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OPTIMIZED FUEL MANAGEMENT SYSTEM FOR DIRECT INJECTION

ETHANOL ENHANCEMENTOF GASOLINE ENGINES

Backgroundof the Invention

This application is a continuation of United States Patent Application Serial No.

11/100,026 filed April 6, 2005, which is a continuation-in-part of United States Patent

Application Serial No. 10/991,774 filed November 18, 2004, the contents of both of which are

incorporated herein by reference.

This invention relates to an optimized fuel management system for use with spark

ignition gasoline engines in which an anti-knock agent whichis a fuelis directly injected into a

cylinder of the engine.

There are a number of important additional approaches for optimizing direct injection

ethanol enhanced knock suppression so as to maximize the increase in engine efficiency and to

minimize emissionsofair pollutants beyond the technology disclosed in parent applicationserial

number 10/991,774 set out above. There are also additional approaches to protect the engine and

exhaust system during high load operation by ethanolrich operation; and to minimizecost,

ethanol fuel use and ethanol fuel storage requirements. This disclosure describes these

approaches.

These approachesare based in part on morerefined calculations of the effects of variable

ethanol octane enhancement using a new computer model that we have developed. The model

determinesthe effect of direct injection of ethanol on the occurrence of knock for different times

of injection and mixtures with port fuel injected gasoline. It determines the beneficial effect of

evaporative cooling of the direct cthanol injection upon knock suppression.

Summaryof the Invention

In one aspect, the invention is a fuel management system for operation of a spark ignition

gasoline engine including a gasoline engine and a source of an anti-knock agent whichis a fuel.

The use of the anti-knock agent provides gasoline savings both by facilitating increased engine

efficiency over a drive cycle and by substitution for gasoline as a fuel. An injector is provided

for direct injection of the anti-knock agent into a cylinder of the engine and a fuel management

control system controls injection of the anti-knock agent into the cylinder to control knock. The
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injection of the antiknock agent can be initiated by a signal from a knock sensor. It can also be

initiated when the engine torque is above a selected value or fraction of the maximum torque

where the value or fraction of the maximum torqueis a function of the engine speed. In a

preferred embodiment, the injector injects the anti-knock agent after inlet valve/valves are

closed. It is preferred that the anti-knock agent have a heat of vaporizationthat is at lcast twice

that of gasoline or a heat of vaporization per unit of combustion energy that is at least three times

that of gasoline. A preferred anti-knock agentis ethanol. In a preferred embodimentofthis

aspect of the invention, part of the fuel is port injected and the port injected fuel is gasoline. The

directly injected cthanol can be mixed with gasoline or with mcthanol. It is also preferred that

the engine be capable of operating at a manifold pressure at least twice that pressure at which

knock would occurif the engine were to be operated with naturally aspirated gasoline. A

suitable maximum ethanolfraction during a drive cycle when knock suppression is desired is

between 30% and 100% by energy. It is also preferred that the compression ratio be at Icast 10.

With the higher manifold pressure, the engine can be downsized by a factor of two and the

efficiency under driving conditions increased by 30%.

It is preferred that the engine is operated at a substantially stoichiometric air/fuel ratio

during part or all of the time that the anti-knock agent such as cthanolis injected. In this case, a

three-way catalyst can be used to reduce the exhaust emissions from the engine. Thefuel

management system may operate in open or closed loop modes.

In some embodiments, non-uniform ethanol injection is employed. Ethanol injection

may be delayed relative to bottom dead center when non-uniform ethanol distribution is desired.

Manyother embodiments of the invention are set forth in detail in the remainderofthis

application.

Brief Description of the Drawings

Fig. 1 is a graph of ethanol fraction (by energy) required to avoid knock as a function of

inlet manifold pressure. The ethanol fraction is shown for various values of 8, the ratio of the

change in temperature in the air cylinder charge due to turbocharging (and aftercooling if used)

to the adiabatic temperature increase ofthe air due to the turbocharger.

Fig. 2a is a graph of cylinder pressure as a function of crank angle for a three bar

manifold pressure.
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Fig. 2b is a graph of charge temperature as a function of crank angle for a three bar

manifold pressure.

Fig. 3 is a schematic diagram of an embodimentofthe fuel management system disclosed

herein for maintaining stoichiometric conditions with metering/control of ethanol, gasoline, and

air flows into an cngine.

Figs. 4a and 4b are schematic illustrations relating to the separation of ethanol from

ethanol/gasoline blends.

Fig. 5 is a cross-sectional view of a flexible fuel tank for a vehicle using ethanol boosting

of a gasoline cnginc.

Description of the Preferred Embodiment

Ethanolhas a heat of vaporization that is more than twice that of gasoline, a heat of

combustion per kg which is about 60% ofthat of gasoline, and a heat of vaporization per unit of

combustion cnergy that is close to four times that of gasolinc. Thus the evaporative cooling of

the cylinder air/fuel charge can be very large with appropriate direct injection of this antiknock

agent. The computer model referenced below shows that evaporative cooling can have a very

beneficial effect on knock suppression.It indicates that the beneficial effect can be maximized

by injection of the cthanolafter the inlct valve that admits the air and gasoline into the cylinderis

closed. This late injection of the ethanol enables significantly higher pressure operation without

knock and thus higher efficiency engine operation than would be the case with early injection. It

is thus preferred to the conventional approach of early injection which is used becauseit

provides good mixing. The modelalso provides information that can be used for open loop (Ze.,

a control system that uses predetermined information rather than feedback) fuel management

control algorithms.

The increase in gasoline engine efficiency that can be obtained from direct injection of

ethanol is maximized by having the capability for highest possible knock suppression

enhancement. This capability allows the highest possible amount of torque when needed and

thereby facilitates the largest engine downsizing for a given compressionratio.

Maximum knock suppressionis obtained with 100% or close to 100% use of direct

injection of ethanol. A small amountofport injection of gasoline may be useful in order to

obtain combustion stability by providing a more homogeneous mixture. Port fuel injection of
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gasoline also removesthe need for a second direct fuel system or a more complicated system

which uses oneset of injectors for both fuels. This can be useful in minimizingcosts.

The maximum fraction of ethanol used during a drive cycle will depend upon the engine

system design and the desired level of maximum torqueat different engine speeds. A

representative range for the maximum cthanol fraction by energy is between 20% and 100%.

In order to obtain the highest possible octane enhancement while still maintaining

combustion stability, it may be useful for 100% of the fuel to come from ethanol with a fraction

being port injected, as an alternative to a small fraction of the port-fueled gasoline.

Theinitial determination of the knock suppression by dircct injcction of cthanol into a

gasoline engine has been refined by the development of a computer model for the onset of knock

under various conditions. The computer modeling provides more accurate information for use in

fuel management control. It also shows the potential for larger octane enhancements than our

carlicr projections. Larger octane cnhanccments can increase the efficiency gain through greater

downsizing and higher compressionratio operation. They can also reduce the amountof ethanol

use for a given efficiency increase.

The computer model combines physical models of the ethanol vaporization effects and

the effects of piston motion of the cthanol/gasolinc/air mixtures with a state of the art

calculational code for combustion kinetics. The calculational code for combustion kinetics was

the engine module in the CHEMKIN 4.0 code [R. J. Kee, F. M. Rupley, J. A. Miller, M. E.

Coltrin, J. F. Grcar, E. Meeks, H. K. Moffat, A. E. Lutz, G. Dixon-Lewis, M. D. Smooke,J.

Warnatz, G. H. Evans, R. S. Larson, R. E. Mitchell, L. R. Petzold, W. C.Reynolds, M.

Caracotsios, W. E. Stewart, P. Glarborg, C. Wang, O. Adigun, W. G. Houf, C. P. Chou,S.F.

Miller, P. Ho, and D. J. Young, CHEMKIN Release 4.0, Reaction Design, Inc., San Diego, CA

(2004)]. The CHEMKINcodeis a software tool for solving complex chemical kinetics

problems. This new model uses chemical rates information based upon the Primary Reference

gasoline Fuel (PRF) mechanism from Curran et al. [Curran, H. J., Gaffuri, P., Pitz, W. J., and

Westbrook, C. K. "A Comprehensive Modeling Study of iso-Octane Oxidation," Combustion

and Flame 129:253-280 (2002) to represent onset of autoignition.

The compression on the fuel/air mixture end-gas was modeled using the artifact of an

engine compression ratio of 21 to represent the conditions of the end gas in an engine with an

actual compression ratio of 10. The end gasis defined as the un-combustedair/fuel mixture
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remaining after 75% (by mass)of the fuel has combusted. It is the end gas that is most prone to

autoignition (knock). The larger compression ratio includes the effect of the increase in pressure

in the cylinder due to the energy released in the combustion of 75% ofthe fuel that is not in the

end gas region. The effect of direct ethanol vaporization on temperature was modeled by

considcration of the cffects of the latent heat of vaporization on tempcrature depending upon the

time of the injection.

The effect of temperature increase due to turbocharging wasalso included. The increase

in temperature with turbocharging was calculated using an adiabatic compression modelofair. It

is assumedthat thermaltransfer in the piping or in an intercooler results in a smaller temperature

increase. The effect is modeled by assuming that the increase in temperature of the air charge

into the cylinder ATcharge 18 ATcharge = B ATrubo Were ATturbo 18 the temperature increase after the

compressor due to boosting and beta is a constant. Values of B of 0.3, 0.4 and 0.6 have been used

in the modeling.It is assumed that the temperature of the charge would be 380 K for a naturally

aspirated engine with port fuel injection gasoline.

Fig. | showsthe predictions of the above-referenced computer model for the minimum

ethanol fraction required to prevent knock as a function of the pressure in the inlet manifold, for

various values of 6. In Fig. 1 it is assumed that the direct injection of the ethanolis late (1.e. after

the inlet valve that admits air and gasoline to the cylinder is closed) and a 87 octane PRF

(Primary Reference Fuel) to represent regular gasoline. The corresponding calculations for the

manifold temperature are shown in Table | for the case of a pressure in the inlet manifold of up

to 3 bar for an engine with a conventional compression ratio of 10. The temperature of the charge

varies with the amount of ethanol directly injected andis self-consistently calculated in Table 1

and Fig. 1. The engine speed used in these calculations is 1000 rpm.
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Table 1

Computer model calculations of temperature and ethanolfraction required for knock

prevention for an inlet manifold pressure of 3 bar for an engine with a compressionratio of 10,

for various values of 6 (ratio of change of the cylinder air charge temperature due to

turbocharging to the adiabatic temperature increase duc to turbocharging ATcharge = B ATtubo).

The engine speed is 1000 rpm.

B 0.3 0.4 0.6

T_chargeinit K 380 380 380
Delta T turbo K 180 180 180

Delta T after intercooler K 54 72 108

Delta T due to DI ethanol and gasoline K -103 -111 -132
T_init equivalent charge K 331 341 356
Gasoline octane 87 87 87

Ethanol fraction (by energy) needed
to prevent knock 74% 82% 97%

Direct fuel injection is normally performed early, before the inlet valve is closed in order

to obtain good mixing of the fuel and air. However, our computer calculations indicate a

substantial benefit from injection after the inlet valve is closed.

The amount ofair is constant in the case ofinjection after the inlet valve has closed.

Therefore the temperature changeis calculated using the heat capacity of air at constant volume

(cy). The case of early injection where the valve that admits air and fuel to the cylinderisstill

open is modeled with a constant-pressure heat capacity (cp). The constant volumecase results in

a larger evaporation induced decrease in charge temperature than in the case for constant

pressure, by approximately 30%. The better evaporative cooling can allow operation at higher

manifold pressure (corresponding to a greater octane enhancement) without knock that would be

the case of early injection by a difference of more than | bar. The increase in the evaporative

cooling effect at constant volumerelative to that at constant pressure is substantially higher for

the case of direct injection of fuels such as ethanol and methanolthan is the case for direct

injection of gasoline.
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Typical results from the calculations are shown in Fig. 2. The figure shows the pressure

(a) and the temperature (b) of the cylinder charge as a function of crank angle, for a manifold

pressure of 3 bar and a value of B = 0.4 Two values of the ethanol fraction are chosen, one that

results in autoignition, and produces engine knock (0.82 ethanol fraction by fuel energy), and the

other one without autoignition, i.e., no knock (0.83 ethanol fraction). Autoignition is a threshold

phenomenon,and in this case occurs between ethanolfractions of 0.82 and 0.83. For an ethanol

energy fraction of 0.83, the pressure and temperature rise at 360° (top dead center) is due largely

to the compression ofthe air fuel mixture by the piston. When the ethanol energy fraction is

reduced to 0.82, the temperature and pressure spikes as a result of autoignition. Although the

autoignition in Figure 2 occurs substantially after 360 degrees, the autoignition timing is very

sensitive to the autoignition temperature (5 crank angle degrees change in autoignition timing for

a changein the initial temperature of 1 K, or a change in the ethanol energy fraction of 1%).

The effect of evaporative cooling from the antiknock agent(in this case, ethanol) is

shown in Table 2, where three cases arc compared. Thefirst one is with port fucl injection of

ethanol. In this case the vaporization of the ethanol on the walls of the manifold has a negligible

impact on the temperature of the charge to the cylinder because the walls of the manifold are

cooled rather than the air charge. The second case assumesdirect injection, but with the inlet

valve open, with cvaporation at constant pressurc, where the cooling of the charge admits

additional air to the cylinder. The third case assumes,as in the previousdiscussions, late

injection after the inlet valve has closed. It is assumed stoichiometric operation, that the baseline

temperature is 380 K, andthat there is cooling in the manifold after the turbocharger with 6 =

0.4.
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Table2

Knock-free operation of ethanol port fuel injection (assuming no charge cooling), and of

direct injection before and after the inlet valve is closed. Compression ratio of 10, baseline

charge temperature of 380 K, intercooler/cooling post turbo with 6 = 0.4,stoichiometric

operation, gasoline with 87 RON.Engine speed is 1000 rpm.

No Evaporative Cooling Evaporative cooling
Before After

Valve Closing Valve Closing

Ethanol fraction 0.95 0.95 0.95

(by energy)

Max manifold pressure (bar) 1.05 2.4 4.0

Cylinder pressure after 1.05 2.4 3.0
cooling (bar)

Cylinder charge temperature 383 360 355
after cooling (K)

The results indicate the strong effect of the cooling. The maximum manifold pressure

that prevents knock (without spark retard), with 0.95 ethanol fraction by energy in the case of

port fuel injection is 1.05 bar. With direct injection of the ethanol, the maximum knock-free

manifold and cylinder pressures are 2.4 bar, with a temperature decercase of the charge of ~75K.

Thefinal case, with injection after inlet valve closing, allows a manifold pressure of 4 bar, a

cylinder pressure (after cooling) of 3 bar, and a charge temperature decrease of ~120 K.It should

be noted that the torque ofthe late injection case after the valve has closed is actually higher than

that of the carly injection case, even thoughthe carly injection case allows for additional air (at

constant pressure). For comparison, the model is also used to calculate the manifold pressure at

which knock would occur for port fuel injection of 87 octane gasoline alone. This pressure is ~

0.8 bar assuming spark timing at MBT (Maximum Brake Torque). Conventional gasoline

engines opcrate at | bar by retarding the timing at high torque regions where knock would

otherwise occur. Thus the model indicates that evaporative cooling effect of direct injection of

ethanolafter the inlet valve has closed can be significantly greater than that of the higher octane

numberrating of ethanol relative to gasoline.

A manifold pressure of 4 bar is very aggressive. Table 2 is indicative of the dramatically

improved performance of the system with direct injection after the inlet valve has closed. The
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improved performancein this case can be traded for increased compressionratio or reduced use

of the anti-knock agent.

It should be noted that, as mentioned above, the calculations of autoignition (knock) are

conservative, as autoignition for the case shownin Fig. 2 occurs relatively late in the cycle, and it

is possible that the fucl has been combusted before it autoignitcs. Also it should be notedthat

the calculations in Fig. 2 break down after autoignition, as the pressure trace would be different

from that assumed. Figures similar to Fig. 2 are used to determine conditions where autoignition

would not occur, and those conditions are then used to provide the information for Fig. 1. The

initial tempcraturcs of the cases shown in Fig. 2 arc 341 K for 0.82 cthanolfraction, and 340 K

for 0.83 ethanolfraction, a difference of 1 K (the difference due to the cooling effect of the

ethanol).

Becauseofthe large heat of vaporization, there could be enough charge cooling with

carly injection so that the rate of vaporization of cthanol is substantially decreased. By instcad

injecting into the hot gases, which is the case with injection after the inlet valve has closed, the

temperature at the end of full vaporization of the ethanolis substantially increased with respect

to early injection, increasing the evaporation rate and minimizing wall wetting.

The optimum timing of the injection for best mixing and a ncar homogencouscharge is

soon after the inlet valve closes, provided that the charge is sufficiently warm for antiknock

agent vaporization. If, on the other hand, a non-uniform mixture is desired in order to minimize

ethanol requirements and improveignition stability, then the injection should occur later than in

the case where the best achievable mixingis the goal.

Late injection of the ethanol after the inlet valve has closed can be optimized through the

use of diesel-like injection schemes, such as injectors with multiple sprays. It is important to

inject the fuel relatively quickly, and at velocities which minimize any cylinder wall wetting,

which as described below could result in the removal of the lubrication oils from the cylinder

liner. Multiple sprays from a nozzle that has multiple holes results in a distributed pattern of

sprays, with relatively low injection velocities. This is particularly important for ethanol, because

of the higher volumethroughputs (as compared with gasoline) of ethanol for equal energy

content.

Injection after the valve has closed may require that a modestfraction of the fuel (e.g.

25%) be port injected in order to achieve the desired combustion stability. A tumble-like or swirl
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motion can be introducedto achieve the desired combustion stability. The port injected fuel can

be either gasoline or ethanol.

Use of the computer model for operation with gasoline alone givesresults that are

consistent with the observed occurrence of knockin gasoline engine vehicles, thereby buttressing

the credibility of the projections for cthanol. The computer model indicates that for knock-free

gasoline operation alone with a compression ratio of 10, knock imposes a severe constraint upon

the allowed manifold pressure for a naturally aspirated gasoline engine and very limited (7.¢., less

than 1.2 bar) manifold pressure can be achieved even with direct injection of gasoline unless

spark retard and/or rich operation is used. These changes, however, can reduce efficiency and

increase emissions.

Fig. 1 showsthat knock can be prevented at manifold pressures greater than 2 bar with

direct injection of an ethanol fraction of between 40 and 80% in an engine with a compression

ratio of 10. The manifold pressure can beat least 2.5 bar without engine knock. A pressure of 3

bar would allow the engine to be downsized to ~1/3 of the naturally aspirated gasoline engine,

while still producing the same maximum torque and power. The large boosting indicated by the

calculations above may require a multiple-stage turbocharger. In addition to a multiple stage

turbocharger, the turbocharger may be of the twin-scroll turbo type to optimize the turbocharging

and decrease the pressure fluctuations in the inlet manifold generated by a small number of

cylinders.

With an increase in allowed manifold pressure in an engine by more than a factor of 2,

the engine could be downsized by a factor of 2 (that is, the cylinder volumeis decreased by a

factor of 2 or more) and the compression ratio could be held constant or raised. For example, the

performanceofan eight cylinder engine is achieved by a four cylinder engine.

The occurrence of knockat a given value of torque depends upon engine speed. In

addition to providing substantially more maximum torque and power, direct injection of ethanol

can be used to provide a significant improvementin torque at low engine speeds(less than 1500

rpm) by decreasing or eliminating the spark retard. Spark retard is generally used with gasoline

engines to prevent knock at low engine speeds where autoignition occurs at lower values of

torque than is the case at high engine speeds.
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Fig. 1 can also be used to determine the ethanolfraction required to prevent knockat

different levels of torque and horsepower, which scale with manifold pressure in a given size

engine. This information can be used in an open loop control system.

The efficiency of a gasoline engine under driving conditions using direct ethanol

injection cnhancementcan beat least 20% and preferably at lcast 30 % greater thanthat of a

naturally aspirated gasoline engine with a compression ratio of 10. This increase results from the

substantial engine boosting and downsizing to give the same power, and also the high

compression ratio operation (compression ratio of 11 or greater) that is enabled by a large octane

enhancement. With more aggressive downsizing of more than 50% (where the same engine

performanceis obtained with less than one-half the displacement), the increase in efficiency

could exceed 30%.

Greater downsizing and higher efficiency may also be obtained by decreasing the octane

requirement of the engine by using variable valve timing (VVT). Thus, at conditions of high

torque, variable valve timing can be used to decrease the compression ratio by appropriately

changing the opening/closing of the inlet and exhaust valves. Theloss in efficiency at high

torque has a small impact on the overall fuel economy because the engine seldom operates in

these conditions.

VVTcan also be used to better scavenge the exhaust gases [B. Lecointe and G. Monnier,

“Downsizing a Gasoline Engine Using Turbocharging with Direct Injection” SAE paper 2003-

01-0542]. Decreasing the exhaust gas decreases theair/fuel temperature. Keeping both theinlet

and exhaust valves open, while the pressure in the inlet manifold is higher than in the exhaust,

can be used to remove the exhaust gases from the combustion chamber. This effect, coupled

with slightly rich operation in-cylinder, can result in increased knock avoidance while the

exhaustis still stoichiometric. Cooled EGR and spark timing adjustment can also be used to

increase knock avoidance.

Any delay in delivering high engine torque at low engine speeds can decrease drivability

of the vehicle. Under these conditions, because of the substantial engine downsizing, the vehicle

would have insufficient acceleration at low engine speeds until the turbo produces high

pressures. This delay can be removed through the use of direct injection of ethanol by reduction

of the spark retard or ethanol/gasoline with rich operation and also with the use of variable valve

timing.
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Another approach would be to use an electrically assisted turbo charger. Units that can

generate the required boosting for short periods of time are available. The devices offer very fast

responsetime, although they have substantial power requirements.

A multiple scroll turbocharger can be used to decrease the pressure fluctuations in the

manifold that could result from the decreased numberof cylinders in a downsized engine.

The temperature of the air downstream from the turbochargeris increased by the

compression process. Use of an intercooler can preventthis temperature increase from increasing

the engine’s octane requirement. In addition, in order to maximize the poweravailable from the

engine for a given turbocharging, cooling of the air charge results in increased massofair into

the cylinder, and thus higher power.

In order to minimize emissions, the engine should be operated substantially all of the

time, or most of the time, with a stoichiometric air/fuel ratio in order that a 3-way exhaust

catalyst treatment can be used. Fig. 3 shows a 3-way cxhaust treatment catalyst 10 andair,

gasoline and ethanol control needed to maintain the substantially stoichiometric ratio of fuel to

air that is needed for its effective operation. The system uses an oxygen sensor 12 as an input to

an electronic control unit (ECU) 14. The ECU 14 controls the amountof air into a turbocharger

16, the amount of gasoline and the amount of cthanol so as to insure stoichiomctric opcration.

During transients, open-loop algorithms from a stored engine map (not shown)are used to

determineair, gasoline and ethanol flows for keeping substantially stoichiometric combustion in

a cylinder of the engine 18.

Thus when variable ethanol octane enhancement is employed, the fuel management

system needs to adjust the amounts ofair, gasoline and ethanol such that the fuel/air ratio is

substantially equal to 1. The additional control is needed because,ifthe air/gasoline ratio

determined by the fuel management were not be corrected during the injection of ethanol, the

mixture would no longer be stoichiometric. In contrast to the lean boost approach of Stokes et a/

.[ J. Stokes, T. H. Lake and R. J. Osborne, “A Gasoline Engine Concept for Improved Fuel

Economy —The Lean Boost System,” SAE paper 2000-01-2902] stoichiometric operation with a

3-way catalyst results in very low tailpipe emissions.

There are certain regions in the engine operating map where the ECU 14 may operate

open loop,that is, the control is determined by comparison to an engine map lookup table rather
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than by feedback from a sensed parameter which in this case is engine knock (closed loop). As

mentioned previously, open loop operation during transients may be advantageous.

