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Application No.: Filed Hcrcwith Docket No.: 1 138 1 . 122997
Date:

OPTIlVIIZED FUEL lVIANAGElVIENT SYSTEM FOR DIRECT INJECTION ETHANOL

ENHANCEMENT OF GASOLINE ENGINES

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

14/807,125 filed on July 23, 2015 which is a continuation of United States Patent Application

Serial No. 14/220529 filed on March 20, 2014 which is a continuation of United States Patent

Application 13/546220 filed on July 11, 2012, which is a continuation of United States Patent

Application Serial No. 12/701,034 filed on February 5, 2010, which is a continuation ofUnited

States Patent Application Serial No. 11/758,157 filed June 5, 2007, which is a continuation of

United States Patent Application Serial No. 11/ 100,026, filed April 6, 2005, now Patent No.

7,225,787, which is a continuation-in-part of United States Patent Application Serial No.

l0/99l ,774 filed November IS, 2004, now Patent No. 7,3l4,033, the contents ofwhich are

incorporated herein by reference.

Background of the Invention

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

ignition gasoline engines in which an anti—knock agent which is a fuel is 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 emissions of air pollutants beyond the technology disclosed in parent application serial

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

exhaust system during high load operation by ethanol rich operation; and to minimize cost,

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

approaches.

These approaches are based in part on more refined calculations of the effects ofvariable

ethanol octane enhancement using a new computer model that we have developed. The model
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Application No.: Filcd Hcrcwith Docket No.: l 138 1 . 122997
Date:

determines the 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 ethanol injection upon knock suppression.

Summafl of 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 which is a fuel.

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

effr ciency 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

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 torque is 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 vaporization that is at least

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 agent is ethanol. In a preferred

embodiment of this aspect of the invention, part of the fuel is port injected and the port

injected fuel is gasoline. The directly injected ethanol can be mixed with gasoline or with

methanol. It is also preferred that the engine be capable of operating at a manifold pressure

at least twice that pressure at which knock would occur if the engine were to be operated

with naturally aspirated gasoline. A suitable maximum ethanol fraction during a drive cycle

when knock suppression is desired is between 30% and l00% by energy. It is also preferred

that the compression ratio be at least 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%.
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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 ethanol is injected. In this case, a

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

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.

Many other embodiments of the invention are set forth in detail in the remainder of this

application.

Brief Description of the Drawing

Fig. l 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 B. the ratio of the

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

used) to the adiabatic temperature increase of the 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.

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 embodiment of the fuel management system disclosed

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

and air flows into an engine.

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

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

a gasoline engine.

Description of the Preferred Embodiment

Ethanol has a heat of vaporization that is more than twice that of gasoline, a heat of

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

of combustion energy that is close to four times that of gasoline. 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 ethanol after the inlet valve that admits the air and

gasoline into the cylinder is 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 because it provides good mixing. The model also provides

information that can be used for open loop (i.e., 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 compression ratio.

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

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

obtain combustion stability by providing a more homogeneous mixture. Port fuel injection of

gasoline also removes the need for a second direct fuel system or a more complicated system

which uses one set of injectors for both fuels. This can be useful in minimizing costs.

5
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The maximum fraction of ethanol used during a drive cycle will depend upon the

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

representative range for the maximum ethanol 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.

The initial determination of the knock suppression by direct injection of ethanol 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 earlier projections. Larger octane enhancements can increase the

efficiency gain through greater downsizing and higher compression ratio operation. They can

also reduce the amount of 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 ethanol/gasoline/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. Grear, E. Meeks, H. K. Moffat, A. E. Lutz, G. Dixon-Lewis, M.D. Smooke,

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

Caracotsios, W, E. Stewart, P. Glarborg, C. Wang, 0. 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 CHEMKIN code is 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 er a]. [Curran, H. I, 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.

6
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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 oflO. The end gas is defined as the un-combusted air/fuel mixture

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% of the fuel

that is not in the end gas region The effect of direct ethanol vaporization on temperature

was modeled by consideration of the effects of the latent heat of vaporization on temperature

depending upon the time of the injection.

The effect of temperature increase due to turbocharging was also included. The

increase in temperature with turbocharging was calculated using an adiabatic compression

model of air. It is assumed that thermal transfer 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 A T charge is A T charge = [3 A Tull-b0 where

ATmrb0 is 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. I shows the 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 B. In Fig. l it is assumed that the direct injection of the ethanol

is late (i.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 l for the case of a pressure in

the inlet manifold of up to 3 bar for an engine with a conventional compression ratio of l0.

The temperature of the charge varies with the amount of ethanol directly injected and is self-
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consistently calculated in Table l and Fig. [The engine speed used in these calculations is

1000 rpm.

Table 1
185

Computer model calculations of temperature and ethanol fraction required for

knock prevention for an inlet manifold pressure of 3 bar for an engine with a

compression ratio of 10, for vanous values of B (ratio of change of the cylinder air

charge temperature due to turbocharging to the adiabatic temperature increase due to

190 turbocharging A T Charge : B AT turbo). The engine speed is lOOO rpm.

B 0.3 0.4 0.6

Ticharge init K 3 80 3 8 0 3 80

Delta T turbo K 180 180 180

195 Delta T after intercooler K 54 72 108

Delta T due to D1 ethanol and gasoline K -103 -1 l l -l 32

T_init equivalent charge K 3 3 l 341 35 6

Gasoline octane 87 87 87

Ethanol fraction (by energy) needed

200 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

205 indicate a substantial benefit from injection after the inlet valve is closed.

The amount of air is constant in the case of injection after the inlet valve has

closed. Therefore the temperature change is calculated using the heat capacity of air at

constant volume (cv). The case of early injection Where the valve that admits air and fuel

210 to the cylinder is still open is modeled with a constant—pressure heat capacity (cp). The

constant volume case results in a larger evaporation induced decrease in charge

temperature than in the case for constant pressure, by approximately 3 %. The better

evaporative cooling can allow operation at higher manifold pressure (corresponding to a

8
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greater octane enhancement) without knock that would be the case of early injection by a

difference of more than 1 bar. The increase in the evaporative cooling effect at constant

volume relative to that at constant pressure is substantially higher for the case of direct

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

gasoline.

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 [5: 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 ethanol fractions of 0.82 and 0.83. For an ethanol energy fraction of 0.83, the

pressure and temperature rise at 3600 (top dead center) is due largely to the compression

of the 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 change in the initial temperature of l K, or a change in the ethanol energy

fraction of 1 9/6).

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

is shown in Table 2, where three cases are compared. The first one is with port fuel

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

assumes direct injection, but with the inlet valve open, with evaporation at constant

pressure, where the cooling of the charge admits additional air to the cylinder. The third

case assumes, as in the previous discussions, late injection after the inlet valve has
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closed. It is assumed stoichiometric operation, that the baseline temperature is 380 K,

and that there is cooling in the manifold after the turbocharger with B: 0.4.

245

Table 2 

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

250 charge temperature of 380 K, intercooler/cooling post turbo with B : 0.4, stoichiometric

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

No Evaporative Cooling Evaporative cooling

Before After

255 Valve Closing Valve Closing

Ethanol fraction 0.95 0.95 0.95

(by energy)

260 Max manifold pressure (bar) 1.05 2.4 4.0

Cylinder pressure after l.05 2.4 3.0

cooling (bar)

265 Cylinder charge temperature 383 360 355

after cooling (K)

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

270 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 decrease of the charge of ~75K. The final

10
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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 ~l2OK. It should be noted

that the torque of the late injection case after the valve has closed is actually higher than that of

the early injection case, even though the early 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

operate at 1 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 ethanol after

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

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

improved performance in this case can be traded for increased compression ratio 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 shown in Fig. 2 occurs relatively late in the

cycle, and it is possible that the fuel has been combusted before it autoignites. Also it should

be noted that 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, l. The initial temperatures of the cases shown in Fig. 2 are 34] K

for 0.82 ethanol fraction, and 340 K for 0.83 ethanol fraction, a difference of lK (the

difference due to the cooling effect of the ethanol).

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

early injection so that the rate of vaporization of ethanol is substantially decreased. By

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

11
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closed, the temperature at the end of full vaporization of the ethanol is 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 near homogeneous charge

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 improve ignition stability, then the injection

should occur later than in the case where the best achievable mixing is 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 volume throughputs (as compared with gasoline) of ethanol for

equal energy content.

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

25%) be port injected in order to achieve the desired combustion stability. A tumble—like or

swirl motion can be introduced to 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 gives results that are

consistent with the observed occurrence of knock in gasoline engine vehicles, thereby

buttressing the credibility of the projections for ethanol. 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 (116., less than 1.2 bar) manifold pressure can be achieved even with

12
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direct injection of gasoline unless spark retard and/or rich operation is used. These changes,

however, can reduce efficiency and increase emissions.

Fig. 1 shows that 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 be at least 2.5 bar without engine knock.

A pressure of 3 bar would allow the engine to be downsized to ~l/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 volume is decreased by

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

example, the performance of an eight cylinder engine is achieved by a four cylinder engine.

The occurrence of knock at 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 improvement in 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 oftorque than is the case at high engine speeds.

Fig. l can also be used to determine the ethanol fraction required to prevent knock at

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.

13
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The efficiency of a gasoline engine under driving conditions using direct ethanol

injection enhancement can be at least 20% and preferably at least 30% greater than that 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 performance is obtained with less than one-half the displacement), the increase in

efficiency could exceed 3 %.

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

octane requirement of the engine by using variable valve timing (WT). 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. The loss in

efficiency at high torque has a small impact on the overall fuel economy because the engine

seldom operates in these conditions.

VVT can also be used to better scavenge the exhaust gases [3 Lecointe and G.

Monnier, "Downsizing a Gasoline Engine Using Turbocharging with Direct Injection" SAE

paper 2003-01-0542]. Decreasing the exhaust gas decreases the air/fuel temperature. Keeping

both the inlet 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 exhaust is 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

14
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of ethanol by reduction of the spark retard or ethanol/gasoline with rich operation and also

with the use of variable valve timing.

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 response time, 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 number of cylinders in a downsized engine.

The temperature of the air downstream from the turbocharger is increased by the

compression process. Use of an intercooler can prevent this temperature increase from

increasing the engine's octane requirement. In addition, in order to maximize the power

available from the engine for a given turbocharging, cooling of the air charge results in

increased mass of air 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 exhaust treatment catalyst 10 and air,

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 amount of air into a

turbocharger 16, the amount of gasoline and the amount of ethanol so as to insure

stoichiometric operation. During transients, open-loop algorithms from a stored engine map

(not shown) are used to determine air, 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 of air, gasoline and ethanol such that the fuel/air ratio is

substantially equal to l. The additional control is needed because, if the air/gasoline ratio

15
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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

el al. [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 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. The first 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/fuel mass ratios as low

as 0.75 where a stoichiometric mixture has a relative air/fuel ratio of l). The control system

can choose between two fuels, ethanol and gasoline. Increased use of ethanol may be better

than use of gasoline, with emissions that are less damaging to the environment than gasoline

and decreased amount of rich operation to achieve the temperature control needed. Open

loop operation with both gasoline and ethanol may require substantial modification of the

engine's ”lookup table."
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Thus, a method of operating an engine is, 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 change to open loop operation, using a lookup table.

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

determines the fraction required of ethanol, while the oxygen sensor 12 determines the total

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

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

total amount of fuel.

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

boiling point), solvents can be added to the ethanol to minimize the 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.

Because of the large cooling effect from ethanol, it has been known for some time

that startup of a cold engine is 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 easier engine start up. A greater 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 ethanol fractions. Hence the use of non-uniform ethanol distribution to

minimize the use of ethanol at these values of torque becomes more attractive when

achievement of the maximum efficiency gain is desired.
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Below a certain value of torque or boost pressure it can be advantageous to use a

non—uniforrn ethanol distribution in order to reduce the amount of ethanol that is used. Above

certain torque or turbocharger 0r 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 ofthe 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. Charge stratification in the case of swirl can be maintained by

temperature stratification, with the cooler (and denser) regions in the periphery, which

correspond to the end-gas zone.

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

cylinder is to inject the ethanol relatively late with respect to bottom dead center. Thus the

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, and it is less likely that the ethanol

would wet the cylinder walls. Improved vaporization of the ethanol can also be achieved by

using injectors that produce small droplets. The injector could be a single spray pattern

injector with a relatively narrow directed jet. This type of jet 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. The first one is the increased cooling effect of the region that

has the propensity to autoignite (knock), the end gas region. The second is that the central
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region is 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 properties of the 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 ethanol distribution. Late injection can aid in the

formation of a non-uniform air/ethanol mixture as mixing time is limited. Since a fraction of

the gasoline is port-fuel injected, it can be assumed that this fuel is homogeneously distributed

in the cylinder, but ethanol is 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 it is 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 tumble stratified air fuel charges with hot air/gasoline in the

center and colder air/ethanol or 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 minimized if the gasoline is also directly injected. In this

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

charge in the cylinder. The gasoline can be injected using a separate set of injectors, This

would provide the most flexibility. However, it may be difficult to fit two sets of injectors

per cylinder in the limited space in the cylinder head. An alternative means is to provide a
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single set of injectors for injection of both the ethanol and the gasoline Two options are

possible, one in which there 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 ethanol has the disadvantage of

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

fuel pump is 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

manner in the cylinder. In the case with a single nozzle and single valve, the fuels need to be

mixed prior 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 embodiment involves 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 nozzle/valve for each fuel 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 independent

injectors), with possibilities of simultaneous or asynchronous injection 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 ethanol in 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
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the periphery of the cylinder, where the end gas will be. This can be accomplished more

easily 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 less the initial flame

propagation. In addition, it may be beneficial to retard the injection of the ethanol with

respect to the gasoline.

When the 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 levels. 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 (GDI),

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

the engine will operate at higher loads and higher torques, but still far below what ethanol

could achieve. Only the cooling effect of the direct injection fuel is obtained, since the

directly injected fuel has the same. octane number as the 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 of the lack or availability of ethanol 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.
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By proper expert system evaluation of the recent ethanol/gasoline usage and amounts

600 of gasoline and ethanol it is possible to provide means to minimize the need of the 'low

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

the amount left 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

605 vehicle operation will not be limited by the exhaustion of the antiknock agent.

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

number sufficiently to increase efficiency by at least 25% would be less than 15% of the fuel

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

610 stratifi cation.

Onboard separation of ethanol from diesel by fractional distillation has been

demonstrated for use in ethanol exhaust aftertreatment catalysts ["Fuel-Borne Reduetants for

615 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 (Diesel Engine Emissions Reduction) Workshop, NewportRI 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

620 information about the use of membranes for the separation of ethanol from water, to our

knowledge there is no available information on the membrane separation of ethanol from

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

hydrocarbon fuel molecules are much larger, it is possible to use membranes for the separation.

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

625 purity ethanol, the process is relatively simple and requires low pressure.

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

atoms has significantly different properties than most other gasoline compounds which have five
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to ten carbon atoms. The other antiknock agents contemplated for use in this invention also have

630 a small number of carbons relative to gasoline. For example, methanol has one carbon. The

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

approaches (see flyama et 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.

635

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. Ifit is located downstream, the separation

occurs only when the engine is operational and the pump is on, while if it is upstream the

separation is continuous. The pressure of the fuel downstream from the pump is a few bars

640 (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 where it is stored. If there is too

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

645 used in the engine, even if not required 3) ethanol is returned to the main gasoline tank.

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,

650 conditions that require operation at high torque and which if for extended periods of time

would consume ethanol at a rate higher than what can be extracted from the fuel.

Extraction of ethanol from the gasoline can have the unintended effect of reducing

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

655 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 ethanol extracted from the fuel matches the required ethanol.
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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 of the

present fuel transportation infrastructure. The potential advantages could be greater

flexibility in choice of a fuel separation system and lower cost relative to onboard separation

It may be of particular interest during the introductory phase of ethanol boosted engine

vehicles.

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

varying the maximum a m o u nt of ethanol in the ethanol tank. This capability would make

it possible to drive longer distances between ethanol refueling and to operate on different

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

and gasoline. In some cases, it may be advantageous to use more ethanol than is needed to

provide the desired octane enhancement (eg, to meet alternative fuel or C02 reduction

goals). It is desirable to have this capability without increasing the overall fuel tank size. A

single fuel tank with a membrane or 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 regions that 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 moved in 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 impervious to leaks from one fuel to the other.

Ethanol is denser than gasoline. The movable/deformable wall can be placed such

that the ethanol is 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 embodiment has the

ethanol above the gasoline, as shown in Figure 5.
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If the ethanol 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 polyethyleneoxy 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 suppression is not the intrinsic knock-resistance of the fuel antiknock agent but

rather its high heat of vaporization. In order to evaluate alternatives to ethanol, Table 3

shows the properties of proposed fuel antiknock/alternative fuels. Although some of these

additives have higher octane numbers than gasoline, some of them have a much larger effect

on the cylinder charge temperature (Table 3 assumes injection after the inlet valve has

closed). Some of these additives (mostly the ethers) have a comparable charge temperature

effect to that of gasoline direct injection, and thus are of less interest. The alcohols have

optimal properties for the application, with temperature changes that are a factor of 3 or larger

than the temperature change due to gasoline direct injection (for 100% or near 100%

operation with the additive). For ethanol, the change in temperature is 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.

T‘1§¥3

Antiknock properties of various fuels (calculated from data obtained in SAE standard

I 1297 Altemative Automotive Fuels, Sept 2002)
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Vaporization
energy/heat Stoic Equiv. Latent

Fuel Type Chemical formula RON MON (R+M)/2 Net heat of Latent heat of of air/fuel heat of
Combustion vaporization combustion ratio vaporization AL.r

MJ/kg MJ/kg MJ/kg air K
Gasoline 42.8 0.30 0.007 14.6 0.020 728

Ethyl t-Buytl Ether CH3CH2-O-C(CH3)3 118 102 110 36.3 0.31 0.009 12.1 0.026 -35
teAmylMethylEther C2H5 C (CH3)2707CH3 111 98 105 36.3 0.32 0.009 12.1 0.027 736
Toluene C7H8 111 95 103 40.5 0.36 0.009 13.5 0.027 -37

Methyl t-Butil Ether CH3-O-C(CH3)3 116 103 110 35.2 0.32 0.009 11.7 0.028 -37
Dijsopropyl Ether (CH3)2CH-O-CH(CH3)2 110 97 103 38.2 0.34 0.009 12.1 0.028 -39
t-Butly Alchohol (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% melllanoL’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 CH3OH 133 105 119 20.0 1.16 0.058 6.4 0.181 -246

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, AT”, 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 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 consumes considerable 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 advantageous to 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 measurement of the quality of the antiknock additive.
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Similarly, an open loop system would require determining the quality of the fuel (octane

number). Closed loop operation allows the use 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

760 produce and process corn, and methanol in those that have methanol production capabilities.

Thus, the least expensive grade of gasoline available and the least expensive antiknock fuel

can be used, allowing a decrease of the cost of operating the vehicle as well as increasing the

availability of the antiknock fuel.

765 Although the above discussion has featured ethanol as an exemplary anti-knock agent,

the same approach can be applied to other high octane fuel and fuel additives with high

vaporization energies such as methanol (with higher vaporization energy per unit fuel), and

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

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

770 (TAME). It may be advantageous to use various mixtures of these fuels and additives with

each other and with ethanol.

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

775 vehicle.

The ethanol 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%)

780 among other denaturing agents (methanol, isopropanol and others).

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

gasoline stations
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785 Using a signal from a knock sensor to determine when and how much ethanol or

other anti—knock agent must be used at various times in a drive cycle to prevent knock, the

fuel management system can be employed to minimize the amount of ethanol or other anti-

knock agent that is consumed over the drive cycle. If sufficient ethanol or other anti-knock

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

790 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.

795 The contents of all of the references cited in this specification are incorporated by

reference herein in their entirety.

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

800 are included within the scope of the appended claims.
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What is claimed is:

l, A fuel management system for a turbocharged spark ignition engine where the fuel

management system controls fueling from a first fueling system that directly injects fuel into at

least one cylinder as a liquid and increases knock suppression by evaporative cooling and where

fueling is also provided by a second fueling system that injects fuel into a region outside of the

cylinder;

and where there is a first torque range wherein both fueling systems are used throughout

this range;

and wherein the fraction of fuel in the cylinder that is introduced by the first fueling

system increases with increasing manifold pressure;

and where fueling from the second fueling system alone is used when the torque is

decreased below the lower end of the first torque range.

2, The fuel management system of claim 1 where the maximum knock suppression during a

driving cycle is provided by operation with fueling from both fueling systems.

3. The fuel management system of claims 1 or 2 where the combustion stability is greater

with operation of the first fueling system and the second fueling system than operation with the

first fueling system alone.

4. The fuel management system of claim 1 where variable valve timing is used.

5. The fuel management system of claim 1 where the fraction of fuel provided by the first

fueling system increases with manifold pressure so as to prevent knock.

29

FORD Ex. 1135, page 36

IPR2020-00013



FORD Ex. 1135, page 37
                       IPR2020-00013

830

835

840

845

850

855

Application No.: Filcd Hcrcwith Docket No.: 1 1381122997
Date:

6, The fuel management system of claim 1 where variable valve timing is used so as to

reduce the fraction of fuel provided by the first fueling system.

