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(57) Abréegée/Abstract:

Approaches to control engine overspeed are provided. Engine overspeed Is controlled by one or more mechanisms that operate
the Intake and/or exhaust valves of the engine to interrupt the combustion cycle. In use, the "combustion interrupter’ mechanism(s)
actuate the intake and/or exhaust valves according to, for example, one or more control strategies In order to interrupt the
combustion cycle and/or cause the engine to expend energy to move the pistons through a complete cycle in an aim to retard
engine speed. The engine's cam(s) can Iinclude one or more sets of variable valve timing lobes that operate the intake and/or
exhaust valves of the engine In order to, for example, Iinterrupt the combustion cycle. The combustion interrupter mechanism can
additionally or alternatively include one or more computer controlled actuators that operate the intake and/or exhaust valves In
order, for example, to interrupt the combustion cycle.
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ENGINE OVERSPEED SHUTDOWN SYSTEMS AND METHODS

BACKGROUND

Engine overspeed 18 a condition 1n which an engine 1s allowed or forced to turn
beyond 1ts design limit. The consequences of running an engine too fast vary by engine
type and model and depend upon several factors, chiet amongst them the duration of the
overspeed and the speed attained. With some engines even a momentary overspeed can
result in greatly reduced engine life or even catastrophic failure.

One type of engine that 1s proned to overspeed 1s the diesel engine. Unlike a

gasoline engine, where the engine speed 1s regulated by a butterfly valve controlled by

supply of fuel.

In many environments having flammable or explosive vapors or dust, including
oil fields, mines, chemical plants and 1n some mstances vehicles, diesel engine overspeed
18 a real concern. In these environments, such a fuel source 18 drawn 1nto the air intake of
the diesel engine, resulting in uncontrollable engine speeds, also known as a runaway
condition. In partiuclar, the engine reaches a pomnt where it can operate uncontrollably
cven though the engine's own fuel supply has been shut off.

In vehicles, o1l mist from the crankcase can be blown into the air intake via the
conventional crankcase breather pipe. The unwanted o1l mist can also come from failure
of the o1l seals 1n a turbocharged diesel engine, from overfilling the crankcase with oil, or

certain other mechanical problems such as a broken internal fuel pipe. In vehicles or

could also provide fuel for a runaway condition via the engine air intake.

SUMMARY

This summary 1s provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This summary 1s not
intended to identify key features of the claimed subject matter, nor 1s it intended to be
used as an aid in determining the scope of the claimed subject matter

In accordance with aspects of the present disclosure, an engine overspeed system

1s provided. The system includes an engine having at least one combustion chamber
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defined by a cylinder, a piston operable to reciprocate within the cylinder, and at least one
intake valve and at least one exhaust valve associated with the cylinder. The engine 1n
some embodiments having an engine cycle comprising an intake stroke, a compression
stroke, an expansion stroke, and an ¢xhaust stroke. The system also includes an engine
overspeed suppression mechanism configured to move the exhaust valve between a valve
open position 1n which gases may enter and/or exit from the combustion chamber and a
closed position 1n which gases are inhibited from entering and/or exiting the combustion
chamber. The system further includes at least one control component being in

communication with the engine overspeed suppression mechanism. The at least one

suppression mechanism to move of the exhaust valve to the open position during a second
stage of the compression stroke, wherein the intake valve 1s closed during the
compression stroke.

In accordance with aspects of the present disclosure, an engine overspeed system
is provided. The system includes an engine having at least one combustion chamber
defined by a cylinder, a piston operable to reciprocate within the cylinder, and at least one
intake valve and at lecast one exhaust valve associated with the cylinder. The engine 1n
some embodiments has an engine cycle comprising an intake stroke, a compression
stroke, an expansion stroke, and an exhaust stroke. The system also includes an engine
overspeed suppression mechanism that includes first and second controllable actuators,
said first and second actuators configured to move the intake valve and the exhaust valve,
respectively, between a valve open position in which gascs may enter and/or exit from the
combustion chamber and a closed position in which gases are inhibited from entering
and/or exiting from the combustion chamber. The system further includes at least one
control component being mm communication with the engine overspeed suppression
mechanism. The control component in some embodiments 1s configured to cause the first
actuator to move the intake valve to the closed position during the intake stroke and the
compression stroke and configured to cause the second actuator to move the exhaust
valve to the open position during at least one of the intake stroke, the compression stroke,
and a second stage of the compression stroke.

In accordance with another aspect of the present disclosure, a method 1s provided
for suppressing an engine overspeed condition of an engine. The engine 1n some

embodiments have at least one combustion chamber defined by a cylinder, a piston
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operable to reciprocate within the cylinder, and at least one intake valve and at least one
exhaust valve associated with the cylinder. The engine also has an engine cycle
comprising an intake stroke, a compression stroke, an expansion stroke, and an exhaust
stroke. The method includes determining whether the engine 1s operating in an engine
overspeed condition, and operating an engine overspeed suppression mechanism when
the engine 18 operating in the engine overspeed condition. Operating the engine
overspeed suppression mechanism 1in some embodiments comprises opening the exhaust
valve during the intake stroke and opening the exhaust valve during at least a portion of

the compression stroke.

for suppressing an engine overspeed condition of an engine. The engine includes at least
one combustion chamber defined by a cylinder, a piston operable to reciprocate within
the cylinder, and at least one intake valve and at least one exhaust valve associated with
the cylinder. The engine has an engine cycle comprising an intake stroke, a compression
stroke, an expansion stroke, and an exhaust stroke. The method 1includes determining
whether the engine 18 operating in an engine overspeed condition, and operating an
engine overspeed suppression mechanism when the engine 1S operating in the engine
overspeed condition. Operating the engine overspeed suppression mechanism mn some
embodiments includes closing the intake valve during the compression stroke, closing the
cxhaust valve during a first stage of the compression stroke, and thereafter opening the

exhaust valve during a second stage of the compression stroke.

