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(57) Abstract: A hydraulic circuit (10) in fluid communication with an added motion valve system (100) is disclosed. The hydraulic
& circuit (10) in fluid communication with an added motion valve system (100) includes at least a first valve (20a) that permits flow
O of 3 fluid (11) in a first fluid supply channel (50a) to an added motion actuator volume (104) by way of a first fluid port (36) and a
second fluid port (38) and at least a second valve (20b) that permits flow of the fluid (11) in a second fluid supply channel (50b) to
the first fluid port (36), the second fluid port (38), and a third fluid port (40). A method for controlling a hydraulic circuit (10) in
fluid communication with an added motion valve system (100) is also disclosed.
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COLD TEMPERATURE OPERATION FOR ADDED MOTION VALVE SYSTEM o

TECHNICAL FIELD
[0001] The present disclosure relates generally to a system thaf provides a delayed
closing movement for an engine valve of an internal combustion engine, including a
system that provides controlled engine valve seating and controlled added motion closing

movement for a valve over a wide range of fluid temperatures/viscosities.

BACKGROUND
[0002] It is known in the art that a cam system, which may include, for example, a cam
shaft and rocker arm, can be employed to open and close a valve of an internal combustion
(IC) engine. An example of a standard cam profile engine valve opening/closing curve
300a is generally shown in Figure 5.
[0003] The timing of engine valve closure during an IC engine’s induction stroke may
be varied to, among other things, optimize the performance of the engine. Variable valve
timing in the closing of the engine valve can be accomplished by, for example, employing
a hydraulic force actuator that counteracts the closing force of the valve spring. As
generally illustfated in Figure 5, the delayed closing movement of the engine valve
(generally represented in the Figure by 301) is often referred to as an “added motion.”
[0004] Although current added motion systems can provide a desired delayed closing
movement of an engine valve, temperature and viscosity variations of an associated fluid,
such as, for example, engine oil, may result in an inconsistency in the timing of the closing
of the engine valve. Figure 5 generally illustrates a seating variation (shown generally by
segment 403).
[0005] Accordingly, a need exists to provide an added motion system that can provide
controlled engine valve seating and controlled added motion closing movement to a valve

over a wide range of fluid temperatures and/or viscosities.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] Embodiments of the disclosure will now be described, by way of example, with

reference to the accompanying exemplary drawings, wherein:
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[0007] Figure 1 is a schematic of a system for operating one or more added motion
valves éccording to an embodiment;

[0008] Figure 2 is a cross-sectional view of an added motion valve according to an
embodiment;

[0009] Figure 3 is an enlarged view of Figure 3 according to line 3; -

[0010] Figure 4 is a partial cross-sectional view of an added motion valve system
according to an embodiment; and

[0011) Figure 5 is a graph that generally illustrates a cam valve lift timing profile and

an added motion valve lift timing profile according to an embodiment.

DETAILED DESCRIPTION
[0012] Figure 1 generally illustrates an embodiment of the disclosure showing a
hydraulic circuit 10 in fluid communication with an added motion valve system 100. The
hydraulic circuit 10 includes a sump 12 associated with a fluid 11, a pump 14, a fluid
temperature sensor 16, one 6r more check valves 18, one or more valves 20a, 20b, and a
controller 22. The valves 20a, 20b may comprise a solenoid valve. According to an
embodiment, the valves 20a, 20bmay be spring-offset single-solenoid valves, or,
alternatively, a dual-solenoid having any desirable fluid flow path, such as, for example, a
single flow path or a parallel flow path.
[0013] An embodiment of the added motion valve system 100 may include a cam
system, which is shown generally at 75. The illustrated cam system 75 generally includes
a camshaft 77 and a rocker arm 79. The valve system 100 is generally shown to include,
among other things, an engine valve housing cradle including an added motion valve body
102 having a bore 104, a piston 106 disposed in the bore 104, and an engine valve 108.
The bore 104 may generally define an added-motion actuator volume that receives a
volume of fluid 11 for controlling the movement and seating of the engine valve 108.
According to an embodiment, the volume of fluid 11 is provided to the bore 104 at one or
more ports which are shown generally at 36 and 38 (Figures 2 and 3) and at 40 (Figure 4).
[0014] Referring to Figures 1 and 5, the hydraulic circuit 10 may be, for example, an
“added motion™-type valve system whereby the cooperation of the volume of fluid 11
trapped in the actuator volume 104 by way of one or more of the valves 20a, 20b provides

