so as to avoid knock. As
shown in FIG. §, the fuel management microprocessor
system 14 uses ethanol [uel level in the ethanol tank 16 as
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an input to control the turbocharger 22 (or supercharger or
spark retard. not shown). As an example, wilh on-demand
ethanol 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 powerof140 horsepower without the use of
ethanol 300 avcording 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
exiimple, gasoline consumption could be reduced by 20%
due to higher efficiency engine operation fromuse ofa high
compressionratio, strongly turbocharged operation and sub-
stantial engine downsizing. The energyvalueofthe 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% pasoline 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 muchgreater value use than in other ethanol
applications.

Although the above discussion has featured ethanol as an
exemplary anli-knock agent, the same upproach can be
applied to other high octanefuel and fuel addilives with high
vaporization energies such as methanol (with higher vapor-
ivalion energy per unit fuel). and other anti-knock agents
such as tertiary buty] alcohol, or ethers such as methyl
tertiary butyl ether (MIBE), ethyl tertiary butyl ether
(ETRE), or tertiary amy! methyl! ether (TAME).

It is recognized that modifications and variations ol’ 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
(he appended claims.

The invention claimed is:

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

and where the fvelingissuch that there is a first torque
range where both the first and second fueling system
are used throughout the range:

and where the fraction of fueling provided by the first
fueling system is higher at the highest value of torque
in the first torque range than in the lowest value of
lorque in the first torque range:

and where there is a second torque range where onlythe
second fucling system is used:

where when the torque is higher than the highest value of
torque in the second torque rangethe engine is operated
in the first torque range;

and where the second torque range extends from zero
torque to the highest torque in the second torque range.

2. The fuel management system of claim 1 where the
fraction of [ueling that is providedby thefirst fueling system
in the first torque range increases with increasing torque.

3. The fucl management system of claim 1 where the
fraction offueling that is provided bythe first fueling system
in the first torque range increases with increasing torque in
such a waythat knock is prevented.

4. The uel management system of claim 1 where the
fractionoffucling that is provided bythefirst fueling system
in the first torque range increases with increasing, torque
such that it is substantially equal to the fraction needed to
prevent knock.

 

lo

i) vA

30

40

AO

60

65

8

5. The fuel management system of claim 1 where in at
least part of the first torque range closed loop control using
a knock detector is used to inerease the tractionoffueling
that is provided by the first fueling systemin the first torque
range with increasing torque such that it is substantially
equal to the fraction needed to prevent knock.

6. The fuel management system of claim 1 where in at
least part ofthe first torque range closed loop control using,
a knock detector is used to increase the fraction offueling
that is provided by the first fueling system in the first torque
Tange with increasing torque such thal it is substantially
equal 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 oflueling that
is provided by the first fueling system in the first torque
range wilh increasing torque such that it is substantially
equal to the fraction needed to prevent knock.

8. The fuel management system ofclaim 1 where through-
out (he entire first torque range closed loop control using a
knock detectoris used to increase thetraction offueling that
is provided bythe first fueling system in the first torque
Tange wilh increasing torque such that it is substantially
equal to the Traction needed to prevent knock and where
open loop control using, a look up table is also employed.

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

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

11. The fuel management system of claim 1 the highest
lorque in the second torque range is the highest torque at
which the engine can be operated without the need for
fucling from the first fucling system to prevent knack.

12, A fuel management systemlor a spark ignition engine
that has a first fueling system that uses direct injection and
also has a second fucling systemthat uses port fuel injection:

and where the fueling is such that there is a first torque
range where both the first and second fueling system
are used throughout the range;

and where there is a second torque range where only the
second fueling systemis used;

where whenthe torque is higher than the highest value of
lorque in the secondtorque range the engineis operated
in the first torque range:

and where the second torque range extends from zera
torque to the highest torque in the second torque range

13. The fuel management system of claim 12 where the
fraction of fuel providedby the first fueling systemincreases
with increasing lorque in at least part of the first tarque
range.

14, The fucl management system of claim 12 where the
Traction offuel provided bythefirst Jueling system increases
with increasing torque in at least part ofthe first torque
range;

and where spark retard is used lo reduce the fraction of
fuel that is provided bythe first fueling system.

15. The fucl management system ofclaim 12 where the
tractionoffuel provided by thefirst fueling systemincreases
with increasing torque in at least part ofthe first torque
range;

and where spark retard is used to reduce the fraction of
fuel provided by thefirst fueling system to zero.
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16. The fucl management system of claim 12 where spark
retard is used to reduce the fraction offuel that is provided
by the first fueling system.

17. The fuel management system of claim 12 where spark
retard is used to reduce the fraction offuel that is provided
by the first fueling system:

and where the fuel management system uses infonnation
from a knock detector and a sensed parameter.

18. The fuel management systemofclaim 12 where spark
retard is used to reduce the fraction offuel thal is provided
by the first fueling system to zero,

19. ‘The fuel management system of claim 12 where spark
retard is used to reduce the fraction offuel that is provided
by the first fueling system to zero;

and where the fuel management system uses information
from a knock detector and a sensed parameter.

20. The fuel 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 lo reduce the fraction of
fuel that would otherwise be used.

21. A fuel managementsystemfor a spark ignition engine
where a fuel is provided by a first fueling systemusing 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 torque decreases the fraction of fueling
provided by the first fueling system decreases;

and where there is second torque range where only the
second fucling systemis used.

22. The fuel managementsystem ofclaim 21 where when
the torque is higher than the highest torque in the second
lorque range the engine is operated inthe first torque range.

23. The fuel management systemofclaim 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 fueling system is used from zero
torque to the highest torque in the first torque range:

and wherethe highest torque in the first torque rangeis the
highest torque at which the engineis operated with the
use ofboth the first and second fueling systems:

and where in at least part ofthe first torque as torque is
increased, the fraction of fuel that is provided by the
first Fueling systemis suchthatit is substantially equal
lo thal needed to prevent knock as torque is increased.

24. The fuel management system ofclaim 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 inthe first torque rangeis the
highest torque at which the engine is operated withthe
use of both the first and second fueling systems;

and where throughout the first torque range as lorque is
increased, the fraction of fuel that is provided by the
first fueling systemis such that it is substantially equal
to that needed to prevent knock as torque is increased.

25. The fuel management system ofclaim 22 where when
the torque is higher than the highest torque in the second
torque rangethe engine is operated in thefirst torque range;

and where the second fueling system is used from zero
torque to the highest torque in the first torque range:

and wherethe highest torque inthefirst torque rangeis the
highest torque at which the engineis operaled with the
use of both the first and second fueling systems:
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and where throughout the first torque range as torque is

increased. the fraction of fucl that is provided by the
first fueling systemis such thal it is substantially equal
to that needed to prevent knock as torque is increased:

and where the highest torque inthefirst torque rangeis the
highest torque at which the engine can be operated
without the necessity of operating with use of the first
fucling system alone.

26. The fuel management systemofclaim 22 where sparkJ : - . oi .
retard js employed so us lo reduce the fraction of fuel that is
provided by first fucling system

27. lhe fuel management systemof claim 22 where spark
retard is employed so as lo enuble operation with the second
fueling system alone where it would not otherwise be
employed.

28. The fuel management system ofclaim 21 where when
the torque is higher than the highest lorque in the second
torque range the engine is operated in the first torque range:

and where the second torque range extends from zero
lorque to the highest lorque in the first torque range.

29. ‘Lhe fuel management systemof claim 21 where when
the torque is higher than the highest torque in the second
torque range the engine is operatedin the first torque range:

and where the second torque range extends from zcro
torque to the highest torque in the first torque range;

and whereinat least part ofthe first torque range as torque
is increased, the fraction of fuel that is provided by the
first fucling system is such that itis substantially equal
to that needed to prevent knock as torque is increased.

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

and where the secand fucling system is used from vero
torque to the highest torque in the first torque range;

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
ta that needed to prevent knock as torque is increased.

31, A fuel management system for a spark ignition engine
where a fuel is provided byafirst fucling systemusing direct
injection and by a second fueling system using port fuel
injection;

and wherethere is a first torque range through which both
fueling systems are used; and

wherein as torque decreases the fraction of lucling provided
by the first fueling system decreases:

and where there is second tarque range where only the
second fueling system is used:

and where the second torque range extends from zero
torque to the lowest torque inthe first torque range:

and where spark retard is employed so as to reduce the
fraction of fuel is provided bythe first fueling system.

32. ‘Ihe fuel management system of claim 31 where in at
least purl of the first torque range the fraction of fuel that is
provided by thefirst fueling systemis substantially equal to
that needed to prevent knock:

and where the fueling management system uses a knock
sensor to control the fraction of fuel that is provided by
the first fueling system:

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 offuel that is
provided by the first fueling systemis 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 contro! 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 thefirst fueling, system to zero;

and where the fuel management systemuses information
from a knock detector and from a sensed parameterin
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
operationwith the second fueling system alone without
producing knock.

* * + * *
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Applicantwill be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEBsite (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 (Rev. 08/07) Approved for usc through 08/3 1/2007
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Application No. Applicant(s)

. . 10/991,774 COHN ETAL.
Notice ofAllowability Examiner Art Unit

HYDER ALI | 3747 

-- The MAILING DATEofthis communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITSIS (OR REMAINS) CLOSEDinthis application. If not included
herewith (or previously mailed), a Notice 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 theinitiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. BJ This communication is responsive to Arquments/Ramarksfilad on 07/27/2007.

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

3. DJ Acknowledgmentis madeof a claim forforeign priority under 35 U.S.C, § 119(a}(d)or (f).
a)D All 6) Some* c)C) None ofthe:

1. (J Certified copies of the priority documents have been received.

2. C1 Certified copies of the priority documents have been received in Application No.

3. [) Copiesofthe certified copies of the priority documents have been received 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 ABANDONMENTofthis application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [X] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENTor NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. (J CORRECTED DRAWINGS( as “replacement sheets") must be submitted.
(a) C1 including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948)attached

1) hereto or 2) (1) to Paper No./Mail Date .

(b) (9) inctuding changes required by the attached Examiner's Amendment / Commentorin the Office action of
Paper No./Mail Date

Identifying Indicla such as the application number (see 37 CFR 1.84{c}) should be written on the drawingsin thefront (not the back) of
each sheet. Replacement sheet(s) should ba 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. Note the

 

 
 

 
 

attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1, 2 Notice of References Cited (PTO-892) 5. C Notice of Informa! Patent Application

2. CJ Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [1] Interview Summary (PTO-413),
Paper No./Mail Date .

3, DD Information Disclosure Statements (PTO/SB/08), 7, & Examiner's Amendment/Comment
Paper No./Mail Date

4. Examiner's Comment Regarding Requirementfor Deposit 8. (] Examiner's Statement of Reasonsfor Allowance
of Biological Material

9. (] Other ,

US. Patent and Trademar Office 2
PTOL-37 (Rav. 08-06) Notice of Allowability Pant 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 amendmentto the record appears below. Should the changes and/or additlons be

unacceptable to applicant, an amendment maybefiled as provided by 37 CFR 1.312. To ensure consideration of

such an amendment, it MUST be submitted no later than the paymentofthe issuefee.

The application has been amendedasfollows:

Oath/Deciaration Objection

Oath/Declaratlon is objected to because the oath/declaration duty to disclose
statementis 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 numberandfiling date is
required. See MPEP §§ 602.01 and 602.02.

The oath or declaration is defective because:

It does notstate that the person making the oath or declaration acknowledges
the duty to disclose to the Office all information knownto the person to ba
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 numberis (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 numberfor the organization wherethis 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 applicationsIs avallable through Private PAIR only. For more

information about the PAIR system, see http://pair-direct.uspto.gov. Should you have questions on accessto the

Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197(toll-free). If you would Ilke

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.

WXLe, A.
STEPHEN K. CRONIN

SUPERVISORY PATENT EXAMINER
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 Application Number

mI
Document Code - DISQ  

Application/Control No.

10/991,774

  
 

Applicant(s)/Patent under
Reexamination  

  
 

| COHN ET AL.

Internal Document — DO NOT MAIL

TERMINAL
DISCLAIMER ] APPROVED C1 DISAPPROVED

REASONS:

This patent is subject
Date Filed : 07/27/07

Approved/Disapprovedby:

{] Sharon Greene
Paralegal Specialist
Technology Center 3700

) Jan Hurley
Paralegal Specialist
Technology Center 3700

 
U.S. Patent and Trademark Office

to a Terminal

Disclaimer

Patricia Martin

Paralegal Specialist
Technology Center 3700

Andre Robinson

Paralegal Specialist
Technology Center 3700
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ATTORNEY DOCKETNO.0492611-0598

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Cohn,e¢ al.
Serial No.: 10/991,774 Examiner: ALI, HYDER

Filed: November18, 2004 Art Unit: 1714

For: FUEL MANAGEMENTSYSTEM FOR VARIABLE ETHANOL OCTANE

ENHANCEMENTOF GASOLINE ENGINES

RESPONSE TO OFFICE ACTION

In responseto the office action mailed May 25, 2007 plcasc considerthe following
remarks:

4235440v1
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REMARKS

Reexamination and reconsideration of the rejections are hereby requested.

Claims 57-60 are pendinginthis application. Claims 57 and 58 stand rejected onthe

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 overcomesthe obviousness-type double patentingrejection.

It is submitted that this application is in condition for allowance and carly favorable
action is requested.

Respectfully submitted,
CHOATE, HALL & STEWART LLP

/SamPasternack/

Sam Pasternack

Date: July 27, 2007

Patent Department
CHOATE, HALL & STEWART, LLP
TwoInternational Place

Boston, MA 02110
Tel: (617) 248-5000
Fax: (617) 248-4000

4235440v|
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PTOYSB/25(04-07)
Approved for use through 09/30/2007 OMB 0651-0031

U.S. Palant and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995. no parsons are required to respond toa collection of information unless It displays a valid OMB-cantral number

TERMINAL DISCLAIMERTO 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", Massachuetlesitute of Technology , 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 4-06-2005 , a3 such term is defined in 35 U.S.C. 154 and 173, and as the term of any patent granted on said reference
application may be shortened by any terminal disclaimerfiled prior to the grantof any patent on the pending reference application. The owner
hereby agrees that any patent so granted onthe instant application shall be enforceable only for and during suchperiod thal it and any patent
granted on the reference application are commonly owned. This agreement runs with any patent granted on the inslant application 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 instant application thal would
extend to the expiralion date of the full slatutory term as defined in 35 U.S.C. 154 and 173 of any palenl granted on said reference
applicalion, “as the term of any patent granted on said reference application may be shortened by any terminal disclaimerfiled prior lo the
grant of any patent on the pending reference application,” in the event that any such patent: granted on the pending reference application
expireslorfailure to pay a maintenancefee, is held unenforceable,1s found invalid by a courl of competent jurisdiction, is statutorily disclaimed
in wholeor terminally disclaimed under 37 CFR 1 321, hasall claims canceled by a reexaminationcertificate, is reissued, or is in any manner
terminatedprior to the expiration ofits full statutory term as shortened by any terminal disclaimerfiled priorto its grant

Checkeither box 1 or 2 below, if appropriate

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

| hereby declare that all statements made herein of my own knowledgeare true and that all statements made oninformation and
belief are believed to be true; and further that these statements were made with the knowledgethat 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.

2s The undersigned is an altorney or agent of record. Reg. No. 29576

/SamPasternack/ 07/27/2007
Signature Date

  

Sam Pasternack
Typed of prinied name

  

617-248-5143
Telephone Number

 

Terminal disclaimerfee under 37 CFR1 20(d) is included

WARNING: Information on this form may becomepublic. Credit card Information should not
be Included on this form. Provide credit card Information and authorization 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.
This collection at information is requirad by 37 GFR 1.321 The infarmation is required to obtain or retain a benelil by Iho public which ts to fila (and by the USPTO
to process) an application Confktentality ly governed by 35 ULS.C, 122 and 37 CFR 1.11 and 1 14. This collection fa estimated to lake 12 minutus ta complete
Including gathering, preparing. and submitting the completed application formto the USPTO. Time will vary depending upon the Individual case. Any commants on
the amount of lime you require to complete this form and/or suggestions for reducing this burtan, should be sent to the Chief Information Officer, U.S, Patent anc
Trademark Glfica, U.S. Department of Commerce, P.O, Box 1450, Alenanddla, VA 22913-1450 DO NOT SEND FEES OR COMPLETED FORMS 10 THIS
ADDRESS. SEND TO: Commissioner for Patants, P.O. Box 1450, Alexandria, VA 22913-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

EBS-00000027

FORDEx. 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 submissionof the attached form related to a patent application or patent. Accordingly,
pursuantto 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 whichthe 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 requestedinformation, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which mayresult in termination of proceedings or
abandonmentof 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 ofInformation Act (5 U.S.C. 652) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Departmentof 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 evidenceto 4 court, magistrate, or administrative tribunal, including disclosures to
Opposing counsel in the course of settlament negotiations.
A record in this system of records may be disclosed, as a routine use, to a Memberof
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Memberwith respectto 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 Treatyin
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 records may be disclosed, as a routine use, to another federal
agencyfor purposesof National Security review (35 U.S.C. 181) and for review pursuantto
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 accordance with the GSA regulations governing inspection of records for this
purpose, and anyotherrelevant (/.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 issuanceof a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subjectto the limitations of 37
CFR 1.14, as a routine use, to the public if the record wasfiled in an application which
became abandonedorin which the proceedings were terminated and which application is
referenced byeither a published application, an application open to public inspection or an
issued 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 awareof 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 Trademurk Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450
Alexandria, Virginia 22313-1450wow. uspla.gov

 
APPLICATION NO, FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO CONFIRMATION NO.

10/991,774 11/18/2004 Danic]l R. Cohn 0492611-0598 8282

24280 7590 05/25/2007

CHOATE, HALL & STEWART LLP
TWO INTERNATIONAL PLACE ALI, HYDER

BOSTON, MA02110

3747

MAIL DATE DELIVERY MODE

05/25/2007 PAPER

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

Thetimeperiod for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)
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Application No. | Applicant(s) |
 

 40/991,774 COHN ETAL.
Office Action Summary Examiner Art Unit

HYDERALI 3747
   

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

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

Extensions of tIme may be available under(he provislons of 37 CFR 1.136(a). In no event, however, may a reply be timelyfiled
after SIX (8) MONTHSfrom the mailing date of this communication,

- INO period for reply Is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHSfram the mailing date of this communication
- Fallure to reply within the set or extended period for reply will; by statute, cause the application to became ABANDONED (35 U.S.C. § 133).

Any reply recelved by the Office later han threa months after the railing date of this communication, evenIf timely filed. may reduce any
aarned patent term adjustment. See 37 CFR 1.704(b)

Status 7

1) Responsive to communication(s) filed on 09 March 2007.
2a)L] This action is FINAL. 2b)E] 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

4) 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) Claim(s) 57 and 58 is/are rejected.
7) Claim(s)__ is/are objected to.
8)L Claim(s)___ are subjectto restriction and/or election requirement.

 

 

Application Papers

9)L) Thespecification is objected to by the Examiner.
10) The drawing(s) filed on 18 November 2004is/are: a)(<j accepted or b)L] 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 requiredif the drawing(s) is objected to. See 37 CFR 1.121(d).
11)EX] The oath or declaration is objected to by the Examiner. Note the atlached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)Z) Acknowledgmentis made ofa claim for foreign priority under 35 U.S.C. § 119(a)-(d)or(f).
a)LJAll b)L] Some * c)L] None of:

1.0) Certified copies of the priority documents have been recelved.
2.L.) Certified copies of the priority documents have been received In Application No._

| 3.1) Copiesofthe certified copies of the priority documents have been receivedin this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action for a list of the certified copies not received.

  
 

Attachment(s)

1) DO Notice of References Cited (PTO-892) 4) CJ Interview Summary (PTO-413)
2) LC Notice of Drattsperson's Patent Drawing Review (PTO-948) Paper No(s)/Mall Date.__«.
3) LJ information Disclosure Statement(s) (PTO/SB/08) 5) [] Notice ofInformal Patent Application

Paper No(s)/Mail Date . 8)C|Other:
US,Patent and Tracemark Olica

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 namesjoint inventors. In considering patentability of

the claims under 35 U.S.C. 103(a), the examiner presumesthat the subject matterof

the various claims was commonly owned atthe time any inventions covered therein

were made absent any evidenceto 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 madein orderfor the examinerto

considerthe 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

Oath/Declaration is objected to because the oath/declaration duty to disclose

statementis 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 numberandfiling 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 knownto 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 groundedin 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
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Application/Contro! 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 obviousover, the reference claim(s). See, e.g., in re Berg, 140
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); in re Goodman, 11 F.3d 1046, 29
USPQ2d 2010 (Fed. Cir. 1993); In re Longi,'759 F.2d 887, 225 USPQ 645 (Fed. Cir.
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422
F.2d 438, 164 USPQ 619 (CCPA 1970); and /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 overcomean actualor provisional rejection based on a nonstatutory
double patenting ground provided the conflicting application or patent either is shown to
be commonly ownedwiththis application, or claims an invention made as a result of
activities undertaken within the scopeofa joint research agreement.

