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CAMSHAFT PHASER SYSTEMS AND
LOCKING PHASERS FOR THE SAME

BACKGROUND OF INVENTION
1. Field of Invention

[0001] The present invention relates, generally, to camshaft phaser systems and, more

specifically, to locking phasers for camshaft phaser systems.

2. Description of the Related Art

[0002] Conventional automotive camshaft timing systems (sometimes referred to as
“variable valve timing” systems) known in the art typically include an internal combustion
engine that has a crankshaft and one or more camshafts controlled by one or more camshaft
phasers. Phasers are used to alter the timing of valve events so as to improve engine
performance, fuel economy, and emissions. Phasers are typically operatively attached to an
end of the camshaft and are also in rotational communication with the engine crankshaft, so as
to either advance or retard the phase of the camshaft with respect to the crankshaft. Phasers
can be actuated in a number of different ways, and have historically been controlled using
servo-controlled hydraulic pressure. However, the recent trend in the art is to control phasers
with electric motors, which can provide broader phase control and improved response time.
The electric motor and phaser are operatively attached to ecach other and in rotational
communication so as to allow rotation of the electric motor to adjust the phase angle of the
camshaft. The electric motor is typically controlled by an engine control unit (ECU), which
also controls fuel delivery and ignition timing.

[0003] Electric motors used with camshaft phasers known in the art are typically
brushless DC electric motors, which provide longer life, better control, and faster response than
conventional brushed DC electric motors. To that end, phasers driven by electric motors are
better able to optimize the phase of the camshaft so as to provide increased engine performance
and response, as well as improved emissions. To cooperate with the electric motors, phasers
known in the art may include a friction-based locking mechanism to lock (or, “park”) the phaser
in one or more optimal pre-determined positions, depending on vehicle and engine operating
conditions.

[0004] Each of the components of a camshaft phaser system of the type described above
must cooperate to effectively control the phase angle of the camshaft. In addition, each of the

components must be designed not only to facilitate improved performance and efficiency, but
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also so as to reduce the cost and complexity of manufacturing and assembling the system.
While camshaft phaser systems known in the related art have generally performed well for their
intended purpose, there remains a need in the art for a camshaft phaser system that has superior
operational characteristics, and, at the same time, reduces the cost and complexity of
manufacturing the components of the system, as well as the overall dimensions of the various

components.

SUMMARY OF THE INVENTION

[0005] The present invention overcomes the disadvantages in the related art in a system
for controlling the phase between a camshaft and a crankshaft of an internal combustion engine.
The system includes an actuator and a phaser. The phaser is operatively attached to the
camshaft and is driven by the actuator so as to selectively control the phase of the camshaft.
The phaser includes: a first portion in rotational communication with the crankshaft, a second
portion operatively attached to the camshaft and disposed in rotational communication with the
first portion, and a third portion operatively attached to the actuator and disposed in rotational
communication with the second portion. One of the portions of the phaser includes a receiver,
and another of the portions of the phaser includes a lock for releasably engaging the receiver.
The lock has a first position wherein the portion which includes the receiver and the portion
which includes the lock can rotate with respect to each other, and a second position wherein
the portion which includes the receiver is rotatably coupled to the portion which includes the
lock. The lock is movable between the first position and the second position in response to a
predetermined torque differential occurring between the actuator and the camshaft.

[0006] In addition, the present invention is directed toward a phaser actuated by an
electric motor for controlling the phase between a camshaft and a crankshaft of an internal
combustion engine. The phaser includes a first portion, a second portion, and a third portion.
The first portion is in rotational communication with the crankshaft. The second portion is
operatively attached to the camshaft, is in rotational communication with the first portion, and
has a plurality of receivers spaced radially thereabout. The third portion is operatively attached
to the electric motor, is in rotational communication with the second portion, and has a plurality
of lock assemblies for releasably engaging the receivers of the second portion. The lock
assemblies have a first position wherein the third portion and the second portion can rotate with
respect to each other, and a second position wherein the third portion is rotatably coupled to

the second portion. The lock assemblies are movable between the first position and the second



WO 2015/200190 PCT/US2015/036928

position in response to a predetermined torque differential occurring between the second
portion and the third portion.

