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ABSTRACT

A redundant actuation lock apparatus includes an interface, an electronic
mechanism, and a manual mechanism. The interface manipulates lock bar(s) into a
locked/unlocked position. The electronic mechanism includes an actuator and power
drive. The actuator is disengageably coupled to and drives the interface. The power
drive is coupled to and drives the actuator in response to a control signal. The manual
mechanism includes a key input and an output. The key input receives and rotates with
a mechanical key. The output disengageably couples to the interface and rotates with
the mechanical key. The actuator is engaged with and the output is disengaged from
the interface in an electronic mode, while the actuator is disengaged from and the

output is engaged with the interface in a manual mode.



REDUNDANT ACTUATION LOCK DECOUPLING SYSTEM
AND METHODS OF USE

FIELD

Certain embodiments are related to a redundant actuation lock decoupling system and
method of use. More specifically, various embodiments provide a redundant actuation
lock apparatus having mechanisms for decoupling an interface that moves one or more
lock bars between locked and unlocked positions from a manual key lock mechanism if
operating in an electronic lock actuation mode and from an electronic lock mechanism if

operating in a manual key lock actuation mode.
BACKGROUND

Electronic locking devices provide several advantages over conventional mechanical
key locking systems. For example, electronic locking devices may allow remote control
of a lock, proximity-based control of the lock, the addition or removal of keys without re-
keying a lock cylinder, key access activity recording, and the like. Electronic locking
devices may rely, however, on a power source and a wireless connection, among other
things. Accordingly, it may be advantageous to retain a redundant manual operation
capability to bypass the electronic control in the event of a failure of one or more

components of the electronic locking device.

Existing electronic locking devices with redundant manual operation capability suffer
from various problems. For example, typical electronic actuated mechanisms do not
function independent of the manual key mechanism. Moreover, even in systems having
mechanisms for disengaging components of one or both of the electronic locking device
when operating the manual key mechanism or vice versa, the disengagement does not
occur at the interface that moves the lock bar(s) between locked and unlocked
positions. Instead, the interface continues interacting with components of the electronic

locking device when operating the manual key mechanism or vice versa, which
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increases the wear and tear on some of the components of the system and may

increase the power drive force or manual drive force needed to operate the system.

Further limitations and disadvantages of conventional and traditional approaches will
become apparent to one of skill in the art, through comparison of such systems with
some aspects of the present disclosure as set forth in the remainder of the present

application with reference to the drawings.

BRIEF SUMMARY

A redundant actuation lock apparatus is configured to decouple a lock bar interface from
a manual key lock mechanism in an electronic lock actuation mode and configured to
decouple the lock bar interface from an electronic lock mechanism in a manual key lock
actuation mode, substantially as shown in and/or described in connection with at least

one of the figures.

These and other advantages, aspects and novel features of the present disclosure, as
well as details of illustrated embodiments, will be more fully understood from the

following description and drawings.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

FIG. 1 is a perspective view of an exemplary redundant actuation lock apparatus, in

accordance with various embodiments.

FIG. 2 is a perspective view of an exemplary lock bar interface, in accordance with

various embodiments.

FIG. 3 is a front view of an exemplary key input, in accordance with various

embodiments.

FIG. 4 is a perspective view of an exemplary manual key lock mechanism, in

accordance with various embodiments.

FIG. 5 is a top view of an exemplary redundant actuation lock apparatus having an

actuator engaged with the lock bar interface, in accordance with various embodiments.

CA 2955963 2018-01-30



FIG. 6 is a flow diagram that illustrates exemplary steps for moving lock bar(s) to locked
or unlocked positions via an electronic lock actuation mode, in accordance with various

embodiments.

FIG. 7 is partial cross-sectional views of a portion of an exemplary redundant actuation
lock apparatus transitioning from an unlocked position to a locked position via an

electronic lock actuation mode, in accordance with various embodiments.

FIG. 8 is partial cross-sectional views of a portion of an exemplary redundant actuation
lock apparatus transitioning from a locked position to an unlocked position via an

electronic lock actuation mode, in accordance with various embodiments.

FIG. 9 is a top view of an exemplary redundant actuation lock apparatus having an
actuator disengaged from the lock bar interface, in accordance with various

embodiments.

FIG. 10 is a flow diagram that illustrates exemplary steps for moving lock bar(s) to
locked or unlocked positions via a manual key lock actuation mode, in accordance with

various embodiments.

FIG. 11 is partial cross-sectional views of a portion of an exemplary redundant actuation
lock apparatus having a first interlock geometry transitioning from an unlocked position
to a locked position via a manual key lock actuation mode, in accordance with various

embodiments.

FIG. 12 is partial cross-sectional views of a portion of an exemplary redundant actuation
lock apparatus having a first interlock geometry transitioning from a locked position to
an unlocked position via a manual key lock actuation mode, in accordance with various

embodiments.

FIG. 13 is partial cross-sectional views of a portion of an exemplary redundant actuation
lock apparatus having a second interlock geometry transitioning from an unlocked
position to a locked position via a manual key lock actuation mode, in accordance with
various embodiments.

FIG. 14 is partial cross-sectional views of a portion of an exemplary redundant actuation

lock apparatus having a second interlock geometry transitioning from a locked position
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to an unlocked position via a manual key lock actuation mode, in accordance with

various embodiments.

FIG. 15 is a perspective view of an alternative exemplary redundant actuation lock

apparatus in a locked position, in accordance with various embodiments.

FIG. 16 is a perspective view of an exemplary ramp and stop of an exemplary lock bar
interface of the alternative exemplary redundant actuation lock apparatus, in

accordance with various embodiments.

FIG. 17 is a perspective view of an alternative exemplary redundant actuation lock

apparatus in an unlocked position, in accordance with various embodiments.

FIG. 18 is a side view of an alternative exemplary redundant actuation lock apparatus in

an unlocked position, in accordance with various embodiments.

DETAILED DESCRIPTION

Certain embodiments may be found in a redundant actuation lock apparatus 100 and
methods 200, 300 of using the redundant actuation lock apparatus 100. More
specifically, certain embodiments provide a redundant actuation lock apparatus 100
configured to decouple a lock bar interface 110 from a manual key lock mechanism
140-154 if the redundant lock apparatus 100 is operating in an electronic lock actuation
mode, and configured to decouple the lock bar interface 110 from an electronic lock
mechanism 120-138 if the redundant lock apparatus 100 is operating in a manual key
lock actuation mode. In this way, the redundant actuation lock apparatus 100 provides
mutually independent electronic lock and manual key lock mechanisms. In various
embodiments, the manual key lock mechanism 140-154 comprises a lock cylinder
output 150 having an internal interlock 152 configured to disengageably couple with the
lock bar interface 110. In certain embodiments, the manual key lock mechanism 140-
154 comprises a lock cylinder output 150 having an external cam 154 configured to
disengage and/or reengage the actuator 130 of the electronic lock mechanism 120-138
to the lock bar interface 110.

As used herein, an element recited in the singular and proceeded with the word “a” or

“‘an” should be understood as not excluding the plural of the elements, unless such
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exclusion is explicitly stated. Furthermore, references to “an embodiment,” “one

nou LIS [LINT]

embodiment,” “a representative embodiment,” “an exemplary embodiment,” “various
embodiments,” “certain embodiments,” and the like are not intended to be interpreted as
excluding the existence of additional embodiments that also incorporate the recited
features. Moreover, unless explicitly stated to the contrary, embodiments “comprising,”
“including,” or “having” an element or a plurality of elements having a particular property

may include additional elements not having that property.