Another situation where open loop control can be advantageous would be under high

load, where fuel rich conditions (where the fuel/air ratio is greater than stoichiometric) may be

required to decrease the temperature of the combustion and thus protect the engine and the

exhaust system (especially during prolonged operation). The conventional approach in gasoline

engine vehicles is to use increased fuel/air ratio, that is, operating at rich conditions. The

presence of ethanol on-board allows for two alternatives. Thefirst is the use of ethanol fuel

fractions beyond what is required to control knock, thus reducing the combustion temperature by

a greater amount than could be obtained by gasoline alone due to the higher cooling effect of

evaporation in direct ethanol injection, even while at stoichiometric conditions. The second one

is, aS In conventional applications, the use of increased fueling in rich operation (which could

result in relative air/fucl mass ratios as lowas 0.75 where a stoichiometric mixture has a relative

air/fuel ratio of 1). The control system can choose between two fuels, ethanol and gasoline.

Increased use of ethanol may be better than use of gasoline, with emissionsthat are less

damaging to the environment than gasoline and decreased amountofrich operation to achieve

the temperature control needed. Open loop opcration with both gasoline and cthanol may require

substantial modification of the engine’s “lookup table.”

Thus, a method of operating an engineis, under conditions of partial load, to operate

closed loop with the use of only gasoline. As the engine load increases, the engine control system

may changeto open loop operation, using a lookuptable.

The closed loop control of the engine can be such that a knock sensor (not shown)

determinesthe fraction required of ethanol, while the oxygen sensor 12 determinesthetotal

amount of fuel. A variation of this schemeis to operate the knock control open loop, using a

lookup table to determine the ethanol to gasoline ratio, but a closed loop to determinethe total

amountoffuel.

In order to minimize evaporative emission of the ethanol (which hasa relatively low

boiling point), solvents can be added to the ethanol to minimizethe effect. An alternative means

is to place an absorptive canister between the ethanol tank and the atmosphere that captures the

ethanol and releases it when the engine is operational.
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Becauseofthe large cooling effect from ethanol, it has been known for sometimethat

startup of a cold engineis difficult (for example, during the first 30 seconds). With the multiple

fuels, it is possible to start up the engine without ethanol addition. Gasoline vaporizes easier than

ethanol, and conventional operation with port-fuel or direct injected gasoline would result in

casicr cngine start up. A grcater fraction of gasoline than would be ordinarily used can be used to

facilitate start-up operation at times during the first 30 seconds of engine operation.

Increased efficiency due to engine downsizing made possible through the use of 100% or

close to 100% ethanol at the highest values of torque has the undesirable effect of requiring

higher cthanol fractions. Hence the use of non-uniform cthanoldistribution to minimize the use

of ethanol at these values of torque becomes moreattractive when achievement of the maximum

efficiency gain is desired.

Belowa certain value of torque or boost pressure it can be advantageousto use a non-

uniform cthanol distribution in order to reduce the amount of cthanol that is used. Above certain

torque or turbocharger or supercharger boost pressures, non-uniform charge would not be used

since the engine is operating mostly on ethanol and ethanol non-uniformity cannot be used for

minimizing ethanol consumption. This is especially important if the desired fraction is higher

than 50%.

The capability to minimize the use of ethanol by non-uniform ethanol distribution in the

cylinder can be realized by certain ethanol injection geometries. Ethanol can be injected in the

periphery of a swirling charge. In order to minimize wall wetting by the ethanol, it would be

convenient to achieve the injection in a manner such that the ethanol injection matches the

swirling motion of the charge. The injection direction is thus positioned at an angle with respect

to the main axis of the cylinder, injecting the ethanol with an angular direction component.

Chargestratification in the case of swirl can be maintained by temperaturestratification, with the

cooler (and denser) regions in the periphery, which correspond to the end-gas zone.

Analternative or additional method to provide ethanol non-uniform distribution in the

cylinderis to inject the ethanol relatively late with respect to bottom dead center. Thusthe time

for transport and diffusion of the ethanol is minimized. However, sufficient time should be

allowed for full vaporization of the ethanol. As the temperatures are higher after Bottom-Dead-

Center (BDC), the vaporization time is reduced, andit is less likely that the ethanol would wet

the cylinder walls. Improved vaporization of the ethanol can also be achieved by using injectors
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that produce small droplets. The injector could be a single spray pattern injector witharelatively

narrow directed jet. This type ofjet would optimize the deposition of the ethanol in the desired

region.

Creating a non-uniform ethanol distribution in the cylinder (in the outer regions of the

cylinder) has two advantages. Thefirst onc is the increased cooling cffect of the region that has

the propensity to autoignite (knock), the end gas region. The secondis that the central region 1s

not cooled, improving ignition and initial flame propagation. It is preferable to keep the central

region hot, as having a fast flame speed early in the flame propagation has antiknock advantages,

by reducing the burn time and the time for precombustion chemistry of the end gas. Minimizing

the burn time decreases the propensity to knock, as there is no knock if the end gas is burned

before it can autoignite. Thus it is possible to have good ignition propertiesofthe air/fuel

mixture, even under conditions where the gasoline is evenly spread throughout the cylinder.

Stratified operation can result in locally increased charge cooling. This is because the

injected ethanol cools only a small fraction of the charge, and thus, for a given amount of

ethanol, the local decrease in temperature is larger with stratified operation than the average

decrease of temperature with uniform ethanoldistribution. Late injection can aid in the

formation of a non-uniform air/cthanol mixture as mixing timeis limited. Since a fraction of the

gasolineis port-fuel injected, it can be assumedthat this fuel is homogeneously distributed in the

cylinder, but ethanolis preferentially in the cooler edges (the end-gas). Thus, although overall

the air/fuel charge is stoichiometric, locally near the spark it is lean while in the region of the end

gas itis rich. Both of these conditions are advantageous, since the ignition occurs in a region

with higher temperature (although slightly lean), while the outside is rich and cool, both of which

are knock-suppressors.

In the case of swirl or tumblestratified air fuel charges with hot air/gasoline in the center

and colder air/ethanolor air/ethanol/gasoline mixtures in the end gas, it is advantageous to place

the spark in the region of the hot air/gasoline mixture (substantially near the center of the

combustion chamber).

Ethanol consumption can be minimizedifthe gasolineis also directly injected. In this

case, the heat of vaporization of gasoline is also useful in decreasing the temperature of the

chargein the cylinder. The gasoline can be injected using a separate set of injectors. This would

provide the most flexibility. However, it may bedifficult to fit two sets of injectors per cylinder
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in the limited space in the cylinder head. An alternative meansis to provide a single set of

injectors for injection of both the ethanol and the gasoline. Two options are possible, one in

whichthere is a single nozzle and valve (and the gasoline and ethanol are co-injected), and one

in which each fuel has a separate nozzle and valve.

Using direct injection of both the gasoline and the cthanolhas the disadvantage of

increased cost. In addition to a sophisticated injector or injectors, a second high pressure fuel

pumpis also needed. The ethanol and the gasoline also need to have parallel common plenums.

When a single nozzle is used, the ethanol and the gasoline are distributed in the same

mannerin the cylinder. In the case with a single nozzlc and single valve, the fucls need to be

mixedprior to the valve/nozzle part of the injector. This could be done either outside of the

injector or in the injector body. The volume between the mixing point and the nozzle should be

minimized to allow for fast response of the fuel mixture.

A slight modification of the above embodimentinvolves an injector that has two valves

but a single nozzle. This minimizes the need for a second valve outside the injector for

controlling the gasoline/ethanol mixture, in addition to minimizing the volume between the

mixing point and the valves.

It is possible to use a separate nozzlc/valve for cach fucl in a single injector. In this case,

the gasoline and the ethanol can be deposited in different regions of the cylinder. An additional

advantage would be to provide different spray patterns for the ethanol and for the gasoline. This

would provide the most flexible system (comparable to two independentinjectors), with

possibilities of simultaneous or asynchronousinjection of varying fractions of ethanol/gasoline,

as well as being able to deposit the ethanol and the gasoline in the desired location of the charge,

for optimal non-uniform distribution of ethanolin the cylinder. Optimal distribution means

knock avoidance with minimal consumption of ethanol, while maintaining engine drivability.

Optimal non-uniform ethanol distribution can be obtained by centrally depositing the gasoline

and by preferentially depositing the ethanol in the periphery of the cylinder, where the end gas

will be. This can be accomplished moreeasily with direct injection as opposed to achieving non-

uniform distribution of the gasoline through non-uniform spraying in the inlet manifold. Because

the heat of vaporization of the gasoline is substantially lower than for ethanol (a factor of 4

smaller on an energy basis), the cooling effect in the region near the spark is smaller, affecting
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less the initial flame propagation. In addition, it may be beneficial to retard the injection of the

ethanol with respect to the gasoline.

Whenthe ethanol has been exhausted, the engine can operate in a ‘lower performance

gasoline only’ mode with turbocharger boost decrease (e.g. by a wastegate) and elimination or

avoidance of operation at maximum torque Icvcls. These conditions could be limiting, and in

some cases a means of operating the vehicle at higher loads would be desired. This could be

accomplished by using gasoline in the ethanol system with gasoline direct injection (GDD), while

at the same time port-fuel injecting a fraction of the gasoline. Under these conditions the engine

will opcrate at higher loads and higher torques, butstill far below what cthanol could achicve.

Only the cooling effect of the direct injection fuel is obtained, since the directly injected fuel has

the same octane numberasthe port-injection fuel (gasoline in both cases).

If the ratio of ethanol in the ethanol fuel tank to gasoline in the gasoline fuel tank is lower

than a predetermined value (because ofthe lack or availability of cthanol or for some other

reason), it is possible to change the engine operation condition such that the ethanol/gasoline

consumption ratio over a drive cycle is decreased. This is done for reducing the maximum

ethanol fraction at a given engine speed that can be used in the engine. The allowed level of

turbocharging and the maximum pressure, torque and horsepower would be correspondingly

reduced to prevent knock. In this way, a continuous tradeoff between the ethanol/gasoline

consumption ratio and the maximum torque and horsepower can be accomplished.

By proper expert system evaluation of the recent ethanol/gasoline usage and amounts of

gasoline and ethanolit is possible to provide means to minimize the need ofthe ‘low

performance, gasoline only’ mode. The usageofthe antiknock agent can be restricted when the

amountleft in the tank is below a predetermined level, such that the main fuel will be exhausted

prior to or simultaneously with the ethanol. It would be desirable to place a switch so that the

operator could override the limitations, in those conditions where the desired vehicle operation

will not be limited by the exhaustion of the antiknock agent.

Overa drive cycle, the amount of ethanol (by energy) required to enhance the octane

numbersufficiently to increase efficiency by at least 25% would be less than 15% ofthe fuel

(ethanol + gasoline energy) without ethanolstratification and less than 5%with ethanol

stratification.
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Onboard separation of ethanol from diesel by fractional distillation has been

demonstrated for use in ethanol exhaust aftertreatment catalysts [““Fuel-Borne Reductants for

NOx Aftertreatment: Preliminary EtOH SCR Study”, John Thomas, Mike Kass, Sam Lewis,

John Storey, Ron Graves, Bruce Bunting, Alexander Panov, Paul Park, presented at the 2003

DEER(Dicscl Engine Emissions Reduction] Workshop, Newport RI August 2003]. This

approach could be employed for onboard separation of ethanol from a gasoline mixture.

However, use of membrane separation can be simpler and less expensive. Although there is

information about the use of membranesfor the separation of ethanol from water, to our

knowledgethere is no available information on the membrane scparation of cthanol from

gasoline. Because the ethanol molecule is on the order of 4 Angstroms and the typical

hydrocarbon fuel molecules are muchlarger, it is possible to use membranesfor the separation.

Both organic and inorganic membranes could be used. Since it is not necessary to obtain high

purity cthanol, the proccss is relatively simple and requires low pressure.

Both porous and transfusion membranes can be used because ethanol with two carbon

atomshassignificantly different properties than most other gasoline compounds whichhavefive

to ten carbon atoms. The other antiknock agents contemplated for use in this invention also have

a small number of carbonsrelative to gasolinc. For example, methanol has one carbon. The

membrane approach can be significantly simpler than the distillation or absorption/desorption

approaches(see Ilyamaet al, US patent no. 6,332,448) that have been suggested for separation of

various gasoline/diesel fuels where there is much less of a difference in the number of carbon

atoms.

The location of the membrane could be in the region of high pressure in the fuel line

(downstream from the pump), or upstream from it. If it is located downstream, the separation

occurs only when the engine is operational and the pumpis on, whileif it is upstream the

separation is continuous. The pressure of the fuel downstream from the pumpis a fewbars

(characteristic of port fuel injection). This is to be differentiated from the pressure of the ethanol

system, which is directly injected and thus requires much higher pressures.

The separated ethanol is transported to a separate tank whereit is stored. If there is too

much ethanol, three options are available: 1) additional separation is stopped; 2) some ethanolis

used in the engine, even if not required 3) ethanol is returned to the main gasoline tank.
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The tank should be reachable, in order to be able to introduce additional ethanol when

required, as when towing, in high temperatures, or when doing extensive climbing, conditions

that require operation at high torque and whichif for extended periods of time would consume

ethanolat a rate higher than what can be extracted from the fuel.

Extraction of cthanol from the gasoline can have the unintended cffect of reducing the

octane of the rest of the fuel. Thus,it is likely that somewhat increased use of injected ethanol

would be required to prevent knock. Even in the case without non-uniform distribution of the

ethanol, under normal driving conditions the system can be designed so that the amount of

cthanol extracted from the fuel matches the required cthanol.

It may also be advantageous to separate the ethanol from a gasoline/ethanol mixture at

the fueling station. As with onboard separation, this approach also allows use ofthe present fuel

transportation infrastructure. The potential advantages could be greater flexibility in choice of a

fucl separation system and lowercost relative to onboard scparation. It may be ofparticular

interest during the introductory phase of ethanol boosted engine vehicles.

It can be useful to have the capability to adjust the volumeofthe ethanol tank, thus

varying the maximum amountof ethanol in the ethanol tank. This capability would makeit

possible to drive longer distanecs between cthanol rcfucling and to opcrate on different

gasoline/ethanol ratios over a drive cycle, depending onthe availability and cost of ethanol and

gasoline. In somecases, it may be advantageous to use more ethanol than is needed to provide

the desired octane enhancement(e.g., to meet alternative fuel or CO2 reduction goals). It is

desirable to have this capability without increasing the overall fuel tank size. A single fuel tank

with a membraneor plate separating variable amounts of gasoline and ethanol can be used to

accomplish this goal.

The tank can be configured to have a horizontal or vertical moveable/deformable walls

that are substantially impervious and separate the regionsthat are filled with gasoline and

ethanol. Separate filling ports and fuel lines are incorporated for each region as shown in

Figs. 4a and b. The separation between the gasoline and ethanol(or other anti-knock agent) does

not have to be perfect since a small amount of leakage of one fuel into the other will not

adversely affect operation of the vehicle. The wall can be movedin response to the amount of

either fuel in the tank. This process is automatic in the case of a separating membrane, and the

latter can be more imperviousto leaks from one fuel to the other.
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Ethanolis denser than gasoline. The movable/deformable wall can be placed such that

the ethanolis located either on top of the gasoline or below the gasoline. However, since it is

expected that less ethanol is required than gasoline, the preferred embodimenthas the ethanol

above the gasoline, as shown in Figure 5.

If the cthanol is stored so that it is separate from the gasoline, it can be mixed with

various additives to insure the desired operation of the ethanol injection system. In addition,it is

possible to use gasoline-ethanol mixtures, such as E85 (which contains 15% by volume of

gasoline). The lubricity additives include fatty acids, organic amine salts (amine salts of acid

phosphates and polycthylencoxy acid phosphates), alkyl and aryl acid phosphates and dialkyl

alkyl phosphonates.

The modeling calculations show that for direct injection of alcohols, the larger impact of

knock suppressionis not the intrinsic knock-resistance of the fuel antiknock agent but ratherits

high heat of vaporization. In order to evaluate alternatives to cthanol, Table 3 shows the

properties ofproposed fuel antiknock/alternative fuels. Although someofthese additives have

higher octane numbers than gasoline, some of them have a muchlarger effect on the cylinder

charge temperature (Table 3 assumes injection after the inlet valve has closed). Some of these

additives (mostly the cthers) have a comparable charge temperature cffect to that of gasoline

direct injection, and thus are of less interest. The alcohols have optimal properties for the

application, with temperature changesthat are a factor of 3 or more larger than the temperature

change dueto gasoline direct injection (for 100% or near 100% operation with the additive). For

ethanol, the change in temperatureis a factor of more than 4 larger than that of gasoline, and for

methanol the change is about 9 times larger. The temperature decrease of the air increases with

the amount of oxygen in the fuel (in terms of the O/C ratio). Thus, it is highest for methanol,

with an O/C ratio of 1, second for ethanol (O/C =2), and so on.
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energy/ heat Stoic Equiv. Latent
Net heat of Latent heat of of air/fuel heat of

Fuel type Chemical formula RON MON (R+M)/2 Combustion vaporization combustion ratio vaporization AT air
My/kg MJ/kg Mi/kg air i

Gasoline 42.8 0.30 0.007 14.6 0.020 -28
Ethyl t-Buty! Ether CH3CH2-0-C(CH3)3 118 102 110 36.3 0.31 0.009 12.1 0,026 -35
t-Amyl Methyl Ether C2H5 C(CH3)2-0-CH3ss111. 98105 36.3 0.32 0.009 12.1 0,027 -36
Toluene C7H8 111 95 103 40.5 0.36 0.009 13.5 0.027 -37
Methyl t-Butil Ether CH3-0-C(CH3)3 116 103 110 35.2 0.32 0.009 11.7 0.028 -37
Diisopropyl Ether (CH3)2CH-O-CH(CH3)2. 110. 97-103 38.2 0.34 0.009 12.1 0,028 -39
t-Butyl Alcohol (CH3)3 C-OH 103. (91 97 32.9 0.60 0.018 11.1 0.054 -74
Isopropanol (CH3)2CHOH 118 98 108 30.4 0.74 0.024 10.4 0.071 -97
Methanol with cosolvent 50% methanol/TBA 114 96 105 26.5 0.88 0.033 8.8 0.100 -137
Ethanol CH3CH20H 129 102 115 26.7 0.91 0.034 9 0.102 -138
Methanol CH30H 133 105 119 20.0 1.16 0.058 6.4 0.181 -246

5 Also shown in Table 3 are the ratios of the heat of vaporization to the heat of combustion,

a measure of the potential effects when used as antiknock agents. This parameter gives a measure

of the amount of evaporative cooling for a given level of torque. The last entry, ATair, measures

the decrease in air temperature for a stoichiometric mixture with injection after the inlet valve

closes. Although the effect clearly is maximized by the use of methanol, other considerations

10 may make ethanol the preferred choice. Methanol is toxic and corrosive.

Hydrous ethanol (with a small amount of water) has the advantage of lower cost than

pure (neat) ethanol. Removing the last 10% to 15% water from ethanol has significant expense

and consumesconsiderable energy. Manufacturing facilities typically produce ethanol with about

10% water by volume unless there is a need for essentially pure (anhydrous) ethanol. It could be

15 advantageousto use ethanol with a water concentration of 5% to 15% by volume.

By using a closed loop approach to identify engine knock,flexible gasoline grades (with

different octane ratings) and flexible knock-prevention fuel grades can be used. An open loop

system would require measurementof the quality of the antiknock additive. Similarly, an open

loop system would require determining the quality of the fuel (octane number). Closed loop

20 operation allows the usc of less expensive gasoline, when available, thus partially compensating

for the more expensive anti-knock agent. It is also possible to use different antiknock fuel

according to its availability, such as ethanol in the regions that produce and process corn, and

methanol in those that have methanol production capabilities. Thus, the least expensive grade of
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gasoline available and the least expensive antiknock fuel can be used, allowing a decrease ofthe

cost of operating the vehicle as well as increasing the availability of the antiknock fuel.

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 cnergics such as methanol (with higher vaporization energy per unit fucl), and other

anti-knock agents such as isopropanol, tertiary butyl alcohol, or ethers such as methyl tertiary

butyl ether (MTBE),ethyl tertiary butyl ether (ETBE), or tertiary amyl methyl ether (TAME).It

may be advantageous to use various mixtures of these fuels and additives with each other and

with cthanol.

Particularly during the introduction phase of the present invention, the ethanol fueling

could be performed by the use of containers, such as one-gallon containers. To facilitate ease of

fueling an expandable pipe and funnel can be built into the ethanol fuel tank of the vehicle.

The cthanol in these containers would be denatured so as to prevent human consumption

as an alcoholic beverage and could contain the additives described above. Ethanol sold for fuel,

such as in Brazil, is denatured by a small fraction of gasoline (2%) among other denaturing

agents (methanol, isopropanol and others).

Recycling of the containcr could take place at certain specific locations such as gasoline

stations

Using a signal from a knock sensor to determine when and how muchethanolor other

anti-knock agent must be used at various timesin a drive cycle to prevent knock, the fuel

management system can be employed to minimize the amountof ethanolor other anti-knock

agent that is consumed overthe drive cycle. If sufficient ethanol or other ant-knock agentis

available, the fuel management system can also be used to employ more ethanol than would be

needed to prevent knock. This would allow greater gasoline savings (the gasoline savings

component from substitution of ethanol for gasoline would increase) and carbon dioxide

reduction. In this case it may be desirable to operate at an anti-knock agent fraction which is

either varied or constant during the drive cycle.

The contents ofall of the referencescited in this specification are incorporated by

reference herein in their entirety.
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It is recognized that modifications and variations of the inventions disclosed herein will

be apparent to those of ordinary skill in the art and all such modifications and variations are

included within the scope of the appended claims.

Whatis claimed is:

Page 23 of 29

4185564v1

FORD Ex.1027, page 23
IPR2019-01400



FORD Ex. 1027, page 24
                       IPR2019-01400

1. A turbocharged, direct injection 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 direct injection spark ignition engine;

a turbocharger;

meansfor port fucl injection of gasoline from the first source;

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

wherein during part of engine operating time, the engine is powered both by gasoline that

is port fuel injected and ethanol that is directly injected; and

wherein under some operating conditions the instantaneous energy ratio of ethanol to total

fuel is at least 20%; and

wherein the ethanolis directly injected in such an amountthat the fuel octane numberis

enhanced byat least 20 octane numbersrelative to that of port fueled gasoline alone; and

a fuel management system including a microprocessorfor increasing the ethanol/gasoline

ratio to an amount that is sufficicnt to suppress knock as the turbocharger increases the

manifold pressure; and

wherein the fuel management system uses closed loop control with information from a

knock sensorto vary the ethanol/gasoline ratio;

wherein the fuel management system minimizes the amount of the ethanolthat is used by

determining when and how much cthanol must be used to prevent knock as the manifold

pressure is increased by using a knock sensor and further wherein:

the fuel management system controls the amountofair to the turbocharger, the amount of

gasoline and the amountof ethanol to obtain a substantially stoichiometric air/fuel ratio

during all or part of the time that the cthanol is injected based on information from the
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knock sensor, an oxygen sensor and a look up table thereby enabling use of a three way

catalyst.

2. A turbocharged direct injection spark ignition engine which usesport fuel injection of gasoline

from a first source in addition to direct injection of liquid denatured ethanol from a second

source comprising:

a direct injection spark ignition engine;

a turbocharger;

meansfor port fuel injection of gasoline from the first source;

meansfor direct injection ofliquid denatured ethanol from the second source;

wherein during part of engine operating time, the engine is powered both by gasoline that

is port fuel injected and ethanolthat is directly injected; and

wherein under some operating conditions the instantaneousenergy ratio of ethanolto total

fuel is at least 20%; and

wherein the cthanol is directly injected in such an amountthat the fucl octane numbcris

enhanced byat least 20 octane numbersrelative to that of port fueled gasoline alone; and

wherein the ethanol is directly injected in such an amountas to provide evaporative

cooling which prevents knock at a manifold pressure whichis at least twice that at which

knock occurs when the engine is operated with port fuel injected gasoline alone; and

a fucl management system including a microprocessor for increasing the cthanol /gasoline

ratio in the engine an amountthat is sufficient to suppress knock as the turbocharger

increases the manifold pressure; and
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the fuel management system uses the combination of open loop control with a look up

table and closed loop control with information from a knock sensor to vary the ethanol

/gasoline ratio; and

where the fuel management system minimizes the amountof the ethanolthat is used by

determining when and how much ethanol must be used to prevent knock as the manifold

pressure is increased by using a knock sensor and further wherein:

the fuel management system controls the amountof air to the turbocharger, the amount of

gasoline and the amountof ethanol to obtain a substantially stoichiometric air/fuelratio

during all or part of the time that the ethanol 1s injected based on information from the

knock sensor, an oxygen sensor and a look up table thereby enabling use of a three way

catalyst; and

where the level of ethanol in the second tank is used as input to the fuel management

system microprocessorto control the turbocharging; and

where the turbocharging is reduced or eliminated whenthere is no ethanolin the second
source.