DESCRIPTION OF THE DRAWINGS

The forcgoing aspects and many of the attendant advantages of this invention waill
become more readily appreciated as the same become better understood by reference to
the following detailed description, when taken in conjunction with the accompanying
drawings, wherein:

FIGURE 1 illustrates a schematic representation of one example of a compression
1gnition mternal combustion engine according to aspects of the present disclosure;

FIGURES 2A-2C are block diagrams of examples of engine control modules
(ECM) according to aspects of the present disclosure;

FIGURE 3 1s a flow diagram of on¢ example of an engine overspeed method.



10

15

20

25

30

37302PCT CA 02904342 2015-09-04

WO 2014/149885 PCT/US2014/021364

4.

DETAILED DESCRIPTION

The detailed description set forth below 1n connection with the appended
drawings where like numerals reference like elements 1s mtended as a description of
various embodiments of the disclosed subject matter and 1S not intended to represent the
only embodiments. Each embodiment described 1n this disclosure 1s provided merely as
an example or 1llustration and should not be construed as preferred or advantageous over
other embodiments. The 1illustrative examples provided herein are not intended to be
cxhaustive or to limit the claimed subject matter to the precise forms disclosed.
Similarly, any steps described hercin may be interchangeable with other steps, or
combinations of steps, 1 order to achicve the same or substantially similar result.

In the following description, numerous specific details are set forth in order to
provide a thorough understanding of exemplary embodiments of the present disclosure.
It will be apparent to one skilled 1n the art, however, that many embodiments of the
present disclosure may be practiced without some or all of the specific details. In some
instances, well-known process steps have not been described i detail in order not to
unnecessarily obscure various aspects of the present disclosure. Further, 1t will be
appreciated that embodiments of the present disclosure may employ any combination of
features described herein.

Prior to discussing the details of various aspects of the present disclosure, it
should be understood that the following description includes sections that are presented

largely 1n terms of logic and operations that may be performed by conventional electronic

distributed over a wide arca, and can gencrally include processors, memory, storage
devices, input/output circuitry, etc. It will be appreciated by one skilled 1n the art that the
logic described herein may be implemented 1n a variety of configurations, including but
not limited to, hardware, software, and combinations therecof. In circumstances were the
components are distributed, the components are accessible to each other wvia
communication links.

Generally described, the present disclosure 1s directed to several approaches to
control engine overspeed. As will be described 1n more detail below, engine overspeed 18
controlled by one or more mechanisms that operate the mmtake and/or exhaust valves of
the engine to interrupt the combustion cycle. In use, the "combustion interrupter”

mechanism(s) actuate the intake and/or exhaust valves according to, for example, one or
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more control strategies 1n order to mterrupt the combustion cycle and/or cause the engine
to expend energy to move the pistons through a complete cycle 1n an aim to retard engine
speed. In some embodiments, the engine's cam(s) mcludes one or more sets of variable
valve timing lobes that operate the intake and/or exhaust valves of the engine in order to,
for example, interrupt the combustion cycle. In other embodiments, the combustion
interrupter mechanism includes one or more computer controlled actuators that operate
the intake and/or exhaust valves 1n order, for example, to interrupt the combustion cycle.
In these embodiments, the one ore more computer controlled actuators can operate 1n
conjunction with or separately from the engine's camshaft(s). In some embodiments, the
combustion intcrrupter mechanism 1s activated when the engine has attained a threshold
engine speed (RPM).

The following disclosure describes seven (7) embodiments drawn to various
techniques or control strategies for retarding the engine speed by actuating the engine's
intake and/or exhaust valves differently from normal operation. For example, the engine
valves can be operated in a "normal” state, where the engine 1s operating within a
preselected RPM range or according to other preselected "normal” operating parameters,
and an "overspeed" state, where the engine 18 overspeeding. These seven techniques are
directed to different combinations of valve positions during, for example, the "intake"
and/or "compression” strokes of the engine cycle to retard the speed of the engine in order
for the engine to transition from the "overspeed” state back to, for example, the "normal”

state.

exhaust valve as follow. As the engine cycles through its intake stroke, compression
stroke, expansion stroke, and exhaust stroke, the intake valve i1s operated in its normal
manner (1.€., In an open position during the intake stroke, and closed during the
compression stroke, expansion stroke, and exhaust stroke) while the exhaust valve 1s
operated in a normal manner during the intake stroke, expansion stroke, and exhaust
stroke. In one embodiment, this can occur via normal cam actuation.