Although certain embodiments in the foregoing description may be described as
operating to lock and/or unlock a tool box, for example, unless so claimed, the scope of
various aspects of the present disclosure should not be limited to tool boxes and may
additionally and/or alternatively be applicable to any suitable apparatus utilizing a
locking mechanism.

FIG. 1 is a perspective view of an exemplary redundant actuation lock apparatus 100, in
accordance with various embodiments. Referring to FIG. 1, the redundant actuation
lock apparatus 100 may comprise a lock bar interface 110, an electronic lock
mechanism 120-138, and a manual key lock mechanism 140-154. The lock bar
interface 110 is configured to move lock bar(s) 102 between locked and unlocked
positions. The lock bar interface 110 may be engaged with the electronic lock
mechanism 120-138 and disengaged from the manual key lock mechanism 140-154 if
operating in an electronic lock actuation mode to lock and/or unlock the lock bar(s) 102.
The lock bar interface 110 may be engaged with the manual key lock mechanism 140-
154 and disengaged from the electronic lock mechanism 120-138 if operating in a
manual key lock actuation mode to lock and/or unlock the lock bar(s) 102. FIG. 2 is a
perspective view of an exemplary lock bar interface 110, in accordance with various
embodiments. Referring to FIG. 2, the lock bar interface 110 may comprise gear teeth
112 and a gear head 114. The lock bar gear teeth 112 may be configured to
disengageably couple with an actuator 130 of the electronic lock mechanism 120-138 to
lock and/or unlock the lock bar(s) 102 in the electronic lock actuation mode. The lock
bar gear teeth 112 may, for example, mesh with actuator gear teeth 132 if engaged
such that the actuator 130 may drive the lock bar interface 110. The lock bar gear head

114 may be configured to disengageably couple with a lock cylinder output 150 of the
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manual key lock mechanism 140-154 to lock and/or unlock the lock bar(s) 102 in the
manual key lock actuation mode. The lock bar gear head 114 may be, for example, a
shaft having at least two flat edges that may be engaged and driven by a lock cylinder

interlock 152 of the lock cylinder output 150 as described below.

Referring again to FIG. 1, the electronic lock mechanism 120-138 may comprise a
power drive 120 and an actuator 130. The primary power drive 120 may be an electric
motor, such as a DC motor, or any suitable motor. The primary power drive 120 may be
configured to receive a control signal and in response, may be operable to drive the
actuator 130 in one of a first direction to interact with the lock bar interface 110 to lock
the lock bar(s) 102 or in a second direction to interact with the lock bar interface 110 to
unlock the lock bar(s) 102. For example, the primary power drive 120 may comprise a
power drive gear 122 having gear teeth configured to mate with gear teeth 134 of the
actuator 130. The power drive gear 122 may be rotated by the power drive 120 in one
of a first direction to drive the actuator 130 in a first direction or a second direction to
drive the actuator 130 in a second direction. The control signal may correspond with a
detected proximity of a mobile device or an activation of a button or switch on the
mobile device, such as a smartphone, remote control, or any suitable mobile device.
The detected proximity and/or activation of the button or switch on the mobile device
may correspond with an instruction for moving the lock bar(s) 102 to a locked position or

an unlocked position.

The actuator 130 may comprise an interface 132 to the lock bar interface 110, an
interface 134 to the power drive 120, a decoupling device 136, and a flexible biasing
member 138. The interface 132 to the lock bar interface 110 may be, for example, gear
teeth for meshing with the lock bar gear teeth 112. The interface 134 to the power drive
120 may be, for example, gear teeth meshing with the gear teeth of the power drive
gear 122. The decoupling device 136 may be, for example, a protrusion extending from
a head of the actuator 130. In various embodiments, the protrusion 136 may be pushed
to move the actuator 130 away from the lock bar interface 110, thereby disengaging the
actuator 130 and the lock bar interface 110. For example, as described in more detail
below, the lock cylinder output 150 may include a cam 154 that can rotate with the

rotation of a mechanical key to push the protrusion 136 and disengage the actuator
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gear teeth 132 from the lock bar gear teeth 112 to set the redundant actuation lock
apparatus 100 in a manual key lock actuation mode. The flexible biasing member 138
may be operable to allow the actuator 130 to disengage from the lock bar interface 110
if the redundant actuation lock apparatus 100 is set to a manual key lock actuation
mode. The flexible biasing member 138 may be configured to bias the actuator 130 in
engagement with the lock bar interface 110 if the redundant actuation lock apparatus
100 is not set to a manual key lock actuation mode. For example, the flexible biasing
member 138 may be a spring or any suitable mechanism for biasing the actuator 130 to
an engaged position and providing the flexibility to move to a disengaged position in

response to a force exceeding a bias threshold.

Still referring to FIG. 1, the manual key lock mechanism 140-154 may comprise a key
input 140, a lock cylinder 146, and a lock cylinder output 150. The key input 140 may
be a plug having a slot for accepting a mechanical key. The plug may pivot with rotation
of an inserted key. The lock cylinder 146 may be a hollow cylindrical body having a
radially projecting chamber, extending along the length of the body for containing pins
and bolts. The pins may be employed to prevent pivoting of the plug without the correct
mechanical key. The bolts may be coupled at one end to the plug and at an opposite
end to a lock cylinder output 150. The bolts may pivot with the plug based on the
rotation of the mechanical key, the pivoting of the bolts rotating the lock cylinder output
150 at the opposite end of the lock cylinder 146 in a first direction to lock the lock bar(s)
102 and a second direction to unlock the lock bar(s) 102. The key input 140 and lock
cylinder 146 may be mounted to a device, such as a toolbox or any suitable apparatus
utilizing a locking mechanism, by a mounting plate 142. In various embodiments, the
mounting plate 142 may include markings 144 identifying an unlocked position, a locked
position, or any suitable position. FIG. 3 is a front view of an exemplary key input 140,
in accordance with various embodiments. Referring to FIG. 3, the key input 140 may
comprise a slot in a plug for receiving a mechanical key. The key input may be
mounted to the toolbox or any suitable apparatus by the mounting plate 142. The
mounting plate 142 may comprise markings 144 illustrating the lock position, unlock
position, and/or a central position, for example. In certain embodiments, the central

position may correspond with an electronic lock actuation mode.
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Referring again to FIG. 1, the rotatable lock cylinder output 150 at the end of the
stationary lock cylinder 146 may be disengageably coupled to the lock bar interface
110. The lock cylinder output 150 may be configured to engage and drive the lock bar
interface 110 in a first direction to cause the lock bar interface 110 to lock the lock bar(s)
102 or in a second direction to cause the lock bar interface 110 to unlock the lock bar(s)
102 if the redundant actuation lock apparatus 100 is set to a manual key lock actuation
mode. In various embodiments, the lock cylinder output 150 may be configured to
simultaneously or sequentially disengage the actuator 130 from the lock bar interface
110 and engage the lock cylinder output 150 with the lock bar interface 110 to set the

redundant actuation lock apparatus to a manual key lock actuation mode.