[0007] Further, the present invention is directed toward a phaser actuated by an electric
motor for controlling the phase between a camshaft and a crankshaft of an internal combustion
engine. The phaser includes a first portion, a second portion, and a third portion. The first
portion is in rotational communication with the crankshaft. The second portion is operatively
attached to the camshaft, is in rotational communication with the first portion, and has a
plurality of receivers spaced radially thereabout. The third portion is operatively attached to
the electric motor, is in rotational communication with the second portion, and has a plurality
of lever springs for releasably engaging the receivers of the second portion. The lever springs
have: a first position wherein the third portion and the second portion can rotate with respect
to each other, and a second position wherein the third portion is rotatably coupled to the second
portion. The lever springs are movable between the first position and the second position in
response to a predetermined torque differential occurring between the second portion and the
third portion.

[0008] In this way, the present invention significantly reduces the complexity and
packaging size of the phaser system and its associated components. Moreover, the present
invention reduces the cost of manufacturing camshaft phaser systems that have superior

operational characteristics, such as improved engine performance, control, and efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Other objects, features, and advantages of the present invention will be readily
appreciated as the same becomes better understood after reading the subsequent description
taken in connection with the accompanying drawings wherein:

[0010] Figure 1 is a pattial exploded perspective view of an antomotive engine showing
a camshaft phaser and an electric motor, according to one embodiment of the present invention.

[0011] Figure 2 1s an enlarged perspective view of a camshaft phascer in an asserabled
configuration, according to one embodiment of the present invention.

[0012] Figure 3 is an exploded perspective view of the camshaft phaser of Figore 2,
having a first, second, and third portion.

[0013] Figure 4 is a partially exploded view of the third portion of the camshaft phaser
of Figure 3 having locks as lock assemblies.

[0014] Figures SA-5B arc enlarged perspective views of two embodiments of the
second portion of the carushaft phaser of Figure 3.

3
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[0015] Figures 6A-6B are enlarged top plan views of two embodiments of the camshaft
phaser of Figures 2-3.

[0016] Figure 7 is an enlarged partial cross-sectional view of the camshaft phaser and
iock assemblics of Figure 2 1n an unlocked configuration with respect to the second portion of
the camshaft phaser.

[0017] Figurcs 8A-8B arc enlarged partial cross-sectional views of the lock assemblics
of Figure 7 in a locked configuration with respect to the two erabodiroents of the second portion
of the camshaft phaser of Figures 5A-5B.

[0018] Figure 9 is an enlarged perspective view of a camshatt phaser in an asserubled
configuration, according to one embodiment of the present invention.

[0019] Figure 10 1s an exploded perspective view of the camshaft phaser of Figure 9,
having a first, second, and third portion.

[0020] Figure 11 s an enlarged perspective view of the third portion of the camshatt
phaser of Figure 10 having locks as lever springs.

[0021] Figure 12 is an enlarged perspective view of the second portion of the camshaft
phaser of Figure 10

[0022] Figure 13 is a sectional view taken along line 13-13 of Figure 9 showing the
lever springs of Figure 11 in an unlocked configuration with respect to the second portion of
the camshaft phaser.

[0023] Figure 14 is an alternate sectional view of Figure 13 showing the lever springs

in a locked configuration with respect to the second portion of the camshaft phaser.

DETAILED DESCRIPTION OF THE INVENTION

[0024] Referring now to the figures, where like numerals are used to designate like
structure, a portion of an internal combustion engine of an automobile is illustrated at 20 in
Figure 1. The engine 20 includes a block 22 and one or more cylinder heads 24 mounted to
the block 22. A crankshaft 26 is rotatably supported in the block 22, and one or more camshafts
28 are rotatably supported in the cylinder head 24. The crankshaft 26 drives the camshafts 28
via a timing system, generally indicated at 30. The timing system 30 typically includes a chain,
generically shown at 32 in Figure 1, which interconnects a crankshaft sprocket 34 to one or
more camshaft sprockets 36 and phasers 38. The timing system 30 may also include a tension
guide 40 to ensure proper tension of the chain 32 in operation. While the representative
embodiment illustrated in Figure 1 depicts a chain 32 and sprockets 34, 36, those having

ordinary skill in the art will appreciate that the timing system 30 could utilize any suitable
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configuration sufficient to drive the camshafts 28 with the crankshaft 26 without departing
from the scope of the present example. By way of non-limiting example, a timing belt in
conjunction with timing gears could be utilized.