7. The fuel management system of claim 1 where as the manifold pressure is increased, the

increase in the fraction of fuel in the cylinder that is provided by the first fueling system is

matched to that needed to prevent knock, during at least part of pressure range in which both the

first and second fueling systems are used.

8, The fuel management system of claim 7 where the increase in the fraction of fuel

provided by the first fueling system is matched to that needed to prevent knock throughout the

entire first torque range.

9, The fuel management system of claim 1 where when the pressure in the manifold is

increased, the fraction of fuel in the cylinder that is provided by the first fueling system is

increased and is the minimum needed to prevent knock.

10. The fuel management system of claim 1 where only second fueling system is used

between zero torque and the lowest torque in the first torque range.

l l , The fuel management system of claim l where the lowest torque in the first torque

range is the lowest torque at which the first fueling system is needed to prevent knock.

12. The fuel management system of claim 1 where the second fueling system uses port fuel

injection.

l3. The fuel management system of claim l where the first fueling system is operated so as

to minimize wall wetting.

14. The fuel management system of claim 1 where during the first 30 seconds of operation

all of the fuel is provided by the second fueling system.
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860

15. The fuel management system of claim 1 where during engine start up all of the fuel is

provided by the second fueling system.

16, The fuel management system of claim 1 Where during engine startup a higher fraction

865 of fuel is provided by the second fueling system than would ordinarily be used.

17. A fuel management system for a turbocharged spark ignition engine where during part

of the drive cycle the fuel management system controls fueling from a first fueling system that

directly injects fuel into at least one cylinder as a liquid and increases knock suppression by

870 evaporative cooling and from a second fueling system that injects fuel into a region outside of

the cylinder;

and where the fuel from the first fueling system is injected so as to provide a non uniform

distribution of fuel in the cylinder;

875

and where there is a range of torque throughout which both fueling systems are used;

and Where the— fraction of fuel in the cylinder that is introduced by the first fueling

system increases with increasing manifold pressure so as to prevent knock.

880

l8. The fuel management system of claim l7 where second fuel system uses\ port fuel

injection.

19. A fuel management system for a turbocharged spark ignition engine where the fuel

885 management system controls fueling from a first fueling system that directly injects fuel into at

least one cylinder as a liquid and increases knock suppression by evaporative cooling and from a

second fueling system that injects fuel into a region outside of the cylinder;

and where there is a range of torque throughout which both fueling systems are used;
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and where the fraction of fuel in the cylinder that is introduced by the first fueling

system increases with increasing manifold pressure so as to prevent knock by providing

increased knock resistance;

and where the fuel management system controls the change in the fraction of fuel

introduced by the first fueling system using closed loop control that utilizes a sensor that detects

knock;

and where the direct injection of fuel by the first fueling system is carried out so as to

minimize wall wetting.

20, The fuel management system of claim 19 where the timing of the direct injection of fuel

by the first fueling system is carried out so as to minimize wall wetting.

21 The fuel management system of claim l9 where the fuel is directly injected so that it

encounters higher temperature gas when it is injected.

22. The fuel management system of claim 19 where the directly injected fuel is introduced in

the cylinder after the inlet valve has closed.

23. The fuel management system of claim 19 where open loop control is also used.

24, The fuel management system of claim 23 where open loop control is used during

transients in load.

25. A fuel management system for a turbocharged spark ignition engine where the fuel

management system controls fueling from a first fueling system that directly injects fuel into at

least one cylinder as a liquid and increases knock suppression by evaporative cooling and where

fueling is also provided by a second fueling system fueling system that uses port fuel injection
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920

and where there is a first torque range where fueling from the first fueling system is used

throughout this range;

and where fueling from the second fueling system alone is used when

925 the torque is decreased below the lower end of the first torque range.

26. The fuel management system of claim 25 where the second fueling system is also used

throughout the first torque range.

930 27. The fuel management system of claim 25 where fueling from the second fueling system

is used between zero torque and the lowest torque of the first torque range.

28. The fuel management system of claim 25 or 27 where the lowest torque in the first torque

range is the lowest torque at which fueling from the first fueling is needed to prevent knock.

935

29. The fuel management system of claim 27 where when the highest knock resistance is

required both the first and second fueling systems are used.

30, The fuel management system of claim 25 where for the first 30 seconds of engine

940 operation more fuelng is provided by the second fueling system that would ordinarily be the

case.

3], The fuel management system of claim 25 where all of the fueling is provided by the

second fueling system during the first 30 seconds of operation.

945
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Application No.: Filcd Hcrcwith Docket No.: l 138 l . 122997
Date:

950 Abstract of the Disclosure

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

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

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

955 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

that is at least three times that of gasoline.
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of 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 components for 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 shown on this
Acknowledgement Receipt will 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/DOIEOI903 indicating acceptance of the application as a
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
lfa new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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First Named Inventor/Applicant Name: Leslie Bromberg

Customer Number: 91197

Filer: Sam Pasternack/Abram Barrett
 

Filer Authorized By: Sam Pasternack

Attorney Docket Number: 11381.122997 
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File Listing: 
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Total Files Size (in bytes) 381139

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of 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 components for 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 shown on this
Acknowledgement Receipt will 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/DOIEOI903 indicating acceptance of the application as a
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 components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMFNT OF COMMERCE
United States Patent and Trademark Office
Addrcss. COMMISSIONER FOR PATENTSPO Box 1450

Aiflalllllia Virginia 2"31‘6- I450vwm.usme.gov
APPLICATION FILING or GRPAR

NUMBER 371(0) DATE UNITT FIL FEE RECD ATTYDOCKET.NO TOT CLAIIVAIMS IND CL4AIMS

 
 

15/463 100 03/20/2017 3747 3980 11381.122997
CONFIRMATION NO.41002

91197 FILING RECEIPT
MIT" T h l L' ' Off'

255 13.33322.” “W HIIIII1mmIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHII
NE 18-501

Cambridge, MA 02142-1493

Date Mailed: 03/29/2017

Receipt is acknowledged of 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 US. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. 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
submit a written request for a Filing Receipt Correction. 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 processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

|nventor(s)
Leslie Bromberg, Sharon, MA;
Daniel R. Cohn, Cambridge, MA;
John B. Heywood, Newtonville, MA;

Applicant(s)
Massachusetts Institute of Technology, Cambridge, MA

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 14/807,125 07/23/2015
and is a CON of 14/220,529 03/20/2014 ABN
and is a CON of 13/546,220 07/11/2012 ABN
and is a CON of 11/758,157 06/05/2007 ABN
and is a CON of 11/100,026 04/06/2005 PAT 7225787
and is a CON of 10/991,774 1 1/18/2004 PAT 7314033

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: No

Permission to Access Search Results: No
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 03/27/2017

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 15/463,100

Proiected Publication Date: 07/06/2017

Non-Publication Request: No

Early Publication Request: No
Title

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

Preliminary Class

123

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a US. 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 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 must
issue a license before applicants can apply for a patent in a foreign country. The filing of a US. 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 applicants 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 Center at 800—786—91 99, or it
can be viewed on the USPTO website at http://www.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 Commerce initiative,
this website includes self-help ”toolkits" giving innovators guidance on how to protect intellectual property in specific
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the US. Government hotline at 1—866—999—HALT (1 —866—999—4258).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 8: 5.15

m

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 and limitations 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 or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is 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 (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 NOT appear on this form. Applicant may still 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 the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

 

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The US. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of US. cities, states,
and regions competing for global investment; and counsels U .8. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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technology, manufacture products, deliver services, and grow your business, visit http://wwwSeleotUSAgov or call
+1—202—482—6800.
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMFNT OF COMMERCE
United States Patent and Trademark Office
Address. COMB/llSSlONlillm’ FOR PATENTSPO Box 1450

AlrxalirliiayV‘irglnia 22313-1450WWW".USD[C.QOV
 
 

APPLICATION NUMBER FILING OR 371(le DATE FIRST NAVIED APPLICANT ATTY. DOCKET NOJTITLE

15/463,100 03/20/2017 Leslie Bromberg 11381122997
CONFIRMATION NO. 1002

91197 INFORMAL NOTICE

MlT"s Technology Licensing Office

255 Main Street lllllllll|||l|l|lllllllllllllllllllllll|||||ll|l|lllllllllllllll| lllllllllllllllllllllllll
NE 18—501 000000090 8 905

Cambridge, MA 02142—1493
Date Mailed: 03/29/2017

INFORMATIONAL NOTICE TO APPLICANT

Applicant is notified that the above—identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f).

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid
further processing delays.

- A properly executed inventor‘s oath or declaration has not been received for the following inventor(s):
Leslie Bromberg
Daniel R. Cohn

John B. Heywood

Questions about the contents of this notice and the

requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

lamanalac/
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PATENT APPLICATION FEE DETERMINATION RECORD Application or DOCket Number
Substitute for Form PTO-875 15/463,100

APPLICATION AS FILED - PART I

(Column 1) (Column 2) SMALL ENTITY

RATE($) FEE($)
BASIC FEE

(37 CFR 1.16(a), (b), or (a) MASEARCH FEE

(37 CFR 116(k), ii), or lm)) N/A
EXAMINATION FEE N/A(37 CFR 116(0). (p). or (q))

INDEPENDENT CLAIMS . ‘
(37 CFR 1 16(i))

If the specification and drawings exceed 100
APPLICATION SIZE sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.

41 (a)(1)(G) and 37 CFR1.16( ).

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1116(1))

* lfthe difference in column 1 is less than zero, enter "0” in column 2.

APPLICATION AS AMENDED - PART II

SMALL ENTITY(Column 1) (Column 2} (Column 3)
CLAIMS HIGHEST

REMAINING NUMBER
AFTER PREVIOUSLY

AMENDMENT PAID FOR

ADDITIONAL

RATEISE) FEE($)
Total

(37 CFR |.|6(ii)
Independent(37CFR1.16(I'1))

Application Size Fee (37 CFFI 116(5))AMENDMENTA
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1 16(1)]

TOTAL
ADD'L FEE

(Column 1) (Column 2} (Column 3)
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL
AFTER PREVIOUSLY FEE($)AMENDMENT PAID FOR

Total
(37 CFR 1.16m]
Independent “ Minus m

(37 CFR |.|6(h))AMENDMENTB Application Size Fee (37 CFR 116(5))

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(]))
TOTAL

ADD'L FEE
* lfthe entry in column 1 is less than the entry in oolumn 2, write "0" in column 3‘

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

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

 
OTHER THAN

SMALL ENTITY

N/A

OTHER THAN
SMALL ENTITY

ADDITIONAL

RATE($) FEEI$)

”iii“

TOTAL
ADD‘L FEE

FORD Ex. 1135, page 63

IPR2020-00013



FORD Ex. 1135, page 64
                       IPR2020-00013

UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMFNT OF COMMERCE
United States Patent and Trademark Office
Address. COMMISSiONER FOR PATENTSPO Box 1450

AlrxaiirliiayV‘irgiiiia 22313-1450WWW\'.USDIC.QOV
 
 

APPLICATION NUMBER FILING OR 371(le DATE FIRST NAMED APPLICANT ATTY. DOCKET NOJTITLE

15/463,100 03/20/2017 Leslie Bromberg 113811122997
CONFIRMATION NO. 1002

91197 IMPROPER CFR REQUEST

MlT"s Technology Licensing Office

255 Main Street ll||1|l|l11111111111111111111111111lllllllllol1101111111111111111111lllllllllllllllllllllll
NE 18—5010000000

Cambridge, MA 02142—1493
Date Mailed: 03/29/2017

RESPONSE TO REQUEST FOR CORRECTED FILING RECEIPT

Continuity, Priority Claims, Petitions, and Non-Publication Requests

In response to your request for a corrected Filing Receipt, the Office is unable to comply with your request
because:

. One or more of the benefit claims under 35 U.S.C. § 120 cannot be included on the Filing Receipt since
applicant did not specify whether the application is a continuation, divisional or continuation-in-part of the prior
application. Applicant must submit a new application data sheet (ADS) that sets forth the relationship, and the
ADS must be accompanied by a petition under 37 CFR 1.78 if filed after the time period set forth in 37 CFR
1.78.

Questions about the contents of this notice and the

requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

Idinnguyen/
 

page 1 of 1
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Electronic Acknowledgement Receipt

EFS ID: 29038236

Application Number: 15463100

International Application Number:

Confirmation Number: 1002

OPTIMIZED FUEL MANAGEMENT SYSTEM FOR DIRECT INJECTION ETHANOL

T'tle °f Invent'om ENHANCEMENT OF GASOLINE ENGINES

First Named Inventor/Applicant Name: Leslie Bromberg

Customer Number: 91197

Filer: Sam Pasternack/Abram Barrett
 

Filer Authorized By: Sam Pasternack

Attorney Docket Number: 11381.122997 

Receipt Date: 26—APR—201 7

Filing Date: ZOEMAR72017

Time Stamp: 16:37:36

Application Type: Utility under 35 USC 111(a)

 
Payment information:

 
Submitted with Payment

File Listing: 

Document . . . File Size(Bytes)/

Number Document Description me Name Message Digest Part /.zip (if appl.)
373655

Request for Corrected Filing Receipt 11381122997RCFR.pdf 97l97r1r Zafi‘m Sil77tl5 3901ii1a222749113e
"lfifDfl 
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Information:

1492156

Application Data Sheet 11381122997SupADS.pdf 4564bc0ef318€ab16fd73334247d13dc579€

Warnings: 

Information: 

This is not an USPTO supplied ADS fillable form 

Total Files Size (in bytes) 1865811

 
This Acknowledgement Receipt 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 components for 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 shown on this
Acknowledgement Receipt will 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/DOIEOI903 indicating acceptance of the application as a
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
Ifa new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMEVT OE COMIWERCE
United States Patent and Trademark Office
Address. COMMISSiONER FOR PATENTSPO Box 1450

AIrxalrdiiayV‘irglnia 22313-1450WWW\'.USDIC.QOV
 
 

APPLICATION NUMBER FILING OR 371(le DATE FIRST NAMED APPLICANT ATTY. DOCKET NOJTITLE

15/463,100 03/20/2017 Leslie Bromberg 11381122997
CONFIRMATION NO. 1002

91197 IMPROPER CFR REQUEST

MlT"s Technology Licensing Office

255 Main Street ||||l|||||||||l|l|||l|||lil|li|yll||||||||||||l||l||l|||l||||||lllll|||||||||||||||l||l|||l
NE 18—501 0000009098506

Cambridge, MA 02142—1493
Date Mailed: 04/28/2017

RESPONSE TO REQUEST FOR CORRECTED FILING RECEIPT

Power of Attorney, Claims, Fees, System Limitations, and Miscellaneous

In response to your request for a corrected Filing Receipt, the Office is unable to comply with your request
because:

. The ADS submitted on _04/26/2017_ was not properly marked up to show the desired changes. For
information being changed relative to the information already of record, additions must be shown with
underlining, and deletions must be shown with strike-through or brackets. See 37 CFR 1.76(c)(2)

Questions about the contents of this notice and the

requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

Immasfaw/
 

page 1 of 1
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Electronic Acknowledgement Receipt

EFS ID: 29316940

Application Number: 15463100

International Application Number:

Confirmation Number: 1002

OPTIMIZED FUEL MANAGEMENT SYSTEM FOR DIRECT INJECTION ETHANOL

T'tle °f Invent'om ENHANCEMENT OF GASOLINE ENGINES

First Named Inventor/Applicant Name: Leslie Bromberg

Customer Number: 91197

Filer: Sam Pasternack/Abram Barrett
 

Filer Authorized By: Sam Pasternack

Attorney Docket Number: 11381.122997 

Receipt Date: 25—MAY—201 7

Filing Date: ZOEMAR72017

Time Stamp: 16:34:29

Application Type: Utility under 35 USC 111(a)

 
Payment information:

 
Submitted with Payment

File Listing: 

Document . . . File Size(Bytes)/

Number Document Description me Name Message Digest Part /.zip (if appl.)
373655

Request for Corrected Filing Receipt 11381122997RCFR.pdf 97l97r1r Zafi‘m Sil77tl5 3901ii1a222749113e
"lfifDfl 
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Information:

5414645

Application Data Sheet 11381122997SupADSZ.pdf l97d95327db6ia777d5ee394c1be6ddc7b
18d57

Warnings: 

Information: 

This is not an USPTO supplied ADS fillable form 

Total Files Size (in bytes) 5788300

 
This Acknowledgement Receipt 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 components for 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 shown on this
Acknowledgement Receipt will 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/DOIEOI903 indicating acceptance of the application as a
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
Ifa new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMFNT OF COMMERCE
United States Patent and Trademark Office
Addrcss.CQI\flI\/11SSIO\IER FOR PATENTSPO Box 1450

AIrxaIIrIIia Virginia 2"313- I450vwm.usme.gov
APPLICATION FILING or GRPAR

NUMBER 371(0) DATE UNITT FIL FEE RECD ATTYDOCKET.NO TOT CLAIIVAIMS IND CL4AIMS

 
 

15/463 100 03/20/2017 3747 3980 11381.122997
CONFIRMATION NO.41002

91197 CORRECTED FILING RECEIPT

133533123” “°e“““g 0”“: IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
NE 18-501

Cambridge, MA 02142-1493

Date Mailed: 06/01/2017

Receipt is acknowledged of 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 US. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. 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
submit a written request for a Filing Receipt Correction. 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 processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

|nventor(s)
Leslie Bromberg, Sharon, MA;
Daniel R. Cohn, Cambridge, MA;
John B. Heywood, Newtonville, MA;

Applicant(s)
Massachusetts Institute of Technology, Cambridge, MA

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 14/807,125 07/23/2015
and is a CON of 14/220,529 03/20/2014 ABN
and is a CON of 13/546,220 07/11/2012 ABN
and is a CON of 12/701 ,034 02/05/2010 PAT 8468983
and is a CON of 11/758,157 06/05/2007 ABN
and is a CON of 11/100,026 04/06/2005 PAT 7225787
and is a CON of 10/991,774 1 1/18/2004 PAT 7314033

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: No

Permission to Access Search Results: No
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 03/27/2017

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 15/463,100

Proiected Publication Date: 07/06/2017

Non-Publication Request: No

Early Publication Request: No
Title

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

Preliminary Class

123

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a US. 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 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 must
issue a license before applicants can apply for a patent in a foreign country. The filing of a US. 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 applicants 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 Center at 800—786—91 99, or it
can be viewed on the USPTO website at http://www.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 Commerce initiative,
this website includes self-help ”toolkits" giving innovators guidance on how to protect intellectual property in specific
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the US. Government hotline at 1—866—999—HALT (1 —866—999—4258).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 8: 5.15

m

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 and limitations 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 or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is 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 (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 NOT appear on this form. Applicant may still 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 the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

 

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The US. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of US. cities, states,
and regions competing for global investment; and counsels U .8. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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technology, manufacture products, deliver services, and grow your business, visit http://wwwSeleotUSAgov or call
+1—202—482—6800.
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Office of Petitions: Routing Sheet

§c“\\\\\\\\\\\\\\\\xc“\\\\\\\\\\\\\\\\¥cc“\\\\\\\\\\\\\\\\¥\\\\\\\\\\\\\\\\\\\\\ \\\\O O ‘

lca l0n 0 o s:

               

This application is being forwarded to your office for

further processing. A decision has been rendered on a

petition filed in this application, as indicated below.

For details of this decision, please see the document

PET.OP.DEC filed on the same date as this document.

x GRANTED

DISMISSED

DENIED
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q911“ “111%

f{$1 eggW
“ Q UNITED STATES DEPARTMENT OF COMNIERCEUnited States Patent and Trademark Office

Address: COD/D/IISSIONER FOR PATENTS
P.O. Box 1450
Alexandria, Virginia 22313-1450
www nspm gov

  
 

 

 
APPLICATION NO FILING DATE FIRST NAMED [NVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

15/463 100 03/20/2017 Leslie Brombeig 11381 122997

MIT”s Technology Licensing Office
255 Main Slreel TRAN LONG T
NE 18-501

CemiedgeMAdzidz—id9i
3 747

NOTIFICATION DATE DELIVERY MODE

06/15/2017 ELECTRONIC

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

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

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e—mail address(es):
mitdocket @ mit.edu

PTOL-90A (Rev. 04/07‘)
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Commissioner for Patents
United States Patent and Trademark Office

PO. Box 1450
Alexandria, VA 2231 3-1 450

www.uspio.gov

 

In re Application of

Leslie Brombcrg, et a1. :

Application No. 15/463,100 2 DECISION ON PETITION
Filed: March 20, 2017 : TO MAKE SPECIAL UNDER

Attorney Docket No. 11381.122997 : 37 CFR 1.102(c)(1)

This is a decision on the petition under 37 CFR 1.102(c)(1), filed March 22, 2017, to make the above—

identified application special based on applicant‘s age as set forth in M.P.E.P. § 708.02, Section IV.

The petition is GRANTED.