3. A turbocharged, direct injection spark ignition engine which usesport fuel injection of

gasoline fromafirst source in addition to direct injection of liquid denatured ethanol from a

second source comprising:

a direct injection 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 engine operating time, the engine is powered both by gasoline that

is port fuel injected and ethanol that is directly injected; and
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wherein under some operating conditions the instantaneous energy ratio of ethanolto total

fuel is at least 20% and:

wherein the ethanolis directly injected in such an amountthat the fuel octane numberis

enhanced byat least 20 octane numbersrelative to that of port fueled gasoline alone; and

meansfor direct fuel injection of gasoline; and

a fucl management system including a microprocessor for increasing the cthanol /gasoline

ratio in the engine to an amountthat is sufficient to meet the varying requirement to

suppress knock as the turbocharger increases the manifold pressure; and

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

look up table and closed loop control with information from a knock sensor to vary the

ethanol- mixture/gasoline ratio; and

wherein the fuel management system minimizes the amount ofthe ethanolthat is used by

determining when and how muchethanol must be used to prevent knock as the manifold

pressure 1s increased by using a knock sensor and further wherein:

the fuel management system controls the amountofair to the turbocharger, the amount of

gasoline and the amount of the ethanol to obtain a substantially stoichiometric air/fuel ratio

during all or part of the time that the ethanolis injected based on information from the

knock sensor, an oxygen sensor and a lookup table thereby enabling use of a three way

catalyst; and

wherein gasoline is directly injected if there is no ethanol in the second source

wherein the turbocharging is reduced or eliminated when there is no ethanol in the second

source; and

whercin when no cthanolis used and the gasoline is directly injected the vehicleis

operated at higher loads than is the case whenit is operated with port fuel injection of

gasoline alone.
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4. A turbocharged direct injection spark ignition engine which uses port fuel injection of

gasoline from a first source in addition to direct injection of E 85 from a second source

comprising:

a direct injection spark ignition engine;

a turbocharger;

meansfor port fucl injection of gasoline from the first source;

meansfor direct injection of liquid E 85 from the second source;

wherein during part of engine operating time , the engine is powered both by gasoline that

is port fuel injected and E 85 that is directly injected; and

where under some operating conditions the instantaneous energyratio of ethanolto total

fuel is at least 20%; and

wherein the E 85 is directly injected in such an amountthat the fuel octane numberis

enhanced byat least 20 octane numbersrelative to that of port fueled gasoline alone, and

a meansfor direct fuel injection of gasoline;

a fucl management system including a microprocessor for increasing the E 85 /gasoline

ratio in the engine to an amountsufficient to prevent knock as the turbocharger increases

the manifold pressure; and

wherein the fuel management system minimizes the amount of the E 85 by determining

when and how much E 85 must be used to prevent knock as the manifold pressure is

increased by using a knock sensor and further wherein:

the fuel management system controls the amountofair to the turbocharger, the amount of

gasoline and the amountof the E 85 to obtain a substantially stoichiometric air/fuel ratio

during all or part of the time that the ethanol 1s injected based on information from the
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knock sensor, an oxygen sensor and a look up table thereby enabling use of a three way

catalyst; and

wherein gasoline is directly injected if there is no E 85 in the second source; and

where when no ethanolis used and the gasoline is directly injected the vehicle is operated

at higher loads than is the case whenit is operated with port fuel injection of gasoline

alone.

5. Spark ignition gasoline engine comprising:

a direct injection spark ignition gasoline engine;

meansfor port fuel injection of gasoline from a first source;

meansfor direct injection ofliquid denatured ethanol from a second source; and

a fuel management control system for controlling injection of the liquid denatured ethanol

into a cylinder of the engine to control knock.
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Abstract of the Disclosure

Fuel management system for enhanced operation of a spark ignition gasoline engine.

Injectors inject an anti-knock agent such as ethanoldirectly into a cylinder. It is preferred that

the direct injection occur after the inlet valve is closed.It is also preferred that stoichiometric

operation with a three way catalyst be used to minimize emissions. In addition,it is also

preferred that the anti-knock agents have a heat of vaporization per unit of combustion energy

thatis at least three times that of gasoline.
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Privacy Act Statement

 

 1.

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

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

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

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

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

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

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

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

Arecord 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 GSAaspart of that agency's responsibility to recommend improvements in records
managementpractices and programs, underauthority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSAregulations governing inspection of records for this purpose, and any otherrelevant(i.e., GSA or Commerce)directive. Such
disclosure shall not be used to make determinations aboutindividuals.

Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuan
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record wasfiled in an application which became abandoned orin which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.
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Atty. Docket No.: 0492611-0617
Client Ref. No.: MIT 11381 CIP

DECLARATION

Asa below named inventor, I hereby declare that my residence, post office address and citizenship are as stated below next to my
name, and I believe I am theoriginal, first and sole mventor (if only one nameis listed below) or an original, first and joint
inventor (if plural names are listed below) of the subject matter which is claimed and for which a patentis sought on the invention
titled: OPTIMIZED FUEL MANAGEMENTSYSTEM FOR DIRECT INJECTION ETHANOL ENHANCEMENT OF
GASOLINE ENGINES,the specification of which is attached hereto.

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as
amended by any amendmentreferred to above. I acknowledgethe duty to disclose information which is material to patentability
ag defined in Title 37, Code of Federal Regulation, § 1.56. 1 hereby claim foreign priority benefits under Title 35, United States
Code, §119/365 of any foreign application(s) for patent or inventor’s certificate listed below and have also identified below any
foreign application for patent or inventor's certificate disclosing the subject matter claimedin their application and havingafiling
date (1) before that of the application on which priority is claimed, or (2) if no priority is claimed, before the filing date of this
application. ,

Prior Foreign Application(s)

Number Country Day/Month/Year Filed Priority Claimed

nner ( ) Yes ( ) No

I hereby claim the benefit under Title 35, United States Code, §120/365 of any United States application(s) listed below and PCT
International Applications listed above or below,and, insofar as the subject matter of each of the claims of this application is not
disclosed in the prior United States applicationin the manner provided by the first paragraph ofTitle 35, United States Code, $112,
T acknowledge the duty to disclose information which is material to patentability as defined in Title 37, Code of Federal
Regulations, §1.56 which became available between the filing date of the prior application and the national or PCT intemational
filing date of this application.

 
10/991.774 __....Movember 18, 2004 Pending

(Application Number) Day/Month/Year Filed Status (Patented, Pending, Abandoned)

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

Inventor’s signatmeeteelleKekeoo Date & /alt{POS
Full nameoffirst inventor (given shen, family name):_Leslie Bromberg
Residence: pbwishire Drive, Sharon, MA 02067 Citizenship: US.
Post Office Address (include zip code): Same

 

;
. n of, fHInventor’s signature Vererch Ca Date & / i}/és J”

Full name of second inventor (given name, family name): Daniel R, Cohn

Residence:_100 Memorial Drive, Apt. # fle}28-ambridge, MA 02142 Citizenship: _U.S. 

Post Office Address (include zip code): Same
 

{X) Additional inventors are being named on separately numbered sheets attached hereto.
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Attorney Docket No, 049261 1-0617
MIT Ref. No, MIT 11381 CIP

DECLARATION

(continued)

Inventor’s signature Su£Hew pro, Date & [a4[es
Full nameofthird inventor (given name, family name): _John B. Heywood

 

Residence: 218 Mill Street, Newton, MA 02460 Citizenship: US. 

Post Office Address (include zip code): Same
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ATTORNEY’S DOCKET NUMBER: 0492611-0617 (MIT 11381 CIP)
IN TBE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Bromberg,et al. Examiner: Not assigned yet
Serial Number: 11/100,026 Art Unit: 1714

Filed: April 6, 2005
Title: Optimized Fuel Management System for Direct Injection Ethanol

Enhancement of Gasoline Engines

MAIL STOP: MISSING PARTS

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

APPOINTMENT OF ATTORNEY

The undersigned hereby appoints:

The attorneys/agents associated with Customer No. 24280as its attorneys and agents for

prosecution of matters relating to the above-identtfied patent application and to conductall

business in the United States Patent and Trademark Office.

All correspondence should be sent to:

Sam Pasternack

Patent Department
Choate, Hall & Stewart LLP
Exchange Place, 53 State Street
Boston, Massachusetts 02109

RespectfullySubmitted,

 
" Name: KARIN K. RIVARD

Title: ASSISTANT DIRECTOR AND COUNSEL
. TECHNOLDate: “c, ie yy FeogAENSING OFFICEOn BehalfofMassachusetts Institute of

Technology

U.S.S.N. 11/100,926 Page 1 of I Atty. Docket No. 0492611-0617
3946332.¥1 Client Reference: MIT 11381 CIP
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ATTORNEY DOCKET NO.; 0492611-0617 (MIT 11381 CIP)
IN THE UNITED STATES PATENT. AND TRADEMARK OFFICE

Applicant: Bromberg,etal. Examiner: Not assigned yet

Serial No.: 11/100,026 Art Unit: 1714

Filing Date: April 6, 2005

Title: Optimized Fuel Management System for Direct Injection Ethanol Enhancement of
Gasoline Engines

Commissioner For Patents
P. ©. Box 1450

Alexandria, VA 22313-1450

Sir:

ESTABLISHING RIGHT OF ASSIGNEE TO TAKE ACTION

(37 CFR §3.73(b)

The inventors of the above-referenced United States patent application have assigned their entire

right,title, and interest in the inventions disclosed therein according to the following table:

 

Inventor Assignee

Leslie BROMBERG | Massachusetts Institute of Tecimology

Daniel R. COHN Massachusetts Institute of Technology

John B. HEYWOOD Massachusetts Institute of Technology
  
 

Thus, the Assignees of the inventors’ entire right, title, and interest are:

_MASSACHUSETTS ENSTITUTE OF FECHNOLOGY

According to 37 CFR § 3.73(b), the Assigneeis entitled to take action relating to the application

in the Patent and Trademark Office if the Assignee establishes ownership to the satisfaction ofthe

Commissioner.

Ownership by the assigneeis established as follows:

documents already recorded in the PTO on

Reel Frame :or

x documents separately submitted for recordal to the PTO (a copy of these documentsis
attached).

ULS.S.N.: £1/100,026 Page | of 2 Atty, Docket No.; 0492611-0617
Client Ref. No.: MIT 11381 CIP
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STATEMENT

I, person(s) authorized to sign on behalf of the Assignee, have reviewed the evidentiary

documents referred to above and certify that, to the best of my knowledge and belief, title is mine/ours as

Assignee who seeks to take further action.

 
 

Name/Title Assignee Date

Massachusetts Institute of TechnologyKARIN K. RIVARD 77 Massachusetts Avenue Sely|aleos
1STA STOR AN ‘

Title:____TECHNOLOGYLiceNsiNeoe WGbibridge, MA 02139  

ULS.S.N.: 11/100,026 Page 2 of 2 Atty. Docket No.: 0492611-0617
Client Ref. No. MIT [138i CIP
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Atty. Docket No.: 0492611-0617
Client Ref. No.: MIT 11381 CIP

ASSIGNMENT

WHEREAS, LESLIE BROMBERGof Sharon, Massachusetts; DANIEL R. COHN of Cambridge,
Massachusetis; and JOHN B. HEYWoOobDofNewton, Massachusetts, have developed certain mventions
described in U.S, patent application entitled OPTIMIZED FURL MANAGEMENTSYSTEM FOR
DIRECT INJECTION ETHANOL ENHANCEMENT OF GASOLINE ENGINES,U.S. Patent Application
No. 11/100,026, filed on April 6, 2005, and have full right to convey the entire right, title and interest, both legal
and equitable, in and io said inventions, free front all prior assignments, agreements, licenses, mortgages,
security interests, or other encurmbrances whatsoever; and

WHEREAS, Massachusetts Institute ofTechnology (“Assignee”), having offices in Cambridge,
Massachusetts, is desirous of acquiring the entire right, title and interest in and to said invention or inventions
and any and all patents to be obtained therefor;

NOW, THEREFORE,for good and valuable consideration,the receipt and sufficiency of whichare
hereby acknowledged by the undersigned, the undersigned do herebysell, assign, transfer and set over unto said
Assignee, its successors and assigns, the entire right, title and interest throughout the world in and to said
invention or inventions, as described in the aforesaid application, in any form or embodiment thereof, and in and
to the aforesaid application; and m and to any application filed in the US. or any foreign country based thereon,
including the right to file said applications and claim priority under the provisions of any U.S. or international
convention or treaty; also the entire right, title and interest throughout the world in and to any andall patents or
reissues or extensions thereof to be obtainedin this or any foreign country upon said invention or inventions and
any divisional, continuation, continuation-in-part or substitute applications which may be filed upon said
invention or inventions in this or any foreign country; and the undersigned hereby authorize and request the
issuing authority to issue any and all patents on said application or applications to said Assigneeorits
successors and assigns.

The undersigned further agree, without any further payment or compensation by said Assignee orits
successors and assigns, to communicate to said Assignee,its representatives or agents or its successors and
assigns, any facts relating to said invention or inventions including evidence for interference purposes or for
other legal proceedings whenever requested; testify in any interference or other legal proceedings, whenever
requested; execute and deliver, on request, all lawful papers required to make any of the foregoing provisions
effective; and generally do everything possible to aid said Assignee,its successors or assigns and nomineesto
secure, obtain and enforce proper patent protection for said invention or inventions in this or any foreign
country,

IN TESTIMONY WHEREOF,the undersigned has hereunto set their hands and seals on the date after
their signatures.

“ j .

Date ~ _—-LasiieBrOnpeRs ; Cf
State ofMassachusetts )
County of Viidlesex )

On this_24"* day of ed Wine , 2005 before me personally appeared LESLIE BROMBERG,to
me personally known, and known to meto be the person who signed the foregoing assignment, and
acknowledged the signing of same as her free act and deed.

acl} . 7 Mibck
Notary Public
My commission expiresHiiictife HORS
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Atty. Docket No.: 0492611-0617
Client Ref. No.: MIT 11381 CIP

Nine 24. 2008. | Deceel fo, Cot.
Date DANIEL R. COHN

State of Massachusetts )
County of Hididlesex )

On this 2qaay of <j ine. , 2005 before me personally appeared DANIEL R. COHN, fo me
personally known, and known to meto be the person whosigned the foregoing assignment, and acknowledged
the signing of sameashis free act and deed.

Notary Public
My commission expires _ Atte(4, BOOS

wrtte park
JoHN B. HEYWoo

SARA A, FRENIER
Notary Public  

State ofMassachusetts )
County of Aiddlesenr )

On this 2q" day of“lune2005 before me personally appeared JOHN B. HEYWOOD,to
me personally known, and known to me to be the person who signed the foregoing assignment, and
acknowledged the signing of same as his free act and deed.

ih.Fie
Notary Public
My commission expires Sich It, JOO8 

3932240v1
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Electronic Acknowledgement Receipt

Application Number: 11758157 

International Application Number:

Confirmation Number:
 

OPTIMIZED FUEL MANAGEMENT SYSTEM FOR DIRECT
Title of Invention: INJECTION ETHANOL ENHANCEMENT OF GASOLINE ENGINES

 

First Named Inventor/Applicant Name: Leslie Bromberg

Customer Number: 24280

Filer: Sam Pasternack/Elizabeth Burke 

Filer Authorized By: Sam Pasternack

Attorney Docket Number: 049261 1-0762 

Receipt Date: 05-JUN-2007

Filing Date:

Time Stamp: 13:13:26 

Application Type: Utility

 
Paymentinformation: 

 
| Submitted with Payment no | 

File Listing: 

Document Multi Pages
DocumentDescription File Name File Size(Bytes)

Number Part /.zip| (if appl.) 

MIT11381CONIIApplication.
pdf 208348 yes 30
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Multipart Description/PDFfiles in .zip description

Document Description

Specification

Claims

Abstract

Warnings:

Information:

Application Data Sheet MIT11381CIPII.pdf 1136735

Warnings:

Information:

MIT11381CONIIDeclaration.

Oath or Declaration filed pdf
369744

 
Warnings:

Information:

Warnings:

Information:

 
This Acknowledgement Receipt evidencesreceipt on the noted date by the USPTOof the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt
similar to a Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary componentsfora filing date (see
37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course andthe date
shownon this AcknowledgementReceipt will establish thefiling date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submissionto enter the national stage of an international application is compliant with the conditions
of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptanceof the
application as a national stage submission under35 U.S.C. 371 will be issued in addition to the Filing Receipt,
in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary
componentsfor an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the
International Application Numberand ofthe International Filing Date (Form PCT/RO/105) will be issued in due
course, subject to prescriptions concerning national security, and the date shown on this Acknowledgement
Receiptwill establish the internationalfiling date of the application.
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, PTO/SB/06 (12-04)
6/5/ : Approvedfor use through 7/31/2006. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information untessit displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD ‘

APPLICATION AS FILED — PART| OTHER THAN
(Column 1) (Column2) SMALLENTITY SMALL ENTITY

BASIC FEE .

aromvenme||
SEARCH FEE

fercmmrraw.gowm|EXAMINATION FEE

fercrusgeerg||
TOTAL CLAIMS 5Jorcrevvoy)|misoINDEPENDENT CLAIMS :

fercrvieny|8ins|__|
If the specification and drawings exceed 100

APPLICATION SIZE sheets of paper, the application size fee due is
FEE $250 ($125 far small entity) for each additional

(37 CFR 1.16(s)) 50 sheets orfraction thereof. See 35: U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).

   
  RATE($) FEE (S$)

  bad wn So it  200=

  
 

 
 MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) NIA

TOTAL

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

APPLICATION AS AMENDED — PART1! OTHER THAN

(Column 1) (Column 2) (Column3) SMALL ENTITY OR SMALL ENTITY

        
CLAIMS HIGHEST

REMAINING NUMBER PRESENT
< AFTER PREVIOUSLY EXTRA RATE(8) RATE (8)
5 AMENDMENT PAID FOR
Ww Total -, ORZlorcrevonlMme| [x=
z|Independent

S Lz crR 1.160) OR
<t|Application Size Fee (37 CFR 1.16(s)) . FP |

FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR1.18())) OR NIA
TOTAL TOTAL
ADD'T FEE OR ADDT FEE

 

 
(Column 1)

CLAIMS
REMAINING

AFTER
AMENDMENT

(Column 2)
HIGHEST
NUMBER

PREVIOUSLY

(Column 3)   
 
 
 
 
 
 
 
 
 
 
 

PRESENT
EXTRA

Total
(37 CFR 1.16(i))
Independent
(37 CFR 1.16(h))
Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

 
 

AMENDMENTB
 

ADD'T FEE 
 
 * Ifthe entry in column 1 is less than the entry in column 2, write “0” in column 3.

** If the “Highest Number Previously Paid For’ IN THIS SPACEis less than 20, enter “20”.
“* if the “Highest Number Previously Paid For” IN THIS SPACEis less than 3, enter “3”.

The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.
This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public whichisto file (and by the
USPTOto 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 tothe USPTO. Timewill vary depending uponthe individual case. Any comments
on the amountof 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. Departmentof Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMSTO THIS
ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450. .
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Adcress: COMMISSICNER FOR PATENTSP.O. Box 1440 

Alexandria, Virgiria 22313-1450www.uspte.gov

APPLICATION NUMBER FINSro) GRP ART UNIT|FIL FEE REC'D ATTY,DOCKET,.NO TOT CLAIMS|IND CLAIMS

11/758,157 06/05/2007 3747 0.00 0492611-0762 5 5

CONFIRMATION NO.3972

24280 FILING RECEIPT

CHOATE, HALL & STEWART LLP
TWO INTERNATIONAL PLACE

BOSTON, MA02110

Date Mailed: 06/25/2007

Receipt is acknowledged of this regular Patent Application. It will be considered in its order and you will be
notified as to the results of the examination. Be sure to provide the U.S. APPLICATION NUMBER, FILING
DATE, NAME OF APPLICANT, and TITLE OF INVENTION when inquiring about this application. Fees
transmitted by check or draft are subject to collection. Please verify the accuracy of the data presented on
this receipt. If an error is noted on this Filing Receipt, please mail to the Commissioner for Patents
P.O. Box 1450 Alexandria Va 22313-1450. Please provide a copy of this Filing Receipt with the
changes noted thereon.If you received a "Notice to File Missing Parts" for this application, please
submit any corrections to this Filing Receipt with your reply to the Notice. When the USPTO
processesthe reply to the Notice, the USPTO will generate another Filing Receipt incorporating the
requested corrections (if appropriate).

Applicant(s)
Leslie Bromberg, Sharon, MA;
Daniel R. Cohn, Cambridge, MA;
John B. Heywood, Newton, MA;

Assignment For Published Patent Application

MASSACHUSETTSINSTITUTE OF TECHNOLOGY, Cambridge, MA

Powerof Attorney: The patent practitioners associated with Customer Number 24280

Domestic Priority data as claimed by applicant

This application is a CIP of 11/100,026 04/06/2005 PAT 7,225,787
andis a CIP of 10/991,774 11/18/2004

Foreign Applications

If Required, Foreign Filing License Granted: 06/22/2007

The country code and numberof your priority application, to be used for filing abroad under the Paris Convention, is
US11/758,157

Projected Publication Date: To Be Determined - pending completion of Missing Parts

Non-Publication Request: No

Early Publication Request: No

** SMALL ENTITY **
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Title

OPTIMIZED FUEL MANAGEMENT SYSTEM FOR DIRECT INJECTION ETHANOL
ENHANCEMENT OF GASOLINE ENGINES

Preliminary Class

123

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughoutthe territory of the United States and have
no effect in a foreign country, an inventor who wishes patent protection in another country must apply for a
patent in a specific country or in regional patent offices. Applicants may wish to consider the filing of an
international application under the Patent Cooperation Treaty (PCT). An international (PCT) application
generally has the same effect as a regular national patent application in each PCT-membercountry. The
PCT process simplifies the filing of patent applications on the same invention in member countries, but
does not result in a grant of "an international patent" and does not eliminate the need of applicants to file
additional documents and fees in countries where patent protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must
make an application for patent in that country in accordance with its particular laws. Since the laws of many
countries differ in various respects from the patent law of the United States, applicants are advised to seek
guidance from specific foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the
USPTO mustissue a license before applicants can apply for a patent in a foreign country. Thefiling of a U.S.
patent application serves as a request for a foreign filing license. The application's filing receipt contains
further information and guidanceasto the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically,
the section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for
filing foreign patent applications. The guide is available either by contacting the USPTO Contact Centerat
800-786-9199, orit can be viewed on the USPTO website at
http:/Awww.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you
may wish to consult the U.S. Government website, http://“www.stopfakes.gov. Part of a Department of
Commerceinitiative, this website includes self-help “toolkits” giving innovators guidance on how to protect
intellectual property in specific countries such as China, Korea and Mexico. For questions regarding patent
enforcementissues, applicants may call the U.S. Governmenthotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN
FILING LICENSE GRANTED"followed by a date appears on this form. Such licenses are issued in all
applications where the conditions for issuance of a license have been met, regardless of whether or not a
license may be required as set forth in 37 CFR 5.15. The scope andlimitations of this license are set forth in
37 CFR 5.15(a) unless an earlier license has been issued under 37 CFR 5.15(b). The license is subject to
revocation upon written notification. The date indicated is the effective date of the license, unless an earlier
license of similar scope has been granted under 37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on orafter the effective date
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thereof unlessit is revoked. This license is automatically transferred to any related applications(s) filed under
37 CFR 1.53(d). This licenseis not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the
subject matter as imposed by any Government contract or the provisions of existing laws relating to
espionage and the national security or the export of technical data. Licensees should apprise themselves of
current regulations especially with respect to certain countries, of other agencies, particularly the Office of
Defense Trade Controls, Department of State (with respect to Arms, Munitions and Implements of War (22
CFR 121-128)); the Bureau of Industry and Security, Department of Commerce (15 CFR parts 730-774); the
Office of Foreign AssetsControl, Department of Treasury (81 CFR Parts 500+) and the Department of
Energy.

NOTGRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN
FILING LICENSE GRANTED" DOES NOT appear on this form. Applicant maystill petition for a license
under 37 CFR 5.12, if a license is desired before the expiration of 6 months from the filing date of the
application. If 6 months has lapsed from thefiling date of this application and the licensee has not received
any indication of a secrecy order under 35 U.S.C. 181, the licensee mayforeignfile the application pursuant
to 37 CFR 5.15(b).
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\\aUNITED STATES PaTrENT AND TRADEMARK OFFIGE :
i C2 ~ UNITED STATES DEPARTMENT OF COMMERCE

ei es United States Patent and Trademark OfficeCS Address; COMMISSIONER FOR PATENTS
S- PO. Box 1450)= Alexandria, Virginia 22313-1450www.uspto.gov

- APPLICATION NUMBER FILING OR 371 '(c) DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NUMBER

 

11/758,157 . 06/05/2007 Leslie Bromberg 04926 11-0762

: . CONFIRMATIONNO.3972

24280 FORMALITIES
CHOATE, HALL & STEWART LLP LETTER
TWO INTERNATIONAL PLACE

BOSTON, MA 02110

Date Mailed: 06/25/2007

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)

Filing Date Granted

Items Required To Avoid Abandonment:

An application numberandfiling date have been accordedto this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHSfrom the date of this Notice within which tofile all
required items and pay any fees required below to avoid abandonment. Extensionsof time may be obtained by
filing a petition accompanied by the extension fee underthe provisions of 37 CFR 1.136(a).

e The statutory basic filing fee is missing.
Applicant must submit $ 75 to complete the basicfiling fee for a small entity.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.

The required item(s) identified below must be timely submitted. to avoid abandonment:

e Replacementdrawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings
submitted are not acceptable because:

= The drawings must be reasonably free from erasures and must be free from
alterations, overwriting, interlineations, folds, and copy marks. See Figure(s) 1,2a-b:

a The drawings havea line quality that is too light to be reproduced (weight ofall lines
and letters must be heavy enoughto permit adequate reproduction) or text thatis
illegible (reference characters, sheet numbers, and view numbers mustbe plain and
legible) see 37 CFR 1.84(I) and (p)(1)); See Figure(s) 1.

Applicant is cautioned that correction of the above items may cause the specification and drawings page countto
exceed 100 pages.!f the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee. ,

The applicant needsto satisfy supplemental fees problemsindicated below.

The required item(s) identified below mustbe timely submitted to avoid abandonment:
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Page 2 of 2

e Additional claim fees of $200 as a small entity, including any required multiple dependentclaim fee, are
required. Applicant must submit the additional claim fees or cancel the additional claims for which fees are due.
e To avoid abandonment, a surcharge(for late submissionoffiling fee, search fee, examination fee or oath or
declaration) as set forth in 37 CFR 1.16(f) of $65 for a small entity in compliance with 37 CFR 1.27, must be
submitted with the missing itemsidentified in this letter.

SUMMARY OF FEES DUE:

Total additional fee(s) required for this application is $690 for a small entity

e $75 Statutory basicfiling fee.
e $65 Surcharge.

e The application search fee has not been paid. Applicant must submit $260 to complete the search fee.
e The application examination fee has not been paid. Applicant must submit $100 to complete the

examination fee for a small entity in compliance with 37 CFR 1.27.

e Total additional claim fee(s) for this application is $200

= $200 for 2 independentclaims over3.

Replies should be mailed to: Mail Stop Missing Parts
Commissionerfor Patents —
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web mayalternatively submit their reply to this notice via EFS-Web.
https://sportal. uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Webplease call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http:/Avww.uspto.gov/ebc.

 

Ifyou are not using EFS-Web to submit yourreply, you must include a copy ofthis notice.

: KIN
Office of Initial Patent Examingtigh (571) 272-4000, or 1-800-PTO-9199

PART3 - OFFICE COPY
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ATTORNEY’S DOCKET NUMBER: 04926111-0762

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Bromberg etal. Examiner: Not Yet Assigned

Serial No.. —-11/758,157 Art Unit: 3747

Filed: June 5, 2007 Confirmation Ne.: 3972

For: OPTIMIZED FUEL MANAGEMENT SYSTEMS FOR DIRECT

INJECTION ETHANOL ENHANCEMENT OF GASOLINE ENGINES

Mail Stop Missing Parts
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sin:

RESPONSE TO NOTICE TO FILE MISSING PARTS

In response to the Notice to File Missing Parts in the above-referenced application dated

June 25, 2007, attached herewith is the following:

1. Payment in the amount of $1,085.00 via electronic credit card authorization for
payment of the late submission fee, extension of time, and claims;

2, Copy of Preliminary Amendment filed October 26, 2007;

3. Request for Extension of Time (Three Months), and

4, Replacement Figures (Figures 1-3).

Docket No. 0492611-0762

4274592v1
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Asthis Responseis electronically-filed, a copy of the Notice to File Missing Parts is not

attached, Please charge any additional fees associated withthis filing, or apply any credits, to

our Deposit Account No, 03-1721.

Respectfully submitted,

/SamPasternack/

Sam Pasternack

Registration Number 29,576

  

CHOATE, HALL & SFEWART LLP
Two International Place

Boston, MA 02110
(617) 248-5000
Dated: November 26, 2007

Dovket No, 0492611-0762

42745921
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PTOISB/22 (114-07)
Approved for use through 11/30/2007, OMB 0651-6031

U.S, Pafent and Trademark Offies; U.S, DEPARMENT OF COMMERCE
Under the paparwork Reduction Act of #996, no persens are required to respond to a collection of Information untess ff displays a valid OMB control number.

 
 

 

  
  

 

  

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a)} Docket Number (Optional)
FY 2008 0492611-0762

Fees pursuant to fhe ConsolidatedAppropriations Act, 2005 (H.R. 4818).

11/758,157 Fileg June 5, 2007

Optimized Fuel Management Systems for Direct iniection Ethanol Enhancement of Gasoline Engines

This is a request under the provisions of 87 CFR 1,136(a} to extend the peried forfiling a reply in the above identified
application.

 Application Number

Por

  
  
  

  
  
  
  
  

  
  
  

  
  

 

The requested extension and fee are as follows (check lime period desired and enter the appropriate fee below):

Fee Small Entity Fee

[|] One month (87 CFR 4.17(a)(4) $120 $60 $

[] Two months (37 CFR 1.17(a)(2)) $460 $230 $
[Vv] Three months (37 CFR 1.17{a}(3}) $1060 $525 3225.00
[—] Four months (87 CFR 1.17(a)(4)) $1640 $820 $

[| Five months (37 CFR 1.17(a)(§) $2230 $1115 $

Applicant claims small entity status. See 37 CFR 1.27,

|_| A check in the amountofthe fee is enclosed,

Payment by credit card. Form PTO-2038 is attached.

 P| The Director has already been authorized to charge feesin this application io a Deposit Account.

The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Number 03-1721 , | have enclosed a duplicate copy of this sheet.
WARNING: Information on this form may become public, Credit card Information should not be included on this form.
Provide credit card information and authorization on PTO-2038,

jam the [| applicantinventor.

J assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed (Form PTO/SB/96).

attorney or agent of record. Registration Number__*95/6

[| attorney or agent under 37 CFR 1.34.Registration numberif acting under 37 CFR 1.34

  
  
  
 

/SamPasternack/ November 26, 2007
Signature Date

Sam Pasternack 617-248-5000

 
   
   

Typed or printed name Telaphone Number

NOTE:Signatures ofall the inveniors or assignees of record of the entire Interest or thelr representaiive(s) are required. Submit rnultiple forms if more than one
signature is required, see below,

Total of ‘ forms are submitted.
This collection of information is required by 37 CFR 1,136(8}, The information |s required {9 obtain or refain a benefit by the pubic whichfs to file (and by the
USPTO to process) an application. Confidentiality Is governed by $5 U.S.C. 122 and 37 CFR 1,14 and 1.14, This collection ls estimated to take 6 minutes fo

complete, including gathering, preparing, and subrnitling the completed application form to the USPTO. Time wil vary depending upon the individual case, Any
comments on the amount of time you require to complete this form andicr suggestions for reducing this Durden, should be sent to the Chief information Officer,
U.S. Patent and Trademark Office, U.S, Department of Commerce, P.O, Box 1460, Alexandria, VA 22319-1460. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Gornmissioner far Patents, P.O, Box 1450, Alexandria, VA 22313-1450,

ff you need assistance in completing the form, call 7-800-PTO-9799 and select option 2,
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-679} requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b}(2); (2) furnishing of the Information solicited is voluntary;
and (3) the principal purpose for which the information Is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. 1 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
abandonmentof the application or expiration of the patent.

The Information provided by you in this form will be subject fo the following routine uses:

4, Tre information on this forrt will be treated confidentially to the extent allowed under the
Freedom of Information Act (6 U.S.C. 582) and the Privacy Act (5 U.S.C 5524), Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom ofInformation Act.
A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
oppesing counsel In the course of settlement 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, te whom the record pertains, when the
individual has requested assistance from the Memberwith respect to the subject matter of the
record.

Arecord 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. 582a(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
agency for purposes of Nationa) Security review (35 U.S.C. 181) and for review pursuantto
the Atomic Energy Act (42 0.8.0, 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 fo recommend improvements In records management
practices and programs, under authority of 44 U.3.C, 2904 and 2806. Such disclosure shall
be made In accordance with the GSA regulations governing Inspection of records for this
purpose, and any other relevant (72@., GSA or Commerce) directive. Such disclosure shall net
be used fo make determinations about Individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
elther publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant fo 35 U.S.C, 161. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as @ routine use, fo the public if the record wasfiled in an application which
beceme 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.
Arecord from ihis system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
viciation of law or regulation,
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ATTORNEY’S DOCKET NUMBER: 04926111-0762

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant:|Bromberg et al. Examiner: Not Yet Assigned
Serial No. ——-1.1/758,157 Art Unit: 3747
Filed: June 5, 2007 Confirmation No.; 3972

For: OPTIMIZED FUEL MANAGEMENT SYSTEMS FOR DIRECT

INJECTION ETHANOL ENHANCEMENT OF GASOLINE ENGINES

Mail Stop: Amendment
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

sirtt

PRELIMINARY AMENDMENT

Prior to examination of the above-referenced application, please preliminarily amend the

application as follows.

Amendments to the Claims begin on page 2 ofthis paper.

Remarksbegin on page 6 of this paper.

It is not believed that extensions of time or fees for net addition of claims are required, beyond

those which may otherwise be provided for in documents accompanying this paper. However, in

the event that additional extensions oftime 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 charged to our Deposit

Account No. 03-1721.
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Listing of Ciaims

Claims 1-5 (cancelled)

6. (New) A spark ignition engine whichis turbocharged or supercharged and is fueled with

gasoline from a first source and with direct injection of alcohol from a second source,

comprising:

7.

a spark ignition engine;

a turbocharger or supercharger;

means for fueling the engine with gasoline from the first source;

means for direct injection of the alcohol from the second source;

wherein during part of engine operating time, the engine is powered both by gasoline

from the first source and the directly injected alcohol from the second source;

wherein under some operating conditions the instantaneous energy ratio of the alcohol to

total fuel is at least 20%; and

wherein a fuel management system increases the alcchol/gasoline ratio to an amount

that is sufficient to suppress knock as the turbocharger or supercharger increases the

manifoid pressure; and

wherein the fuel management system controls the amountofair to the turbocharger or

supercharger, the amount of gasoline and the amount of the alcohol to obtain a

substantially stoichiometric air/fuel ratio during someorall of the time that the second

fuel is directly injected.

(New) The engine system of claim 6 where substantially stoichiometric operation with

the changing alcohol/gasoline ratio that occurs as the manifold pressure is increased is achieved

by use of a control system which employs information from a knock sensor, an oxygen sensor

and a look up table and where the contro! system enables use of a three way catalyst.

$264796v3 2
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8. (New) The engine system of claim 7 wherein the fuel management system minimizes the

amount ofthe alcohol that is used to prevent knock and employs closed loop control using

information from a knock sensor,

9. (New) The engine system of claim 8 wherein spark retard is changed as a function of the

amount of alcohol that has been used.

10. (New) The engine system of claim 8 wherethe fuel in the second source is a mix of

ethanol with another fuel and has variable characteristics and where during some ofthe operating

time the ethanol energy fraction used in the engine is between 40 and 80 %.

11. (New) The engine system of claim 7 where the gasoline from the first source is directly

injected using an independently controlled injector that is separate from an injector that directly

injects the alcohol from the second source and the alcohol/gasoline ratio is controlled in a closed

loop using information from a knock detector.

12. (New) The engine system of claim 7 where the gasoline fromthe first source is directly

injected using an injector that contains two nozzles where one is used for direct injection of the

alcoho! from the second source and where the alcohol/gasolineratio is controlled in a closed

loop using information frora a knock detector.

13. (New) The engine system of claim 7 where the gasoline from the first soruce and the

alcohol from the second source are injected from the same injector and where their ratio is varied

so as to prevent knockbyuse of a valving system whichis upstream fromthe injector and the

gasoline/alcoholratio is controlled in a closed loop using information from a knock detector.

14. (New) The engine system of claim 6 where during some operating conditions the alcohol

energy fraction used in the engine is between 40 and 80% and the manifold pressure is at least 2

bar.

15. (New) The engine system of claim 14 where the engine is downsized byat least a factor

of tworelative to an engine which uses port fuel injection of gasoline alone and operates with a

drive cycle efficiency that is at least 20 % greater.

42.64796v3 3
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16.|(New) The engine system of claim 14 where the fuel in the second source is an alcohol

and the alcohol is mixed with water.

17, (New) The engine system of claim 14 where the fuel in the second source is a mixture of

ethanol and gasoline.

18. (New) The engine system of claim 7 where the compression ratio is 11 or greater.

19. (New) The engine system of claim 7 where the engineis started using only fuel from the -

first source.

20. (New) A spark ignition engine which is turbocharged or supercharged andis port fueled

with gasoline from a first source and with direct injection of a liquid alcohol fuel from a second

source comprising:

a spark ignition engine;

a turbocharger or supercharger,

means for port fueling the engine with gasoline from the first source;

means for direct injection of the alechol from the second source;

wherein during part of engine operating time, the engine is powered both by gasoline

from the first source and the directly injected alcohol from the second source;

wherein under some operating conditions the instantaneous energy ratio of the alcohol to

total fuel is at least 20%; and

where a fuel management system increases the alcchol/gasoline ratio to an amountthat

is sufficient to suppress knock as the turbocharger or supercharger increases the manifold

pressure; and

where the fuel management system controls the amountofair to the turbochargeror

supercharger, the amount of gasoline and the amountof the second fuel to obtain a

42647963 4
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substantially stoichiometric air/fuel ratio during some orall of the time that the second

fuel is directly injected and

where the substantially stoichiometric operation with the changing alcohol/gasolineratio

that occurs as the manifold pressure is increased is achieved by use of a control system

which employs information from a knock sensor and an oxygen sensor and where the

control system enables use of a three waycatalyst.

21, (New) The engine system of claim 20 where the control system also includes a look up

table and where the fue! management system minimizes the amount ofalcoholthat1s employed

to prevent knock by means of closed loop control using information from a knock detector.

22. New) The engine system of claim 21 where the engine operates with a compression

ratio of 11 or greater and

where the fuel in the second sourceis a mix of ethanol and another fuel and has variable

characteristics and

where during some of the operating time the ethanol energy fraction used in the engineis

between 40 and 80 %.

23. (New) The engine system of claim 20 where the alcohol is ethanol and where during

some of the operating time the ethanol energy fraction in the engine is between 40 and 80 %,

24, (New) The engine system of claim 23 where ( the manifold pressure is at least 2 bar.

25. (New) Aturbocharged or supercharged spark ignition engine where alcohol and gasoline

are directly injected at the same time into the engine cylinders and

where the fuel is directly injected in such a way as to provide a non uniform distribution

with a greater concentration in the end gas region of the cylinder; and

where alcohol/gasoline ratio is sufficiently high so as to prevent knock and resulting in

the alcohol/gasoline ratio being reduced as compared to a situation using a uniform

distribution.

4264796¥3 : 5
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26. (New) The turbocharged or supercharged engine of clam 25 where alcohol energy

fraction in the engine varies and

where the alcohol energy fraction is less than 80 % and the manifold pressure is greater

than 2 bar.

27. (New) The turbocharged or supercharged spark ignition engine of claim 24 further

including a means for port fuel injection of the fuel.

28. (New) The turbocharged or supercharged engine of claim 24 where the nonuniform

distribution is used onlypart of the time and whenit is employed the directly injected fuel is

concentrated in the outside region ofthe engine cylinders.

29 (New) The turbocharged or supercharged spark ignition engine of claim 28 where switr!

is used.

30. (New) The turbocharged or supercharged engine of claim 25 where fuelis directly

injected after the inlet valve has closed.

4264796v3 6
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REMARKS

Claims 1-5 are pending in this application and have been cancelled herein in favor of new

claims 6-30. No new matter is being introduced by these claimsin that they are generally

supported throughoutthe specification.

Please charge any fees that may be required for the processing of this Response, or credit

any overpayments; to our Deposit Account Number 03-1721. Applicant would like to thank the

Examiner in advance for review of this request.

Respectfully submitted,
CHOATE, HALL & STEWART LLP

‘Sam Pasternack/

Sam Pasternack

Registration No. 29,576

Patent Department
CHOATE, HALL & STEWART. LLP
Two International Piace

Boston, MA 02110

Tel: (617) 248-5000
Fax: (617) 248-4000

Dated: October 26, 2007
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ATTORNEY’S DOCKET NUMBER: 04926111-0762

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant:|Brombergetal. Examiner: Not Yet Assigned
Serial No: 11/758,157 . Art Unit: 3747
Filed: June 5, 2007 Confirmation No.; 3972

For: OPTIMIZED FUEL MANAGEMENTSYSTEMSFOR DIRECT

INJECTION ETHANOL ENHANCEMENT OF GASOLINE ENGINES

Mail Stop Missing Parts
Commissioner for Patents
P. O. Box 1450

Alexandria, VA 22313-1450

Sir:

RESPONSE TO NOTICE TO FILE MISSING PARTS 

In responseto the Notice to File Missing Parts in the above-referenced application dated.
June 25, 2007, attached herewith is the following:

1. Paymentin the amountof $1,085.00 via electronic credit card authorization for
paymentofthe late submission fee, extension of time, and claims;

2. Copy of Preliminary Amendmentfiled October 26, 2007;

3. Request for Extension of Time (Three Months); and

4. Replacement Figures (Figures 1-5).

11/29/2007 VWWANLL 00000010 031721 11758157

01 FC:2051 65.00 DA

Docket No. 0492611-0762

4274592v1
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Asthis Responseis electronically-filed, a copy of the Notice to File Missing Parts is not

attached. Please charge any additional fees associated with this filing, or apply any credits, to

our Deposit Account No. 03-1721.

Respectfully submitted,

/SamPasternack/

Sam Pasternack

Registration Number 29,576
CHOATE, HALL & STEWART LLP
Two International Place

Boston, MA 02110
(617) 248-5000
Dated: November 26, 2007

Docket No. 049261 1-0762
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSPO. Box L450

Alexandria, Virginia 22313-1450www.uspto.qov
APPLICATION FILING or GRP AR’

NUMBER 371(c) DATE OMT FIL FEE REC'D ATTY.DOCKET.NO TOT —AIMS IND =AIMS

 
 

11/758,157 06/05/2007 3747 625 04926111-0762
CONFIRMATION NO.‘3072

24280 UPDATEDFILING RECEIPT
CHOATE, HALL & STEWART LLP

TWO INTERNATIONAL PLACE UNL49.04HE
BOSTON, MA 02110

Date Mailed: 12/03/2007

Receipt is acknowledgedof this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Feestransmitted by checkor draft are subject to collection.
Pleaseverify the accuracy of the data presentedonthis receipt. If an error is noted on this Filing Receipt, please
write to the Office of Initial Patent Examination's Filing Receipt Corrections. Please provide a copy of this
Filing Receipt with the changes noted thereon. If you received a "Notice to File Missing Parts” for this
application, please submit any correctionsto this Filing Receipt with your reply to the Notice. When the
USPTO processesthe reply to the Notice, the USPTOwill generate another Filing Receipt incorporating the
requested corrections

Applicant(s)
Leslie Bromberg, Sharon, MA;
Daniel R. Cohn, Cambridge, MA;
John B. Heywood, Newton, MA;

Assignment For Published Patent Application
MASSACHUSETTSINSTITUTE OF TEGHNOLOGY, Cambridge, MA

Powerof Attorney: The patent practitioners associated with Customer Number 24280

Domestic Priority data as claimed by applicant
This application is a CIP of 11/100,026 04/06/2005 PAT 7,225,787
and is a CIP of 10/991,774 11/18/2004

Foreign Applications

If Required, Foreign Filing License Granted: 06/22/2007

The country code and numberof your priority application, to be used for filing abroad under the Paris Convention,
is US 11/758,157

Projected Publication Date: 03/13/2008

Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
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Title

OPTIMIZED FUEL MANAGEMENT SYSTEM FOR DIRECT INJECTION ETHANOL
ENHANCEMENT OF GASOLINE ENGINES

Preliminary Class

123

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and doesnoteliminate the need of applicantsto file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordancewith its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advisedthat in the case of inventions madein the United States, the Director of the USPTO must
issue a license before applicants can apply for a patentin a foreign country. Thefiling of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlinesfor filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199,orit
can be viewed on the USPTO website at http:/Avwww.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http:/Avww.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcementissues, applicants may
call the U.S. Governmenthotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184,if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED"followed by a date appears onthis form. Such licenses are issued in all applications where
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the conditions for issuance of a license have been met, regardless of whetheror not a license may be required as
set forth in 37 CFR 5.15. The scope andlimitations of this license are set forth in 37 GFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicatedis the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This licenseis to be retained by the licensee and may be usedat any time onorafter the effective date thereof unless
itis revoked. This license is automatically transferred to any related applications(s)filed under 37 CFR 1.53(d). This
license is not retroactive.

The grantof a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselvesof current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOTappearonthis form. Applicant maystill petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from thefiling date of the application. If 6 months has lapsed
from thefiling date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee mayforeignfile the application pursuant to 37 CFR 5.15(b).
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Adcress: COMMISSIONER FOR PATENTSP.O. Box 1440

Alexandria, Virgiria 22313-1450wwww-usptegov

APPLICATION NUMBER FILING OR 371 (c) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO/TITLE

11/758,157 06/05/2007 Leslie Bromberg 04926111-0762

 

CONFIRMATION NO.3972

24280

CHOATE, HALL & STEWART LLP
TWO INTERNATIONAL PLACE

BOSTON, MA02110

Title: OPTIMIZED FUEL MANAGEMENT SYSTEM FOR DIRECT INJECTION ETHANOL ENHANCEMENT
OF GASOLINE ENGINES

Publication No. US-2008-0060627-A1
Publication Date: 03/13/2008

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication
pursuant to 37 CFR 1.211, et seq. The patent application publication number and publication date
are set forth above.

The publication may be accessed through the USPTC's publically available Searchable Databases
via the Internet at www.uspto.gov. The direct link to access the publication is currently
htto:/Awww.uspto.gov/pattt/.

The publication process established by the Office does not provide for mailing a copyof the
publication to applicant. A copy of the publication may be obtained from the Office upon payment
of the appropriate fee set forth in 37 CFR 1.19(a)(1). Orders for copies of patent application
publications are handled by the USPTO's Office of Public Records. The Office of Public Records
can be reached by telephone at (703) 308-9726 or (800) 972-6382, by facsimile at (703) 305-8759,
by mail addressed to the United States Patent and Trademark Office, Office of Public Records,
Alexandria, VA 22313-1450 orvia the Internet.