Effective January 1, 1994, a registered attorney or agent of record maysign a
terminal disclaimer. A terminal disclaimer signed by the assignee mustfully 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. 11/100026. Although the conflicting claims are notidentical,

they are not patentably distinct from each other because they have the samestructure

and scope.

This is a provisional obviousness-type double patenting rejection because the

conflicting claims have notin fact been patented.

Allowable Subject Matter

Claims 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 numberis (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

numberfor 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 accessto the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197(toll-free). !f you would like assistance from a

USPTO Customer Service Representative or accessto the automated information

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

Hhew AL
ha

Tohy M. Argenbright
Primary Examiner

Art Unit 3747
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE
United States Patant and Trademork Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1440
Aluaundria, Virginia 22313-1450www.uspia. gov

 
APPLICATION NO. FIRST NAMED INVENTOR ATTORNEY DOCKET NO.|CONFIRMATION NO.

10/991 ,774 11/18/2004 Daniel R. Cohn 04926 11-0598 8282

24280 7590 12/19/2006

CHOATE, HALL & STEWARTLLP
TWO INTERNATIONAL PLACE ALI, HYDER

BOSTON, MA 02110 ART UNIT PAPER NUMBER

3749

MAIL DATE 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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Applicant(s)

COHN ET AL.
  

 
 Advisory Action

Before the Filing of an Appeal Brief

Application No.

ExamlIner

HYDERALI

--The MAILING DATEofthis communication appears on the cover sheet with the correspondenceaddress--

THE REPLYFILED 30 November 2006 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE,
1, & The reply wasfiled after a final rejection, but prior to or on the samedayasfiling a Notice of Appeal. To avold abandonmentof

this application, applicant musttimely file one of the following replies: (1) an amendment, affidavit, or other evidence, which
places the application in condition for allowance;(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) C] The period for reply expires monthsfrom the malting date of the final rejection.
b) R The periad for reply explres on: (1) the malling date of thls Advisory Action, or (2) the date set forth In the final rejection, whicheverIs later, In

no event, however, will the statutory period for reply axpire later than SIX MONTHSfrom the mailing date ofthe final rejection.
Examiner Note: If box 1 is checked, check elther box (a) or (b). ONLY CHECK BOX (b) WHEN THE FIRST REPLY WASFILED WITHIN
TWO MONTHSOF THE FINAL REJECTION. Ses MPEP 706.07(f).

Extensions of time may be obtained under 37 CFR 1.136(a). The date on which the patition under 37 CFR 1.136(a) and the appropnate extension fee
have beanfiled Is the date for purposes of determining the perled of extension and tha corresponding amount ofthe fee. The appropriate extension fee
under 37 CFR 1.17(a} Is calculated fram: (1) the expiration date of the shortened statutory period for reply originally set in the flnal Offica action; or (2) as
setforth in (b) above, if checked, Any reply received by the Office later than three monthsafter the malllng date ofthe final rejection, evenIf timely filed,
may reduce any earned patent term adjustment. See 37 CFR 1.704(b).

NOTICEOFAPPEAL
2. (J TheNotice of Appeal was filed on . Abrlef in compliance with 37 CFR 41,37 mustbefiled within two monthsof the date of

filing the Notice of Appeal (37 CFR 41.37(a)), or any extension thereof (37 CFR 41.37(e)), to avoid dismissal of the appeal. Since
a Notice of Appeal has beenfiled, any reply must be filed within the time perlod setforth in 37 CFR 41,37(a).

AMENDMENTS

3. KX] The proposed amendments) filed aftera final rejection, but prior to the date of filing a brief,will not ba entered because
(a) KX] They raise new issues that would require further consideration and/or search (see NOTE below);
(b) (CZ) They raise the issue of new matter (see NOTEbelow);
(c) CL) They are not deemedto place the application in better form for appeal by materially reducing or simplifying the Issues for

appeal; and/or
(d)C) Thay prasent additional claims without canceling a corresponding numberof finally rajacted clalms.

NOTE: Claims 57-60 constitute new issue. (See 37 CFR 1.116 and 41.33{a)).
4.) The amendments ara not in compliancewith 37 CFR 1.121. See attached Notice of Non-Compliant Amendment (PTOL-324).
5.) Appiicant’s reply has overcomethefollowing rejectlon(s):
6. L) Newly proposed or amended claim(s) would be allowable if submitted In a separate, timely filed amendment canceling the

non-allowable clalm(s).
7. X) For purposesof appeal, the proposed amendment(s): a) & will not be entered, or b) 1 will be entered and an explanation of

how the new or amended claims wauld be rejected is provided below or appended.
The status of the claim(s) is (or will be) as follows:
Claim(s) allowed:
Clairn(s) objected to:
Claim(s) rejected: 1-16,18-20and24-56.
Clalm(s) withdrawn from consideration:

AFFIDAVIT OR OTHER EVIDENCE

8. C The affidavit or other evidencefiled after a final actlon, but before or on the dateoffiling a Notice of Appeal will not be entered
because applicantfalled to provide a showing of good and sufficient reasons whythe affidavit or other evidence Is necessary and
was not earller presented. See 37 CFR 1.116(e).

9. ( The affidavit or other evidencefiled after the dateoffiling a Notice of Appeal, but prior to the date offiling a brief, will not be
entered becausetheaffidavit or other evidence failed to overcomeall rejections under appeal and/or appellantfails to provide a
showing a good and sufflclent reasons whyit Is necessary and wasnot earlier presented, Ses 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 RECONSIDERATION/OTHER

11.0) The pues for reconsideration has been considered but does NOT place the application in condition fory aliewaace because:

  
 

 

 
 

12. (2 Note the attached Information Disclosure Statement(s). (PTO/SB/08) Paper No(s).
13, &) Other: PTO-413 (interview Summary). aan

PHEN K. CRONIN
SUPERVISORY PATENT EXAMINER
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Application No. Applicant(s)

  . 10/991,774 COHN ETAL.

Interview Summary = aT Gal a
HYDER ALI 3747  

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

(1) HYDER ALI. (3)Or. Daniel Cohn.

(2) Sam Pasternack, (4) :

Date of Interview: 27 November 2006.

Type: a)X] Telephonic b)L) Video Conference
c)L] Personal[copy given to: 1)] applicant 2) applicant's representative]

Exhibit shown or demonstration conducted: d)L) Yes e)B No.
If Yes, brief description:

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

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

Agreement with respectto the claims f)_] was reached. g)X] was not reached. h)L) N/A.

Substance of Interview including description of the general nature of what was agreedto if an agreement was
reached, or any other comments: ExaminerAll indicated that there could be 35 USC 112, 2" paragraphissuesraised
by the proposed amendments claims 57-60

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

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE

INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already beenfiled, APPLICANTIS
GIVEN A NON-EXTENDABLE PERIOD OF THE LONGER OF ONE MONTHOR THIRTY DAYS FROM THIS

INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY FORM, WHICHEVERIS LATER, TO
FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview
requirements on reverse side or on attached sheet.

hye
Examiner Note: You mustsign this form unlessIt is an

  
 Attachmentto a signed Office action. Examiner's signature,If required
U.S, Patent and Trademark Olfieo
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, SubstanceofIntarview Must be Madeof Record
A complete writtan slatament as to the substance of any face-to-face, video conference, or telaphone interview with regard to an application must be made of racord In the
application whather or not an agreament wilh the examiner was reachedat(ha interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every Instance where reconsideration Is requested in view of an interview with an examiner, a complete written statementof ihe reasons presentedatthe Interview as
werranting favorable action must be filed by the applicant An Interview does not ramove the necessity for raply to Office action as specified In §§ 1,111, 1.135. (36 U.S.C. 192)

37 CFR §1.2 Business to be lransactedIn wating.
All business with the Patent or Trademark Office should be transacted In writing. The personal attendance of epplicants or their attomeys or agents at the Patent and
Trademark Offices is unnecessary. The action of tha Patant and Trademark Office will be based exclusively on the written record In the Offica, No attentlon will ba paid to
any allaged oral promise, stipulaUion, or understandingin ratatlon to which there is disagreement or doubt. 

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

It is the responsibility of the applicant ar the attorney or agent to make the substance ofan Interview of record In the applicationfile, unless
the examinerindicates he or she will do so. Its the examiner's responsibility to see that such a record Is made andto correct material Inaccuracles
which bear directly on the question of patentabillty.

Examiners must complete an Interviaw Summary Form for each Interview held where a matter of substance has been discussed during the
Interview by checking the appropriate boxes andfilllng In the blanks. Discussions regarding only procedural matters, directed solely to restrictlon
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 orthe lke, are excludedfrom the Interview recordation procadures below, Where the
substance ofan interview Is completely recorded In an Examiners Amendment, no separata Interview Summary Record Is required.

The Interview Summary Form shall be given an appropriate Paper No., placed In the right hand portion ofthefila, and Ilsted on the
“Contents” section of the fila wrapper. In @ personalInterview, a duplicata of the Form Is given to the applicant (or attorney or agent) at the
conclusionof the interview. In the case of a telephone or video-conference interview, the copy ls malled to the applicant's correspondence address
elther with orprior to the next officlal communication. If additional correspondence from the examinerIs notlikely before an allowance orIf other
circumstances dictate, the Forn should be mailed promptly after the Interview rather than with the next officlal communication.

The Form providesfor recordation afthe following Information:
- Application Number (Serles Code and Serlal Number)
- Name of applicant
-  Narna of examiner
~- Date of interview

- Typeofinterview (telephonic, video-conference, or personal)
~- Nameof particpant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)
-  Anindication whetheror not an exhibit was shown or a demonstratlon conducted
- Anidantification of the specific prior art discussed
- Anindicatlon whether an agreement was reached and If so, a description of the general nature of the agreemenl(may be by

attachment of a copy of amendments or clalms agreed as being allowable), Note: Agreementasto allowabillty Is tentative and does
notrestrict further actlon by the examinerto the contrary.

- The signature of the examiner who conducted the Interview (if Form Is not an attachment to a signed Office action)

It is dasirable that the examiner orally remindthe applicantof his or her obligation to record the substance ofthe Interview of each case.It
should be noted, however, that the Intarew Summary Form will not normally be considered a complete and proper recordation of the Interview
unlass itincludes, or ls supplemented by the applicantor the examiner to Include,all of the applicable itams required below conceming the
substance ofthe Interview. .

A complete and proper racordation of the substance ofany interview should include at least the following applicable Items:
1) A bref description of the nature of any exhibit shown or any demonstration conducted,
2) an Identification of the claims discussed,
3) an Identification of tha specific prior art discussed,
4) an Identificatlon of the principal propasad 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 generalthrust of the principal arguments presented to the examiner,

(Tha identification of arguments need nolbe lengthy or elaborate. A varbatim or highly detaliad description of the arguments Is not
required, The Identificatian of the arguments is sufficient if the general nature or thrustof the principal arguments madeto the
examiner can be understoodIn the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he orshe feals were or might be persuasive to the examiner.)

6) a generalIndication of any other pertinent matters discussed, and
7) If appropriate, the ganeral results or outcomeofthe Interview unless already describedin tha Intarviaw Summary Form completed bythe examiner,

Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record Is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the racord.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should sendaletter Setting forth the examiner's version of the
statement attributed to him or her. If the record ls complete and accurate, the examiner should place the Indication, “Interview Record OK” on the
paperrecording the substance of the interview along with the date and the examiner's inivals.
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RECEIVED
CENTRAL FAX CENTER

Attorney Docket No: 04926)1-0598 NOV 3 0 2006

IN THE UNITED STATES PATENT. AND TRADEMARK OFFICE

Applicant: Cobn,et al. Examiner; Hyder Ali

Serial No.: 10/991,774 Art Unit: 3747
Filing Date: November 18, 2004

FUEL MANAGEMENTSYSTEM FOR VARIABLE ETHANOL
Tile: QOTANE ENHANCEMENT OF GASOLINE ENGINES

;Solanafor Patents Certificate of Fucalmile Tranemberion
at ox T cemify that ths correspondence js being transmitted vis faosimile to (mail stop if applicabli

Alexandria, VA 22313-1450 Commissioner for Patents, P.O, Box 1450, Alexandria, VA 22313+1450, vla foerimtte no,
cir 573-273-8300 :

= = aeae aireDate Signatur
Bilewheth Burks

Typed or Printed Name of person algning certLflcate 
ANMDENDMENT AFTER FINAL ACTION

In responseto 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 Claims are reflected in the listing of claims that begins on page 2 of

this paper. , ,

Remarks begin on page 7 ofthis paper.
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From Sam Pasternack Numberof Pages 9 (including fax cover sheet)

Date November 30, 2006 Cllent Number 0492611-0598

Phone 617-248-5000 Operator Elizabeth Time Sent
Burke

Comments Applicant: Cohn, et al. Examiner! Hyder Ali
Serial No.;  10/991,774 Art Unit: 3747

Filing Date: November 18, 2004

Title: FUEL MANAGEMENTSYSTEM FOR VARIADLE ETHANOL
' OCTANE ENHANCEMENT OF GASOLINE ENGINES

Transmitted herewith for filing in the above-referenced application, please find the
following documents:

1) Amendment After Final Action (8 pages); and
2) This Transmittal (1 page),

Applicants believe no fees are due at this time. However, Please charge any
additional fees or credit any overpayments to our Dopostt Account No, 03-1721,

Kindly acknowledge receipt of the attached documents by return facsimiletransmission, ‘

Thankyou for your kind attention to this request.

on(xt
Sam Pasternack

Reg, No. 29,576
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant; Cahn, et al. Examiner; HyderAli

Serial No.: 10/991,774 Art Unit: 3747
Filing Date: November 18, 2004

Title: FUEL MANAGEMENTSYSTEMFOR VARIABLE ETHANOL
’ OCTANE ENHANCEMENT OF GASOLINE ENGINES
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Alexandria, VA 22313-1450 Commissioner for Patents, P.O, Box 1450, Alexandria, VA 223 tJ+L450, via facsimile no,

' 571-273-8300
Sir: &.

Nowrmbet30.200600._gOerDate << Signature
Blizahett Burks

Typed or Printed Nameofperson signingcertificate
 

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 Claims are reflected in the listing of claims that begins on page 2 of

this paper,

Remarks begin on page 7 ofthis paper.
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“NOV. 30. 2006 1:16PM CHOATE HALL & STEWART 6172484000 NO. 663 =P. 3

Amendmentto the Claims

Claims 1-56 cancelled,

Claim 57. (New) A turbocharged, spark ignition engine which uses port fuel injection of gasoline
fromafirst 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 fordirect fuel injection of liquid denatured ethanol from the second source;

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

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

wherein the ethanolis 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 numberby at least 20 octane numbers; and

@ fuel management system Including a microprocessor which increases the ethanol energy
fraction with increasing torque so thatit is sufficient to prevent mock; and

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

wherein the fuel management syatem minimizes the ethanol 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

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

wherein the turbocharging is eliminated or reduced when there is no ethanol in the second
source; and
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NOV. 30.2006 1:16PM CHOATE HALL & STEWART 6172484000 NO.663 PL. 4

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

Claim 58, (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 engine;

a turbocharger;

means for port fuel injection of gasoline from thefirst source,

meansfor 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
that is port fuel injected and ethanolthatis directly injected; and

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

wherein the ethanolis directly injected in such an amountthat the evaporative cooling of
the fuel/air chatge by the directly injected ethanol combined with the higher octane number
of the ethano!] enhances the octane number by at least 20 octane numbers; and

a fuel management system including a microprocessor which increases the ethanol energy
fraction with Increasing torque so thatit 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 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 direct Injection spark ignition 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 to control the turbocharger; and . .

and further wherein the turbocharging is eliminated or reduced when there is no ethanolin
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 ethanolis directly injected in an amountsuch that the turbocharged
apark ignition engine is operated without knock at a horsepower level whichisat least
twice the horsepowerlevel without knockas is ths case when it is when operated with port
fuel injected gasoline alone.

Claim 59, (New) A turbocharged, apark ignition engine which uses port fuelInjection ofgasoline
fromafirst source in addition to direct fuel injection of liquid denatured ethanolfrom a second
source comprising:

a spark ignition engine;
a turbocharger;

meansfor port fuel Injection of gasoline from the first source;

meansfor direct injection of liquid denatured ethanol from the second source;

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

wherein duringpart of the operating time the instantaneous ethanol energy fractionis 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 ootane number
of the ethanol enhancesthe octane numberbyat least 20 octane numbers; and

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

whercinthe fuel management 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 ethanol 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

wherein the fuel management system microprocessoruses information about the level of
ethanol in the second source to control the turbocharger;
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+ NOV. 30. 2006 1:16PM CHOATE HALL & STEWART 6172484000 NO.663 =P 6

and further wherein the turbochargingis eliminated or reduced whenthere 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 fiel management microprocessor uses information aboutthe 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 ethanolis directly injected in an amount suchthat the turbocharged
spark ignition engine is operated without knock at a horsepower level whichisat least
twice the horsepower level without knock than {s the case whenit is when operated with
port fuel injected gasoline alone.

Claim 60. (New)Aturbocharged spark ignition engine which uses port fuel injection of gasoline
from a first source in addition to direct Injection of liquid denatured ethanol 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 operating 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 numberbyat least 20 octane numbers; and

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

wherein the fuel management system uses a combination of open loop control with a look
up table and closed loop control using a knock sensor to control the ethanol] energy
fraction; and
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wherein the open loop contro! uses a predetermined correlation between a required octane
enhancementandthe fraction of the fuel provided by ethanol}

wherein the fuel management 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 aboutthe level of ethanolin
the second source to control the turbocharger;

and further wherein the turbochargingis eliminated or reduced when thereis no ethanol in
the second source; and

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

wherein the fuel management microprocessor uses information about the level of the
ethancl 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 a measureofthe ethanol in the second
source to control turbocharging when the amountof ethanolis low; and

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

further wherein liquid ethanolis directly injected {n an amount such that the turbocharged
spark ignition engine operates without knock at a horsepower level which is at least twice
the horsepowerlevel 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 ethanol fraction needed to prevent knockis reduced by concentrating the
ethanol in regions that make up the end -gas and are prone to auto-ignition;

wherein the ethanol] is injected so 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 a lubricant.
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Remarks

It is requested that the foregoing Amendmentbe entered and considered.
The undersigned attorney and oneofthe inventors, Dr. Danie] Cohn, wish to thank

examiner Ali for according them a telephoneinterview of sufficient length to discuss this

application and a related application. The undersigned also wishesto thank examiner Cronin for
a short telephone interview to address a potential 35 USC §112, 2nd paragraph issue, It is
submitted that the foregoing Amendments place this application into condition for allowance.

During the interview with examinerAll, applicants discussed Claims 57-60 formingthis

Amendment in relation to the cited prior art. The applicants pointed out that many ofthe

limitations in the newly presonted claims distinguish over the prior art. For example, applicants
pointed out that the olalms now require “means for port fuel injection of gasoline from thefirst

source” and “means for direct fuel injection of liquid denatured alcohol from the second source.”

The applicants pointed out that noneofthe prior art references, alone or in combination, teach or
suggest the combination of port fuel injection of gasoline along with direct fuel injection of

liquid denatured ethanol, Otherlimitations that distinguish these claims from the prior art were
also mentioned.

After examiner Ali asked questions concerning the teachingsin the priorart, he indicated

that these claims distinguish over the references, At this point, examiner Ali indicated that there
could be 35 USC 8112, 2nd paragraph issues raised by the claims. Examiner Ali suggested that

we discuss any potential 112, 2nd paragraph,issues with his supervisor, Mr, Cronin.

Duringa 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 makingthe first

limitation consistent with the preamble by reciting a spark ignition engine. Examiner Cronin

stated that those changes would eliminate the 35 USC §112, 2™paragraph issues.
In responseto the telephone interviews, pending Claims 1-56 have been cancelled 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

Sam Pasternack

Registratlon 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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DETAILED ACTION

Inventorship

This application currently namesjoint inventors. {n considering patentability of

the claims under 35 U.S.C. 103(a), the examiner presumesthat the subject matter of

the various claims was commonly ownedat the time any inventions covered therein

were made absentany evidenceto 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 ownedatthe time a later invention was madein order for the examinerto

considerthe 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).

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 agentto

provide non-uniform deposition within a cylinder” must be shownorcancelled.

The subject matter ofclaim 3, such as ‘the anti-knock agent is deposited near the walls

of the cylinder” must be shownorcancelled.

The subject matter of claim 9, such as “ethanol is mixed with water” must be shown or 7

cancelled.

The subject matterof claim 10, such as “ethanolis mixed with a lubricant" must be

shownor cancelled.
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The subject matterof 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 gasolineis directly injected into the

cylinder” must be shownorcancelled.

The subject matter of dependentclaims 12,19,45,50,55,56 such as “turbocharging and

/or supercharging’”is not clear because independentclaims 1 and 30 are nota

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 53,54, such as “torque and/or horsepower" must be shown

or cancelled.

