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SYSTEM AND METHOD FOR TIP-IN KNOCK COMPENSATION

Background and Summary

Engines may use various forms of fuel delivery to provide a desired amount of fuel for
combustion in each cylinder. One type of fuel delivery uses a port injector for each cylinder to
deliver fuel to respective cylinders. Still another type of fuel delivery uses a direct injector for
each cylinder.

Engines have also been described using more than one injector to provide fuel to a single
cylinder in an attempt to improve engine performance. Specifically, in US 2005/0155578 an
engine is described using a port fuel injector and a direct injector in each cylinder of the engine.
In this system, transient errors in delivered fuel from the port injector, such as due to sudden
airflow increases, can be addressed by subsequently delivering fuel of the same type from a
direct cylinder inject‘or.

However, the inventors herein have recognized a disadvantage with such an approach.
Under such transient conditions where sudden load increases may occur, engine knock may be
more likely. As such, even if the air-fuel ratio is correctly maintained, engine knock may still
occur, thus reducing performance and driver satisfaction.

Another approach that utilizes multiple injection locations for different fuel types to
reduce knock is described in the papers titled “Calculations of Knock Suppression in Highly
Turbocharged Gasoline/Ethanol Engines Using Direct Ethanol Injection” and “Direct Injection
Ethanol Boosted Qasoline Engine: Biofuel Leveraging for Cost Effective Reduction of Oil

Dependence and CO2 Emissions” by Heywood et al. Specifically, the Heywood et al. papers

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Express Mail Label No. EV700316110US Record ID 81134110

describe directly injecting ethanol to improve charge cooling effects under various conditions,
such as in response to a knock sensor or steady state operating conditions.

However, the inventors herein have recognized that transient engine knock may still
occur during transient conditions, such as aggressive driver tip-ins, since the feedback
information from the sensor become available too late to correct the combustion mixture during
the transient and reduce knock. As such, performance and satisfaction may still be degraded.

Therefore, in one approach, a method of controlling an engine, the method compﬁsing:

- providing fuel having a blend to a cylinder of the engine; actively varying said fuel blend in
response to at least an operating condition; where during a transient operating condition, said
blend is adjusted to increase a heat capacity of said fuel to reduce a tendency for knock.

In this way, it is possible to adjust the blend before the onset of knock, and thus improve
performance. For example, it may be possible to continue engine boosting during the transient to

thereby provide improved vehicle performance.

Description of the Drawings

Figure 1 is a block diagram of a vehicle illustrating various components of the powertrain
system,;

Figure 2 shows a partial engine view;

Figure 3 shows an engine with a turbocharger;

Figures 4-5 show example engine cylinder and port configurations;

Figure 6 shows two fuel injectors;

Figure 7 shows a fuel pump system;

Figures 8-10 shows fuel vapor purge system configurations;
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Figures 11-12 shows high level flow charts for air-fuel ratio feedback control;

Figures 13-14 and 16 show high level flow charts for fuel type enablement;

Figure 15 shows graphs illustrating example ratios of fuel type enablement based on
operating conditions;

Figures 16-18 show high level flow charts for engine starting and running operation;

Figure 19 shows a high level flow chart for engine starting taking into account fuel levels
of different fuel types;

Figure 20 shows a high level flow chart for compensating for depleting a fuel source;

Figure 21 shows a graph illustrating different fuel injector characteristics for two example
injectors;

Figure 22 shows a graph illustrating an example relationship of fuel injection as a
function of knock tendency;

Figure 23 shows a high level flow chart of an alternative embodiment for controlling fuel
injection of a first and second fuel type taking into account minimum pulse width issues and
different fuel type characteristics;

Figures 24-25 show high level flow charts for controlling operation using water injection;

Figures 26-27 show graphs illustrating an amount of injection to reduce knock for
varying water content and varying amounts of desired charge cooling;

Figure 28 shows a high level flow chart for controlling fuel type injection amounts (and
relative amounts) and/or adjusting ignition timing to reduce knock;

Figure 29 shows graphs illustrating example knock control operation;

Figure 30 shows a high level flow chart for event-based engine starting;
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Figures 31-34 shows high level flow charts for fuel vapor purging control, estimation,
and adaptive learning;

Figure 35 shows a graph of an example injector characteristic;

Figures 36-38 show example fuel tank and pump configurations;

Figure 39 shows a high level flow chart for transitioning on a second fuel type;

Figure 40 shows example operation according to the routine of Figure 39;

Figure 41 shows a high level flow chart for selecting injection timing(s);

Figure 42 shows a graph illustrating example injection timing operation;

Figure 43 shows a graph illustraﬁng fuel types and injection timings for various engine
speed and load regions; and

Figure 44 shows a high level flow chart for controlling boost.

Detailed Description

Referring to Figure 1, in this example, internal combustion engine 10, further described
herein with particular reference to Figures 2 and 3, is shown coupled to torque converter 11 via
crankshaft 13. Torque converter 11 is also coupled to transmission 15 via turbine shaft 17.
Torque converter 11 has a bypass, or lock-up clutch 14 which can be engaged, disengaged, or
partially engaged. Wheﬁ the clutch is either disengaged or partially engaged, the torque converter
is said to be in an unlocked state. The lock-up clutch 14 can be actuated electrically,
hydraulically, or electro-hydraulically, for example. The lock-up clutch 14 receives a control
signal (not shown) from the controller, described in more detail below. The control signal may
be a pulse width modulated signal to engage, partially engage, and disengage, the clutch based

on engine, vehicle, and/or transmission operating conditions. Turbine shaft 17 is also known as
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transmission input shaft. Transmission 15 comprises an electronically controlled transmission
with a plurality of selectable discrete gear ratios. Transmission 15 also comprises various other
gears, such as, for example, a final drive ratio (not shown). Transmission 15 is also coupled to
tire 19 via axle 21. Tire 19 interfaces the vehicle (not shown) to the road 23. Note that in one
example embodiment, this powertrain is coupled in a passenger vehicle that travels on the road.

In an alternative embodiment, a manual transmission operated by a driver with a clutch
may be used. Further, various types of automatic transmissions may be used.

Figure 2 shows one cylinder of a multi-cylinder engine, as well as the intake and exhaust
path connected to that cylinder. In the embodiment shown in Figure 2, engine 10 is capable of
using two different fuels, and/or two different injectors in one example. For example, engine 10
may use gasoline and an alcohol containing fuel such as ethanol, methanol, a mixture of gasoline
and ethanol (e.g., E85 which is approximately 85% ethanol and 15% gasoline), a mixture of
gasoline and methanol (e.g., M85 which is approximately 8§5% methanol and 15% gas), etc. In
another example, two fuel systems are used, but each uses the same fuel, such as gasoline. In
still another embodiment, a single injector (such as a direct injector) may be used to inject a
mixture of gasoline and such an alcohol based fuel, where the ratio of the two fuel quantities in
the mixture may be adjusted by controller 12 via a mixing valve, for example. In still another

- example, two different injectors for each cylinder are used, such as port and direct injectors. In
even another embodiment, different sized injectors, in addition to different locations and
different fuels, may be used.

As will be described in more detail below, various advantageous results may be obtained
by various of the above systems. For example, when using both gasoline and a fuel having

alcohol (e.g., ethanol), it may be possible to adjust the relative amounts of the fuels to take

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