A grantable petition to make an application special under 37 CFR 1.102(c)(1) and MPEP § 708.02,

Section IV: Applicant’s Age must be accompanied by evidence showing that at least one of the applicants

is 65 years of age, or more, such as a birth certificate or a statement by applicant. No fee is required

There is no indication that the petition is signed by a registered patent attorney or patent agent of record.
However, in accordance with 37 CFR 1.34, the signature of Mr. Sam (B0) Paternack appearing on the
correspondence shall constitute a representation to the United States Patent and Trademark Office that he

is authorized to represent the particular party in whose behalf he acts. If, Mr. Sam (Bo) Pasternack
desires to receive correspondence regarding this file, the appropriate power of attorney documents must
be submitted.

The instant petition includes a statement from a registered practitioner declaring that he is in possession of

such evidence that shows the applicant, Daniel R. Cohn, is 65 years of age or older. Accordingly, the
above—identified application has been accorded “special” status.

The application is being forwarded to the Technology Center Art Unit 3747 for action on the
merits connnensurate with this decision.

Telephone inquiries concerning this decision should be directed to the undersigned at (571) 272-1058.

All other inquiries concerning either the examination or status of the application should be directed to the
Technology Center.

Kinqda Walked
Angela Walker
Paralegal Specialist
Office of Petitions
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Office of Petitions: Decision Count Sheet Mailing Month

15463100 iilllllillilil lllllllollllllllll* 1 *

 

3   
For US serial numbers: enter number only, no slashes or commas. Ex: 10123456

For PCT: enter ”51+single digit of year of filing+last 5 numbers", Ex. for PCT/U805/12345, enter 51512345  
 Deciding Official: Walker, Angela

Count (1) - Palm Credit 15463100

WW“ ||||l|||||||||||l||||l|||||||||||||
* G R A N T *L5 Select Check Box for YES

T llllllliillllilliill Ill
yp “ 6 O 1 *1k

 

\\\\.\.\\\\\\\\\xxxxxs.s.\\\\\\\\'.'.'.xxxx\\\\.\.\.\\\\\\\\'.'.'.\\\\

Decision: 111144444442)

 

Notes:   
Count (2)

FINANCE WORK NEEDED “'—
Decision: ‘

{:5 Select Check Box for YES

Decision Type: E:
 

Notes:   
Count (3)

FINANCE WORK NEEDED 3
Decision:

: Select Check Box for YES

u. u. u u u u u. \\\ \}

Decision Type: NONE v§
 

Notes:   
If more than 3 decisions, attach

Initials of Approving Official (if required) 2nd count sheet & mark this box 1:}
Printed on: 6/12/2017

Office of Petitions Internal Document - Ver. 5.0
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1 54631 00

PLUS Search Results for S/N 15463100, Searched Wed Jul 05 12:33:37 EDT 2017

The Patent Linguistics Utility System (PLUS) is a USPTO automated search system

for US. Patents from 1971 to the present PLUS is a query-by-example search system which
produces a list of patents that are most closely related linguistically to the application
searched. This search was prepared by the staff of the Scientific and Technical Information
Center, SIRA.

6076487 99 7971567 99
4495930 99
6287351 99
6575147 99
7131423 99
7225787 99
7288127 99
7314033 99
7337754 99
7357101 99
7426907 99
7444987 99
7533651 99
7578279 99
7581528 99
7584740 99
7594498 99
7637250 99
7640913 99
7640914 99
7640915 99
7647899 99
7665428 99
7703446 99

7720592 99
7730872 99
7740004 99
7762233 99
7762243 99
7779813 99
7793536 99
7802562 99
7841325 99
7845334 99
7849842 99
7877189 99
7946273 99
7957888 99
7971567 99
7971572 99
7974765 99
8015951 99
8037874 99
8069836 99
8069839 99
8082735 99
7877189 99
7946273 99
7957888 99
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 15/463,100 BROMBERG ET AL.

Office Action Summary Examiner Art Unit AIA (First Inventorto File)

LONG T. TRAN 3747 SN?“ 
-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE g MONTHS FROM THE MAILING DATE OF
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earned patent term adjustment. See 37 CFR 1.704(b).

Status

HIE Responsive to communication(s) filed on 20 March 2017.

[I A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

a)|:j This action is FINAL. 2b)IZ This action is non—final.

3)I:l An election was made by the applicant in response to a restriction requirement set forth during the interview on

; the restriction requirement and election have been incorporated into this action.

4)|:| Since this application is In condition for allowance except for formal matters, prosecution as to the merits is

closed In accordance with the practice under Ex parte Quay/e, 1935 CD. 11, 453 O.G. 213.

Disposition of Claims*

SHE Claim(s) fl is/are pending in the application.

5a) Of the above Claim(s) is/are withdrawn from consideration.

mg CIaim(s)_19-24 is/are allowed.

7)IZ Claim(s) 1- 18 and 25-31 is/are rejected.

8)I:l Claim(s)_ is/are objected to.

() are subject to restriction and/or election requirement.

* If any)claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information. please see

itiindexfis or send an inquiry to PPI-tfeedbackifiusptocov.

 

hit :/«’www.uscto. ov/ atents/init events/   

Application Papers

10)I:I The specification is objected to by the Examiner.

11)|Z The drawing(s) filed on 20 March 2017 Is/are: a)IZI accepted or b)I:l objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d).

Priority under 35 U.S.C. § 119

12)I:I Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)—(d) or (f).

Certified copies:

a)I:I All b)I:I Some“ c)I:I None of the:

1.I:I Certified copies of the priority documents have been received.

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

3.|:I Copies of the certified copies of the priority documents have been received in this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.
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Application/Control Number: 15/463,100 Page 2

Art Unit: 3747

DETAILED ACTION

1. The present application is being examined under the pre-AIA first to invent

provisions.

2. Claims 1 — 31 remain pending in the application and have been fully considered.

Claim Rejections - 35 USC § 102

3. In the event the determination of the status of the application as subject to AIA 35

U.S.C. 102 and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any

correction of the statutory basis for the rejection will not be considered a new ground of

rejection if the prior art relied upon, and the rationale supporting the rejection, would be

the same under either status.

(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 year prior to the date of application
for patent in the United States.

4. Claims 1 — 18 are rejected under pre-AIA 35 U.S.C. 102(b) as being anticipated

by Russell (us 2011/0126797).

Regarding Claim 1:

Russell teaches a fuel management system for a turbocharged spark

ignition engine (supercharger 174, engine 10, spark 192) where the fuel

management system controls fueling from a first fueling system (172) that directly

injects fuel (166) into at least one cylinder (14) as a liquid and increases knock

suppression by evaporative cooling (paragraph 0038 discusses the increasing of

ethanol based fuel and its charge cooling effect of alcohol) and where fueling is
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Application/Control Number: 15/463,100 Page 3

Art Unit: 3747

also provided by a second fueling system (173) that injects fuel (170) into a

region outside of the cylinder; and where there is a first torque range wherein

both fueling systems are used throughout this range (Fig 4 shows both fuels

being used in the middle of the desired torque range); and wherein the fraction of

fuel in the cylinder that is introduced by the first fueling system increases with

increasing manifold pressure (via 166, as the ethanol injection amount increases,

the manifold pressure increases as well); and where fueling from the second

fueling system alone is used when the torque is decreased below the lower end

of the first torque range (Fig 4 shows only gasoline is used in the low torque

range).

Regarding Claim 2:

Russell teaches the maximum knock suppression during a driving cycle is

provided by operation with fueling from both fueling systems (knock is

suppressed with an increase in the first fuel while the second fuel is supplied).

Regarding Claim 3:

Russell teaches the combustion stability is greater with operation of the

first fueling system and the second fueling system than operation with the first

fueling system alone (paragraph 0035 discusses varying the fuel injection to

optimize engine performance.

Regarding Claim 4:

Russell teaches variable valve timing is used (paragraph 0022).

Regarding Claim 5:
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Application/Control Number: 15/463,100 Page 4

Art Unit: 3747

Russell teaches the fraction of fuel provided by the first fueling system

increases with manifold pressure so as to prevent knock (via 166).

Regarding Claim 6:

Russell teaches variable valve timing is used so as to reduce the fraction

of fuel provided by the first fueling system (the WT is used as an input for

controller 12, which controls the fuel injection amount).

Regarding Claim 7:

Russell teaches as the manifold pressure is increased, the increase in the

fraction of fuel in the cylinder that is provided by the first fueling system is

matched to that needed to prevent knock, during at least part of pressure range

in which both the first and second fueling systems are used (via controller 12).

Regarding Claim 8:

Russell teaches the increase in the fraction of fuel provided by the first

fueling system is matched to that needed to prevent knock throughout the entire

first torque range (via controller 12).

Regarding Claim 9:

Russell teaches when the pressure in the manifold is increased, the

fraction of fuel in the cylinder that is provided by the first fueling system is

increased and is the minimum needed to prevent knock (via controller 12).

Regarding Claim 10:

Russell teaches only second fueling system is used between zero torque

and the lowest torque in the first torque range (gasoline, Fig 4).
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Application/Control Number: 15/463,1OO Page 5

Art Unit: 3747

Regarding Claim 11:

Russell teaches the lowest torque in the first torque range is the lowest

torque at which the first fueling system is needed to prevent knock (Fig 4, and via

controller 12).

Regarding Claims 12 and 18:

Russell teaches the second fueling system uses port fuel injection (170).

Regarding Claim 13:

Russell teaches the first fueling system is operated so as to minimize wall

wetting (the speed of the direct injection is increased to produce fine particles).

Regarding Claim 14:

Russell teaches during the first 30 seconds of operation all of the fuel is

provided by the second fueling system (Fig 4).

Regarding Claim 15:

Russell teaches during engine start up all of the fuel is provided by the

second fueling system (gasoline, Fig 4).

Regarding Claim 16:

Russell teaches during engine startup a higher fraction of fuel is provided

by the second fueling system than would ordinarily be used (fig 4 and via

controller 12).

Regarding Claims 17, 25 - 31:

Russell teaches a fuel management system for a turbocharged spark

ignition engine (10) where during part of the drive cycle the fuel management
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Application/Control Number: 15/463,100 Page 6

Art Unit: 3747

system controls fueling from a first fueling system (172) that directly injects (166)

fuel into at least one cylinder as a liquid and increases knock suppression by

evaporative cooling and from a second fueling system (173) that injects fuel

(170) into a region outside of the cylinder; and where the fuel from the first fueling

system is injected so as to provide a non uniform distribution of fuel in the

cylinder (the fuel contains a mixture of gasoline and a form of alcohol); and

where there is a range of torque throughout which both fueling systems are used

(Fig 4); and where the- fraction of fuel in the cylinder that is introduced by the first

fueling system increases with increasing manifold pressure so as to prevent

knock (via 166, as the ethanol injection amount increases, the manifold pressure

increases as well, and the ethanol reduces knock).

Allowable Subject Matter

5. Claims 19 — 24 are allowed.

Conclusion

6. The prior art made of record and not relied upon is considered pertinent to

applicants disclosure.

7. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to LONG T. TRAN whose telephone number is (571)270-

1899. The examiner can normally be reached on M-F, 7:30am - 5:00pm.
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Application/Control Number: 15/463,100 Page 7

Art Unit: 3747

Examiner interviews are available via telephone, in-person, and video

conferencing using a USPTO supplied web-based collaboration tool. To schedule an

interview, applicant is encouraged to use the USPTO Automated Interview Request

(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Lindsay Low can be reached on 571-272—1196. The fax phone number for

the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on 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.

/LONG T TRAN/

Examiner, Art Unit 3747
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Electronic Acknowledgement Receipt

EFS ID: 29771593

Application Number: 15463100

International Application Number:

Confirmation Number: 1002

OPTIMIZED FUEL MANAGEMENT SYSTEM FOR DIRECT INJECTION ETHANOL

T'tle °f Invent'om ENHANCEMENT OF GASOLINE ENGINES

First Named Inventor/Applicant Name: Leslie Bromberg

Customer Number: 91197

Filer: Sam Pasternack/Abram Barrett
 

Filer Authorized By: Sam Pasternack

Attorney Docket Number: 11381.122997 

Receipt Date: 13—JUL—201 7

Filing Date: 207MARE2017

Time Stamp: 12:14:37

Application Type: Utility under 35 USC 111(a)

 
Payment information:

 
Submitted with Payment

File Listing: 

Document . . . File Size(Bytes)/

Number Document Description me Name Message Digest Part /.zip (if appl.)
2992507

Oath or Declaration filed 11381122997DEC.pdf l175001l147E-I 7819591l11nd41 l 551.185849
99945 

FORD Ex. 1135, page 126

IPR2020-00013



FORD Ex. 1135, page 127
                       IPR2020-00013

Total Files Size (in bytes) 2992507

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of 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 components for 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 shown on this
Acknowledgement Receipt will 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/DOIEOI903 indicating acceptance of the application as a
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 components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Electronic Acknowledgement Receipt

EFS ID: 29904647

Application Number: 15463100

International Application Number:

Confirmation Number: 1002

OPTIMIZED FUEL MANAGEMENT SYSTEM FOR DIRECT INJECTION ETHANOL

T'tle °f Invent'om ENHANCEMENT OF GASOLINE ENGINES

First Named Inventor/Applicant Name: Leslie Bromberg

Customer Number: 91197

Filer: Sam Pasternack/Abram Barrett
 

Filer Authorized By: Sam Pasternack

Attorney Docket Number: 11381.122997 

Receipt Date: 27—JUL—201 7

Filing Date: 207MARE2017

Time Stamp: 10:58:47

Application Type: Utility under 35 USC 111(a)

 
Payment information:

 
Submitted with Payment

File Listing: 

Document . . . File Size(Bytes)/

Number Document Description me Name Message Digest Part /.zip (if appl.)
1774467

Power of Attorney 11381122997POA.pdf all37lmr Salnzifil Pifiifier [MINA-34795.4
92? 
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Total Files Size (in bytes) 1774467

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of 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 components for 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 shown on this
Acknowledgement Receipt will 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/DOIEOI903 indicating acceptance of the application as a
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 components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE UNTTET) STATES DEPARTMENT OF COMTWERCE
United States Patent and Trademark Office
Address. COMB/11S810NER FOR PATENTSPO Box 1450

ATflalirliiayV‘irglnia 22313-1450WWW".USD[C.QOV
 
 

APPLICATION NUMBER FILING OR 371(le DATE FIRST NAMED APPLICANT ATTY. DOCKET NOJTITLE

15/463,100 03/20/2017 Leslie Bromberg 11381122997
CONFIRMATION NO. 1002

91197 POA ACCEPTANCE LETTER

MlT"s Technology Licensing Office

255 Main Street ||||l|||||||||l|l|||l|||flLl|flllllll||||||||||"11111111111l||||||||||l||||||l|||l000000098 7 0
NE 18-501

Cambridge, MA 02142—1493
Date Mailed: 08/02/2017

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 07/27/2017.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the

requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

lkhoang/
 

page 1 of 1
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 To:
SAM PASTERNACK
CHOATE, HALL & STEWART LLP

TWO INTERNATIONAIXACE

 
NOTIFICATION OF TRANSMITTAL OF

THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1 )

BOSTON, MA 02110

 

  
 

 
 

Date ofmailing
(day/monIh/year) 2 5 FEB 2003
FOR FURTHER ACTION See paragraphs 1 and 4 below

International filing date
(day/manth/year) 24 July 2007 (24.07.2007)

 

 
 
 

  
 

 
 

  

 

 
 

 
 

 
 
 
 

  
 
 

 
 
  

 
 
 

 
  
 

 

Applicant’s or agent’s file reference
2006734-0015 /

International application No.
PCT/USO7/74227

Applicant
ETHANOL BOOSTING SYSTEMS. LLC

 

 
 

 

E The applicant is hereby notified that the international search report and the written opinion of the international Searching Authorityhave been established and are transmitted herewith. '

Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the intemational application (see Rule 46):

When? The time limit for filing such amendments is normally two months from the date oftransmittal of the international
search report.

Where? Directly to the International Bureau ofWIPO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Facsimile No: (41-22) 338.8270.

For more detailed instructions, see the notes on the accompanying sheet.

2. [:l The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith.

3. l: With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

E] the protest together with the decision thereon has been transmitted to the international Bureau together with the applicant’s
request to forward the texts ofboth the protest and the decision thereon to the designated Offices.

El no decision has been made yetcn the protest; the applicant will be notified as soon as a decision is made.
4. Reminders

Shortly alter the expiration of 18 months from the priority date, the international application will be published by the international
Bureau. if the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application, or of the
priority claim, must reach the International Bureau as provided in Rules 90br's.l and 90bis.3, respectiveiy, before the completion of the
technical preparations for international publication.

The applicant may submit comments on an informal basis on the written opinion of the international Searching Authority to the
lntemational Bureau. The lntemational Bureau will send a copy of such comments to all designated Offices unless an international
preliminary examination report has been or is to be established These comments would also be made available to the public but not
before the expiration of30 months from the priority date.
Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority date
(in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed acts for
entry into the national phase before those designated Offices.

in respect of other designated Offices, the time limit of30 months (or later) will apply even if no demand is filed within 19 months.
See the Annex to Form PCT/113L301 and, for details about the applicable time limits, Office by Office, see the PCTApplicant’s Guide,
Volume I], National Chapters and the WIPO lntemet site. . 

Name and mailing address of the ISA/ US Authorized officer ' I ‘
Mail Stop PCT, Ann: lSA/US ' / ,‘v'
Commissioner for Patents Stephen K Cronin
Po. Box 1450 I
Alexandria, Virginia 22313-1450 Telephone No. (571)272-4383

Facsimile No. 571 273-3201 VVVVVVVVVVVV - ‘1‘“
 

Form PCT/ISA/ZZO (January 2004) m arglings eel)

 
FEB 2 7 2008 

PATENT DEPARTMENT_—-—--——
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent’s file reference FOR FURTHER see Form per/13,4020

2006734-0015 ACTION as well as, where applicable, item 5 below.
International application No; International filing date (day/month/year) (Earliest) Priority Date (day/manth/year)
PCT/USO7/74227 24 July 2007 (24.07.2007) 24 July 2006 (24.07.2006)

Applicant ‘
ETHANOL BOOSTING SYSTEMS, LLC  
This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of 32 sheets.
D It is also accompanied by a copy of each prior art document cited in this report. 

1. Basis ofthe Report
a. With regard to the language, the international search was carried out on the basis of:

’1‘ the international application in the language in which it was filed.

E] a translation of the international application into , which is the language
of a translation fiirnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. [:I With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I.

2. E] Certain claims were found unsearchable (See Box No. II)
E] Unity ofinvention is lacking (See Box No. III)

4. With regard to the title,

X the text is approved as submitted by the applicant.
[3 the text has been established by this Authority to read as follows:

5"

5. With regard to the abstract,

E the text is approved as submitted by the applicant.
E] the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant

may, within one month fi'om the date of mailing of this intemational search report, submit comments to this Authority.

6. With regard to the drawings,
a. the figure ofthe drawings to be published with the abstract is Figure No. l

VA as suggested by the applicant.

D as selected by this Authority, because the applicant failed to suggest a figure.
E] as selected by this Authority, because this figure better characterizes the invention.

b. E] none ofthe figures is to be published with the abstract.

 
  

Forrril’éTfiSA/ZIO (first sheet) (April 2005)
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INTERNATIONAL SEARCH REPORT Intema‘im’ applica‘m“ N“
 PCT/USO7/74227

A, CLASSIFICATION OF SUBJECT MATTER
IPC: F021) 41/30( 2006.01);F02B 1/08( 2006.01)

USPC: l23/lA,431,447,575
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
U.S. : 123/ lA,300,304,431,447,478,575 ,577,l98C,l98A

 

 
  

 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name ofdata base and, where practicable, search terms used)
Please See Continuation Sheet

C. DOCUMENTS CONSIDERED TO BE RELEVANT , 4 ‘
 

 
 

  

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
US 2007/0119416 Al (Boysrski) 31 May 2007 (31.05.2007), figures 16, 17, 23, 28, 37, 44, 1—23, 26, 4248, 56
paragraphs [0066], [01071-[0117], [02841-[0318], claims 3, 5, 11, 15.

24,25,27—4 1,49—55

US 2002/01393321 A] (Weissman et a1.) 3 October 2002 (03.10.2002), figure; paragraphs 24-25, 27-66
[00221-[0046]. .........