FIG. 4 is a perspective view of an exemplary manual key lock mechanism 140-154, in
accordance with various embodiments. Referring to FIG. 4, the manual key lock
mechanism 140-154 may comprise a lock cylinder 146 coupled to a mounting plate 142
and having a lock cylinder output 150. The lock cylinder output 150 may be a rotatable
sleeve, for example, at the end of the lock cylinder 146. The lock cylinder output 150
may comprise an internal interlock portion 152 and an exterior cam portion 154. The
internal interlock portion 152 may comprise a shape having a plurality of edges for
driving the flat edges of the lock bar gear head 114 shaft such that the lock bar interface
110 rotates to lock or unlock the lock bar(s) 102. For example, one or more of the
plurality of edges of the internal interlock portion 152 of the lock cylinder output 150 may
engage and drive the lock bar gear head 114 in a first direction if the lock cylinder
output 150 is rotated by a mechanical key in the first direction to lock the lock bar(s)
102. As another example, a different one or more of the plurality of edges of the
internal interlock portion 152 of the lock cylinder output 150 may engage and drive the
lock bar gear head 114 in a second direction if the lock cylinder output 150 is rotated by
the mechanical key in the second direction to unlock the lock bar(s) 102. FIGS. 4, 7, 8,
11, and 12 show a first exemplary embodiment of an exemplary shape of the internal
interlock portion 152. FIGS. 13 and 14 illustrate a second exemplary embodiment of an
exemplary shape of the internal interlock portion 152.

Referring again to FIG. 4, the exterior cam portion 154 of the lock cylinder output 150

may comprise a projected or bulged shape configured to disengage the actuator 130 of
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the electronic lock mechanism 120-138 from the lock bar interface 110. For example,
as a mechanical key inserted in the key input 140 is turned to rotate the lock cylinder
output 150, the projection or bulged shape of the exterior cam portion 154 may pivot
and push the protrusion 136 extending from the head of the actuator 130 to move the
gear teeth 132 of the actuator 130 away from the lock bar gear teeth 112 of the lock bar
interface 110. The separation of the actuator gear teeth 132 from the lock bar gear
teeth 112 disengages the actuator 130 and the lock bar interface 110. In operation,
simultaneously with (see FIGS. 11-12) or subsequent to (see FIGS. 13-14) the exterior
cam portion 154 disengaging the actuator 130 of the electronic lock mechanism 120-
138 from the lock bar interface 110, the internal interlock portion 152 of the lock cylinder
output 150 engages the lock bar interface 110 via the lock bar gear head 114 to
manually lock or unlock the lock bar(s) 102 with the rotation of the mechanical key.

FIG. 5 is a top view of an exemplary redundant actuation lock apparatus 100 having an
actuator 130 engaged with the lock bar interface 110, in accordance with various
embodiments. Referring to FIG. 5, the redundant actuation lock apparatus 100
comprises an electronic lock mechanism 120-138 engaged with the lock bar interface
110 and a manual key lock mechanism 140-154 disengaged with the lock bar interface
110 in an electronic lock actuation mode. The electronic lock mechanism 120-138
comprises a power drive 120 and an actuator 130. The power drive 120 may be
wirelessly controlled to drive the actuator 130, which drives the lock bar interface 110 to
lock or unlock the lock bar(s) 102. The power drive 120 may comprise a power drive
gear 122 that may be rotated by the power drive 120 in a first direction to lock the lock
bar(s) 102 and in a second direction to unlock the lock bar(s) 102. The actuator 130
may comprise gear teeth 134 for meshing with the power drive gear 122. The actuator
130 may comprise gear teeth 132 that mesh with gear teeth 112 of the lock bar
interface 110 to drive the lock bar interface 110. The actuator 130 may comprise a
flexible biasing member 138 for biasing the actuator 130 to engagement with the lock
bar interface 110. The actuator 130 may comprise a decoupling device 136 used to
disengage the actuator 130 from the lock bar interface 110. For example, a force
received at the decoupling device 136 that exceeds a bias threshold of the flexible
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biasing member 138 may push the actuator 130 away from the lock bar interface 110 to

disengage the actuator gear teeth 132 and the lock bar interface gear teeth 112,

The manual key lock mechanism 140-154 may comprise a key input 140 at one end of
a lock cylinder 146 and a lock cylinder output 150 at an opposite end of the lock cylinder
146. The key input 140 and lock cylinder 146 may be coupled to an apparatus having
the redundant actuation lock apparatus 100 by a key input mounting plate 142. The
lock cylinder output 150 may be disengageably coupled to the lock bar interface 110.

The exemplary redundant actuation lock apparatus 100 illustrated in FIG. 5 shares
various characteristics with the exemplary redundant actuation lock apparatus 100
ilustrated in FIGS. 14 as described above.

FIG. 6 is a flow diagram that illustrates exemplary steps 202-210 for moving lock bar(s)
102 to locked or unlocked positions via an electronic lock actuation mode, in
accordance with various embodiments. Referring to FIG. 6, there is shown a flow chart
200 comprising exemplary steps 202 through 210. Certain embodiments of the present
disclosure may omit one or more of the steps, and/or perform the steps in a different
order than the order listed, and/or combine certain of the steps discussed below. For
example, some steps may not be performed in certain embodiments. As a further
example, certain steps may be performed in a different temporal order than listed below,
including but not limited to simultaneously. Although the method is described with
reference to the exemplary elements of the systems described above, it should be

understood that other implementations are possible.

At step 202, a control signal for activating a power drive 120 of a redundant actuation
lock apparatus 100 operating in an electronic lock actuation mode is received. For
example, a power drive 120, which may be an electric motor, such as a DC motor, or
any suitable motor, can receive a signal for turning on the motor. In various
embodiments, the signal may be a wireless signal corresponding with a detected
proximity of a mobile device or an activation of a button or switch on the mobile device,
such as a smartphone, remote control, or any suitable mobile device. The detected
proximity and/or activation of the button or switch on the mobile device may correspond

with an instruction for moving the lock bar(s) 102 to a locked position or an unlocked

10
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position. The electronic lock actuation mode may correspond with the redundant
actuation lock apparatus 100 having an actuator engaged with a lock bar interface 110
as illustrated, for example, in FIG. 5. In various embodiments, the redundant actuation
lock apparatus 100 may be in the electronic lock actuation mode by default. For
example, a flexible biasing member 138 of the actuator 130 may bias the actuator 130
to engage the lock bar interface 110. The redundant actuation lock apparatus 100 may
be switched to a manual key lock actuation mode, as described below with reference to
FIGS. 9-14, by rotating a mechanical key in the key input 140 to disengage the actuator
130 from the lock bar interface 110.

FIG. 7 is partial cross-sectional views of a portion of an exemplary redundant actuation
lock apparatus 100 transitioning from an unlocked position to a locked position via an
electronic lock actuation mode, in accordance with various embodiments. FIG. 8 is
partial cross-sectional views of a portion of an exemplary redundant actuation lock
apparatus 100 transitioning from a locked position to an unlocked position via an
electronic lock actuation mode, in accordance with various embodiments. Referring to
FIGS. 5-8, if a mechanical key has not been inserted into the key input 140 and/or if the
key input 140 is in a position corresponding with the electronic lock actuation mode,
such as a central position, the redundant actuation lock apparatus 100 may be in a start
position corresponding with an electronic lock actuation mode where the actuator 130 is
engaged with the lock bar interface 110 and the lock cylinder interlock 152 of the lock
cylinder output 140 is disengagedly coupled to the lock bar interface 110. From this
start position, the power drive 120 may be wirelessly controlled to lock or unlock the
lock bar(s) 102. Although FIGS. 7 and 8 refer to a Bluetooth connection, any suitable
wireless control signal is contemplated.

At step 204, the activated power drive 120 may rotate power drive gears 122. For
example, the power drive 120 may rotate the gears 122 in a first direction to move the
lock bar(s) 102 via the actuator 130 and the lock bar interface 110 to a locked position
or rotate the gears 122 in a second direction to move the lock bar(s) 102 via the

actuator 130 and the lock bar interface 110 to an unlocked position.