In addition, information on the status of the application, including the mailing date of Office actions
and the datesof receipt of correspondencefiled in the Office, may also be accessed via the
Internet through the Patent Electronic Business Center at www.uspto.gov using the public side of
the Patent Application Information and Retrieval (PAIR) system. The direct link to access this
status information is currently http://pair.uspto.gov/. Prior to publication, such status information is
confidential and may only be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR,is available by calling
the Patent Electronic Business Center at 1-866-217-9197.

 

Pre-Grant Publication Division, 703-605-4283
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ATTORNEY’S DOCKET NUMBER: 04926111-0762

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Brombergetal. Examiner: Not Yet Assigned

Serial No.: 11/758,157 Art Unit: 3747

Filed: June 5, 2007

For: OPTIMIZED FUEL MANAGEMENTSYSTEMSFOR DIRECT

INJECTION ETHANOL ENHANCEMENT OF GASOLINE ENGINES

Mail Stop Amendment
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

SECOND PRELIMINARY AMENDMENT

Prior to examination of the above-referenced application, please preliminarily amend the

application as follows.

Amendments to the Claims begin on page 2 ofthis paper.

Remarksbegin on page 7 of this paper.

It is not believed that extensions of time or fees for net addition of claims are required, beyond

those which may otherwise be provided for in documents accompanying this paper. However,in

the event that additional extensions of time are necessary, then such extensionsoftime are

hereby petitioned under 37 C.F.R. § 1.136(a), and any fees required for consideration of this

paper(including fees for net addition of claims) are authorized to be charged to our Deposit

Account No. 03-1721.
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Listing of Claims

Claims 1- 30 ( cancelled)

31. (New) A spark ignition engine which is turbocharged or supercharged andis port fueled

with gasoline from a first source and with direct injection of alcohol from a second source

comprising:

a spark ignition engine;

a turbochargeror supercharger;

meansfor port fueling the engine with gasoline from the first source;

meansfor direct injection of alcohol from the sccond source;

wherein during part of engine operating time, the engine is operated with both gasoline

from the first source and the directly injected alcohol from the second source and;

wherein a fuel management system increases the alcohol/gasoline ratio to an amountthat

is sufficient to suppress knock as the manifold pressure is increased ; and

wherein the fuel management system controls the amountofair to the turbocharger or

supercharger, the amount of gasoline and the amountof the alcoholso as to obtain a

substantially stoichiometric air/fuel ratio during someorall of the time that the alcohol

from the second sourceis directly injected.

32. (New) The engine system of claim 31 wherein the substantially stoichiometric operation

with the changing of the alcohol /gasoline ratio that occurs as the manifold pressure is increased

is achieved by use of a control system which employs information from a knock sensor and an

oxygen sensor and wherein the control system cnables use of a three way catalyst.

4391135v1 2
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33, (New) The engine system of claim 32 wherein the control system controls the amount of

alcohol that is employed to prevent knock by means of closed loop control using information

from a knock detector.

34. (New) The engine system of claim 33 wherein the control system uses a microprocessor

and minimizes the amountof alcoholthat is used to prevent knock.

35. (New) The engine system of claim 34 further including the use of open loop control

with a look up table.

36. (New) The engine system of claim 32 wherein spark retard is changed so as to reduce

alcohol consumption.

37. (New) The cngine system of claim 32 wherein spark retard is changed as a function of

the amount of alcohol that has been consumed.

38.|(New) The engine system of claim 32 wherein the alcoholis directly injected so as to

provide a non-uniform distribution of alcohol in the cylinder with a greater concentration near

the walls of the cylinder.

39. (New) The engine system of claim 38 wherein alcohol/gasoline ratio is sufficiently high

so as to prevent knock and resulting in the alcohol/gasoline ratio being reduced as compared to a

situation using a uniform distribution.

40. (New) The engine system of claim 32 wherein the engine operates with a compression

ratio of 11 or greater.

Al. (New) The engine system of claim 32 wherein a liquid which is a mixture of alcohol and

anotherliquid is directly injected into the engine from the second source and wherein this

mixture has variable characteristics.

42, (New) The engine system of claim 32 wherein an alcohol—water mixture is directly

injected into the engine from the second source.

43. (New) The engine system of claim 32 wherein the alcohol is methanol.

4391135v1 3
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44. (New) The engine system of claim 32 wherein the alcoholthat is directly injected into

the engine is mixed with a lubricant.

45. (New) The engine system of claim 32 wherein an alcohol—gasoline mixture is directly

injected into the engine from the second source.

46. (New) The engine system of claim 32 wherein the alcohol is ethanol.

47, (New) The engine system of claim 32 wherein the manifold pressure 1s at Icast 2 bar.

Ag. (New) A spark ignition engine which is turbocharged or supercharged andis fueled with

gasoline from a first source and with direct injection of alcohol from a second source,

comprising:

a spark ignition engine;

a turbocharger or supercharger;

meansfor fueling the engine with gasoline from the first source;

meansfor direct injection of alcohol from the second source;

wherein during part of engine operating time, the engine is operated with both gasoline

from the first source and the directly injected alcohol from the second source; and

wherein a fuel management system increases the alcohol/gasoline ratio to an amount

that is sufficient to suppress knock as the manifold pressure is increased; and

wherein the fuel management system controls the amountofair to the turbocharger or

supercharger, the amount of gasoline and the amount ofthe alcohol to obtain a

substantially stoichiometric air/fuel ratio during someorall of the time that the second

fuel is directly injected.

49. (New) Theengine system of claim 48 wherein substantially stoichiometric operation

with the changing alcohol/gasoline ratio that occurs as the manifold pressure is increasedis

4391135v1 4
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achieved by use of a control system which employs information from a knock sensor, an oxygen

sensor and a look up table and wherein the control system enables use of a three waycatalyst.

50.|(New) The engine system of claim 49 wherein the fuel management system minimizes

the amountof the alcoholthat is used to prevent knock and employs closed loop control using

information from a knock sensor.

51. (New) The engine system of claim 49 wherein spark retard is changed so as to vary

alcohol consumption.

52. (New) The engine system of claim 49 wherein spark retard is changed as a function of

the amount of alcohol that has been consumed.

53. (New) The cngine system of claim 49 whercin the gasoline from the first source is

directly injected using an independently controlled injector that is separate from an injector that

directly injects the alcohol from the second source and the alcohol/gasolineratio is controlled in

a closed loop using information from a knock detector.

54. (New) The cngine system of claim 49 whercin the gasoline from thefirst sourceis

directly injected using an injector that contains two nozzles wherein oneis used for direct

injection of the alcohol from the second source and wherethe alcohol/gasoline ratio is controlled

ina closed loop using information from a knockdetector.

55. (New) The cngine system of claim 49 where the gasoline from the first source and the

alcohol from the second source are injected from the same injector and wheretheir ratio is varied

so as to prevent knock by use of a valving system which is upstream from the injector and the

gasoline/alcoholratio is controlled in a closed loop using information from a knock detector.

56. (New) The engine system of claim 49 whercin the a mixture of alcohol and wateris

directly injected into the engine.

57. (New) The engine system of claim 49 wherein the alcohol is methanol.

58. (New) The engine system of claim 49 wherein the alcoholis ethanol.
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59, (New) The engine system of claim 49 wherein the engine is downsized byatleast a

factor of two relative to an engine which usesport fuel injection of gasoline alone and operates

with a drive cycle efficiency that is at least 20 % greater.

60. (New) The engine system of claim 49 wherein a mixture of alcohol and gasoline is

directly injected into the engine.

61. (New) The engine system of claim 49 wherein the compressionratio is 11 or greater.

62. (New) The engine system of claim 49 wherein the a mixture of alcohol and a lubricantis

directly injected into the engine.

63. (New) The engine system of claim 49 wherein an ethanol- gasoline mixture including but

not limited to E 85 is directly injected into the engine.

64.—(New)Aturbocharged or supercharged spark ignition engine wherein alcoholis directly

injected into the engine cylinders and

wherein gasoline is also introduced into the engine;

wherein the alcoholis directly injected in such a way as to provide a non-uniform

distribution with a greater concentration in the end gas region of the cylinder; and

wherein the alcohol/gasoline ratio is sufficiently high so as to prevent knock and resulting

in the alcohol/gasoline ratio being reduced as comparedto a situation using a uniform

distribution.

65. (New) The turbocharged or supercharged spark ignition engine of claim 64 further

including a meansfor port fuel injection ofthe fuel.

66.|(New) The turbocharged or supercharged engine of claim 64 wherein the non-uniform

distribution is used only part of the time and whenit is employed the directly injected fuel is

concentrated in the outside region of the engine cylinders.

67.|(New) The turbocharged or supercharged spark ignition engine of claim 64 wherein swirl

is used.
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REMARKS

Claims 6-30 are pendingin this application and have been cancelled herein in favor of

new claims 31-67. No new matter is being introduced by these claimsin that they are generally

supported throughout the specification.

Respectfully submitted,
CHOATE, HALL & STEWART LLP

/Sam Pasternack/

Sam Pasternack, Ph.D.

Registration No. 29,576

 

Patent Department
CHOATE, HALL & STEWART, LLP
Two International Place

Boston, MA 02110

Tel: (617) 248-5000
Fax: (617) 502-5002

Dated: November25, 2008
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App. No.: 11/758,157

ATTORNEY’S DOCKET NUMBER: 0492611-0762

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

1“ Inventor: Leslie Bromberg Confirmation No.: 3972
U.S. App. No.: 11/758,157 Art Unit: 3741

Filing Date: June 5, 2007 Examiner: Ali, Hyder

Title: OPTIMIZED FUEL MANAGEMENTSYSTEM FOR DIRECT INJECTION ETHANOL ENHANCEMENT

OF GASOLINE ENGINES

Mail Stop Amendment
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT(IDS)

Dear Madam:

Pursuant to 37 CFR § 1.56, § 1.97 and § 1.98, the attention of the Patent and Trademark

Office is hereby directed to the references listed on the attached PTO/SB/08 form. It is

respectfully requested that the information be expressly considered during the prosecution of the

above-identified application, and that the references be made of record therein and appear among

the “References Cited” on any patent to issue therefrom.
 

CERTIFICATION STATEMENT

This Information Disclosure Statement (IDS)is filed in compliance with the

following Rule(s), as far as is known to the undersigned:

37 CFR § 1.97 (b)(3), i.e. before the mailing of a first Office action on the merits.

 

Copies of any cited foreign patent or non-patentliterature documents not previously

provided to the USPTOare enclosed herewith. Copies of non-patentliterature documents

numbered 1-5 were previously submitted to the USPTO in an IDS for application number

10/991,774, which is relied on for an earlier effective filing date under 35 U.S.C. § 120.

1 of 2 Attorney Docket No.: 0492611-0762
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App. No.: 11/758,157

Additionally, the Applicant brings to the attention of the Examinerco-pending U.S.

patent applications: App. No. 10/991,774 now issued as patent No. 7,314,033; App. No.

11/100,026 now issued as patent No. 7,225,787; App. No. 11/229,755 now issued as patent No.

7,444,987; App. No. 11/840,719; App. No. 11/871,384; and App. No. 12/020,285. Applicant

also bringsto the attention of the Examiner co-pending U.S. patent applications: App. No.

11/682,372; App. No. 11/782,050; App. No. 11/683,564; App. No. 11/684,100; and App. No.

12/167,534. Prosecution of these applications may have bearing on the above-identified

application.

In accordance with 37 CFR § 1.97(g), the filing of this Information Disclosure Statement

shall not be construed to mean that a search has been made or that no other material information

as defined in 37 CFR § 1.56(a) exists. In accordance with 37 CFR § 1.97(h), the filing of this

Information Disclosure Statement shall not be construed to be an admission that any patent,

publication or other information referred to therein is “prior art’ for this invention unless

specifically designated as such.

It is submitted that the Information Disclosure Statement is in compliance with 37 CFR §

1.98, and the Examineris respectfully requested to considerthe listed references. The Directoris

hereby authorized to charge any deficiency in the fees filed, asserted to be filed or which should

have been filed herewith to our Deposit Account No. 03-1721.

Respectfully submitted,
CHOATE, HALL & STEWART LLP

Date: December 9, 2008 /Sam Pasternack/
Sam Pasternack

Registration No. 29,576

 

CHOATE, HALL & STEWART LLP

Intellectual Property Phone: (617) 248-5000
Two International Place Fax: (617) 502-5002
Boston, MA 02110 patentdocket @ choate.com
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Doc code :IDS

Doc description: Information Disclosure Statement (IDS) Filed
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2b0a668424c2c2c5c838d 785 348650e599Fy
dfaab

NPL Dacuments ISR_WO_PCTUS0705777. pdf

Warnings: 

Information: 

426322

NPL Documents ISR_WO_PCTUS0774227.pdf b525a57242d86881 8b39c28e98568fb2b3d
ea003

 
923993

NPL Documents ISR_WO_PCTUS0869171.pdf 3ae57dd06fadef0dacd61932debatl 7b30}
b52c3

°

 
Information:

419178

020071 5L179e7dre 1 93bab36c7a25e953:
5055f

NPL Documents OA_11840719_071108.pdf

Warnings: 

Information: 

137182

NPL Documents Heywood_1988.pdf 15361 cbd29422d427bd 73a946f8ad8221 6b
dc064

Information:

1206260

NPL Documents Stokes_2000.pdf a25bd86aeb6dedh75dd6beladad10c150d|
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2621607

NPL Documents Curran_2002.pdf Ged Iccaa2fd792b41828ff4fa309c3 bf432d3

Warnings: 

Information: 

1359043 | ho
1584191 a0bt4705bc3004cfcbh061a426a6d|

4éee

Warnings:

Information:

857616

NPL Documents Lecointe_2003.pdf

Information Disclosure Statement (IDS)
Filed (SB/08) US_IDS_Form__SB_08a_2.pdf /a0b99de /f2.coUa 1429022025a4b/e 14385]

Ucd2d

Total Files Size (in bytes) 13821313

This AcknowledgementReceipt evidences receipt on the noted date by the USPTO ofthe indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary componentsfor a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish the filing date of the application.

 

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0O/903 indicating acceptanceof the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary componentsfor
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and ofthe International Filing Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
national security, and the date shown onthis AcknowledgementReceiptwill establish the internationalfiling date of
the application.
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RECEIVED

CENTRAL FAX CENTERLe

82-CO:(SS-WUUW) NOILVUN « 0620 8SZ Z19:0IS5 « OOEBELZ-SING . 92/S-duXATOLASN-YAS « [aui, prepuels WdIses] Wd ZEALPe GOOZ/OETE LY GAD .SLi8 AOVd

PTO/SB81 (01-09)
Approvedfor usé through 11/30/2081. OMB 0851-0035

U.S. Patent and Trademark Offies; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond .0 a collection of informetion unless Kt displays 4 valld OMB cortral numcer.

Application Number AWN758157
POWER OF ATTORNEY

FA 0910572007
REVOCATION OF POWER OF ATTORNEY Leslie Bromberg etal.

WITH A NEW POWER OF ATTORNEY OPTIMIZED FUEL MANAGMENT SYSTEM FOR DIRECTArt Unit 3744
AND Examiner Name HUNG Q NGUYEN

CHANGE OF CORRESPONDENCE ADDRESS aR IOETaE

! hereby revoke all previous powersof attorney given in the above-identified application.
A Powerof Attomey is submitted herewith.

OR
| hereby appoint Practitioner(s) associated with the following Customer 91797
Number as myfourattorney(s) or agent(s) to prosecute the application
identified above, ard to transact all business in the United States Patent
and Trademark Offica connected therewith:

OR

Cc | hereby appoint Practitioner(s) named below as my/our attomey(s) or agent(s) to prosecute the application identified above, andto transact ali business in the United States Patent and Trademark Office connected tharewith:

Registration Number

 
  
   Practilioner{s) Name

  
 Please recognize or change the correspondence addressfor the above-identified application to:,

The address associated with the above-mentioned Customer Number. oO :  

 
 
 

 

CJ Applicanvinventor.OR
Assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73¢b) (Form PTO/SBAS) submitted herewith or filed on 07/08/2005

PSerewea0PR—=idtesooo

NOTE: Signatures of all the inventors o7 assignees of record of the emire Interest or thelr representative(s) are requited. Submit multiple forms ¢ more than one
signeture is required, sea halow’*. . .

“Total of 1 forms are submitted. ;
This coflectian af information is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefil by the public which is to file (and by the
USPTO to process) an application. Confidentiality Is govemed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complele,
inducing gathering, preparing, and submitting the completed applicaticn form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, shoukt be seni to the Chief information Officer, U.S. Patent and
Trademark Office, U.S. Departmem of Commerce, P.O. Box 14%, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissionerfor Patents, P.O, Box 1450, Alexandria, VA 22313-1450.

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

 
 

  

 

 
 

  
 

  
  

 
 

  

B°d 0629 8S¢2 ZTS THHO SUTSUGDT] RA0TOUUSAaL WdeS?>’ 6002 OE 52

FORD Ex. 1027, page 111
IPR2019-01400



FORD Ex. 1027, page 112
                       IPR2019-01400

. RECEIVED
Sore ae CENTRALFAX CENTER

82-C0:(SS-WWtu) NOLLVUNG . 0549 BSZ LE9:CISD « COCSELT-SING « 9Z/S-dUXdsO1dSN-UAS « (BUIL PLepuLIS WAISeS] Nd ZE:1 PE GOOZ/OEZE Ly GAD«S16 JOWd

PTO/SB/85 (07-09)
Approved tor use through 07/31/2012, OMB 0651-0031

U.S. Patent and Trademark Offica; U.S. DEPARTMENT OF COMMERCE
panwork Reduction Act of 1995, no persons are required to respond to 3 callaction of information unless it displays a vaild OMB control number.

STATEMENT UNDER 37 CER 3.73(b)

ApplicanvPatent Owner. Leslie Bromberg etal.
Application No/Patent No.: 11/758157 Filedfssue Date: 06/05/2007
Tited: =OPTIMIZED FUEL MANAGEMENT SYSTEM FOR DIRECT INJECTION ETHANOL ENHANCEMENT OF

GASOLINE ENGINES |

  
Massachusetts Institute of Technology _a_ Non-profit
(Nameof Assignea) (Type of Assignee, ¢.g.. corporation, partnership. university, goverment agency, etc.

 

states thatit is:

1. the assigneeof the entire right, title, and interest in;

[_] an assigneeoflagsthan the entire right, title, and interestin
(The extent (by percentage) ofits ownership interest is %); or

3. [1] the assignee of an undivided interest in tha entirety of (a complete assignment from oneofthe joint inventors was made)
the patent applicatlon/patentidentified above, by virtue ofeither:

A. x: An assignmentfrom the Inventor(s) of the patent application/paient identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel 016751 _ Frame 0156 _ or for which a
copy therefore is attached.

OR

B. [_] A chainoftitle from.the Inventor(s), of the patent application/patent identified above,to the current assignee asfollows:.
1. From: : : : To:

, The document was recorded in the United States Patent and Trademark Office at
Reel . _, +Frame . , Of for which a-copy thereofis attached:

2. From: . . To. 

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , of for which a copy thereofis attached.

3. From: To:

The document was recarded in the United States Patent and Trademark Office at

Real , Framerfor which a copythereofls atlached.

Cl Additianal documents in the chain oftitle are listed on a supplementa! sheet(s).

DX] As required by 37 CFR 3.73(b)(1)ii), the documentary evidence of the chain of titte from the ariginal ownerto the assignee was,
or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (/.8., a true copyof the original assignment document(s)) must be submitted to Assignment Division in
accordance with 37 CFR Part 3, to record the assignmentin the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.
12/30/2009

Signature Date

Daniel O'Brien IP Manager

Printed or Typed Name Title
This collection of information is required by 37 CFR 3.73(6). The information is required to obtain or retain a benefit by the public which is to fle (and by the USPTO to
process) an application. Confidentiatity is govemad by 35 U.S.C. 122 and 37 CFR 1.41 and 1.14. This collection is estimated to take 12 minutes to completa,induding
gathering, preparing, and submitting the completed application form to the USPTO. Time wil vary depending upon the individual case. Any comments on the amountof time
you require to complete this form and/or suggestions tor reduelng this burden, should be sent to the Chief Information Officer, U.S. Patent anc Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETEO FORMS TO THIS ADDRESS. -SEND TO: Cammissioner
for Patants, P.O. Box 1450, Alexandria, VA 22313-1450.

# you nged assistance in complating the form, cal! 1-600-PTO-9 199 end select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United Statcs Patent and Trademark Offiec

Address: SOMMIESIONER FOR PATENTS:
O. Box 
 

Alexancl irginia 22313-1450Www.uspto.2i

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

11/758,157 06/05/2007 Leslie Bromberg 11381.105735
CONFIRMATIONNO.3972

91197 POA ACCEPTANCE LETTER

Technology Licensing Office

Masachusetts Institute of Technology CAMMS000000039625 187
Five Cambridge Center
Kendall Square
Cambridge, MA 02142-1493

Date Mailed: 01/14/2010

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Powerof Attorneyfiled 12/30/2009.

The Powerof Attorney in this application is accepted. Correspondencein this application will be mailed to the
above address as provided by 37 CFR 1.33.

/hgray/

 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United Statcs Patent and Trademark Offiec

Address: SOMMIESIONER FOR PATENTS:
O. Box 
 

Alexancl irginia 22313-1450Www. uspto.gi

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO,//TITLE

11/758,157 06/05/2007 Leslie Bromberg 0492611-0762
CONFIRMATIONNO.3972

24280 POWEROF ATTORNEYNOTICE

CHOATE, HALL & STEWART LLP

TWO INTERNATIONAL PLACE CN000000039625172
BOSTON, MA 02110

Date Mailed: 01/14/2010

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Powerof Attorneyfiled 12/30/2009.

« The Powerof Attorney to you in this application has been revoked by the assignee who hasintervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new addressof record(37 CFR 1.33).

/hgray/

 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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11758157

PLUS Search Results for S/N 11758157, Searched Wed May 05 08:27:08 EDT 2010
The Patent Linguistics Utility System (PLUS) is a USPTO automated search system

for U.S. Patents from 1971 to the present PLUSis a query-by-example search system which
producesa list of patents that are most closely related linguistically to the application
searched. This search was prepared by thestaff of the Scientific and Technical Information
Center, SIRA.

4539107 99
5182942 99
4595395 99
4244703 99
4425135 99
4479807 99
5851241 99
6076487 99
4251233 99
4388081 99
4482352 99
4495930 99
4787916 99
5028240 99
5520710 99
5654497 99
5697987 99
6287351 99
6309430 99
6565617 99
6575147 99
6712866 99
6761745 99
7131423 99

7225787 99
7255080 99
7288127 99
7314033 99
7323020 99
7337754 99
7357101 99
7389751 99
7426907 99
7444987 99
7533651 99
7546835 99
7578279 99
7578281 99
7581528 99
7584740 99
7594498 99
7637250 99
7640913 99
7640914 99
7640915 99
7647899 99
7665428 99
7665452 99
7676321 99

7681561 99
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450www.uspto.gov

 
    

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

11/758, 157 06/05/2007 Leslic Bromberg 11381.105735 3972,

Technology Licensing Office
Masachusetts Institute of Technology NGUYEN, HUNG Q
Five Cambridge Center
Kendall Square
Cambridge, MA 02142-1493 3741

05/13/2010 ELECTRONIC

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

Thetime period forreply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):
mitdocket @mit.edu

myoyce@mil.edu

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

11/758,157 BROMBERGETAL.

Office Action Summary Examiner Art Unit
HUNG Q. NGUYEN 3741 

-- The MAILING DATEof 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 the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHSfrom the mailing date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHSfrom the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Anyreply received by the Office later than three monthsafter the mailing date of this communication, evenif timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)X] Responsive to communication(s) filed on 25 November 2008.
2a)L] This action is FINAL. 2b)X] This action is non-final.

3)L1 Sincethis application is in condition for allowance exceptfor formal matters, prosecution as to the merits is

closed in accordancewith the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)K] Claim(s) 31-67 is/are pending in the application.

4a) Of the above claim(s)___ is/are withdrawn from consideration.

