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USING A CAMSHAFT TIMING DEVICE WITH HYDRAULIC LOCK IN AN
INTERMEDIATE POSITION FOR VEHICLE RESTARTS

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

The invention pertains to the field of variable cam timing. More particularly, the
invention pertains to a method of using a variable camshaft timing device with a hydraulic
lock in an intermediate position for automatic restarts of a stop start mode of an engine

and cold restarts of the vehicle.
DESCRIPTION OF RELATED ART

By reducing the idling time of an internal combustion engine in a vehicle, the fuel
efficiency is increased and emissions are reduced. Therefore, vehicles can use a “stop-start
mode” which automatically stops and automatically restarts the internal combustion
engine to reduce the amount of time the engine spends idling when the vehicle is stopped,
for example at a stop light or in traffic. This stopping of the engine is different than a
"key-off" position or manual stop via deactivation of the ignition switch in which the user
of the vehicle shuts the engine down or puts the car in park and shuts the vehicle off. In
“stop-start mode”, the engine stops as the vehicle is stopped, then automatically restarts in
a manner that is nearly undetectable to the user of the vehicle. In the past, vehicles have
been designed primarily with cold starts in mind, since that is the most common situation.
In a stop-start system, because the engine had been running until the automatic shutdown,
the automatic restart occurs when the engine is in a hot state. It has long been known that
“hot starts” are sometimes a problem because the engine settings necessary for the usual
cold start - for example, a particular valve timing position - are inappropriate to a warm

engine.

Most engines with a phaser place the phaser in the retard position on engine

shutdown using a lock pin or a series of lock pins, in preparation for the next start.

As an example, US 5,924,395 is a patent for variable cam timing in a stop-start

engine control system. When a stop signal is detected by the ECU, the intake valves are
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changed to the most retarded position in preparation for an upcoming hot start. In one
embodiment in the 395 patent, a lock pin fixes the vane of the phaser in the most retarded

position by inserting a lock pin into a retard-side engagement hole.
SUMMARY OF THE INVENTION

A method of using a mid-position lock variable cam timing phaser in an internal
combustion engine with a stop-start mode of operation with the steps of: when the engine
is in a stop mode of the stop-start mode: adjusting a duty cycle of an actuator coupled to
the control valve of the phaser to command the control valve to the retard mode;
maintaining the duty cycle of the actuator to command the control valve to remain in the
retard mode until an automatic restart of the engine. If the key is detected in an off
position, and if the key is in an off position, restarting the engine; commanding the phaser
to the detent mode, such that the lock pin is moved to a locked position and the phaser is

locked in an intermediate phase angle position; and shutting down the engine.

Alternatively, if the key is detected in an off position, and if the key is in an off
position, commanding the phaser to detent mode during engine cranking during a next
engine restart, such that the lock pin is moved to a locked position and the phaser is locked

in an intermediate phase angle position.
BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 shows a graph of control valve position versus variable force solenoid duty cycle
relative to the position of the phaser for cold starts, hot starts, and holding of the

phaser.

Fig. 2 shows a flowchart of a first embodiment for using a cam torque mid-position lock

phaser for a warm restart during a stop-start mode of the engine.

Fig. 3 shows a flowchart of a second embodiment for using a cam torque mid-position

lock phaser for a warm restart during a stop-start mode of the engine.

Fig. 4 shows a schematic of a cam torque mid-position lock phaser moving towards an

advance position.
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3
Fig. 5 shows a schematic of a cam torque mid-position lock phaser moving towards a

retard position.
Fig. 6 shows a schematic of a cam torque mid-position lock phaser in a holding position.

Fig. 7a shows a schematic of the cam torque mid-position lock phaser in the detent

position. Figure 7b shows the phaser in detent position.

Fig. 8 shows the phaser moving towards the intermediate phase angle position with the
retard detent line in fluid communication with the retard chamber and the hydraulic

detent circuit on.

Fig. 9 shows the phaser moving towards the intermediate phase angle position with the
advance detent line in fluid communication with the advance chamber and the

hydraulic detent circuit on.

Fig. 10a shows a cross-section of the phaser with the lock pin unlocked. Fig. 10b shows a
cross-section of the phaser with the piloted valve in a position such that the

hydraulic detent circuit is off.

Fig 11a shows a cross-section of the phaser with the lock pin locked. Fig. 11b shows a
cross-section of the phaser with the piloted valve in a position such that the

hydraulic detent circuit is on or open.

Fig. 12 shows an alternate cross-section of the phaser with the lock pin locked and the

pilot valve in a position such that the hydraulic detent circuit is on or open.

Fig. 13 shows a sectional view of the piloted valve when the phaser is in any of the
advanced position, the retard position, or in the holding position with the lock pin

in a released position.

Fig. 14 shows a schematic of an alternate cam torque mid-position lock phaser with the
piloted valve in a second position, the phaser in the intermediate phase angle

position and the piloted valve controlled by supply through the control valve.
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Fig. 15 shows a schematic of another alternate cam torque mid-position lock phaser with
the piloted valve in a second position, the phaser in the intermediate phase angle

position, and the piloted valve is controlled by other hydraulic means.

Fig. 16 shows a schematic of an alternate phaser with the piloted valve in a second
position, the phaser in the intermediate phase angle position, and the lock pin and

the piloted valve are controlled by other hydraulic means.

Fig. 17 shows a schematic of an alternate phaser in which a lock pin is integrated into the
piloted valve and the hydraulic detent lock circuit is open and the lock pin end

portion is engaged with the recess.
DETAILED DESCRIPTION OF THE INVENTION

The present invention uses a phaser which has an offset or remote piloted valve
added to the hydraulic circuit to manage a hydraulic detent switching function, in order to
provide a mid-position lock for cold starts of the engine, either during cranking or prior to
complete engine shutdown. The mid-position locking of the phaser positions the cam at
an optimum position for cold restarts of the engine once a current signal has been removed
from the actuator, or variable force solenoid. The present invention also discloses a
method for maintaining the phaser in a full retard position during an automatic "stop" of

the engine in stop-start mode.

The piloted valve may be controlled on/off with the same hydraulic circuit that
engages or releases the lock pin. This shortens the variable cam timing (VCT) control
valve to two hydraulic circuits, a VCT control circuit and a combined lock pin/hydraulic
detent control circuit. Movement of the piloted valve to the first position is actively

controlled by the remote on/off valve or the control valve of the phaser.

Alternatively, a lock pin is not present and the piloted valve is controlled by a

hydraulic valve means or by supply pressure through the control valve of the phaser.

One of the advantages to using the remote piloted valve is that it can have a longer
stroke than the control valve, since it is not limited by a solenoid. Therefore, the piloted

valve can open up a larger flow passage for the hydraulic detent mode and improve
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actuation rate in the detent mode. In addition, the location of the remote piloted valve
shortens and simplifies the hydraulic detent circuit and thereby increases performance of

the VCT detent mode or intermediate phase angle position of the phaser.