However, for this control strategy at the end of the intake stroke or sometime
during the compression stroke, the exhaust valve 1s moved to the open position. As such,

during the intake stroke (intake valve open), intake air 1s allowed to enter the combustion



10

15

20

25

30

37302PCT CA 02904342 2015-09-04

WO 2014/149885 PCT/US2014/021364

-6-

chamber through the intake valve(s), and during the compression stroke the exhaust valve
1s opening, allowing venting of the mtake air, and 1n turn, keeping the combustion
chamber from building pressure during the compression stroke. This keeps the cylinder
pressure low enough that even if there 1s a proper amount of fuel and air, no combustion
can occur. It will be appreciated that 1n this embodiment, the exhaust valve 1s opened for
a duration capable to prevent sufficient compression for compression ignition. This may
occur at the same time during the compression stroke or during segments of the
compression stroke in which the exhaust valve is cycles between open and closed.

In a second embodiment of the engine retard control strategy, the intake valve
and/or ¢xhaust valve arc controlled as follow. Similar to the first embodiment, as the
engine cycles through its intake stroke, compression stroke, expansion stroke, and
exhaust stroke, the intake valve 1s operated 1n 1ts normal manner (1.e., 1n an open position
during the intake stroke, and closed during the compression stroke, expansion stroke, and
exhaust stroke) while the exhaust valve 1s operated in a normal manner during the intake
stroke, expansion stroke, and exhaust stroke.

However, for this embodiment of the control strategy, the exhaust valve 1s moved
to the open position toward the end of the compression stroke. As such, during the intake
stroke (1ntake valve open), intake air 1s allowed to enter the combustion chamber through
the intake valve(s), and during the first stage of the compression stroke the intake and
cxhaust valves are closed, forcing the engine to expel energy compressing the contents of

the combustion chamber. Then, at the second stage of the compression stroke

result, all of the energy the engine expended into compressing the contents of the
combustion chamber 18 vented at atmosphere (e.g., through an exhaust system of a
vehicle). This accomplishes two goals: 1) it keeps the cylinder pressure low enough that
even 1f there 1s a proper amount of fuel and air, no combustion can occur; 2) it removes
energy by dissipating the compressed gasses into the exhaust system. It will be
appreciated that in this embodiment, the second stage has a duration capable of
preventing sufficient compression for compression 1gnition.

In a third embodiment of the engine retard control strategy, the intake valve
and/or exhaust valve are controlled as follow. In this embodiment, the intake and exhaust
valves are 1n the open position during the intake stroke, allowing both intake air and

exhaust gases to enter the combustion chamber. This accomplishes two goals: 1) it



10

15

20

25

30

37302PCT CA 02904342 2015-09-04

WO 2014/149885 PCT/US2014/021364

-

allows the maximum amount of air/exhaust gas mixture into the combustion chamber for
maximum engine retarding; 2) 1t brings 1n exhaust gases that have less oxygen available
than the ambient air to oxidize fuel, thus making combustion more difficult. Next, the
intake valve 1s moved to the closed position at a timing that 1s near below dead center
(BDC) of the piston. However, the exhaust valve remains open through the duration of
the compression stroke. As a result, the cylinder pressure 1s low enough that even 1f there
1s a proper amount of fuel and air, no combustion can occur.

In a fourth embodiment of the engine retard control strategy, the intake valve
and/or exhaust valve are controlled as follow. Similar to the third embodiment, the intake
and cxhaust valves arc 1n the open position during the intake stroke, allowing both intake
air and exhaust gases to enter the combustion chamber. Next, 1n this embodiment, both
intake and exhaust valves are moved to the closed position for the first stage of the
compression stroke, forcing the engine to expel energy compressing the contents of the
combustion chamber. Then, at the second stage of the compression stroke (e.g., toward
the top of the compression stroke) the exhaust valve 1s opened, and as a result, all of the
energy the engine expended into compressing the contents of the combustion chamber 1s
vented at atmosphere (¢.g., through an exhaust system of a vehicle). This accomplishes
two goals: 1) 1t keeps the cylinder pressure low enough that even 1f there 1s a proper
amount of fuel and air, no combustion can occur; 2) it removes energy by dissipating the
compressed gasses into the exhaust system. It will be appreciated that in this

embodiment, the second stage has a duration capable of preventing sufficient

In a fifth embodiment of the engine retard control strategy, the intake valve and/or
exhaust valve are controlled as follow. At the beginning of the intake stroke, the intake
valve 1s closed and the exhaust valve 1s opened, allowing exhaust gasses to enter the
combustion chamber. Due to entry of exhaust gases that have less oxygen available than
the ambient air to oxidize fuel, combustion will be more difficult to achieve. In this
embodiment, the intake valve remains closed through the duration of the compression
stroke. On the other hand, the exhaust valve stays open through the duration of the
compression stroke. As a result, the cylinder pressure 1s kept low enough that even 1f
there 1s proper amounts of fuel and air no combustion can occur. It will be appreciated
that in some embodiments, the exhaust valve can be moved to the open position at any

time or duration during the intake stroke.
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In a sixth embodiment of the engine retard control strategy, the intake valve
and/or exhaust valve are controlled as follow. At the beginning of the intake stroke, the
intake valve 1s closed and the exhaust valve 1s opened, allowing exhaust gasses to enter
the combustion chamber. Due to entry of exhaust gases that have less oxygen available
than the ambient air to oxidize fuel, combustion will be more difficult to achieve. In this
embodiment, the intake valve remains closed through the duration of the compression
stroke. On the other hand, the exhaust valve stays open during the compression stroke,
and 1s moved to the closed position for the first stage of the compression stroke, forcing
the engine to expel energy compressing the contents of the combustion chamber. Then,
at the sccond stage of the compression stroke (c.g., toward the top of the compression
stroke) the exhaust valve 1s opened, and as a result, all of the energy the engine expended
into compressing the contents of the combustion chamber 1s vented at atmosphere
(e.g., through an exhaust system of a vehicle). This accomplishes two goals: 1) 1t keeps
the cylinder pressure low enough that even 1f there 1s a proper amount of fuel and air, no
combustion can occur; 2) it removes energy by dissipating the compressed gasses into the
exhaust system. It will be appreciated that in this embodiment, the second stage has a
duration capable of preventing sufficient compression for compression 1gnition.
Moreover, 1t will be appreciated that in some embodiments, the exhaust valve can be
moved to the open position at any time or duration during the intake stroke.

