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CONTROL METHODOLOGY FOR AN
INTERNAL COMBUSTION ENGINE THAT
UTILIZES A COMBUSTION CONDITION
SENSOR

FIELD OF THE INVENTION

The present invention relates generally to a system and
method for controlling the ignition characteristics of certain
internal combustion engines, and particularly to a system
and method for utilizing feedback from a combustion con-
dition sensor in one cylinder and utilizing that feedback to
adjust the air-fuel mixture to a more optimal ratio in other
non-sensed cylinders.

BACKGROUND OF THE INVENTION

Internal combustion engines are used in a wide variety of
applications, including providing power for a variety of
vehicles. Generally, such engines include one or more
cylinders that each contain a piston designed for movement
in a reciprocating manner. Each piston is connected to a
crankshaft by a connecting rod that delivers force from the
piston to the crankshaft in a manner that rotates the crank-
shaft. Power to drive the piston is provided by igniting an
air-fuel mixture supplied to the cylinder on a side of the
piston opposite the connecting rod. The air-fuel mixture is
ignited by some type of ignition device, e.g. providing a
spark across electrodes of a spark plug.

Air and fuel may be supplied to each cylinder by a variety
of mechanisms, such as a fuel injection system. Regardless
of how the air-fuel mixture is established, it is necessary to
adjust or change the air-fuel mixture according to operating
conditions. For example, application of greater throttle for
increased engine speed requires a greater quantity of fuel.
On the other hand, maintaining the engine operation at a
lower rpm, requires a lesser quantity of fuel supplied to each
cylinder. Generally, greater control over combustion
conditions, e.g. air-fuel mixture, provides an engine designer
with a greater ability to bring about a desired engine
performance under a greater range of operating conditions.

Modern engines often utilize electronic fuel injection
systems that inject specific amounts of fuel based on a stored
fuel map. The fuel map effectively acts as a guide as to fuel
injection quantities based on a variety of sensed parameters,
such as engine speed, throttle position, exhaust pressure and
engine temperature. However, none of these inputs are based
on the actual combustion taking place in the one or more
cylinders.

In some applications, oxygen sensors have been used to
sense oxygen content of the combustion products, i.e.
exhaust gasses. However, the sensed information has not
been fully utilized in optimizing the air-fuel ratio in both
sensed and non-sensed cylinders. It would be advantageous
to have a methodology for correcting, for example, a fuel
map controlling the fuel delivered to both sensed and
non-sensed cylinders.

SUMMARY OF THE INVENTION

The present invention features a method for controlling
the operation of an internal combustion engine having a
plurality of cylinders and a controller that utilizes a fuel
map. The method includes sensing a combustion condition
in a sensed cylinder of an internal combustion engine. The
method further includes determining whether the combus-
tion condition is a desired combustion condition under the

15

20

25

40

50

60

2

current operating parameters. The method also includes
utilizing the difference between the combustion condition
and the desired combustion condition to correct the fuel
amounts introduced into a non-sensed cylinder.

According to another aspect of the present invention, a
method is provided for controlling the operation of a water-
craft. The method includes powering a watercraft with an
internal combustion engine having a plurality of cylinders in
which a cylinder of the plurality of cylinders is sensed for a
specific combustion condition. The method also includes
determining whether the combustion condition is desired
under the current operating parameters and the comparing
the actual combustion condition to a desired combustion
condition. The fuel amount introduced into a non-sensed
cylinder is then corrected based on the sensed combustion
condition.

According to another aspect of the invention, a system is
provided for controlling combustion in an internal combus-
tion engine. The system includes a direct, fuel-injected,
two-stroke engine having a plurality of cylinders with each
cylinder being coupled to a fuel injector and a pair of
electrodes for producing an ignition spark. The system
further includes a combustion condition sensor coupled to a
sensed cylinder of the plurality of cylinders. The sensor is
able to produce an output indicative of the combustion
condition. Also, the system includes a control unit having a
pre-established fuel map for injecting specific quantities of
fuel into each cylinder under a given operating condition.
The control unit is able to adjust the fuel map for non-sensed
cylinders based on the output of the combustion condition
SENsor.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will hereafter be described with reference
to the accompanying drawings, wherein like reference
numerals denote like elements, and:

FIG. 1 a perspective view of a watercraft powered by an
exemplary engine, according to an embodiment of the
present invention;

FIG 2 is a schematic representation of the outboard motor
illustrated in FIG. 1;

FIG. 3 is a schematic cross-sectional view of a single
cylinder in an exemplary two-stroke engine having a sensor
to sense a combustion condition;

FIG. 4 is a graphical representation of the output of a
passive-type oxygen sensor as the air-fuel mixture varies
through a stoichiometric mixture from rich to lean;

FIG. 5 is a graphical representation of a single revolution
of an engine crankshaft with respect to the location of a
piston in a cylinder;

FIG. 6 is a graphical representation of injection angle
before top dead center (BTDC) versus percent throttle for an
exemplary engine;

FIG. 7 is a graphical representation of torque versus
percent throttle for an exemplary engine;

FIG. 8 is a schematic illustration of a control system
connected to an exemplary engine, according to an exem-
plary embodiment of the present invention;

FIG. 9 is a schematic illustration similar to FIG. 8 but
showing additional features of the control system;

FIG. 10 is a partial side view of an engine cylinder to
which a combustion condition sensor is mounted;

FIG. 11 is a cross-sectional view taken generally along
line 11—11 of FIG. 10; and
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FIG. 12 is a cross-sectional view similar to FIG. 11 but
showing the opening of a pressure valve to release exhaust
gasses to the combustion condition sensor.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

For the sake of clarity in explanation, the present inven-
tion is described in conjunction with engines that operate on
a two-stroke cycle and utilize fuel injection. The present
system and method are particularly amenable for use in
two-stroke engines that inject fuel, such as gasoline, directly
into each cylinder of the engine. The exemplary embodiment
described herein should not be construed as limiting,
however, and has potential uses in other types of two-stroke
and four-stroke engine applications that may benefit from a
control system that uniquely utilizes the sensing of combus-
tion end products, e.g. exhaust gasses, to adjust the air-fuel
mixture introduced into one or more of the engine cylinders.

Referring generally to FIG. 1, an exemplary application of
the present system is illustrated. In this application, a
watercraft 10, such as a boat, is powered by an engine 12
disposed in an outboard motor 14. Watercraft 10 can also be
a personal watercraft or boat having an internally mounted
engine. In the illustrated embodiment, outboard motor 14 is
mounted to a transom 16 of watercraft 10. Engine 12 is a
two-stroke engine that utilizes direct fuel injection, as
explained more fully below.

Although engine 12 may be a single cylinder engine, it
often includes a plurality of cylinders 18, e.g. six cylinders,
as illustrated schematically in FIG. 2. In the application
described above, engine 12 is mounted to an outboard motor
frame 20 that supports engine 12 and encloses a drive shaft
22. Generally, drive shaft 22 is vertical and connects to an
output shaft 24 to which a propeller 26 is mounted. Engine
12 rotates drive shaft 22 which, in turn, rotates output shaft
24. Output shaft 24 is connected to propeller 26 by, for
example, splines that rotate the propeller to drive watercraft
10 along the surface of the water. A shroud or housing 28
encloses engine 12.

Referring generally to FIG. 3, a single cylinder of an
exemplary two-stroke engine 12 is illustrated. In this
embodiment, engine 12 includes a cylinder 30 having an
internal cylinder bore 32 through which a piston 34 recip-
rocates. Piston 34 typically includes one or more rings 36
that promote a better seal between piston 34 and cylinder
bore 32 as piston 34 reciprocates within cylinder 30.

Piston 34 is coupled to a connecting rod 38 by a pin 40,
sometimes referred to as a wrist pin. Opposite pin 40,
connecting rod 38 is connected to a crankshaft 42 at a
location 43 offset from a crankshaft central axis 44. Crank-
shaft 42 rotates about axis 44 in a crankshaft chamber 46
defined by a housing 48.