Figures 4-13 show the operating modes the VCT phaser depending on the spool
valve position. The positions shown in the figures define the direction the VCT phaser is
moving to. It is understood that the phase control valve has an infinite number of
intermediate positions, so that the control valve not only controls the direction the VCT
phaser moves but, depending on the discrete spool position, controls the rate at which the
VCT phaser changes positions. Therefore, it is understood that the phase control valve can
also operate in infinite intermediate positions and is not limited to the positions shown in

the Figures.

Internal combustion engines have employed various mechanisms to vary the angle
between the camshaft and the crankshaft for improved engine performance or reduced
emissions. The majority of these variable camshaft timing (VCT) mechanisms use one or
more "vane phasers” on the engine camshaft (or camshafts, in a multiple-camshaft engine).
In most cases, the phasers have a rotor 105 with one or more vanes 104, mounted to the
end of the camshaft 126, surrounded by a housing assembly 100 with the vane chambers
into which the vanes fit. It is possible to have the vanes 104 mounted to the housing
assembly 100, and the chambers in the rotor assembly 105, as well. The housing's outer
circumference 101 forms the sprocket, pulley or gear accepting drive force through a
chain, belt, or gears, usually from the crankshaft, or possible from another camshaft in a

multiple-cam engine.

Referring to Figures 4-13, torque reversals in the camshaft caused by the forces of
opening and closing engine valves move the vane 104. The advance and retard chambers
102, 103 are arranged to resist positive and negative torque pulses in the camshaft 126 and
are alternatively pressurized by the cam torque. The control valve 109 allows the vane 104
in the phaser to move by permitting fluid flow from the advance chamber 102 to the retard

chamber 103 or vice versa, depending on the desired direction of movement.

The housing assembly 100 of the phaser has an outer circumference 101 for

accepting drive force. The rotor assembly 105 is connected to the camshaft 126 and is
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coaxially located within the housing assembly 100. The rotor assembly 105 has a vane 104
separating a chamber formed between the housing assembly 100 and the rotor assembly
105 into an advance chamber 102 and a retard chamber 103. The vane 104 is capable of
rotation to shift the relative angular position of the housing assembly 100 and the rotor
assembly 105. Additionally, a hydraulic detent circuit 133 and a lock pin circuit 123 are
also present. The hydraulic detent circuit 133 and the lock pin circuit 123 are essentially
one circuit as discussed above, but will be discussed separately for simplicity. The
hydraulic detent circuit 133 includes a spring 131 loaded piloted valve 130 and an advance
detent line 128 that connects the advance chamber 102 to the piloted valve 130 and the
common line 114, and a retard detent line 134 that connects the retard chamber 103 to the
piloted valve 130 and the common line 114. The advance detent line 128 and the retard
detent line 134 are a predetermined distance or length from the vane 104. The piloted
valve 130 is in the rotor assembly 105 and is fluidly connected to the lock pin circuit 123
and line 119a through line 132. The lock pin circuit 123 includes the lock pin 125, line
132, the piloted valve 130, supply line 119a, and exhaust line 122.

The lock pin 125 is slidably housed in a bore in the rotor assembly 105 and has an
end portion that is biased towards and fits into a recess 127 in the housing assembly 100
by a spring 124. Alternatively, the lock pin 125 may be housed in the housing assembly
100 and be spring 124 biased towards a recess 127 in the rotor assembly 105. The
opening and closing of the hydraulic detent circuit 133 and pressurization of the lock pin

circuit 123 are both controlled by the switching/movement of the phase control valve 109.

A control valve 109, preferably a spool valve, includes a spool 111 with cylindrical
lands 111a, 111b, and 111c¢ slidably received in a sleeve 116 within a bore in the rotor 105
and pilots in the camshaft 126. One end of the spool contacts spring 115 and the opposite
end of the spool contacts a pulse width modulated variable force solenoid (VFS) 107. The
solenoid 107 may also be linearly controlled by varying current or voltage or other
methods as applicable. Additionally, the opposite end of the spool 111 may contact and be

influenced by a motor, or other actuators.

The position of the control valve 109 is controlled by an engine control unit (ECU)
106 which controls the duty cycle of the variable force solenoid 107. The ECU 106

preferably includes a central processing unit (CPU) which runs various computational
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7
processes for controlling the engine, memory, and input and output ports used to exchange

data with external devices and sensors.

The position of the spool 111 is influenced by spring 115 and the solenoid 107
controlled by the ECU 106. Further detail regarding control of the phaser is discussed in
detail below. The position of the spool 111 controls the motion (e.g. to move towards the
advance position, holding position, or the retard position) of the phaser as well as whether
the lock pin circuit 123 and the hydraulic detent circuit 133 are open (on) or closed (off).
In other words, the position of the spool 111 actively controls the piloted valve. The
control valve 109 has an advance mode, a retard mode, a null mode (holding position), and

a detent mode.

In the advance mode, the spool 111 is moved to a position so that fluid may flow
from the retard chamber 103 through the spool 111 to the advance chamber 102, fluid is
blocked from exiting the advance chamber 102, and the detent valve circuit 133 is off or
closed. In the retard mode, the spool 111 is moved to a position so that fluid may flow
from the advance chamber 102 through the spool 111 to the retard chamber 103, fluid is
blocked from exiting the retard chamber 103, and the detent valve circuit 133 is off.

In null mode, the spool 111 is moved to a position that blocks the exit of fluid from

the advance and retard chambers 102, 103, and the detent valve circuit 133 is off.

In the detent mode, three functions occur simultaneously. The first function in the
detent mode is that the spool 111 moves to a position in which spool land 111b blocks the
flow of fluid from line 112 in between spool lands 111a and 111b from entering any of the
other lines and line 113, effectively removing control of the phaser from the control valve
109. The second function in detent mode is to open or turn on the detent valve circuit 133.
The detent valve circuit 133 has complete control over the phaser moving to advance or
retard, until the vane 104 reaches the intermediate phase angle position. The third function
in the detent mode is to vent the lock pin circuit 123, allowing the lock pin 125 to engage
the recess 127. The intermediate phase angle position or mid position is when the vane
104 is somewhere between the advance wall 102a and the retard wall 103a defining the

chamber between the housing assembly 100 and the rotor assembly 105. The intermediate
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phase angle position can be anywhere between the advance wall 102a and retard wall 103a

and is determined by where the detent passages 128 and 134 are relative to the vane 104.

Based on the duty cycle of the pulse width modulated variable force solenoid 107,
the spool 111 moves to a corresponding position along its stroke. When the duty cycle of
the variable force solenoid 107 is approximately 40%, 60% or 80%, the spool 111 will be
moved to positions that correspond with the retard mode, the null mode, and the advance
mode, respectively and the piloted valve 130 will be pressurized and move to the second
position, the hydraulic detent circuit 133 will be closed, and the lock pin 125 will be
pressurized and released. When the duty cycle of the variable force solenoid 107 is 0%,
the spool 111 is moved to the detent mode such that the piloted valve 130 vents and moves
to the second position, the hydraulic detent circuit 133 will be open, and the lock pin 125
vented and engaged with the recess 127. A duty cycle of 0% was chosen as the extreme
position along the spool stroke to open the hydraulic detent circuit 133, vent the piloted
valve 130, and vent and engage the lock pin 125 with the recess 127, since if power or
control is lost, the phaser will default to a locked position. It should be noted that the duty
cycle percentages listed above are an example and they may be altered. Furthermore, the
hydraulic detent circuit 133 may be open, the piloted valve 130 vented, and the lock pin
125 vented and engaged with the recess 127 at 100% duty cycle, if desired.