1-23, 26

El Further documents are listed in the continuation of Box C, I: See patent family annex.
“ Special categories ofcited documents: “MM-“n “T" later document published nficr tho intcmau'onnl fiEing date or prioritydate and not in conflict with the application but ciied to understand the
“A" document defining the general state ofthc art which is not considered to be of principle or theory underlying the invention

particular relevance
“X" document ofparticularrclcvnnce; the claimed invention cannot be

“E" earlier application or patent published on or chat the inteman'onnl filing date considered novel or cannot be considered to involve an inventive stepwhen the document is taken alone
“L" document which may throw doubts on priority claim(s) or which is cited to

establish the publication date ofanothcr citation or other special reason (as “Y" document ofparu'cular relevance; the claimed invention cannot be
specified) considered to involve an inventive step when the document iscombined with one or more other such documents, such combination

“0" document referring to an oral disclosure, use, exhibition or other means being obvious to a person skilled in the art

“F" document published prior 10 the international filing date but later than the “EL“ document member of the same patent family
priority date claimed ‘

Date ofthe actual completion of the international search Date ofmailin of thi' figiational search report07 December 2007 (07.12.2007) ' 2 ,. F - B
Name and mailing address of the ISA/US Authorized officer ,_ '

Mail Stop PCT, Ami: ISA/US K . W ,. .7Commissioner for Patents Stephen CromnPO Box 1450

Alexandria, Virginia 22313-1450 Telephone NO- (571) 272-4383 £34Facsimile No. (571) 273-3201
Form PCT/ISA/ZIO (second sheet) (April 2005)
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t
PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

  
 

To:
SAM PIASTERNACK
CHOATE, HALL & STEWART LLP
TWO INTERNATIONAL PLACE
BOSTON, MA 02110

PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

    
  
  
 

  
 

 
 

 (PCT Rule 43 bis. I )

Date of mailing
‘ d "/momh/éiir ‘ 25 FEB 20
FOR FURTHER ACTION

See paragraph 2 below

  

   Applicant’s or agent’s file reference
2006734-00i5

International application No. International filing date (day/manth/year)

PCT/I lSO7/74227 24 July 2007 (24.07.2007)
International Patent Classification (IPC) or both national classification and [PC

IPC; F02!) 41/30( 2006.01);FOZB 1/08( 2006.01)
USPC: 123/IA,431,447,575
Applicant

ETHANOL BOOSTING SYSTEMS, LLC

  

    
 

 

Priority date (day/manth/jrear)

24 July 2006 (24.07.2006)  
 

 

  
 
  

 

1. This opinion contains indications relating to the following items:

X Box No. I Basis of the opinion

Box No. II Priority

Box No. III Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No. IV Lack ofunity of invention .

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Box No. VI Certain documents cited

Box No. VII Certain defects in the international applicationDEE]HEIDI]
Box No, VIII Certain observations on the intematjnnal application

2. FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority ("[PEA") except that this does not apply where the applicant chooses an
Authority other than this one to be the IPEA and the chosen [PEA has notified the International Bureau under Rule 66.lbis(b)
that written opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the
IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months Both the date of mailing
of Form PCT/lSA/ZZO or before the expiration of22 months from the priority date, whichever expire; later.
For further options, see Form PCT/ISA/ZZO.

3. For further details, see notes to Form PCT/18111220.

 
Authorized officer

Stephen K CFOHWW)
Telephone No. (571) 272—4383

  Name and mailing address of the ISA! US
Mail Stop PCT, Arm: ISA/US
Commissioner for Patents
PO. Box E450
Alexandria, Virginia 22313-1450

Facsimile No. (571) 273-3201
Form PCTUSA/237 (cover sheet) (April 2007)

Date ofcompletion of this opinion
 

 

 

   18 February 2008 (18.02.2008)
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(,.

International application No.

 

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/USO7/74227  

 Box No. I Basis of this opinion 

1. With regard to the language, this opinion has been established on the basis of:

K the international application in the language in which it was filed

E] a translation of the international application into , which is the language of a translation filmished for the purposes of
international search (Rules 123(8) and 23.1(b)).

. 2. E] Thisopinion'has been established taldng-into'accountthe rectification-of an obviousmistakc authorized by orrnotifled to this
Authority under Rule 91 (Rule 43bis.l(a)) ,

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of:

a. type of material

D a sequence listing

E] tabie(s) related to the sequence listing

b. format of material

C] on paper

E] in electronic form

c. time of filing/furnishing

[:1 contained in the international application as filed.

[:1 filed together with the international application in electronic form.

D fiimished subsequently to this Authority for the purposes ofsearch.

4. D In addition, in the case that more than one version or copy ofa sequence listing and/or tahle(s) relating thereto has been filed
or furnished, the required statements that the information in the subsequent or additional copies is identical to that in the
application as filed or does not go beyond the application as filed, as appropriate, were fiirnished.

5‘ Additional comments:

 
 

Form PCT/ISA/237(ch No. I) (April 2007)
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 Internationai application No.
PCT/USO7/74227

  
WRITTEN Oi’INION OF THE

INTERNATIONAL SEARCHING AUTHORITY
 

 
 

 

 
 
 

 

 
 

 

Box No. V Reasoncd statement under Rule 43 bis.l(a)(i) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement '
 

1‘ Statement

Novelty (N) Claims 1—56 YES
 

 

 
 

Claims NONE NO

Inventive step (Ié) L 4 Claims 1-56 L I I I I L H L H I YES
Claims NONE NO

Industrial applicability (IA) Claims [-56 YES
 

Claims NONE NO
 

 
2. Citations and explanations:

Claims l-56 meet the criteria set out in PCT Article 33(2)—(3), because the prior art does not teach or fairly suggest the claimed
invention.

Claiml-SG meet the criteria set out in PCT Article 33(4), and thus have industrial applicability because the subject matter claimed can
be made or used in industry.

Form PCT/ISA/237 (Box No. V) (April 2007)
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1... . , ‘ PCT/132001";‘03004 09.07.2008

PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING'AUTHORITY

 
  
  

   

 

 
 
 

 

 
To:

'SAM PASTERNACK
CHOATE, HALL & STEWART
TWO INTERNATIONAL PLACE
BOSTON, MA 02! IO

NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND

THE WRITTEN OPINION OF THE INTERNATIONAL

SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)

Date of mailing
~ . (day/momh/year) 0 9 JUL 2008
A l’ t' ra c t’sfilerefc e ce

255633108082 g. n r 11 FOR FURTHER ACTION See paragraphs 1 and 4 below
InternatIOnal application No lntemational filing date
PCT/IBO7/03004 (day/month/year) 06 March 2007 (06.03. 2007)
Applicant
ETHANOL BOOSTING SYSTEMS. LLC

 

 

  
  

 

The applicant1s hereby notified that the international search report and the written opinion of the Intematibnal Searching Authorihave been established and are transmitted herewith.

Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims ofthe international application (see Rule 46):

When? The time limit for filing such amendments is normally two months from the date of transmittal of the international
search report.

Where? Directly to the International Bureau of WIPO, 34 chemin des Colombettes
IZIl Geneva 20, Switzerland, Facsimile No.: (41-22) 338.82.70.

For more detailed instructions. see the notes on the accompanying sheet.

[3 The applicant is hereby notified that no international search report will be established and that the declaration under
‘Article l7(2)(a) to that effect and the written opinion ofihe lntemational Searching Authority are transmitted herewith.

3. '3 With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that;
D the protest together with the dmision thereon has been transmitted to the International Bureau together with the applicant’s .

request to forward the texts ofboth the protest and the decision thereon to the designated Offices.

[:1 no decision has been made yet on the prdest; the applicant will be notified as soon as a decision is made.
Reminders

Shortly after the expiration of 18 months from the priority date, the international application will be published by the International
Bureau. If the applicant wishes to ayoid or postpone publication, a notice of withdrawal of the international application, or of the
priority claim, must reach the International Bureau as provided in Rules 90bis.l and 90bis.3, respectively, before the completion ofthe
technical preparations forintematlonal publication.
The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to the
International Bureau The Intemalional Bui-eau will send a copy of such comments to all designated Offices unless an international
preliminary examination report has been or is to be established. These comments would also be made available to the public but not .
before the expiration of 30 months from the priority date
Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority date
(in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed acts for
entry into the national-phase before those designated Offices.
In respect of other designated Offices, the time limit 030 months (or later) will apply even ifno demand is filed within 19 months.
See the Annex to Form PCT/IB/BOI and, for details about the applicable time limits, Office by Office, see the PCTAppIicant's Guide,
Volume II, National Chapters and the WIPO lntemet site.

Name and mailing address of the ISA/ US ' Authorized officer
Mail Stop PCT, Ann: ISA/US
Commissioner for Patents Stephen K Cronin
P.0. Box I450

Alexandria, Virginia 22313-1450 . Telephone No. (57') 2724333Facsimile No. 57] 273-320]

Form PCT/lSA/2ZO (January 2004) . (See note: an accompanying sheet)
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PCT/lBZOO'i" 03004 09.07.2008

PATENT COOPERATION TREATY

PCT
INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

\

 Applicant’s or agent's file reference FOR FURTHER see Form PCT/lSA/ZZO .
2006734-0002 ACTION as well as, where applicable, item 5 below

. International appllcatIon No International filing date (day/month/year) (Earliest) Priority Date (day/manth/year)
, PCT/lBO7/03004 06 March 2007 (06.03.2007) 08 March 2006 (08.03.2006)

Applicant
. ETHANOL BOOSTING SYSTEMS. LLC

This international search report has' been prepared by this lntemational Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

 

  
  
  

This international search report consists ofa total of 2 sheets.
_l::l It is also accompanied by a copy of each prior art document cited in this report.

.Basis ofthe Report
a With regard to the language, the international search was carried out on the basis of:

m the international application in the language in which it was filed.

E] a translation of the international application into which is the language
of a translation furnished for the purposes of international search (Rules 123(a) and 23.1(b))

b. D This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 9] Rule 436 [7129(0)

(LE With regard to any nucleotide and/0r amino acid sequencedisclosedIn the international application, see Box No. l.
E] Certain claims were found unsearchable(See Box No.1!)
{:1 Unity ofinventionIs lacking (See Box No. lil)
With regard to the title,

K the text is approved as submitted .by the applicant.

E] the text has been-established by this Authority to read as follows:

With regard to the abstract, ,

m the text is approved as submitted by the applicant.

[:I the text has been established, according to Rule 38.20:), by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority.

With regard to the drawings,
a. the figure of the drawings to be published With the abstract is Figure No. 1

E] as suggested by the applicant.
‘1‘ as selected by this Authority, because the applicant failed to suggest a figure.

[:1 as selected by this Authority, because this figure better characterizes the invention.
b. [3 none of the figures is to be published with the abstract '

 
Form PCT/lSA/ZIO (first sheet) (April 2007)
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. . . I PCT/IBZOOT 03004 09.07.2008

  
  

 
 
 

International application No.
INTERNATIONAL SEARCH REPORT

, PCT/IBO7/03 004

CLASSIFICATION OF'SUBJECT MATTER
lPC: FOZM 17/00( 2006.0 l)
 

 

 
A.

 

  
 
  
   

USPC: 123/447

According to Intemational Patent Classification (IPC) or to bothnaticnal classification and IPC

Bl FIELDS SEARCHED '

Minimum documentation searched (classification system followed by classification symbols)
U.S. : 123/447

 
  

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
I

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
EAST -

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2005/0056264 A1, (WEISSMAN etal) l7 March 2005, Figure 2, claim 1 i. l-l 5

  

 

  
  

  
  

 

US 5,560,344 A (CHAN) 1, October 1996 (01.10.1996), whole document. l-l5

 
D Further documents are listed in the continuation of'Box C. I: See patent family annex.

later document published after the international filing date or priority
. ' date and not in conflict with the application but cited to understand the

“A" document defining the general state oflhc art which is not considered to be of principle or theory underlying the invention ’
particular relevance

  
  Special categories of cited documents:

“X" document ofparticulor relevance; the claimed invention cannot be
“E" earlier application or patent published on or afier the inrematidnal filing date considered novel or cannot be considered to involve an inventive stepwhen the document is taken alone
"L" document which may throw doubts on priority claim(s) or which is cited to

r establish the publication date of another citation or other special reason (as “Y" document of particular relevance; the claimed invention cannot be'
specified) considered to involve an inventive step when the document is combined

‘ with one or more other such documents, such combination being
“0“ document referring I) an oral disclosure, use, exhibition or other means obvious to a person skilled in the on

“P" document published prior to the international filing date but later than the “dc" document member of the same patent family priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report .

08 June 2008 (08.06.2008) I " J U L 2008
Name and mailing address ofthe [SA/US Authorized Officer

Marl Stop PCT. Attn: [SA/US Stephen K CroninWWCommissioner for Patents

Telephone No. (57l) 272-4383

  

 
  
  

  

PO, Box I450
Alexandria, Virginia 223134450

Facsimile No. (571) 273-320l
Form PCT/lSA/ZlO (second sheet) (April 2007)
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I" PCT/lBZODT/ti 3004 09.07.2008

PATENT COOPERATION TREATY FILE CQPY

PCT
NOTIFICATION OF TRANSMITTAL OF

THE INTERNATIONAL SEARCH REPORT AND

THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44 I)

Date ofmailing
(day/month/j’ear)

A l' t' t’ fl f

2&6???030338” 5 ’ e “3 mm FOR FURTHER ACTION See paragraphs l and 4 below
lntcmational application No. International filing date
PCT/IBO7/03004 (day/manIh/year) 06 March 2007 (06.03.2007)
Applicant
ETHANOL BOOSTING SYSTEMS. LLC

The applicantIS hereby notified that the international search report and the written opinion of the International Searching Authority
have been established and are transmitted herewith.

From the INTERNATIONAL SEARCHING AUTHORITY

 
  
  

   
 

 

 
 

 
To:
SAM PASTERNACK
CHOATE, HALL & STEWART

.TWO INTERNA‘ITONAL PLACE
BOSTON, MA 02] lo

 

  
  

  

Filing of amendments and statement under Article 19:
The applicant'rs entitled, if he so wishes, to amend the claims of the international application (see Rule 46):

When? The time limit for filing such amendments15 normally two months from the date oftransmittnl of the international ‘
search report.

Where? Directly to the International Bureau of WIPO, 34 chemin des Colombettes
12” Geneva 20, Switzerland, Facsimile No.1 (41»22) 33832.70.

For more detaitcd instructions, see the notes on the accompanying sheet.

2. D The applicant is hereby notified that no international search report will be established and that the declaration under
Article l7(2)(a) to that effect and the written opinion ofthe lntemational Searching Authority are transmitted herewith.

3. [3 With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

D the protest together with the decision thereon has been transmitted to the lntemational Bureau together with the applicant’s
request to forward the texts of both the protest and the decision thereon to the designated Offices,

[:1 no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.
Reminders

Shortly afier the expiration of 18 months from the priority date, the international application will he published by the lntemational
Bureau. If the applicant wishes to avoid or postpone publication. 0 notice of withdrawal of the intematlonal application, or of the
priority claim, must reach the lntemational Bureau as provided in Rules 90bis.l and 90bis.3, respectively, before the completion of the
technical preparations for international publication.
The applicant may submit comments‘on an informal basis on the written opinion of the International Searching Authority to the
lntemational Bureau. The international Bureau will send a copy of such comments to all designated Offices unless an international
preliminary examination report has been or is to be established. These comments would also be made available to the public but not
before the expiration of 30 months from the priority date.

Within 19 months from the priority date, but only in respect of some designated Offices. a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority date
(in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed acts for
entry into the national phase before those designated Ofiices.
in respect of other designated Offices, the time limit of30 months (or later) will apply even if no demand is filed within l9 months.
See the Annex to Form PCT/lB/30l and, for details about the applicable time limits. Office by Office, see the PCT Applicant‘s Guide,
Volume II, National Chapters and the WlPO lntemet site.

Name and mailing address of the ISA] US Authorized officer
Mail Stop PCT. Attn: lSA/USCommissioner for Patents Stephen K Cronin WPD. Box I450

Alexandria, Virginia 223! 34450 Telephone No. (57l) 272-4383Facsimile No. 57l 273-320!

Form PCT/ISA/ZZO (January 2004) (See notes an accompanying sheet)
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V PCT/132007/C :3004 09.07.2008

PATENT COOPERATION TREATY FKLE CQPY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article l8 and Rules 43 and 44)

     

 
Applicant‘s or agent’sfile reference FOR FURTHER see Form rcr/rsmzo
20067340002 ACTION as well as. where applicable. item 5 below

International application No. International filing date (day/month/year) (Earliest) Priority Date (day/manth/year)
PCT/IBO7/03004 06 March 2007 (06.03.2007) 08 March 2006 (0803.2006)

Applicant
ETHANOL BOOSTING SYSTEMS. LLC

This international search repon has been prepared by this International Searching Authority and'is transmitted to the applicant
according to Article 18. A copy is being transmitted to the lntcmational Bureau.

    

This international search report consists of a total of_____ sheets.

I: lt'15 also accompanied by a copy of each prior an document cited'in this report.
l. Basis of the Report

a. With regard to the language, the intemationai search was carried out on the basis of:

K‘ the international applicationin the language'in which it was filed.

D a translation of the international application into . which is the language
of a translation furnished for the purposes of international search (Rules 12.30:) and 23.l(b))

b. D This international search report has been established taking into account the rectification of an obvious mistake '
authorized by or notified to this Authority under Rule 9i Rule 43.6 bi.r(a)

c. [:1 With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. l.
D Certain claims were found unsearchable (See Box No. ll)
E] Unity of invention is lacking (See Box No. Ill)
'With regard to the title,

the text is approved as submitted by the applicant.

D the text has been established by this Authority to read as follows:

With regard to the abstract,

the text is approved as submitted by the applicant.

D the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. W. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority.

With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No.1

D as suggested by the applicant.
'3 as selected by this Authority, because the applicant failed to suggest a figure.
[3 as selected by this Authority, because this figure better characterizes the invention.

b. [3 none ofthe figures is to be published with the abstract.
Fon'n PCT/ISA/ZlO (first sheet) (April 2007)
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PCT/IBZOO7IG/ )004 09.07.2008

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER
lPC: FOZM 17/00( 2006.01)

USPC: 123/447

PCT/I 1307/03004

According to International Patent Classification (lPC) or to both national classification and WC

B. FIELDS SEARCHED ‘

Minimum documentation searched (classification system followed by classification symbols)
U.S. : 123/447

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
EAST

DOCUMENTS CONSIDERED TO BE RELEVANT

Citation ofdocument, with indication, where appropriate, of the relevant passages Relevant to claim No.
US 2005/0056264 Al. (WEISSMAN et a1) I7 March 2005, Figure 2, claim l 1.

US 5,560,344 A (CHAN) 1, October 1996 (0H0. I996), whole document.

D Further documents are listed in the continuation of Box C.
Special categories of cited documents:

document defining the general state of the art which is not considered to be of
particular relevance

earlier application or patent published on or alter the intemationnl filing date

document which may throw doubts on priority ciaimts) or which is cited to
establish the publication date of another citation or other special reason (as
specified)

document refen-ing to an oral disclosure. use, exhibition or other means

document published prior to the international filing date but later than the
priority date claimed

I: See patent family annex.
later document published alter the international tiling date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document orpaniculn: relevance: the claimed invention cannot be
considered novel or cannot be considered to involve an inventive stepwhen the document is taken alone

document ol'pnrticular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is combined
with one or more other such documents. such combination being
obvious to a person skilled in the art

document member of the same patent family

Date ofthe actual completion of the international search Date of mailing of the international search report
08 June 2008 (0806. 2008
Name and mailing address ofthc [SA/US

Mail Stop PCT, Attn: lSA/US
Commissioner for Patents
P.0. Box 1450
Alexandria, Virginia 2235! 3-1450

Facsimile No. (571)273-3201
Form PCT/lSA/ZIO (second sheet) (April 2007)

 
Authorized officer

Stephen K Cronin W
Telephone No. (57 l) 272-4383
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:' PCT/lezoorii." '3004 09.07.2008

PATENT COOPERATION TREATY

INTERNATIONAL SEARCHING AUTHORITY FHLE C©PY
PCTSAM PASTERNACK

' CHOATE, HALL & STEWART

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

 
  
  
  

 

TWO INTERNATIONAL PLACE
BOSTON, MA 02110 
 

  
 
  

(PCT Rule 4301's. I)

 

 
Date ofmailing
d /manth/ ear

Applicant’s or agent’s file reference FOR FURTHER ACTION
h 2 b

200673443002 see “3”ng glow
lntemational application No. International filing date (day/monIh/year) Priority date (day/manIh/year)

PCT/IBO7/03004 06 March 2007 (06.03.2007) 08 March 2006 (08.03.2006)
International Patent Classification (IPC) or both national classification and [PC

  
 
 
 
 
 

IPC: Please See Continuation Sheet
USPC: l23/447,lA,300,304,43l,478,575,577,l98C,l98A;70|/l01
Applicant
ETHANOL BOOSTING SYSTEMS. LLC
 

  
l. This opinion contains indications relating to the following items:

Box No. I Basis of the opinion

Box No. ll Priority

Box No. lll Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No. IV Lack of unity of invention

Box No. V Reasoned statement under Rule 43bls. l(a)(i) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Box No. VI Certain documents cited

I: Box No. VII Certain defects in the international application

[I Box No. VIII ' Certain observations on the international application

2. FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
lntemational Preliminary Examining Authority ("IPEA") except that this does not apply where the applicant chooses an
Authority other than this one to be the IPEA and the chosen lPEA has notified the International Bureau under Rule 66.lbis(b)
that written opinions ofthis lntemational Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the iPEA, the applicant is invited to submit to the
IPEA a written reply together, where appropriate. with amendments, before the expiration of 3 months from the date of mailing
of Form PCT/ISA/ZZO or before the expiration of22 months from the priority date, whichever expires later.
For fin-titer options, see Form PCT/ISA/220.