[0025] The engine 20 generates rotational torque which is subsequently translated by
the crankshaft 26 to the camshafts 28 which, in turn, actuate valves (not shown, but generally
known in the art) in the cylinder head 24 for controlling the timing of the flow of intake and
exhaust gasses. Specifically, the camshafts 28 control what is commonly referred to in the art
as “valve events,” whereby the camshaft 28 opens and closes intake and exhaust valves at
specific time intervals with respect to the rotational position of the crankshaft 26, so as to effect
a complete thermodynamic cycle of the engine 20. While the engine 20 illustrated in Figure 1
is a V-configured, dual-overhead-cam (DOHC), spark-ignition Otto-cycle engine, with phasers
38 on cach intake camshaft 28, those having ordinary skill in the art will appreciate that the
engine 20 could be of any suitable configuration, with any suitable number of camshafts 28
disposed in any suitable way, controlled using any suitable thermodynamic cycle, and with any
suitable number of phasers 38, without departing from the scope of the present invention. As
shown best in Figure 1, the phasers 38 are operatively attached to an end of one or more
camshafts 28 and are in rotational communication with the crankshaft 26. The phasers 38 are
configured to adjust the phase of the camshaft 28 with respect to the crankshaft 26 so as to alter
the timing of the valve events discussed above. To that end, the phasers 38 are typically in
rotational communication with an actuator 42, such as an electric motor (not shown in detail,
but generally known in the art) which is driven by a controller (not shown, but generally known
in the art), such as an engine control unit (ECU). Thus, the phaser 38 and actuator 42 define a
system 44 for controlling the phase between the camshaft 28 and crankshaft 26 of the engine
20, as discussed above. Each of these components will be described in greater detail below.

[0026] The actuator 42 actuates the phaser 38 and is operatively attached to and in
rotational communication with the phaser 38, as described in greater detail below. While the
actuator 42 shown and described herein is realized by a brushless DC electric motor, those
having ordinary skill in the art will appreciate that the actuator 42 could be of any suitable type
and could be configured in any suitable way, without departing from the scope of the present
invention. By way of non-limiting example, the actuator 42 could be hydraulic. As such, the
terms “actuator” and “electric motor” are used interchangeably herein in connection to
reference to numeral 42.

[0027] As discussed above, the system 44 of the present invention also includes a

phaser 38 operatively attached to the camshaft 28 and driven (or, “actuated”) by the actuator
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42 s0 as to selectively control the phase of the camshaft 28 with respect to the crankshaft 26 of
the engine 20. As best shown in Figures 3 and 10, the phaser 38 includes a first portion 46, a
second portion 48, and a third portion 50. The first portion 46 is in rotational communication
with the crankshaft 26. The second portion 48 is operatively attached to the camshaft 28 and
is in rotational communication with the first portion 46. The third portion 50 is operatively
attached to the actuator 42 and is in rotational communication with the second portion 48. In
the representative embodiment illustrated and described herein, the second portion 48 of the
phaser 38 has at least one receiver, indicated at 52, and the third portion 50 of the phaser 38
has at least one lock, indicated at 54, for releasably engaging the receiver 52. However, those
having ordinary skill in the art will appreciate that the specific configuration and/or
arrangement of the receiver 52 and/or the lock 54 could be effected in a number of different
ways without departing from the scope of the present invention. Specifically, it will be
appreciated that any one of the portions of the phaser 38 could include the receiver 52 and any
other one of the portions of the phaser 38 could include the lock 54. Moreover, as will be
appreciated from the subsequent description below, the phaser 38 could be designed or
otherwise configured in a number of different ways without departing from the scope of the
present invention. The portions 46, 48, 50, receiver 52, and lock 54 will be described in greater
detail below.

[0028] As discussed above, the first portion 46 is in rotational communication with the
crankshaft 26. To that end, the first portion 46 may include an outer gear 56 that engages the
chain 32 so as to drive the phaser 38, as discussed above. The first portion 46 may also include
a space, generally indicated at 58, to accommodate the second portion 48 (see Figures 3 and
10). Further, the first portion 48 may also include a primary inner gear 60 that cooperates with
the second portion 48 and the third portion 50 to translate rotation between the camshaft 28
and actuator 42, as discussed in greater detail below. However, those having ordinary skill in
the art will appreciate that the first portion 46 could have any shape, structure, or configuration
sufficient to be in rotational communication with the crankshaft 26 and the second portion 48
of the phaser 38, as described above, without departing from the scope of the present invention.