an added-motion valve curve, which is shown generally at 300b. The valves 20a, 20b may
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be moved to either an open position or a closed position to permit or prevent movement of
the fluid 11 in and out of the actuator volume 104 so that the engine valve 108 is allowed
to either freely reciprocate in an opening/closed stoke movement, or, prevent a free
reciprocation of the engine valve 108 in the opening/closed stroke movement.

[0015] At any time before or during an opening stroke 304, the controller 22 may
control one or more of the valves 20a, 20b, such as, for example, the valve 20a, which may
be referred to as an added motion actuator valve, to move from an open
position/configuration to a closed position/configuration. Movement of the valve 20a to a
closed position can trap a volume of the fluid 11 in the actuator volume 104 to lock, or
substantially lock, the engine valve 108 during a closing stroke 302 for a period of time.
The amount of time may be determined or selectively controlled by controller 22. Such an
“added motion” movement of engine valve 108 is generally represented by the curve
identified by 300b, and a “locked” added motion stroke of the engine valve 108 is shown
generally at 301. Thus, for example, when the valve 20a is closed, the fluid 11 can be
controllably trapped in the actuator volume 104 and further movement of the engine valve
108 from a locked or open position to a closed position may be delayed until the valve 20a
is reconfigured from a closed position to an open position.

[0016] As illustrated in Figure 1, the f)iston 106 is generally disposed inside of the
actuator volume 104, between the engine valve 108 and the rocker arm 79 of the cam
systein 75. Accordance to an embodiment,r the piston 106 may engage, either one of, or
both, a retainer (not shown) and the engine valve 108. According to an embodiment, the
actuator volume 104 may be directly disposed between an engine valve actuator (e.g. the
cam system 75 and/or the rocker arm 79) and an engagement end of the engine valve 108.
Thus, it will be appreciated that actuator volume 104 of the “added motion”-type valve
system may be non-integral with the engine valve 108.

[0017] Referring to Figures 1-3, the movement of the fluid 11 to the actuator volume
104 by way of a first fluid supply channel 50a is shown according to an embodiment. In
operation, the fluid 11 flows through the first fluid supply channel 50a to the valve 20a and
is provided to the actuator volume 104 by way of the first and second ports 36, 38. As seen
in Figures 2 and 3, due to the relative positioning of the first and second ports 36, 38, the
first port 36 may be referred to as a bottom port and the second port 38 may be referred to
as a top port.
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[0018] In operation, the top port 38 provides a flow of fluid, for example, to the.
actuator volume 104 at a rate of approximately 1-liter-per-minute to control seating“
velocity of the engine valve 108 whereas the bottom port 36 provides a flow of fluid, for
example, to the actuator volume 104 at a rate of approximately 22-liters-per-minute to set
the closing speed of the engine valve 108. According to an embodiment, fluid
communication to the bottom port 36 is exposed for an engine valve lift in the range
approximately equal to 1-14mm whereas fluid communication to the top port 38 is exposed
for all engine valve lifts. Although the above description discusses an engine valve lift
range approximately equal to 1-14mm, it will be appreciated that the disclosure is not
limited to a range of 1-14mm and that any desirable range may be included.

[0019] According to an embodiment, the bottom and top ports 36, 38 may include a
variable diameter orifice 37, 39 that refines the amount of fluid flow into the actuator
volume 104 depending on the temperature of the fluid 11. Feedback of the fluid
témperatme may be provided by the fluid temperature sensor 16 and control of the
diameter of the orifice 37, 39 may be provided by the controller 22.