Claim Rejections - 35 USC § 103

Thefollowing is a quotation of 35 U.S.C. 103(a) which forms the basis forall

obviousnessrejections 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 soughtto be patented and
the prior art are such that the subject matter as a whole would have been obviousat 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 Inventlon 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 Watanabeet al (US 6,513,505) in view of Jessel

(US 4,541,383),

Watanabeetal 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
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9; an injector 2 for direct injection of the liquid fuel anti-knock agentinto a cylinder of the

engine for vaporization in the cylinder to provide charge cooling; and a fuel

managementcontrol system 30 including a microprocessorfor controlling injection of

the liquid fuel anti-knock agent into the cylinder; wherein the fuel managementcontrol

system microprocessor substantially minimizes (See Fig. 4 for the control of the duty

ratio D of the control valve 15when D=D0O which is maximum 100% alcohol; when

D=D1 which is smaller than 100% alcohol; when D=D2 whichis 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.

Assumingit is not inherent in the Watanabeetal patent that injecting anti-knock agent

into the engineis 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 Watanabeetal 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 knockis 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 massairflow to the engine. See col. 1, lines
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12-18. Jessel discloses a system for modulating or regulating the amountof anti-knock

additive in relation to actual engine load condition causing engine knock. See col. 2,

lines 27-30. Jessel discloses alcoholinjector 48; controller 32; manifold pressure

sensor 37; knock detector 30. Jessel also discloses a fuel managementcontrol system

for controlling injection of the liquid ethanol into the cylinder when engine torqueis

above a selected fraction of maximum tarque to control knock.

It would have been obvious to a person having an ordinary skill in the art to modify

Watanabeetal 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 conditlons 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, Watanabeet al discloses the injectors will deposit the anti-knock

agent to provide non-uniform deposition within cylinders.

With regard to claim 3, Watanabeet al discloses the anti-knock agent is deposited near

the walls of the cylinders.

With regard to claim 5, Watanabeetal discloses anti-knock agent is alcohol.

With regard to claim 7, Jessel discloses wherein the gasoline engine includes a knock

sensor 30 providing a feedbacksignal to a fuel sceneceniel microprocessorto
minimize the amountof the anti-knock agent'added to prevent knock in a closed loop

fashion.

With regard to claim 8, Watanabeet al discloses anti-knock agent is alcohol such as

ethanol.
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With regard to claims 12,19,45,50,55,56 wherein turbocharging or supercharging are

reduced or eliminated and/or spark retard is increased whenthe anti-knock agentis not

available (inherently and necessary present in Watanabeet 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, Watanabeetal 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 choiceif it is not inherently and necessary

present in Watanabeet alpatent).

With regard to claim 48, Jessel discloses wherein the fuel management system

substantially minimizes the amountof anti-knock agent used overa drive cycle.

With regard to claims 18 and 49, wherein an octane enhancementofat least 4 octane

numbersis obtained when 20% of the fuel energy in a cylinder cames from ethanol

(optional design choiceifit is not inherently and necessary presentin Jessel patent

and/or Watanabeetal patent).
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With regard to claims 24,51, Watanabeet 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 andits use is

minimized during those times.

With regard to claims 26,52, Watanabeetal discloses wherein the ethanolis separated

from a gasoline/alcohol (ethanol) mixture.

With regard to claim 27, wherein torque of the engine at which knock occurs can be

increased byat least a factor of two bythe direct injection of ethanol (optional design

cholceIf It is not inherently and necessary present in Watanabeet al patent).

With regard to claim 28, wherein horsepowerof a given size engine can beatleast

doubled by using alcohol (ethanol) octane enhancement(optional design choiceif it is

not inherently and necessary present in Watanabeet al patent).

With regard to claim 29, wherein gasoline consumption is reduced by at least 20% due

to higherefficiency engine operation (optional design choiceif it is not inherently and

necessary present in Watanabeet al patent).

With regard to claim 30, as discussed above, Jessel disclosesinjecting ethanol into

the engine when engine torque is above a selectedfraction of maximum torque to

control knock and Watanabeet al discloses direct injection of the ethanolinto the

cylinder of an engine.

With regard to claim 31, Jessel discloses wherein torque levels at which the ethanolis

directly injected are those where knock would occur absent the ethanolinjection.
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With regard to claim 32, combining the teaching of Watanabeetal 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 gasolineis port fuel injected.

With regard to claim 34, both Watanabeet 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 Watanabeet al and Jessel discloses wherein octane

numberis enhanced with increasing torque.

With regard to claim 36, wherein an octane enhancementof more than 20 octane

numbersis achieved (optional design choiceifit is not disclose by Watanabeetal

patent and/or Jessel patent).

With regard to claim 38, Jessel wherein the gasoline engine includes a knock sensor30

providing a feedbacksignal to a fuel management microprocessor to minimize the

amountof the anti-knock agent added to prevent knockin a closed loop fashion.

With regard to claim 39, Watanabeet al discloses wherein the injectors 2 provide non-

uniform deposition of the ethanol within a cylinder.

With regard to claim 40, Watanabeet al discloses wherein the ethanol is deposited near

the walls of the cylinder.

With regard to claim 46, Watanabeet al discloses wherein the gasolineis directly

injected into the cylinder.
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With regard to claim 53, Watanabeet al discloses wherein the engine can be operated

with only gasoline and knock can be avoided by reducing the maximum torque and

horsepowerrelative to values when alcohol (ethanol) is directly injected into the

cylinder.

With regard to claim 54, both Watanabeet al and Jessel discloses wherein the

horsepoweris reduced byat least a factorof two.

2. Claims 4,11,20,41,44 are rejected under 35 U.S.C. 103(a) as being

unpatentable over Watanabeet 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 furtherin

view of Nakakita et al (US 6,799,551).

Watanabeetal in view of Jessel does not disclose swirl in the combustion chamber.

Nakakita et al discloses as shownin FIG.2 a state ofthe vertically stratified intake gas

chargeconsisting of the swirl flows ofthe first and second intake gases 11,12 of

different compositions. See col, 5, lines 5-10.

It would have been obvious to oneof ordinary skill in the art at the time of the invention

was madeto further modify the invention of Watanabeet al by employing swirlin the

combustion chamberas taught by Nakakita et al in order to provide Watanabeetal

engine combustion chamberwith non-uniform depositon offuel.

3. Claims 6,37 are rejected under 35 U.S.C. 103(a) as being unpatentable over

Watanabeetal (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).

Watanabeetal 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 madeto further modify the invention of Watanabe et al by employing open loop

control as taught by Uhlet al in order to provide Watanabeet 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 Watanabeet 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 furtherin view of Fosseen

(US 4,958,598).

Watanabeet 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.

Fosseendiscloses a mixture of water and ethanol, in the ratio to provide approximately
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an eighty proof mixture, and a small amountof water-soluble oil, is held in a reservoir or

fuel tank.. See col. 2, lines 34-37.

It would have been obvious to one ofordinary skill in the art at the time of the invention

was madeto further modify the invention of Watanabeet al by employing ethanolis

mixed with water and/oroil as taught by Fosseenin orderto replace the ethanolof

Watanabeetal patent with a mixture of ethanol and water and/or mixture of ethanol,

water andoil.

Response to Arguments

Applicant's arguments with respectto claims 1-16,18-20,24-56 have been

considered but are mootin view of the new ground(s)ofrejection.

Conclusion

Applicant's amendment necessitated the new ground(s)of rejection presented in

this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP

§ 706.07(a). Applicant is 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

MONTHSfrom the mailing date ofthis action. In the eventa first reply is filed within

TWO MONTHSofthe mailing date ofthis final action and the advisory action is not

mailed until after the end of the THREE-MONTHshortened 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 MONTHSfrom the dateofthis final action.

Anyinquiry concerning this communication or earlier communications from the

examiner should be directed to HYDER ALI whose telephone numberis (571) 272-

4836. The examiner can normally be reached on M-F (8:30-5:00). The fax phone

numberfor 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 accessto the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197(toll-free).

_
STEPHEN K. CRONIN

SUPERVISORY PATENT EXAMINER
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  IN THE UNITED STATES PATENT AND TRADEMARK OFFICEofcat

Applicant: 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

| hereby certify that the foregoing documentis being depogited with the United States Postal Service,
postage prepaid, in an envelope addressed to Mail Stop Amendment\Commissionerfor Patents, P.O. Box 1450,
Alexandria, VA 22313-1450 on July 6, 2006.  
 

  Name: Maflyn Murphy

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 Claimsarereflected in thelisting 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 ofclaims are required,

beyond those which may otherwise be provided for in documents accompanyingthis paper.

However, in the event that additional extensionsof time are necessary, then such extensionsof

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 chargedin the

AmendmentTransmittal 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:

lL. (currently amended) Fuel managementsystem for operation of a spark ignition gasoline

engine comprising:

a gasoline engine;

a source of ana liquid fuel anti-knock agent;

an injector for direct injection ofthe liquid fuel anti-knock agent into a cylinder of the

engine for vaporization in the cylinder to provide charge cooling; and

a fuel managementcontrol system including a microprocessor for controlling injection of

the liquid fuel anti-knock agentinto the cylinder to control knock wherein the fuel management

control system microprocessor substantially minimizes the amountofanti-knock agent used over

a drive cycle.

2, (previously presented) The system of claim 1 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 the 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 ona predetermined correlation

between required octane number enhancementandfraction of fuel provided by the anti-knock
agent.
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7. (original) The system of claim 1 wherein the gasoline engine includes a knock sensor

providing a feedbacksignal to a fuel management microprocessor to minimize the amountof the

anti-knock agent added to prevent knock in a closed loop fashion.

8. (original) The system ofclaim 1 wherein the anti-knock agentis ethanol.

9. (original) The system ofclaim 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 agentis low.

13. (original) The system of claim | wherein the anti-knock agent is added only during

portionsof a drive cycle requiring knock resistance.

14. (original) The system of claim 1 wherein gasolineis port injected into the enginc.

15, (original) The system of claim 1 wherein the gasoline is directly injected into the

cylinder,

16. (original) The system of claim 8 whereinthedirect 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 enhancementofatIcast 4 octane

numbersis obtained when 20% ofthe fuel energy in a cylinder comes from ethanol,

19. (origina!) The system of claim 1 wherein turbocharging or supercharging are reduced or

eliminated and/or spark retard is increased whenthe anti-knock agentis not available.
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20, (original) The system of claim 8 wherein ethanolis 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/fuelratio.

25. (previously presented) The system of claim 8 wherein the ethanolis added only during

portions of the drive cycle requiring knockresistance andits 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 beincreasedbyat least a factor of two by thedirect injection of ethanol.

28. (previously presented) The system of claim 8 wherein horsepowerofa 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% dueto higherefficiency engine operation.

30. (currently amended) Fuel managementsystem for operation ofa spark ignition gasoline
engine comprising:

a gasoline engine;

a source of liquid ethanol];

an injector for direct injection of the liquid ethanolinto a cylinder ofthe engine for

vaporizationin thecylinder to provide charge cooling; and

a fuel managementcontrol system for controlling injection ofthe liquid ethanolinto 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,
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32, (previously presented) The system of claim 30 wherein thefraction oftotal fuel provided

by the directly injected ethanol increases with increasing torque.

33. (previously presented) The system of claim 30 wherein gasolineis port fuel injected.

34. (previously presented) The system of claim 30 wherein up to and including substantially

100% ofthe fuel can be provided by the ethanol.

35. (previously presented) The system of claim 30 wherein octane numberis enhanced with

increasing torque.

36. (previously presented) The system of claim 30 wherein an octane enhancementof more

than 20 octane numbersis 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

betweenthe 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 microprocessorto minimize the

amountof 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 water.

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 asswirl.

45. (previously presented) The system of claim 30 wherein the system includes a measure of

the amount ofethanol available to control turbocharging, supercharging or spark retard when the

amountofethanolis low.
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46. (previously presented) The system of claim 30 wherein the gasolineis directly injected

into the cylinder.

47, (previously presented) The system of claim 30 wherein the direct injection of ethanol

provides substantially a 13°C drop in temperature for every 10% ofthe fuel energy provided by
the ethanol.

48. (previously presented) The system of claim 30 wherein the fuel management system

substantially minimizes the amountof ethanol used over a drive cycle.

49, (previously presented) The system of claim 30 wherein an octane enhancementofat

least four octane numbersis obtained when 20% ofthe fuel energy in a cylinder comes from
ethanol.

50. (previously presented) The system of claim 30 wherein turbocharging or supercharging

are reducedor eliminated and/or spark retard is increased whenethanolis not available.

31. (previously presented) The system of claim 30 wherein the engineis 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 ethanolis 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 ofclaim 30 wherein the fuel management

microprocessor control system uses ethanol 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, superchargeror
sparkretard 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 telephoneinterview of

sufficient length to discussfully 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 bythe 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 numberofan 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 al a higher

compressionratio without knock. In this way, substantial fuel can be saved because smaller

engines can be used. Dr. Cohn explained that the changeofstate of the liquid fuel anti-knock

agent from liquid to gas provides the predominanteffect for extending the knock limit. Dr. Cohn

also pointed out that in order to achieve commercialattractiveness it is important to obtain a

large knock suppressioneffect 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.

Atthis 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 ofdirect 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.

4099747v1

EBS-00000097

FORD Ex. 1144, page 137
IPR2020-00013



U.S. Patent No. 3,106,194 to Cantwell was discussed next. It was pointed out to the

Examinerthat alkali metal compoundsare vaporized and then introduced into the engine. These

alkali metal compoundsare not a fuel and are not introduced in the liquid state. The Examiner

pointed to Cantwell at column | 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 chamberrather 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 compressionignition engineforuse 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 maintainedhis position that the references in combination meetthe

limitations in claim |. 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 nobasis for the rejections, At this point, the Examiner indicated that he should

have made a restriction requirement whenheissued theoffice action because ofa large number

of embodiments, The Examinerstated that he would likely give a restriction requirementin the

next office action. The undersigned attomey urged the Examinernotto issue a restriction

requirementat 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 independentclaims were notallowable,

that the Examiner should consider allowing the dependentclaimsthat are clearly not met by the
priorart.

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 attentionis directed to

column 3 beginningatline 15 wherein Paynestates that the liquid auto-ignition suppressant“is

preferably water”butthatit is “to be clearly understood that any other liquid preparation suitable

to suppress auto-ignition” is contemplated. The Examinerasserted 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.

Asto 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

beginningat line 7 whereit 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 introducedto provide free oxygen. Hydrogen peroxideis notitself a fuel.

Although Applicants and the Examiner continueto disagree about the patentability of the

independentclaims,claim 1 has been amendedhereinto incorporate the limitation of originally

filed claim |7 and claim 17 has been cancelled. Thus claim 1 now includesthe limitation

“wherein the fuel managementcontrol system microprocessor substantially minimizes the

amount ofanti-knock agent used overa drive cycle.” This amendmentis being introduced in an

effort to move prosecution forward. The specification speaks to the importance of minimizing

the amountof anti-knock agent used over a drive cycle. For example, the specification

beginning on the last linc of page 2 states ‘An object of the present invention is to minimize the

amountofethanol or other anti-knock agentthat 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 whenit is needed to prevent knock in a high load regime and by minimizingits

use at these times, the amount of ethanolthat 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 ofthe specification states ‘‘Alternatively, the gasoline engine may include a knock sensor

that provides a feedbacksignal 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 | as amended herein (with the limitation oforiginally filed claim 17) has been

examined and the Examinerrejected claim 17 as being unpatentable over Takeda in view of

Cantwell. The Examinerstates on page 5 of the Office Action “With regard to claim 17, Takeda

discloses wherein the fue] management systemssubstantially minimizes the amountofanti-

knock agent used over a drive cycle,” The undersigned attorney andthe inventors herein have

reviewed Takeda carefully and can find no teaching whatsoeverthat the fuel management system

substantially minimizes the amountofanti-knock agent used over a drive cycle. The Applicant

remains puzzled at this assertion by the Examiner since Takedais totally silent in this regard.

Further, the undersignedattorney has reviewedall of the references of record including Payne

and Coakwell and can find no teaching of a fuel managementsystem that substantially

minimizes the amountofanti-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 amendedclaim 1 and are therefore also allowable,

Independent claim 30 has been amendedherein 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 managementcontrol 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 Examinerasserts thatthis 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 abovea 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 removethis 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
Examinerstates, 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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removethe rejection of claim 4 or to explain with specificity where and how Cantwell discloses

charge swirl.

Dependent claim 6 includesthe limitation “wherein the fuel management system includes

a microprocessor that operates in an open-loop fashion on a predetermined correlation between

required octane number enhancementandfraction of fuel provided by the anti-knock agent.”

The Examinerasserts, again without support, that Takeda discloses sucha limitation. The

Examineris asked to removethe 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 amountofanti-knock agent added to prevent knock in a closed-loop

fashion. The Examinerrejects this claim as “optional design choice”. Reconsiderationis

requested. Claim 10 recites that the ethanol is mixed with a lubricant. As to this important

limitation the Examiner againasserts thatit 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

thatit is lacking in any such teaching. The Examineris asked to removethis 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 sourceto control turbocharging, supercharging or spark retard when

the amountof 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 Examineris

asked to point out where in Takeda this limitation is taught or suggested.
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Claim 19 states that the turbocharging or supercharging are reducedor eliminated and/or

spark retard is increased when the anti-knock agent is not available. The Examiner appearsto

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 ofalcohol.

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 notteach or suggestthis

limitation. With regard to claim 27, the Examinerasserts that Takedateachesthat the torque at

which knock occurs can be increased byatleast a factor of two by the direct injection of ethanol.

It is submitted that such a teaching is lacking in Takeda. The Examineralso, without support,

contends that Takeda teaches that horsepower ofa given size engine can beatleast doubled by

using alcohol octane enhancement. It is submitted that Takeda provides no such teaching. The

Examineralso states that the limitation in claim 29 concerning the gasoline consumption being

reducedbyat least 20% is also taught in Takeda. Thereis no such teaching in Takeda.

The Examinerhasrejected the dependent claims depending from claim 30 with similarly

sweeping, and unsupported,assertions about the prior art. The Examineris asked either to

remove the rejections of these dependentclaims orprovide a detailed set of specifics as to how

the references meetthe limitations in the claims depending claim 30.

In summary,in order to advanceprosecution,the limitation of claim 17 has been

introduced into claim 1, Claim 30 has been amendedto provide morespecificity, For the

reasons discussed in detail above,it is submitted that the pending claims, as amendedherein, are

in condition for allowance, Early favorable action is requested.
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Addiess: COMMISSIONER FOR PATENTS

P.O, Box 1450
Alesandia, Viiginia 22313-1450AW usplo. gov

NOTICE OF ALLOWANCEANDFEE(S) DUE

GAOT 750 HO 22017 UNE

 

MIT"s Technology Licensing Offiec MUYNII, AL IL
255 MainStreet
NE18-501

Cambridge, MA 02142-1493 3747
DATE MAILED). 09/12/2017

    APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO,

15/463,425 03/20/2017 Daniel R, Cohn 11381 122998 VIRB
TITLE OF INVENTION; FUEL MANAGEMENTSYSTEM [OR VARIABLE CTIANOL OCTANE ENILANCEMENTOF GASOLINE ENGINES

APPLN TYPE ENTITY STATUS

nonprovisional UNDISCOUNTED
     

$960 $0 $960 12/12/2017

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON TLEE MERITS IS CLOSED. ‘PLUS NOTICE OF ALLOWANCE IS NOT A GRANTOF PATENT RIGLITS.
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 MPEP1308.

THE ISSUE FEE AND PUBLICATION FEE (JF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD C (OT BE EXTENDED. SEL 35 U.S.C. 151. ‘THE ISSUE PEE DUE INDICATED ABOVE DOLS

NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION, [IF AN ISSUE FEE LAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART BOF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLYTHE PREVIOUSLYPAID ISSUE FEE TOWARD THEISSUE FEE NOW
DUE.

PREV, PAID ISSUL PEE

$0

  

 

[LOW TO REPLY TO TILIS NOTICE:

I. Reviewthe LN'ITL'Y STATUS shownabove.If the INITLY STATUS is shown as SMALL or MICRO,verity whether entitlement to that
entity status still applics.

If the ENTITY STATUS isthe same as shown above, pay the TOTAL FEE(S) DUE shownabove.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL,complete section number5 titled
"Change in Lintity Status (from status indicated above)".
For purposesofthis notice, small entity fees are 1/2 the amount of undiscounted fees, and micro enuily fees are 1/2 the amountof small entity
{ees.

Tl. PART B - FEF(S) TRANSMITTAL., or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPLO) with your ISSUL LE and PUBLICATIONI'LL (if required). If you are charging the fee(s) to your deposit account, section "4h"
of Part B - Fee(s) Transmittal should be completed and an extra copyof the form should be submitted. If an equivalent of Part B isfiled, a
request to reapply a previouslypaid issue fee must be clearly made, and delays in processing may occur dueto the difficulty in recognizing
the paper as an equivalent of Part B.