In a seventh embodiment of the engine retard control strategy, the intake valve

and/or exhaust valve are controlled as follow. The intake and exhaust valves are closed at

center (BDC) of the piston. This forces the over speeding engine to exert energy and pull
a vacuum 1n the combustion chamber. Then, just before BDC on the intake stroke, the
intake and/or exhaust valve opens and normalizes pressure in the combustion chamber.
The intake and/or exhaust valve that opens just betore BDC then closes just after BDC
when the combustion chamber pressure has been normalized.

Next, the intake valve remains closed through the duration of the compression
stroke. On the other hand, the exhaust valve stays closed for the first stage of the
compression stroke, forcing the engine to expel energy compressing the contents of the
combustion chamber. Then, at the second stage of the compression stroke (e.g., toward

the top of the compression stroke) the exhaust valve 1s opened, and as a result, all of the
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energy the engine expended into compressing the contents of the combustion chamber 1s
vented at atmosphere (e.g., through an exhaust system of a vehicle).

One example of an mternal combustion engine capable of implementing the
control strategies discussed above will now be described in detaill. FIGURE 1 1llustrates
a schematic representation of one example of a compression ignition internal combustion
engine 10 having an engine cycle comprising an mtake stroke, a compression stroke, an
expansion stroke, and an exhaust stroke. As best shown in FIGURE 1, the engine 10
includes at least one combustion chamber 12 defined by a cylinder 14 and a piston 16 that
1S operable to reciprocate within the cylinder 14. Although only one combustion
chamber 12 15 shown, 1t should bc appreciated that the present disclosure contemplates
the engine 10 including any number of cylinders, each defining a combustion chamber.
Embodiments of the present disclosure may operate similarly for each combustion
chamber or differently for each combustion chamber.

The combustion chamber 12 1s shown communicating with an intake manifold 22
and an exhaust manifold 26 via intake valve 30 and exhaust valve 34, respectively. In the
example of FIGURE 1, the internal combustion engine 10 18 shown as a direct injection,
diesel engine with injector 36 located to inject fuel directly into cylinder 14. Fuel 1s
delivered to fuel injector 36 by a fuel system (not shown), including, for example, a fuel
tank, fuel pump, and a high pressure common rail system. In one embodiment, the fuel
injector 36 delivers fuel under control of an engine control module (ECM) 40
communication line 38. Both fuel quantity and injection timing may be adjustable. The
ECM 40 1s also 1n communication with at lcast onc cnginc runaway scnsor 42 via a
sensor communication line 44. In the illustrated example, the engine runaway sensor 42
may be a conventional speed sensor, known 1n the art.

In several embodiments, the intake valve 30 and exhaust valve 34 can be cam-
actuated, 1.e., opened and closed, at regular predetermined timings via one or more cams
operably coupled to rocker arms 1n a conventional manner. Additionally or alternatively,
the intake valve 30 and exhaust valve 34 can be cam-actuated with variable valve timing
to improve fuel efficiency and/or the like. As will be described in more detail below, the
cam(s) may further include a second set of cam lobes configured to actuate the intake
valve 30 and/or exhaust valve 34 with variable timing in order to retard engine speed. In
yet other embodiments, the present disclosure contemplates a non-cam actuated intake

valve 30 and/or exhaust valve 34, such as those that might be electronically controlled
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and actuated via hydraulic or pneumatic pressure, electro-magnetically, electro-
mechanically, etc., at selected timings during a "normal” operational state and/or an
"engine retard” or "engine overspeed"” operational state.

In order to carry out the control strategies described herein for controlling and/or
inhibiting engine overspeed, the internal combustion engine 10 may further include at
Ieast one "combustion interrupter’” mechanism configured to operate the intake and/or
cxhaust valves of the engine to at least interrupt at least the combustion cycle, and in turn,
control and/or i1nhibit engine overspeed. In one embodiment, the "combustion
interrupter” mechanism includes a set of variable timing cam lobes positioned adjacent a
sct of conventionally configured and arranged cam lobes on the onc or more
camshaft(s) 46 (See FIGURE 2A). In that regard, the set of conventionally configured
and arranged cam lobes are configured to actuate the intake valve 30 and/or exhaust
valve 34 during a "normal" operational state. On the other hand, the set of variable
timing cam lobes are configured and arranged in order to retard engine speed during an
"engine overspeed" state 1n accordance with one or more of the control strategies
described heren.