[0029] Referring now to Figures 3 and 10, as discussed above, the second portion 48 is
operatively attached to the camshaft 28. To that end, the second portion 48 may include a base
plate 62 having an aperture 64 disposed therein, through which a bolt 66 operatively attaches
the second portion 48 of the phaser 38 to the camshaft 28. However, it will be appreciated that
the second portion 48 could be configured differently and, thus, could be operatively attached
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to the camshaft 28 in any suitable way without departing from the scope of the present
invention.

[0030] Referring now to Figures 2, 3, 9, and 10, as discussed above, the second portion
48 is in rotational communication with the first portion 46. To that end, the second portion 48
may include a gear section 68 spaced from the base plate 62, with a ring 70 extending between
and merging with the base plate 62 and gear section 68, wherein the gear section 68 cooperates
with the third portion 50 and the primary inner gear 60 of the first portion 46 so as to translate
rotation between the electric motor 42 and the camshaft 28, as discussed in greater detail below.
However, it will be appreciated that the second portion 48 could be configured differently and,
thus, could be in rotational communication with the first portion 46 in any suitable way without
departing from the scope of the present invention.

[0031] Asnoted above, in the representative embodiments illustrated herein, the second
portion 48 includes at least one receiver 52 that is releasably engaged by the lock 54. To that
end, as will be appreciated from the discussion of the lock 54 below, the receiver 52 could be
formed, configured, or disposed in the second portion 48 in a number of different ways without
departing from the scope of the present invention. In one embodiment, the second portion 48
of the phaser 38 includes a plurality of receivers 52 radially spaced thereabout, and the third
portion 50 of the phaser 48 includes a corresponding plurality of locks 54. While the second
portion 48 shown in Figures 5A, 5B, and 12 includes three radially-spaced receivers 52, in
three separate embodiments (52A, 52B, and 52C, respectively, and discussed in greater detail
below), those having ordinary skill in the art will appreciate any suitable number of receivers
52 and/or any suitable number of locks 54 could be utilized without departing from the scope
of the present invention. Further, it will be appreciated that the number of receivers 52 could
differ from the number of locks 54, such as to implement a number of different stop positions,
without departing from the scope of the present invention.

[0032] As discussed above, the receiver 52 could be formed in a number of different
ways depending on the application. In one embodiment, the receiver 52 of the second portion
48 of the phaser 38 is realized as a slot 52A, 52B (see Figures 3, 5A, 6A, and 8A) that
cooperates with the lock 54 as described in greater detail below. In another embodiment, the
receiver 52 of the second portion 48 of the phaser 38 is realized as a cylindrical aperture 52C
(see Figures 10, 12, 14, and 14). Moreover, it will be appreciated that the receiver 52, 52A,
52B, 52C could be disposed in any suitable location of the second portion 48 of the phaser 38
without departing from the scope of the present invention. In one embodiment, the receiver

52, 52A, 52C is disposed in the base plate 62 of the second portion 48 of the phaser 38 (see
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Figures 3, SA-6B, 8A, and 8B). In another embodiment, the receiver 52, 52B is disposed in
the ring 70 of the second portion 48 of the phaser 38 (see Figures 10, 12, 13, and 14). While
the embodiment of the receiver 52, 52B disposed in the ring 70 is formed as a slot 52B, it will
be appreciated that the receiver 52B could be of any suitable type or configuration sufficient to
cooperate with the lock 54 without departing from the scope of the present invention.