TI. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER:Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenancefees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page | of 3
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PART B - FEE(S) TRANSMITTAL

Camplete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUER FRE
Commissionerfor Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION PEE lil required). Bloeks 1 through 5 should be completed where
uppropritle. All further correspandenee Inchiding the Patent, advanee orders and notifivation of maintenance fees will be mailed to the elirrent correspondence address asandiceaed unless, corrected helvwwpe directed otherwise in Block 1, by (a) specifying a new cor respondence address; andlor (h) indicating a separate "FEE ADRIRESS”formaintenanes fee notifications.

  

 

So: A certilicile of mailiog can only be used foe domestic mailings of the
Fee(s) Transmittal. This certiheate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note; Use Block|for any ebange of address) pers. Each additional paper, such as an assignment er formal drawing, mustie edie own certificate of mialing ur iransmission

 
 

Certificate of Mailing ov Transmission
PUT aaa . . OOI22017 {hereby eeruby (hat this Feels) ‘leansmnitid ix being deposited wilt the Limited

MIT"s Technology Licensing Office Shales Postal Service withsufficientpostage for first class mail in an envelope
255 Main Street addressed to the Mail Stop ISSUE FEE address. above, or being facsimileain olree! Iransmilted tuthe USPQ (571) 2748-2885, onthe cite incicated belowNE 18-501

Cambridge. MA 02142-1493
(Signature)

Mate) 
 

 

 APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO

15/463,425 03/20/2017 Daniel R. Cohn 11381,122998 3788

TITLE OF INVENTION: FUEL MANAGEMENTSYSTEM FOR VARIABLE ETHANOL OCTANE ENHANCEMENTOF GASOLINE ENGINES

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DYJE|PREV, PAID ISSUE FEE TOTAL FEE($) DUE DATE DLE

$960 SO so

   

 

 

  

 

 

  

 

nonprovisional UNDISCOUNTED $960 12/12/2017

HUYNITL NALIT 3747 123-43 1000

 

 
 

  
  

2. For printing on the patent froat page, list
(1) The pames of upto 3 registered patent attorneys —— ———— ——_—or agents OR, allernalively,
(2) The name of a singlefirm(having as a member a
registered attorneyor agent) and the names of up to
J resislered paiva aliueneys GF agents [no nume is 4

|. Change of correspondenceaddress or indication of "Fee Address" (37CPR 1 fh4)

Q fhange of correspondyAddress form PTCWSB/122

CD) "Fee Address indicahion (or "Fee Address" Indication form
P'TO/SB/47; Rev 03-02 or more recent) attached, Use of a Customer : !
Numberis required, listed, no naine will be printed.

V ASSIGNEE NAME AND RESIDENCE DATA TO RE PRINTED ON THE PATENT (pein ov type
PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion ofthis form is NOT a substitute for filing an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

 He mates (or Change of CorrespondenceWhee
 

    

Please check the upproprime assigoee culegory or calegories (will nol be printed on the palent) : CD individual Corporauion orother private group enlily Oo Government

da, The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid Issue tee shown above}
LJ ssue Fee TV A check is enclosed,
QO Publication Fee (No small entity discount permitted) | Paymentby eredit card, Form PTO-2038 is atlached
OF Advance Order-# of Copies LL] Thedirectoris hereby authorized to charge the required fee(s), anydeficiency, or credits any’

overpayment, 10 Depasit Account Number (enclose an extra copyof this farm).

5. Change in Entity Status (ftomstatus indicated above)

) Applicant certifying micro entity satus. See IF CFR 129 NOTE: Absent a valid certification af Micro Entity Status (sce forms PTO/SB/ 145A and ISR), issueiy g y el J { I y 1 ley
fee payment in the micro entily amount will nol be accepted at the risk of application abandonment

a) Applicant asserting amall entity atalus SeeCER 1.27 NOTE. Tf the application was previously under mleco entity status checking this box will be taken
to be a notification ofloss of entitlement to micro entity status.

oO Applicant changing ta regular uadiseounted fee status VOTE: Checking this box will be taken to he a notification of loss of entidement to small av micro
entity status, as applicable

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1,33. See 37 CER Ll for signature requirements and certifications,   
 

Authorized Signature : Date

Typed orprinted name Registration No.
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCEUnited States Patent and Trademark Office
Addias: COMMISSIONER [OR PATENTS

PO. Hos 1450
Alsaandia, Virginia 223 13-1450WWW_USBLO. BOY

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO, CONFIRMATION NO.

 
  

15/463,425 03/20/2017 Daniel R. Cohn 11381,122998 37BR

MIT's Technology Licensing Office ITUYNIL, HAL IL
255 Main Street
NE18-501

Cambridge, MA 02142-1493 aaa
DATE MAILED: 09/12/2017

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

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)G) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

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 CustomerService Centerof the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
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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
Budget approval before requesting most types of information from the public. When OMB approves an agency
request ta collect information from the public, OMB (i) provides a valid OMB Control Number andexpiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b),

The information collceted by PTOL-85 Part B is required by 37 CFR {.311. The informationis requircd to obtain
or retain a benefit by the public whichis to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Timewill vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, 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 required to
respond to a collectionof information unless it displays a validOMB control number.

Privacy Act Statement

The Privacy Act af 1974 (P.L, 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 general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the informationsolicited 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 lo 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 abandonmentofthe application or expiration ofte patent.

‘The information provided by youinthis 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 fromthis system of records
may be disclosed to the Deparunent ofJustice to determine whetherdisclosure of these records is required
by the Freedomof Information Act,

2. A record fromthis system ofrecords may be disclosed, as a routineuse, in the course ofpresenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this systemof records may be disclosed, as a routine use, to a Memberof Congress submitting a
request involving an individual, 1o whomthe record pertains, when the individual has requested assistance
from the Memberwith respect to the subject matterofthe record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
necd for the information in order to perform a contract. Recipients of information shall be required to
comply withthe requirementsofthe Privacy Act of 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 Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty,

6, A recordinthis system ofrecords maybe disclosed, as a routine use, lo 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)).

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

8. A record from this systemof records maybe 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 CIR 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 fromthis system of records may be disclosed, as a routine use, to a Federal, State. or local law
enforcement agency,if the USPTO becomes awareof a violation orpotential violation of laworregulation.
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Applicant(s)
COHN ET AL.
Art Unit
3747

 
  
 

|Application No,15/463,425

Notice of Allowability eee
AlA (First Inventor to
File) Status
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) CLOSEDIn this application. If not Included
herewith (or previously mailed), a Notice of Allowance (PTOL-85)or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENTRIGHTS. 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,

OC A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/werefiled on

2. LJ An election was made by the applicant in responseto a restrictlon requirementset forth during the interview on ; the restriction
requirement and election have been IncorporatedInto this action.

3. X] The allowed claim(s) is/are 1-30. As a result of the allowed claim(s), you maybe eligible to benefit from the Patent Prosecution
Highwayprogram at a participating intellectual property office for the corresponding application. For more information, please see
Hitow/WwwW,usole.gey/patents/init_ events/pob/inedex.jso or send an Inquiry to PEHfzedback@usolo gov.

4. [J Acknowledgment is madeof a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f}.

  
Certified copies:

a)LJ All =b)() Some ‘c) L) None of the:
1. J Certified copies of the priority documents have been received.

2. D Certified copies of the priority documents have been received in Application No

3. (1 Copies ofthe certified copies of the priority documents have been receivedin this national stage applicatlon from the |
International Bureau (PCT Rule 17.2(a}).

* Cartifled coples not recelved:_ i.

|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 ABANDONMENTofthis application.
THIS THREE-MONTHPERIOD IS NOT EXTENDABLE.

5. [J CORRECTED DRAWINGS( as “replacement sheets") must be submitted,

[including changes required by the attached Examiner's Amendment / Comment or in the Office action of |
Paper No./Mall Date

Identifying Indicia such as the application number(see 37 CFR 1.84(c)) should be written on the drawings In the front (not the back)of
each sheet. Replacement sheet(s) should be labeled as such In the header according to 37 CFR 1.121(d).

6. L] 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. [1 Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment
2. J Information Disclosure Statements (PTO/SB/08), 6. ] Examiner's Statement of Reasons for Allowance

Paper No./Mail Date
3. Examiner's Comment Regarding Requirement for Deposit 7. Other response to TD.

of Biological Material
4. [] Interview Summary (PTO-413),

Paper No./Mail Date

(HAI HUYNH/

Primary Examiner, Art Unit 3747

   
 

LS Patent and Trecemari OH ioo

PTOL-37 (Rev. 08-13) Notice of Allowabillty 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 underthe pre-AlAfirst to invent

provisions.

2. Applicant's arguments, see page1, filed on August 8, 2017, with respect to

claims 1-30 have beenfully considered and are persuasive.

3 Claims 1-30 are allowed.

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to HAI HUYNH whosetelephone numberis (571)272-

4844. The examiner can normally be reached on Mondaythrough Friday from 7:30 am

to 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 http://pair-direct.uspto.gov. Should

you have questions on accessto 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.

/HAL HUYNH/

Primary Examiner, Art Unit 3747
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en . PCT/IB2007 ‘03004 09.07.2008

PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

  
To:
SAM PASTERNACK
CHOATE, HALL & STEWART
TWO INTERNATIONAL PLACE
BOSTON, MA 02110

PCT
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 maili
daymonhyeay 1 9 JUL 2008

Applicant's or agent's file refere
2006734- 0002 . —— FOR FURTHER ACTION_Sceparagraphs | and 4 below

| International upplicution No International filing date
PCT/IB07/03004 (depvmonthyear) 06 Marck 2007 (06.03.2007)
Applicant
ETHANOLBOOSTING SYSTEMS, LLC

  
  
  
 
 
 
 
 

  

   
  

  
    

    
The applicantis hereby notified that the internalional search report and the written opinion ofthe International Searching Authorityhave been established and me transmitted herewith,

Filing of amendments and statement underArticle 19:
The applicantIs entltled, if he so wishes, to amend the claims of the International application (see Rule 46):

When?=The tlme limit for filing such amendments is normally two months from the date of transmittal of the international
search report.

Where? Directly to the International Bureau of WIPO, 34 chemin des Calombertes
1211 Geneva 20, Switzerland, Facsimile No.: (41-22) 338,82.70.

For more detalled instructions, see the notes on ths acgompanylngsheet.

2. Cc] 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 ofthe Intemational Searching Authority are transmitted herewith.

3. C] With regard ¢o the protest agains! paymentof (an) additional fee(s) under Rule 40.2,the applicant is notified that:

CT] the protest logether with the deislon thereon has been transmitted to the Intemationa! Bureau together with the applicant’ srequest to forward the texts of both the protest and the decision thereon to the designated Offices,
no decision has been made yet on the praest; the applicant will be fotlfled og soon as a decision is made.

  
 
 
 
 

 
 
 
 

 
 
  

 
  

4. Reminders

Shortly afler the expiration of 18 months from the priority date, the international applioatian will be published by the International
Bureau, If the applicant wishes to 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 904/s.1 ‘and 904is,3, respectively, before the completion of the
technical preparations for intemational publication.

The applicant may submit comments on an Informal basis on the written opinion of the International Searching Authority to the
International Bureau, The Intemational Bureau will send a copy of such comments to all designated Offices unless an International
preliminary examination report has been or Is to be established, These comments would also be madeavailable fo 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 theentry into the national phase 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 prescribed acts for
entry into the national phase before those designated Offices.
in respect of other designated Offices, the time I{mit of30 months(orlater) will apply even if no demandis filed within 19 months.

Sce the Annex to Form PCT/1B/301 and,for details about the applicable time limits, Office by Office, see the PCT Applicant's Gulde,
Volume II, Nationa) Chapters and the WIPO Intemetsite.

Name and mailing address of the ISA/ US
Mail Stop PCT, Attn: ISA/US

Sonaeee for PatentsP.O, Box 1450
Alexandria, Virginia 22313-1450

Facsimile No. (571) 273-3201
Form PCT/ISA/220 (Janunry 2004) (See notes on accompanying sheet)

   Authorized officer

Stephen K coinPareooe4
Telephone No, (571) 272-4383
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PCT/IB2007 03004 09.07.2008

PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCTArticle 18 and Rules 43 and 44)

 Applicant’s or agent’s file reference FOR FURTHER see Form PCT/AISA/220 .
2006734-0002 ACTION as well as, where applicable, item $ below

International application No, ' International filing date (day/month/vear) (Earllest) Priority Date (day/month/year)
* PCT/1B07/03004 06 March 2007 (06.03.2007) 08 March 2006 (08.03.2006) 

Applicant
ETHANOL BOOSTING SYSTEMS. LLC , 

  This international search report has been prepared bythls 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 of2~‘sheets,
It is also accompanied by a copy of eachprior art documentcited in this report.

Basis of the Report
a. With regard to the language, the International search was carried out on the basis of:

 
the international application tn the language in whichit was flled.

[| a translation of the international! application into , which is the language
ofa translation furnished for the purposes of international search (Rules 12,3(a) and 23,1(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 43.6bis(a)

[| With regard to‘any nucleotlde and/or amino acid sequencedisclosed in the international application, see Box No. |.
2, (| Certain claims were found unsearchable(See Box No.I)

Unity of Invention is tacking (See Box No.III)
4. With regardto the title,

x the text is approved as submitted.by the applicant.
[| the text has been-established by this Authority to read as follows:

Sa With regard to tho abstract,

the text is approved as submitted by the applicant.

[] the text has been established, according to Rule 38,2(b), by this Authorlty as it appears in Box No. [V. The applicant
may, within one month from the date of mallingofthis internatlonal search report, submit commentsto this Authority.

6. With regard to the drawings,
a, the figure of the drawingsto be published with the abstract !s Figure No. 1

as suggested by the applicant,

x as selected by this Authorlty, because the applicant failed to suggest a figure.
as selected by this Authority, becausethis figure better characterizes the invention,

b. [| none ofthe figures is to be published with the abstract.
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International application No,INTERNATIONAL SEARCH REPORT
PCT/TB07/03004

A, CLASSIFICATION OF SUBJECT MATTER
IPC; F02M 17/00( 2006.01)

USPC: 123/447

According to Intemational Patent Classificatidn (JPC) or to both.national classificatlon and IPC

FIELDS SEARCHED

Minimum documentation searched (classificatlon system followed by classification symbals)U.S. : 123/447

 
Documentation searched other than minimum documentationto the extentthat such documents are Included in the fields searched

 

Electronic data base consulted during the International search (nameof data base and, wherepracticabla, search terms used)EAST

c. DOCUMENTS CONSIDERED TO BE RELEVANT

Citation of document, with indication, where appropriate, of the relevant passages
A US 2005/0056264 Al, (WEISSMANetal) 17 March 2005, Figure 2, claim 11,

Relevant to claim No,
1-15

A US 5,560,344 A (CHAN) I, October 1996 (01 10.1996), whole document 1-15
 

[] Further documents are listed in the continuation of Box C.
: Special categories of clted documents: wpe

See patent family annex,
lar dusument published after the international Aling date or priority
dale and not in contest with the application but elted to understand the

“A” document defining the general state of the ari which is not considered to be of principle or theory undarlying the invention .pantcular relevance
“x documentofparticular relevanoc; the claimed invention cannol be

considered navel or cannot bo considered to Invalye an inventive stepwhen the documentis taken alone“E”—carlior application or patent published on or after the internationalfiling date

“L" document which may throw doubts on priority clalm(s) or which Is ciled to
+ establish the publication date of another cilalion or other special reason (asSpecified)

“O" document referring b an oraldisclosure, usa, exhibition or aiher means

“P" document published prior (o the International fling date but Inter than the
Drlortty date claimed

Date of the actual completion of the international search
08 June 2008 (08.06,2008)

Nameand mailing address of the ISA/US
Mall Stop PCT, Aun: ISA/USCommissioner for Patents
PO. Box 1450
Alexandria, Virginia 22313-1450

Facsimile No. (571) 273-3201
Form PCT/ISA/Z10 (second sheet) (April 2007)

 yn document of particular relevance; the claimed invention cannal be
considered to involve an inventive step when tht document is combined
with one or more other such documents, such combination being
obvious 1 4 parson skilled In the art

"er document memberof the same patent family

Date ofmailing of the international search report
D9 JUL 2008

Authorized officer ? Y.
Telephone No. (571) 272-4383  Stephen K Cronin
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NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND

THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCTRule 44.1)

From the INTERNATIONAL SEARCHING AUTHORITY

 
  
  

 
 
 
 
  

 To:
SAM PASTERNACK
CHOATE, HALL & STEWART

.TWO INTERNATIONAL PLACE
BOSTON, MA 02110

 
 
 

Date of mailing
(day/month/year)

  
  

Applicant's or agent’s file reference
2006734-0002

International application No. Intemational fillng date
PCT/IB07/03004 (day/month/year) 06 March 2007 (06.03.2007)

Applicant
ETHANOL BOOSTING SYSTEMS, LLC

FOR FURTHER ACTION See paragraphs | and 4 below

 

 
 
 

 
  

 

 

1. x] The applicant is hereby notified that the International search report and the written opinion of the International Searching Authority
have beenestablished and are transmitted herewith.

Filing of amendments and statement under Article 19:
The applicantis entitled, if he so wishes, lo amend the claims of the international application (see Rule 46):

When?=The timelimitfor filing such amendments {3 normally two months from the date of transmittal of the International
search report.

Where? Directly totle Intemational Bureau of WIPO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Facsimile No.: (41-22) 338,82.70,

For more detalied Instructions, see the nates on the accompanying sheet.

2. C] The applicant is hereby notified that no intemational search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of (he International Searching Authority arc transmitted herewith,

3 C] With regard to the protest against paymentof(an) additional foe(s) undor Rule 40.2, the applicantis notified that:
C] the protest together with the decision thereon has been transmitted to the International Bureou together with the applicant's

request to forward the texts of both the protest and the decis!on thereonlo the designated Offices,
no decision has been made yet onthe 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 Intemational
Bureau, [f the applicant wishes to avoid or postpone publication, a nolice of withdrawal of the international application, or of the
priority claim, must reach the International Bureau as provided in Rules 904/s,1 and 90b/s.3, respectively, before the completion of the
lechnicol 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 Burcau will send a copy of such comments to all designated Offices unless an international
preliminary examination report has been or [3 to be established, These comménts would also be made avallable to 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 mustbe filed if the applicant wishes to postpone the entry into the national phase untll 30 months from the priority date
(in some Offices evenlater); otherwise, the applicant must, within 20 manths from the priority date, perform the prescribed acts for
entry into the national phase before those designated Offices.
In respect ofother designated Offices, the tlmelimit of 30 months(or later) will apply even if no demandis filed within 19 months,
See the Annex to Form PCT/1B/301 and, for details about the applicable time limlis, Office by Office, see the PCT Applicant's Guide,
VolumeI, Natlonal Chapters and the WIPO Internet site,

Authorlzed officer

Stephen K Cronin Sas
Nameand mailing address of the (SA/ US

Telephone No. (571) 272-4383

  
 
  

  
  

  
  

 

Mail Stop PCT, Attn: ISA/USCommissioner for Patents
P.O. Box 1450
Alexandrla, Virginia 22313-1450

Facsimile No, (571) 273-3201
Form POT/AISA/220 (Janunry 2004) (Sue notes on accompanying sheet)
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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. Internationalfiling date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/1B07/03004 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 andis transmitted to the applicant
according to Article 18, A copyis being transmitted Lo the International Bureau.

 

  
 
 

  
  

 This international search report consists of o total of sheets,
 

It is also accompunied by a copy of cach prior art documentcited in this report, 

 
1, Basis of the Report

a es to the language, the International search was carried out on the basis of:the international application in the language in which it wus filed.

] a translation of the international application into , whichis the language
of'n translation firrnished for the purposes nf intemationnl search (Rules 12.3(a) and 23.1(b))

b, C] This International search report has been established taking into account the rectification of an obvious mistake
authorlzed by or notified to this Authority under Rule 91 Rule 43,6 bisa)

c, [| With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No.I.
2. [_] Certain claims were found unsearchable (See Box No,II)
5} [| Unity of Invention Js lacking (See Box No,III)
4, "With regard lo the title,

the text is approved as submitted by the applicant.

the text has been established by this Authaorily to read as follows:

5. With regard 10 the abstract,

the text is approved as submitted by the applicant,

[| the text has been established, according to Rule 38.2(b), by this Authority as [t appears in Box No, !V, The applicant
may, within one month from the date of mailing of this international search repari, submit comments lo this Authority.