11
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At step 206, the rotating power drive gears 122 may impart rotation to an actuator 130.
For example, the actuator 130 may comprise gear teeth 134 that mesh with the power
drive gears 122. The power drive gears 122 may rotate the actuator 130 in a first
direction to move the lock bar(s) 102 via the lock bar interface 110 to a locked position
or rotate the actuator 130 in a second direction to move the lock bar(s) 102 via the lock
bar interface 110 to an unlocked position.

At step 208, the rotation of the actuator 130 drives the lock bar interface 110 as the lock
bar interface 110 remains disengaged from the manual key mechanism 140-154. For
example, the actuator 130 may comprise actuator gears 132 that mesh with gear teeth
112 of the lock bar interface 110. The actuator 130 may rotate the lock bar interface
110 in a first direction to move the lock bar(s) 102 to a locked position or rotate the lock
bar interface 110 in a second direction to move the lock bar(s) 102 to an unlocked
position. The rotation of the lock bar interface 110 may pivot a lock bar gear head 114
that is disengagedly coupled to an interlock 152 of the lock cylinder output 150 of the
manual key mechanism 140-154. The actuator 130 is free to turn the lock bar interface
110 without the lock bar gear head 114 engaging the interlock 152 based on the shape
of the interlock 152. In various embodiments, the lock bar gear head 114 of the lock bar
interface 110 may pivot approximately 90 degrees, for example, from lock to unlock or

vice versa without engaging the manual key mechanism 140-154.

Referring to FIG. 7, for example, the lock bar gear head 114 may start in a horizontal
position corresponding with an unlocked state of the lock bar 102. In response to a
wireless control signal corresponding with a “lock” action, the actuator 130 may drive
the lock bar interface 100, pivoting the lock bar gear head 114 in a first direction from
the horizontal position corresponding with the unlocked state of the lock bar 102 to a
vertical position corresponding with a locked state of the lock bar 102 without moving
the lock cylinder output 150. Accordingly, the action to “lock” the lock bar(s) 102 in the
electronic lock actuation mode occurs while the manual key mechanism 140-154 is
disengaged from the lock bar interface 110 such that the locking action in the electronic

lock actuation mode is independent of the manual key mechanism 140-154.

12
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As another example, referring to FIG. 8, the lock bar gear head 114 may start in a
vertical position corresponding with a locked state of the lock bar 102. In response to a
wireless control signal corresponding with an “unlock” action, the actuator 130 may
drive the lock bar interface 100, pivoting the lock bar gear head 114 in a second
direction from the vertical position corresponding with the locked state of the lock bar
102 to a horizontal position corresponding with an unlocked state of the lock bar 102
without moving the lock cylinder output 150. Accordingly, the action to “unlock” the lock
bar(s) 102 in the electronic lock actuation mode occurs while the manual key
mechanism 140-154 is disengaged from the lock bar interface 110 such that the
unlocking action in the electronic lock actuation mode is independent of the manual key
mechanism 140-154.

Although FIGS. 7 and 8 illustrate the locked position corresponding with the lock bar
gear head 114 being in a vertical orientation and the unlocked position corresponding
with the lock bar gear head 114 being in a horizontal orientation, the scope of the
various embodiments are not so limited. Instead, any suitable orientation may be

associated with each of the locked and unlocked positions.

Referring again to FIG. 6, at step 210, the lock bar(s) 102 are moved by the lock bar
interface 110 to a locked or unlocked position. For example, the power drive 120 may
operate in a first direction to lock the lock bar(s) 102 and in a second direction to unlock

the lock bar(s) 102 based on the received control signal.

FIG. 9 is a top view of an exemplary redundant actuation lock apparatus 100 having an
actuator 130 disengaged from the lock bar interface 110, in accordance with various
embodiments. Referring to FIG. 9, the redundant actuation lock apparatus 100
comprises a manual key lock mechanism 140-154 engaged with the lock bar interface
110 and an electronic lock mechanism 120-138 disengaged from the lock bar interface
110 in an manual key lock actuation mode. The manual key lock mechanism 140-154
may comprise a key input 140 at one end of a lock cylinder 146 and a lock cylinder
output 150 at an opposite end of the lock cylinder 146. The key input 140 and lock
cylinder 146 may be coupled to an apparatus having the redundant actuation lock
apparatus 100 by a key input mounting plate 142. The key input 140 may be coupled to

13
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the lock cylinder output 150 by one or more bolts extending through a hollow center of
the lock cylinder 146. The key input 140 may comprise a plug having a key slot, the
plug rotatable by a key inserted in the key slot to pivot the lock cylinder output 150. The
lock cylinder output 150 may be disengageably coupled to the lock bar interface 110.
For example, the lock cylinder output 150 may comprise an interior interlock 152 and an
exterior cam 154. The interior interlock 152 may comprise a shape configured to
disengageably mate with a lock bar gear head 114 of the lock bar interface 110. The
exterior cam 154 may comprise a shape configured to disengage the electronic lock

mechanism 120-138 from the lock bar interface 110.

For example, rotation of a mechanical key at the key slot 140 may rotate the lock
cylinder output 150. As the lock cylinder output 150 rotates, the exterior cam 154 may
push a decoupling device 136 of an actuator 130 of the electronic lock mechanism 120-
138. The force exerted by the exterior cam 154 on the decoupling device 136 may
cause actuator gear teeth 132 to decouple from lock bar interface gear teeth 112 such
that the lock bar interface 110 becomes disengaged from the electronic lock mechanism
120-138.  Subsequently to and/or concurrently and/or simultaneously with the
disengagement of the electronic lock mechanism 120-138 from the lock bar interface
110, the interior interlock 152 of the lock cylinder output 150 engages the lock bar gear
head 114 and drives the lock bar interface 110 in a first direction to lock the lock bar(s)
102 or in a second direction to unlock the lock bar(s) 102, depending on the direction

the mechanical key is turned at the key input 140.

In various embodiments, the redundant actuation lock apparatus 100 may be in the
electronic lock actuation mode, as shown in FIG. 5, by default. For example, the
redundant actuation lock apparatus 100 may be in electronic lock actuation mode if the
actuator 130 is engaged with the lock bar interface 110. The rotation of a mechanical
key in the key input 140 may set the redundant lock apparatus to a manual key lock
actuation mode by disengaging the actuator 130 from the lock bar interface 110 as
illustrated in FIG. 9.

The electronic lock mechanism 120-138 comprises a power drive 120 and an actuator
130. The power drive 120 may be wirelessly controlled to drive the actuator 130, which
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drives the lock bar interface 110 to lock or unlock the lock bar(s) 102 if the actuator 130
is engaged with the lock bar interface. The power drive 120 may comprise a power
drive gear 122 that may be rotated by the power drive 120 in first and second directions.
The actuator 130 may comprise gear teeth 134 for meshing with the power drive gear
122. The actuator 130 may comprise gear teeth 132 that may mesh with gear teeth 112
of the lock bar interface 110 to drive the lock bar interface 110 if the actuator 130 is
engaged with the lock bar interface. The actuator 130 may comprise a flexible biasing
member 138 for biasing the actuator 130 to engagement with the lock bar interface 110.
The actuator 130 may comprise a decoupling device 136 used to disengage the
actuator 130 from the lock bar interface 110. For example, a force received at the
decoupling device 136 that exceeds a bias threshold of the flexible biasing member 138
may push the actuator 130 away from the lock bar interface 110 to disengage the
actuator gear teeth 132 and the lock bar interface gear teeth 112 as illustrated in FIG. 9.