3. For further details, see notes to Form PCT/ISA/ZZO.

Name and mailing address of the ISA/ US Date ofcompletion of this opinion Authorized officer
Mail Stop PCT. Aim: ISA/US .
Commissioner for Patens 08 June 2008 (08.06.2008) Stephen K Cronin
Po. Box 1450 ' ""
Alexandria. Virginia 223l3-1450 _

Facsimile No. (571) 273-320! Telephone No. (57 l) 272 4383
Form PCT/ISA/237 (cover sheet) (April 2007)
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PCTIlBZOOT/i' 73004 09.07.2008

Hm CQPY 
International
 
 

 WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY PCT/lBO7/03

Box No.1 Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of:

51‘ the international application in the language in which it was filed

1:] a translation of the international application into , which is the language of a translation furnished for the purposes of
international search (Rules l2.3(a) and 23.1(b)). p

2, D This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to this
Authority under Rule 91 (Rule 43bis.l(a))

3. With regard to any nucleotide and/0r amino acid sequence disclosed in the international application, this opinion has been
established on the basis of:

a. type of material

D a sequence listing

[1 table(s) related to the sequence listing

b. Format of material

C] on paper

D in electronic form

0. time of filinyfirmishing

El contained in the international application as filed.

El filed together with the intemalional application in electronic form.

D furnished subsequently to this Authority for the purposes of search.
 

4. D In addition, in the case that more than one version or copy of a sequence listing and/or table(s) relating thereto has been filed
or furnished, the required statements that the information in the subsequent or additional copies is identical to that in the
application as filed or does not go beyond the application as filed, as appropriate, were fumished.

5, Additional comments:

Form PCT/ISA/237(Box No. 1) (April 2007)
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Box No. V Reasoned statement under Rule 43 bis.l(a)(i) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

 
 

  WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY 

 
 

 

 1. Statement
 

 Novelty (N) 

 
 inventive step (IS) 
 

 industrial applicability '(lA) 
 
  

 

2. Citations and explanations:

Claims l-15 meet the criteria set out in PCT Article 33(2)~(3), because the pier art does not teach or fairly suggest claimed invention.

  
  Claim l-lS meet the criteria set out in PCT Article 33(4), and thus have industrial applicability because the subject matter claimed can

be made or used in industry. ‘ '
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To: Sam Pasternaok
Choate, Hall & Stewart
Two lntemational Place

Boston, Massachusetts 02110 NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND

THE WRITTEN OPINION OF THE INTERNATIONAL

SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)

Date of mailing
(day/monIh/year) 

 
 

Applicant’s or agent’s tile reference
2005734-0003PC

International application No.
PCT/US 07/05777

 
 

 

FOR Fm" 4 ACTION See paragraphs 1 and 4 below
 

 

  
InthllhtluilaI filing date ,

. (day/monThCl/EW) 08 Marclr2007 (08.03.2007)   
 

Applicant Ethanol Boosting Systems, LLC

   1 . The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herewith.

Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46):

When? The time limit for filing such amendments is normally two months from the date of transmittal of the
international search report.

Where? Directly to the International Bureau of WIPO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Facsimile No.: +41 22 740 14 35

For more detailed instructions, see the notes on the accompanying sheet.

  
  
  

  
  

2. D The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith.

3. [:1 With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:
E] the protest together with the decision thereon has been transmitted to the lntemational Bureau together with the

applicant’s request to forward the texts of both the protest and the decision thereon to the designated Offices.

C] no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.
4. Reminders

Shortly after the expiration of 18 months from the priority date, the international application will be published by the
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international
application, or of the priority claim, must reach the International Bureau as provided in Rules 90bis.l and 90171193, respectively,
before the completion of the technical preparations for international publication.
The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to the
International Bureau. The International Bureau will send a copy of such comments to all designated Offices unless an
international preliminary examination report has been or is to be established. These comments would also be made available to
the public but not before the expiration of 30 months from the priority date.
Within 19 months from the priority date, but only in reSpect of some designated Offices, a demand for international preliminary
examination must he filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later); otherwise, the applicant must. within 20 months from the priority date, perform the prescribed
acts for entry into the national phase before those designated Offices.
In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19months.

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCTApplicant 's
Guide, Volume II, National Chapters and the WIPO Internet site.

    
  
    
  
   

  
  
  
 

 

 

 

  

 
 

Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US
Commissioner for Patents
P1). Box 1450, Alexandria. Virginia 22313-1450
Facsimile No. 571—273-3201

Form PCT/ISA/ZZO (January 2004) (See notes an accompanying Sheet)

   

  
 

Lee W. Young
 

PCT Helpdeskt 571—2724300
PCT 05F: 571-272-7774 
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 To: Sam Pastemack
Choate, Hall & Stewart
Two lntemational Place

Boston, Massachusetts 02110 NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND

THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)

2 4 MAR 2008

FOR FURTHER ACTION See paragraphs 1 and 4 below

  
 

 
 

  
Date of mailing
(day/manlh/year)
 

 
 

Applicant’s or agent’s ti le reference
2006734-0003PC  

  
 

  
  
 

  

International application No. international filing date
PCT/US 07105777 (dqv/mavilh/yeur) 08 March 2007 (08.03.2007)
 

Applicant Ethanol Boosting Systems. LLC

The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herewith.

  Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46):

When? The time limit for filing such amendments is normally two months from the date of transmittal of the
international search report.

its si itWhere? Directly to the International Bureau of WIPO, 34 chemin des Colonlggt Q {:‘5 A? «7” P Lu “)3l2l1 Geneva 20, Switzerland, Facsimile No.: +41 22 740 l4 35 JLal\@ ‘1‘ngm;

For more detailed instructions, see the notes on the accompanying sheet. E B b] @J/

  
  
  
  

 ' J

2. [:l The applicant is hereby notified that no international search report will be established an that I“ '
Article l7(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith.

  
  
 
 

3‘ E] With regard to the protest against payment of (an) additional fcc(s) under Rule 40.2, the applicant is notified that:
[j the protest together with the decision thereon has been transmitted to the lntemational Bureau together with the

applicant’s request to forward the texts of both the protest and the decision thereon to the designated Offices.
D no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

 

  

Reminders

Shortly after the expiration of 18 months from the priority date, the international application will be published by the
lntemational Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international
application, or of the priority claim, must reach the international Bureau as provided in Rules 90bis.l and 90bis.3, respectively,
before the completion of the technical preparations for international publication.
The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to the
International Bureau, The international Bureau will send a copy of such comments to all designated Offices unless an
international preliminary examination report has been or is to be established These comments would also be made available to
the public but not before the expiration of 30 months from the priority date.
Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Oitices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed
acts for entry into the national phase before those designated Offices.
in respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19
months. '

See the Annex to Form PCT/lB/BOI and, for details about the applicable time limits, Office by Office, see the PCTApplicant ’3
Guide, Volume II, National Chapters and the WIPO Internet site.

    
  
  
  
  
  
  
  
  
  
  

 

 
 

  
   
 
 
 

Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US
Commissioner for Patents
P.O. Box 1450, Alexandria. Vlrglnia 22313-1450
Facsimile No. 571—273‘3201

Form PCT/lSA/ZZO (January 2004)
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PATENT COOPERATION TREn n'Y

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent’s file reference FOR FURTHER see Form PCT/ISAIZZO
2006734—0003PC ACTION as well as, where applicable, item 5 below.

International application No. International filing date (day/man/h/year)

PCT/US 07/05777 08 Marcn'zow (03.03.2007)

Applicant
Ethanol Boosting Systems, LLC

(Earliest) Priority Date (day/manth/year)
10 March 2006 (10.03.2006)

This International search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of 9\ sheets.
[2 It is also accompanied by a copy of each prior art document cited in this report.

 1. Basis of the report

a. With regard to the language, the international search was carried out on the basis of;

the international apptication in the language in which it was filed.

'3 a translation ofthe international application into which is the language of
a translation furnished for the purposes of international search (Rules 12.3(a) and 23 1(b))

b. [:1 This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bi‘s(a)).

c. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application see Box No I

1:] Certain claims were found unsearchable (see Box No. ll).

i:i Unity of invention is lacking (see Box No. Ill).

4. With regard to the title,

the text is approved as submitted by the applicant.

D the text has been established by this Authority to read as follows:

5. With regard to the abstract,

the text is approved as submitted by the applicant.

[:i the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date ofmailing ofthis international search report, submit comments to this Authority

6. With regard to the drhwings,

a. the figure of the drawings to be published with the abstract is Figure No. 1

i: as suggested by the applicant.

as selected by this Authority, because the applicant failed to suggest a figure. , MAR 2 5' 2008
E] as selected by this Authority, because this figure better characterizes the invention. ‘

b. E] none ofthe figures is to he published with the abstract. PATENT DEPARTME

 
Form PCT/ISA/210(first sheet) (April 2007)
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INTERNAL 10NAL SEARCH REPORT L lntemationai application No.
PCT/US 07/05777  

A. CLASSIFICATION OF SUBJECT MATTER

lPC(8) - F0213 77/04 (2007.10)
USPC - 123/198A

According to International Patent Classification (IPC) or to both national classification and [PC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
USPC: 123/198A

 

 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC: 123/198R, 406.29. 406.47 (text search - see terms below)

  

Electronic data base consulted during the international Search (name of data base and, where practicable, search terms used)
PubWEST(USPT,PGPB,EPAB,JPAB); Google Patents; Google Scholar
Search Terms: gasoline engine, ethanol. direct injection, engine knock, emissions, restart, control system. shut down. deceleration. port
injection. motor

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Catcgory’i‘J Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. L—
Y Calculations ot Knock Suppression in Highly Turbocharged Gasolin/Ethanol Engines Using 1-18

Direct Ethanol injection (L. Bromberg et at.) 23 February 2006 (23.02.2006), entire document
especially Abstract, Section I. para [0003], Section ll. para [0001]. [0003], [0006]

US 4.312.310 A (Chivilc' et al.) 26 January 1982 (26.01.1982), col 2. in 20—26 and In 36~54

US 6,358,180 B1 (Kuroda et at.) 19 March 2002 (19.03.2002). Fig 4. col 3. in 65-67 to col 4. In 1 2, 940. 13-18
-15. col 8, in 3~27col 12, in 54-56

US 4.974.416 A (Taylor) 04 December 1990 (04.12.1990). col 4, in 15-21

us 6.260.525 B1 (Meyer) 17 July 2001 (17.97.2001). col 3. in 5-8 6. 8. 13-13
 

US 4,967,714 A (Inoue) 06 November.1990 (06.11.1990), col 3. in 27-30 and in 66437 11 
 

 
[:1 Further documents are listed in the continuation of Box C. [:l 
* SWClal ”$30035 0”le documents: “'1‘“ later document published after the international filing date or riority

“A” document defining the general state ofthe art which is not considered date and not in conflict with the apt-Elication hut cited to un erstandto he of particular relevance the principle or theory underlying e invention
“E" earlier application or patent but published on or afierthe international “x“ document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
“L“ document which may throw doubts on priority claim(s) or which is 515D when the document '5 taken alone

cited to establish the publication date of another citation or other “Y" document of particular relevance the claimed invention cannot be
Spcmal ”2150“ (as Spcc'fmd) . . .. considered to involve an inventive step when the document. is

“0" document referring to an oral disclosure, use. exhibition or other combined with one or more other such documents, such combinationmeans being obvious to a person skilled in the an

““P document published'prior to the international filing date but later than ,. document member of the same patent family
the priority date claimed ‘

Date of the actual completion of the international search Date of mailing of the international search report

03 December 2007 (03.122007) % 4 MAR 2008 
Name and mailing address ofthe ISA/US Authorized officer:

Mail Stop PCT. Attn; ISA/US. Commissioner for Patents Lee W. Young
PO. Box 1450, Alexandria. \firginia 22313—1450 PCT Helpdesk: 5714724300
Facsimile No. 571-273-3201 PCT 05125714724774

Form PCT/lSA/2l0 (second‘sheet) (April 2007)
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PATENT COOPERATION TREA 1‘Y
From the
INTERNATIONAL SEARCHING AUTHORITY

   PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

To; Sam Pasternack
Choate, Hall & Stewart
Two international Place

Boston, Massachusetts 02110  
  

 

 
(PCT Rule 431m. 1)

 

 
 

 
 

 
 

D 'f 'l' V

(6135;023:425) 2 4 MAR 2008
FOR FURTHER ACTION

See paragraph 2 below
 
 

Applicant’s or agent’s file reference
2006734—0003PC
 
 
 
 

  

  International application No. international filing date (day/monrh/war) Priority date (day/manrh/year)

PCT/US 07/05777 08 March 2007 (08.03.2007) 10 March 2006 (10.03.2006).

lntemational Patent Classification (IPC) or both national classification and IPC
lPC(8) — F028 77/04 (2007.10)
USPC - 123/198A

Applicant Ethanol Boosting Systems, LLC

  
 

  

 

  
  
 

l. This opinion contains indications relating to the following items: D g AL .v v, worsted
M Box No‘ 1 Basis of the opinion

.1 ' Due? swam
Box No. 11] Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

\
l

Box No. IV Lack of unity ofinvention

Box No. V Reasoned statement under Rule 4317119, 1 (a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

Box No. VI Certain documents cited

Box No VII Certain defects in the international applicationDDDKDDD
Box No VIII Certain observations on the international application

2. FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority (“IPEA”) except that this does not apply Where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the lntemational Bureau under Rule 66,1bis(b) that written
opinions ofthis lntemational Searching Authority will not be so considered.

lfthis opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA
a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date ofmailing of Form
PCT/ISAI220 or before the expiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ISNZZG.

3. For further details, see notes to Form PCT/ISA/ZZO.

 

Name and mailing address of the ISA/US Date of completion of this opinion Authorized officer:

Mail Stop PCT. Attn: ISA/US Lee W YoungCommissioner for Patents

P.O. Box 1450. Alexandria, Virginia 22313-1450 03 December 2007 (03'12'2007)
Facsimile No. 571-273-3201 PCT osp: 571-272-7774

PCT Helpdesk: 571272-4300 
Form PCT/ISA/237 (cover sheet) (April 2007)
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WRITTEN OPINION OF THE international application No,
INTERNATIONAL SEARCHING AUTHORiTY

PCT/US 07/05777

Box No. I Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of:

the international application in the language in which it was filed.

E] a translation of the international application into which is the language of a
translation fiirnished for the purposes of international search (Rules 12.3(a.) and 23.1(b)).

This opinion has been established taking‘into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43bi‘s.l(a))  
 

 With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of:  
  
  
 

a. type of material

C] a sequence listing

D table(s) related to the sequence listing 
 
  

  
 

b. format of material

C] on paper

1:] in electronic form 
 

  
  
 

c. time offiling/furnishing

[:i contained in the international application as filed

I:] filed together with the international application in electronic form

[:1 furnished subsequently to this Authority for the purposes of search  

  
 

 
 E] in addition, in the case that more than one version or copy ofa sequence listing and/or table(s) relating thereto has been

filed or furnished, the required statements that the information in the subsequent or additional copies is identical to that
in the application as fiied or does not go beyond the application as filed, as appropriate, were fixrnished.

Additional comments:

Form PCT/ISA/237 (Box No. 1) (April 2007)
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/US 07105777

Box No. V Reusoned statement under Rule 43bis.l(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement 

Statement

Novelty (N)
 

Inventive step (I S)
 
 

Industrial applicability (1A)
 
 

  

2. Citations and explanations:
Claims 1. 3—4. 7 and 12 lack an inventive step under PCT Article 33(3) as being obvious over the article entitled "Calculations of Knock
Suppression in Highly Turbocharged Gasoline/Ethanol Engines Using Direct Ethanol injection" by L. Bromberg et al. (hereinafter
'Bromberg‘) in view of US 4,312,310 A to Chivilo et al. (hereinafter 'Chivilo’).

As per claim 1, Bromberg discloses a fuel management system for operation of a spark ignition gasoline engine in a vehicle comprising: a
gasoline engine powering the vehicle (see Abstract); a source of gasoline for introduction into the engine (see Section II, para [0003]); a

' separate source of ethanol (see Section ll, para [0003]); an injector for direct injection of the ethanol into a cylinder of the engine (see
Section ii, para [0001]). Bromberg does not disclose a control system for shutting down the engine by stopping gasoline and ethanol flow
into the engine during vehicle deceleration and idling and restarting the engine upon driver demand. Chivilo discloses a control system for
shutting down the engine by stopping gasoline flow into the engine during vehicle deceleration and idling and restarting the engine upon
driver demand (col 2, in 20—26 and in 36—54). it would have been obvious to one of ordinary'skiii in the art to modify the fuel management
system as disclosed by Bromberg with the control system as taught by Chivilo since a major development in the system disclosed by
Bromberg is fuel conservation and an obvious way to conserve fuel is to shut down the engine during idle or deceleration.

As per claim 3, Bromberg further discloses the system wherein the engine uses direct ethanol injection during a range of engine operating
conditions to prevent engine knock (see Section l, para [0003]). Bromberg does not specifically disclose direct ethanol injection during
engine restart to prevent engine knock. However, it would have been obvious to one of ordinary skill in the art to include ethanol injection
during engine restart as one of the operating conditions since engine knock often occurs during restart and one of the objects of Bromberg
is to prevent engine knock.

As per claim 4, Bromberg discloses the system wherein the engine uses direct ethanol injection to minimize hydrocarbon emissions (see
Section II, para [0006]). Bromberg does not specifically disclose direct ethanol injection during engine restart to minimize hydrocarbon
emissions. However, it would have been obvious to one of ordinary skill in the art to include ethanol injection during engine restart to
minimize hydrocarbon emissions since hydrocarbon emissions can be high during restart and one of the objects of Bromberg is to
minimize hyrdrocarbon emissions.

As per claim 7, Bromberg further discloses the system wherein the engine is turbocharged or supercharged (see Section ll. para [0001]).

As per claim 12, Bromberg further disclose the system wherein gasoline is not used and ethanol, E85. methanol, other alcohols or a blend
thereof are used as the only fuel (see Abstract). Bromberg states direct ethanol injection could be be used to displace gasoline.

Claims 2, 9 and 10 lack an inventive step under PCT Article 33(3) as being obvious over Bromberg in view of Chivllo, further in view of US
6.358.180 81 to Kuroda et al. (hereinafter 'Kuroda').

As per claim 2, Chivilo discloses a control system for shutting down the engine by stopping gasoline flow into the engine during vehicle
deceleration and idling and restarting the engine upon driver demand (col 2, in 20~26 and In 36-54). Chivilo does not specifically disclose
wherein the control system disables the shutting down of the engine during deceleration and idling when an auxiliary power or energy
requirement exceeds a selected level. Kuroda discloses wherein the control system disables the shutting down of the engine during
deceleration and idling when an auxiliary power or energy requirement exceeds a selected level (col 3, in 65-67 to col 4, in 1-15). It would
have been obvious to one of ordinary skill in the art to modify the control system as disclosed by Chiviio with the system as taught by
Kuroda, since both relate to the technology of shutting engines down to conserve fuel and since such would avoid having the engine shut
down when the batteries are unable to perform important functions such as restarting.

As per claim 9. Kuroda further discloses the system further including a 12V motor to restart the engine after shutdown during deceleration
and/or idle (Fig 4; col 12, in 54-56).

- Please See Continuation Sheet —-

 
Form PCT/iSA/237 (Box No. V)_(April 2007)
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WRITTEN OPINION OF THE lntemational application No.
INTERNATIONAL SEARCHING AUTHORITY

PCT/US 07/0577?

Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of:

Box V. 2. Citations and explanations:

As per claim 10, Kuroda further discloses the system including a restart motor (Fig 4; col 12, in 54-56), wherein the low voltage motor is a
low voltage motor (Fig 4 - the motor used for restarting the engine is a low voltage motor operating on 12 V).

Claim 5 lacks an inventive step under PCT Article 33(3) as being obvious over Bromberg in view of Chlvllo, further in view of US 4,974,416
A (Taylor). '

As per claim 5, Bromberg discloses the system wherein the engine uses direct injection (see Section ll, para [0001]). Bromberg does not
specifically disclose the system wherein the engine uses direct injection during engine restart to supplement port fuel injection while a fuel
film that feeds the engine is established so as to minimize energy, emissions and time required for engine restart. Taylor discloses a
system wherein the engine includes port fuel injection while a fuel film that feeds the engine is established (col 4, in 15—21). It would have
been obvious to one of ordinary skill in the art to modify the system as disclosed by Bromberg with the port fuel injection and fuel film as
taught by Taylor, since it is well known in the art to supplement port injection with direct injection and since fuel films are well known and
the use of such would have minimized energy, emissions and time required for engine restart.

 
Claims 6 and 8 lack an inventive step under PCT Article 33(3) as being obvious over Bromberg in view of Chivilo, further in view of US
6,260,525 B1 (Moyer).

 
 

  
  

 

  
 

   
  
  
  
  

  
 

  
  
  
  
  
  

 
 

As per claim 6. Chiviic discloses a control system for shutting down the engine by stopping gasoline flow into the engine (col 2, in 20-26
and In 36—54). Chiviio does not specifically disclose the system further including a valve disabler for all engine valves. Moyer discloses the
system further including a valve disabler for all engine valves (col 3, in 5-8). it would have been obvious to one of ordinary skill in the art to
modify the system as disclosed by Chivilo and Bromberg with the valve disabler as taught by Moyer, since all relate to the technology of
shutting engines down to conserve fuel and since such would have enagled the engine to be a variable displacement engine so that when
less than maximum power is required some cylinders can be shut down and power increased in the remaining cylinders which will then
operate at greater efficiency.