Figure 1 shows a graph of the variable cam timing (VCT) control valve position
versus variable force solenoid (VFES) duty cycle with the ideal positions of the phaser for
cold starts, hot starts, and holding of the phaser of an engine with stop-start mode. A cold
start of an engine is starting the engine when the oil is at a temperature below normal
operating temperature of the oil. A hot start or warm start of the engine is restarting the
engine when the engine oil is warm, indicating that the engine is sufficiently hot to run

normally.

In order for the phaser to be in detent position with the lock pin in a locked
position, the duty cycle of the VFS is set to 0%. The lock pin will remain in a locked
position as the duty cycle is increased up to 40%. In the example of the figures, the stroke
of the spool or position of the spool relative to the sleeve (see the “spool position” scale in

figure 7A) is between 0 and 2mm for the detent position.
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The detent position is ideal for a cold start of the engine since the phaser is locked
with the vane 104 in an intermediate position between a full advance position and a full
retard position. The “full advance position” is defined as the position at which the vane
104 contacts the advance wall 102a, and the “full retard position” is defined as the vane
104 contacting the retard wall 103a. The detent position can also provide an ideal or
optimized compression ratio at ignition for starting the engine, for example approximately
8:1. When the phaser in a full retard position, when the ignition fires the spark the
compression ratio is too low to start the engine for a cold start, and when the phaser is in

an advance position, the compression ratio is too high to start the engine for a cold start.

When the duty cycle of the variable force solenoid 107 is just set to 0%, the force
on the VFS on the spool 111 is decreased, and the spring 115 moves the spool 111 to the
far left end of the spool's travel to a detent position as shown in the Figures. In this detent
position, spool land 111b blocks the flow of fluid from line 112 in between spool lands
111a and 111b from entering any of the other lines and line 113, effectively removing
control of the phaser from the control valve 109. At the same time, fluid from supply may
flow through line 119 to line 119b and inlet check valve 118 to the common line 114.
Fluid is prevented from flowing through line 119a to the lock pin 125 by spool land 111c.
Since fluid cannot flow to line 119a, the lock pin 125 is no longer pressurized and vents
through the spool 111 to exhaust line 122. Similarly, the piloted valve 130 also vents to
line 122, opening passage between the advance detent line 128 and the retard detent line
134 through the piloted valve 130 to line 129 and the common line 114, in other words
opening the hydraulic detent circuit 133.

Referring to Figures 7a-13, when the duty cycle of the variable force solenoid 107
is 0%, the spool is in detent mode, the piloted valve 130 is vented, the hydraulic detent
circuit 133 is open or on, and the lock pin circuit 123 is off or closed, the lock pin 125 is
vented and engages with a recess 127, and the rotor 105 is locked relative to the housing
assembly 100 in a mid position or an intermediate phase angle position. Depending on
where the vane 104 was prior to the duty cycle of the variable force solenoid 107 being
changed to 0%, either the advance detent line 128 or the retard detent line 134 will be

exposed to the advance or retard chamber 102, 103 respectively.
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In addition, if the engine had an abnormal shut down (e.g. the engine stalled),
when the engine is cranking, the duty cycle of the variable force solenoid 107 would be
0%, the rotor assembly 105 would move via the detent circuit 133 to a mid lock position
or an intermediate phase angle position and the lock pin 125 would be engaged in mid
position or intermediate phase angle position regardless of what position the vane 104 was

in relative to the housing assembly 100 prior to the abnormal shut down of the engine.

The ability of the phaser of the present invention to default to a mid position or
intermediate phase angle position without using electronic controls allows the phaser to
move to the mid position or intermediate phase angle position even during engine cranking
when electronic controls are not typically used for controlling the cam phaser position. In
addition, since the phaser defaults to the mid position or intermediate phase angle position,
it provides a fail safe position, especially if control signals or power or lost, that
guarantees that the engine will be able to start and run even without active control over the
VCT phaser. Since the phaser has the mid position or intermediate phase angle position
upon cranking of the engine, longer travel of the phase of the phaser is possible, providing
calibration opportunities. In the prior art, longer travel phasers or a longer phase angle is
not possible, since the mid position or intermediate phase angle position is not present
upon engine cranking and startup and the engine has difficulty starting at either the

extreme advance or retard stops.

If the vane 104 was positioned within the housing assembly 100 near or in the
advance position and the advance detent line 128 is exposed to the advance chamber 102,
then fluid from the advance chamber 102 will flow into the advance detent line 128 and
through the open piloted valve 130 and to line 129 leading to common line 114. From the
common line 114, fluid flows through check valve 110 and into the retard chamber 103,
moving the vane 104 relative to the housing assembly 100 to close off or block advance
detent line 128 to the advance chamber 102. As the rotor assembly 105 closes off the
advance detent line 128 from the advance chamber 102, the vane 104 is moved to an
intermediate phase angle position or a mid position within the chamber formed between
the housing assembly 100 and the rotor assembly 105, and the lock pin 125 aligns with
recess 127, locking the rotor assembly 105 relative to the housing assembly 100 in a mid

position or an intermediate phase angle position.
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If the vane 104 was positioned within the housing assembly 100 near or in the
retard position and the retard detent line 134 is exposed to the retard chamber 103, then
fluid from the retard chamber 103 will flow into the retard detent line 134 and through the
open piloted valve 130 and to line 129 leading to common line 114. From the common
line 114, fluid flows through check valve 108 and into the advance chamber 102, moving
the vane 104 relative to the housing assembly 100 to close off the retard detent line 134 to
the retard chamber 103. As the rotor 105 closes off line the retard detent 134 from the
retard chamber 103, the vane 104 is moved to an intermediate phase angle position or a
mid position within the chamber formed between the housing assembly 100 and the rotor
assembly 105, and the lock pin 125 aligns with the recess 127, locking the rotor 105
relative to the housing assembly 100 in a mid position or an intermediate phase angle

position.

The advance detent line 128 and the retard detent line 134 are completely closed
off or blocked by the rotor assembly 105 from the advance and retard chambers 102, 103
when phaser is in the mid position or intermediate phase angle position, requiring that the
lock pin 125 engages the recess 127 at the precise time in which the advance detent line
128 or the retard detent line 134 are closed off from their respective chambers.
Alternatively, the advance detent line 128 and the retard detent line 134 may be slightly
open or partially restricted to the advance and retard chambers 102, 103, in the mid
position or intermediate phase angle position to allow the rotor assembly 105 to oscillate
slightly, increasing the likelihood the lock pin 125 will pass over the position of the recess

127 so the lock pin 125 can engage the recess 127.