At an end of cylinder 30 opposite crankshaft housing 48,
a cylinder head 50 is mounted to cylinder 30 to define a
combustion chamber 52. Cylinder head 50 may be used to
mount a fuel injector 54 and a spark plug 56, which are
received in a pair of openings 58 and 60, respectively.
Openings 58 and 60 may be formed through the wall that
forms either cylinder head 50 or cylinder 30. In the illus-
trated embodiment, openings 58 and 60 are formed through
the wall of cylinder head 50 for communication with com-
bustion chamber 52 within a recessed internal region 62 of
cylinder head 50.

By way of example, fuel injector 54 may be centrally
located at the top of cylinder head 50, as illustrated in FIG.
3. Spark plug 56 preferably is disposed at an angle such that
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its electrodes 64, and consequently the spark, are positioned
in an actual fuel spray pattern 66. Fuel spray pattern 66 is the
“cone” or other pattern of fuel spray injected by fuel injector
54.

In operation, piston 34 travels towards cylinder head 50 to
compress a charge of air within combustion chamber 52.
Simultaneously, fuel injector 54 injects fuel to create an
air-fuel mixture that is ignited by an appropriately timed
spark across electrodes 64. As piston 34 travels towards
cylinder head 50, air is drawn through an inlet port 68 into
crankshaft chamber 46 and cylinder 30 on a side of piston 34
opposite combustion chamber 52. A valve 70, such as a reed
valve, allows the air to pass into engine 12 but prevents
escape back through inlet port 68.

Upon ignition of the air-fuel charge in combustion cham-
ber 52, piston 34 is driven away from cylinder head 50 past
an exhaust port 72 through which the exhaust gasses are
discharged. As piston 34 moves past exhaust port 72, it
ultimately exposes a transfer port 74. Air from crankshaft
chamber 46 is forced through port 74 and into cylinder 30 on
the combustion chamber side of piston 34. Effectively, the
downward travel of piston 34 compresses the air in crank-
shaft chamber 46 and forces a fresh charge of air into
cylinder 30 through transfer port 74 for the next ignition.

This reciprocal motion of piston 34 drives connecting rod
38 and crankshaft 32 to provide power to, for example, drive
shaft 22 of outboard motor 14. To provide the desired power
to crankshaft 42, it is necessary that ignition of the air-fuel
mixture be carefully timed. If the ignition occurs too early,
the resultant explosion works against the progress of piston
34 towards cylinder head 50. On the other hand, if ignition
is too late, less power is transferred to piston 34.

Additionally, it is beneficial to optimize the air-fuel mix-
ture introduced into a given cylinder to promote a desired
result, e.g. power, efficiency of operation, reduced soot, etc.
Existing fuel injection systems rely on various sensed
parameters, such as throttle position, to adjust the amount of
fuel injected. However, as illustrated in FIG. 3, a combustion
condition sensor 76 is used to directly sense a combustion
condition based on the by-products of combustion in the
cylinder.

An exemplary combustion condition sensor 76 is an
oxygen sensor. Oxygen sensors may be utilized in a variety
of ways to determine the oxygen content of exhaust gasses
resulting from combustion that occurs in a cylinder, such as
cylinder 30. If no other constituents are introduced into the
exhaust gasses, determination of the oxygen content can be
used, for example, to determine whether the combustion that
occurred had an air-fuel mixture that was stoichiometric.
The oxygen sensor also can be used to determine whether
the air-fuel mixture was rich or lean relative to the stoichio-
metric combustion mixture.

Exemplary oxygen sensors include active sensors, which
may be wide range or narrow band, and passive sensors.
Active oxygen sensors output a voltage signal that increases
as the air-fuel mixture becomes increasingly lean. On the
other hand, passive oxygen sensors that are narrow band
output a higher voltage when the air-fuel mixture is rich
relative to stoichiometric, and output a low voltage signal
when the air-fuel mixture is lean relative to stoichiometric,
as illustrated in FIG. 4. Passive oxygen sensors tend to be
substantially less expensive than active oxygen sensors, but
can only be used to determine whether the air-fuel mixture
is either rich or lean of a stoichiometric mixture. Although
an active oxygen sensor can be utilized in the present
invention, the embodiments described below utilize a more


