As best shown in FIGURE 2A, the ECM 40 1s also in communication with at least
on¢ controllable camshaft actuator 48 via a communication line 50. The camshaft
actuator 48 1s configured to shift the one or more camshafts 46 between a first position 1n
which the intake valve 30 and/or exhaust valve 34 1s actuated by the conventionally

configured sct of lobes and a second position in which the intake valve 30 and/or exhaust

While the engine 10 described above may include a camshaft 46 having first and
second sets of cam lobes 1n order to operate the engine 1n both a "normal” state and an
"engine overspeed” state, 1t will be appreciated that other variable valve timing
techniques may be used to achieve the same or similar result. For example, in one
embodiment, the camshaft 46 may include only one set of lobes that include first and
second cam lobe sections that are configured substantially similar to the first and second
sets of cam lobes, respectively, described above.

In other embodiments, the "combustion interrupter” mechanism includes first and
second valve actuators 60 and 64, coupled to intake valve 30 and exhaust valve 34,
respectively, as best shown 1n FIGURE 2B. In some embodiments, first and second valve

actuators 60 and 64 are employed 1n licu of a conventional camshaft or a variable valve
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timing camshaft, such as the camshaft 46, and as such, affects variable valve timing in a
camless manner 1n order to carry out the control strategies described herein. In other
embodiments, the first and second valve actuators 60 and 64 may operate in conjunction
with a camshaft of conventional configuration 1n order to carry out the control strategies
described herem.

In the illustrated embodiment, the first or intake valve actuator 60 and the second
or ¢xhaust valve actuator 64 are clectrically controlled. In that regard, the valve actuators
60 and 64 may include a linear actuator of the traveling nut type, a solenoid or other
clectro-magnetic device, etc. The valve actuators 60 and 64 are operatively associated
with the intake and/or cxhaust valves 30 and 34 1n a suitable manncr for moving the
respective valves between valve open and valve closed positions. Other actuating
strategies, such as electro-hydraulic, electro-pneumatic, etc., for opening/closing the
valves under control of the ECM 40 could be employed without departing from the scope
of this disclosure. In one embodiment, the valve actuators 60 and 64 are of the traveling
nut type, each including a piston that 18 selectively moveable between a first or valve
closed position and a second or valve open position. In other embodiments, the valve
actuators 60 and 64 include a suitably configured hydraulic and/or pneumatic linear
actuator having a piston movable between a first position and a second position. In some
embodiments, one of the first and second positions 1s biased.  The valve
actuators 60 and 64 are coupled in communication with the ECM 40 via communication

lines 70 and 72, respectively, and are controlled 1n a suitable manner via programmed

Still referring to FIGURES 2A and 2B, there 1s shown a block diagram of one
embodiment of the ECM 40 formed 1n accordance with aspects of the present disclosure.
The ECM 40 may include a processor 80, a memory 82, an I/O interface 84 suitably
interconnected via one or more buses 86. The memory 82 may include read only memory
(ROM), such as programmable ROM (PROM), an erasable programmable
ROM (EPROM), and an c¢lectrically erasable PROM (EEPROM), ctc., random access
memory (RAM), and storage memory, such as a solid state hard drive, flash memory, etc.
As used herein, the term processor 18 not limited to integrated circuits referred to in the
art as a computer, but broadly refers to a microcontroller, a microcomputer, a
microprocessor, a programmable logic controller, an application specific integrated

circuit, and other programmable circuits, among others.
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The memory 82 depicted 1in FIGURES 2A and 2B are examples of
computer-readable media suited to store data and optional programs for implementing
aspects of the present disclosure. As used herein, the term "computer-readable media”
includes wvolatile and non-volatile and removable and non-removable memory
implemented 1n any method or technology capable of storing information, such as
computer-readable 1instructions, data structures, programs, or other data. In the
embodiment 1llustrated, the memory 82 may include an engine control application 90 that
causes the processor 80 to control the engine (fuel delivery, ¢tc.) during normal
operational conditions according to algorithms known in the art. The memory 82 may
also mclude an c¢ngine overspeed application 92, including onc or more engine retard
programs or routines that cause the processor 80 to control the operation of the intake and
exhaust valves 30 and 34 via the actuators 60 and 64, the switching of the camshaft 46
between the first set of lobes and the second set of lobes (or first section of the lobes and
the second section of the lobes, etc.

It will be appreciated that the ECM 40 may receive data from other sensors (not
shown) indicative of engine operating parameters, etc., in order to affect appropriate
timing and duration of fuel delivery, valve actuation, etc.

Although both the intake valve actuator 60 and the exhaust valve actuator 64 can
be used as the "combustion interrupter’” mechanism in the illustrated engine 10, 1t should
be appreciated that the "combustion interrupter” mechanism in some embodiments could

employ only the exhaust valve actuator 64 for carrying out one¢ or more strategies

"combustion interrupter” mechanisms of some of the chambers could use both the intake
valve actuator 60 and the exhaust valve actuator 64 while the others could use only the
exhaust valve actuator 64. Moreover, the present disclosure contemplates engines in
which less than all, and possibly only one, of the exhaust valves and/or intake valves have
some variable valve timing capability. Alternatively, the present disclosure contemplates
a single valve actuator for controlling the intake and/or exhaust valve for each
combustion chamber.