[0020] Referring now to Figures 1 and 4, the movement of the fluid 11 to the actuator
volume 108 by way of a second fluid supply channel 50b is shown according to an
embodiment. In operation, the fluid 11 flows thrbugh the second fluid supply channel 50b
and the valve 20b to provide the fluid 11 to the actuator volume 104 by way of the third
port 40, which may also be referred to as a cbld temperature ﬁort. As illustrated, the
second fluid supply channel 50b is located at a feed-side of the valve 20b for providing the
fluid 11 from the sump 12 to the valve 20b. Relative the location of the first and second
ports 36, 38, the valve 20b is shown between the second fluid supply channel 50b and the
third port 40. As such, the fluid 11 is provided to the valve 20b at a first valve opening 41
by way of the second fluid supply channel 50bso that the fluid 11 may move into the valve
20b and out through a lower valve opening 43 and an upper valve opening 45. As
illustrated, the lower and upper valve openings 43, 45 are in fluid communication with the
third port 40.

[0021] In operation, the valve 20b may be referred to as a cold temperature on/off
valve and is utilized when the added motion valve system 100 is operated in cold
temperatures. According to an embodiment, the valve 20b may be moved from an initially

closed orientation to an open orientation during cold temperature operation of the added
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motion valve system 100 to compensate, at least in part, for different oil/fluid 11 viscosities
resulting from different fluid operating temperatures to provide a more consistent seating
303 and delayed movement/locking 401 of an engine valve 108.

[0022] For example, in Winter, a vehicle may be called upon to start when the ambient
temperature is, for example, -40°F; accordingly, the fluid femperature sensor 16 may detect
the operating temperature of the fluid 11 from the pump 14, which is then provided to the
controller 22. If the detected temperature of the fluid 11 is below a predetermined
operating temperature, the controller 22 may then provide a signal to the valve 20b to cause
the valve 20b to move from the initially closed orientation to an open orientation to provide
an increased fluid flow from the second fluid supply éhannel 50b, through the valve 20b
for communication to the third port 40 to compensate for a decreased flow rate quantity of
fluid 11 to the bottom and top ports 36, 38 through the first fluid supply channel 50a.
[0023] As the temperature of the fluid 11 rises (i.e., as the viscosity of the fluid 11
rises), the temperature sensor 16 provides a temperature signal to the controller 22 so that
the controller 22 may compare the reading of the increased fluid temperature to determine
if the increased temperature is greater than the predetermined operating temperature.
Accordingly, the controller 22 may then command the valve 20b to move from the opened
orientation to a closed orientation to decrease the flow of fluid 11 to the actuator volume
104, at least in part, to compensate for an increased flow rate quantity of the fluid 11 to the
bottom and top port 36, 38 by way of the first supply port/channel 50a.

[0024] Accordingly, the temperature sensor 16 can function as a feedback link in a
closed-loop control system for controlling the fluid 11 delivered to the valve system 100 in
view of changes in operation temperature/viscosity associated with the fluid 11. As such,
because the ambient temperature may affect the viscosity of the fluid 11, the valve 20b
may be opened or closed in view of the sensed operating temperature of the fluid 11
detected by a temperature sensor 16. Thus, variations of the viscosity of the fluid 11 that
could result in an inconsistency of the seating 403 and/or an inconsistency with a delayed

closing movement 401 of an engine valve can be reduced or eliminated.

[0025] The present invention has been particularly shown and described with reference
to the foregoing embodiments, which are merely illustrative of the best mode or modes for

carrying out the invention. It should be understood by those skilled in the art that various
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alternatives to the embodiments of the invention described herein may be employed in
practiciﬁg tﬁe invention without departing from the spirit and scope of the invention as
defined in the following claims. It is intended that the following claims define the scope of
the invention and that the method and apparatus within the scope of these claims and their
equivalents be covered thereby. This description of the invention should be understood to
include all novel and non-obvious combinations of elements described herein, and claims
may be presented in this or a later application to any novel and non-obvious combination
of these elements. Moreover, the foregoing embodiments are illustrative, and no single
feature or element is essential to all possible combinations that may be claimed in this or a

later application.
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CLAIMS
What is claimed is:
1. A hydraulic circuit (10) in fluid communication with an added motion valve system

(100), comprising:

at least a first valve (20a) that permits flow of a fluid (11) in a first fluid supply
channel (50a) to an added motion actuator volume (104) by way of a first fluid port (36)
and a second fluid port (38); and

at least a second valve (20b) that permits flow of the fluid (11) in a second fluid -
supply channel (50b) to at least one of the first port (36), the second port (38), and a third
fluid port (40).