The exemplary redundant actuation lock apparatus 100 illustrated in FIG. 9 shares
various characteristics with the exemplary redundant actuation lock apparatus 100
illustrated in FIGS. 1-5, 7, and 8 as described above.

FIG. 10 is a flow diagram 300 that illustrates exemplary steps 302-312 for moving lock
bar(s) 102 to locked or unlocked positions via a manual key lock actuation mode, in
accordance with various embodiments. Referring to FIG. 10, there is shown a flow
chart 300 comprising exemplary steps 302 through 312. Certain embodiments of the
present disclosure may omit one or more of the steps, and/or perform the steps in a
different order than the order listed, and/or combine certain of the steps discussed
below. For example, some steps may not be performed in certain embodiments. As a
further example, certain steps may be performed in a different temporal order than listed
below, including but not limited to simultaneously. Although the method is described
with reference to the exemplary elements of the systems described above, it should be

understood that other implementations are possible.

At step 302, a manual key rotation of a mechanical key inserted into a key input 140 of
a redundant actuation lock apparatus 100 is received. For example, the key input 140

may comprise a plug having a slot for receiving a mechanical key. The key input 140

15

CA 2955963 2018-01-30



may extend into a lock cylinder 146 at a first end of the lock cylinder 146. The rotation
of the mechanical key at the key input 140 may rotate a lock cylinder output 150
pivotally coupled to a second end of the lock cylinder 146. For example, the key input
140 and lock cylinder output 150 may be coupled by one or more bolts extending
through the lock cylinder 146 such that rotational motion of the key input 140 is
translated to rotational motion of the lock cylinder output 150.

In various embodiments, the redundant actuation lock apparatus 100 may be in the
electronic lock actuation mode by default. For example, a flexible biasing member 138
of the actuator 130 may bias the actuator 130 to engage the lock bar interface 110. The
redundant actuation lock apparatus 100 may be switched to a manual key lock
actuation mode by rotating the mechanical key in the key input 140 to disengage the
actuator 130 from the lock bar interface 110. The manual key lock actuation mode may
correspond with the redundant actuation lock apparatus 100 having the actuator 130
disengaged from the lock bar interface 110 as illustrated, for example, in FIG. 9.

FIG. 11 is partial cross-sectional views of a portion of an exemplary redundant actuation
lock apparatus 100 having a first interlock geometry transitioning from an unlocked
position to a locked position via a manual key lock actuation mode, in accordance with
various embodiments. FIG. 12 is partial cross-sectional views of a portion of an
exemplary redundant actuation lock apparatus 100 having a first interlock geometry
transitioning from a locked position to an unlocked position via a manual key lock
actuation mode. FIG. 13 is partial cross-sectional views of a portion of an exemplary
redundant actuation lock apparatus 100 having a second interlock geometry
transitioning from an unlocked position to a locked position via a manual key lock
actuation mode. FIG. 14 is partial cross-sectional views of a portion of an exemplary
redundant actuation lock apparatus having a second interlock geometry transitioning
from a locked position to an unlocked position via a manual key lock actuation mode.
Referring to FIGS. 9-14, if a mechanical key has not been inserted into the key input
140 and/or if the key input 140 is in a position corresponding with the electronic lock
actuation mode, such as a central position, the redundant actuation lock apparatus 100
may be in a start position corresponding with an electronic lock actuation mode where

the actuator 130 is engaged with the lock bar interface 110 and the lock cylinder
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interlock 152 of the lock cylinder output 140 is disengagedly coupled to the lock bar
interface 110. From this start position illustrated, for example, as the first image in each
series of images shown in FIGS. 11-14, a mechanical key may be inserted into the key
input 140 of the redundant actuation lock apparatus 100 and rotated to transition into
the manual key lock actuation mode.

At step 304, the actuator 130 used to drive the lock bar interface 110 in the electronic
lock actuation mode is disengaged from the lock bar interface 110 based on the rotation
of the mechanical key at the key input 140. For example, the rotation of the mechanical
key at the key input 140 at a first end of a lock cylinder 146 may rotate a lock cylinder
output 150 pivotally coupled to a second end of the lock cylinder 146. The lock cylinder
output 150 may include an external cam 154 operable to apply a force to an actuator
decoupling device 136 to push the actuator 130 away from and disengage the actuator
130 from the lock bar interface 110 as the lock cylinder output 150 is rotated by the
mechanical key.

At step 306, the lock cylinder output 150 is rotated with the rotation of the mechanical
key at the key input 140 from a centered location between lock and unlock positions to
engage an interlock 152 of the lock cylinder output 150 with a lock bar gear head 114 of
the lock bar interface 110. For example, the lock bar gear head 114 of the lock bar
interface 110 may be a shaft having at least two flat edges that may be engaged and
driven by a lock cylinder interlock 152 of the lock cylinder output 150. The interlock 152
may comprise a shape having a plurality of edges for engaging and driving the flat
edges of the lock bar gear head 114 shaft such that the lock bar interface 110 rotates to
lock or unlock the lock bar(s) 102. In various embodiments, as the mechanical key is
turned, the interlock 152 rotates with the lock cylinder output 150 such that one or more
of the plurality of edges of the interlock 152 engages the lock bar gear head 114 shaft of
the lock bar interface 110.

At step 308, the rotation of the lock cylinder output 150 drives the lock bar interface 110
as the lock bar interface 110 remains disengaged from the electronic lock mechanism
120-138. For example, one or more of the plurality of edges of the interlock 152 of the
lock cylinder output 150 may drive the lock bar gear head 114 in a first direction if the
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lock cylinder output 150 is rotated by a mechanical key in the first direction to lock the
lock bar(s) 102. As another example, a different one or more of the plurality of edges of
the interlock 152 of the lock cylinder output 150 may engage and drive the lock bar gear
head 114 in a second direction if the lock cylinder output 150 is rotated by the
mechanical key in the second direction to unlock the lock bar(s) 102. FIGS. 11 and 12
show a first exemplary embodiment of an exemplary shape of the interlock 152 and
FIGS. 13 and 14 illustrate a second exemplary embodiment of an exemplary shape of
the interlock 152.

Referring to FIGS. 11 and 12, the interlock 152 may rotate approximately 90 degrees to
at least substantially concurrently or simultaneously disengage the actuator 130 from
the lock bar interface (step 304), engage the interlock 152 with the lock bar gear head
114 (step 306), and rotate the lock bar interface (step 308). Referring to FIGS. 13 and
14, the interlock 152 may rotate approximately 110 degrees. For example, the first
approximately 20 degrees of rotation may disengage the actuator 130 from the lock bar
interface (step 304). The vertical reference line shows the actuator 130 being pushed
away and disengaged from the lock bar interface 110 as the cam 154 rotates and
pushes the actuator decoupling device 136. After the disengagement of the electronic
lock mechanism 120-138 from the lock bar interface 110, the next approximately 90
degrees of rotation of the interlock 152 may engage the interlock 152 with the lock bar
gear head 114 (step 306) and rotate the lock bar interface (step 308). In the
embodiments illustrated in FIGS. 11-14, the lock bar gear head 114 of the lock bar
interface 110 may pivot approximately 90 degrees, for example, from lock to unlock or
vice versa. The interlock 152 of the lock cylinder output 150 is free to turn the lock bar
interface 110 without the actuator 130 of the electronic lock mechanism 120-138

engaging the lock bar interface 110.