5)L] Claim(s)___ is/are allowed.
6)X] Claim(s) 31-67 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] The specification is objected to by the Examiner.
10)X] The drawing(s) filed on 26 November 2007is/are: a)[X] accepted or b)_] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

11)L] The oathor declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)L] Acknowledgmentis madeofa claim for foreign priority under 35 U.S.C. § 119(a)}-(d) or(f).
a)_LJAll b)[] Some*c)] Noneof:

1.L] Certified copies of the priority documents have been received.
21 Certified copies of the priority documents have been received in Application No.
3.0] Copiesofthe certified copies of the priority documents have beenreceivedin this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

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

 

 
 

Attachment(s)

1) X Notice of References Cited (PTO-892) 4) CT Interview Summary (PTO-413)
2) _] Noticeof Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __
3) BX] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Noticeof Informal Patent Application

Paper No(s)/Mail Date 12/09/2008, 12/09/2008. 6) Oo Other:
U.S. Patent and Trademark Office

PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20100503
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Application/Control Number: 11/758,157 Page 2

Art Unit: 3741

DETAILED ACTION

Priority

1. Applicant's claim for the benefit of a prior-filed application under 35 U.S.C. 119(e)

or under 35 U.S.C. 120, 121, or 365(c) is acknowledged. Applicant has not complied

with one or more conditions for receiving the benefit of an earlier filing date under 35

U.S.C. 120 as follows:

The later-filed application must be an application for a patent for an invention

which is also disclosed in the prior application (the parent or original nonprovisional

application or provisional application). The disclosure of the invention in the parent

application and in the later-filed application must be sufficient to comply with the

requirements of the first paragraph of 35 U.S.C. 112. See Transco Products, Inc. v.

Performance Contracting, Inc., 38 F.3d 551, 32 USPQ2d 1077 (Fed. Cir. 1994).

The disclosure of the prior-filed application, Application No. 10/991,774, fails to

provide adequate support or enablement in the manner provided by thefirst paragraph

of 35 U.S.C. 112 for one or more claims of this application. The disclosure of the prior-

filed application (774) fails to provide support for the recitations “wherein the fuel

management system increases the alcohol/gasoline ratio to an amountthat is sufficient

to suppress knock as the manifold pressure is increased’, as claimed in claims 31 and

48. Accordingly, claims 31-63 are not entitled to the benefit of the prior

application.
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Application/Control Number: 11/758,157 Page 3

Art Unit: 3741

Claim Objections

2. Claims 31, 48, 56, 61-62, 64 and 66 are objected to because of the following

informalities:

Re claims 31, 48, the recitation "wherein a fuel management system increases

the alcohol/gasoline ratio to an amount that is sufficient to suppress knock as the

manifold pressure is increased” should be corrected to “wherein a fuel management

system increases an alcohol/gasoline ratio to an amount that is sufficient to suppress

knock as a manifold pressure is increased”.

Re claim 56, the recitation “wherein the a mixture” should be corrected to

“wherein a mixture”.

Re claims 61-62, the recitations “wherein the compression ratio” and “wherein

the a mixture of alcohol” should be corrected “wherein compression ratio” and “wherein

a mixture of alcohol”, respectively.

Re claim 64, the recitation in line 2, "injected into the engine cylinders” should be

corrected to “injected into engine cylinders”. Line 5, “in the end gas” should be corrected

to “in an end gas”. Line 6, “wherein the alcohol/gasoline ratio” should be corrected to

“wherein an alcohol/gasoline ratio”.

Re claim 66, line 3, “the outside region” should be corrected to “an outside

region”.

Appropriate correction is required.

Claim Rejections - 35 USC § 112

3. The following is a quotation of the second paragraph of 35 U.S.C. 112:
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Application/Control Number: 11/758,157 Page 4

Art Unit: 3741

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

4. Claims 33-35, 50, 53-55, 59 and 65-66 are rejected under 35 U.S.C. 112, second

paragraph, as being indefinite for failing to particularly point out and distinctly claim the

subject matter which applicant regards as the invention.

5. Claim 33 sets forth a "knock detector" in non-antecedent basis form, but claim 32

already sets forth a "knock sensor". Are these not one and the same? If so, correction is

required. Note, many of the claims, such as claims 50, 53-55, also set forth structure in

a non-antecedent basis manner where in fact the elements have already been

introduced in a preceding claim 49. Appropriate correction is required.

6. Re claim 59, it is indefinite since the recitation can be interpreted in two different

ways. First, the engine (i.e., as claimed) is downsized byat least a factor of two relative

to an engine which “uses port fuel injection of gasoline alone and operates with a drive

cycle efficiency that is at least 20 % or greater". Alternatively, the second interpretation

could be wherein the engine (i.e., as claimed) is downsized by at least a factor of two

relative to an engine which uses port fuel injection and wherein the engine (i.e., as

claimed) operates with a drive cycle efficiency that is at least 20 % or greater.

Appropriate correction is required.

7. Re claims 65-66, it is unclear whether the recitation “fuel” in each of the claims

refers back to either the gasoline or alcohol or both. Appropriate correction is required.

Claim Rejections - 35 USC § 102

8. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections underthis section madein this Office action:
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Application/Control Number: 11/758,157 Page 5

Art Unit: 3741

A personshall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in
public use or on sale in this country, more than one yearprior to the date of application for patentin
the United States.

9. Claims 31-67 are rejected under 35 U.S.C. 102(b) as being anticipated by

Gray, Jr. (US 6,651,432 B1).

10. Re claims 31 and 48, Gray discloses a spark ignition engine which is

turbocharged or supercharged and is port fueled with gasoline from a first source (53)

and with direct injection of alcohol from a second source (23) comprising a spark

ignition engine 22 (fig. 2; col. 6, lines 35-37; col. 10, lines 34-39), a turbocharger 27 or

supercharger 27 (fig. 2), a means for port fueling the engine with gasoline from the first

source (53) and a means fordirect injection of alcohol from the second source (23).

Please note that the claims are directed to an apparatus which must be

distinguished from the prior art in term of structure rather function [MPEP 2114]. Hence,

the functional limitations:

“wherein during part of engine operating time, the engine is operated with both

gasoline from the first source and the directly injected alcohol from the second source

and;

wherein a fuel management system increases the alcohol/gasoline ratio to an

amount thatis sufficient to suppress knock as the manifold pressureis increased ; and

wherein the fuel management system controls the amount of air to the

turbocharger or supercharger, the amount of gasoline and the amount of the alcohol so

as to obtain a substantially stoichiometric air/fuel ratio during someorall of the time that

the alcohol from the second sourceis directly injected”,
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Application/Control Number: 11/758,157 Page 6

Art Unit: 3741

which are narrative in form, have been given very little patentable weight. In

order to be given patentable weight, a functional recitation must be supported by

recitation in the claim of sufficient structure to warrant the presence of the functional

language.In re Schreiber, 128 F.3d 1473, 1477-78, 44 USPQ2d 1429, 1431-32 (Fed.

Cir. 1997).

11. Re claims 64-65, Gray discloses a turbocharged or supercharged spark ignition

engine wherein alcoholis directed injected into engine cylinders and wherein gasoline is

also introduced into the engine and further includes a meansfor port fuel injection (53)

of the fuel.

Re claims 64-67, please note that the claims are directed to an apparatus which

must be distinguished from the prior art in term of structure rather function [MPEP

2114]. Hence, the functional limitations:

“wherein the alcoholis directly injected in such a way as to provide a non-uniform

distribution with a greater concentration in the end gas region of the cylinder; and

wherein the alcohol/gasoline ratio is sufficiently high so as to prevent knock and

resulting in the alcohol/gasoline ratio being reduced as comparedto a situation using a

uniform distribution,

wherein the non-uniform distribution is used only part of the time and whenit is

employed the directly injected fuel is concentrated in the outside region of the engine

cylinders, and

wherein swirl is used”,
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Art Unit: 3741

which are narrative in form, have been given very little patentable weight. In

order to be given patentable weight, a functional recitation must be supported by

recitation in the claim of sufficient structure to warrant the presence of the functional

language.In re Schreiber, 128 F.3d 1473, 1477-78, 44 USPQ2d 1429, 1431-32 (Fed.

Cir. 1997).

12. Re claims 32-47 and 49-63, please note that the claims are directed to an

apparatus which must be distinguished from the prior art in term of structure rather

function [MPEP 2114]. Hence, the functional limitations as claimed in claims 32-47 and

49-63, which are narrative in form, have been given verylittle patentable weight. In

order to be given patentable weight, a functional recitation must be supported by

recitation in the claim of sufficient structure to warrant the presence of the functional

language.In re Schreiber, 128 F.3d 1473, 1477-78, 44 USPQ2d 1429, 1431-32 (Fed.

Cir. 1997).

Conclusion

Applicant is duly reminded that a complete response must satisfy the

requirements of 37 C.F. R. 1.111, including: “The reply must present arguments pointing

out the specific distinctions believed to render the claims, including any newly presented

claims, patentable over any applied references. A general allegation that the claims

“define a patentable invention” without specifically pointing out how the language of the

claims patentably distinguishes them from the references does not comply with the

requirements of this section. Moreover, “The prompt development of a clear Issue

requires that the replies of the applicant meet the objections to and rejections of the
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claims.” Applicant should also specifically point out the support for any amendments

made to the disclosure. See MPEP 2163.06 II(A), MPEP 2163.06 and MPEP 714.02.

The "disclosure" includes the claims, the specification and the drawings.

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to HUNG Q@. NGUYEN whosetelephone numberis (571)

270-5424. The examiner can normally be reached on Mon-Fri 8am - 6pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, MICHAEL CUFF can be reached on (571) 272-6778. 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 access to the Private PAIR system, contact the Electronic

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

USPTO Customer Service Representative or access to the automated information

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

/HUNG Q. NGUYEN/

Examiner, Art Unit 3741
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/Michael Cuff/

Supervisory Patent Examiner, Art Unit 3741

FORD Ex.1027, page 125
IPR2019-01400



FORD Ex. 1027, page 126
                       IPR2019-01400

Application/Control No. Applicant(s)/Patent Under
Reexamination

11/758,157 BROMBERGETAL.
Notice of References Cited Examiner Art Unit

U.S. PATENT DOCUMENTS

* CounthyCodeNumberKind Code Classification
A|US-6,651,432 Gray, Jr., Charles L. 60/605.2

*1¢|US-4,216,744 08-1980 Oswald etal. 123/1A

fefos
fetes

 

  
FOREIGN PATENT DOCUMENTS 

Document Number Date ope
Country Code-Number-Kind Code MM-YYYY Country Name Classification

 
NON-PATENT DOCUMENTS

Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)

 

  
*A copy ofthis reference is not being furnished with this Office action. (Gee MPEP § 707.05(a).)
Dates in MM-YYYY formatare publication dates. Classifications may be US orforeign.
U.S. Patent and Trademark Office

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20100503

FORD Ex. 1027, page 126
IPR2019-01400



FORD Ex. 1027, page 127
                       IPR2019-01400

 

 

               
 

 

 

 

 

Application/Control No. Applicant(s)/Patent Under
Reexamination

Search Notes 11758157 BROMBERGETAL.

Examiner Art Unit

HUNG Q NGUYEN 3741

SEARCHED

Class Subclass Date Examiner

123 299 ,300,304,406.45,406.47 ,559.2,564,575,576,577, 25a- 5/3/2010 hn
25f, 1a, dig.2, 27ge, 431, 304, 198a

60 597 ,598,600,601-603,605.1,614,615,619 5/4/2010 hn
  
 
 

 

SEARCH NOTES 
 
 

 
  
  

Examiner

5/3/2010 hn

5/3/2010 hn
5/3/2010 hn

Search Notes 

  

 

EASTand PLUS
consulted Noahfor search

inventor names searched in EAST

consulted with Primary Wolfe Willis for search

 

 
 
 

 

 

 

INTERFERENCE SEARCH 

 
 

 

Subclass Examiner

 
 

{HUNG Q NGUYEN/
Examiner.Art Unit 3741

 

U.S. Patent and Trademark Office Part of Paper No. : 20100503

FORD Ex. 1027, page 127
IPR2019-01400



FORD Ex. 1027, page 128
                       IPR2019-01400

 

 

Application/Control No. Applicant(s)/Patent Under
Reexamination

Index of Claims 11758157 BROMBERGETAL.

Examiner Art Unit

HUNG Q NGUYEN 3741                 
 
 

Rejected | Cancelled N|Non-Elected Appeal
=|Allowed + Restricted

O1 Claims renumberedin the same order as presented by applicant O CPA O TD. O R.1.47

CLAIM DATE

[mare|| oo 
 
 

x- ——Py31

U.S. Patent and Trademark Office Part of Paper No. : 20100503

 tn 
 <]ss]<]s 
 

x

 

 |4-44>
 

<

 at 
 <x]<8]<7< 
 

4

i. 
4

|:  
<

SN
 

  
 

FORD Ex.1027, page 128
IPR2019-01400



FORD Ex. 1027, page 129
                       IPR2019-01400

 
Application/Control No. Applicant(s)/Patent Under

Reexamination

 

                 
  

Index of Claims 11758157 BROMBERGETAL.

HUNG @ NGUYEN 3741

Rejected | Cancelled N|Non-Elected A Appeal
=|Allowed + Restricted 1]Interference|0] Objected 

O1 Claims renumberedin the same order as presented by applicant

CLAIM

Final Original |05/03/2010
 

 

DATE

 
O cPA O Tp. Ol R.1.47

  67 v
 
 

U.S. Patent and Trademark Office Part of Paper No. : 20100503

FORD Ex.1027, page 129
IPR2019-01400



FORD Ex. 1027, page 130
                       IPR2019-01400

Page 1 of 1

UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
WWW. USplLo.gov

 
BIB DATA SHEET

CONFIRMATIONNO.3972

SERIAL NUMBER FILINGaot 371(c) GROUP ART UNIT ATTORNEY DOCKET
11/758,157 06/05/2007 11381.105735

RULE

APPLICANTS

Leslie Bramberg, Sharon, MA;
Daniel R. Cohn, Cambridge, MA;
John B. Heywood, Newton, MA;

kk CONTINUING DATA EEEEEEEEEEEK EREEEEEREREER

This application is a CIP of 11/100,026 04/06/2005 PAT 7,225,787
and is a CIP of 10/991,774 11/18/2004 PAT 7,314,033

ee FOREIGN APPLICATIONS BREEKERREEEEREEREERE

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED** ** SMALL ENTITY **
06/22/2007

Foreign Pricrity claimed O) ves tao STATE OR SHEETS INDEPENDENT
35 USC 119(a-d) conditions met O Yes Wno OQ Metafter| COUNTRY DRAWINGS CLAIMS
Verified and /HUNG Q NGUYEN/
Acknowledged Examiner's Signature Initials MA 3 3

ADDRESS

Technology Licensing Office
Masachusetts Institute of Technology
Five Cambridge Center
Kendall Square
Cambridge, MA 02142-1493
UNITED STATES

TITLE

OPTIMIZED FUEL MANAGEMENT SYSTEM FOR DIRECT INJECTION ETHANOL ENHANCEMENTOF
GASOLINE ENGINES

 

O) All Fees

QO) 1.16 Fees(Filing)
FEES: Authority has been given in PaperFILING FEE : :

RECEIVED |No. to charge/oredit DEPOSIT ACCOUNT [U1 1-17 Fees (Processing Ext. of time)
for following: L) 1.18 Fees (Issue)  

L) Other

LJ Credit

    
 

 
BIB (Rev. 08/07).

FORD Ex. 1027, page 130
IPR2019-01400



FORD Ex. 1027, page 131
                       IPR2019-01400

EASTSearch History

EAST Search History

EAST Search History (Prior Art)

 

 
 

  

‘Ret Hits ‘Search Query DBs ‘Default
# of 4 ‘Operator

il 1227 ‘{turbocharg$3 turbo "turbo-charged” "turbo-charging" supercharg$3) and knock \US-PGPUB: ‘OR (ON 2010/05/04
: | °$3 and (port and direct) with inject$3) and {oxygen} and (manifold with \USPAT: 16:02

ipressure) and (sens$3 detect$3) ‘USOCR; FPRS: |
(EPO; PO;
‘DERWENT;
‘IBM_TDB

‘S| 2 US 20080060627" ‘USPGPUB, OR (ON 2010/05/08
fof \USPAT; 10:52

USOC po
‘DERWENT

© 2 ("4999386"), PN ‘USPGPUB, OR ‘OFF 2010/05/08
fof 4 ‘USPAT: 10:56

\USOCR, FPRS, | P|
(EPO; PO;
‘DERWENT:
\BM_TDB

1776120"|"1846373" | "1923418" | "1924305"|  USPGPUB: OR (ON 2010/05/03
291406"| "20010086216"| "20080127072" | "20080221660"| ‘USPAT: 10:56
20030080337"|"20040083717"|"20040261763"| "20040036305" ‘USOCR: FPRS:
20040086274"|"20060061 135"|"20050066936"|"20050097888" (EPO; PO;
20050103286"| "20050109816"|"20050109819"|"20050188577" ‘DERWENT;
20050155578"|"20050166896"|"20050172931 | "20050178356" ‘IBM_TDB
20050178360"| "20050183698"|"20050274353"|"20060016429"

1

.

Plurals ‘TimeStamp
 

 

 

 4

;\

\:
:

  
7)

"2

"2

"2

"2

"2
20060090782"|"20060191727"|"20060075991"| "20060102136"
20060102145"| "20060102146"|"20061890099"| "20070028861"
20070028905"| "20070034192"|"20070119391"|"20070119392"
20070119411"|"20070119412"|"20070119413"|"20070119414"
20070119415"|"20070119421"|"20070119420"| "200701 19425"
90070204813"| "20070215069"| "20070215071"|"20070215072"
20070215101"|"20070215102"|"20070215104"| "20070215110"
20070215141"|"20070215125"|"20070215127"|"20070215130"
20070219679"| "20070221169"| "20070234976"|"3589048"|"3794000"|
"4031864"| "4136652" | "4205650" | "4256075" | "4311118" | "4325329"|
4402206"| "4411243" | "4480616"| “4480696" | "4502463" | "4590904"|
4648367"| "4664091"| "4706630" | "4810929"| "4817576"| "4930537"|

           
 

   
SS

 
file:#C/Documents%20and%20Settings/hnguyen34/My%20Documents/e-Red%20Folder! 1758157/EASTSeatchHistory.11758157_AccessibleVersion.htm(1 of 6)5/4/2010 7:19:17 PM

FORD Ex. 1027, page 131
IPR2019-01400



FORD Ex. 1027, page 132
                       IPR2019-01400

EASTSearch History

"4945881" "4962789"
5044331" "9044344"
"5188087"|"5204630"
"5336906" "9357908"
5477836 "5808582"
5808500" "9850824"
61 12725"| "6119637"
6494192"|"6505579"
6698387" "6711893"
6959693" "6972093"
7082926" "7159568"
"7278396"

 
 

 

 

 

 "(129/431304).COLS,

 
"7287492"

"4993386"

"5056490"

"5230309"

"5360034"

"0665157"

"3875743"

"6189516"

"6553974"

"6792966"

"6978762"

"7178503"

 
"4098518"

"3056494"

"6233044"

"3408979"

"5694908"

"3881703"

"6229253"

"6617769"

"6840616"

"6988485"

"7225787"

"7287509"| "7293552").PN.

 
"0017826"

"0111795"

"0255661"

"0417239"

"0740784"

"8921222"

"6318083"

"6622664"

"6928983"

"6990956"

"7285080"

 
"0018483"

"0131228"

"6335637"

"3469830"

"5782092"

"6112705"

"6382225"

"6622690"

"6951202"

"7085500"

"7261064"

 
‘USPGPUB OR ‘OFF (2010/05/03
‘USPAT: 10:57
|USOCR: FPRS. | po]
‘EPO; PO;
‘DERWENT:
\BM_TDB

\USPGPUB,©OR OFF 2010/06/03
‘USPAT; 11:26
\USOCR, FPRS, | po
{EPO; PO;
‘DERWENT;
‘BM_TDB

‘HB 475 {(123/27ge).CCLS, ‘USPGPUB. OR ‘OFF (2010/08/03
_ \USPAT; 1:27

'USOCR: FPRS: |
EPO; PO;
‘DERWENT;
‘IBM_TDB
Ww

 

 
 

 

  

USAT. NNT
\USOCA, FPRS:
(EPO; PO;
‘DERWENT;
‘|BM_TDB

‘USPGPUB, OR ‘OFF 20to/os/03
{USPAT: 11:27
|USOCR; FPAS, po |
EPO; PO;
‘DERWENT:
‘BM_TDB

  
file:#/(C/Documents%20and%20Settings/hnguyen34/My%20Documents/e-Red%20Folder! 1758157/EASTSeatchHistory.11758157_AccessibleVersion,htm (2 of 6)5/4/2010 7:19:17 PM

FORD Ex.1027, page 132
IPR2019-01400



FORD Ex. 1027, page 133
                       IPR2019-01400

EASTSearch History

(S724 |(123/198a). 0015, \USPGPUB OR OFF 2010/06/03
bo ‘USPAT; 11:27

‘USOCR: FPAS P|
'EPO; PO;
‘DERWENT:
\BM_TDB

‘51 ("4031864" | "4402296" | "4884530" | "4909225" | "4913099"| “4045882").PN. US-PGPUB: OR ‘(ON 2010/05/03
; (OR ("4993986"). URPN, \USPAT; USOCR | ee E:

(turbocharg$3 supercharg$3) and knock$3 and ((port anddirect) with inject$3) 'US-PGPUB: ‘OR (ON 2010/05/03
| ‘and (oxygen) and (manifold) and (sens$3 detect$3) \USPAT: i141

3 \USOOR: FPRS. | a
(EPO; PO; |
‘DERWENT:
‘BM_TDB

1702 {(123/ta).CCLS ‘USPGPUB.©OR ‘OFF 2010/05/03
pa \USPAT: 13:46

‘USOCR: FPRS: pt
EPO; PO,
‘DERWENT;
‘IBM_TDB

‘S12 and ((turbocharg$3 supercharg$3) and knock$3 and ({port and direct) with {US-PGPUB: ‘OR (ON 2010/05/03
‘inject$3) and (oxygen) and (sens$3 detect$3)) \USPAT: 13:46

‘USOCR, FPRS,
(EPO; PO;
‘DERWENT;
‘IBM_TDB

US 20080060627" ‘USPGPUB, OR (ON 2010/05/03
\USPAT; 15:04
USOC po |
‘DERWENT

2 ("4664091") PN ‘USPGPUB OR ‘OFF 2010/05/03
ro ‘USPAT: 15:10

{USOCA, FPRS: P|
{EPO; PO,
‘DERWENT;
‘BM_TDB

 

 

 

 

 

  
file://(C/Documents%20and%20Settings/hnguyen34/My%20Documents/e-Red%20Folder! 1758157/EASTSeatchHistory.11758157_AccessibleVersionhtm (3 of 6)5/4/2010 7:19:17 PM

FORD Ex.1027, page 133
IPR2019-01400



FORD Ex. 1027, page 134
                       IPR2019-01400

EASTSearch History

 

 

 

 

 

:\
;

‘437
::\\\

: :} :: t: ‘: ‘: ‘: ‘: :: :} :

~ (aA

*4o06e4g | "4920494").PN. OR ("4993388"). URPN.
(123/251).COS.

(123/252-25f).00LS

‘and (oxygen) and (manifold with pressure) and (sens$3 detect$3)

‘and (oxygen) and (manifold with pressure) and (sens$3 detect$3) and (alcohol
‘methanol ethanol butanol propanol) and (close§tloop open$ loop)

\US-PGPLB:
\USPAT;
\USOCR: FPRS: |
(EPO; PO;
‘DERWENT:
‘EM_TOB

* 4905649" | "4920494").PN. OR ("4993388"). URPN.