6. With regard to the drawings,
a, the figure of the drawings (o be published with the abstract is Figure No, 1

bs suggested bythe applicant.Ne

as selected hy thls Authority, because the applicant failed to suggest a figure.
as selected by this Authority, because this figure better characterizes the invention,

b.[] none of the figuresis to be published with the abstract.
Form PCT/ASA/210 (first sheet) (April 2007)
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INTERNATIONAL SEARCH REPORT
PCT/1B07/03004

  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 IPC

 
B._FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
U.S. + 123/447

Documentetion searched other than minimum documentation to Lhe extent thal such documents ore included in the fields searched

Electronic data base consulted during the International search (name of data base and, where practicable, search terms used)
EAST

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 Al, (WEISSMANetal) 17 March 2005, Figure 2, claim !1, 1-15

A US 5,560,344 A (CHAN) |, October 1996 (01.10.1996), whale document. 1-15

 
| Further documents are listed in the continuation of Box C, C]
. Speclal categories of cfted documents: “Tv

See patent family annex.
later document published alter the international filing date or prianty
date and not in conflict with the application but cited to understand the

“A”—document defining the general state of the art which ia nol considered to be of principle or theory underlying the invention
particular relevance , “x” document ofparticular relevance:the claimed Invention cannot be

“EB” earller applleatlon or patent published on orafter tho internationalfiling date considered novel or cannot be considarad to Involve an inventive stepwhen the document{s taken alone
*L”—deciament which may throw doubu on priorty clalm(s) or which Is cited to

establish the publleatton date of another chotlon or other speolal reason (as “yw document of panicuier releynnes; the clalmed invention cannot be
specified) considered lo involve uninventive step when the document is combined

with one or more other such documents, such combination being
obvious to 9 person skilled In the art

 
 
 

 

 
“O"—documentreferring to an or disctosure, use, exhibition or other means

“pr ducument publishedprior to the Internadianalfiling date but Iaier than the “a
Priority date clalmed

Date of mailing of the international search reportDate of the actual completion of the international search

Authorized officer

document member of the aame patent family

   
  
 

08. June 2008 (08,06,2008)

Nameand mailing address of the ISA/US
Mail Stop PCT,Attn; ISA/US
Commissionerfor Potents
P,O, Box 1450

Stephen K Cronin

Telephone No, (571) 272-4383

(fo——  
Alexandria, Virginia 22313-1450

Facsimile No. ($71) 273-3201
Form PCTASA/210 (secand sheet) (April 2007)
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INTERNATIONAL SEARCHING AUTHORITY FILE COPY
i PCTSAM PASTERNACK
CHOATE, HALL & STEWART

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

 
   

  
TWO INTERNATIONAL PLACE
BOSTON, MA 02110
 

 
 

 

(PCT Rule 43dis.1)

 
 

 

Date of mailing
day/montiéyaar

FOR FURTHER ACTION
See paragraph 2 below

 
 

Applisant's or agent's Tile reference
2006734-0002

International application No. International filing date (day/monthAgar)

PCT/B07/03004 06 March 2007 (06.03.2007)
International Patent Classification (IPC) or both national classification and IPC

 
 

 Priority date (day/month/vear)

08 March 2006 (08.03.2006) 

 
IPC; Please See Continuation Sheet
USPC:=123/447,1A,300,304,431,478,575,577, 198C, 19BA;701/101
Applicant

ETHANOL BCOSTING SYSTEMS. LLC J

    
  
   

1, This opinion contains indicationsrelating to the followingitems:

DX] Box No,| Basis of the opinion
Box No.IT Priority

Box No,I] Non-establishiment of opinion with regerd to novelty, inventive step and industrial applicability

Box No, IV Lack of unity of Invention

Box No. V Reasoned statement under Rule 434/s,I(a)(i) with regard to novelty, inventive step or industrial
applicabllity; citations and explanations supporting such statement

Box No, VI Certain documents cited

 
Box No, VII Certain defects in the International application

OOOWOOO
Box No, VIIT_ Certain observations on the intemational application

2, FURTHER ACTION

Ifa demandfor international preliminary examination is made,this opinion will be considered to be a wrilien opinion of the
Intemational Preltminary Examining Authority ("IPEA") except that this does not apply where the applicant chooses an
Authority other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1 bis(b)
that written opinionsof this International Searching Authority will not be so considered,

If this opinion is, as provided above, considered to be a writlen opinion of the IPEA,the applicant Is invited to submit to the
IPEAawritten reply together, where appropriate, with umendments, before the expiratlon of 3 months from the date of meiling
of Form PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.
Forfurther options, see Form PCT/ISA/220.

3. For further details, see notes to Form PCT/ISA/220,

 
 

Namenid mailing address of the SA/ US
Mail Stup PCT, Attn, ISA/US
Commissionerfor Patents
P.O, Box 1450
Alexandria, Virginia 22313-1450

Facsimile No. (571) 273-3201

Farm PCT/ISA/237 (cover sheet} (April 2007)

 
 

 Date ofcompletion of this opinion|Authorized officer
 
 

 
 08 June 2008 (08.06.2008) Stephen K Cronin
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WRITTENOPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY 
 

Box No. I Basis of this opinion

1, With regard to the language,this opinion has beenestablished on the basts of:

LX] the international application In the language in which it was filed

C] a translation of the international application Into , which is the language ofa translation furnished for the purposes of
international search (Rules 12,3(a) and 23.1(b)). %

2. CF This opinion has been established taking into accountthe rectification of an obvious mistake authorized by ornotified lo this
Authority under Rule 91 (Rule 43dis, 1(a))

3, With regard to any nucleotide and/or amino acid sequence disclosed in the international apptication, this opinion has been
established on the basis of:

8. type of material

O a sequencelistIng

OC table(s) related to the sequencelisting

b. format of material

a on paper

a in electronic form

c. time offiling/furnishing

CT] contained in the international application as filed,

C] filed together with the international application in electronic form.

L] furnished subsequently to this Authority for the purposes ofsearch.

4, CI] In addition, in the case that more than one version or copy of a sequencelisting 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 applicationas filed, as appropriate, were furnished,

5, Additional comments:  
Form PCT/ISA/237(Box No. 1) (April 2007)
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WRITTEN OPINION OF THE pernporioaae [|ott COPYINTERNATIONAL SEARCHING AUTHORITY 
Box No, V Reasoned statement under Rule 43 dis.1(a)(i) with regard to novelty, inventive step or industrial

applicability; citations and explanatlons supporting such statement 

1, Statement

Novelty (N) Claims }-15 YES

Claims NONECON

Inventive step (IS) Claims 1-15 YES
Claims NONE NO

Industrial applicabillty (1A) Claims 1-15 YES
Claims NONECON
 

2, Citations and explanations:

Claims t-15 meet the criteria set out in PCT Article 33(2)-(3), because the prior art does notteach orfairly suggest claimed invention.

Claim]-15 meet thecriteria set out in PCT Article 33(4), and thus have industrial applicability because the subject matter claimed can
be madeorused in industry, :

  
 

 
Form PCTASA/237 (Box No. V) (April 2007)
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Supplemental Box
In case the space In anyof 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/ISA/237 (Supplemental Box) (April 2007)
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NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND

THE WRITTEN OPINION OF THE INTERNATIONAL

SEARCHING AUTHORITY, OR THE DECLARATION

 
 

 

To, Sam Pasternack
Choate, Hall & Stewart
Two Intemational Place
Boston, Massachusetts 02110 
 
 

 
 
 
 

(PCT Rule 44.1) 
 
 

 

Date of mailing
(day/monih/year)  

| Applicant’s or agent’s file reference
2006734-0003PC FOR FIT’ xt ACTION—See paragraphs | and 4 below 

International application No. Internuuvual filing date
PCT/US 07/05777 (day/monthiyear) 08 March 2007 (08.03.2007)

 
 

Applicant Ethanol Boosting Systems, LLC

  
1 The applicant is hereby notified that the intemational search report and the written opinion ofthe International searching|Authority have becn established and are transmitted herewith.

Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amendthe claimsofthe international application (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 International Burenu of WIPO, 44 chemin des Calombettes
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 CL] With regard to the protest against paymentof (an) additional fee(s) under Rute 40.2, the applicant is notified thal:
the protest together with the decision thereon has been transmitted to the International Burcau together with the
applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices.

C] 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. If the applicant wishes to avoid or postpone publication, a notice of withdrawal ofthe international
application, or of the priority claim, must reach the Intemational Bureau os provided in Rules 9Dbis. | and 90b¢y.3, respectively,
before the completion of the technical preparations for intemational publication,
‘The applicant may submit comments en an informal basis on the written opinionof the International Searching Authorityto the
International Bureuu, The International Bureau will send u copy of such comments to ull deyignated Offices unless an
intemational preliminary examination report has been oyis to be established. These comments would also be made available to
the public but not before the expiration of 30 months from the priority date.
Within 19 months fromthe priority date, but only in respect of some designuted Offices, a demandfor international preliminary
examination must he filedif the applicant wishes to postponethe entry into the national phase until 30 months fromthe priority
date (in some Offices even later), otherwise, the applicant must, within 20 months from thepricrity date, perform the prescribed
acts for entry into the notional phase before those designated Offices.
In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demandis filed within 19months.

See the Annex tn Form PCT/1B/301 and, for details about the applicable time limits, Office hy Office, see the PCTApplicant's
Guide, VolumeII, National Chapters and the WIPO Internetsite.

 
 

 
 

Name and mailing address of the ISA/US Authorized officer:

Mail Stop PCT, Attn: ISA/US Leo W. YoungCammissionerfor Patents ‘

P.O. Boy 1450, Alexandria, Virginia 22913-1450 PCT Holpdask: 671-272-4300Facsimile No, 571-273-3201 PCT OSP: 571-272-7774

Form PCT/ISA/220 (January 2004) (See notes on accompanying sheet)
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From the INTERNATIONAL SEARCHING AUTHORITY

To: Sam Pastemack PCT
Choate, Hall & Stewart
Two Intemational Place

Boston, Massachusetts 02110 NOTIFICATION OF TRANSMITTAL OF
‘THE INTERNATIONAL SEARCH REPORT AND

THE WRITTEN OPINION OF TIIE INTERNATIONAL

SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)

24 MAR 2008

FOR FURTHER ACTION_See paragraphs 1 and 4 below

 
 
 
 

 

Date of mailing
(dlay/month/year)

 
 

 

  
 
 

  
Applicant's or agent’s file reference
2006734-0003PC

International application No.
PCT/US 07/05777

  
Internationalfiling date
(day/month/year) 08 March 2007 (08.03.2007) 

Applicant Ethanol Boosting Systems, LLC —

 

\, i] The applicantis hereby notifiedthat the international search report and the wrilten opinion ofthe International Seurching
Authority have been established and are transmitted herewith

Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims ofthe international application (see Rule 46):

When? The time limit for filing such amendments is normally two months trom the date of transmittal of the
international search report. sj) oeso, 4 =

Where? Directly to the International Bureau of WIPO, 34 chemin des cmsockeatad
(21) Geneva 20, Switzerland, Facsimile No,; +4] 22 740 |4 435 oo. iy orFor moredetailed instructions, ste the notes on the accompanying sheet. ry [LI eG L 9 -we It Amnf, 5/24,

2, CI The applicant {s hereby notified that no international search report will be established and that the declaration Una APR
Article 17(2)(8) lo that effent and the wrillen opinion of the Intemational Searching Authority are trunsmitted herewith.

 
3. Cl 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 beentransinitled to the International Bureau together with the
applicant's request to forward the texts of both the protest and the decision thereonto the designated Offices.

Cc no decision has been made yet onthe protest; the applicant will be nulified us yoon as a decision is made.
4. Reminders

Shortly after the expiration of 18 months from the priority dute, the international application will be published by the
International Bureau. If the applicant wishes to avoid or postpane publication, a notice of withdrawal of the international
application, or of the priority clafm, must reach the International Bureau as provided in Rules 90bis.| and 90bdis.3, respectively,
before the completion of the technical preparations for international publication.
The applicant may submit comments onan informal basis on the written opinion ofthe International Searching Authority to the
International Bureau. The International Bureau will send a copy of such commentsto all designated Offices unless an
international preliminary examJnation report has been or is to be cstablished. These comments would also he madeavailable to
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 dernandfor international preliminury
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months fromthe priarity
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed
acts for eutry 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 19months, .

See the Annex to Form PCT/IB/30| and, for details about the applicable time limits, Office by Office, see the PCT Applicant's
Guide, Volume UJ, National Chapters snd the WIPO Intemetsite. 

Name and mailing address of the ISA/US Authorized officer:
Mall Stop PCT, Attn: ISA/USCommissionerfor Patents
P.O, Box 1450, Alexandria, Virginia 22313-1460
Facsimile No. §71-273-3201 PGT OSP: 871-272-7774

PCT Halpdask: 571-272-4300
 

Fonn PCT/ISA/220 (January 2U04)
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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.  

Internationa] application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/US 07/05777 08 March 2007 (08.03.2007) 10 March 2006 (10.03.2006)  

Applicant
Ethanol Boosting Systems, LLC 
 

This international search report has been prepared bythis 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 Mn sheets,
DX It is also accompanied by a copy ofeach prior art document cited in this report.   

1. Basis of the report

a, With regard to the language, the international search was carried out un the basis of:

the international application in the language in whichit wasfiled.

C] atranslation of the international application into)= which is the language of
a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

This international scarch report has been established taking into accountthe rectification of an obvious mistake
authorized by or notified to this Authority under Rule 9] (Rule 43.6b/s(a)).

 
c [] With regard to any nucleotide and/or amino acid sequencedisclosed in the international application, sec Box No.I.

J Certain claims were found unscarchable (see Box No. I!).

LJ Unity of Invention is lacking (see Box No. III).

4. With regard to the title,

x the text is app oved as submitted by the applicant.[Ix the (ext has been established by this Authority ta read as follows:

5. With regard to the abstract,

the texl is approved as submitted by the applicant,

CJ the lext has been established, 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 maillng of this International search report, submit commentsto this Authority.

 
 
  

6, With regard to the drawings,
a. the figure of the drawings lo 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. MAR 2 6. 2008

PATENT DEPARTME

 | as selected by this Authority, because this figure better characterizes the invention.
b. C] none of the figuresis to be published with the abstract.   

Form PCT/ISA/210 (first sheet) (April 2007)

EBS-00002010

FORDEx. 1144, page 174
IPR2020-00013



INTERNA.:ONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER

IPC(8)- FO02B 77/04 (2007.10)
USPC - 123/198A

International application No.
PCT/US 07/05777

 According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED 

Minimum documentation searched(classification system followed by
USPC: 123/198A 

 

classification symbols)

 

 
 

 
 
 

USPC: 123/198R, 406.29, 406.47 (text search - see terms below)
 

Infection, motor 

C. DOCIMENTS CONSIDERED TO BE RELEVANT

Documentation searched other than minimum documentation to the extent that such documents are includedin the fields searched

 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
PubWEST(USPT,PGPB,EPAB,JPAB); Google Patents; Google Scholar
Search Terms: gasoline engine, athanol, direct Injection, engine knock, emissions, restart, control system, shui down, deceleration, port

  

   

 
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y Calculations of Knock Suppression in Highly Turbocharged Gasolln/Ethanol Engines Using 1-18
Direct Ethanol Injection (L. Bromberg etal.) 23 February 2006 (23.02.2008), entire docurnent
especially Abstract, Section I, para (0003), Section Il, para (0001), [0003], (0006)

Y US 4,312,310 A (Chivilo' et al.) 26 January 1982 (26.01.1982), col 2, In 20-26 and In 36-54 1-18

Y US 6,358,180 B14 (Kuredaet al.) 19 March 2002 (19.03.2002), Fig 4, col 3, In 65-67 to col 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) 04 December 1990 (04.12.1990), col 4, In 15-24 5

Y US 6,260,525 B1 (Moyer) 17 July 2001 (17.07.2001), col 3, in 5-8 6, 8, 13-18

Y US 4,967,714 A (Inoue) 06 November 1990 (06.11.1990), cal 3, In 27-30 and In 66-67 14 
 

[] Further documentsare listed in the continuation of Box C.
+ Special categories of cited documents: 
“A” document defining the general state of the art whichis nul considered

to be of particular relevance
“E” earlier application or potent but published on or after the internationalfiling date
“LY documett whieh may throw doubts on privrily claim(s) or which is

cited to establish the publication date of anothercitation or otherapecin! reason (as specified)
“O" document referring to an oral disclosure, use, exhibitlon or othermeans

“p* document publishedprior to the internationalfiling date but later thanthe prlority date claimed

Date of the actual completion ofthe international search

03 December 2007 (03.12.2007)

C
“T*  |nter document published after the international fling, date or priority

date and notin conflict with the application but cited to understandthe principle or theory underlying the invention

document of particular relevance; the claimed invention cunnot be
considered novel or cannot be considered to involve an inventive
step when the documentis taken alone
document of particular relevance, the claimed invention cannot be
considered to involve an inventive step when the document iscombined with ane ar more other such ducuments, suul vombination
being obvious lo a person skilled in the art

“&" document memberof the same patent family

  Datc of mailing of the international search report

24 MAR 2008   

Name and mailing uddresg of the ISA/US
Mall Stap PCT,Attn: ISA/US, Commissionerfor Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450
Facsimile No. 571-273-3201

Form PCT/ISA/210 (second sheet) (April 2007)

Authorized officer:  
 Lea W. Young 
   

PCT Halpdash: 571-277-4300
PCT OSP: 671-272-7774
 

EBS-00002011

FORDEx. 1144, page 175
IPR2020-00013



(

PATENT COOPERATION TREa v'Y

From the
INTERNATIONAL SEARCHING AUTHORITY

To: Sam Pasternack PCT
Choate, Hall & Stewart
Two International Place

Boston, Massachusetts 02110 WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43dis.1)   Date of maili

woo, Q@4MAR 2008
FOR FURTHER ACTION

Sec paragraph 2 below

 

  Applicant's or agent’s file reference
2006734-0003PC

International application No.
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IPC(8) - F02B 77/04 (2007.10)
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Box No. | Basis of the opinion pHBox No. I] Prionty US hex AL. wee bi tN

Box No. JI] Non-establishment of apinion with regard to novelty, inventive step and industrial applicability bog

 
 

 
  

International filing date (day/month/vear) Priority date (day/month/year)

08 March 2007 (08.03.2007) 10 March 2006 (10.03.2006)   
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Box No. 1V Lack ofunity of invention mr
Box No. V—_Reasoned statement under Rule 43bés.1(a)(i) with regard to novelty, inventive step or industrial applicability;

citations and explanations supporting such statement

 
Box No. VI Certain documentscited

 
Box No. VII Certain defects in the international application

Box No. VIN Certain observationson the international application
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other than this one to be the IPEA and the chosen IPEA hus notified the Intemational Bureau under Rule 66.1 bis(b) that written
opinionsofthis International Searching Authority will not be so considered.

If this opinionis, as provided above, considered to be u written opinion of the IPEA, the applicant is invited ta submit to the IPEA
a written reply together, 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.

Forfurther options, see Form PCT/ISA/220. (=GEIWVE i}
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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.

[] a translation of the international application into which is the language of a
translation furnished for the purposes of intemational search (Rules 12.3(a) and 23.1(b)).

2s CT] This opinion has been established taking Into account the rectification of an obvious m!stake authorizedby or notlfied
to this Authority under Rule 91 (Rule 43dis.1(@))

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of:

a. type of material

L| a sequencelisting
[_] table(s) related to the sequencelisting

b. format of material

CL] on paper
T] in electronic form

c, time of filing/furnishing

L] contained in the internatlonal application as filed
C] filed together with the international application in clectronic form
C] furnished subscquently to this Authority for the purposes of search

4, ] In addition, in the case that more than one version or copy of a sequencelisting and/or table(s) relating thereto has been
filed or furnished, the required statementsthatthe 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 furnished.

5. Additional comments:  
p>
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International application No.WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY PCT/US 07/05777 
Bux No. V Rensoned statement under Rule 43d/s.1(a)(i) with regard to novelty, Inventive step or industrtal appHcabillity;

cltations and explanations supporting such statement 

|, Statement

 
 

 
 

 

Novelty (N) Claims 1-18 ________s‘*YES
Claims None NO

Inventive step (IS) Claims None : YES
Claims 4-18 — NO

Industrial applicability (IA) Claims 1-18 YES
Claims None NO 

 

2. Citations and explanations:
Claims 1, 3-4, 7 and 12 lack an inventive step under PCT Articla 33(3) as being abvlous over the article entitled "Calculations of Knock
Suppresston In Highly Turbocharged Gasoline/Ethanol Engines Using Direct EthanolInjection” by L. Bromberg etal. (herelnafter
*Bromberg’) in view of US 4,312,310 A lo Chivilo el al. (hereinafter‘Chivilo’).

