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1

CONTROL SYSTEM FOR AN INTERNAL
COMBUSTION ENGINE

DESCRIPTION

1. Technical Field

This invention relates generally to a control system
for an internal combustion engine and, more particu-
larly, to a control system which independently controls
the intake, exhaust, and fuel injection of the engine.

2. Background Art

Control of internal combustion engines has received
substantial attention in the past several decades. Com-
pression and spark ignition engine designs have at-
tempted to achieve increased flexibility of engine opera-
tion. A plethora of designs have been directed to inde-
pendent intake and exhaust valve actuation and elec-
tronic fuel injection. Many of these designs are directed
to electronic and feedback control for engine timing.
Systems using independent valve actuation and elec-
tronic fuel injection have been conceived to perform
engine operational modes not attainable by cam-based
engines.

The above systems that use independent valve actua-
tion and electronic fuel injection employ several meth-
ods for valve and injector actuation. Electronically or
computer controlled solenoids, electromagnetic trans-
ducers and piezoelectric stacks are used for direct actu-
ation. Alternatively, solenoids, transducers and/or
stacks are used to control hydraulic valves which in
turn actuate cylinder valves and injectors. The opening
and closing of valves and injectors in camless systems is
typically controlied as a function of an engine parame-
ter such as angular position of the crankshaft. However,
such prior systems are unable to fully control the flexi-
ble valve and injection events to achieve a desired en-
gine mode operation on a per cylinder basis

The present invention is directed to overcoming one
or more of the problems as set forth above.

DISCLOSURE OF THE INVENTION

In one aspect of the present invention, a control sys-
tem for an internal combustion engine is disclosed. The
engine has a plurality of cylinders (C1—-C,) and a rotat-
able Crankshaft. Each cylinder (C1-Cp) has an electron-
ically actuatable intake valve, exhaust valve and fuel
injector. The control system includes a sensor which
monitors the rotation of the crankshaft and responsively
produces a crankshaft pulsetrain. A computer produces
operator parameter signals. The operator parameter
signals include one of a plurality of operating modes of
the engine. A first microprocessor receives the crank-
shaft pulsetrain, responsively determines the speed of
the engine and produces a signal representative of the
determined engine speed. A second microprocessor
receives the operator parameter signals and the engine
speed signal, and responsively determines valve and
injection events for each cylinder (Ci-C,) to respon-
sively achieve the one engine operating mode. The
second microprocessor produces signals representative
of the determined valve and injection events.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention,
reference may be made to the accompanying drawings
in which:
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FIG. 1 illustrates an internal combustion engine in
connection with an embodiment of the present inven-
tion;

FIG. 2 illustrates a block diagram of a control system
in connection with an embodiment of the present inven-
tion;

FIGS. 3(A-C) illustrate valve and injection wave-
forms in connection with an embodiment of the present
invention;

FIG. 4 illustrates the data flow of a calculation mod-
ule in connection with an embodiment of th present
invention;

FIG. 5 illustrates a flow chart depicting a control of
a operator interface module in connection with an em-
bodiment of the present invention;

FIG. 6 illustrates a flow chart depicting a control of
a input conditioning module in connection with an em-
bodiment of the present invention; .

FIG. 7 illustrates a flow chart depicting a control of
the calculation module in connection with an embodi-
ment of th present invention;

FIG. 8 illustrates the data flow of a coordinator mod-
ule in connection with an embodiment of th present
invention;

FIG. 9 illustrates a flow chart depicting one aspect of
a contro!l of the coordinator module in connection with
an embodiment of the present invention;

FIG. 10 illustrates a flow chart depicting another
aspect of a control of the coordinator module in con-
nection with an embodiment of the present invention;

FIG. 11 illustrates an input array, output array and
WGM registers in connection with an embodiment of
the present invention; and

FIG. 12 illustrates a block diagram of a crankshaft
locator module in connection with an embodiment of
the present invention,;

FIG. 13 illustrates a crankshaft pulsetrain in connec-
tion with an embodiment of the present invention; and

FIG. 14 illustrates a predictive period of a next pro-
duced pulse of the crankshaft pulsetrain in connection
with an-embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

The instant embodiment of the present invention
provides an electronic control for an engine which
employs fully flexible valve and injection timing on a
per cylinder basis. The control allows the ordering of
valve and injection timing to be different from one
cylinder or group of cylinders to the next. The elec-
tronic control of the present invention achieves com-
plete flexibility of fuel injection timing and quantity.
Moreover the electronic control permits fully indepen-
dent inlet and exhaust valve opening and closing.

An embodiment of the present invention in conjunc-
tion with an engine 100 is shown with reference to FIG.
1. The engine includes a plurality of cylinders C1-Ch.
Each cylinder includes a piston 105 connected to a
crankshaft 110, an intake valve 120, an exhaust valve
125, and an injector 130. Only a single intake, exhaust
valve and injector are shown. However, it will become
apparent to those skilled in the art that variations on the
structure may be substituted.

To achieve independent control of each cylinder, an
actuator 135 is provided for each engine valve and fuel
injector. The actuators 135 may include electromechan-
ical, electromagnetic, hydraulic, or piezoelectric de-
vices which provide engine valve and injector actua-






