When the duty cycle is set between 40-60%, the vane of the phaser is moving
toward and/or in a retard position. The stroke of the spool or position of the spool relative

to the sleeve is between 2 and 3.5mm for the retard position.

Having the phaser in a retard position is ideal for a hot or warm restart since a
lower compression ratio can be used to restart the engine. By placing the phaser in a full
retard position and therefore using a lower compression ratio, the efficiency of the engine
restart is increased, the vibration of the engine during the engine restart is minimized, the

work load on the starter is minimized, and the time for the engine to restart is accelerated.
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Referring to Figure 5, to move towards the retard position, the duty cycle is
adjusted to a range greater than 40% but less than 60%, the force of the VFS 107 on the
spool 111 is changed and the spool 111 is moved to the left in a retard mode in the figure
by spring 115, until the force of spring 115 balances the force of the VFS 107. In the
retard mode shown, spool land 111b blocks line 113 and lines 112 and 114 are open.
Camshaft torque pressurizes the advance chamber 102, causing fluid in the advance
chamber 102 to move into the retard chamber 103, and the vane 104 to move in the
direction shown by the arrow. Fluid exits from the advance chamber 102 through line 112
to the control valve 109 between spool lands 111a and 111b and recirculates back to

central line 114 and line 113 leading to the retard chamber 103.

Makeup oil is supplied to the phaser from supply S by pump 121 to make up for
leakage and enters line 119 through a bearing 120. Line 119 splits into two lines 119a and
119b. Line 119b leads to an inlet check valve 118 and the control valve 109. From the
control valve 109, fluid enters line 114 through either of the check valves 108, 110,
depending on which is open to the chambers 102, 103. Line 119a leads to the lock pin 125
and branches into line 132 which leads to the piloted valve 130. The pressure of the fluid
in line 119a moves through the spool 111 between lands 111b and 111c¢ to bias the lock
pin 125 against the spring 124 to a released position, filling the lock pin circuit 123 with
fluid. The fluid in line 119a also flows through line 132 and pressurizes the piloted valve
130 against the spring 131, moving the piloted valve 130 to a position where retard detent
line 134 and the advance detent line 128 are blocked from line 129 and from each other as
shown in Figures 5 and 13 and the detent circuit is off. Exhaust line 122 is blocked by
spool land 111b, preventing the lock pin 125 and the piloted valve 130 from venting.

The holding position of the phaser preferably takes place between the retard and
advance position of the vane relative to the housing. The stroke of the spool or position of

the spool relative to the sleeve is 3.5mm.

Figure 6 shows the phaser in the holding position. In this position, the duty cycle of
the variable force solenoid 107 is 60% and the force of the VFS 107 on one end of the
spool 111 equals the force of the spring 115 on the opposite end of the spool 111 in
holding mode. The lands 111a and 111b block the flow of fluid to lines 112 and 113
respectively. Makeup oil is supplied to the phaser from supply S by pump 121 to make up
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for leakage and enters line 119 through a bearing 120. Line 119 splits into two lines 119a
and 119b. Line 119b leads to inlet check valve 118 and the control valve 109. From the
control valve 109, fluid enters line 114 through either of the check valves 108, 110,
depending on which is open to the chambers 102, 103. Line 119a leads to the lock pin 125
and branches into line 132 which leads to the piloted valve 130. The pressure of the fluid
in line 119a moves through the spool 111 between lands 111b and 111c¢ to bias the lock
pin 125 against the spring 124 to a released position, filling the lock pin circuit 123. The
fluid in line 119a also flows through line 132 and pressurizes the piloted valve 130 against
the spring 131, moving the piloted valve 130 to a position where retard detent line 134 and
advance detent line 128 are blocked from line 129 and from each other as shown in
Figures 5 and 13 and the detent circuit 133 is off. Exhaust line 122 is blocked by spool
land 111b, preventing the lock pin 125 and piloted valve 130 from venting.

When the duty cycle is set between 60-80%, the vane of the phaser is moving
toward and/or in an advance position. The stroke of the spool or position of the spool

relative to the sleeve is between 3.5 and Smm for the advance position.

Figure 4 shows the phaser moving towards the advance position. To move towards
the advance position, the duty cycle is increased to greater than 60% and up to 100%, the
force of the VFS 107 on the spool 111 is increased and the spool 111 is moved to the right
by the VES 107 in an advance mode, until the force of the spring 115 balances the force of
the VFS 107. In the advance mode shown, spool land 111a blocks line 112 and lines 113
and 114 are open. Camshaft torque pressurizes the retard chamber 103, causing fluid to
move from the retard chamber 103 and into the advance chamber 102, and the vane 104 to
move in the direction shown by the arrow. Fluid exits from the retard chamber 103
through line 113 to the control valve 109 between spool lands 111a and 111b and

recirculates back to central line 114 and line 112 leading to the advance chamber 102.

Makeup oil is supplied to the phaser from supply S by pump 121 to make up for
leakage and enters line 119 through a bearing 120. Line 119 splits into two lines 119a and
119b. Line 1190 leads to an inlet check valve 118 and the control valve 109. From the
control valve 109, fluid enters line 114 through either of the check valves 108,110,
depending on which is open to the chambers 102, 103. Line 119a leads to the lock pin 125
and branches into line 132 which leads to the piloted valve 130. The pressure of the fluid
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in line 119a moves through the spool 111 between lands 111b and 111c¢ to bias the lock
pin 125 against the spring 124 to a released position, filling the lock pin circuit 123 with
fluid. The fluid in line 119a also flows through line 132 and pressurizes the piloted valve
130 against the spring 131, moving the piloted valve 130 to a position where retard detent
line 134, advance detent line 128 and line 129 are blocked as shown in Figures 1 and 10
and the detent circuit is off. Exhaust line 122 is blocked by spool land 111b, preventing
the lock pin 125 from venting.

Figures 2 and 3 show flowcharts of a method of operation of the mid-position lock
phaser, when the user manually selects shut-down of the engine while the engine is in the
shut down because of the automatic stop mode. The method of figures 2 and 3 also show
the method of operation of the mid-position lock phaser during the automatic stop mode,

when the engine has not yet been restarted.

Figure 2 shows a flowchart for a method of a first embodiment for using a mid-
position lock phaser for an automatic warm or hot restart during a stop-start mode of the

engine.

In a first step, if the engine 1s determined to be at an automatic stop of the stop-
start mode of the engine (step 202), the ECU adjusts the duty cycle of the VFS to
command the phaser to a retard position (step 204), for example as shown in Figure 5. The
automatic stop of the stop-start mode may be determined by the ECU based on engine

parameters, sensor input and/or user actions such as depressing the brake.

If the engine has not been placed in a "key off" position or shutdown by the user
(step 206), and the engine has not been automatically restarted (step 208), the ECU
commands the VFS to maintain the phaser in the retard position (step 210) and returns to
step 208 to determine if the engine has been automatically restarted, for example in
response to a driver action, such as releasing the brake, and/or stepping on the gas.
Additionally, it should be noted that the phaser is maintained in the full retard position
through the positioning of the control valve, not through lock pins or dynamic/static

frictional forces.