As per clalm 1, Bromberg discloses a {uel management system for operation of a spark Ignition gasoline engine In a vehicle comprising: a
gasoline engine poweringthe vehicle (see Abstract); a source of gasollne for Introduction Into the angine (see Section II, para [0003}): a
separate source of athanal (sea Section !I, para (9003]); an Injectorfor diract injectian of (he ethanolInto a cylinderof the engine (see
Section {), para (0001]). Bromberg does not disclose a control system for shutting downthe engine by stapping gasoline and ethanal flow
into the engine during vehicle deceleration and idling and restarting the engine upon driver demand. Chivilo discloses a control syétam for
shutting down the engine by stopping gasoline flow Into the engine during vehicle deceleration andIdling and restarting the engine upon
driver demand (col 2, In 20-26 and In 38-54). It would have been obvious to oneofordinaryskill in the art (o madify (he fuel management
system as disclosed by Bromberg with the contral system as taught by Chlvilo since a major developmentin the system disclosed by
BrombergIs fuel conservation and ar obvious. way ia conserve fuel Is to shul down the engine during Idle or deceleration.

As per claim 3, Bromberg further discloses the system wherein the engine uses direct ethanolInjection during a range of engine operating
conditions to prevent engine knock (see Section|, para [0003]), Brornberg dees nol specifically disclose direct ethanol Injection during
engine restart to pravent engine knock, However, it would have been obvious to aneof ordinary skill In the art to Include ethanolInjaction
during engine restart as one ofthe operating conditlons since engine knock often occurs during restart and one ofthe objects of Brombergis to prevent engine knock.

As per claim 4, Bromberg discloses the system wherein the engine uses direct ethanol injection to minimize hydrocarbon emissions (see
Section Il, para [0006]). Bromberg does not specifically disclosa diract ethanal injection during sngine restart to minimize hydrocarbon
emissions. However,It would have been obvious to one of ordinary skill in the art to Include ethanolInjection during engine restart to
minimize hydracarbon emissions since hydrocartion emissions can be high during restart and one ofthe objects of Brambergts tominimize hyrdrocarbon emissions.

 
As per claim 7, Bromberg further discloses the system wherein the engine is turbocharged or supercharged (see SectionII, para [0001)).

As per claim 12, Bramberg further disclase the systorn wherein gasoline is not used and ethanol, E85, mathanol, other alcohols or a blend
thereof are used as the only fuel (sea Abstract). Bromberg states direct ethanolInjection could be be used ta displace gasoline.

Claims 2, 9 and 10 lack an Inventive step under PCT Article 33(3) aa belng obvious over Bromberg in view of Chivifo, further In view of US
6,358,180 B41 lo Kuroda el al, (hereinalter Kuroda’).

As per clalm 2, Chivilo discloses a control system for shutting downthe engine by stopping gasoline flow into the engine during vehicle
deceleration and idling and restarting the engine upon driver demand(col 2, In 20-26 and In 36-54). Chivila does nat specifically disclose
wherein the control systemdisables the shutting downof the engine during deceleration and Idilng when an auxlllary power or energy
requirement exceeds @ selected level Kuroda discloses wherein the control system disables the shutting downaf (he engine during
¢eecelaration and idling when an auxiliary power or energy raquirament excaeds a salactad level (cel 3, In G5-67 to col 4, In 1-15), Itwould
have been obvious to one of ordinary gkill in the art to modify the control system as disclosed by Chivilo with the system as taught by
Kuroda, since bath relate to the lechnolagy of shutting engines down lo conserve fuel and since such would avold having the engine shut
down when the batterlas are unable to perform Important functions such as restarting,

 
As per claim 9, Kuroda further discloses the system further including a 12V motorto restart the engine after shutdown during deceleration
and/or Idle (Fig 4; col 12, In 54-56).
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WRITTEN OPINION OF THE international application No.
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation oft .

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 motor|e a
low yaltage motor(Fig 4 - the motor used for restarting the engine Is a low voltage motor operating on 12 V).

Claim 5 lacks an Inventive step under PCTArticle 33(3) ae belng obvious over Bromberg In view of Chivilo, furtherIn view of US 4,974,416
A (Taylor).

As per claim 5, Bromberg discloses the system wherein the engine uses direct injection (see Section Il, para [0001]). Bromberg does not
specifically disclose the system wherein the engine uses direct injection during engine restart to supplemantpart fuel injection while a fuel
film that feeds the engine ls established so as lo minimize energy. emissions and time required for engine restart. Taylor discloses a
system wherein the engine Includes port fuel injection while @ fuel film that feeds the engine Is established (col 4, In 15-21). It would have
been obvious to ane of ordinary skill in tha art to modify tha system as disclosed by Bromberg with the port fuel injection and fual film as
taught by Taylor, since It Is well known In the art ta supplement port Injection with direct injectlon and since fuelfilms are well known and
the use of such would have minimized anergy, woissions anu lime required for engine restart.

Claims 6 and 8 lack an inventive step under PCT Article 33(3) as being obvious over Bromberg In view of Chivilo, further in view of US
6,260,525 B1 (Moyer).

As per claim 6, Chivilo discloses a contro! system for shutting down the engine by stopping gasoline flow into tha engine (cal 2, In 20-26
ahd In 36-54). Chivilo does not specifically disclose the system furtherincluding a valve disabler for all engine valves. Moyer discloses the
system further including a valve disabler far all engine valves (col 3, nm 5-8), I) would have been obvious to ane of ordinary ski! intheart to
modify the systam as disclosed by Chivilo and Bromberg with the valve disabler as taught by Moyer, since all relate to tha technology of
shutting engines down to conserve fuel and since such would have enagled the engine to be a varlable displacernent engine so lhat when
less than maximim power is required some cylinders can be shut down and power increased in the remaining cylinders which will than
operate at greaterefficiency.

As perclair8, Bromberg further discloses the system whereln maximum manifold pressure ls Increased by at least a factor of two over a
non-pressure-boosted engine (see Abstract).

Clalms 11 lacks an Inventive step under PCT Article 33(3) as being obvious over Bromberg in view of Chivilo, further in view of US
4,967,714 A (Inoue).

As per claim 11, Bromberg further discloses the systam wherein the ethanol Is Injected through @ fuel Injector (see Section Il, para (0001).
Bromber does not specifically disclose whergin the gasoline and the ethanolare Injected through the same fuelInjector, Inoue discloses
the system wherein the gasoline and the ethanol are injected through lhe same fuel Injector (col 3, In 27-30 and In 66-67). It would have
been obvious to one of ordinary skill in the art ta modify {he system as disclosed by Bromberg to enable the system ta inject athanol and
gasoline through the samefuelInjector as taught by Inoue, since both relate lo the technology of ethanol burning systems and since such
would have enabled the system to operate using only one fuel injector per cylinder which Is a well known design to one of ordinary skill Inthe art.

Clalms 13-18 lack an Inventive step under PCT Article 33(3) as being obvious over Bromberg In view of Chivilo, further In view of Kuroda,
furtherin view of Moyer.

As per cialm 13, Bromberg discloses a turbocharged spark Ignition engine which uses separalely cantrolled direct Injection of ethanol anc
port fuel injection of gasoline (see Abstract). Sromberg does nat specifically disclose where the angine is shut dawn during periads of
deceleration and Idle. uroda discloses where the engine Is shut down during periods of deceleration and Idie (col &, In 3-27). Bromberg
further discloses the engine comprising a first source of gasoline (see SectionIl, para (0003); a second source of ethanal (sea Section Ii,
para [0003]), & gasoline angins (see Abstract), Bromberg does not specifically disclose a means to angina cylinder deactivation through
valve disabling during engine deceleretion and idling. Moyer discloses a means to engine cylinder deactivation through valve disabling
(col 3, In 5-8), It would have been obvious to one of ordinary skill in the art to modify the engine as disclosed by Brombergwith the shut
down during deceleration and idle as taught by Kuroda and the disabling of the valves as taught by Moyer, since all relale ta (he
technology of improving fuel economy and since the disabling of the valves [s well known in the art a5 aneffective way to shul down the
engine and since shutting down the engine during deceleration and idle is an obvious means to conserving fuel.

 
As per claim 14, Bromberg further discloses the turbocharged spark Ignition engine (see Section Il, para [(0001)) wherein he engine uses
diract ethanal injactlon during a range of engine operating conditions to prevant angine knock (see Section |, para (0003)). Bromberg doos
not specifically disclose direct ethanol injection during engine restart to prevent engine ienock. However, it would have been obvious lo
une of ordinary skill in the art to includa ethanol Injection during angine restart as one of the operating conditions sinca engine knock often
oecurs during restart and one of the objects of Bromberg Is to prevent engine knock.
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In case the space in any of the preceding boxesIs not sufficient.
Continuation of:

Suplemental Box 1:

As per claim 15, Bromberg discloses the turbocharged sparkignition engine (see Section Ii, para [0001]) whereln the engine uses direct
alhanolinjectlon to minimize hydrocarbon emissions (see Section |i, para (0006]). Brornberg does not specifically disclose direct ethanol
Injectlon during engine restart to minimize hydrocarbon emlsslons. However,it would have been obvious to one of ordinary skill in the art
to Include ethanolinjection during anginerestart to minimize hydrocarbon emissions since hydrocarbon emissions can be high during
rastarl and one of the objects of BrombergIs to minimize hyrdrocarbon emissions.

As per clain) 16, Bromberg discloses the turbocharged spark ignition angina (saa Section II, para [0001)), Bromberg does nol specifically
disclose (he turbocharged spark Ignition engine where low voltage motoris used to restart {ha engine. Kuroda discloses the system
whereln the low voltage motor is a low voltage motor (Fig 4; col 12, In 64-56), Furthermore, tt would have been obviaus to ane of ordinary
skill in the art to modify the engine as disclosed by Bromberg and Chivilo with the law voltage mator for restart since mast vehicles
currently operate with a 12 V battery and using a low vollage motorfor restart would nat require an adgitlanal battery for operating therestart motor. .

As per clalm 17, Bromberg disclosus a lurbocharged spark ignilion engine which uses separately contralled direct Injection of ethanol and
port fuel Injection of gasoline (see Abstract). Bromberg does not specifically disclose where the engine Is shut down during periods of
deceleration and idie, uroda discloses where the engine Is shut down during periods of deceleration and idle (col, 8, In 3-27). Bromberg
further discloses the engine comprising a first source of gasoline (see Seulion Il, para [0003)); a second source of ethanol (sea Saction I,
para (0003), a gasoline engine (see Abstract), Bromberg dogs not specifically disclose 2 means to disable the engine cylinders and
where direct ethanolinjection is used during enging restart and further where a low voltage motor is used fer engine restart. Moyer
diegloses o means to angine cylinder deactivation through valve disabling (col 3, In 5-4). uroda further disclases where a low voltage
Motor |s used for engine restart (Fig 4; col 12, In 64-56), |t would have been obvious to one ofordinary skill in the art to modify the engine
ax disclosed by Bramberg with the shut down during deceleration and Idle and low voltage restart motor as taught by Kuroda and the
disabling of the valves as taught by Moyer, since all relate to the technology of improving fuel ssonomy and since the disabling of the
valves is well known in the art as an effective way te shut down the engine and since shutting down the engine during deceleration and idle
is an obvious means to conserving fuel.

4s per claim 18. Bromberg discloses o lurbacharged spark ignition engine which uses direct Injection of ethangl (see Abstract), Brombera
does not specifically disclose where the angine Is shul down during periods of deceleratian and Idle comprising a turbocharged spark
ignitlon engine; and a means to shutdown the engine cylinders and wheredirect athanol Injection Is used during angine restart and further
where a jow voltage motor is used tor engine restart, Kuroda disclosos where the engine ls shul down during periods of deceleration and
{dle (col 8, in 3-27). Moyer discloses & means to engine cylinder deactivation through valve disabling (col 3, In 5-8). Kuroda further
discloses where a low voltage motor Is used for engine restart (Fig 4 col 12, In 54-58), It would have been obvious (o oneof ordinary skill
in the art to modify the engine as disclosed by Bromberg with the shut down during deceleration and idie and low voltage restart motor as
taught by Kuroda and the disabling of the valves as taught by Moyer,sinceall relate to the technology of Improving fuel acanomy and
since the disabling of the valves is well known in the art as aneffective way to shut downthe engine and since shutting down the engine
during deceleration and Idle is an obvious maans to conserving fuel.

Clatms 1-18 have Industrial applicability as deflned by PCT Article 93(4) because the subject matter can be made or used tn Industry.
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BX The applicant is hereby notified that the international search report and the written opinion of the Intemational Searching Authorityhave been established und are transmitted herewith.

Filing of amendments aod statement under Article 19;
The applicantis entitled, if he so wishes, to amend the cluims of the intermativnal application (see Rule 46):

When? The timelimit for filing such amendments is normally two months from the date of transmittal of the international
search report.

Where? Directly to the Intemational Bureau of WIPO, 34 chemin des Colombettes
121] Geneva 20, Switzerland, Facsimile No: (41-22) 3338.82.70.

For more detailed Instructlons, see the notes on the accompanying sheet.

CL The applicantis hereby notified that no intemational 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 ars transmilted lerewith.

 
CL] With regard to the protest against paymentof(an) additional fee(s) under Rule 40.2, the applicant is notified that:

C] the protest together with the decision thereon has been ransmitted to the Internationa! Bureau together withthe applicant's
request to forward the texts ofboth the protest und the decision thereonto the designated Offices
no decision has been made yeton the protest; the applicantwill be notified as soon as a decision is made.

Reminders

Shortly after the expiralion of 18 months from the priority date, the international 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 90é/s.1 and 90dis.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 international
preliminary examination report has beenoris to be established. These comments would also be made avuilable to 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 cntry into the national phase 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 inlo dhe nultivnal phose before those designated Offices,
In respect of other designated Offices, the time limit of 30 months(orlater) will apply even if no demandis filed within 19 months.
See the Annex to Fut PCT/1B/301 and, for details about the applicable time limits, Office by Office, see the PCT Applicant's Guide,
Volume i, National Chapters and the WIPOInternetsite.
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This international search report has been prepared bythis International Searching Authority and is transmitted to the applicant
according to Article 18. A copyis being transmitted to the Intemational Bureau.

This intemational search report consists of a total of LL sheets.
It is also accompanied by a copy of each prior art documentcited in this report.  

1, Basis of the Report
a. With regard to the language, the international search was carried out on the basis oft

the International application in the language in whichit was filed.

 

 

[] a translation of the international application into , which is the language
_ ofa translation fumished for the purposesof intemational search (Rules }2.3(a) and 23.1(b))

b. |__] With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. |
2. || Certain claims were found unsearchable (See Box No. II)

3 Unity of invention is lacking (See Box Na. ID)
 

4, With regardto thetitle,

the text 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 os submitted by the applicant.

the text has been established, 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 international search report, submit comments to this Authority

6. With regard to the drawings,
a. the figure of the drawingsto 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.

[] us selected by this Authority, because this figure better characterizes the invention.
b, [] noneofthe figures is to be published with the abstract.
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International application No. 
 

INTERNATIONAL SEARCH REPORT
PCT/US07/74227

 CLASSIFICATION OF SUBJECT MATTER
rpc: F02D 41/30( 2006.01);FO2B 1/08( 2006.01)

 A.

USPC; 123/1A,43 1,447,575
Accordingto Intemational Patent Classification (IPC) or to both national classification and IPC

 
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
11.8. : 123/1A,300,304,431,447,478,575,577,198C, 198A

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
Please See Continuation Sheet

Cc. DOCUMENT'S 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. a

P,Y 24,25,27-41,49-55

x US 2002/01393321 A! (Weissinan el al.) 3 October 2002 (03.10.2002), figure 2, paragraphs 24-25, 27-56
--- (B022]-(0046), ea
Y 1-23, 26

 
  

[] Further documents are listed in the continuation of Box C. [] See patent family annex.

 
 
 

 
 

  
  

  

, Spevial cateperics of cited daquments: “T’ later document published after the Intemational fillng date or prioritydate and not in sonfliot with the upplication butcited to understand the
“A"—document defining the ganoralstale of the art which is not considered to be of principle or theory underlying, the inveation

particular relavance
“x" documentof particulor relevance; the claimed invention connot be

“E" earlier application or patent published on or after the international fillng date considered novel or cannot be considered to Invelve an Inventive stepwhen the document is ken ulone
“LU? dogument which muy duow doubts on priority claim(s) or which is cited to

establish the publication date of another eflation or other speain! renson (ns “yo dooumentof partioulor relevonoe; the olalmed invention cannot be
specified) considered to involve an inventive slep when the docwnentiscombined with one or more ather such documents, such eambinntion

“O" documentreferring to an oral disctosure, use, exhibition or other means being obvious to a person skilled in the art

“p* document published prior to the (ntermadonal fillng dace but later chan the "a document member uf dhe same patent fun ily
priorty dale claimed

Date ofthe actual completion of the intemational search
07 December 2007 (07.12.2007)
Nameand mailing address of the ISA/US

Mail Stop PCT, Atm: ISA/USCommissioner for Patents
PO Bnx 1450
Alexandria, Virglnia 22313-1450

Facsimile Na. (571) 273-3201
Form PCTASA/210 (second sheet) (April 2005)

 

 

  
  

mpofSEE B“sti search report
Authorized officer BYStephen K Cronin inBIL
Telephone No. (571) 272-4383
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PATENT COOPERATION TREATY
From the
INTERNATIONAL SEARCHING AUTHORITY

To:
SAM PASTERNACK
CHOATE, HALL & STEWART LLP
TWO INTERNATIONAL PLACE
BOSTON, MA 02110

 
 

  

 

PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY 

 

  
  
 

  
 

(PCT Rule 43dis.1)

Date of mailing
(daymonthiven) & © FEB: 20) 8
FOR FURTHER ACTION

See paragraph 2 below   
Applicant's or agent’s file reference
2006734-0015

International application No. | International filing dale (day/month/year) |nee date (day/month/year) :_PCT/US07/74227 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
Applicant

ETHANOT, BOOSTING SYSTEMS, LLC

1. This opinion contains indications relating to the following items:

 
 

  

 

Box No.I Basis of the opinion

Box No.II Priority

 
Box No.III Non-establishmentof opinion with regard to novelty, inventive step and Industrial applicability

Box No, IV Lackofunity of invention

Box No. V Reasoned statement under Rule 434/s.1(a)(i) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Box No, VI Certain documents cited

Box No. VII Certain defects in the intemational application
HL)wWUUOK

Box No. VIII Certain observations on the internationalapplication

. FURTHER ACTION

If a demandfor 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 66.14/s(6)
that written opinionsof this International Searching Authority will not be so considered.

N

If this opinion is, as provided above, considered to be a written opinion of the IPEA,the applicantIs Invited to submit to the
IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 monthstrom the date ofmailing
of Form PCT/TSA/220or before the expiration of 22 monthsfrom thepriority date, whichever expires later.
For further options, see Form PCT/ISA/220.

 
3. For further details, see notes to Form PCT/ISA/220.

 
 

  
Authorized officer

Stephen K. ciyalpaelot>
Telephone Noa, (571) 272-4383

Nameand mailing address of the ISA/US
Mall Stop PCT, Attn: ISA/US
Commissionerfor Patents
P.Q. Box 1450
Alexandria, Virginia 22313-1450

Facsimile No. (571) 273-3201
Ferm PCTASA/237 (cover sheet) (April 2007)

 Date of completion ofthis opinion 
  
 
  

 
 

18 February 2008 (18.02.2008)
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WRITTEN OPINION OF THE temational application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/US07/74227
 

Box No. I Basis of this opinion 

1. With regardto the language,this opinion has been established on the basis of:

Xl the international application in the language in which it was filed
CI a translation ofthe international application into , Whichis the languageofa translation furnished for the purposes of

international scarch (Rules 12.3(n) and 23.1(b)).
2. LC] This opinion has been established taking-into accountthe reetification-of an obvious mistake authorized by or notified to this

Authorily under Rule 9} (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

EF] a sequencelisting

C table(s) related to the sequencelisting

b. format of material

| on paper

CJ in electronic form

 
c. time of filing/furnishing

i contained in the internationa) application as filed.

CO filed together with the international application in electronic form.

CJ furnished subsequently to this Authority for the purposes ofsearch,

4, C] In addition, in the case that more than one version or copy of a sequencelistIng and/ortable(s) relating thereto has beenfiled
or furnished, the required statements that the information in the subsequent or additional copies is identical to that in the
application as filed or docs not go beyond the application as filed, as appropriate, were furnished.

5, Additions) comments:  
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 Intemational application No.
PCT/US07/74227  WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY
 

   

 
Box No. V Reasoned statement under Rule 43 d/s.1(a)() with regard to novelty, inventive step or industrial

applicability; citations and explanations supporting suchstatement  
 

 

 

1. Statement

Novelty (N) Claims 1-56 YES
Claims NONE NO

Inventive step (1S) Clalms 1-56 YES

Claims NONENO

Industrial applicability (IA) Claims !-56 YES
ClaimsNONE———“‘“(‘“(‘(‘(“((NSNONNNNCCC#NNNO
 

2. Citations and explanations:

Claims 1-56 meetthe criteria set oul in PCT Article 33(2)-(3), because the prior art does not toach orfairly suggestthe claimedinvention.