 

‘US-PGPUB:
\USPAT:
\USOCR: FPRS,
EPO; PO;
‘DERWENT:
‘BM_TDB
‘US-PGPLB:
\USPAT:
‘USOCR; FPAS,
EPO; PO;
‘DERWENT:
‘IBM_TDBovine wien sie ae sie ae

| (turbocharg$3superchargS3) andknock$3and((portandirect) withinject)

LUSPAT: USOCR |
   

‘US-PGPUB:
\USPAT;
|USOOR; FPRS:
EPO; PO;
‘DERWENT:
‘IBM_TDB

{{turbocharg$3 supercharg$3} and knock$3 and ({port and direct) with inject$3) US-PGPUB;
USPAT;
\USOOR, FPRS: |
(EPO; PO;
‘DERWENT:
‘BM_TDB

  
file:#(C/Documents%20and%20Settings/hnguyen34/My%20Documents/e-Red%20Folder! 1758157/EASTSeatchHistory.11758157_AccessibleVersion,htm (4 of 6)5/4/2010 7:19:17 PM

:

‘OR
i:ii

LUSPAT, USOCR|
“USPGPLB:Biss oF
‘USPAT; USOCR |

 

::
:

‘OR
:::::

::
:

OR::ii

‘OFF

::
paeennnnnee°

‘ON::t‘‘

 
‘OFF

: :: :: :
Y ‘: :
y Nn: :
: {: ‘:

‘‘
1A:

‘ON
t‘‘‘
:::

2010/05/03
15

2010/05/03
15.1

'2010/05/03

2010/06/03
16:03

2010/05/03
16:03

::

‘ON
\\
:\i

160

16:09

sa
16:12

FORD Ex.1027, page 134
IPR2019-01400



FORD Ex. 1027, page 135
                       IPR2019-01400

EASTSearch History

1US-PGPUB:
\USPAT;
\USOCR; FPRS, |
(EPO; PO;
‘DERWENT:
‘IBM_TDB

‘US PGPUB:
\USPAT;
|USOCA, FPRS:
(EPO; PO,
‘DERWENT;
‘BM_TOB

Sd4565.(128/299,300204,40645,40647,559,2,564,575,576,577),0CLS

"3706(60/597,59,600,601-608,606.1,614,615,619}.0cLS 

167 (S24$25)andsparkand(ciret$2"n-clinder”cylinder) nearinject$3} and|
(intake manifold boost) near pressure) and (turbo supercharg$3 turbocharg$3)
‘and ({ethanol methanol alcohol) with ratio)

 

 e iunmag
 

 

(anyaE

Soooseororaz

 

"2022094" | "2067757" | "2330866" | "2891524" | "3125086" | "3161182"|
: "3187728" | "3202141" | "3400695" | "3450109"| "3526214" | "3996912"|

4028802" | "4075990" | "4096697" | "4123997" | "4216744" | "4383507"|
4387676 | "4399786").PN. OR ("4539948"). URPN.

 

\USPAT
\US-PGPUB:
‘USPAT

PN. ‘US-PGPUB;
\USPAT;
\USOCR; FPAS,
EPO; PO;
‘DERWENT:
‘IBM_TDB

LUSPAT: USOCR |

‘USPAT; USOCR
eee

\USPAT: USOCR |

USPAT;

\USOCR: FPRS,
(EPO; PO;
‘DERWENT:
‘BM_T8

{US PCPLB:
\USPAT      

file:#C/Documents%20and%20Settings/hnguyen34/My%20Documents/e-Red%20Folder! 1758157/EASTSeatchHistory.11758157_AccessibleVersion,htm (5 of 6)5/4/2010 7:19:17 PM

i

‘OR
i;:::

:i
;

‘OR
‘i:i
:

::
;i

‘OR
;;:::

::
;

‘OR
:::$t
:::4+ PARRRRS,t

iOR
:::$$t
‘

J, peaAAASA AAAAERAERE:

‘OR
{{
:::+

  

FORD Ex.1027, page 135
IPR2019-01400

:

‘ON
\ii
::i

:i
:

OFF
:iii::

ii
:

‘ON
ii‘
::i

:\
:

‘ON:\:\\\
:

‘ON
‘i
::\\:\
:i

‘ON
‘i\\
::: :: :
‘

t 4y Nn: :
: {‘ ‘:

:t
1AA

‘ON
:::t‘‘
::
‘

‘ON::

sais
16:24

16:25

sie

16:27

16:33 |

16:33

ene
16:33

ee
16:34

 
  

16:47
saa
10:15
2010/05/04
10:42



FORD Ex. 1027, page 136
                       IPR2019-01400

EASTSearch History

: :

$34 \
n :' :: :: :: :

‘ :' }

 

 

 

 

 

 

: ;\ :
Taw SeAM,: \

5:
: ;: :a :: \: \i

36
:ii
:::

i :: :
i ;

a S38 i
i :i :: \: :
: :i :3 \: :
’ :

‘$39 ,
‘ \3 \3 {: \: \: \

: \: :

2 :
: Hd :
: \: :
: ;: :: )

"1907309"
"4341038"
"5256167"
6017371"
6835217),

"3216407"
4022165"
("4117810

"1471566"

"1775461"

PN, OR (°46

"4378973"

"9324865"

"6039772" 
VPN.

PN. OR ("741051

aa|

"44 'iv

"2024419"| "3628516"| "3709202"| "4039637"| "4085721"| “4136652").PN.
(OR("421674")URPN

("1338982"|"1338089"|"1377992"|"1364046"|"1998947"|"1420622"|
"1469053"
1684605"
“A216744')pataae6n : ,' , ‘

: 7 :
: :
‘ :' }n ::

"4495004"| "1496260" | "1507144"| "1572750"|
"1960633"| "3650255" | "3960131" | "4123997"|

03662 URPN

ennaanaane|eae|
"4541836" | "4603662" | "4749382" | "4929252"|
"5682842" | "5688295" | "5693106" | "5826369"|
"6302929"| "6458173" | "6533829"| "6652608"|

4"), URPN, 
|4128097" | "4216744").PN. OR ("4446830"). URPN.

‘USPGPLB. OR

\USPAT; 2‘USOOR: FPRS
(EPO; PO;
‘DERWENT:
‘BM_TDB

(Sheea
SPAT;USOOR  
USATUSCOR.

‘USPAT; USOCR

mx
LUSPAT; USOCR |
\USPGPUB; OR
\USPAT; |
{USOCR: FPRS:
(EPO; PO, |
DERWENT:
‘BM_TDB

See

\USPAT: USOCR |

  

HAAS

A116

aa
AT

1195

42.01

12:10‘ ; ‘ : ‘

EAST Search History(Interference)

<This search history is empty>

5/4/2010 7:19:07 PM

C:\ Documents and Settings\ hnguyen34\ My Documents\ EAST\ Workspaces\ 11758157_Alcohol_Gasoline Injection and Turbocharger.wsp

file:#(C/Documents%20and%20Settings/hnguyen34/My%20Documents/e-Red%20Folder! 1758157/EASTSeatchHistory.11758157_AccessibleVersion,htm (6 of 6)5/4/2010 7:19:17 PM

FORD Ex. 1027, page 136
IPR2019-01400



FORD Ex. 1027, page 137
                       IPR2019-01400

Recepigate: 12/09/2008
Dec description: Information Disclosure Statement (IDS) Filed

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unlessit contains a valid OMB control number.

11758157 -GaAddsdoh
Approved for use through 08/31/2008. OMB 0651-0031

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

 

INFORMATION DISCLOSURE

STATEMENTBY APPLICANT

( Not for submission under 37 CFR 1.99) 
 

 

 

 

Application Number 11758157

Filing Date 2007-06-05

First Named Inventor|Leslie Bromberg

Art Unit | 3741
Examiner Name Ali, Hyder   
Attorney Docket Number

 
| 0492611-0762 

 

 

 

 

 

 

 

 

 

 

U.S.PATENTS [Remove]

Examiner] Cite Kind Nameof Patentee or Applicant Pages,Columns, Lines where
ey Patent Number Issue Date . Relevant Passagesor RelevantInitial No Code’ of cited Document .

Figures Appear

1 2741230 1956-04-10 Reynolds, Blake

2 3106194 1963-10-08 Cantwell, et al.

3 3557763 1971-01-26 Probst, Stephen ©.

4 4031864 1977-06-28 Crothers, William T.

5 4056087 1977-11-01 Boyce, Leonard D.

6 4230072 1980-10-28 Noguchiet al.

7 4312310 1982-01-26 Chivilo’ etal.

8 4402296 1983-09-06 Schwarz, Walter J.

       
 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /H.N./

EFS Wek 2.1.4

FORD Ex. 1027, page 137
IPR2019-01400



FORD Ex. 1027, page 138
                       IPR2019-01400

 

Receipt date: 12/09/2008

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

( Not for submission under 37 CFR 1.99)

Application Number 11758157 11758157 - GAU: 3744 

Filing Date 2007-06-05 

First Named Inventor Leslie Bromberg 

Art Unit | 3741 
Examiner Name Ali, Hyder

  
Attorney Docket Number

 
| 049261 1-0762 

 

 

 

 

 

 

     
g 4480616 1984-11-06 Takeda, Keiso

10|4541383 1985-09-17 Jessel, Alfred J.

11|4594201 1986-06-10 Phillips etal.

12|4721081 1988-01-26 Krauja,etal.

13 4958598 1990-09-25 Fosseen, Dwayne

14 4967714 1990-11-06 Inoue, Ryuzaburo

15|4974416 1990-12-04 Taylor, Jack R.

16|5179923 1993-01-19 Tsurutaniet al.

17|5233944 1993-08-10 Mochizuki, Kenji

18|5560344 1996-10-01 Chan, Anthony K.

19|5911216 1999-06-15 Flach, Thomas A.

 
swezia ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /H.N./

FORD Ex.1027, page 138
IPR2019-01400

 



FORD Ex. 1027, page 139
                       IPR2019-01400

 

Receipt date: 12/09/2008

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

( Not for submission under 37 CFR 1.99)

Application Number 11758157 11758157 - GAU: 3744 

Filing Date 2007-06-05 

First Named Inventor Leslie Bromberg 

Art Unit | 3741 
Examiner Name Ali, Hyder

  
Attorney Docket Number

 
| 049261 1-0762 

 

 

 

 

 

 

     
20 5937799 1999-08-17 Binion, W. Sidney

21 6076487 2000-06-20 Wulff et al.

22=|6260525 2001-07-17 Moyer, David F.

23 6287351 2001-09-11 Wulff, et al.

24 6298838 2001-10-09 Huff, et al.

25=|6332448 2001-12-25 llyama,et al.

26=|6358186 2002-03-19 Kurodaet al.

27=|6508233 2003-01-21 Suhreetal.

28 6513505 2003-02-04 Watanabeetal.

29|6943423 2003-04-08 Dobryden, etal.

30 6561157 2003-05-13 zur Loye et al.

 
eFsweb214 ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /H.N,/

FORD Ex.1027, page 139
IPR2019-01400

 



FORD Ex. 1027, page 140
                       IPR2019-01400

 

Receipt date: 12/09/2008

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

( Not for submission under 37 CFR 1.99)

Application Number 11758157 11758157 - GAU: 3744 

Filing Date 2007-06-05 

First Named Inventor Leslie Bromberg 

Art Unit | 3741 
Examiner Name  Ali, Hyder 

Attorney Docket Number

 
| 049261 1-0762 

 

 

 

 

 

 

     
31 6575147 2003-06-10 Wulff et al.

32 6622663 2003-09-23 Weissmanetal.

33|6668804 2003-12-30 Dobryden,et al.

34 6725827 2004-04-27 Ueda et al.

35 6799551 2004-10-05 Nakakita etal.

36=|6892691 2005-05-17 Uhl,et al.

37=|6951202 2005-10-04 Oda, Tomihisa

38=|6990956 2006-01-31 Niimi, Kuniaki

39 7021277 2006-04-04 Kuoet al.

40 7107942 2006-09-19 Weissmanetal.

41 7156070 2007-01-02 Strom etal.

 
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /H.N./EFS Wek 2.1.4

FORD Ex. 1027, page 140
IPR2019-01400

 



FORD Ex. 1027, page 141
                       IPR2019-01400

 

 

 

 

    
 

 

 

 

      
 

 

 

Receipt date: 12/09/2008 Application Number 11758157 11758157 - GAU: 3741
Filing Date 2007-06-05

INFORMATION DISCLOSURE First Named Inventor|Leslie Bromberg
STATEMENT BY APPLICANT | lara
( Not for submission under 37 CFR 1.99)

Examiner Name Ali, Hyder

Attorney Docket Number | 049261 1-0762

42 7188607 2007-03-13 Kobayashi, Tatsuo

43 7320302 2008-01-22 Kobayashi, Tatsuo

44 3089470 1963-05-14 Payne, W.H.

45 4182278 1986-01-08 Coakwell, Charles A.

46 4993386 1991-02-19 Ozasa etal.

47 5497744 1996-03-12 Nagaosaetal.

48|5715788 1998-02-10 Tarretal.

49 5983855 1999-11-16 Benedikt etal.

50 6073607 2000-06-13 Liber, Bruno

If you wish to add additional U.S. Patent citation information please click the Add buttan. Add

U.S.PATENT APPLICATION PUBLICATIONS [Remove]

Examiner) Cite og Kind|Publication Nameof Patentee or Applicant Pages,Columns,Lines where
ee Publication Number . Relevant Passages or RelevantInitial No Code’) Date of cited Document .

Figures Appear

  
 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /H.N//
EFS Wek 2.1.4

FORD Ex. 1027, page 141
IPR2019-01400



FORD Ex. 1027, page 142
                       IPR2019-01400

 

Receipt date: 12/09/2008 Application Number 11758157 11758157 - GAU: 3741
Filing Date 2007-06-05

 

 

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

( Not for submission under 37 CFR 1.99)

First Named Inventor|Leslie Bromberg

Art Unit | 3741
 

 

Examiner Name Ali, Hyder

Attorney Docket Number | 049261 1-0762

   
 

 

If you wish to add additional U.S. Published Application citation information please click the Add button[Add_]
FOREIGN PATENT DOCUMENTS [Remove]

Pages,Columns,Lines

 

 

Nameof Patentee or

Examiner] Cite|Foreign Document|Country Kind|Publication Applicant of cited where Relevant Ts
Initial” No|Number3 Code? j Code4) Date PP Passages or RelevantDocument .

Figures Appear 
 

If you wish to add additional Foreign Patent Documentcitation information pleaseclick the Add button |Add
NON-PATENT LITERATURE DOCUMENTS 

Include nameof the author (in CAPITAL LETTERS},title of the article (when appropriate), title of the item
(book, magazine, joumal, serial, symposium, catalog, etc}, date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

Examiner] Cite
Initials*|No
 

A. MODAKand L.S. CARLETTO, "Engine Cooling by Direct Injection of Cooling Water," Society of Automotive OlEngineers, Inc., 700887.

 

JULIAN A. LoORUSSO and HARRYA. CIKANEK,"Direct Injection Ignition Assisted Alcohol Engine," Society of
2 Automotive Engineers, Inc., 880495, International Contress and Exposition in Detroit, Michigan {February 29-March 5, E]

1998).
 

BORJE GRANDIN,et al., "Knock Suppression in a Turbocharged SI Engine by Using Cooled EGR," Society of
3 Automotive Engineers,Inc., 982476, International Fall Fuels and Lubricants Meeting and Exposition in San Francisco, [|

California (October 19-22, 1998).
 

 

 

4 BORJE GRANDIN ane HANS-ERIK ANGSTROM, "Replacing Fuel Enrichment in a Turbo Charged SI Engine: Lean OlBurn or Cooled EGR,” Society of Automotive Engineers, Inc., 1999-01-3505.

5 C. STAN, et al., "Intemal Mixture Formation and Combustion - from Gascline to Ethanol,” Society of Automotive OlEngineers, Inc., 2001-01-1207.

    
 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /H.N//
EFS Wek 2.1.4

FORD Ex.1027, page 142
IPR2019-01400



FORD Ex. 1027, page 143
                       IPR2019-01400

 

Receipt date: 12/09/2008 Application Number 11758157 11758157 - GAU: 3741 
Filing Date 2007-06-05 

INFORMATION DISCLOSURE
First Named Inventor|Leslie Bromberg 

STATEMENT BY APPLICANT /|,1 [3741 
( Not for submission under 37 CFR 1.99)  

Examiner Name Ali, Hyder  
Attorney Docket Number | 049261 1-0762 

 

 

 

6 USPTO Non-Final Office Action, Application No. 10/991,774, April 25, 2006. |

7 USPTOFinal Office Action, Application No. 10/991,774, September 27, 2006. [J

8 USPTO Non-Final Office Action, Application No. 10/991,774, May 25, 2007. |

9 USPTO Non-Final Office Action, Application No. 11/100,026, August 3, 2006. |

 

 

 

 

 

 

10 Feet YUKSEL and BEDRI YUKSEL, "The Use of Ethanol-Gasoline Blend as a Fuel in an SI Engine,” Renewable Olnergy, Vol. 29 (2004) pp. 1181-1191.

11 USPTO Non-Final Office Action, Application No. 11/229,755, March 22, 2007. [J

12 USPTO Non-Final Office Action, Application No. 11/229,755, October 4, 2007. |

13 USPTO Non-Final Office Action, Application No. 11/682,372, January 2, 2008. |

14 USPTOFinal Office Action, Application No. 11/682,372, October 17, 2008. |

15 USPTO Non-Final Office Action, Application No. 11/684100, June 3, 2008. [J

16 PCTInternational Search Report and Written Opinion, Application No. PCT/IB07/03004, July 9, 2008. |

   
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /H.N./EFS Wek 2.1.4

FORD Ex.1027, page 143
IPR2019-01400

 



FORD Ex. 1027, page 144
                       IPR2019-01400

 

Receipt date: 12/09/2008 Application Number 11758157 11758157 - GAU: 3741
Filing Date 2007-06-05

 

 

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

( Not for submission under 37 CFR 1.99)

First Named Inventor|Leslie Bromberg

Art Unit | 3741
 

 

Examiner Name Ali, Hyder

Attorney Docket Number | 049261 1-0762

   
 

 

 

 

 

 

 

17 PCTInternational Search Report and Written Opinion, Application No. PCT/U807/05777, March 24, 2008. |

18 PCTInternational Search Report and Written Opinion, Application No. PCT/U$07/74227, February 25, 2008. [J

19 PCTInternational Search Report and Written Opinion, Application No. PCT/US08/69171, October 3, 2008. |

20 USPTO Non-Final Office Action, Application No. 11/840719, July 11, 2008. |

21 J.B. Heywood, "Internal Combusion Engine Fundamentals," McGrawHill, 1988, page 477. |

22 J. Stokes et al., "A gasoline engine concept for improved fuel economy - the lean-boost system," SAE paper Cy2001-01-2902, pp. 1-12.

23 H. J. Curran et al., "A comprehensive modeling study of iso-octane oxidation," Combustion and Flame 129:263-280 Ol(2002) pp. 253-280.

24 B. Lecointe and G. Monnier, "Downsizing a gasoline engine using turbocharging with direct injection" SAE paper Ol2003-01-0542.

  
If you wish to add additional non-patent literature documentcitation information please click the Add button

EXAMINER SIGNATURE 

Examiner Signature ‘Hung Nguyen/ Date Considered 05/03/9010 

*EXAMINER:Initial if reference considered, whether or notcitation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copyof this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enteroffice that issued the document, by the two-letter code (WIPO
Standard ST.3). * For Japanese patent documents,the indication of the year of the reign of the Emperor must precede the serial numberof the patent document.
4 Kind of documentby the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark hereif
English languagetranslation is attached.

  
ers wers14 ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /H.N//

FORD Ex. 1027, page 144
IPR2019-01400



FORD Ex. 1027, page 145
                       IPR2019-01400

Recepigate: 12/09/2008
Dec description: Information Disclosure Statement (IDS) Filed

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unlessit contains a valid OMB control number.

11758157 -GaAddsdoh
Approved for use through 08/31/2008. OMB 0651-0031

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

 

INFORMATION DISCLOSURE

STATEMENTBY APPLICANT

( Not for submission under 37 CFR 1.99) 
 

 

 

 

Application Number 11758157

Filing Date 2007-06-05

First Named Inventor|Leslie Bromberg

Art Unit | 3741
Examiner Name Ali, Hyder   
Attorney Docket Number

 
| 0492611-0762 

 

 

 

 

 

 

 

 

 

 

       
 

U.S.PATENTS [Remove]

Examiner] Cite Kind Nameof Patentee or Applicant Pages,Columns, Lines where
ey Patent Number Issue Date . Relevant Passagesor RelevantInitial No Code’ of cited Document .

Figures Appear

1 6340015 2002-01-22 Benedikt etal.

2 6536405 2003-03-25 Riegeretal.

3 6745744 2004-06-08 Suckeweret al.

4 6748918 2004-06-15 Riegeret al.

5 6755175 2004-06-29 McKayet al.

6 6955154 2005-10-18 Douglas, Denis

7 7013847 2006-03-21 Auer, Gerhard

8 7077106 2006-06-18 Vogel etal.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /H.N./
EFS Web 2.1.4

FORD Ex.1027, page 145
IPR2019-01400



FORD Ex. 1027, page 146
                       IPR2019-01400

 

Receipt date: 12/09/2008

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

( Not for submission under 37 CFR 1.99)

 

 

 

  
Application Number 11758157 11758157 - GAU: 3741

Filing Date 2007-06-05

First Named Inventor|Leslie Bromberg

Art Unit [3741
Examiner Name Ali, Hyder  
Attorney Docket Number | 049261 1-0762 

 

7086376 2006-08-08 McKay, Michael

 

10|7201136   2007-04-10 McKayet al.  
 

Cite
No

Kind
Code’

Examiner,
ee Publication NumberInitial  If you wish to add additional U.S. Patent citation information please click the Add button.

U.S.PATENT APPLICATION PUBLICATIONS

Publication
Date

Nameof Patentee or Applicant
of cited Document 

If you wish to add additional U.S. Published Application citation information please click the Add button,

 
Add

Pages,Columns,Lines where
Relevant Passages or Relevant
Figures Appear

 

FOREIGN PATENT DOCUMENTS i 

Cite
No

Examiner}
Initial*

Foreign Document
Number? Code2

Cite
No

Examiner
Initials*

Country Kind

i Code4

Publication

Date Applicant of cited
Document

 
 

If you wish to add additional Foreign Patent Documentcitation information please click the Add button

NON-PATENT LITERATURE DOCUMENTS

Include nameof the author (in CAPITAL LETTERS},title of the article (when appropriate), title of the item
(book, magazine, joumal, serial, symposium,catalog, etc}, date, pages(s), volume-issue number(s),
publisher, city and/or country where published.

Name cf Patentee or Pages,Columns,Lines

where Relevant Ts
Passages or Relevant
Figures Appear

 
 

  
 

 
EFS Wek 2.1.4

If you wish to add additional non-patent literature documentcitation information pleaseclick the Add button

 

 
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /H.N./

FORD Ex. 1027, page 146
IPR2019-01400



FORD Ex. 1027, page 147
                       IPR2019-01400

 Receipt date: 12/09/2008 Application Number 11758157 11758157 - GAU: 3741
Filing Date 2007-06-05
 

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

( Not for submission under 37 CFR 1.99)

 
First Named Inventor|Leslie Bromberg

Art Unit | 3741
 

 
Examiner Name Ali, Hyder

 
 
 
Attorney Docket Number | 049261 1-0762
 

EXAMINER SIGNATURE 

Examiner Signature ‘Hung Nguyen! Date Considered \
*EXAMINER:Initial if reference considered, whether or notcitation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copyof this form with next communication to applicant.

 
1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enteroffice that issued the document, by the two-letter code (WIPO
Standard ST.3). * For Japanese patent documents,the indication of the year of the reign of the Emperor must precede the serial numberof the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark hereif
English languagetranslation is attached.

  

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /H.N//

EFS Wek 2.1.4

FORD Ex. 1027, page 147
IPR2019-01400



FORD Ex. 1027, page 148
                       IPR2019-01400

 

ATTORNEY DOCKET NG.: 11381.105735

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Daniel R. Cohnet al. Examiner: Hung Q. Nguyen

Seria] No.: 11/7358157 Art Unit: 3741

Filing Date: Fune 5, 2007 Confirmation No. 3972

Title: OPTIMIZED FUEL MANAGEMENT SYSTEMFOR DIRECT INJECTION

ETHANOL ENHANCEMENTOF GASOLINE ENGINES

AMENDMENT

Via EFS-~Web

Commissionerfor Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

In response to the office action mailed May 13, 2010 please amendthe application as

follows.