If the engine has been placed in a "key off" position or shutdown by the user (step

206), the ECU restarts the engine and commands the control valve through the VES to the
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detent position (0% duty cycle) in which the lock pin locks the position of the phaser in an
intermediate phase angle position (step 212) in preparation for the next start. For example,
this is shown in Figures 8, 9, 10a, 10b, 13 with the phaser moving towards the
intermediate phase angle position, and Figures 7a, 7b, 11a, 11b, 12 which show the phaser

in the mid position or intermediate phase angle position.

After the lock pin locks the phaser in an intermediate phase angle position, the

engine is shut down (step 214) and the method ends.

Figure 3 shows a flowchart for a method of a second embodiment for using a cam
torque mid-position lock phaser for an automatic warm or hot restart during a stop-start
mode of the engine. The method of figure 3 differs from the method of figure 2 in that the
commanding of the phaser to mid-position lock if the key is off is not done by restarting
the engine, but rather waits until the next cranking of the engine to command mid-position

lock.

In a first step, if the engine is determined to be at an automatic stop of the stop-
start mode of the engine (step 202), the ECU adjusts the duty cycle of the VFS to
command the phaser to a retard position (step 204), for example as shown in Figure 5 and
discussed above. The automatic stop of the stop-start mode may be determined by the

ECU based on engine parameters, sensor input and/or user actions such as depressing the

brake.

If the engine has not been placed in a "key off" position or shutdown by the user
(step 206), and the engine has not be automatically restarted (step 208), the ECU
commands the VFS to maintain the phaser in the retard position (step 210) and returns to
step 108 to determine if the engine has been automatically restarted in response to a driver
action, such as releasing the brake, and/or stepping on the gas. Additionally, it should be
noted that the phaser is maintained in the full retard position through the position of the

control valve, not through lock pins or dynamic/static frictional forces.

If the engine has been placed in a "key off" position or shutdown by the user (step
206), the ECU commands the control valve through the VFS to the detent position (0%
duty cycle), in which the lock pin locks the position of the phaser in an intermediate phase

angle position for cranking upon cold restart of the vehicle (step 216) and the method
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ends. Moving the phaser towards detent position and the phaser in detent position is shown

in Figures 7a-13 and discussed above.

In step 204 of the above embodiments, the retard position can be replaced with any
position other than a position in which the phaser is locked for example the detent
position. The retard position can for example be replaced with an advanced position, or a

holding position.

The methods of Figures 2 and 3 may apply to an alternate design of the mid-
position lock phaser which uses a piloted valve 130 and hydraulic detent circuit 133 which
are controlled and supplied with fluid through the control valve 109 of the phaser.
Movement of the piloted valve is actively controlled by the control valve 109 of the
phaser. Figure 14 shows the control valve 109 in the detent mode and the hydraulic detent
circuit 133 on. The advance mode, the retard mode, and the null mode are not shown, but
are similar to Figures 4, 5, and 6, where the hydraulic detent circuit 133 is off. The
hydraulic detent circuit 133 includes a spring 131 loaded piloted valve 130 and an advance
detent line 128 that connects the advance chamber 102 to the piloted valve 130 and the
common line 114, and a retard detent line 134 that connects the retard chamber 103 to the

piloted valve 130 and the common line 114.

Figure 14 shows the phaser in the mid position or intermediate phase angle
position, where the duty cycle of the variable force solenoid is 0%, the spool 109 is in
detent mode, the piloted valve 130 is vented through the spool to passage 122 leading to

sump or exhaust, and the hydraulic detent circuit 133 is open or on.

Depending on where the vane 104 was prior to the duty cycle of the variable force
solenoid 107 being changed to 0%, either the advance detent line 128 or the retard detent
line 134 will be exposed to the advance or retard chamber 102, 103 respectively. In
addition, if the engine had an abnormal shut down (e.g. the engine stalled), when the
engine is cranking, the duty cycle of the variable force solenoid 107 would be 0% the rotor
assembly 105 would move via the detent circuit to the mid position or intermediate phase
angle position and the lock pin 125 would be engaged in mid position or intermediate
phase angle position regardless of what position the vane 104 was in relative to the

housing assembly 100 prior to the abnormal shut down of the engine. The ability of the
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phaser of the present invention to default to a mid position or intermediate phase angle
position without using electronic controls allows the phaser to move to the mid position or
intermediate phase angle position even during engine cranking when electronic controls
are not typically used for controlling the cam phaser position. In addition, since the phaser
defaults to the mid position or intermediate phase angle position, it provides a fail safe
position, especially if control signals or power or lost, that guarantees that the engine will
be able to start and run even without active control over the VCT phaser. Since the phaser
has the mid position or intermediate phase angle position upon cranking of the engine,
longer travel of the phase of the phaser is possible, providing calibration opportunities. In
the prior art, longer travel phasers or a longer phase angle is not possible, since the mid
position or intermediate phase angle position is not present upon engine cranking and

startup and the engine has difficulty starting at either the extreme advance or retard stops.

When the duty cycle of the variable force solenoid 107 is just set to 0%, the force
on the VFS on the spool 111 is decreased, and the spring 115 moves the spool 111 to the
far left end of the spool's travel to a detent mode as shown in the Figure 12. In the detent
mode, spool land 111b blocks the flow of fluid from line 112 in between spool lands 111a
and 111b from entering any of the other lines and line 113, effectively removing control of
the phaser from the control valve 109. At the same time, fluid from supply may flow
through line 119 to line 119b and inlet check valve 118 to the common line 114. Fluid is
prevented from flowing through line 119a to the piloted valve 130 by spool land 111c.
Since fluid cannot flow to line 119a, the piloted valve 130 vents to exhaust line 122,
opening passage between the advance detent line 128 and the retard detent line 134
through the piloted valve 130 to line 129 and the common line 114, in other words,

opening or turning on the hydraulic detent circuit 133.

If the vane 104 was positioned within the housing assembly 100 near or in the
advance position and the advance detent line 128 is exposed to the advance chamber 102,
then fluid from the advance chamber 102 will flow into the advance detent line 128 and
through the open piloted valve 130 and to line 129 leading to common line 114. From the
common line 114, fluid flows through check valve 110 and into the retard chamber 103,
moving the vane 104 relative to the housing assembly 100 to close off or block advance

detent line 128 to the advance chamber 102. As the rotor assembly 105 closes off the
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advance detent line 128 from the advance chamber 102, the vane 104 is moved to a mid
position or intermediate phase angle position within the chamber formed between the

housing assembly 100 and the rotor assembly 105.

If the vane 104 was positioned within the housing assembly 100 near or in the
retard position and the retard detent line 134 is exposed to the retard chamber 103, then
fluid from the retard chamber 103 will flow into the retard detent line 134 and through the
open piloted valve 130 and to line 129 leading to common line 114. From the common
line 114, fluid flows through check valve 108 and into the advance chamber 102, moving
the vane 104 relative to the housing assembly 100 to close off the retard detent line 134 to
the retard chamber 103. As the rotor assembly 105 closes off line the retard detent 134
from the retard chamber 103, the vane 104 is moved to a mid position or intermediate
phase angle position within the chamber formed between the housing assembly 100 and

the rotor assembly 105.