[0033] Referring now to Figures 2, 9, and 11, in one embodiment, the third portion 50
of the phaser 38 is realized with a carrier assembly 50A having a bracket body 72, a sun gear
74, and a plurality of planet gears 76. The sun gear 74 is operatively attached to and in
rotational communication with the electric motor 42. The planet gears 76 are rotatably
supported by the bracket body 72, are disposed radially about the sun gear 74, and are in
rotational communication with the sun gear 74 and at least one of the first portion 46 and the
second portion 48 of the phaser 38. Specifically, those having ordinary skill in the art will
appreciate that the planet gears 76 engage the primary inner gear 60 of the first portion 46, as
well as the gear section 68 of the second portion 48. However, the third portion 50 of the
phaser 38 could be designed or configured in any way suitable to operatively attach to the
electric motor 42 and be in rotational communication with the second portion 48 of the phaser
48, without departing from the scope of the present invention. Further, while the carrier
assembly 50A shown in Figures 2, 9, and 11 includes three planet gears 76, it will be
appreciated that any suitable number of planet gears 76 could be used. Moreover, it will be
appreciated that the sun gear 74 and planet gears 76 could be designed, configured, or otherwise
oriented differently, or could be interchanged or realized as any other suitable type of gear
reduction assembly, without departing from the scope of the present invention.

[0034] As discussed above, in the representative embodiments illustrated herein, the
third portion 50 of the phaser 38 includes a lock 54 for engaging the receiver 52. The lock 54
has a first position 78 and a second position 80. In the first position 78, the third portion 50 of
the phaser 38 and the second portion 48 of the phaser 38 can rotate with respect to each other.
In the second position 80, the third portion 50 of the phaser 38 is rotatably coupled to the second
portion 48 of the phaser 38. The lock 54 is movable between the first position 78 and the
second position 80 in response to a predetermined torque differential occurring between the
electric motor 42 and the camshaft 28. Similarly, in one embodiment, the lock 54 is movable
between the first position 78 and the second position 80 in response to a predetermined torque
differential occurring between the second portion 48 of the phaser 38 and the third portion 50
of the phaser 38.
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[0035] Referring now to Figures 4 and 7-8, in one embodiment, the lock 54 is realized
as a lock assembly 54A which has a body 82 with an inner chamber 84, a key element 86, and
a spring 88. The key element 86 is at least partially disposed in the inner chamber 84 and is
adapted to releasably engage the receiver 52, 52A, 52C of the second portion 48 of the phaser
38. As shown best in Figures 7-8B, the key element 86 is formed as a sphere that releasably
engages the receiver 52, 52A, 52C of the base plate 62 of the second portion 48 of the phaser
38. It will be appreciated that the key element 86 of the lock assembly 54A can releasably
engage different types of receivers 52, such as the slot 52A and the cylindrical aperture 52C
discussed above. Moreover, it will be appreciated that they key element 86 could have any
shape or configuration suitable to releasably engage and release the receiver 52, as discussed
above, without departing from the scope of the present invention. The spring 88 of the of the
lock assembly 54A is disposed in the inner chamber 84 of the body 82 and engages the key
element 86 for allowing the lock 54, 54A to move between the first position 78 (see Figure 7)
and the second position 80 (see Figures 8 A and 8B). While the spring 88 shown in Figures 4,
and 7-8B is a compression spring, those having ordinary skill in the art will appreciate that the
spring 88 could be configured differently without departing from the scope of the present
invention. Moreover, the body 82 of the lock assembly 54A may include a threaded portion
90 for adjusting the position and, thus, the engagement between the lock 54 and the receiver
52. However, those having ordinary skill in the art will appreciate that the lock assembly 54A
could be configured differently without departing from the scope of the present invention.

[0036] Referring now to Figures 9-14, in one embodiment, the lock 54 is realized as a
lever spring 54B having a first end 92, a second end 94, and a mid portion 96. The first end 92
is operatively attached to the third portion 50 of the phaser 38. The second end 94 is spaced
from the first end 92 and has an engagement portion 98 for releasably engaging the receiver
52, 52B of the second portion 48 of the phaser 38. The mid portion 96 extends between and
merges with the first end 92 and the second end 94 for allowing the lock 54, 54B to move
between the first position 78 (see Figure 13) and the second position 80 (see Figure 14). While
the mid portion 96 has a curved-shaped profile, those having ordinary skill in the art will
appreciate that the mid portion 96 could be configured or shaped differently without departing
from the scope of the present invention. Moreover, it will be appreciated that the lever spring
54B could be of any suitable type or have any configuration sufficient to releasably engage the
receiver 52, 52B, as discussed above, without departing from the scope of the present invention.