Referring again to FIG. 10, at step 310, the lock bar(s) 102 are moved by the lock bar
interface 110 to a locked or unlocked position. For example, the mechanical key may
be rotated in a first direction to move the interlock 152 of the lock cylinder output 150
and the lock bar gear head 114 of the lock bar interface 110 in a first direction, as
illustrated in FIGS. 11 and 13, to lock the lock bar(s) 102. As another example, the

mechanical key may be rotated in a second direction to move the interlock 152 of the
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lock cylinder output 150 and the lock bar gear head 114 of the lock bar interface 110 in

a second direction, as illustrated in FIGS. 12 and 14, to unlock the lock bar(s) 102.

At step 312, the lock cylinder output 150 may be returned to its centered location
between the lock and unlock positions or otherwise original location. For example, the
manual lock mechanism 140-154 may be spring loaded to return the lock cylinder
output 150, including the internal interlock 152 and external cam 154, to its original
position. Accordingly, as shown for example in the last image of each series in FIGS.
11 and 12, the actuator 130 returns to a default engaged state with the lock bar
interface 110 corresponding with the electronic lock actuation mode. Furthermore, the
cam 154 and interlock 152 are in position to respectively disengage the actuator 130
from the lock bar interface 110 and transition from the locked state to the unlocked
state, or vice versa, in response to the rotation of the mechanical key. Although not
specifically shown in FIGS. 13 and 14, once the box is locked or unlocked, respectively,
the lock cylinder output 150 may similarly return to the original position as shown in the

first image of both of the series of images of FIGS. 13 and 14.

FIG. 15 is a perspective view of an alternative exemplary redundant actuation lock
apparatus 400 in a locked position, in accordance with various embodiments. FIG. 16 is
a perspective view of an exemplary ramp 162 and stop 160 of an exemplary lock bar
interface 110 of the alternative exemplary redundant actuation lock apparatus 400. FIG.
17 is a perspective view of an alternative exemplary redundant actuation lock apparatus
400 in an unlocked position. FIG. 18 is a side view of an alternate exemplary redundant

actuation lock apparatus 400 in an unlocked position.

Referring to FIGS. 15-18, the alternative redundant actuation lock apparatus 400 may
comprise a lock bar interface 110, an electronic lock mechanism 120-132, and a manual
key lock mechanism 140-146. The lock bar interface 110 is configured to move one or
more lock bars 102 between locked and unlocked positions. The lock bar interface 110
may be engaged with the electronic lock mechanism 120-132 and disengaged from the
manual key lock mechanism 140-146 if operating in an electronic lock actuation mode
to lock and/or unlock the lock bar(s) 102. The lock bar interface 110 may be engaged
with the manual key lock mechanism 140-146 and disengaged from the electronic lock
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mechanism 120-132 if operating in a manual key lock actuation mode to lock and/or
unlock the lock bar(s) 102.

FIG. 16 is a perspective view of an exemplary lock bar interface 110. Referring to FIG.
16, the lock bar interface 110 may comprise gear teeth 112, a ramp 162, and a stop
160. The lock bar gear teeth 112 may be configured to disengageably couple with an
actuator 130 of the electronic lock mechanism 120-132 to lock and/or unlock the lock
bar(s) 102 in the electronic lock actuation mode. The lock bar gear teeth 112 may, for
example, mesh with actuator gear teeth 132 if engaged such that the actuator 130 may
drive the lock bar interface 110. The ramp 162 and stop 160 may be configured to
disengageably couple with a lock cylinder 146 of the manual key lock mechanism 140-
146 to lock and/or unlock the lock bar(s) 102 in the manual key lock actuation mode.
The ramp 162 may be configured to disengage the lock bar interface 110 from the
actuator 130 by pushing the lock bar interface 110 away from the actuator 130. For
example, as a mechanical key rotates a key input 140 and a lock cylinder 146 coupled
to the key input 140, the lock cylinder 146 may slide across the ramp 162 to push the
lock bar interface 110. The stop 160 may be configured to engage the lock cylinder 146
such that the lock cylinder 146 may drive the lock bar interface 110 to, for example,
move the lock bar(s) 102 from a locked position as illustrated in FIG. 15 to an unlocked
position as illustrated in FIGS. 17 and 18.

Referring again to FIGS. 15-18, the electronic lock mechanism 120-132 may comprise a
power drive 120 and an actuator 130. The primary power drive 120 may be an electric
motor, such as a DC motor, or any suitable motor. The primary power drive 120 may be
configured to receive a control signal and in response, may be operable to drive the
actuator 130 in one of a first direction to interact with the lock bar interface 110 to lock
the lock bar(s) 102 or in a second direction to interact with the lock bar interface 110 to
unlock the lock bar(s) 102. The actuator 130 may comprise an interface 132 to the lock
bar interface 110. The interface 132 to the lock bar interface 110 may be, for example,
gear teeth for meshing with the lock bar gear teeth 112.

The manual key lock mechanism 140-146 may comprise a key input 140 and a lock
cylinder 146. The key input 140 may be a plug having a slot for accepting a mechanical
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key. The plug may pivot with rotation of an inserted key and drive the lock cylinder 146.
The lock cylinder 146 may have a first end coupled to the key input 140 and a second
end operable to drive the lock bar interface 110. The key input 140 and lock cylinder
146 may be pivotably mounted to a device, such as a toolbox or any suitable apparatus

utilizing a locking mechanism, by a mounting plate 142.

Various embodiments provide a redundant actuation lock apparatus 100 comprising a
lock bar interface 110, an electronic lock mechanism 120-138, and a manual key lock
mechanism 140-154. The lock bar interface 110 may be configured to manipulate one
or more lock bars 102 into one of a locked position and an unlocked position. The
electronic lock mechanism 120-138 may comprise an actuator 130 and a power drive
120. The actuator 130 may be disengageably coupled to the lock bar interface 110.
The actuator 130 may be configured to drive the lock bar interface 110 to manipulate
the one or more lock bars 102. The actuator may be engaged to the lock bar interface
110 in an electronic lock actuation mode. The actuator 130 may be disengaged from
the lock bar interface 110 in a manual key lock actuation mode. The power drive 120
may be coupled to the actuator 130 and configured to drive the actuator 130 to drive the
lock bar interface 110 in response to a control signal. The manual key lock mechanism
140-154 may comprise a key input 140, a lock cylinder 146, and a lock cylinder output
150. The key input 140 may be configured to receive a mechanical key. The key input
140 may be rotatable with rotation of the mechanical key. The rotation of the
mechanical key may disengage the actuator 130 from the lock bar interface 110 to
transition from the electronic lock actuation mode to the manual key lock actuation
mode. The lock cylinder 146 may include a first end and a second end. The key input
140 may be provided at the first end of the lock cylinder 146. The lock cylinder output
150 may be provided at the second end of the lock cylinder 146 and may be
disengageably coupled to the lock bar interface 110. The lock cylinder output 150 may
be rotatable with the rotation of the mechanical key at the key input 140. The lock
cylinder output 150 may be configured to engage and drive the lock bar interface 110 to
manipulate the one or more lock bars 102. The lock cylinder output 150 may be
engaged to the lock bar interface 110 in the manual key lock actuation mode. The lock
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cylinder output 150 may be disengaged from the lock bar interface 110 in the electronic

lock actuation mode.