The methods of Figures 2 and 3 may also apply to an alternate phaser in which the
piloted valve 130 and the hydraulic detent circuit 133a are controlled and supplied with
fluid by remote means 142. The remote means 142 may be any on/off hydraulic valve, for
example a solenoid valve. Movement of the piloted valve is actively controlled by the
remote on/off valve. Figure 15 shows the control valve in the detent mode and the
hydraulic detent circuit on. The advance mode, the retard mode and the null mode are not
shown, but are similar to Figures 4-6 discussed above, where the hydraulic detent circuit
133 is off. The hydraulic detent circuit 133a includes a spring 131 loaded piloted valve
130 and an advance detent line 128 that connects the advance chamber 102 to the piloted
valve 130 and the common line 114, and a retard detent line 134 that connects the retard
chamber 103 to the piloted valve 130, the common line 114 and line 144 connected to the

remote means 142.

Figure 15 shows the phaser in the mid position or intermediate phase angle
position, where the duty cycle of the variable force solenoid is 0%, the spool 109 is in
detent mode, the piloted valve 130 is vented through the hydraulic means 142 leading to

exhaust, and the hydraulic detent circuit 133a is open.



10

15

20

25

30

WO 2014/130276 PCT/US2014/015492

19

Depending on where the vane 104 was prior to the duty cycle of the variable force
solenoid 107 being changed to 0%, either the advance detent line 128 or the retard detent
line 134 will be exposed to the advance or retard chamber 102, 103 respectively. In
addition, if the engine had an abnormal shut down (e.g. the engine stalled), when the
engine is cranking, the duty cycle of the variable force solenoid 107 would be 0% and the
rotor assembly 105 will move via the detent circuit to the mid position or intermediate
phase angle position and the lock pin 125 would be engaged in mid position or
intermediate phase angle position regardless of what position the vane 104 was in relative
to the housing assembly 100 prior to the abnormal shut down of the engine. With the
ability of the phaser of the present invention to default to a mid position or intermediate
phase angle position without using electronic controls, allows the phaser to move to the
mid position or intermediate phase angle position even during engine cranking when
electronic controls are not typically used for controlling the cam phaser position. In
addition, since the phaser defaults to the mid position or intermediate phase angle position,
it provides a fail safe position, especially if control signals or power or lost, that
guarantees that the engine will be able to start and run even without active control over the
VCT phaser. Since the phaser has the mid position or intermediate phase angle position
upon cranking of the engine, longer travel of the phase of the phaser is possible, providing
calibration opportunities. In the prior art, longer travel phasers or a longer phase angle is
not possible, since the mid position or intermediate phase angle position is not present
upon engine cranking and startup and the engine has difficulty starting at either the

extreme advance or retard stops.

When the duty cycle of the variable force solenoid 107 is just set to 0%, the force
on the VFS on the spool 111 is decreased, and the spring 115 moves the spool 111 to the
far left end of the spool's travel to a detent mode as shown in the Figure 14. In the detent
mode, spool land 111b blocks the flow of fluid from line 112 in between spool lands 111a
and 111b from entering any of the other lines and line 113, effectively removing control of
the phaser from the control valve 109. At the same time, fluid from supply may flow
through line 119 through the inlet check valve 118 to the common line 114. Fluid is
prevented from flowing from the hydraulic means 142 through line 144 to the piloted
valve 130 by the hydraulic means 142. In other words, the hydraulic means 142 would be
switched off, and allowing venting of the fluid in line 144 only. Therefore, the piloted
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valve 130 vents to the hydraulic means 142 through line 144, opening passage between the
advance detent line 128 and the retard detent line 134 through the piloted valve 130 to line

129 and the common line 114, in other words opening the hydraulic detent circuit 133a.

If the vane 104 was positioned within the housing assembly 100 near or in the
advance position and the advance detent line 128 is exposed to the advance chamber 102,
then fluid from the advance chamber 102 will flow into the advance detent line 128 and
through the open piloted valve 130 and to line 129 leading to common line 114. From the
common line 114, fluid flows through check valve 110 and into the retard chamber 103,
moving the vane 104 relative to the housing assembly 100 to close off or block advance
detent line 128 to the advance chamber 102. As the rotor assembly 105 closes off the
advance detent line 128 from the advance chamber 102, the vane 104 is moved to a mid
position or intermediate phase angle position within the chamber formed between the

housing assembly 100 and the rotor assembly 105.

If the vane 104 was positioned within the housing assembly 100 near or in the
retard position and the retard detent line 134 is exposed to the retard chamber 103, then
fluid from the retard chamber 103 will flow into the retard detent line 134 and through the
open piloted valve 130 and to line 129 leading to common line 114. From the common
line 114, fluid flows through check valve 108 and into the advance chamber 102, moving
the vane 104 relative to the housing assembly 100 to close off the retard detent line 134 to
the retard chamber 103. As the rotor assembly 105 closes off line the retard detent 134
from the retard chamber 103, the vane 104 is moved to a mid position or intermediate
phase angle position within the chamber formed between the housing assembly 100 and

the rotor assembly 105.

The methods of Figures 2 and 3 may apply to an alternate phaser in which the
piloted valve 130, the hydraulic detent circuit 133 and the lock pin circuit 123 of the
phaser are controlled by a remote means 142. The remote means 142 may be any on/off
hydraulic valve, for example a solenoid valve. Movement of the piloted valve is actively
controlled by the remote means. Figure 16 shows the control valve 109 in the detent
mode and the hydraulic detent circuit 133a on. The advance mode, the retard mode, and
the null mode are not shown, but are similar to Figures 1-3 discussed above, where the

hydraulic detent circuit is off. The hydraulic detent circuit 133a includes a spring 131
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loaded piloted valve 130 and an advance detent line 128 that connects the advance
chamber 102 to the piloted valve 130 and the common line 114, and a retard detent line
134 that connects the retard chamber 103 to the piloted valve 130, the common line 114,
and line 144 leading to the hydraulic means 142. In this embodiment, the lock pin circuit
123a includes the lock pin 125, line 132 connecting the lock pin to the piloted valve and
line 144 leading to the hydraulic means 142.

Figure 16 shows the phaser in the mid position or intermediate phase angle
position, where the duty cycle of the variable force solenoid is 0%, the spool 109 is in
detent mode, the piloted valve 130 and the lock pin 125 are vented through the hydraulic

means 142 leading to exhaust, and the hydraulic detent circuit 133a is open.