2. The hydraulic circuit (10) in fluid communication with an added motion valve
system (100) according to claim 1, wherein 'the added motion valve system (100) includes
at Ieést one engine valve (108) disposed in an engine valve housing cradle including an
added motion valve body (102) having a bore (104) with a piston ( 106) disposed in the
bore (104). )

3. The hydraulic circuit (10) in fluid communication with an added motion valve
system (100) according to claim 2, wherein the bore (104) is a fluid actuator volume (104)
that is disposed between the engine valve (108) and a cam system (75).

4. The hydraulic circuit (10) in fluid communication with an added motion valve
system (100) according to claim 3, wherein the fluid actuator volume (104) is directly

disposed between the cam system (75) and an engagement end of the engine valve (108).

5. The hydraulic circuit (10) in fluid communication with an added motion valve
systeni (100) according to claim 2, wherein the first valve (20a) is an added motion
actuator valve that is moved from an open position/configuration to a closed position/

configuration to permit movement of or trap a volume of the fluid (11) in the bore (104).
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6. The hydraulic circuit (10) in fluid communication with an added motion valve
system (100) according to claim 5, wherein the first port (36) sets a closing speed of the
engine valve (108) and the second port (38) controls a seating velocity of the engine valve
(108).

7. The hydraulic circuit (10) in fluid communication with an added motion valve
system (100) according to claim 5, wherein the first port (36) provides a first flow rate of
the fluid (11) to the actuator volume (104) and the second port (38) prov1des a second flow
rate of the fluid (1 1) to the bore (104).

8. The hydraulic circuit (10) in fluid communication with an added motion valve
system (100) according to claim 5, wherein the first flow rate is approximately a 22-liter-
per-second flow rate of the fluid (11) and the second flow rate is approximately a 1-liter-

per-second flow rate of the fluid (11).

9. The hydraulic circuit (10) in fluid communication with an added motion valve
system (100) according to claim 2, wherein the second valve (20b) is a cold temperature
on/off valve that is moved from an open position/configuration to a closed position/
conﬁgura‘uon to permit movement of fluid (11) to the bore (104) when the added motion

valve system (100) is operated in cold temperatures

10.  The hydraulic circuit (10) in fluid communication with an added motion valve
system (100) according to claim 9 further comprising
a fluid temperature sensor (16) that detects a temperature of the fluid (11), and
a controller (22) for receiving the temperature of the fluid (11) from the fluid

temperature sensor (16) to open or close the second valve (20b).

11.  The hydraulic circuit (10) in fluid communication with an added motion valve
system (100) according to claim 9, wherein the second valve (20b) includes a first valve
opening (41) for permitting a movement of fluid (11) by way of the second fluid supply

channel (50b), wherein the second valve (20b) includes a lower valve opening (43) and an
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upper valve opening (45) for permitting a movement of fluid (11) to the third fluid port
(40).

12. A method for controlling a hydraulic circuit (10) in fluid communication with an
added motion valve system (100) whereby a potential for a flow of a fluid (11) in a first
fluid supply channel (50a) and a second fluid supply channel (50b) is provided to an added
motion actuator volume (104) whereby the flow of fluid (1 1) passes through at a first valve
(20a) located in-line with the first fluid supply channel (50a) and a second valve (20b)
located in-line with the second fluid supply channel (50b), comprising the steps of:

providing a flow of the fluid (11) in the first supply channel (50a);

detecting a temperature of the fluid (11) flowing in the first fluid supply channel
(50a);

if the detected temperature of the fluid (11) is below a predetermined fluid
temperature, moving a second valve (20b) from an initially closed orientation to an open -

orientation thereby increasing fluid flow to the added motion actuator volume (104).

13.  The method according to claim 12 further comprising the steps of

detecting the temperature of the fluid (11) flowing in the first fluid supply channel
(50a); and

if the detected temperature of the fluid ( 1 1) is above a predetermined fluid
temperature, moving the second valve (20b) from the open orientation to the initially

closed orientation.
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