Claim 1-56 meetthe criteria set out in PCT Article 33(4), and thus hava industrial applicability because the subject matter claimed can
be madeor used in industry.    
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

 
 
 PCT

NOTIFICATION OF TRANSMITTALOF
HE INTERNATIONAL SEARCH REPORT AND

THE WRITTEN OPINION OF THE INTERNA JIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

Ta: SAM PASTERNACK
Choate, Hall & Stewart LLP
TwoInternatlonal Place

Boston, Massachusetts 021 ioAwnend laCN Se PATO uc
potion:FRCS.“TOWNY.op
Due bate _ . a| \e {ory (PCT Rule 44.1)Fine! Que nseYAS/DB-V2lor - fmaili

ee% 0 C T 20 08Docket Administratior Date:

 

 

  
 

  
 
 

 

  

Applicunt’s ut

2006734-0021

(nternational application No. International filing dute
PCT/US2008/069171 (day:manthyear) 03 July 2008

FOR FURTHERACTION—See paragraphs | and 4 below

 

Applicant
ETHANOL BOOSTING SYSTEMS LLC

 
 
 

I The tipplicunt is hereby notifiedthat the Intemational search ceport and the wrilten opinion ofthe International Searching
Authority have been established and are transmitted herewith.
Filing of umendments and statement under Article 19:
The applicant is cnlitled, if he so wishes, ta amend the claims of the international application (sce Rule 46);

When? The time limit for filing such amendments {s normally two months from the date of transmittal of the
international search report. -

Where? Directly to the Internatlonal Bureau of WIPO, 34 chemin des Colombettes
121 | Geneva 20, Swilzerland, Facsimile No; +41 22 740 1435

For more detailed Instructions, see the notes on the accompanying sheet.

2. L The applicant is hereby notified thal no international search report will be established and that the decliration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority arc transmitted herewith,

3. C1 With regard to the pruteyt against payment of (an) addilional fee(s) under Rule 40.2, the applicant is notified that:
CI the protest together with the decision thereon has been transmitted to the International Gurcau together with the

applicant's request to forward the texts of both the protest and the decision therconto the designated Offices.

CL no decision has been madeyet on theprotest; the applicant will be notified as soon us n decision is made
4, Reminders

Shortly after the expiration of 18 months from the priority dote, the international applicatian will be published by the
Intermotional Bureau, If the applicant wishes tu uvuid or postpone publigttion, a motive ol withdrawal althe internmtional
application, or of the priority claim, must reach the Intemational Burcau as provided in Rules 904/s.1 and 90dis.3, respeetively.
before the completion of the technical preparations for intemational publication,
The applicant may submit comments on an Informal busis on the written opinion of the International Searching Authority1theInternational Bureau. ‘The International Bureau will send a copy of such comments to all designated Offices unless an
intemational preliminary exumination report has been or is 19 be established. These comments would also be made uvailuble to
the public but not before the expiration of 30 months from the priority dite
Within 19 months from the priority date, but only in respect of sundesignated Offices, u demand for international preliminary
exunination must be filed ifthe applicant wishes to postpone the entry into the notional phase until 30 months from the priority
date tin sore Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed
acts fir entey inte 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 19months

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCT Applicant s
Guide, Volume JI, Nationnl Chapters and the WIPO Intermetsite.

 
Name and mailing address of the ISA/US Authorized officer:
Mall Stop PCT,Altn: ISAVUS
Commisatanor for Polonic Blaine R. Copenheaver
P.O. Box 1450, Alexandria, Virginia 22313-1450
Facsimile No. §741-273-3201 Telephone No, 571-272-7774

 
Form PCT/ISA/220 (January 2004) (See nates on accompanying sheet)
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PATENT COOPERATION TREATY

PCT
INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)
 

FOR FURTHER gece Form PCT/ISA/220
ACTION as well as, where applicable, item 5 below.

Applicant's or agent's file reference
2006734-0021

Internalivnul application No.

PCT/US2008/0691 71

ApplicantETHANOL BOOSTING SYSTEMS LLC

     International filing date (day/month/year) (Enrliest) Priorily Date (day/montiyear}
03 July 2008 

 
10 July 2007 

 

 
  
 

This intemational search report has been prepared by this Intemational Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Burcau.

This intemational search report consists of a total of a4 sheets,
L] 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,(he international search wus carried oul an the basis of.

X] the international application in the language in which it was filed
LJ a translation of the Intemational application into , Which is the language

ofa translation fimished for the purposes of international search (Rules 12.3(u) and 23, 1(b))

b, | With regard to any nucteotlde and/or amino acid sequence disclosedin the interalional opptication, see Box No. |.

2 xX] Certain claims were found unsearchable (see Box No. !1)

3. [_] wnity of invention Is tacking (see Box No. 111)

4. With regard to thetitle,

the text is approved as submitted by the applicant

CL] the text has been established by this Authority to read os follows:

5. With regard to the abstract,

x] the text is approved as submitled by the applicant
the text has been established, according to Rule 38 2(b), by this Authority og il appears in Box No. 1¥. The applicant
may, within one month from the date of mailing ofthis intematianal search repor, submit commenisto this Authority

 
6. With regard to the drawings,

a, the figure of the drawings tobe published with the abstract is Figure No. 1

| as suggested by the applicant
x! as selected by this Authority, because che applicant (uiled Jo suggest a figure
L] as selected by this Authority, because this figure better charncterizes the invention

b. CL] none of the figures is to be published with the abstract

 
 

Fonn PCT/ISA/210 (first sheet) (April 2005)
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US2008/068171
 

Dox No.II Observations where certain claims were found unsearchable (Continuation of jtem2offirst sheet) 

This iiitenmutioual search report has not been established in respect of certain claims under Article | 7(2)(a) for the following reasons:

| [| Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. | Claims Nos.:
because they relate to parts of the international! application that do not comply with the prescribed requirements to such un
extent that no meaningful international search can be carried out, specificully:

3. XI Cluims Nos,: 15-17, 31-33
because they arc dependent claims and are not drafted In accordance with the second and third sentences of Rule 6.4(a).
 

Box No. TI] Observations where unity of Invention Is lacking (Continuation of item 3 offirst sheet) 

This Snlermational Searching, Authority found multiple inventions in this international application, as follaws:  
lL. CL Asall required additional search fees were timely paid by the applicant, this international search report coversall searchablecluius

2. L] As all searchable claims could be searched withouteffort justifying additional fees, this Authority did nol invite payment ofadditional fees

i C As only someofthe required 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 [] No required additional scarch fees were timely paid by the applicant. Consequently, this international search report isrestricted to the invention first mentioned in the claims; it is covered hy claims Nos.:

Remurk on Protest CL] The additional search fees were accompaniedby the applicant's protest and, where applicable. the
paymentof a protest fee.

CI The additional search feey were accompaniedby (he applicunt's protest but the spplicable protest
fee was not paid within the time limit specified in the invitation.
[} No protest accompanied the paymentof additional search fees.
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INTERNATIONAL SEARCH REPORT International application No,

PCT/US2008/069171

| A. CLASSIFICATION OF SUBJECT MATTER +IPC

 

(8) - FO2B 77/04 (2008,04)
USPC - 123/198A4

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)IPC(8) - FO2B 77/04 (2008.04)
USPG- 123/198A, 406,29, 495

 
 

Documentation searched other than minimum documentation (o the extent thal such documents are included in the fields seurched

  
fielectronic dala bnse consulted during the intemational search (name of data base and, where practicable, senrch terms used)

MicroPatont, DialogPro, IP.com

 

 
C. DOCUMENTS CONSIDERED TO BE RELEVANT— 

 

  
 

 
 

 
  
 

 
 

 
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

i US 7,225,787 B2 (BROMBERGetal) 05 June 2007 (05.06.2007) entire dacument 4-14, 18-30, 34-35

iy US 2006/0102145 A1 (COHNat al) 14 May 2006 (18.05.2008) aiilire document 1-14, 18-30, 34-35

Y US 6,561,157 82 (ZUR LOYEot al) 13 May 2003 (13.05.2003) entire document 6, 23, 35

A US 3,557,763 A (PROBST)26 January 1874 (26.01,1971) entire document 1-35

A US 4,056,087 A (BOYCE) 01 November 1977 (01.11.1977) entire document . 1-35
A US 4,230,072 A (NOGUCHI atal) 28 October 1980 (28.10.1880) ontira document 1-35

A US 4,594,201 A(PHILLIPS etal) 10 June 1986 (10.06.1986) entire document 1-35

A US 5,179,923 A (TSURUTAN| et al) 19 January 1993 (19.01.1993) entira document 4-35

A US 7,156,070 B2 (STROMetal) 02 January 2007 (02.01.2007) antlre document 4-36

A US 2007/0119421 A1 (LEWISat al) 31 May 2007 (31.05.2007) antire document 1-35

A US 2007/0125321 A1 (RITTER) 07 June 2007 (07.06.2007) entlra document 4-35

Further documents are listed in the continuation of Box C. [] |
“Special Categories of ched documents: “s later document published after the international filing date or priority

“A" document defining the general state of the art which is not considered date and not in-eontliel with the application but cited tn understandto be of particulor relevance the principle or theory underlying the invention
“E" carller application or patent but published on or after the international “X"  deeumunt of pirticulnr relevance: the elnimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
“ue document sehen may thay doubls on priority claim(s).or set is ep when \he documentis taken alonecited to ustablish the publication date of another citation or ather “¥" document of particular mlevande: the claimed invention como be

special reazon(ue epacitied) a coders ti invalvecan etnilis svep when the document13“O" document referring to an oral disclosure, use, exhibition or other combined wiih unison more other such documents. such combinulion
means being obvious too person skflled in the nn

“P" document published priae lo the internationalfiling date bul later than neethe pHOtily Unue-olaimved document member of the same patent family

 
 

Date of the actual completion of the international search   

  
Date of mailing of the international search repon

03 OCT 2008
Authorized officer:

Blalne R. Copenheaver

25 September 2000

YName and nailing address of the ISA/US
Mall Stop PCT,Attn: ISA/US, Commissionarfor Patents
P.O, Box 1450, Alexandria, Virginia 22313-1450
Facsimile No. 571-273-3201

Forn PCT/ISA/210 (second sheet) (April 2005)

 

   
PCT Holpuush:571-272-4300
PCT OSP: 571-272-7774 
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PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

To: SAM PASTERNACK PCT
Choate, Hall & Slewart LLP
Two International Place
Boston, Massachusetts 02110 WRITTEN OPINION OF ‘THEINTERNATIONAL SEARCHING AUTHORITY

 

(PCTRule 43 bis. 1)

Date of mailing

(daymonth/year) 0 gy OCT 2008 oe
 
 

 
 

|Applicant's or agent's file reference FOR FURTHER ACTION
2006734-0021 Sec paragraph 2 below

International application No. : | International filing date (day. month‘year) Priority dole (day. ntanth year)
PCT/US2008/069171 | 03 July 2008 10 July 2007  
International Patent Classification (IPC)or both national classification and IPC
IPC(8) - F02B 77/04 (2008.04) 

 
   
 
   

USPC - 123/198A _
Applicant 1

ETHANOL BOOSTING SYSTEMS LLC

1 This opinion contains indicationsrelating lo the following items.

4 Box No. I Basis of the opinion .
[| Box No.1) Priority

Box No. lit Non-establishment of opinion with regard lo novelty, inventive step and industrial applicability

C] Box No. IV Lack of unity of invention
Box No. V——_-Reasoned slatement under Rule 435/s. 1 (a)(i) with regard to novelty, inventive step or industrial applicability:

citations and explanatlons supporting such statement

[| Box No. V! Certain doctimentscited
C] Box No. VII Certain defects in the international application
[| Box No. Vill Certain observations on the intemational application

2. FURTHERACTION

Ifa demand for international preliminary examination is made, this opinion will be considered to be o written opinion of the
Inernationa Preliminary Examining, Authority (1PEA") except that this does not apply where the applicant chooses an Authority
other than this ane tu be the [PEA and the chosen IPEA hos notified the International Bureau under Rule 66. 16¢s(5) that written
opinions of this Intemational Scarching Authority will not be so considered.
If this opinion is, as provided above, consitlered Wo be w written opinion of the [PEA, the applicant is inviled to submit lo the IPEA
a written reply together, where appropriate, with amendments, before Uie expiration of 3 months framthe date of mailing of Form
PCTASA/220 or before the expiration of 22 months frarh the prinrity dite, whichever expires Inter
For further options, see Form PCT/ISA/220,

3. For further details, see notes to Form PCT/ISA/220.

Nameand mailing address of the ISA/US| Date of completion of this opinion Authorized officer:
Mall Gtop PCT,Alin: ISA/US .
Commicsionerfor Patents 25 September 2008 Blaine CopenheaverP.O. Box 1460, Aloxandria, Virginia 223 13-1450 PCT Helpdosk: 874-277-4300
Facsimile No. 571-273-3201 PCT OSP: 571-272-7774  

Fonn PCT/ISA/237 (cover sheet) (April 2007)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/US2008/068171

| Box No, | Basls of this optnian
1, With regard to the language,this opinion has been established on the basis of

 
  

the international application in the language in which it wasfiled.

L] a translation of the intemational application into ee which is the language of a
translation furnished for the purposesof international search (Rules !2,3(a) and 23.1(b)).

2L| This opinion has been established taking into account the rectification of an ubvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43dis. 1(a))

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has beenestablished on the basisof:

4. ype of material

[J a sequencelisting
LJ table(s) related to the sequencelisting

b format of material

CI on paper
L] in electronic form

c. lime of filing/furnishing

LJ containedin the international application ns filed
| filed together with the international applicationin electronic form
Cy furnished subsequently to this Authority for the purposesof search

4. LE] In addition, in the case that more than one version or copy of a sequencelisting and/or (able(s) refating (hereto has been
filed or furnished, the required statements that the Informationin the subsequent o: additional copies is identical to that
in the application as filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

  
 
 

Form PCTASA/237 (Box No. J} (April 2007)
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  International application No.
PCT/US2008/089 17 4

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY
 

Box No. HI Non-establishment of opinion with regard to novelty, invenilve step and Industrial xppleabliicy  

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be industrially
applicable have not been examined tn respect of

[| the entire international! application

x] claims Nos, 15-17. 31-33
because:

the said international application, or the said claims Nos. relate to the following
subject matter which does not require an international search (specify):

the description, claims or drawings (indicate particular elements below) or said claims Nos, 15-17,.31-33
are so unclear that no meaningful opinion could be formed (specijy):

Claims 15-17, 31-33 are multiple dependentclaims not drafted in accordancewlth the second andthird sentences of Rule 6.4(a)

[| the claims, or said claims Nos. ij tre so inadequately supported
by the description that no meaningful opinion could be formed (specify):

no international search report has been established for said claims Nos. 15-17, 31:33 us BiceLIkl a meaningful opinion couldnot be formed withoutthe sequencelisting, the applicant did not, within the prescribed time limit:

| furnish a sequence listing on paper complying with the standard provided for in Annex C of the Adininistrative
instructions, and such listing was not available to the International Searching Authority in a form and manner acceptableto th

L] furnish a sequencelisting in electronic form complying with the standard provided for in Annex C ofthe Administrative
Instructions, and suchlisting was not available to the Intemational Searching Authority in a firmand manneracceptable

‘ to it,

| | pay the required late furnishing fee for the furnishing of a sequence listing in response fo an invitation under
Rule 13/er.1(a) or (b).

 
C] a meaningful opinion could not be formed withoul the tnbles related to the sequence listings; the applicant did nol, within tne

prescribed timelimit, furnish such lables in electronic form complying with the technical requirements provided for in
Annex C-bis of the Administrative Instructions, and such tables were not available to the International Scarching Authorityin
o form and manner acceptable to it.

[] the tnbles related to the micleotide and/or uminu avid sequence Jisting, if in electronic form only, do not comply wilh the
technical requirements provided for in Annex C-bés of the Administrative Instruclions.
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Box No. V Reasoned statement under Rule 43dis.1(a)(i) with regard to novelty, inventive step or industrin) applleabilty: 4
citations and explanations supporting such statement 

 
 

 
 

1. Statement

Novelty (N) Claims 1-14, 18-30, 34-35 : YES
Claims None _ NO

Inventive step (1S) Claims None ag — YES
Claims 1-44, 18-30, 34-35 - - NO

Industrial applicability (1A) Claims 1-14, 18-30, 34-35 YES
Claims None NO 

2. Citations and explanations;

Clalms 1-5, 7-14, 18-22, 24-30, and 34 lack an Inventive step under PCT Article 33(3) as belng obvious over Brombergetal, In view ofCohn etal.

Regarding claim 1, Bromberg at al, disclose a fuel managament system for a spark Ignition gasoline engine (Absiract) comprising: a
gasoline engine (14); 4 seurce of gasoline (Fig, 4a); a source af 8 secondliquid fuel (Fig, 4a); a means tor Introduedng gasoline (Fig. at)
ina the eyilndors of tha engine (18); injectors far direct Injection af the second liquid (uel (Col, 14, lines 23-50) inte Ihe oylinders of the
engine (18); 8 fuel management control system (Cal. 1, lines 45-60) for contralling Injection of the second {uel Inte tne cylinder so thal It Is
provided In an amount needod to prevent knock (Fig, 3) es other conditions require; ane a means for providing fast lame speed (Col, 10,
lines 45-55), Bromberg et al, do not show controlling injection of tha second fuel inta the cylinder so that It lp gravided in an amount
fveded to prevent kuock as torque increases, and a means for providing fast burn, It ia daemad ebvious that a fast flamo spead praducas
8 fast bury, Coun el al. show a fuel management control system(14) for contralling Injection of a sacand tual into a evlindar so that ll is
provided In An amount needed ta prevent knock as torque increases (paragraph $2). itwould have been obvious at the lime the Inverition
was made to a parson having ordinary skill In (he art lo employ the structures and processes as taught by Cohnatal. in the device of
Bromberg et al. In order to provide Improved engine performance.

 
Regarding clalm 2, Bromberg et al, and Cohnetal, disclose that as applied above. Bromberg at al. do not show where the 10% - 90%
burn oceurs In 16-20 crank angle degreas,It is obvious from Bromberg etal. (Figs. 2A-2B) that a significant portion of the energy fractlon(burn) aecure in a emall orank angle range Including that claimad.

Regarding claim 3, Bromberg al al. and Cahnetal, disoloee that as applied above. Bromberg atal. show Wheretha fast bum {Col. 10,
linas 45-55) In the engine is provided by charge motion (Cal. 10, Knos 15-20).

Regarding clalm 4, Bromberg et al, and Cohnetal. disclosethat as appllad above. Bromberg et al, show where the fast burn (Col. 10,
lines 45-55) In the engine Is provided by Increased temperature (Col. 4, iInes 1-1) In the unburned zonaofalr/fuel mixture zone that burns
aarly In the cycle after the firing of the spark (Col. 4, linas 30-45),

Regardingclaim 5, Bromberg at al. and Cohnatal. disclose (hat as apptied above, Bromberg etal. do not show where thera are dual
ignition siles on either side of tha cylinder but shaw two ignition sourcas (Col. 4, lines 13-15, Col. 8, IInas 23-30). ILis obvious (hal the dual
sites can be on opposite cylinder sidas to promote campleta combustion.

Regarding clalm 7, Bromberg at al. and Cohnetal. disclose that as applied above. Brombergetal. do not show where the spray of the
secondfuel Is aimed toward the and gas on the exhaustvalve side of the cylinder and the injactorIs located near the perlphary. Cohn at
al. show where spray of the second fuel Is aimed toward an end gas on an exhaustvalve aide of the cylinder snd an injectoris located
near the pariphery (paragraph7). It would have beenobvious at the time the invention was mada to a person having ordinary skill in the
art to employ tho slructures and processes aa taught by Cohnelal. in thie davies of Bromberg atal. in ordar a provide improvad engineperformanca.

Ragarding clalm 8, Bromberg et al, and Cohn et al, disclose that as applied above, Brombergetal. show where thetimeofthe direcl
Injectian of the secondfuel Is adjusted to minimize the elhanol consumplon (Col.6, IInes 48-52, Col, 10, lInes 25-35).

Ragardingclalm 8, Bromberg et al. and Cohnatal. disclose that as applied above. Bromberg at al. do not show where turbulence is
created at or naarthe Intake port. Cohn etal. show whare turbulenceis created at or near an Intake port (paragraph 28). It would have
been obviousat the time tha invantlon was madeto @ person having ordinary skill In tie art to ernplay the strictures and processes as
taught by Cohnetal, In the device of Bromberg etal. In ordar to provide Improved engine performance.

 
Regarding clalm 10, Gromberg et al. and Cohn etal. disclose that as applied above, Bromberg et al. show where combustion Is retarded
by meansof spark retard relative to whatit would beif fast burn were nat employed (Col. 8, lines 20-25).

Rogarding clalin 11, Bromberg at al. anc’ Cohn et al. Uletives thal ay spplled ubove. Bromberg at al. do not show Where combustion,as
maasurad bythe 50%burn crank angle, is ratarded using approprate spark retard by an aniaunt belwuen 6 and 10 degreos but show
spark relard (Col, 8, lInes 20-25).It ls deri! obvious thal spark retard is a small but significant ammount Including that clalrned.