In certain embodiments, the actuator 130 comprises gear teeth 132 configured to mesh
with gear teeth 112 of the lock bar interface 110 to drive the lock bar interface 110. In a
representative embodiment, the control signal is generated in response to a wireless
signal transmitted by a mobile device. In various embodiments, the power drive 120
comprises a power drive gear 122. The power drive gear 122 may be rotatable by the
power drive 120 to drive the actuator 130. The actuator 130 may comprise a gear 134
configured to mesh with the power drive gear 122. In certain embodiments, the power
drive 120 rotates the power drive gear 122 in a first direction to drive the actuator 130 to
drive the lock bar interface 110 to manipulate one or more lock bars 102 into the locked
position. In a representative embodiment, the power drive 120 rotates the power drive
gear 122 in a second direction to drive the actuator 130 to drive the lock bar interface
110 to manipulate one or more lock bars 102 into the unlocked position. In various
embodiments, the power drive 120 is an electric motor. In certain embodiments, the
electric motor is a DC motor.

In a representative embodiment, the actuator 130 comprises a flexible biasing member
138 configured to bias the gear teeth 132 of the actuator 130 into engagement with the
gear teeth 112 of the lock bar interface 110. In various embodiments, the flexible
biasing member 138 is a spring. In certain embodiments, the actuator 130 comprises a
decoupling device 136. A force applied to the decoupling device 136 that exceeds a
bias force applied by the spring 138 may disengage the gear teeth 132 of the actuator
130 from the gear teeth 112 of the lock bar interfface 110. In a representative
embodiment, the lock cylinder output 150 is a sleeve comprising an interior and an
exterior. The exterior of the sleeve comprises a cam 154 configured to provide the
force to the decoupling device 136 that exceed the bias force applied by the spring 138
if the lock cylinder output 150 is rotated based on the rotation of the mechanical key at
the key input 140.

In various embodiments, the lock bar interface 110 comprises a shaft 114 having a
plurality of flat edges configured for engagement by the lock cylinder output 150. In
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certain embodiments, the lock cylinder output 150 is a sleeve comprising an interior and
an exterior. The interior of the sleeve comprises an interlock 152 having a shape
comprising a plurality of edges configured to engage and drive the plurality of flat edges
of the shaft 114. In a representative embodiment, a first portion of the plurality of edges
152 engages and drives the plurality of flat edges of the shaft 114 to manipulate the one
or more lock bars 102 into the locked position. In various embodiments, a second
portion of the plurality of edges 152 engages and drives the plurality of flat edges of the
shaft 114 to manipulate the one or more lock bars 102 into the unlocked position. In
certain embodiments, the interlock 152 is rotated with the lock cylinder output 150 a first
angular distance prior to and a second angular distance after one of the first portion and
the second portion of the plurality of edges 152 engages the plurality of flat edges of the
shaft 114. In a representative embodiment, the first angular distance is approximately
20 degrees and the second angular distance is approximately 90 degrees.

In various embodiments, the shaft 114 is rotatable approximately 90 degrees in a first
direction to manipulate the one or more lock bars 102 into the locked position. The
shaft 114 is rotatable approximately 90 degrees in a second direction to manipulate the
one or more lock bars 102 into the unlocked position. In certain embodiments, the
manual key lock mechanism 140-154 is spring loaded to return the lock cylinder output
150 to a default position after the mechanical key is rotated to rotate the lock cylinder
output 150.

As utilized herein, “and/or” means any one or more of the items in the list joined by
“and/or”. As an example, “x and/or y" means any element of the three-element set {(x),
(y), (x, y)}. As another example, “x, y, and/or 2" means any element of the seven-
element set {(x), (y), (2), (x, ¥), (x, 2), {y, z), (X, y, 2)}. As utilized herein, the term
“‘exemplary” means serving as a non-limiting example, instance, or illustration. As
utilized herein, the terms “e.g.” and “for example” set off lists of one or more non-limiting
examples, instances, or illustrations. As utilized herein, a structure that is “configured”
to or “operable” to perform a function requires that the structure is more than just
capable of performing the function, but is actually made to perform the function,

regardless of whether the function is actually performed, disabled or not enabled.
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While the present disclosure has been described with reference to certain
embodiments, it will be understood by those skilled in the art that various changes may
be made and equivalents may be substituted without departing from the scope of the
present disclosure. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the present disclosure without departing from its
scope. Therefore, it is intended that the present disclosure not be limited to the
particular embodiment or embodiments disclosed, but that the present invention will
include all embodiments.
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What is claimed is:

CLAIMS

1. A redundant actuation lock apparatus comprising:

a lock bar interface configured to manipulate one or more lock bars

into one of a locked position and an unlocked position;

an electronic lock mechanism comprising:

an actuator disengageably coupled to the lock bar interface,
the actuator configured to drive the lock bar interface to manipulate
the one or more lock bars, the actuator engaged to the lock bar
interface in an electronic lock actuation mode, and the actuator
disengaged from the lock bar interface in a manual key lock

actuation mode; and

a power drive coupled to the actuator and configured to drive
the actuator to drive the lock bar interface in response to a control

signal; and
a manual key lock mechanism comprising:

a key input configured to receive a mechanical key, the key

input rotatable with rotation of the mechanical key;

a lock cylinder having a first end and a second end, the key
input provided at the first end of the lock cylinder;

a lock cylinder output provided at the second end of the lock
cylinder and disengageably coupled to the lock bar interface, the
lock cylinder output rotatable with the rotation of the mechanical

key at the key input, the lock cylinder output configured to engage
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and drive the lock bar interface to manipulate the one or more lock
bars, the lock cylinder output engaged to the lock bar interface in
the manual key lock actuation mode, and the lock cylinder output
disengaged from the lock bar interface in the electronic lock

actuation mode; and

wherein the lock bar interface comprises a shaft having a
plurality of flat edges configured for engagement by the lock
cylinder output.

2. The apparatus according to claim 1, wherein the actuator comprises gear
teeth configured to mesh with gear teeth of the lock bar interface to drive the lock bar

interface.

3. The apparatus according to claim 1, wherein the control signal is

generated in response to a wireless signal transmitted by a mobile device.

4. The apparatus according to claim 1, wherein the power drive comprises a
power drive gear, the power drive gear rotatable by the power drive to drive the
actuator, the actuator comprising a gear configured to mesh with the power drive gear.

5. The apparatus according to claim 4, wherein the power drive rotates the
power drive gear in a first direction to drive the actuator to drive the lock bar interface to

manipulate one or more lock bars into the locked position.
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6. The apparatus according to claim 5, wherein the power drive rotates the
power drive gear in a second direction to drive the actuator to drive the lock bar

interface to manipulate one or more lock bars into the unlocked position.

7. The apparatus according to claim 1, wherein the power drive is an electric
motor.

8. The apparatus according to claim 7, wherein the electric motor is a DC
motor.

9. The apparatus according to claim 2, wherein the actuator comprises a

flexible biasing member configured to bias the gear teeth of the actuator into

engagement with the gear teeth of the lock bar interface.

10.  The apparatus according to claim 9, wherein the flexible biasing member

is a spring.

1. The apparatus according to claim 10, wherein the actuator comprises a
decoupling device, wherein a force applied to the decoupling device that exceeds a bias
force applied by the spring disengages the gear teeth of the actuator from the gear teeth
of the lock bar interface.

12. The apparatus according to claim 11, wherein the lock cylinder output is a

sleeve comprising an interior and an exterior, and wherein the exterior of the sleeve
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comprises a cam configured to provide the force to the decoupling device that exceed
the bias force applied by the spring if the lock cylinder output is rotated based on the
rotation of the mechanical key at the key input.