[0037] In operation, the lock 54 of the phaser 38 moves to the second position 80 based

on relative position under predetermined operating conditions and moves from the second
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position 80 to the first position 78 based on the predetermined rotational torque differential, as
noted above. More specifically, when the lock 54 engages the receiver 52 in the second
position 80, the phase of the camshaft 28 can be maintained until rotational torque from the
actuator 42 moves the lock 54 to the first position 78. Thus, it will be appreciated that the
detent-style configuration of the lock 54 and receiver 52 cooperate passively maintain camshaft
28 phase until the actuator 42 translates sufficient rotational torque to move the lock 54 to the
first position 78. Similarly, those having ordinary skill in the art will appreciate that the amount
of rotational torque required to move the lock 54 to the first position 78 can be easily adjusted
by modifying the configuration, orientation, and/or spacing of the lock 54 and/or the receiver
52. By way of non-limiting example, the geometry of the lever spring 54B or the properties of
the compression spring 88 of the lock assembly 54A could be adjusted to cooperate with
different types of actuators 42 in a number of different applications.

[0038] In this way, the phaser 38 and systems 44 of the present invention significantly
reduce the complexity, cost, and packaging size of the phaser 38 and its associated components.
Specifically, it will be appreciated that the present invention allows the use of phasers 38 that
can lock in predetermined locations that define specific camshaft 28 phase angles. Further, it
will be appreciated that the locks 54 are not friction based and function as detents which remain
predictable and consistent with use over time, thereby ensuring robustness of the phaser 38 in
operation. Further still, the arrangement of the locks 54 and/or receivers 52 afford opportunities
for enhanced phasers 38 packaging sizes and geometry, optimized gear reduction, and
flexibility with respect to the number of stop positions so as to provide further functionality.
Moreover, the present invention reduces the cost of manufacturing camshaft 28 phaser systems
44 that have superior operational characteristics, such as improved performance, control
capability, weight, component life and longevity, and efficiency.

[0039] The invention has been described in an illustrative manner. It is to be
understood that the terminology which has been used is intended to be in the nature of words
of description rather than of limitation. Many modifications and variations of the invention are
possible in light of the above teachings. Therefore, within the scope of the appended claims,

the invention may be practiced other than as specifically described.
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What is claimed is:

1. A system (44) for controlling the phase between a camshaft (28) and a
crankshaft (26) of an internal combustion engine (20), said system (44) comprising:
an actuator (42); and
a phaser (38) operatively attached to the camshaft (28) and driven by said actuator (42)
so as to selectively control the phase of the camshaft (28), said phaser (38) including: a first
portion (46) in rotational communication with the crankshaft (26), a second portion (48)
operatively attached to the camshaft (28) and disposed in rotational communication with said
first portion (46), and a third portion (50) operatively attached to said actuator (42) and disposed
in rotational communication with said second portion (48);
wherein one of said portions of said phaser (38) includes a receiver (52), and another
of said portions of said phaser (38) includes a lock (54) for releasably engaging said receiver
(52), said lock (54) having:
a first position (78) wherein said portion which includes said receiver (52) and
said portion which includes said lock (54) can rotate with respect to each other; and
a second position (80) wherein said portion which includes said receiver (52) is
rotatably coupled to said portion which includes said lock (54);
said lock (54) being movable between said first position (78) and said second
position (80) in response to a predetermined torque differential occurring (70) between

said actuator (42) and the camshaft (28).

2. The system (44) as set forth in claim 1, wherein said phaser (38) includes a
plurality of radially spaced receivers (52) and a corresponding plurality of locks (54).

3. The system (44) as set forth in claim 1, wherein said second portion (48) of said
phaser (38) has a base plate (62), a gear section (68) spaced from said base plate (62), and a
ring (70) extending between and merging with said base plate (62) and said gear section (68).

4. The system (44) as set forth in claim 3, wherein said receiver (52) is disposed

in said base plate (62) of said second portion (48) of said phaser (38).

5. The system (44) as set forth in claim 4, wherein said lock (54) further includes
a lock assembly (54A) having: a body (82) with an inner chamber (84); a key clement (86) at
least partially disposed in said inner chamber (84) for releasably engaging said receiver (52) of

said second portion (48) of said phaser (38); and a spring (88) disposed in said inner chamber
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(84) and engaging said key element (86) for allowing said lock (54) to move between said first
position (78) and said second position (80).