In yet other embodiments, the "combustion interrupter” mechanism of the engine
may alternatively or additionally include a controllable second exhaust valve 100, as best
shown 1n FIGURE 2C. In these embodiments, the second exhaust valve 100 18 non-cam

actuated. Instead, 1t is actuated by a controllable actuator 102 that receives suitable
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control signals from ECM 40 via communication line 104. The actuator 102 may be
configured substantially i1dentical to actuator 64 and/or the like. In these embodiments,
for example, the intake and exhaust valves are normally controlled by the rotation of an
associated camshaft in a conventional manner during the intake stroke, a compression
stroke, an expansion stroke, and an exhaust stroke. As described in one or more of the
control strategies above, the second exhaust valve 100 then can be actuated by
actuator 102 to an open position during the intake stoke, at the beginning of the
compression stroke, or somewhere toward the top of the compression stroke, among
others, to retard engine overspeed.

The cngine 10 may also includc an air intake shutdown mechanism 96 positioned
within an air supply line or intake manifold 22 connecting the combustion chamber 12 to
a source of air. The air intake shutdown mechanism 96 1s moveable between a first
position in which the air supply line to the combustion chamber 12 1s open and a second
position 1n which the air supply line to the combustion chamber 12 1s blocked. The air
intake shutdown mechanism 96 1s 1n communication with the ECM 40 via an air intake
shutdown communication line 98.

Referring now to FIGURE 3, there 1s shown a flow chart illustrating an example
of an engine overspeed method 300 carried about by the ECM 40, including, for example,
the execution of the engine overspeed application 92, and one or more of the engine
retard routines. In this regard, the engine overspeed application 92, and one or more of

the engine retard routines may be loaded from non-volatile memory, such as EEPROM,

which 1nstructions are sequentially "fetched" from the RAM and executed by the
processor 80 18 performed for carrying out aspects of the present disclosure. As such,
after vehicle startup, the engine overspeed application 92 monitors the operation of the
engine, determines the presence of an engine overspeed condition, and slows down or
retards the engine according to one or more of the engine retard routines 1n order to return
the engine to normal operating conditions. In some embodiments, the engine retards to a
point where the engine 18 shutdown.

As will be appreciated by one skilled in the art, the specific routines described
herein 1n the flowcharts may represent one or more of any number of processing
strategies such as event-driven, interrupt-driven, multi-tasking, multi-threading, and the

like. As such, various acts or functions 1llustrated may be performed in the sequence
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illustrated, in parallel, or in some cases omitted. Likewise, the order of processing is not
necessarily required to achieve the features and advantages, but 1s provided for ease of
illustration and description. Although not explicitly illustrated, one or more of the
illustrated acts or functions may be repeatedly performed depending on the particular
strategy being used.

As best shown FIGURE 3, the method 300 begins at block 302. The method then
proceeds to block 304, where the operation of the engine 1s monitored. For example, in
on¢ embodiment, engine speed 1s monitored via the processing and/or storage of data
received from, for example, engine runaway sensor 42. It will be appreciated that the
monitoring of the engine can occur continuously during the method 300.

Next, at decision block 306, a test 1s performed to determine whether the engine 1s
operating 1n an engine overspeed condition. Generally described, an engine overspeed
condition can be characterized as when the engine 10 1s operating at uncontrollable high
speed. In some embodiments, the engine runaway sensor 42 will periodically sense and
communicate to the ECM 40 data indicative of engine speed (rpms). It should be
appreciated that many engines already include engine speed sensors and logic (such as
engine control application 90) to monitor and maintain the desired engine speed. If the
sensed engine speed 1s greater than a predetermined threshold "safe" engine speed, or 1f
engine speed 18 increasing when not commanded to do so, it 1S determined that the
engine 10 18 1n an engine overspeed condition.

In several embodiments, the predetermined threshold "safe” engine speed can be a

maximum rated speed, at which the engine 10 1s designed to operate. However, 1t should
be appreciated that the predetermined threshold "safe" engine speed can be any engine
speed over which it 1s undesirable for the engine to operate.

If it 1s decided at decision block 306 that the engine 10 is operating 1n an engine
overspeed condition, the method proceeds to blocks 38-312, in order to control the
overspeed condition of the engine 10. However, 1f 1t 18 determined at decision block 306
that the engine 10 1S not operating in an engine overspeed condition, then the method
returns to block 304. It will be appreciated that 1f the engine 10 1S not operating in an
engine overspeed condition, the engine 18 running within "normal” operating parameters

and controlled according to the engine control application 90.
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At block 308, one or more engine retard routines are carried out 1n order to control
and/or obviate the engine overspeed condition. It will be appreciated that the one or more
engine retard routines overrides the engine control application 90 1n order to address the
overspeed condition. When executed, the one or more engine retard routines are
configured to cause the ECM 40 to control the "combustion interrupter” mechanism(s) in
order to carry out onc or more of the control strategies described herein. In some
embodiments, the ECM 40 signals the actuators 60 and/or 64 at appropriate times in order
to control the movement of the intake and exhaust valves 30 and 34, respectively. In
other embodiments, the ECM 40 signals the actuator 48 to shift the camshaft 46 to the
sccond position in which the intake and/or exhaust valves 30 and 34 arc actuated by the
variable timing set of lobes. In yet other embodiments, the ECM 40 signals an
actuator 102 at appropriate times 1n order to control the movement of the optional second
exhaust valve 100.

At block 310, fuel optionally ceases to be delivered to combustion chamber 12.
For example, the ECM 40 may send device appropriate signals to the fuel delivery
system, including the fuel injector 36, 1n order to stop delivery of fuel during the engine
overspeed condition.