13.  The apparatus according to claim 1, wherein the lock cylinder output is a
sleeve comprising an interior and an exterior, and wherein the interior of the sleeve
comprises an interlock having a shape comprising a plurality of edges configured to

engage and drive the plurality of flat edges of the shaft.

14.  The apparatus according to claim 13, wherein a first portion of the plurality
of edges engages and drives the plurality of flat edges of the shaft to manipulate the
one or more lock bars into the locked position.

15.  The apparatus according to claim 14, wherein a second portion of the
plurality of edges engages and drives the plurality of flat edges of the shaft to

manipulate the one or more lock bars into the unlocked position.

16.  The apparatus according to claim 15, wherein the interlock is rotated with
the lock cylinder output a first angular distance prior to and a second angular distance
after one of the first portion and the second portion of the plurality of edges engages the
plurality of flat edges of the shaft.

17. The apparatus according to claim 16, wherein the first angular distance is
20 degrees and the second angular distance is 90 degrees.
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18. The apparatus according to claim 1, wherein the shaft is rotatable 90
degrees in a first direction to manipulate the one or more lock bars into the locked
position, and wherein the shaft is rotatable 90 degrees in a second direction to

manipulate the one or more lock bars into the unlocked position.

19. The apparatus according to claim 1, wherein the manual key lock
mechanism is spring loaded to return the lock cylinder output to a default position after
the mechanical key is rotated to rotate the lock cylinder output.

29

CA 2955963 2018-12-11



0000000000000000000






3/18

142

CA 2955963 2018-01-30






5/18

/7 / AN ”
{11 — _
91— Nm_
sue|d
woposs || sty » =B
< , —u i
%T\i
ik Y
ol
)
Zll : | 261 O Vel
I G 'Old
\
0L} pabebu3

0cl

001

CA 2955963 2018-01-30



6/18

EN\/

9 "OId

uonsod paxoojun 1o payo0} B 01 ‘adBualul JBq %20| 8y} Ag ‘sieg o0 ayl Buinopy

802 \/

wsiueyoaw
Aoy [enuew e wol padebussip aokpisiul 1Eqg %00 8U} *oyenioe sy Aq aorialUl Jeq %00} e Buiaug

A

90¢ \/\

1eeb aaup semod Bupelol eyl Ag soienioe ue Bunug

AN

aaup Jamod paieanoe eyl Aq seeb eaup semod e Bujeloy

202" \__

SPOW UOHBNOE %O0| DIUOIOS[S UB Ul 9AUD Jemod B 91BAIIOE 0} [eubis |04u0o e Buiaieoay

00¢

CA 2955963 2018-01-30



7118

P8Y207 :uoRISOd Jeg %207 N m.v_u_ POYI0JUN :UOHISOd Jeg %007
19 :uopysod sy 19 :uowisod Ay

LYV RETITY)

yjoojonjg
RIA
%207 0} )8

ystur uonoy
0lL2-¥0z sdais 20z daig



Steps 204-210
Finish

Step 202
Action

0000000000000000000

Lock Bar Position; Unlocked

Key Position: BT

Bluetooth
Connection
FIG. 8

]
>
S <
® 3
w =
>

\-

Lock Bar Position; Locked

Key Position: BT

N




9/18

9¢l \\

\\\

0Ll

~ N

pabebussi(]

0¢l

001

CA 2955963 2018-01-30



10/18

01 "Old

Nvm\/\

suogsod
3OOUN pUB 00| By} USAM|SJ LIOIBIO0] PBISUSD S)f O INAING 1apuljAd »20] ay} Butiniss Ajfeonewoiny

A

Em\/

uonisod paxoojun 10 PSYO0| B 0} ‘93BLIBIUL JBQ 30| 8yl Ag ‘s1Bq %00] 3yl Buiaopy

NG

0BUID)UI Jeq 00| 8u} 0 peay Jeal jeq %00| ayl SSAUP pUB Ulim S80ELIeIU
Tey) yoopaul syl Buiaey Indino JapuljAd ¥00] BU} JO UOHRI0I 8U) U0 Paseq 8oBLalUI JBq %00} oy} BulAlg

90¢ \/

90BLBIUI JBQ %00} 8y} JO pesy Jeab jeq 00|
B yim Indino JapuijAd 300} aul jo yooueiul ue ebebua ol Indui Aoy ayl 1k Aoy [ediueyosW ay) JO UOHEIO)
8y} yim suoilisod 5o0jun pue 390} USSMISY UOIBDO| Palaiuad B wodl Indino JepulAd 3o0| & Bunejoy

A

LN

9POW UOIBNIOR HO0] DIUOLDS|9 UB Ul S0BUSIUI JBQ D0} BUl SALID O] pasn
Jorenioe sy} ‘indur Aey sy} 1B LONLIOL Yl LU0 Paskeq aoeUISIUl JBQ HO0| B WOJ} Jojenioe ue Buibebussic

A

20€

apow uoNENIOR %0} Asy [enuew € Ut Indul A3X E 1B A8 [BdluBYOSW B JO uonelod B Buinsosy

00¢€

CA 2955963 2018-01-30



Step 312
Finish
Spring force automatically returns

key to BT position after action

Steps 302-310
Action
Set to Lock via Manual Key

Start

CA 2955963 2018-01-30

Key Position: BT

Key Position: Locked
Lock Bar Position: Locked

Key Position: BT

Lock Bar Position: Unclocked

Lock Bar Position: Locked

FIG. 11



Finish
Spring force automatically returns

Step 312
Lock Bar Position: Unlocked

key to BT position after action

Key Position; BT

Steps 302-310
Action
Set to Unlock via Manual Key
Lock Bar Position: Unlocked

Key Position: Unlocked

Lock Bar Position: Locked

Key Position: BT

CA 2955963 2018-01-30

FIG. 12



112
132 136 \l - 114
130 f 152
134 N
150
uin N ‘G =5 Boxis Unlocked
L / \
154
1321 436 150
\ 112
134 A 159
Steps 302-306
| 114
|
Vertical -~ 154
Reference Line
154 112
136
V] 14
150
Steps 308-310
Box is Locked
132 ‘ 152
FIG. 13

CA 2955963 2018-01-30



14/18

112
132 136 s 114

13 10 192

=% 150
a <= Boxis Locked

<STJJ | !'mﬁ;%iz/,

Steps 302-306

Vertical ——
Reference Line

Steps 308-310
Box is Unlocked

CA 2955963 2018-01-30



15/18

ovl

c0}

payo0] v/

00¥






0000000000000000000



400

102

18/18

CA 2955963 2018-01-30

FIG. 18
112
110 160 146 142
162
J
&7 =
= 132 140
Ol ||}—10
AJ{Lm
|
120—
'I'|




100

110

. il

'\ To Lock Bars 102

1




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - CLAIMS
	Page 28 - CLAIMS
	Page 29 - CLAIMS
	Page 30 - CLAIMS
	Page 31 - CLAIMS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS
	Page 36 - DRAWINGS
	Page 37 - DRAWINGS
	Page 38 - DRAWINGS
	Page 39 - DRAWINGS
	Page 40 - DRAWINGS
	Page 41 - DRAWINGS
	Page 42 - DRAWINGS
	Page 43 - DRAWINGS
	Page 44 - DRAWINGS
	Page 45 - DRAWINGS
	Page 46 - DRAWINGS
	Page 47 - DRAWINGS
	Page 48 - DRAWINGS
	Page 49 - DRAWINGS
	Page 50 - REPRESENTATIVE_DRAWING