6. The system (44) as set forth in claim 3, wherein said receiver (52) is disposed

in said ring (70) of said second portion (48) of said phaser (38).

7. The system (44) as set forth in claim 6, wherein said lock (54) includes a lever
spring (54B) having: a first end (92) operatively attached to said third portion (50) of said
phaser (38); a second end (94) spaced from said first end (92) and having an engagement
portion (98) for releasably engaging said receiver (52) of said second portion (48) of said phaser
(38); and a mid portion (96) extending between and merging with said first end (92) and said
second end (94) for allowing said lock (54) to move between said first position (78) and said

second position (80).

8. The system (44) as set forth in claim 1, wherein said receiver (52) includes a
slot (52A/52B).
9. The system (44) as set forth in claim 1, wherein said receiver (52) includes a

cylindrical aperture (52C).

10.  The system (44) as set forth in claim 1, wherein said third portion (50) of said
phaser (38) includes a carrier assembly (50A) having: a bracket body (72); a sun gear (74) in
rotational communication with said actuator (42); and a plurality of planet gears (76) rotatably
supported by said bracket body (72), disposed radially about said sun gear (74), and in
rotational communication with said sun gear (74) and at least one of said first portion (46) of

said phaser (38) and said second portion (48) of said phaser (38).

11. A phaser (38) actuated by an electric motor (42) for controlling the phase
between a camshaft (28) and a crankshaft (26) of an internal combustion engine (20), said
phaser (38) comprising:

a first portion (46) in rotational communication with the crankshaft (26);

a second portion (48) operatively attached to the camshaft (28), in rotational
communication with said first portion (46), and having a plurality of receivers (52) spaced

radially thereabout; and

12
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a third portion (50) operatively attached to the electric motor (42), in rotational
communication with said second portion (48), and having a plurality of lock assemblies (54A)
for releasably engaging said receivers (52) of said second portion (48); said lock assemblies
(54A) having: a first position (78) wherein said third portion (50) and said second portion (48)
can rotate with respect to each other, and a second position (80) wherein said third portion (50)
is rotatably coupled to said second portion (48), said lock assemblies (54A) being movable
between said first position (78) and said second position (80) in response to a predetermined

torque differential occurring (70) between said second portion (48) and said third portion (50).

12. A phaser (38) actuated by an electric motor (42) for controlling the phase
between a camshaft (28) and a crankshaft (26) of an internal combustion engine (20), said
phaser (38) comprising:

a first portion (46) in rotational communication with the crankshaft (26);

a second portion (48) operatively attached to the camshaft (28), in rotational
communication with said first portion (46), and having a plurality of receivers (52) spaced
radially thereabout; and

a third portion (50) operatively attached to the electric motor (42), in rotational
communication with said second portion (48), and having a plurality of lever springs (54B) for
releasably engaging said receivers (52) of said second portion (48), said lever springs (54B)
having: a first position (78) wherein said third portion (50) and said second portion (48) can
rotate with respect to each other, and a second position (80) wherein said third portion (50) is
rotatably coupled to said second portion (48), said lever springs (54B) being movable between
said first position (78) and said second position (80) in response to a predetermined torque

differential occurring (70) between said second portion (48) and said third portion (50).

13. The phaser (38) as set forth in claim 12, wherein said lever springs (54B) each
have: a first end (92) operatively attached to said third portion (50); a second end (94) spaced
from said first end (92) and having an engagement portion (98) for releasably engaging said
receiver (52) of said second portion (48); and a mid portion (96) extending between and
merging with said first end (92) and said second end (94) for allowing said lever spring (54B)

to move between said first position (78) and said second position (80).

14.  The phaser (38) as set forth in claim 12, wherein said second portion (48) has a
base plate (62), a gear section (68) spaced from said base plate (62), and a ring (70) extending

13
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between and merging with said base plate (62) and said gear section (68); and wherein said

receivers (52) each include a slots (52A/52B) disposed in said ring (70).

15.  The phaser (38) as set forth in claim 12, wherein said third portion (50) includes
a carrier assembly (50A) having: a bracket body (72); a sun gear (74) in rotational
communication with the electric motor (42); and a plurality of planet gears (76) rotatably
supported by said bracket body (72), disposed radially about said sun gear (74), and in
rotational communication with said sun gear (74) and at least one of said first portion (46) and

said second portion (48).
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