FORD Ex.1027, page 148
IPR2019-01400



FORD Ex. 1027, page 149
                       IPR2019-01400

Application No. 11/758157 Docket No.: 11381.105735
Amendment

Date: June 18, 2016

Listing of Claims

3], (Currently amended} A spark ignition engine whichis turbocharged or supercharged and is

port fueled with gasoline from a first source and with direct injection ofalcohoi from a second

source comprising:

a spark ignition engine;

a turbocharger or supercharger:

means for port fueling the engine with gasoline from the first source;

means for direct injection of alcohol from the second source;

 

engine:

wherein during part of engine operating time, the engine is operated with both gasoline from the

first source and the directly injected alcoho! from the second source and;

wherein a the fuel management system increases the an alcohol/gasoline ratio to an amount that

is sufficient to suppress knock as the a manifold pressure is increased; and

wherein the fuel management system controls the amount of air to the turbocharger or

supercharger, the amount of gasoline and the amount of the alcohol so as to obtain a substantially

stoichiometric air/fuel ratio during some or all of the time that the alechol from the second

source is directly injected.

32. (Currently amended} The engine system of claim 31 wherein the substantially

stoichiometric operation with the changing of the alcohol/gasoline ratio that occurs as the

manifold pressure is increased is achieved by the use of a-central thefuel management system

which employs information from a knock sensor and an oxygen sensor and wherein the eentrel

fuel management system enables the use of a three-way catalyst.

2
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33, (Currently amended} The engine system of claim 32 wherein the controlfuel management

system controls the amount of alcohoi that is employed to prevent knock by means of closed

loop control using information from a the knock detecter sensor.

34. (Currently amended) The engine system of claim 33 wherein the central fuel management

system uses a microprocessor and minimizes the amount ofalcohol that is used to prevent knock.

35. {Previously presented} The engine system ofclaim 34 further including the use of open loop

control with a lookuptable.

36. (Previously presented} The engine system of claim 32 wherein spark retard is changed so as

to reduce alcohol consumption.

37, (Previously presented} The engine system of claim 32 wherein spark retard is changed as a

function of the amount of alcohol that has been consumed.

38. (Previously presented) The engine system of claim 32 wherein the alcohol is directly

injected so as to provide a non-uniform distribution of alcohol in the cylinder with a greater

concentration near the walls ofthe cylinder.

39. (Previously presented} The engine system of claim 38 wherein alcohol/gasoline ratio is

sufficiently high so as to prevent knock and resulting in the aleohol/gasoline ratio being reduced

as compared to a situation using a uniform disiribution.

40. (Previously presented) The engine systemof claim 32 wherein the engine operates with a

compression ratio of 1 1 or greater.
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41. (Previously presented) The engine system ofclaim 32 wherein a liquid which is a mixture

of alcohol and another liquid is directly injected into the engine from the second source and

wherein this mixture has variable characteristics.

42. (Previously presented) The cngine system of claim 32 wherein an alcohol-water mixture is

directly injected into the engine from the second source.

43. (Previously presented) The engine system ofclaim 32 wherein the alcohol is methanol.

44, (Previously presented) The engine system of claim 32 wherein the alcohol that is directly

injected into the engine is mixed with a lubricant.

45, (Previously presented) The engine system of claim 32 wherein an alcohol/gasoline mixture

is directly injected into the engine from the second source.

46, (Previously presented) The engine system of claim 32 wherein the alcohol is ethanol.

47, (Previously presented) The engine system of claim 32 wherein the manifold pressure is at

least 2 bar.

48. (Currently amended) A spark ignition engine which is turbocharged or supercharged andis

fueled with gasoline from a first source and with direct injection of alcohol fram a second

source, comprising:

a spark ignition engine;

a turbocharger or supercharger;

means for fueling the engine with gasoline fromthe first source;

4
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means for direction injection of alcoho! iromthe second source;

 

engine?

wherein during part of engine operating time, the engine is operated with both gasoline from the

first source and the directly injected alcohol from the second source; and

wherein a the fuel management system increases the an alcoho]/gasoline ratio to an amount that

is sufficient to suppress knock as the a manifold pressure is increased/and

wherein the fuel management system controls the amount ofair to the turbocharger or

supercharger, the amount of gasoline and the amount ofalcohal to obtain a substantially

stoichiometric air/fuei ratio during some or all of the time that the second fuel is directly

injected.

49, (Currently amended} The engine system of claim 48 wherein substantially stoichiometric

operation with the changing alcohol/gasoline ratio that occurs as the manifold pressure is

information from a knock sensor, an oxygen sensor and a lookup table and wherein the centre]

fuel management systern enables use of a three-way catalyst.

50. (Currently amended) The engine system of claim 49 wherein the fuel management system

minimizes the amount of alcohol that is used to prevent knock and empicys closed loop control!

Si. (Previously presented) The engine system of claim 49 wherein spark retard is changed so as

to vary alcohol consumption.
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52 . (Previously presented) The engine system of claim 49 wherem spark retard is changed as a

function of the amount of alcohol that has been consumed.

53. (Currently amended) The engine system ofclaim 49 wherein the gasoline from thefirst

source 1s directly injected using an independently controlled injector that is separate from an

injector that directly injects the alcoho! from the second source and the alcohol/gasoline ratio is

controlled in a closed loop using information from a the knock deteeter sensor.

54, (Currently amended) The engine system of claim 49 wherein the gasoline trom the first

source is directly injected using an injector that contains two nozzles wherein one is used for

direct injection of the alcohol from the second source and where the alcohol/gasoline ratio is

controlled in a closed Joop using information from a the knock deteeter sensor.

55. (Currently amended) The engine system ofclaim 49 where the gasoline from the first

source and the alcohal from the second source are injected from the same injector, and where

their ratio is varied so as to prevent knock by use of a valving systern which is upstream from the

injector and the gasoline/aleohol ratio is controlled in a closed loop using information from a the

knock detester sensor.

56. (Currently amended) The engine system of claim 49 wherein the a mixture of alcohol and

wateris directly injected into the engine.

57. (Previously presented} The engine system of claim 49 wherein the alcoho! is methanol.

58. (Previously presented} The engine system of claim 49 wherein the alcohol is ethanol.
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59. (Currently amended) The engine system of claim 49 wherein the engine is downsized byat

least a factor of tworelative to an engine which uses port fuel injection of gasoline alone and

whereintheengine operatcs with a drive cycle efficiencythatis at least 20%greater.

60, (Previously presented) The engine system of claim 49 wherein a mixture of alcohol and

gasoline is directly injected into the engine.

61. (Currently amended) The engine system of claim 49 wherein the compression ratio is 11 or

greater,

62. (Currently amended) The engine system of claim 49 wherein the a mixture of alcohol and a

lubricant is directly injected into the engine.

63. (Previously presented) The engine system of claim 49 wherein an ethanol-gasoline mixture

including but not limited to E85 is directly injected into the engine.

64. (Currently amended) A turbocharged or supercharged spark ignition engine including an

injector throughwhich wherein alcohol is directed into the engine cylinders and

wherein gasoline 1s also introduced into the engine;

wherein the alcoho! is directly injected through the injector in such a way as to provide a non-

uniform distribution with a greater concentration in the an end gas region ofthe cylinder; and

wherein the an alccho!/gasoline ratio is sufficiently high so as to prevent knock and resulting in

the alcohol/gasoline ratio being reduced as compared to a situation using a uniform distribution.

65. (Currently amended) The turbocharged or supercharged spark ignition engine of claim 64

further including a means for port fuel injection ofthe fuel gasoline.
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66. (Currently amended) The turbocharged or supercharged engine of claim 64 wherein the

non-uniform distribution is used only part of the time and whenit is employed the directly

injected fzel alcohol is concentrated in thean outside region of the engine cylinders.

67. (Previously presented) The turbocharged or supercharged spark ignition engine of claim 64

wherein swirl is used.
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Remarks

Reexamination and reconsideration of the rejections are hereby requested.

‘The examiner has indicated that the pending claims are not entitled to the benefit ofprior

application serial number 10/991,774 filed Novernber 18, 2004. However, the present

application is a continuation of, and is entitled to priority of, U.S. Patent Application Serial

Number 11/100,026 filed April 6, 2005. This intermediate priority application was set forth in

the specification as originally filed.

any of the claims have been amended herein in view of the claim abjections made by

the examiner. In addition, claims have been amended to overcome the 35 USC Section 112

rejections, particularly relating to antecedent basis issues. It is submitted that the amendments

herein, made in accordance with the examiner's request, overcomes these objections and

rejections.

Claims 31-67 stand rejected under 35 USCSection 162 (b) as being anticipated by Gray,

Jc. (U.S. Patent Number 6,651,432). In conjunction withthis rejection, the examimer indicated

that certain limitations were in narrative form and were given little patentable weight. In

response, independent claims 31 and 48 have been amendedto recite a fuel management system

to control the amountofair, gasoline and alcohol introduced into the engine. No new matter is

being added as the specification supports this language.

Asset out in the claims, the present invention is a spark ignition engine that utilizes

gasolme from a first source that may be either directly or port fuel injected, and direct injection

of alcohol from a second source. The claim requires that during part of engine operating time the

engine is operated with both gasoline from thefirst source and the directly injected alcoho! from

the second source, The engine is controlled by a fuel management system that controls the

amount of air, gasoline and alcohol introduced into the engine. The alcohol/gasoline ratio is

controlied by the fuel management system to a value sufficient to suppress knock as manifold

pressure is increased.

Grayis directed to a controfled temperature combustion engine that controls temperature

to reduce the amount ofoxides ofnitrogen and particulate matter. In all of his embodiments,

only a single fuel is used rather than varying mixtures of a primary fuel and a directly injected

antiknock agent as disclosed and claimed in the present application. In a first embodiment a low
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Date: June 18, 2010

octane and high cetane fliel such as conventional diesel fuel is used. In a second embodiment,

high octane and low cetane fhel such as a conventional gasoline is used in an autoignition mode.

In these two embodiments the fuel is port or directly injected. A third embodiment uses very

high octane fuel such as methanol or ethanol or certain gasolines. As with the other two

embodiments, the engine uses onlya single fuel. Further, Gray teaches replacing the direct

imjectors 23 with ignition sources such as a spark plug or glowplug and thus the alcohol is

introduced through the port injectors 53. Again, this third embodiment does not use gasoline

along with alcohol for its operation. Thus, Gray lacks several limitations rendering it ineffective

as an anticipatory reference. Gray does not teach fueling an engine with gasoline froma first

source while directly injecting alcohol from a second source. Gray further lacks a fuel

management system to contro! the relative amount of air, gasoline and alcohol introduced into

the engine so as to prevent knock and provide operation at a substantially stoichiometric air/fuel

ratio as manifold pressure is increased. The engine control in Gray controls boost pressure and

oxygen concentration so as to result in lower temperature operation that suppresses the formation

ofoxides ofnitrogen. Thus, Gray is clearly not an appropriate anticipatoryreference.

For the forgoing reasons, it is submitted that the pending claims, as amended herein, are

patentable over Gray and early favorable action is requested.

Resp étfally Submitted,
/

 
Y

Sam Pasternack

Registration No.: 29576
Massachusetts Institute of Technology
Five Carnbridge Center
Room NE25-236

Cambridge, MA 02412-1493
617,258.7171

ic
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Application No. Applicant(s)

11/758,157 BROMBERGETAL.

Office Action Summary Examiner Art Unit
HUNG Q. NGUYEN 3741 

-- The MAILING DATEof 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 the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHSfrom the mailing date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHSfrom the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Anyreply received by the Office later than three monthsafter the mailing date of this communication, evenif timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)X] Responsive to communication(s) filed on 18 June 2010.
2a)X] This action is FINAL. 2b)L] This action is non-final.

3)L1 Sincethis application is in condition for allowance exceptfor formal matters, prosecution as to the merits is

closed in accordancewith the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)K] Claim(s) 31-67 is/are pending in the application.

4a) Of the above claim(s)___ is/are withdrawn from consideration.

5)L] Claim(s)___ is/are allowed.
6)X] Claim(s) 31-67 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] The specification is objected to by the Examiner.
10) The drawing(s)filed on is/are: a)[_] accepted or b)[_] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

11)L] The oathor declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)L] Acknowledgmentis madeofa claim for foreign priority under 35 U.S.C. § 119(a)}-(d) or(f).
a)_LJAll b)[] Some*c)] Noneof:

1.L] Certified copies of the priority documents have been received.
21 Certified copies of the priority documents have been received in Application No.
3.0] Copiesofthe certified copies of the priority documents have beenreceivedin this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

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

 
 

Attachment(s)

1) X Notice of References Cited (PTO-892) 4) CT Interview Summary (PTO-413)
2) _] Noticeof Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __
3) [] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Noticeof Informal Patent Application

Paper No(s)/Mail Date___. 6) Oo Other:
U.S. Patent and Trademark Office

PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20100814
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Art Unit: 3741

DETAILED ACTION

Double Patenting

1. 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

and to prevent possible harassment by multiple assignees. A nonstatutory obviousness-

type double patenting rejection is appropriate where the conflicting claims are not

identical, but at least one examined application claim is not patentably distinct from the

reference claim(s) because the examined application claim is either anticipated by, or

would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d

1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d

2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re

Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438,

164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644

(CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321 (d)

may be used to overcome an actual or provisional rejection based on a nonstatutory

double patenting ground provided the conflicting application or patent either is shown to

be commonly owned with this application, or claims an invention made as a result of

activities undertaken within the scope of a joint research agreement.
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Effective January 1, 1994, a registered attorney or agent of record may sign a

terminal disclaimer. A terminal disclaimer signed by the assignee mustfully comply with

37 CFR 3.73(b).

2. Claims 31-63 are rejected on the ground of nonstatutory obviousness-type

double patenting as being unpatentable over claims 1-9 of U.S. Patent No. 7,225,787.

Although the conflicting claims are not identical, they are not patentably distinct from

each other because they have the same scope.

Claim Rejections - 35 USC § 102

3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section madein this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in
public use or on sale in this country, more than one yearprior to the date of application for patent in
the United States.

4. Claims 31-67 are rejected under 35 U.S.C. 102(b) as being anticipated by

Stokes (US 5,526,797).

5. Re claims 31 and 48, Stokes ('797) discloses a spark ignition engine (see fig.

3A) which is supercharged and is port fueled with gasoline from a first source (not

depicted; see col. 2, lines 39-44) and with direct injection of alcohol from a second

source (not depicted; see col. 2, lines 39-44) comprising:

a spark ignition engine (fig. 3A);

a supercharger(i.e., air compressor cepicted in figure 8);

a means(fig. 3A: i.e., fuel injector 2) for port fueling the engine with gasoline from

the first source (see col. 6, lines 59-67);
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a means (fig. 3A; i.e., vapor chamber valve 4) for direct injection of alcohol from

the second source; and

a fuel management system to control the amount of air, gasoline and alcohol

introduced into the engine.

Note in column6,line 59 through column 7, line 41, Stokes clearly teaches an

electronic management unit 3 (not shown) controlling the ratio of the air/alcohol/gasoline

mixture injected into the engine wherein a natural gas or a high-octanefuel (e.g., this

fuel could be an alcohol such as methanol and ethanol; see column 1, lines 15-21).

Please note that the claims are directed to an apparatus which must be

distinguished from the prior art in term of structure rather function [MPEP 2114]. Hence,

the Ttunctional limitations:

“wherein during part of engine operating time, the engine is operated with both

gasoline from the first source and the directly injected alcohol from the second source

and;

wherein a fuel management system increases the alcohol/gasoline ratio to an

amountthat is sufficient to suppress knock as the manifold pressure is increased ; and

wherein the fuel management system controls the amount of air to the

turbochargeror supercharger, the amount of gasoline and the amountof the alcohol so

as to obtain a substantially stoichiometric air/fuel ratio during someorall of the time that

the alcohol from the second sourceis directly injected”,

which are narrative in form, have been given very little patentable weight. In

order to be given patentable weight, a functional recitation must be supported by
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recitation in the claim of sufficient structure to warrant the presence of the functional

language. In re Schreiber, 128 F.3d 1473, 1477-78, 44 USPQ2d 1429, 1431-32 (Fed.

Cir. 1997).

Additionally, language, such as “wherein”, that suggests or makes optional but

does not require steps to be performed or doesnotlimit a claim to a particular structure

does notlimit the scope of a claim or claim limitation. See MPEP 2111.04.

6. Re claims 64-65, Stokes (‘797) discloses a supercharged spark ignition engine

including an injector 4 (fig. 3A) through which alcohol is directed directly into engine

cylinders, and a means(fig. 3A: i.e., fuel injector 2) for port fuel injection of the gasoline

wherein gasoline is also introduced into the engine cylinders.

7. Re claims 64-67, please note that the claims are directed to an apparatus which

must be distinguished from the prior art in term of structure rather function [MPEP

2114]. Hence, the functional limitations:

“wherein the alcoholis directly injected in such a way as to provide a non-uniform

distribution with a greater concentration in the end gas region of the cylinder; and

wherein the alcohol/gasoline ratio is sufficiently high so as to prevent knock and

resulting in the alcohol/gasoline ratio being reduced as comparedto a situation using a

uniform distribution,

wherein the non-uniform distribution is used only part of the time and whenit is

employed the directly injected fuel is concentrated in the outside region of the engine

cylinders, and

wherein swirl is used”,
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which are narrative in form, have been given very little patentable weight. In

order to be given patentable weight, a functional recitation must be supported by

recitation in the claim of sufficient structure to warrant the presence of the functional

language.In re Schreiber, 128 F.3d 1473, 1477-78, 44 USPQ2d 1429, 1431-32 (Fed.

Cir. 1997).

Additionally, language, such as “wherein”, that suggests or makes optional but

does not require steps to be performed or does notlimit a claim to a particular structure

does notlimit the scopeof a claim or claim limitation. See MPEP 2111.04.

8. Re claims 32-47 and 49-63, please note that the claims are directed to an

apparatus which must be distinguished from the prior art in term of structure rather

function [MPEP 2114]. Hence, the functional limitations as claimed in claims 32-47 and

49-63, which are narrative in form, have been given verylittle patentable weight. In

order to be given patentable weight, a functional recitation must be supported by

recitation in the claim of sufficient structure to warrant the presence of the functional

language. In re Schreiber, 128 F.3d 1473, 1477-78, 44 USPQ2d 1429, 1431-32 (Fed.

Cir. 1997).

Additionally, language, such as “wherein”, that suggests or makes optional but

does not require steps to be performed or doesnotlimit a claim to a particular structure

does notlimit the scope of a claim orclaim limitation. See MPEP 2111.04.

Responseto Arguments

9. Applicant's arguments with respect to the claims have been considered but are

moot in view of the new ground(s)of rejection.
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Conclusion

10. The prior art made of record and not relied upon is considered pertinent to

applicant's disclosure:

Mochizuki et al, (US 5,131,228) teaches in column 4, lines 41-50 that the fuel

management system will increase an alcohol/gasoline ratio to an amount that is

sufficient to suppress knock as a manifold pressure is increased by the supercharger.

Applicant is duly reminded that a complete response must satisfy the

requirements of 37 C.F. R. 1.111, including: “The reply must present arguments pointing

out the specific distinctions believed to render the claims, including any newly presented

claims, patentable over any applied references. A general allegation that the claims

“define a patentable invention” without specifically pointing out how the languageof the

claims patentably distinguishes them from the references does not comply with the

requirements of this section. Moreover, “The prompt development of a clear Issue

requires that the replies of the applicant meet the objections to and rejections of the

claims.” Applicant should also specifically point out the support for any amendments

made to the disclosure. See MPEP 2163.06 II(A), MPEP 2163.06 and MPEP 714.02.

The "disclosure" includes the claims, the specification and the drawings.

11. 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).
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A shortened statutory period for reply to this final action is set to expire THREE

MONTHSfrom the mailing date of this action. In the event a first reply is filed within

TWO MONTHSof the mailing date of this 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

the advisory action. In no event, however,will the statutory period for reply expire later

than SIX MONTHSfrom the date ofthis final action.

Contact Information

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to HUNG Q@. NGUYEN whosetelephone numberis (571)

2/0-5424. The examiner can normally be reached on Mon-Fri 8am - 6pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, MICHAEL CUFF can be reached on (571) 272-6778. The fax phone

numberfor the organization where this application or proceeding is assigned is 571-

273-8300.
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Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

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

USPTO Customer Service Representative or access to the automated information

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

/HUNG Q. NGUYEN/

Examiner, Art Unit 3741

{Michael Cuff/

Supervisory Patent Examiner, Art Unit 3741
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450www.uspto.gov

 
    

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

11/758, 157 06/05/2007 Leslic Bromberg 11381.105735 3972

MII ey fice

MIT's Technology Licensing Office ee
One Cambridge Center NGUYEN, HUNG Q

Kendall Square, NE 18-501 :
Cambridge, MA 02142-1493 PAPER NER3783

NOTIFICATION DATE DELIVERY MODE

06/09/2011 ELECTRONIC

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

Thetime period forreply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):
mitdocket @mit.edu

myoyce@mil.edu

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

 . 11/758,157 BROMBERGETAL.
Notice of Abandonment Examiner Art Unit

HUNG Q. NGUYEN 3783   
-- The MAILING DATEof this communication appears on the cover sheet with the correspondence address—

This application is abandoned in view of:

1. J Applicant's failure to timely file a proper reply to the Office letter mailed on 02 September 2010.
(a) (A reply wasreceived on (with a Certificate of Mailing or Transmission dated ), which is after the expiration of the

period for reply (including a total extension of time of month(s)) which expired on

(b) [1 A proposedreply was received on , but it does not constitute a proper reply under 37 CFR 1.113 (a) to the final rejection.

  
 

(A properreply under 37 CFR 1.113 toafinal rejection consists only of: (1) a timely filed amendmentwhichplaces the
application in condition for allowance; (2) a timely filed Notice of Appeal (with appeal fee); or (3) a timely filed Requestfor
Continued Examination (RCE) in compliance with 37 CFR 1.114).

(c) DA reply was received on but it does not constitute a proper reply, or a bona fide attempt at a proper reply, to the non-
final rejection. See 37 CFR 1.85(a) and 1.111. (See explanation in box 7 below).

(d) J No reply has beenreceived.

2. Applicant’s failure to timely pay the required issue fee and publication fee, if applicable, within the statutory period of three months
from the mailing date of the Notice of Allowance (PTOL-85).

(a) 1 Theissue fee and publication fee, if applicable, was received on (with a Certificate of Mailing or Transmission dated
), which is after the expiration of the statutory period for paymentof the issue fee (and publication fee) set in the Notice of

Allowance (PTOL-85).

(b) [J The submittedfee of $ is insufficient. A balance of $ is due.

The issue fee required by 37 CFR 1.18 is $ . The publication fee, if required by 37 CFR 1.18(d), is $ .

(c) LJ The issue fee and publication fee,if applicable, has not been received.

 

 

3D Applicant's failure to timely file corrected drawings as required by, and within the three-month periodsetin, the Notice of
Allowability (PTO-37).

(a) [J Proposed corrected drawings were received on (with a Certificate of Mailing or Transmission dated ), whichis
after the expiration of the period for reply.

(b) [J No corrected drawings have been received.

4. J The letter of express abandonmentwhichis signed bythe attorney or agentof record, the assigneeofthe entire interest, orall of
the applicants.

5.0] The letter of express abandonmentwhichis signed by anattorney or agent (acting in a representative capacity under 37 CFR
1.34(a)) upon the filing of a continuing application.

6. [J The decision by the Board of Patent Appeals and Interference rendered on and becausethe period for seeking court review
of the decision has expired and there are no allowed claims.

7. The reason(s) below:

/Michael Cuff/ /HUNG Q NGUYEN/

Supervisory Patent Examiner, Art Unit 3783 Examiner, Art Unit 3783

Petitions to revive under 37 CFR 1.137(a) or(b), or requests to withdraw the holding of abandonment under 37 CFR 1.181, should be promptly filed to
minimize any negative effects on patent term. 

U.S. Patent and Trademark Office

PTOL-1432 (Rev. 04-01) Notice of Abandonment Part of Paper No. 20110605
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