As per claim 8, Bromberg further discloses the system wherein maximum manifold pressure is increased by at least a factor of two over a
non—pressure-boosted engine (see Abstract).

 Claims 11 lacks an inventive step under PCT Article 33(3) as being Obvious over Bromberg in view of Chivilo, further in view of US
4,967,714 A (Inoue).

As per claim 11, Bromberg further discloses the system wherein the ethanol is injected through a fuel injector (see Section ll, para [0001]).
Bromber does not specifically disclose wherein the gasoline and the ethanol are injected through the same fuel injector. lnoue discloses
the system wherein the gasoline and the ethanol are injected through the same fuel injector (col 3, In 27-30 and in 66-67). it would have
been obvious to one of ordinary skill in the art to modify the system as disclosed by Bromberg to enable the system to inject ethanol and
gasoline through the same fuel injector as taught by lnoue, since both relate to the technology of ethanol burning systems and since such
would have enabled the system to operate using only one fuel injector per cylinder which is a well known design to one of ordinary skill in
the art.

 Claims 13—18 lack an inventive step under PCT Article 33(3) as being obvious over Bromberg in view of Chivilo, further in View of Kuroda,
further in View of Moyer.

As per claim 13, Bromberg discloses a turbocharged spark ignition engine which uses separately controlled direct injection of ethanol and
port fuel injection of gasoline (see Abstract). Bromberg does not specifically disclose where the engine is shut down during periods of
deceleration and idle. Kuroda discloses where the engine is shut down during periods of deceleration and idle (col 8, in 3—27). Bromberg
further discloses the engine comprising a first source of gasoline (see Section II, para [0003]); a second source of ethanol (see Section Ii,
para [0003]); a gasoline engine (see Abstract). Bromberg does not specifically disclose a means to engine cylinder deactivation through
valve disabling during engine deceleration and idling. Moyer discloses a means to engine cylinder deactivation through valve disabling
(col 3, in 5-8). it would have been obvious to one of ordinary skill in the art to modify the engine as disclosed by Bromberg with the shut
down during deceleration and idle as taught by Kuroda and the disabling of the valves as taught by Moyer. since all relate to the
technology of improving fuel economy and since the disabling of the valves is well known in the art as an effective way to shut down the
engine and since shutting down the engine during deceleration and idle is an obvious means to conserving fuel.

  

  
 

 

As per claim 14, Bromberg further discloses the turbocharged spark ignition engine (see Section ll, para [0001]) wherein the engine uses
direct ethanol injection during a range of engine operating conditions to prevent engine knock (see Section I, para [0003]). Bromberg does
not specifically disclose direct ethanot injection during engine restart to prevent engine knock. However, it would have been obvious to
one of ordinary skill in the art to include ethanol injection during engine restart as one of the operating conditions since engine knock often
occurs during restart and one of the objects of Bromberg is to prevent engine knock.

-~- Please See Continuation Sheet ——-

Form PCT/ISA/237 (Supplcm‘ental Box) (April 2007)
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Supplemental Box   

In case the space in any of the preceding boxes is not sufficient.
Continuation of:

Supiemental Box 1:

As per claim 15, Bromberg discloses the turbocharged spark ignition engine (see Section ii, para [0001]) wherein the engine uses direct
ethanol injection to minimize hydrocarbon emissions (see Section ll, para [0006]). Bromberg does not specifically disclose direct ethanol
injection during engine restart to minimize hydrocarbon emissions. However, it would have been obvious to one of ordinary skill in the art
to include ethanol injection during engine restart to minimize hydrocarbon emissions since hydrocarbon emissions can be high during
restart and one of the objects of Bromberg is to minimize hyrdrocarbon emissions.

As per claim 16. Bromberg discloses the turbocharged spark ignition engine (see Section II, para [0001]). Bromberg does not specifically
disclose the turbocharged spark ignition engine where a low voltage motor is used to restart the engine. Kuroda discloses the system
wherein the tow voltage motor is a low voltage motor (Fig 4; col 12. In 54-56). Furthermore, it would have been obvious to one of ordinary
skill in the art to modify the engine as disclosed by Bromberg and Chivilo with the low voltage motor for restart since most vehicles
currently operate with a 12 V battery and using a low voltage motor for restart would not require an additional battery for operating therestart motor. '

As per claim 17. Bromberg discloses a turbocharged spark ignition engine which uses separately controlled direct injection of ethanol and
port fuel injection of gasoline (see Abstract). Bromberg does not specifically disclose where the engine is shut down during periods of
deceleration and idle. Kuroda discloses where the engine is shut down during periods of deceleration and idle (col 8. in 3—27). Bromberg
further discloses the engine comprising a first source of gasoline (see Section ll, para [0003]); a second source of ethanol (see Section ii,
para [0003]); a gasoline engine (see Abstract). Bromberg does not specifically disclose a means to disable the engine cylinders and
where direct ethanol injection is used during engine restart and further where a low voltage motor is used for engine restart. Moyer
discloses a means to engine cylinder deactivation through valve disabling (col 3. in 5—8). Kuroda further discloses where a low voltage
motor is used for engine restart (Fig 4; col 12, in 5456). It would have been obvious to one of ordinary skill in the art to modifythe engine
as disclosed by Bromberg with the shut down during deceleration and idle and low voltage restart motor as taught by Kuroda and the
disabling of the valves as taught by Moyer, since all relate to the technology of improving fuel economy and since the disabling of the
valves is well known in the art as an effective way to shut down the engine and since shutting down the engine during deceleration and idle
is an obvious means to conserving fuel.

As per claim 18. Bromberg discloses a turbocharged spark ignition engine which uses direct injection of ethanol (see Abstract). Bromberg
does not specifically disclose where the engine is shut down during periods of deceleration and idle comprising a turbocharged spark
ignition engine; and a means to shutdown the engine cylinders and where direct ethanol injection is used during engine restart and further
where a low voltage motor is used for engine restart. Kuroda discloses where the engine is shutdown during periods of deceleration and
idle (col 8. in 3-27). Moyer discloses a means to engine cylinder deactivation through valve disabling (col 3, in 5-8). Kuroda further
discloses where a low voltage motor is used for engine restart (Fig 4: col 12. In 54-56). it would have been obvious to one of ordinary skill
in the art to modify the engine as disclosed by Bromberg with the shut down during deceleration and idle and low voltage restart motor as
taught by Kuroda and the disabling of the valves as taught by Mayor, since all relate to the technology of improving fuel economy and
since the disabling of the valves is weil known in the art as an effective way to shut down the engine and since shutting down the engine
during deceleration and idle is an obvious means to conserving fuel.

Claims 1-18 have industrial applicability as defined by PCT Article 33(4) because the subject matter can be made or used in industry. 
Form PCT/lSA/237 (Supplemental Box) (April 2007)
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Applicant's 3119’W“ ‘”FOR FURTHER ACTION See paragraphs 1 and 4 below
2006734-0021

Intemational application No. International filing date
PCT/U82008/069171 (day/WU'N’I'WWI 03 July 2008

Applicant METHANOL BOOSTING SYSTEMS LLC

The applicant is hereby notified that the international search report and the written opinion ofthc International Searching
Authority have been established and are transmitted herewith.  

  
  

Filing ofamendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the cl aims ofthe international application (see Rule 46):

When? The time limit for filing such amendments is normally two months from the date of transmittal of the
international search report. -

Where? Directly to the International Bureau of WI P0. 34 chemin dcs Colombettcs
121 1 Geneva 20, Switzerland, Facsimile No: +41 22 740 14 35

For more detailed instructions, see the notes on the accompanying sheet.

   

  
  
  
  

 
 

  
  
  
  
  
  
  
  
  

2. E] The applicant is hereby notified that no international search report will be established and that'the declaration under
Article l7(2)(a) to that effect and the written opinion ofthe lntcmatlonnl Searching Authority are transmitted herewith.

3. El With regard to the protest against payment of(an) additional fee(s) under Rule 40.2, the applicant is notified that:
E] the protest together with the decision thereon has been transmitted to the lntemational Bureau together with the

applicant’s request to forward the texts ofboth the protest and the decision thereon to the designated Offices.

'3 no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.    Reminders

Shortly alter the expiration of 18 months from the priority date, the international application will be published by the
lntemational Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international
application, or ofthe priority claim, must reach the Entemational Bureau as provided in Rules 90bis.l and 90bis.3. respectively.
before the completion of the technical preparations for international publication.
The applicant may submit comments on an informal basis on the written opinion ofthc lntemational Searching Authority to the
International Bureau. The lntemational Bureau will send a copy of such comments to all designated Offices unless an
international preliminary examination report has been or is to be established. These comments would also be made available to
the public but not before the expiration of3O months from the priority date.
Within 19 months from the priority date, but only in respect ofsome designated Offices, a demand for international preliminary
examination must be filed ifthc applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later); otherwise. the applicant must, within 20 months from the priority date, perform thc prescribed
acts for entry into the national phase before those designated Offices.
In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within l9months.

See the Annex to Form PCT/IB/BOI and, for details about the applicable time limits. Office by Office, see the PCTApp/ican/li-
Guide, Volume II, National Chapters and the WIPO lntemet site.  
 

 

  
 
 

Authorized officer:
 

 

Name and mailing address ofthe iSA/US
Mail Stop PCT, Altn: lSA/US
Commissioner tor Patents
P.O. Box 1450. Alexandria. Virginia 22313-1450
Facsimile No. 571-273-3201

Form PCT/ISA/ZZO (January 2004) (See notes an accompanying sheet)

 

 
Blaine R. Copenheaver

   
   
 

Telephone No. 571-272-7774
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PCT

INTERNATIONAL SEARCH REPORT

(PCT Articie l8 and Rules 43 and 44)
 

Applicant's or agent’s file reference 
 

 

 
 
 

  
  
 

 

FOR FURTHER see Form PCT/lSA/ZZO

2006734-0021 ACTION as well as, where applicable, item 5 below,

International application No. International filing date (day/monlh/year) (Earliest) Priority Date (dqw'manIh/year)

PCT/U82008/069171 03 July 2003 10 July 2007
  
  

Applicant
ETHANOL BOOSTING SYSTEMS LLC

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the international Bureau.

This international search report consists ofa total of .3 sheets.

D it is also accompanied by a copy of each prior art document cited in this report.  
 

 ll Basis of the report

  

  
  
  
 
 

  

 
  

a. With regard to the language, the international search was carried out on the basis of:
the international application in the language in which it was filed

E] a translation ofthe international application into , which is the language
ofa translation furnished for the purposes ofintemational search (Rules 12.3(a) and 23.1(b))

b, D With regard to any nucleotide and/or amino acid sequence disclosed in the international application. see Box No. l.

2. Certain claims were found unscarchnble (see Box No. ll)

[:I Unity of invention is lacking (see Box No. lll)
 

 4. With regard to the title,

[E the text is approved as submitted by the applicant

:1 the text has been established by this Authority to read as follows:

5. With regard to the abstract,

the text is approved as submitted by the applicant

[:l the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date ofmailing ofthis international search report, submit comments to this Authority

 
 

 

 
  
  
  
  

6, With regard to the drawings,  

a. the figure ofthe drawings to” be published with the abstract is Figure No. 1

[j as suggested by the applicant

[Xi as selected by this Authority, because the applicant failed to suggest a figure

D as selected by this Authority, because this figure better characterizes the invention

b, [:l none of the figures is to be published with the abstract
Form PCT/lSA/ZIO (first sheet) (April 2005)
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INTERNATIONAL SEARCH REPORT lntemational application No.
PCT/USZOOB/069171

Box No. II Observations where certain claims were found unsearchable (Continuation ofitein 2 of first sheet)

 

 

This international search report has not been established in respect of certain claims under Article l7(2)(a) for the following reasons:

 l. E] Claims N05,:
because they relate to subject matter not required to be searched by this Authority, namely:

 

 
 

2. [:i C1aimsNos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

 

 
  
  

  
  

3. Ci Claims Nos: 15-17. 31'33
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

 Box No. [II Observations where unity ofinvention is lacking (Continuation of item 3 of first sheet)

This international Searching Authority found multiple inventions in this international application, as follows:

As all required additional Search fees were timely paid by the applicant, this international search report covers all SU'dfCllabiCClaims.

2. D As all scarchable claims could be searched without effortjustifying additional fees, this Authority did not invite payment ofadditional fees,

3, [:1 As only some ofthe required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos:

4. E] No required additional search fees were timely paid by the applicant Consequently, this international search report isrestricted to the invention first mentioned in the claims; it is covered by claims N03,: 

Remark on Protest D The additional search fees were accompanied by the applicant‘s protest and, where applicabie. the
payment of a protest fee.

[:1 The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation,

  
  
    

No protest accompanied the payment of additional search fees.

Form PCT/lSAJZIO (continuation offirst sheet (2)) (April 2005)
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INTERNAT‘ONAL SEARCH REPORT International application No.
PCT/U 32008/0691 71

 A. CLASSIFICATION OF SUBJECT MATTER

lPC(8) - F028 77/04 (2008.04)
USPC — 123/198A

According to international Patent Classification (IPC) or to both national classification and WC
8. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(B) — 3:028 77/04 (2008.04)
USPC — 123/198A, 406.29, 435  
  
 

  
  

  

 

 
 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

 

 Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
MicroPa’tent. DialogPro, lP.com

C. DOCUMENTS CONSIDERED TO BE RELEVANT  
Cate o 1* Citation of document, with indication, where a ro riatc, of the relevant assa cs Relevant to claim No.g r3 PP l3 P g

  
US 7,225,787 [32 (BROMBERG et al) 05 June 2007 (05.06.2007) entire document 1—14, 18—30. 34535

 
 

 

 

  
  
   

 

Y

Y US 2005/0102145 A1 (COHN at al) 18 May 2006 (18.05.2006) entire document 1—14. 1830, 34—35

Y US 6,561,157 B2 (ZUR LOYE et al) 13 May 2003 (13.05.2003) entire document 6, 23. 35

A US 3.557.763 A (PROBST) 26 January 1971 (26.01.1971) entire document 1—35

A US 4,056,087 A (BOYCE) 01 November 1977 (01.11.1977) entire document . 1-35

A US 4,230,072 A (NOGUCHI at al) 28 October 1980 (28.10.1980) entire document 1-35

A US 4,594,201 A (PHILLIPS et al) 10 June 1985 (10.06.1986) entire document 1—35

A US 5,179,923 A (TSURUTANI at at) 19 January 1993 (19.01.1993) entire document 1—35

A US 7,156,070 B2 (STROM et al) 02 January 2007 (02.01.2007) entire document 105

A US 2007/0119421 A1 (LEW!S et al) 31 May 2007 (31.05.2007) entire document 1-35

A US 2007/0125321 A1 (RH—FER) 07 June 2007 (07.06.2007) entire document 1-35

E] Further documents are listed in the continuation of Box C. [:1
‘ 55’5‘53‘ CEleEWiES DrCi‘ed documents: “T“ later document published after the international filing date or riority
“A" document defining the general state ofthe art which is not considered date and not In conflict With the apglrcalton but Cited to un erstand

to be ofparticulnr relevance the principle or theory underlying l o Invention
“E earlier application 0" Palt’rmb‘“ PUbllSth 0" or an” the international “)C‘ document at particular relevance: the claimed invention cannot be

“it'll; d3“? considered novel or cannot be considered to involve an inventive
"L" docgmcnt wléilchhmfiy thrgivv clouthi on p?ority}::laim(s)_ or whicl;1 is Step when the document ‘5 taken film":cite ~ to esta is l e P“ icauon ate 0 anot er Citation or at or “Y“ document of articular relevance; the claimed invention cannot be

Spcc‘m “535°” (as Spec'fie‘j) > _ considered top involve an inventive step when the document l5
“0" document referring to an oral disclosure. use, exhibition or other combined with one or more other such documents. such combination

means being obvious to a person skliled in the an
“F" document published'pn'or to the international filingdate but later than u&u document member of the same patent familv

the priority date claimed ‘
 
 

  

 
 

 
 Date ofmaiting of the international search report

it 3' OCT 2008
Authorized officer:

Blaine R. Copenheaver

Date of the actual completion of the international search

 
 
 

25 September 2008
  

  
 

Name and mailing address of the ISA/US
Mail Stop PCT, Attn: ISA/US. Commissioner for Patents
PO. Box 1450, Alexandria, Virginia 22313—1450
Facsimile NC. 571-273-3203

Form PCT/lSA/Z 10 (second sheet) (April 2005)

 

  
PCT Helpdesk: 571-272-4500
PCT 03?: 571272-7774 
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From the
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 PCT

WRITTEN OPINION OI" THE
INTERNATIONAL SEARCHING AUTHORITY

 

  
 

 
 

 
 
 

 

TOI SAM PASTERNACK
Choate, Hall & Stewart LLP
Two International Place
Boston. Massachusetts 02110

(PCT Rule 43bis. I)

 

 
 
 

Date ofmailing

(day/momh/yemy 63 an?" n {31" 2008I‘- I
FOR FURTHER ACTION

See paragraph 2 below

 
 
 

Applicant’s or agent’s tile reference
200673443021

 

 

 

  

  
  
 
    

International application No, lntemational filing date (day-manrhx‘year/ Priority date {day'month year)
PCT/U82008/069171

03 July 2008 10 July 2007
International Patent Classification (lPC) or both national classification and IPC‘
IPC(8) - FOZB 77/04 (2008.04)
USPC - 123/198A
Applicant

ETHANOL BOOSTING SYSTEMS LLC

1. This opinion contains indications relating to the following items:

VA Box No. I Basis oftlie opinion

 
 

 
 

 

 
 

 
  

 
 
  
 

 
 
 

Box No. II Priority

Box No. Ill Non—establishment ofopinion with regard to novelty, inventive step and industrial applicability

Box No. IV Lack of unity ofinvention

Box No. V Reasoncd statement under Rule 43bis.l(a)(i) with regard to novelty, inventive step or industrial applicability:
citations and explanations supporting such statement

Box No. VI Certain documents cited

Box No, VII Certain defects in the international application

Box No. VIII Certain observations on the international application

DUEKEHZID
 

 FURTHER ACTION

li'a demand for international preliminary examination is made, this opinion will be considered to be a written opinion ofthc
International Preliminary Examining Authority (“IPEA”) except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the lntemational Bureau under Rule 66‘ lbi‘s(b) that written
opinions ofthis International Searching Authority will not be so considered.
lfthis opinion is, as provided above, considered to be a written opinion ofthc IPEA, the applicant is invited to submit to the [PEA
a written reply together, where appropriate, with amendments, before the expiration of} months from the date of mailing ofForrn
PCT/ISA/ZZO or before the expiration of22 months from the priority date, whichever expires later,
For further options, see Form PCT/lSA/ZZO.

3. For further details, see notes to Form PCT/ISA/ZZO.

 

 

  
Name and mailing address ofthe ISA/US Date of completion ofth is opinion Authorized officer:
Mail Stop PCT. Attri: ISA/USCommissioner for Patents
PO. Box 1450, Alexandria, Virglnla 223134450
Facsimile No. 571-273-3201

Form PCT/ISA/237 (cover sheet) (April 2007)

 
 Blaine Copenhe aver 

25 September 2008
  

 

  

  
 

PCT Helpdesk: 571-272—4300
PCT OSF: 571472-7774
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lntemational application No.
PCT/U82008l069171

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY
  

 
Box No. l
 Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of:

the international application in the language in which it was filed.

D a translation of the international application into which is the language of a
translation furnished for the purposes ofintemational search (Rules 123(3) and 23.](b)).

2. E] This opinion has been established taking into account the rectification of an obvious mistake authorized by or notifiedto this Authority under Rule 9] (Rule 43bis.l(a))

3 With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has beenestablished on the basis of:

a, type ofmatcrial

 
[:l a sequence listing

I: table(s) related to the sequence listing

b. format ofmaterial

:l on paper
in electronic form

 
 

0. time of filing/filmishing

E] contained in the international application as filed

E] filed together with the international application in electronic form

[:I fumished subsequently to this Authority for the purposes of search

4. E] In addition, in the case that more than one version or copy ofa sequence listing and/or table(s) relating thereto has been
filed or furnished, the required statements that the information in the. subsequent or additional copies is identical to that
in the application as filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

M
Form PCT/ISA/237 (Box No. l) (April 2007)
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WRITTEN OPINION OF THE lntemationai application No,
INTERNATIONAL SEARCHING AUTHORITY PCT/U32005’059171 

Box No. III Non—establishment ofopinion with regard to novelty, inventive step andlndustrial applicability  

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious). or to be industrially
applicable have not been examined in respect of

Ci the entire intemationai application
claims Nos. 1547.31—33

because:

E] the said international application, or the said claims Nosl relate to the following
subject matter which does not require an international search (specyfv):

the description, claims or drawings (indicate particular elements below) or said claims Nos. 15.] Z 31-33
are so unclear that no meaningful opinion could be formed (specify):

Claims 15—17, 31~33 are multiple dependent claims not drafted in accordance with the second and third sentences of Rule 6.4(a).

i: the claims, or said claims Nos. m are so inadequately supported
by the description that no meaningful opinion could be formed (specify):

no international search report has been established for said claims Nos. 15-17. 31-33 M

[1K a meaningfixl opinion couldnot be formed without the sequence listing; the applicant did not, within the prescribed time limit:

'3 furnish a sequence listing on paper complying with the standard provided for in Annex C of the Administrative
instructions, and such listing was not available to the International Searching Authority in a form and manner acceptableto it,

i:i fumish a sequence listing in electronic form complying with the standard provided for in Annex C ofthe Administrative
instructions, and such listing was not available to the International Searching Authority in a form and manner acceptable
to it.