At block 312, the intake shutdown mechanism 96 1is optionally activated
(c.g., moved to the second, closed position) in order to block the supply of air to the
combustion chamber 12 from the intake manifold 22.

From blocks 308-312, the method proceeds to decision block 314, where a

engine 1S shut down, or the engine 15 otherwise not experiencing an engine overspeed
condition.

It 1t 1s decided at decision block 314 that the engine 10 1s operating 1n an engine
overspeed condition, the method returns to blocks 308-312, in order to control the
overspeed condition of the engine 10. However, 1f 1t 1s determined at decision block 316
that the engine 10 18 not operating in an engine overspeed condition, then the method 300
proceeds to decision block 316, where a decision 18 determined as to whether the vehicle
1s turned off.

If it 1s decided at decision block 316 that the vehicle 1s turned off, the method

proceeds to block 318 and ends. However, if 1t 1s determined at decision block 316 that



-1 6-

the vehicle is still turned on, the method 300 returns to block 304 in order to continue
monitoring the operation of the engine 10.

Although the ECM 40 may determine whether the engine 10 is in the engine

overspeed condition, the present disclosure contemplates other methods of determining if

5 the engine 10 is in the engine overspeed condition, such as observation by an operator.

For instance, if the operator observes that the engine 10 is operating uncontrollably, the

operator can activate a switch 106 (see FIGURES 2A-C), for example, that signals to the

ECM 40 via communication line 108 to activate one or more of the engine retard routines

in order to control engine overspeed and/or obviate the engine overspeed condition.

10  These signals may also signal the ECM 40 to cease fuel deliver to the combustion

chamber 12, and to optionally activate the intake shutdown mechanism 96 to move from

in order to block the supply of air to the combustion chamber 12 from intake manifold 22.

Various principles, representative embodiments, and modes of operation of the

present disclosure have been described in the foregoing description. However, aspects of

15 the present disclosure which are intended to be protected are not to be construed as

limited to the particular embodiments disclosed. Further, the embodiments described

herein are to be regarded as illustrative rather than restrictive. It will be appreciated that

variations and changes may be made by others, and equivalents employed, without

departing from the present disclosure. Accordingly, it is expressly intended that all such

20 variations, changes, and equivalents fall within the scope of the claimed subject matter.

CA 2904342 2018-03-07
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CLAIMS
The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

]. An engine overspeed system, comprising:

a compression ignition engine having at least one combustion chamber defined by
a cylinder, a piston operable to reciprocate within the cylinder, and at least one intake
valve and at least one exhaust valve associated with the cylinder, the engine having an
engine cycle comprising an intake stroke, a compression stroke, an expansion stroke, and
an exhaust stroke, wherein the intake valve 1s closed during the compression stroke;

an engine overspeed suppression mechanism configured to move the exhaust
valve between a valve open position in which gases may enter and/or exit from the
combustion chamber and a closed position in which gases are inhibited from entering
and/or exiting the combustion chamber; and

at least one control component being in communication with the engine overspeed
suppression mechanism, the at least one control component configured to cause the
engine overspeed suppression mechanism to move the exhaust valve to the open position
during at least a portion of the compression stroke, wherein the exhaust valve is in the
open position for a duration capable of preventing sufficient compression for

compression ignition.

2. The engine overspeed system of Claim 1, wherein the at least one control
component 1s further contigured to cause the engine overspeed suppression mechanism to

move the exhaust valve to the open position during the intake stroke.

3. The engine overspeed system of Claim 2, wherein the engine overspeed
suppression mechanism is further configured to move the intake valve between a valve

open position in which gases may enter and/or exit from the combustion chamber and a

closed position in which gases are inhibited from entering and/or exiting the combustion
chamber, and wherein the at least one control component is further configured to cause
the engine overspeed suppression mechanism to move the intake valve to the closed

position during the intake stroke.

CA 2904342 2018-03-07
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4, The engine overspeed system of Claim 2, wherein the engine overspeed
suppression mechanism is further configured to move the intake valve between a valve
open position in which gases may enter and/or exit from the combustion chamber and a
closed position in which gases are inhibited from entering and/or exiting the combustion
chamber, and wherein the at least one control component is further configured to cause
the engine overspeed suppression mechanism to move the intake valve to the closed

position near below dead center (BDC) of the intake stroke.

5. The engine overspeed system of Claim 1, wherein the engine overspeed
suppression mechanism 1s further configured to move the intake valve between a valve

open position in which gases may enter and/or exit from the combustion chamber and a

closed position 1n which gases are inhibited from entering and/or exiting the combustion
chamber, and wherein the at least one control component is further configured to cause
the engine overspeed suppression mechanism to move the intake valve to the closed

position during at least a portion of the intake stroke.

6. The engine overspeed system of Claim 5, wherein the exhaust valve is

closed during at least a portion of the intake stroke.

7. The engine overspeed system of Claim 6, wherein at least one of the intake

valve and the exhaust valve is opened around bottom dead center of the intake stroke.

8. The engine overspeed system of Claim 7, wherein the at least one of the

intake valve and the exhaust valve is closed just after bottom dead center of the intake

stroke.

9. The engine overspeed system of Claim 1, wherein the engine overspeed
suppression mechanism includes at least one actuator controllable by the at least one
control component and configured to move the exhaust valve between a valve open

position and a valve closed position.