Depending on where the vane 104 was prior to the duty cycle of the variable force
solenoid 107 being changed to 0%, either the advance detent line 128 or the retard detent
line 134 will be exposed to the advance or retard chamber 102, 103 respectively. In
addition, if the engine had an abnormal shut down (e.g. the engine stalled), when the
engine is cranking, the duty cycle of the variable force solenoid 107 would be 0% and the
rotor assembly 105 will move via the detent circuit to the mid position or intermediate
phase angle position and the lock pin 125 would be engaged in mid position or
intermediate phase angle position regardless of what position the vane 104 was in relative
to the housing assembly 100 prior to the abnormal shut down of the engine. With the
ability of the phaser of the present invention to default to a mid position or intermediate
phase angle position without using electronic controls, allows the phaser to move to the
mid position or intermediate phase angle position even during engine cranking when
electronic controls are not typically used for controlling the cam phaser position. In
addition, since the phaser defaults to the mid position or intermediate phase angle position,
it provides a fail safe position, especially if control signals or power or lost, that
guarantees that the engine will be able to start and run even without active control over the
VCT phaser. Since the phaser has the mid position or intermediate phase angle position
upon cranking of the engine, longer travel of the phase of the phaser is possible, providing
calibration opportunities. In the prior art, longer travel phasers or a longer phase angle is

not possible, since the mid position or intermediate phase angle position is not present
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upon engine cranking and startup and the engine has difficulty starting at either the

extreme advance or retard stops.

When the duty cycle of the variable force solenoid 107 is just set to 0%, the force
on the VFS on the spool 111 is decreased, and the spring 115 moves the spool 111 to the
far left end of the spool's travel to a detent mode as shown in the Figure 16. In the detent
mode, spool land 111b blocks the flow of fluid from line 112 in between spool lands 111a
and 111b from entering any of the other lines and line 113, effectively removing control of
the phaser from the control valve 109. At the same time, fluid from supply may flow
through line 119 to the inlet check valve 118 to the common line 114. Fluid is prevented
from flowing from the hydraulic means 142 through line 144 and 132 to the piloted valve
130 and the lock pin 125 by the hydraulic means 142. In other words, the hydraulic means
142 would be switched off, and allowing venting only. Therefore, the piloted valve 130
and the lock pin 125 vents to the hydraulic means through lines 144 and 132, opening
passage between the advance detent line 128 and the retard detent line 134 through the
piloted valve 130 to line 129 and the common line 114, in other words opening the

hydraulic detent circuit 133a.

If the vane 104 was positioned within the housing assembly 100 near or in the
advance position and the advance detent line 128 is exposed to the advance chamber 102,
then fluid from the advance chamber 102 will flow into the advance detent line 128 and
through the open piloted valve 130 and to line 129 leading to common line 114. From the
common line 114, fluid flows through check valve 110 and into the retard chamber 103,
moving the vane 104 relative to the housing assembly 100 to close off or block advance
detent line 128 to the advance chamber 102. As the rotor 105 closes off the advance detent
line 128 from the advance chamber 102, the vane 104 is moved to a mid position within
the chamber formed between the housing assembly 100 and the rotor 105, and the lock pin
125 aligns with recess 127, locking the rotor assembly 105 relative to the housing

assembly 100 in a mid position or an intermediate phase angle position.

If the vane 104 was positioned within the housing assembly 100 near or in the
retard position and the retard detent line 134 is exposed to the retard chamber 103, then
fluid from the retard chamber 103 will flow into the retard detent line 134 and through the

open piloted valve 130 and to line 129 leading to common line 114. From the common
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line 114, fluid flows through check valve 108 and into the advance chamber 102, moving
the vane 104 relative to the housing assembly 100 to close off the retard detent line 134 to
the retard chamber 103. As the rotor 105 closes off line the retard detent 134 from the
retard chamber 103, the vane 104 is moved to an intermediate phase angle position or a
mid position within the chamber formed between the housing assembly 100 and the rotor
assembly 105, and the lock pin 125 aligns with the recess 127, locking the rotor 105
relative to the housing assembly 100 in a mid position or an intermediate phase angle

position.

The phaser shown in the above Figures may also include a restrictor between the

supply pump 121 and the supply line 119 entering the camshaft 126.

The methods of Figures 2 and 3 may apply to an alternate phaser that has a lock
pin integrated into the piloted valve to form a piloted lock valve. Movement of the piloted

lock valve is actively controlled by the control valve of the phaser.

Figure 17 shows the phaser in the mid position or intermediate phase angle

position with lock pin end of the piloted lock valve engaging the recess.

The hydraulic detent lock circuit 162 includes a spring 161 loaded piloted lock
valve 160 and an advance detent line 128 that connects the advance chamber 102 to the
piloted lock valve 160 and the common line 114, a retard detent line 134 that connects the
retard chamber 103 to the piloted lock valve 160 and the common line 114, and line 129
that connects the piloted lock valve 160 to the common line 114. The advance detent line
128 and the retard detent line 134 are a predetermined distance or length from the vane
104. The piloted lock valve 160 is in the rotor assembly 105 and is fluidly connected to
line 119a and exhaust line 122. The piloted lock valve 160 also has an end that functions
as a lock pin. One end portion of the valve 160 is the lock pin end portion 160a and is
biased towards and fits into a recess 147 in the housing assembly 100 by spring 161.
Alternatively, the piloted lock valve 160 may be housed in the housing assembly 100 and
be spring 161 biased towards a recess 147 in the rotor assembly 105. The opening and
closing of the hydraulic detent lock circuit 162 is controlled by the switching/movement of

the phase control valve 109.
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Figure 17 shows the phaser in detent mode with the lock pin end portion 160a of
the piloted lock valve 160 engaged with the recess 147. In this position, the duty cycle of
the variable force solenoid 107 is 0% and the force of the VFS 107 on one end of the spool
111 equals the force of the spring 115 on the opposite end of the spool 111 in detent mode.
Land 111b blocks the flow of fluid to and from lines 113 and 114. Makeup oil is supplied
to the phaser from supply S by pump 121 to make up for leakage and enters line 119
through a bearing 120. Line 119 splits into two lines 119a and 119b. Line 119b leads to
inlet check valve 118 and the control valve 109. From line 119D, fluid enters an annulus in
the outer diameter of the sleeve of the control valve and enters line 114 through either of
the check valves 108, 110, depending on which is open to the chambers 102, 103. Line
119a leads to the lock pin end portion 160a of the piloted lock valve 160. Fluid in line 112
is blocked by the spool 111 and the lands 111a and 111b from exiting the control valve
109 and the advance chamber 102. Fluid in line 119a vents from the piloted lock valve 160
through line 119a and between lands 111b and 111¢ to line 122 leading to sump. By
venting the fluid in line 119a, the force of the spring 161 on the piloted lock valve 160

moves the valve such that the lock pin end portion 160a engages the recess 147.

The variable force solenoid in the above embodiments may be replaced with a

stepper motor, or non-variable solenoid.