[:i pay the required late furnishing fee for the fumishing of a sequence listing in response to an invitation under
Rule 13(er.l(a) or (b).

i:] a meaningfiil opinion could not be formed without the tables related to the sequence listings; the applicant did not, within the
prescribed time limit, Furnish such tables in electronic form complying with the technical requirements provided for in
Annex C—bis ofthe Administrative instructions, and such tables were not available to the International Searching Authority in
a form and manner acceptabie to it.

[:1 the tables related to the nucleotide and/0r amino acid sequence listing. if in electronic form only, do not comply with the
technical requirements provided for in Annex C-bis ofthe Administrative Instructions.

D See Supplemental Box for timber details. 

Form PCT/ISA/237 (Box No. ill) (April 2007)
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lntemational application No.WRITTEN OPINION OF THE PCT/U82008/069171INTERNATIONAL SEARCHING AUTHORITY
 

Box No. V Rensoncd statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability:
citations and explanations supporting such statement

1 . Statement

 
 

 

 

Novelty (N) Claims 1-14, 15-30. 34-35 YES
Claims None NO

lnvcntivcstep (IS) Claims None yes
Claims l:1fl.-.J§'3°- 34-35 . 7 7 . NO

industrial applicability ([A) Claims 1’14. 18-30. 34-35 YES
Claims None NO 

 

2. Citations and explanations:
Claims 1—5, 7-14, 1822. 24-30, and 34 lack an inventive step under PCT Article 33(3) as being obvious over Bromberg et al. in view ofCohn et al.

Regarding claim 1, Bromberg et al. disclose a fuel management system for a spark ignition gasoline engine (Abstract) comprising: a
gasoline engine (18); a source of gasoline (Fig. 4a); a source of a second liquid fuel (Fig. 4a); a means for introducing gasoline (Fig. 4b)
Into the cylinders of the engine (18); injectors for direct injection of the second liquid fuel (Col. 11. lines 23-50) into the cylinders of the
engine (1 8); a fuel management control system (Col. 1, lines 45-50) for controlling injection of the second fuel into the cylinder so that it is
provided in an amount needed to prevent knock (Fig. 3) as other conditions require; and a means for providing fast fiame speed (Col, 10,
lines 45-55). Bromberg et al. do not show controlling injection of the second fuel into the cylinder so that it is provided in an amount
needed to prevent knock as torque increases; and a means for providing fast burn. It is deemed obvious that a fast flame speed produces
a fast burn. Cohn at al. show a fuel management control system (14) for controlling injection of a second fuel into a cylinder so that it is
provided in an amount needed to prevent knock as torque increases (paragraph 32). it would have been obvious at the time the invention
was made to a person having ordinary skill in the art to employ the structures and processes as taught by Cohn at al. in the device of
Bromberg et al. in order to provide improved engine performance.

Regarding claim 2, Bromberg et al. and Cohn et al. disclose that as applied above. Bromberg et al. do not show where the 10% ~ 90%
burn occurs in 15-20 crank angle degrees. it is obvious from Bromberg et al. (Figs. ZA—ZB) that a significant portion of the energy traction
(burn) occurs in a small crank angle range including that claimed.

 
Regarding claim 3. Bromborg at al. and Cohn et al. disclose that as applied above. Bromberg et al. show where the last burn (Col, 10,
lines 45—55) in the engine ls provided by charge motion (Col. 10. lines 15—20).

Regarding claim 4. Bromberg at al. and Cohn et al. disclose that as applied above. Bromberg et al. show where the fast burn (Col. 10,
llnes 45—55) In the engine is provided by increased temperature (Col. 4. lines 1-10) in the unburned zone of air/fuel mlxturc zone that burns
early in the cycle after the firing of the spark (Col. 4. lines 30-45).

Regarding claim 5. Bromberg et al. and Cohn et al. disclose that as applied above. Bromberg et al. do not show where there are dual
ignition sites on either side of the cylinder but show two Ignition sources (Col. 1. lines 13—15. Col. 6. lines 23-30). It is obvious that the dual
sites can be on opposite cylinder sides to promote complete combustion.

Regarding claim 7, Bromberg et al. and Cohn et al. disclose that as applied above. Bromberg et al. do not show where the spray of the
second fuel is aimed toward the and gas on the exhaust valve side of the cylinder and the injector is located near the periphery. Cohn et
al. show where spray of the second fuel is aimed toward an and gas on an exhaust valve side of the cylinder and an injector is located
near the periphery (paragraph 7). It would have been obvious at the time the invention was made to a person having ordinary skill in the
art to employ the structures and processes as taught by Cohn et al. in the device of Bromberg et al. in order to provide improved engine
performance.

Regarding claim 8. Bromberg et al. and Cohn et al. disclose that as applied above. Bromberg et al. show where the time of the direct
injection of the second fuel Is adjusted to minimize the ethanol consumption (Col. 6. lines 48-52. Col. 10. lines 25—35).

Regarding claim 9, Bromberg et al. and Cohn at al. disclose that as applied above. Bromberg et al. do not Show where turbulence is
created at or near the intake port. Cohn et al. show where turbulence is created at or near an intake port (paragraph 28). it would have
been obvious at the time the invention was made to a person having ordinary skill in the art to employ the structures and processes as
taught by Cohn et al. in the device of Bromberg et al. in order to provide improved engine performance.

Regarding claim 10. Bromberg et al. and Cohn et al. disclose that as applied above. Bromberg et al. show where combustion is retarded
by means of spark retard relative to what it would be if fast burn were not employed (Col. 8, lines 20-25).

Regarding claim 11. Bromberg et al. anr‘ Cohn at al. disclose that as applied above. Bromberg et al. do not Show where combustion, as
measured by the 50% burn crank angle. is retarded using appropriate spark retard by an amount between 5 and 10 degrees but show
spark retard (Col. 8. lines 20-25). it is deemed obvious that spark retard is a small but significant amount Including that claimed.

 
(Continued In Supplemental Box)I__
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in case the space in any of the preceding boxes is not sufficient.
Continuation of:

Box V

Regarding claim 12. Bromberg at al. and Cohn et al. disclose that as applied above. Bromberg er al. show where the amount of secondfuel that is used is reduced when the fast bum is provided (Col. 3, lines 25-30).

Regarding claim 13. Bromberg et al. and Cohn et al. disclose that as applied above. Bromberg et al. show where the amount ofcombustion retard is varied as a function of load (Col. 1, lines 20—25) and speed by means of appropriate spark retard (Col. 8. lines 20-25).

Regarding claim 14, Bromberg et al. and Cohn et al. disclose that as applied above. Bromberg et al. do not show where the degree of
combustion retard is chosen so as to optimize the combinatlon of efficiency gain and minimization of the required amount of the second
fluid fuel. Cohn et al. show where a degree of combustion retard is chosen so as to optimize the combination of efficiency gain and
minimization of the required amount of the second fluid fuel (Fig. 5. paragraphs 14 and 35). It would have been obvious at the time the
invention was made to a person having ordinary skill In the art to employ the structures and processes as taught by Cohn at al. in the
device of Bromberg et al. in order to provide improved engine performance.

Regarding claim 18, Bromberg et al. disclose a fuel management system for a spark ignition gasoline engine (Abstract) comprising; a
gasoline engine (18) of compression ratio between 13 and 14 (Col. 7. lines 55-60): a source of a second liquid fuel (Fig. 4a); a means for
introducing gasoline (Fig. /lb) into the cylinders of the engine (18); injectors for direct injection of the second liquid fuel (Col. 11. lines
23—50) into the cylinder of the engine (18); a fuel management control system (Col. 1. lines 45-50) for controlling injection of the second
fuel into the cylinder so that ii: is provided in an amount needed to prevent knock (Fig. 3) as torque increases or other conditions require:
and a means for fast flame speed (Col. 10. lines 45—55). Bromberg et a!. do not show controlling injection of the second fuel into the
cylinder so that it is provided in an amount needed to prevent knock as torque increases; and a means for providing fast burn. it is deemed
obvious that a fast flame speed produces a fast burn. Cohn et at. show a fuel management control system (14) for controlling Injection of a
second fuel into a cylinder so that it is provided in an amount needed to prevent knock as torque increases (paragraph 32). it would have
been obvious at the time the invention was made to a person having ordinary skill in the art to employ the structures and processes as
taught by Cohn et al. in the device of Bromberg et al. in orderto provide Improved engine performance.

Regarding claim 19, Bromberg et al. and Cohn et al. disclose that as applied above. Bromberg et al. do not show where the 10% - 90%
burn occurs in 15-20 crank angle degrees. It is obvious from Bromberg et al. (Figs. ZA—QB) that a significant portion of the energy fraction
(burn) occurs in a small crank angle range including that claimed.

Regarding claim 20, Bromberg et al. and Cohn el al. disclose that as applied above. Bromberg at al. show where the fast burn (Col. 10.
lines 45-55) in the engine is provided by charge motion (Col. 10, lines 15—20).

Regarding claim 21‘ Bromberg et al. and Cohn et al. disclose that as applied above. Bromberg et al. show where the fast burn (Col. 10.
lines 45-55) in the engine is provided by increased temperature (Col. 4. lines 140) in the unburned zone of air/fuel mixture zone that burns
early in the cycle after the firing of the spark (Col. 4, llnes 30—45).

Regarding claim 22, Bromberg et al. and Cohn et al. disclose that as applied above. Bromberg et al. do not show where there are dual
ignltlon sites on either side of the cyilnder but show two ignition sources (Col. 1. lines 18-15. Col. 6. lines 23—30). It is obvious that the dualsites can be on opposite cylinder sides to promote complete combustion.

Regarding claim 24, Bromberg at al. and Cohn at al. disclose that as applied above. Bromberg et al. do not show where the spray of the
second fuel is aimed toward the and gas on the exhaust valve side of the cylinder. Cohn et al. show where spray of the second fuel is
aimed toward an and gas on the exhaust valve side of the cylinder (paragraph 7). lt would have been obvious at the time the invention was
made to a person having ordinary skill in the art to employ the structures and processes as taught by Cohn et al. in the device of Brombergat al. in order to provide Improved engine performance.

Regarding claim 25. Bromberg et at, and Cohn et al. disclose that as applied above. Bromberg et al. do not show where turbulence is
created at or near the intake port. Cohn et al. Show where turbulence is created at or near an intake port (paragraph 28). It would have
been obvious at the time the invention was made to a person having ordinary skill in the art to employ the structures and processes as
taught by Cohn et al. in the device of Bromberg et al. in order to provide improved engine performance.

Regarding claim 26, Bromberg at al. and Cohn et al. disclose that as applied above. Bromberg et al. show where combustion is retarded
by means of spark retard relative to what it would be if fast bum were not employed (Col. 8. lines 20—25).

Regarding claim 27. Bromberg et al. and Cohn et al. disclose that as applied above. Bromberg et at. do not show where combustion. as
measured by the 50% burn crank angle. is retarded using appropriate spark retard by an amount between 5 and 15 degrees but show
spark retard (Col. 8. lines 2025). it is deemed obvious that spark retard is a small but significant amount including that claimed

"a

Regarding claim 28. Bromberg et al. and Cohn et al. disclose that as applied above. Bromberg et al. show where the amount of secondfuel that is used is reduced when the fast burn is provided (Col. 3, lines 25-30).

Regarding claim 29. Bromberg et al. and Cohn et al. disclose that as applied above. Bromberg et al. show where the amount of
combustion retard is varied as a function of load (Col. 1. lines 20-25) and speed by means of appropriate spark retard (Col. 8. lines 20-25).

(Continued in next Supplemental Box)
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Supplemental Box 

In case the space in any of the preceding boxes is not sufficient.
Continuation of:

Previous Supplemental Box

Regarding claim 30. Bromberg et al. and Cohn et al. disclose that as applied above. Bromberg et al. do not show where the degree of
combustion retard is chosen so as to optimize the combination of etficiency gain and minimization of the required amount of the second
fluid fuel. Cohn et al. show where a degree of combustion retard is chosen so as to optimize the combination of efficiency gain and
minimization of the required amount of the second fluid fuel (Fig. 5, paragraphs 14 and 35). It would have been obvious at the time the
invention was made to a person having ordinary skill in the art to employ the structures and processes as taught by Cohn et al. in the
device of Eromberg et al. in order to provide improved engine performance.

Regarding claim 34. Bromberg et al. disclose a spark ignition gasoline engine (18) where alcohol and gasoline are both directly ingested
(Col. 1, lines 55-60) and where the alcohol/gasoline ratio needed to prevent knock uses fast burn. Bromberg et al. do not show where the
alcohol/gasoline ratio needed to prevent knock is reduced by using fast flame speed. It is deemed obvious that a fast flame speed
(Bromberg - Col. 10, lines 45-55) produces a fast burn. Cohn et al. show where an alcohol/gasollne ratio needed to prevent knock is
reduced (paragraph 19). It would have been obvious at the time the invention was made to a person having ordinary skill in the art to
employ the structures and processes as taught by Cohn et al. in the device of Bromberg et al. in order to provide improved engine
performance.

Claims 6, 23. 35 lack an inventive step under PCT Article 33(3) as being obvious over Bromberg et al. in view of Cohn et al. and zur Loye
et at.

Regarding claim 6. Brornberg et al. and Cohn et al. disclose that as applied above. Bromberg et al. do not show where the direct injector is
located in the center of the cylinder. zur Loye et al. show where a direct injector (62) is located in a center of a cylinder (Fig. 1). it would
have been obvious at the time the invention was made to a person having ordinary skill in the art to employ the structures and processes
as taught by Cohn et al. and zur Loye et al. in the device of Bromberg at al. in order to provide improved engine performance.

 
Regarding claim 23. Bromberg et al. and Cohn et al7 disclose that as applied above. Erombsrg et al. do not show where the direct injector
is located in the center of the cylinder. zur Loye et al. show where a direct injector (62) is located in a center of a cylinder (Fig. 1). It would
have been obvious at the time the invention was made to a person having ordinary skill in the art to employ the structures and processes
as taught by Cohn et al. and zur Loye ot al. in the device of Bromberg et al. in order to provide improved engine performance.

Regarding claim 35. Bromberg et al. and Cohn et al. disclose that as applied above. Bromberg et al. do not show where a high energy
spark plug is used to provide fast burn. zur Loye at al. show where a high energy spark plug (52) is used to provide fast burn. it would have
been obvious at the time the invention was made to a person having ordinary skill in the art to employ the structures and processes as
taught by Cohn et al. and zur Loye at al. in the device of Bi‘ornberg et al. in order to provide improved engine performance.

Claims 1-14. 18-30. and 34-35 meet the criteria set out in PCT Article 33(4), and thus have industrial applicability because the subject
matter claimed can be made or used in industry.
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NOTES TO FORM PCT/ISA/ZZO (continued)

The letter must indicate the differences between the claims as filed and the claims as amended. '1‘: must, in
particular, indicate, in connection with each claim appearing in the international application (it being understood
that identical indications concerning several claims may be grouped), whether

(i) the claim is unchanged;
(ii) the claim is cancelled;

(iii) the claim is new;
(iv) the claim replaces one or more claims as filed;
(v) the claim is the result of the division of a claim as filed.

The following examples illustrate the manner in which amendments must be explained in the accompanyingletter:

1. [Where originally there were 48 claims and after amendment of some claims there are 51]: .
“Claims 1 to 29. 31, 32, 34, 35, 37 to 48 replaced by amended claims bearing the same numbers;
claims 30, 33 and 36 unchanged; new claims 49 to 51 added.”

[Vi/here originally there were 15 claims and after amendment of all claims there are 11]:
“Claims 1 to 15 replaced by amended claims 1 to 11.” «

[Where originally there were, 14 claims and the amendments consist in cancelling some claims and in addingnew claims]:
“Claims 1 to 6 and 14 unchanged; claims 7 to 13 cancelled; new claims 15, 16 and 17 added.” or
“Claims 7 to 13 cancelled; new claims 15, 16 and 17 added; all other claims unchanged.”

. [Where various kinds of amendments are made]: -
“Claims 1—10 unchanged; claims 11 to 13, 18 and 19 cancelled; claims 14, 15 and 16 replaced by amended
claim 14; claim 17 subdivided into amended claims 15, 16 and 17; new claims 20 and 21 added.”

“Statement under Article 19(1)” (Rule 46.4)

The amendments may be accompanied by a statement explaining the amendments andindicating any impact that
such amendments might have on the description and the drawings (which cannot be amended under Article 19(1)).
The statement will be published with the international application and the amended claims.
It must be in the language in which the international application is to be published.
It must be brief, not exceeding 500 words if in English or if translated into English.
It should not be confused with and does not replace the letter indicating the differences between the claims as filed
and as amended. It must be filed on a separate sheet and must be identified as such by a heading, preferably by
using the words “Statement under Article 19(1)."

It may not contain any disparaging comments on the international search report or the relevance of citations
contained in that report. Reference to citations, relevant to a given claim, contained in the international search
report may be made only in connection with an amendment of that claim.

l

Consequence if a demand for international preliminary examination has already been filed
If, at the time of filing any amendments and any accompanying statement, under Article 19, a demand for
international preliminary examination has already been submitted, the applicant must preferably, at the time of
filing the amendments (and any statement) with the International Bureau, also file with the International
Preliminary Examining Authority a copy of such amendments (and of any statement) and, where required, a
translation of such amendments for the procedure before that Authority (see Rules 55.3(a) and 62.2, first
sentence). For filrther information, see the Notes to the demand form (PCT/lPEA/4Dl).

If a demand for international preliminary examination is made, the written opinion of the International Searching
Authority will, except in certain cases where the International Preliminary Examining Authority did not act as
International Searching Authority and where it has notified the lntemational Bureau under Rule 66.1bis(b), be
considered to be awritten opinion of the International Preliminary Examining Authority. If a demand is made, the
applicant may submit to the International Preliminary Examining Authority 3. reply to the written opinion together,
where appropriate, with amendments before the expiration of 3 months from the date of mailing of Fcan
PCT/ISA/ZZO orbefore the expiration of22 months from the priority date, whichever expires later (Rule 4361‘s. 1(0)).

Consequence with regard to translation of the international application for entry into the national phase
The applicant’s attention is drawn to the fact that, u on entry into the national phase, a translation of the claims as
amended under Article 19 may have to be furnishe to the designated/elected Offices, instead of, or in addition to,the translation of the claims as filed.

For further details on the requirements of each designated/elected Office, see the PCT Applicant ’5 Guide,Volume II.
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Application No. Applicant(s)

 
15/463,100 BROMBERG ET AL.

Office Action Summary Examiner Art Unit AIA (Firstlnventor to File)

LONG T. TRAN 3747 SN?“ 
-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE g MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions oftime may be available under the provisions of 37 CFR1.138(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date ofthis communication.

- If NO period for reply is specified above the maXimum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply WlII, by statute, cause the application to become ABANDONED (35 U.S.C. §138l

Any reply received by the Office later than three months after the mailing date ofthis communication, even lftimely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

DE Responsive to communication(s) filed on 5 July 2017.

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2a)|:| This action is FINAL. 2b)IZ This action is non—final.

3)I:I An election was made by the applicant in response to a restriction requirement set forth during the interview on

_; the restriction requirement and election have been incorporated into this action.

4)|:| Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under EX parte Quayle, 1935 CD. 11, 453 QC. 213.

Disposition of Claims*

SHE Claim(s) gems/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.

6 El Claim 5) is/are allowed.

5 Levis/are rejected.

is/are objected to.

9)I:l Claim(s are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see

h/index.‘s or send an inquiry to PPl-ffeedbackkfiusotocov.

)

)—

)
 

htt :r‘i’wwwuscto. ow atents/init events/     

Application Papers

10)I:I The specification is objected to by the Examiner.

11)X| The drawing(s) filed on 20 March 2017is/are: a)IZI accepted or b)I:I 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).

Priority under 35 U.S.C. § 119

12)I:I Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)—(d) or (f).

Certified copies:

a)I:I All b)I:I Some“ c)I:I None of the:

1.I:l Certified copies of the priority documents have been received.

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

3.|:| Copies of the certified copies of the priority documents have been received in this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

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

 
 

Atlachment(s)

1) IZI Notice of References Cited (PTO-892) 3) D |n1ervjew Summary (PTO-413)
_ _ Paper No(s)/Mai| Date. .