10.  The engine overspeed system of Claim 1, wherein the engine overspeed

suppression mechanism includes a set of variable timing lobes and at least one actuator

CA 2904342 2018-03-07
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associated with the set of variable timing lobes and coupled in communication with the at

least one control component.

11.  The engine overspeed system of Claim 1, wherein the engine overspeed
suppression mechanism includes an actuator controllable by the at least one control
component, the actuator being configured to move the exhaust valve between a valve
open position 1in which gases may enter and/or exit from the combustion chamber and a
closed position in which gases are inhibited from entering and/or exiting the combustion

chamber.

12.  The engine overspeed system of Claim I, wherein the compression stroke
includes a first stage and a second stage, and wherein the exhaust valve is open during the

second stage for a duration capable of preventing sufficient compression for compression

1gnition.

13.  Anengine overspeed system, comprising:

a compression ignition engine having at least one combustion chamber defined by
a cylinder, a piston operable to reciprocate within the cylinder, and at least one intake
valve and at least one exhaust valve associated with the cylinder, the engine having an
engine cycle comprising an intake stroke, a compression stroke, an expansion stroke, and
an exhaust stroke;

an engine overspeed suppression mechanism that includes first and second
controllable actuators, said first and second actuators configured to move the intake valve
and the exhaust valve, respectively, between a valve open position in which gases may
enter and/or exit from the combustion chamber and a closed position in which gases are
inhibited from entering and/or exiting from the combustion chamber; and

at least one control component being 1in communication with the engine overspeed
suppression mechanism, the control component configured to cause the first actuator to
move the intake valve to the closed position during the intake stroke and the compression
stroke and configured to cause the second actuator to move the exhaust valve to the open

position during at least one of the intake stroke, the compression stroke, and a second

stage of the compression stroke so that compression ignition is suppressed.

CA 2904342 2018-03-07
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14. The engine overspeed system of Claim 13, wherein the at least one control

component is further configured to cause the second actuator to move the exhaust valve

to the open position during the intake stroke and the compression stroke.

15.  The engine overspeed system of Claim 13, wherein the at least one control

component 1s further configured to cause the second actuator to move the exhaust valve
to the open position during the intake stroke and the second stage of the compression

stroke.

16.  The engine overspeed system of Claim 13, wherein at least one of the
intake valve and the exhaust valve 1s opened around bottom dead center of the intake
stroke, and wherein the at least one of the intake valve and the exhaust valve is closed just

after bottom dead center of the intake stroke.

17. A method of suppressing an engine overspeed condition of a compression
ignition engine, the engine having at least one combustion chamber defined by a cylinder,
a piston operable to reciprocate within the cylinder, and at least one intake valve and at
least one exhaust valve associated with the cylinder, the engine having an engine cycle
comprising an intake stroke, a compression stroke, an expansion stroke, and an exhaust
stroke, comprising:

determining whether the engine is operating in an engine overspeed condition;

operating an engine overspeed suppression mechanism when the engine is
operating in the engine overspeed condition, wherein operating the engine overspeed
suppression mechanism comprises:

opening the exhaust valve during the intake stroke; and
opening the exhaust valve during at least a portion of the compression

stroke, wherein a portion of the compression stroke has a duration that prevents

compression ignition.

18. The method of Claim 17, wherein operating the engine overspeed
suppression mechanism further comprises

closing the intake valve during the intake stroke and the compression stroke.

CA 2904342 2018-03-07
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19.  The method of Claim 18, wherein opening the exhaust valve during at
least a portion of the compression stroke includes maintaining the exhaust valve in the

open position during the compression stroke.

20.  The method of Claim 18, wherein opening the exhaust valve during at
least a portion of the compression stroke includes

closing the exhaust valve during a first stage of the compression stroke, and
thereafter

opening the exhaust valve during a second stage of the compression stroke.

21. A method of suppressing an engine overspeed condition of a compression
ignition engine, the engine having at least one combustion chamber defined by a cylinder,
a piston operable to reciprocate within the cylinder, and at least one intake valve and at
least one exhaust valve associated with the cylinder, the engine having an engine cycle
comprising an Intake stroke, a compression stroke, an expansion stroke, and an exhaust
stroke, comprising:

determining whether the engine i1s operating in an engine overspeed condition;

operating an engine overspeed suppression mechanism when the engine 1s
operating in the engine overspeed condition, wherein operating the engine overspeed
suppression mechanism comprises:

closing the intake valve during the compression stroke;

closing the exhaust valve during a first stage of the compression stroke,
and thereafter

opening the exhaust valve during a second stage of the compression

stroke, wherein the second stage has a duration that suppresses compression ignition.

22. The method of Claim 21, wherein operating the engine overspeed

suppression mechanism further comprises

closing the intake valve and the exhaust valve during a majority of the intake
stroke; thereafter

opening at least one of the intake valve and the exhaust valve around bottom dead
center of the intake stroke; thereafter

closing the respective at least one of the intake valve and the exhaust valve just

after bottom dead center of the intake stroke.

CA 2904342 2018-03-07



-7~

23. The method of Claim 2], wherein operating the engine overspeed
suppression mechanism further comprises

opening the exhaust valve during the intake stroke.

24.  The method of Claim 21, wherein operating the engine overspeed
suppression mechanism further comprises

opening the exhaust valve during the intake stroke; and

closing the intake valve during the intake stroke.

CA 2904342 2018-03-07
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