 
{Continued In Supplemental Bax)_]
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Regarding clalm 12, Bromberg et al. and Cahnelal. disclose that as applied above. Bromberg at al. show where the amountof second
fuel that Is usod is reduced whan thefast bur is provided (Col. 3, lines 25-30).

Ragarding calm 13, Bromberg etal, and Cohnetal. disclose that as applied above. Bromberg et al. show where tha amount of
combustionretard Is varled as a function of load (Col. 1; linas 20-25) and speed by meansof appropriate spark retard (Col. 8, IIlnes 20-25}.

Ragarding claim 14, Bromberg el al. and Cohn et al. disclose that na applled above. Bramberg et al. do not show where the degree of
combustion retard ts chosen se as to uplinize Ihe combination of efficiency galn and minimization of the raquired amountof the sacond
Huid fuel. Gahn ol al. show where e degree of combustionratard Is chosen a0 as to optimize the cambination of officiancy gain and
minimization of the required amountof the secondfluld fuel(Flg. 5, paragraphs 14 and 35). It would have bean obvious at the lime tho
Invention was madeto a person having ordinary skill In the art to amploy the slructures and processes as {aught by Cohnat al. in tha
device of Bromberg etai. In order to provide improved angine parformanca.

Regarding claim 18, Bromberg et al. disclose a fuel managementsystem for a spark ignition gasoline engine (Abstract) comprising: a
gasoline engine (18) of compression ratlo betwesn 13 end 14 (Col.7, lines 55-60); a saurca of secondliquid fuel (Fig. 4a); a means for
introducing gasoline (Fig. 4b) into the cylinders ol the engine (19); Injectors for direct injection of he sacond liquid fuel (Col. 14, lings
23-50) Into the cylinder of the engine (19); a fuel managemont control system (Col. 1, lines 45-50) for controlling Injactlon of ha second
fuel Into the cylinder so thet It (5 provided in an amount needed to prevent knock (Fig. 3) as torque Incraases of other conditions require:
anda moans forfast flame speed (Col, 10, lines 45-55), Bromberg et al, do nol show controlling injection of the secand fuel inta Ihe
cylinder so that It!s provided in an amount neededto pravent knock as torque Increases; and a means for providing fast bum. IL is dearned
obvious that a fast flame speed produces a fast burn. Cohn et al. show a fuel mariagement control cysiem (1.4) for controlling injaction of a
second fuel Into a cylincdar sn(hatit ls provided In an winount needed to prevent knock os torque Increases (poragmnph 32). It would have
been obvious at the time the invention was made to a person having ordinary skill In the art to employthe structures and processes as
taught by Cohnetal. In the device of Bromberg et al. In order to provide Improved engine pertormance,

Regarding clalm 19, Bromberg et al. and Cohn etal, disclose that as applied above. Bromberg elal. do not show where the 10% - 90%
burn occurs In 15-20 crank angle dogreas.lt is obvious fram Bromberg et al (Figs. 24-28) that a significant portion ofle enargy fraclion
(burn) occuts In @ 6mall crank angle range Including that claimad.

Regarding clalm 20, Bromberg et al, and Cohnetal. disclose that as appliad above. Bromberg et al show wheretha fast burn (Col. 10,
lines 45-55)In the engine Is provided by charge motlon (Col. 10, Ines 15-20).

Regarding claim 21, Bromberg et al. and Cohnet al. disclose that as applied above. Bromberg et al. show wherethe fast burn (Col, 10,
lInes 45-55) in tha engine |s provided by Increased temperature (Col. 4, lines 1-10) In the unbumed zoneof alr/fual mixture zone that burns
early In the cycle after the tiring of the spark (Col, 4, Ilnas 30-45).

 
Regarding claim 22, Bromberg st al, and Cohn etal. disclosa that as appllad above. Bromberg ot al. do not show whoro Ihare aro dual
\gnitlon sites on alther side of the cyllnder bul show twoignition sourcas (Cal. 1, I!nes 13-15, Col. 6, lines 23-30). It !3 obvious thal the dual
sites can be on opposite cylinder sides to promote complete combustion.

Regarding clalm 24, Bromberg et al. and Cohn et al. disclose that as appiiad above, Bromberg etal. do not show wherethe sprayof \he
secondfuel ts almed luward the end gas on the exhaustvalve side of the cylinder, Cohn etal. show where spray of the secondfuelis
aimed toward on end gas on the exhaustvalve side of the cylinder (paragraph 7). It would have been obviousat the tlma the Invention was
made to a person having ordinary skill In {he art to employ the struclures and procosses a6 taught by Cohn at al. in tha davice of Bromberg
et al, In order to provide Improved angina performance.

Regarding claim 25, Bromberg et al. and Cohnetal. disclose that as applied above. Bromberg et al. do not show where turbulenceIs
created at or nearthe Intake port, Cohn et al. show whereturbulence Is created at or near an Intake port (paragraph 28). It would have
been obvious at the time the Invention was madeto a person having ordinary skill In the art to employ the structures and processas as
taught by Cohnatal. in the device of Brombarg etal. In orderto provide Improved engine performance.

Regarding claim 26, Bromberg at al. and Cohnet al. disclose that as applled above. Bromberg et al. sliow where combustion is retarded
by meansof spark retard relative to what it would be If fast bum wera not employed (Col, 8, lines 20-25),

Regarding claim 27, Bromberg et al, and Cohn etal. disclose that as appllad above. Bromberg et al. do not show where combustion, ag
measured by the 50% bum crank angle, Is retarded using appropriate spark retard by an amount between 5 and 15 degraes but show
spark retard (Col. 8, IInes 20-25). its deamed obvious that spark retard is a small but significant amountIncluding that clalmed.-

Regarding clalm 28, Bromberg et al. and Cohnet al, disclose that as applled above. Bromberg et al. show where the amount of second
fuel that Is used fs reduced whenthe fast burn !s provided (Col. 3, lines 25-30).

Regarding claim 29, Bromberg et al. and Cohnet al. disctose (hat as appllad above. Bromberg et al. show where the amount of
combustlon retard Is variad as a functlon of load (Col. 1, Ines 20-25) and spaed by means of appropriate spark retard (Cal, 8, linas 20-25),

(ContInued In next Supplemental Box)
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Ragarding clalm 30, Bromberget al. and Cohnetal, disclose that as appliad above. Bromberg etal. do not show where the degree of
combusilon ralard ls chosen 60 a6 to optimize tha combinationof efficlancy galn and minimization of the required amount of the second
fluld fuel. Cohn et al. show where o dogroo of combustion ratard is choson so asto optlmizo the combination of afficioncy gain and
minimization of the required amountof the secondfluld fuel (Fig. 6, paragraphs 14 and 35). It would havo been obvious al the time the
invention was mede to a person having ordinary skill In the art to employ the structures and processes as taught by Cohnotal. In the
davice of Bromberg etal. In order to provide Improved engine performance.

Regarding clalin 34, Bromberg ut al, disclose a spark ignition gasallne engine (18) where alcohol and gasoline are both directly Injected
(Col. 1, Ilnes 55-60) and where the alcohal/gasoline ratlu nveded lo prevent knock uses fasl burn. Bromberg et al. do nol show where the
aicohol/gasoline ratio nesded to pravent knock !s raduced by using fast flama speed. It ls daamed obvious that a fast flame spesd
(Bromberg - Col. 10, ines 45-55) praduces a fast bum. Cohnet al. show where an alcohol/gasclina ratio naaded tn pravent knack (5
raduced (paragraph 19). It would have been obviousat the time the Invantion was maceto @ person having ordinary skIlIn the art to
employ the structures and processes as taught by Cohnetal. in the device of Bromberg etal. In orderto provide Improvad angina
pacformarica.

Clalms 6, 23, 35 lack an Inventive stop under PCT Article 33(3) as being obvious over Bromberg atal. In vlew of Cohn at al. and zur Loye
etal.

Regardirig claim 6, Bromberg et al. and Cohnetal. disclose that as applled above. Bromberg et al. do nol show where the direct injectorIs
located in tha canter of the cylinder. zur Loye et al. show wherea direct Injector (62) Is located in a center of a cylinder (Fig. 1). 1! would
have baan obviousattha time the Invention was made to a person having ordinary skill In the art to employ the structures and processes
as taught by Cohnat al. and zur Loye etal. In the device of Bromberg otal, In order to provide Improved engine performance.

Regarding claim 23, Bromberg et al. and Cohnelal, disclose that as applled above. Bromberg at al. do not show wharethe direct Injector
Is located In the canter of the cylinder. zur Loya at al. show whare a direct Injector(82) Is located in a center of a cylinder (Fig. 1), |! would
have been obviousat the tlme the Invention was madelo a person having ordinary skill In the art to employ the structures and processes
as taught by Cohnet al. and zur Loye otal. In the device of Bromberg atal. In order to provide Improved engine performance.

Regarding claim 35, Bromberg et al. and Cohn et al, disclose thal as applied abova. Bromberg et al. do not shaw where a high anargy
spark plug ly used to provide fast burn, zur Loye at al, show where a high energy spark plug (2) ls used to provide fast burn, It would have
been obvious al the time the Invention was mada lo 9 porson having ordinary skill in the art to employ the structures ond processes as
taught by Cohn etal. and zur Loyeetal. In lhe device of Bromberg alal. in order to provide Improved engine performance.

 
Claims 1-14, 18-30, and 34-35 meat the criteria set out In PCTArticle 33(4), and thus have Industrlal applicabillty bacause the subject
matier claimed can ba radeor used In Industry
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NOTES TO FORM PCT/ISA/220 (continued)

The letter must indicate the differences between the claims as fled ond the claims as amended. It must, in
particular, indicate, in connection with each claim appearing in the international application(it being understoodthat identical indications concerning several claims may be grouped), whether

(i) the claim is unchanged;
(ii) the claim is cancelled;

(iii) the claim is new;
(iv) the claim replaces one or more claimsas tiled;

(vy) the claim is the result of the division of a claim as filed,

The following examples illustrate the manner in which amendments must be explained in the accompanyingletter:

t. (Where originally there were 48 claims aud after umendiment of some claims there are 51):
"Claims | 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 amendmentofall claims there are 11]:
“Claims 1 to 15 replaced by amendedclaims 1 to 11." :

3. {Where originally there were 14 claims and the amendmentsconsist in cancelling some claims and in addingnew claims]:
"Claims i to 6 and 14 unchanged; cluims 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 amendments ure made]: .
“Ciaims 1-10 unchanged; claims 11 to 13, 1B and 19 cancelled; claims 14, 15 and 16 replaced by amendedolaim }4; claim 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 accompanied by 2 stitement explaining the amendments and indicating any impact thet
such amendments might have on the description and the drawings (which cannot be amended underArticle 19(1)).
The statement will be published with the international application and the amended claims.
It must be in the language in which the international application is to be published.
It mustbe brief, not exceeding 500 wordsif in English or if translated into English.
It should not be confused with and does notreplace the letter indicating the differences betweenthe claims asfiled
and as amended, It mustbe filed on a separate sheet and mustbe identified as such by a heading, preferably by
using the words “Statement under Article 19(1).”
It may not contain any disparaging comments on the international search report or the relevance of citations
contained in that report, Referenceto citations, relevant to « given claim, coninined in the international search
reporl may be made only in connection with an amendment of that glaim.

Consequence [f a demandfor internottendl prellminury examination has already been filed '
If, at the tire of filing any amendments and any accompanying statemerit, under Article 19, a demand for
international preliminary examination has already been submitted, the applicant must preferably, wt the lime of
filing the amendments (and any statement) with the International Bureuu, ulso file with the Internations!
Preliminary Examining Authority a copy of such amendments (and of any statement) and, where required, a
translation of such amendments for the procedure before that Authority (see Rules 55.3(a) and 62.2, first
sentence). For further information, see the Notes to the demand form (PC'I/IPEA/40 1),

Ifa demand for internationalpreliminary examination is made, the written opinion of the International Searching
Authority will, exoept in certain cases where the Intemational Preliminary Examining Authority did not act oy
Interhational Searching Authority and where it has notified the International Bureau under Rule 66.1 dés(b), be
considered to be a written opinion of the International Preliminary Examining Authority, Ifa demand is made, the
applicant may submit te the International Preliminary Examining Authority a reply to the written opinion together,
where appropriate, with amendments befpre the expiration of 3 months from the date of mailing of FormPCTS B30or before the expiration of 22 months from the priority date, whishever expires later (Rule 43 is. 1 (c)).

Consequence with regard to translation of the international application for entry into the national phase
The applicant's attention is drawnto the ficl that, upon entry into the national phase,a translation of the claims asamended under Article 19 may have to be furnished to the designated/clected Offices, instead of, or in addition to,
the translation of the claims as filed.

For further details on the requirementy of each designated/elected Office, see the PCT Applicant's Guide,
VolumeII.
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ATTORNEY DOCKETNO. 11381122908
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE   

Applicant: Massachusetts Institute of Technology Examiner: HUYNH, HAIR

Serial No: 18/463.425 Art Unit: 3747

Filing Date: 03-20-2017 Confiemation No.: 3788

Tide:=FUEL MANAGEMENTSYSTEM FOR VARIABLE ETHANOLOCTANE
ENHANCEMENTOF GASOLINE ENGINES

Amendment

Via EPS<Web

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

in responseio the office action dated June 22, 2017, please amend the application as
follows.
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Application Nar 15/485,425 Docket Now 1 US81.122998
Date: Q3-2-2017

Listing of Chairas

L. (Original) A fuel management systens for a spark ignition engine which utilises port fel

injectionand also wilizes direct fuel injection;

and where there is a Girst torque range where direct injection and port infection are both

used at the same value of torquethroughout the first turque lorque range

and where in at least part ofthe first torque range as forgeis increased the anit of

fuel that is directly injected is chan ged so as fo abtain knock-free operation and the amountof

directly injected fuel aged to provide knock-free operation is minimized.

2. (Original) The fuel management system of claim | where as torpie is increased the fractionof

fuel that is directly Injectedis increased to the value that prevenis knock.

4, (Original) The fuel management sysiem of claim | where active control using a knock detector

is used to change the amount of fuel that is directly injected as torque is increased,

4, (Onginal) The fuel managementsystemof claims | or 2 where open loop control using &

lookup table is also used to change the amountof fuel that is directly injected as tarque is

inereased.

§, (Original) The fuel managenient systemof clan 4 where a predetermined correlation between

kuack resistance and fraction of fuel provided by direct injection is emploved.

6. (Osiginal’ The fuel management sysiemof claim 1 where if iorque is increased beyond the

highest valueof torque in the first range oftorque, direct injection alone would be mquired for

knack-tree operation.

7, (Original) The fuel management syseomof claim | whereonly portfoel injection is used in a

second range of torque.
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8, (Original) Thefuelmanagement system ofclaim 7 where as the torque increases beyond the

highest value of inrque iss the second range of torque, the engiue operates in the first range of
torque,

9. (Original) The fuel management system of claim 7 where as the tarane inereased beyond the

highest value jnthe secondrange of torque, the engine operates in thefirst range aftorque:

and whereif the longue were to be increased beyond the highest value in the first range of

tonne, direct injection alone would be required for knock-free operation.

10. (Original) The fuel management system of clainy 7 where the bighest torque in che second

torque rangeis the highest torque at which knock-free operation can be obtained with port fuel

imection alune.

11. (Orginal) The fuel management system ofclaim 7 where when spark retacdis em ploved to

enable opesuion with port fuel infection alone where i would nat otherwise be used and where

the spark retard is controlled by sensed information.

12, (Original) The fuel managenient system of claim 7 where sparkretard is employed so that

port fuel aajection alone can be used where it would not otherwise be used.

13. (Original) The fuel management system of claim | where spark retard is used to reduce the

fraction of {uel that is provided by directinjection.

14. (Original) The foel management system of claim i where the amount of directly infected fuel

is minimized throughout thetest torque range.

LS, (Onpinal} The ford mumagement system of claim i where the amount of dineily injected fuel

is minimized from zero torque te the highest iongne in the first torque range.
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Date: 0920-2017

16. (Original) The fuel management systern of claim 1 where there is third tongue range where

the highest torjue is the highest torque in the first torque range of the operation and where within

the third torque mange as Corque is increased the fraction of fuel provided by direct injectionis

changed to the value needed to prevent knock.

17. (Original) The fuel managementsysiomof claims 9 or 16 where the engine is tarbocharged.

18 (Original) The fuel management systemof claim 16 where the amount of direct injection is
minimized.

19. (Original) & fuel management sysiem for a turbocharged spark ignition engine which utilizes

port fuel injection and also utilizes direct fuel injection:

and where there isa firs¢range of torque throughout whichdirect injection and pert

injection are used at the same value of torques

and wherein as torque is increased the Rraction of fuel that is dineetly injected is increased

fa 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 highest torque in the secand range of toreue the engine

operates in the first range of torque.

20. (Orginal) The fuel management system of claim 19 where the second tanque rangestarts at

2870 COCKE.

21. (Original) The fuel management system of claims 19 or 20 where the highest value of torque

ig the second region of turque is the highest value of torque at which direct injection is not

needed to prevent knack.
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thefractionoffuelprovidedbydirectinjectionisincreased80a9to

apark retard is employed io tadauce enable

  
 
 
reductionofthe amount ofdirect injection that would otherwise be employed,

23. (Original) The spark ignition engine of claim 22 where the engine ts operand with port fuel

injection alone at values of torque where port fuel injection alone woold not otherwise be

eroployed.

24, (Ongiwe val} The spark ignition engine of claims 22 or 23 where the spark. retard is controlled

by detection of knock and by information from ansther sensed paranieter.

28. (Original) The spark ignition engine of claims 22 ar 23 where without the application of the

spark. retard the engine ts operaied with direct injection alone.

26. (Original) The spark ignition cagite of claims 22 ar 23 where withoutthe applicationof the

sparkretard the engimeis operated with both port fuel injection and direct injection at the same

value of torque.

a7, (Original) The spark ignition engine of claim 23 where without the employment of the spark

retard the fraction of fuel provided by direct injection increases with Increasing torque.

28. (Original) The spark ignition engine of claim 22 where there is a first targue range

throughout which port fuel injection and direct injection are used at the same torque and wherein

the fraction of fuel provided by direct injection increases with increasing dorque in such a way

as ty enable knock-free Gueration and when: there is a second torque range where only port

fuel injection is used and where whenthe torque exceeds ihe highest tangas in Uris rage, the

engine operates in the first tarqgme range

29, (Original) The spark ignition engine of claim 28 where the engine operates in the second

torque range beowean zero torque and the highest torque in the second tomgee range,
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30, (Original) The spark ignition engine of ctaim 22 where spark retard is used to reduce the

amount of direct injection to zero from what if would otherwise have heen.
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IASARS Docket NaP1381 P2Q998.
FeDares O8-

Remarks

Reexamination and reconsideration ofthe rejections are hereby requested.

Claims 1-30 stand rejected on the grvand on non-statatory double patenting as being

unpaicatable over claims 1-37 of U8 Paient Number 9255.9 19 and as being anpatentable over

claimas 1-29 af US Patent Number $857,410. Baclosed herewith are terminal disclaimers with

respect i) these two earlier, commonly owned, patents. It is subrnitted that the enclosed terarinal

disclaimers overcome the rejection of claims 1-39 on the ground of non-atatutory double

patenting. Reconsideration is mgoested.

Claims 22-39 stand rejected ender JSTISC102fe) as being auticipated by Ohtani,

US2008/000837. In response to this rejection, independent claim 22 is being amended herein to

improveits clarity and to highlight differences between the invenfien set out iy amended claim

22 and the Obtani reference,

As now chimed, clatm 22 disclases a systero in which the fraction of fuel provided by

dineet injection increases in order to prevent knock (anwauted self-ignition) which wand

utherwise occur when torque Inerases. Ja order (o be able to use a lower fracitun of directly

injected fael the invention in claim 22 uses spark retard (increased tgeidon delay) to allowthe

prevention of knock ai a lower fraction of fuel that is direoilyinjected.

In contrast, a review ef paragraphs (0006) ~ [QO00] shoes that Ohtani decreases the

fraction of fuel provided by Greet injection (fuel provided bythe in-cyhnder yalve) in order to

prevent a combastion deterioration Gdlitferent fromknock) which would ofhervise occur,

Further, increased spark retard would worsen combustion deierturation.

For the foregoing reasons, we submit that claim 22, as amended herein, is not anticipated

by Dhtast. Recurisideration is reqaesied.
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Application Nas 15463425 Bracket No. 11381122098
i Date: 03-20-2017

In view ofthe amendment to claim22 and the terminal disclaimers accompanying this

response, it is submitted that the application is in condition for allowance.

Barly favorable action is requested,

=

RespecVey Subenvicied.ow tute\ Poafe.
Sam (Bo) Pasternack

Registration Number: 20576
Massachusetis Institute of Technology

One Cambridge Center
Room NEI&-SO i

Cambridge, MA 02142
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