Accordingly, it is to be understood that the embodiments of the invention herein
described are merely illustrative of the application of the principles of the invention.
Reference herein to details of the illustrated embodiments is not intended to limit the
scope of the claims, which themselves recite those features regarded as essential to the

invention.
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What 1s claimed is:

1. A method of using a variable cam timing phaser in an internal combustion engine with a

stop-start mode of operation, in which the phaser comprises:

a housing assembly with an outer circumference for accepting drive force and a
5 rotor assembly for connection to a camshaft, coaxially located within the
housing having a plurality of vanes, wherein the housing assembly and
the rotor assembly define at least one chamber separated by a vane into an
advance chamber and a retard chamber, the vane within the chamber
acting to shift relative angular position of the housing assembly and the

10 rotor assembly;

a control valve for directing fluid to and from the chambers through an advance
line, a retard line, a common line, an advance detent line and a retard
detent line, the control valve being movable in a first bore towards an

advance mode, a holding position, a retard mode, and a detent mode,

15 a lock pin slidably located in the rotor assembly or the housing assembly, the lock
pin being moveable in the second bore from a locked position in which an
end portion engages the recess, locking the relative angular position of the
housing assembly and the rotor assembly, to an unlocked position, in

which the end portion does not engage the recess;

20 a piloted valve in the rotor assembly, movable from a first position to a second

position;

the method comprising the steps of, when the engine is in a stop mode of the stop-start

mode:

adjusting a duty cycle of an actuator coupled to the control valve of the phaser to

25 command the control valve to the retard mode;

maintaining the duty cycle of the actuator to command the control valve to remain in

the retard mode until an automatic restart of the engine;
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detecting if the key is in an off position, and if the key is in an off position,

performing the steps of:
restarting the engine;

commanding the phaser to the detent mode, such that the lock pin is moved to a
5 locked position and the phaser is locked in an intermediate phase angle

position; and
shutting down the engine.

2. The method of claim 1, wherein when the piloted valve is in the first position, fluid is
blocked from flowing through the piloted valve and wherein when the piloted
10 valve is in a second position, fluid is allowed to flow between the advance detent
line from the advance chamber and the retard detent line from the retard chamber
through the piloted valve and a common line, such that the rotor is moved to and

held in the intermediate phase angle position relative to the housing.

3. The method of claim 1, wherein when the control valve is commanded to the detent
15 mode, the piloted valve is moved to the second position, the advance detent line or
the retard detent line are in fluid communication with the common line through the

piloted valve, the rotor assembly is moved to and held in an intermediate phase

angle position relative to the housing assembly.
4. The method of claim 1, wherein the actuator is a variable force solenoid.

20 5. A method for using a variable cam timing phaser in an internal combustion engine with

a stop-start mode of operation, in which the phaser comprises:

a housing assembly with an outer circumference for accepting drive force and a
rotor assembly for connection to a camshaft, coaxially located within the
housing having a plurality of vanes, wherein the housing assembly and

25 the rotor assembly define at least one chamber separated by a vane into an
advance chamber and a retard chamber, the vane within the chamber
acting to shift relative angular position of the housing assembly and the

rotor assembly;
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a control valve for directing fluid to and from the chambers through an advance
line, a retard line, a common line, an advance detent line and a retard
detent line, the control valve being movable in a first bore towards an

advance mode, a holding position, a retard mode, and a detent mode;

5 a lock pin slidably located in the rotor assembly or the housing assembly, the lock
pin being moveable in the second bore from a locked position in which an
end portion engages the recess, locking the relative angular position of the
housing assembly and the rotor assembly, to an unlocked position, in

which the end portion does not engage the recess;

10 a piloted valve in the rotor assembly, movable from a first position to a second

position;

the method comprising the steps of, when the engine is in a stop mode of the stop-start

mode:

adjusting a duty cycle of an actuator coupled to the control valve of the phaser to

15 command the control valve to the retard mode;

maintaining the duty cycle of the actuator to command the control valve to remain in

the retard mode until an automatic restart of the engine;

detecting if the key is in an off position, and if the key is in an off position,

performing the steps of:

20 commanding the phaser to detent mode during engine cranking during a next
engine restart, such that the lock pin is moved to a locked position and the

phaser is locked in an intermediate phase angle position.

6. The method of claim 5, wherein when the piloted valve is in the first position, fluid is
blocked from flowing through the piloted valve and wherein when the piloted
25 valve is in a second position, fluid is allowed to flow between the advance detent
line from the advance chamber and the retard detent line from the retard chamber
through the piloted valve and a common line, such that the rotor is moved to and

held in the intermediate phase angle position relative to the housing.
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7. The method of claim 5, wherein when the control valve is commanded to the detent
mode, the piloted valve is moved to the second position, the advance detent line or
the retard detent line are in fluid communication with the common line through the
piloted valve, the rotor assembly is moved to and held in an intermediate phase

angle position relative to the housing assembly.
8. The method of claim 5, wherein the actuator is a variable force solenoid.

9. A method of using a variable cam timing phaser in an internal combustion engine with a

stop-start mode of operation, in which the phaser comprises:

a housing assembly with an outer circumference for accepting drive force and a
rotor assembly for connection to a camshaft, coaxially located within the
housing having a plurality of vanes, wherein the housing assembly and
the rotor assembly define at least one chamber separated by a vane into an
advance chamber and a retard chamber, the vane within the chamber
acting to shift relative angular position of the housing assembly and the

rotor assembly;

a control valve for directing fluid to and from the chambers through an advance
line, a retard line, a common line, an advance detent line and a retard
detent line, the control valve being movable in a first bore towards an

advance mode, a holding position, a retard mode, and a detent mode,

a lock pin slidably located in the rotor assembly or the housing assembly, the lock
pin being moveable in the second bore from a locked position in which an
end portion engages the recess, locking the relative angular position of the
housing assembly and the rotor assembly, to an unlocked position, in

which the end portion does not engage the recess;

a piloted valve in the rotor assembly, movable from a first position to a second

position;

the method comprising the steps of, when the engine is in a stop mode of the stop-start

mode:
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adjusting a duty cycle of an actuator coupled to the control valve of the phaser to

command the control valve to a position other than the detent mode;

maintaining the duty cycle of the actuator to command the control valve to remain in

the position other than the detent mode until an automatic restart of the engine;

detecting if the key is in an off position, and if the key is in an off position,

performing the steps of:
restarting the engine;

commanding the phaser to the detent mode, such that the lock pin is moved to a
locked position and the phaser is locked in an intermediate phase angle

position; and
shutting down the engine.

10. The method of claim 9, wherein when the piloted valve is in the first position, fluid is
blocked from flowing through the piloted valve and wherein when the piloted
valve is in a second position, fluid is allowed to flow between the advance detent
line from the advance chamber and the retard detent line from the retard chamber
through the piloted valve and a common line, such that the rotor is moved to and

held in the intermediate phase angle position relative to the housing.

11. The method of claim 9, wherein when the control valve is commanded to the detent
mode, the piloted valve is moved to the second position, the advance detent line or
the retard detent line are in fluid communication with the common line through the
piloted valve, the rotor assembly is moved to and held in an intermediate phase

angle position relative to the housing assembly.
12. The method of claim 9, wherein the actuator is a variable force solenoid.

13. The method of claim 9, wherein the position other than the detent mode is a retard

position.

14. The method of claim 9, wherein the position other than the detent mode is an advanced

position.
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