2) E Information Disclosure Statement(s) (PTO/SB/OSa and/or PTO/SB/08b) 4 I:I O h _Paper No(s)/Mai| Date see attached I 1 er. —'
U.S. Patent and Trademark Office
PTOL—326 (Rev. 11-13) Office Action Summary Part of Paper No./Mai| Date 20171106
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Application/Control Number: 15/463,100 Page 2

Art Unit: 3747

DETAILED ACTION

1. The present application is being examined under the pre-AIA first to invent

provisions.

2. The previous Office Action has been withdrawn in light of the wrong set of claims

being examined.

3. Claims 32 - 67 remain pending in the application and have been fully considered.

Priority

4. 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, 365(0), or 386(0) 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. 119(e) 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 35 U.S.C. 112(a) or the first paragraph of pre-AIA 35

U.S.C. 112, except for the best mode requirement. See Transco Products, Inc. v.

Performance Contracting, Inc., 38 F.3d 551, 32 USPQZd 1077 (Fed. Cir. 1994)

The disclosure of the prior-filed application, Application No. 14/807,125,

14/220,529, 13/546,220, 11/758,157, 11/100,023, and 10/991,774 fails to provide

adequate support or enablement in the manner provided by 35 U.S.C. 112(a) or pre-AIA

35 U.S.C. 112, first paragraph for one or more claims of this application. The claims do
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not overlap in scope since the current claims of the Applicant are much broader and do

not require alcohol-based fuel and amount of fuel as required in the previous claims of

the cited applications.

Claim Rejections - 35 USC § 1 12

5. The following is a quotation of the first paragraph of 35 U.S.C. 112(a):

(a) IN GENERAL—The specification shall contain a written description of the
invention, and of the manner and process of making and using it, in such lull, clear, concise,
and exact terms as to enable any person skilled in the art to which it pertains, or with which it
is most nearly connected, to make and use the same, and shall set forth the best mode
contemplated by the inventor orjoint inventor of carrying out the invention.

The following is a quotation of the first paragraph of pre-AIA 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the
manner and process of making and using it, in such full, clear, concise, and exact terms as to
enable any person skilled in the art to which it pertains, or with which it is most nearly
connected, to make and use the same, and shall set forth the best mode contemplated by the
inventor of carrying out his invention.

6. Claims 32 - 67 are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-AIA),

first paragraph, as failing to comply with the written description requirement. The

claim(s) contains subject matter which was not described in the specification in such a

way as to reasonably convey to one skilled in the relevant art that the inventor or a joint

inventor, or for pre-AIA the inventor(s), at the time the application was filed, had

possession of the claimed invention.

7. Claims 32, 44, 49, 59, and 66 contain the term “torque range,” which is not

clearly defined by the specification or drawings. Having a first and second torque range

is considered arbitrary by the Examiner since no specific range of value or amount is
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defined by the Applicant. For examination purposes, the Examiner will understand that

the ranges apply to any amount within a normal working load and condition of a vehicle.

8. Claims 33 - 43, 45 - 49, 50 - 58, and 60 - 65, and 67 are rejected for being

dependent on a rejected base claim.

9. The following is a quotation of 35 U.S.C. 112(b):
(b) CONCLUSION—The specification shall conclude with one or more claims particularly
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor
regards as the invention.

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph:
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.

10. Claims 32 - 67 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA),

second paragraph, as being incomplete for omitting essential elements, such omission

amounting to a gap between the elements. See MPEP § 2172.01. The omitted

elements are: a controller, sensors for detecting torque, valve or element for controlling

fuel amounts.

11. Claim 39 contains the phrase "in such a way" that is indefinite because there is

no clear step or element that prevents knock.

12. Claims 32 - 67 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA),

second paragraph, as being indefinite for failing to particularly point out and distinctly

claim the subject matter which the inventor or a joint inventor, or for pre-AIA the

applicant regards as the invention.

Claims 32, 44, 49, and 59 recites the limitation "the fraction of fuel“. There is

insufficient antecedent basis for this limitation in the claim. Correction is required.
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Claims 32, 44, 49, and 59 recites the limitation "the highest torque". There is

insufficient antecedent basis for this limitation in the claim. Correction is required.

Claims 32, 44, 49, and 59 recites the limitation "the lowest". There is insufficient

antecedent basis for this limitation in the claim. Correction is required.

13. Claims 33 - 43, 45 - 49, 50 - 58, 60 - 65, and 67 are rejected for being dependent

on a rejected base claim.

Claim Rejections - 35 USC § 102

14. In the event the determination of the status of the application as subject to AIA 35

U.S.C. 102 and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any

correction of the statutory basis for the rejection will not be considered a new ground of

rejection if the prior art relied upon, and the rationale supporting the rejection, would be

the same under either status.

15. The following is a quotation of the appropriate paragraphs of pre-AIA 35 U.S.C.

102 that form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(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 year prior to the date of application
for patent in the United States.

16. Claims 32, 44, 49, 59, and 66 as best understood, are rejected under pre-AIA 35

U.S.C. 102(b) as being anticipated by Zur Loye et al. (US 2002/0007816).

Regarding Claims 32, 44, 49, and 59:
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The claim recites specific operating requirements during distinct engine

conditions, of which the Examiner has understood is only required during these

”conditions."

Therefore, in periods outside of these operating conditions, Zur Loye et al.

teaches a fuel management system (56) for a turbocharged spark ignition engine

(10) where the fuel management system controls fueling from a first fueling

system that directly injects fuel (62) into at least one cylinder (12) as a liquid and

from a second fueling system that uses port fuel injection (68).

17. Claims 32, 38 - 40, 50 - 53, 44, 49, 59, and 66 as best understood, are rejected

under pre-AIA 35 U.S.C. 102(b) as being anticipated by Russell (US 23011/0126797).

Regarding Claims 32, 38 - 40, 50 - 53,44, 49, 59, and 66:

Russell teaches a fuel management system (12) for a turbocharged spark

ignition engine (10) where the fuel management system controls fueling from a

first fueling system that directly injects fuel (166, ethanol) into at least one

cylinder as a liquid and from a second fueling system that uses port fuel injection

(172, see paragraph 0038); and where the engine operates in a first torque range

(economy mode, Fig 4) wherein throughout this torque range both fueling

systems are used; and wherein the fraction of fuel provided by the first fueling

system is higher at the highest torque in the first torque range than at the lowest

torque in the first torque range (Fig 4, 4048 > 404A at highest torque); and

wherein direct injection [is needed at the highest torque in the first torque rangein
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order to prevent knock]; and wherein during at least part of the first torque range

the fraction of fuel (Fig 4) provided by the first fooling system is increased [so as

to prevent knock]; and where when the torque is decreased below lowest torque

in the first torque range the fueling is provided by only the second fueling system

(Fig 4); and where there is a second torque range (performance mode, Fig 4)

between zero torque and a higher value of torque where only the second fading

system is employed.

Please note the limitations in brackets above are considered an intended

use recitation. It has been held that a recitation with respect to the manner in

which a claimed apparatus is intended to be employed does not differentiate the

claimed apparatus from a prior art apparatus satisfying the claimed structural

limitations. Ex parte Masham, 2 USPQZd 1647 (1987).

Claim Rejections - 35 USC § 103

18. In the event the determination of the status of the application as subject to NA 35

U.S.C. 102 and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any

correction of the statutory basis for the rejection will not be considered a new ground of

rejection if the prior art relied upon, and the rationale supporting the rejection, would be

the same under either status.

19. The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

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

20. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148

USPQ 459 (1966), that are applied for establishing a background for determining

obviousness under pre-AIA 35 U.S.C. 103(a) are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating

obviousness or nonobviousness.

21. This application currently names joint inventors. In considering patentability of the

claims under pre-AIA 35 U.S.C. 103(a), the examiner presumes that the subject matter

of the various claims was commonly owned at the time any inventions covered therein

were made absent any evidence to the contrary. Applicant is advised of the obligation

under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was

not commonly owned at the time a later invention was made in order for the examiner to

consider the applicability of pre-AIA 35 U.S.C. 103(0) and potential pre-AIA 35 U.S.C.

102(e), (f) or (g) prior art under pre-AIA 35 U.S.C. 103(a).

22. Claims 33 - 37, 41 - 43, 45 - 48, 54 - 58, 60 - 65, as best understood, are

rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over Russell (US

23011/0126797).

Regarding Claims 33 - 37, 45, 51:
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Because the first and second torque ranges are considered arbitrary

ranges by the Examiner (e.g. the specification provides no clarity on the values of

these ranges), it would have been an obvious matter of design choice to alter the

fuel map (shown in Fig 4 of Russell) to meet the intended first and second torque

ranges since both the Applicant and Russell seek to reduce knock (se Fig 3 of

Russell).

Regarding Claims 42 - 43, 45, 56, 58, 60 - 65, 67:

Russell is silent to fueling with the first fueling system begins after the inlet

valve has closes.

However, Russell teaches an inlet valve (150) and fuel injection controlled

by ECU (12), and therefore, is capable of varying the timing of the opening and

closing of the valve with the fuel injection.

Therefore, it would have been an obvious matter of design choice to being

fueling after the inlet valve has closed since both the Applicant and Russell seek

to reduce knock (se Fig 3 of Russell).

Regarding Claim 41, 46 - 48, 54 - 55, 57:

The limitation “used so as to reduce wall wetting" is an intended use

recitation. It has been held that a recitation with respect to the manner in which a

claimed apparatus is intended to be employed does not differentiate the claimed

apparatus from a prior art apparatus satisfying the claimed structural limitations.

Ex parte Masham, 2 USPQ2d 1647 (1987).

FORD Ex. 1135, page 193

IPR2020-00013



FORD Ex. 1135, page 194
                       IPR2020-00013

Application/Control Number: 15/463,100 Page 10

Art Unit: 3747

Conclusion

23. The prior art made of record and not relied upon is considered pertinent to

applicants disclosure.

24. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to LONG T. TRAN whose telephone number is (571)270-

1899. The examiner can normally be reached on M-F, 7:30am - 5:00pm.

Examiner interviews are available via telephone, in-person, and video

conferencing using a USPTO supplied web-based collaboration tool. To schedule an

interview, applicant is encouraged to use the USPTO Automated Interview Request

(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Lindsay Low can be reached on 571-272—1196. The fax phone number for

the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on 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.
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Doc Code: PA..
Document Description: Power of Attorney

PTO/AIA/SZB (07-13)
Approved for use through 11/30/2014. OMB 0651-0051

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

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE

REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/BZB) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attomey by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIASZB identifies the application to which the Power of Attorney is
directed, the Power ofAttorney will not be recognized in the application.

Application Number 15/463,100

Filing Date March 20, 2017

First Named Inventor Leslie Bromberg

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

Art Unit 3747

Examiner Name Long T. Tran

Attorney Docket Number 101328-422 (MIT11381K)

SIGNATURE of Applicant or Patent Practitioner

/Rory P. Pheiffer/ 2013-01-15

Name . Registration
Rory P. Pheiffer Number

Title (if Applicant is
a juristic entity)

Applicant Name (If Applicant Is a jurISfiC entity)—
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If more than
one applicant, use multiple forms.

*Total of 1 forms are submitted.
37185701
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Transmittal Letter
I hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being
transmitted via the Office electronic filing system in accordance with 37 CFR § 1.6(a)(4).

Dated: January 16, 2018
Electronic Signature for Rory P. Pheiffer: lRory P. Pheiffer/ 

Docket No.: 101328-422

(MIT11381K) (PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
 

111 re Patent Application of:
Massachusetts Institute of Technology

Application No.: 15/463,100 Confirmation No.: 1002

Filed: March 20, 2017 Art Unit: 3747

For: OPTIMIZED FUEL MANAGEMENT SYSTEM FOR Examiner: Long T. Tran
DIRECT INJECTION ETHANOL ENHANCEMENT
OF GASOLINE ENGINES

 
 

TRANSMITTAL LETTER

Commissioner for Patents
PO. Box 1450

Alexandria, VA 22313-1450

Dear Commissioner:

Applicant respectfully submits a Power of Attomey for the above-referenced patent application, which

also serves to revoke all previous powers of attorney given in this application. In support of the Intellectual

Property Officer’s authority to sign on behalf of the Massachusetts Institute of Technology, Applicant provides

both a letter dated June 10, 2008, authorizing the “Intellectual Property Manager” to sign documents of this nature,

and a letter dated July 10, 2017, indicating the position of “Intellectual Property Manager” has been renamed to

“Intellectual Property Officer.” Applicant respectfully requests confirmation of acceptance of the Power of

Attorney for the present application.

The Director is hereby authorized to charge any deficiency in the fees filed with this paper, asserted to be

filed with this paper, or which should have been filed with this paper to our Deposit Account No. 141449, under

Client/Matter No. 101328-422 (MIT113 81K).

Dated: January 16, 2018 Respectfully submitted,

Electronic signature: /Rory P. Pheiffer/
Rory P. Pheiffer
Registration No: 59,659
NUTIER MCCLENNEN & FISH LLP

Seaport West
155 Seaport Boulevard
Boston, Massachusetts 02210-2604
(617) 439-2879

Attorney [or Applicant
3778565.]
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Electronic Acknowledgement Receipt

EFSID: 31508317

Application Number: 15463100

International Application Number:

Confirmation Number: 1002

OPTIMIZED FUEL MANAGEMENT SYSTEM FOR DIRECT INJECTION ETHANOL

T'tle °f Invent'om ENHANCEMENT OF GASOLINE ENGINES

First Named Inventor/Applicant Name: Leslie Bromberg

Customer Number: 91197

Filer: Rory P. Pheiffer 

Filer Authorized By:

Attorney Docket Number: 11381.122997 

Receipt Date: 16—JAN—2018

Filing Date: ZOEMAR72017

Time Stamp: 18:16:17

Application Type: Utility under 35 USC 111(a)

 
Payment information:

 
Submitted with Payment

File Listing: 

Document . . . File Size(Bytes)/

Number Document Description me Name Message Digest Part /.zip (if appl.)
485583

Power of Attorney 422PowerofAttorney.pdf tl71l9471d9183 IB42l47llb'435lllni'73821lllg
7dal3 
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Information:

109114

Transmittal Letter 422Tra nsmittal.pdf 61e6176db764e21b916373€393f3799b09~
58044

Warnings: 

Information: 

291104

Miscellaneous Incoming Letter M|T_Authorization_Letter.pdf 
 

Warnings: 

Information:

142073

M|T_|P_Manager_Now_Ca|led
Miscellaneous Incoming Letter IP_Officer.pdf ELSZIdQEdIe3b697c8$63e191e41c539c6

chee3

 
Information:

Total Files Size (in bytes) 1027874

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of 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 components for 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 shown on this
Acknowledgement Receipt will 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/DOIEOI903 indicating acceptance of the application as a
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
lfa new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMNIERCE
United States Patent and Trademark Office
Address. CC'Mh/11S810NER FOR PATENTSPO Box 1450

A1flalrr1iia7V‘irgliiia 22313-1450WWW".USD[C.QOV
 
 

APPLICATION NUMBER FILING OR 371(le DATE FIRST NAMED APPLICANT ATTY. DOCKET NOJTITLE

15/463,100 03/20/2017 Leslie Bromberg 113811122997
CONFIRMATION NO. 1002

91197 POWER OF ATTORNEY NOTICE

MlT"s Technology Licensing Office

255 Main Street ||||l|||||||||l|l|||l|||flLl|flilllll||||||||||||l||l||l|||l|llllllllllll||||l||||l||||l||l|||l0000000967
NE 18—501 5383

Cambridge, MA 02142—1493
Date Mailed: 01/19/2018

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 01/16/2018.

- The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence
will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the

requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

lagizaw/
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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 1450

AiflaiirliiayV‘irgiiiia 22313-1450WWW\'.USD[C.QOV
 
 APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NOJTITLE

15/463,100 03/20/2017 Leslie Bromberg 101328—422 (MIT11381K)
CONFIRMATION NO. 1002

21125 POA ACCEPTANCE LETTER
NUTTER MCCLENNEN & FISH LLP

SEAPORT WEST ||||1|||| |||||1|1|||1|||111|11||||1||||||||||||1||1||1|||1|11||1|||11|1|||| 1|||| ||||| illHIIi
155 SEAPORT BOULEVARD 000000096753858
BOSTON, MA 02210—2604

Date Mailed: 01/19/2018

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 01/16/2018.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the

requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

lagiLaw/
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Electronic Patent Application Fee Transmittal

Application Number: 15463100

OPTIMIZED FUEL MANAGEMENT SYSTEM FOR DIRECT INJECTION ETHANOL

T'tle 0f Inventmm ENHANCEMENT OF GASOLINE ENGINES

First Named Inventor/Applicant Name: Leslie Bromberg

Filer: Rory P. Pheiffer/Jessica Ferrara

Attorney Docket Number: 1013287422 (MIT1 1381 K)

 
Filed as Large Entity 

Filing Fees for Utility under 35 USC 111(a) 

Sub-Total in

Description Fee Code Quantity Amount USD($)   
Basic Filing: 

Pages: 

Claims:
 

Miscellaneous-Filing: 

Petition:
 

Patent-Appeals-and-lnterference: 

Post-Allowance-and-Post—lssuance:

Extension-of—Time:
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Extension— 1 month with $0 paid 

Miscellaneous:

Total in USD (5) 
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Electronic Acknowledgement Receipt

EFS ID: 32024638

Application Number: 15463100

International Application Number:

Confirmation Number:

Title of Invention:

1002

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

First Named Inventor/Applicant Name: Leslie Bromberg

Customer Number:

Filer:

21125

Rory P. Pheiffer 

Filer Authorized By:

Attorney Docket Number: 101328—422 (MIT1 1381 K) 

Receipt Date:
12—MAR—20 1 8

Filing Date: ZOAMAR72017

Time Stamp: 22:28:15

Application Type: Utility under 35 USC 111(a)

Payment information:

 
Deposit Account 141449

Authorized User

 
Rory Pheiffer

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.1 9 (Document supply fees)

37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)

File Listing: 

Document . . . File Size(Bytes)I

Number Document Description Flle Name Message Digest Part /.zip (if appl.)

Fee Worksheet (S 306) fee—info.pdf BS46d67fcl770338730f33932e3021afe0f3
391

Information:

Total Files Size (in bytes) 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of 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 components for 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 shown on this
Acknowledgement Receipt will 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/DOIEOI903 indicating acceptance of the application as a
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 components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the 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 Receipt will establish the international filing date of
the application.
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UNITED STATES DEPARTMENT OF CONLVIERCE
United States Patent and Trademark Office
Address: COD/LVIISS IONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
www nspm gov

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

15/463 100 03/20/2017 Leslie Brombeig 101328—422 (M1111381K)

M 75‘” “”8”” —mm MCCLENNEN msnm «
SEAPORT WEST TRAV, LONG T
155 SEAPORT BOULEVARD

BOSTON, MA 02210—2604
3 747

NOTIFICATION DATE DELIVERY MODE

05/18/2018 ELECTRONIC

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

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

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e—mail address(es):
docket@ nutter.c0m

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

. 15/463,100 BROMBERG ET AL.
Notice of Abandonment Examiner Art Unit

LONG T. TRAN 3747

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address--

This application is abandoned in view of:

1. Applicant’s failure to timely file a proper reply to the Office letter mailed on 13 November2017.
(a) [I A reply was received on (with a Certificate of Mailing or Transmission dated ), which is after the expiration of the

period for reply (including a total extension oftime of month(s)) which expired on

(b) I:I A proposed reply was received on , but it does not constitute a proper reply under 37 CFR 1.113 to the final rejection.
(A proper reply under 37 CFR 1.1 13 to a final rejection consists only of: (1) a timely filed amendment which places the
application in condition for allowance; (2) a timely filed Notice of Appeal (with appeal fee); or (3) if this is utility or plant
application a timely filed Request for Continued Examination (RCE) in compliance with 37 CFR 1.114. Note that RCEs are not
permitted in design applications.)

(c) [I A 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) E No reply has been received.

2. El 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) [I The issue 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 payment of the issue fee (and publication fee) set in the Notice of

Allowance (PTOL-85).

(b) [I The submitted fee 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 CFFl1.18(d), is $ .

(c) [I The issue fee and publication fee, if applicable, has not been received.

3.|:| Applicant’s failure to timely file corrected drawings as required by, and within the three—month period set in, the Notice of
Allowability (PTO-37).

(a) El Proposed corrected drawings were received on (with a Certificate of Mailing or Transmission dated ), which is after
the expiration of the period for reply.

(b) [I No corrected drawings have been received.

4. I] The letter of express abandonment which is signed by the attorney or agent of record or other party authorized under 37 CFR
1.33(b). See 37 CFR1.138(b).

5. El The letter of express abandonment which is signed by an attorney or agent (acting in a representative capacity under 37 CFR
1.34) upon the filing of a continuing application.

6. [I The decision by the Board of Patent Appeals and Interference rendered on and because the period for seeking court review
of the decision has expired and there are no allowed claims.

7. E The reason(s) below:

no reply

/LONG T TRAN/

Primary Examiner, Art Unit 3747

 
Petitions to revive under 37 CFR 1.137, or requests to withdraw the holding of abandonment under 37 CFR 1.181, should be promptly filed to minimize
an ne-ative effects on oatent term.
U 8 Patent and Trademark Office

PTOL-1432 (Rev. 07-14) Notice of Abandonment Part of Paper No. 20180515
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