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SENSOR ASSEMBLIES FOR LOCKS

TECHNICAL FIELD

[0001] The present invention generally relates to sensor assemblies and more particularly, but
not exclusively, relates to sensor assemblies which detect at least one condition of a lock

assembly.

BACKGROUND

[0002] Lock assemblies are commonly installed on doors to control access to a secured region or
environment, and often include handles on opposing sides of the door which can be actuated to
retract a latch bolt. In certain settings, it is desirable to record data regarding the operation of the
lock assembly. Some lock systems have certain limitations, such as those relating to
independently or selectively monitoring operation of the handles. Additionally, constraints
regarding the space available within a lock assembly may impede efforts to monitor other
conditions within the lock assembly. Therefore, a need remains for further improvements in

systems and methods for monitoring conditions of a lock assembly.

SUMMARY

[0003] One form of a locking assembly includes first and second hubs rotatably mounted in a
case, a latch assembly which retracts in response to rotation of either of the hubs, and a locking
member which selectively prevents rotation of at least one of the hubs. A sensor assembly is
associated with at least one of the hubs and is configured to transmit a signal in response to

. rotation of the at least one hub. Further embodiments, forms, features, aspects, benefits, and
advantages of the present invention shall become apparent from the description and figures

provided herewith.



[0004]
[0005]
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BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is an elevational view of a lock assembly according to one embodiment.

FIG. 2 is an isometric illustration of a transmission assembly usable with the lock

assembly depicted in FIG. 1.

[0006]
[0007]
[0008]
[0009]
[0010]
[0011]
[0012]
[0013]
'[0014]
[0015]

FIG. 3 is a perspective illustration of a sensor assembly accordiﬁg to one embodiment,
FIG. 4 depicts the transmission assembly of FIG. 2 and the sensor assembly of FIG. 3,
FIG. 5 depicts a portion of the lock assembly of FIG. 1 in a home position.

FIG. 6 depicts a portion of the lock assembly of FIG. 1 in a rotated position.

FIG. 7 depicts a portion of the lock assembly of FIG. 1 in an unlocked state.

FIG. 8 depicts a portion of the lock assembly of FIG. 1 in a locked state.

FIG. 9 is a schematic illustration of a control circuit according to one embodiment.
FIG. 10isa ﬁerspective view of a lock assembly according to one embodiment.

FIG. 11 is a perspective illustration of a sensor assembly according to one embodiment.

FIG. 12 depicts the sensor assembly of FIG. 11 mounted to the lock assembly of FIG. 10

in a first configuration.

[0016]

FIG. 13 depicts the sensor assembly of FIG. 11 mounted to the lock assembly of FIG. 10

in a second configuration,
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0017] For the purposes of promoting an understanding of the principles of the invention,
reference will now be made to the embodiments illustrated in the drawings and specific language
* will be used to describe the same. [t will nevertheless be understood that no limitation of the
- scope of the invention is thereby intended. Any alterations and further modifications in the
- described embodiments, and any further applications of the principles of the invention as
described herein are contemplated as would normally occur to one skilled in the art to which the

| invention relates.

- [0018] With reference to FIG. 1, shown therein is one form of a mortise lock assembly 100
configured for mounting in a door 101. The mortise lock assembly 100 includes a case 102 that
houses a drive assembly 110, a locking member or catch 120 driven by the drive assembly 110, a
latch assembly 130 including a retractable latch bolt 132, a deadlocking assembly 140 operable
to deadlock the latch bolt 132 when the door 101 is closed, a transmission assembly 200
connected to the latch assenibly 130 and operable to retract the latch bolt 132, and a sensor
assembly 300 configured to detect various states of the lock assembly 100. The lock assembly
100 further includes a cover plate (not illustrated) which retains components of the lock
assembly 100 within the case 102. '

[0019] The mortise lock assembly 100 may be installed in a door 101 having a secured or inner
side and an unsecured or outer side. Additionally, a pair of manual actuators such as handles,
knobs, or levers (not illustrated) may be coupled to the transmission assembly 200. For example,
an inner handle may be coupled to the transmission 200 on the secured side of the door 101, and
an outer handle may be coupled to the transmission 200 on the unsecured side of the door 101.
As described in further detail below, the drive aséembly 110 moves the catch 120 between a
locking position and an unlocking position to define locked and unlocked states of the lock
assembly 100. With the catch 120 in the unlocking position, the outer handle is free to rotate,
and rotation of the outer handle is transmitted through the transmission 200 to cause retraction of

- the latch assembly 130. When in the locking position, the catch 120 engages the transmission
200 such that rotation of the outer handle is prevented, and the outer handle is not operéble to
retract the latch assembly 130. ' |

[0020] The lock assembly 100 also includes a controller 106 which controls operation of the

 drive assembly 110 to move the catch 120 between the 1ocking and unlocking positions. The
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controller 106 may be in communication with a user interface 107 such as a keypad or credential
reader which may be mounted on or adjacent to the door 101. The controller 106 may
additionally or‘alternatively be in communication with a control system 108. In operation, the
controller 106 may maintain the lock assembiy 100 in the locked state, and may operate the drive
assembly to move the catch 120 to the unlocked position in response to an authorized unlock
command from the user interface 107 and/or the control system 108.

- [0021] The description set forth herein relating to the controller 106, the user interface 107, and
the control system 108 emphasizes the structural independence of these features, and illustrates
one exemplary grouping of operations and responsibilities. Other groupings that execute similar
overall operations are to be understood as falling within the scope of the present invention. That
is to say, while the user interface 107 is described above as issuing an authorized unlock
command to the controller 106, the user interface 107 may merely transmit data relating to a user
credential to the controller 106, and the controller 106 may determine whether the credential is
authorized and in turn operate the drive assembly 110 in response thereto.

[0022] The controller 106 and/or the control system 108 may also store data relating to the time
and date of the unlock command, the location or identity of the lock assembly 100, and/or the
identity of the user issuing the unlock command. For example, if the user interface 107
comprises a keypad, the user interface 107 may trans;nit data relating to an entered code to the
controller 106. The controller 106 may then determine whethef the entered code is an authorized .
clode, log the result, and operate the drive assembly 110 in response to the entered code being an
authorized code.

[00231 In certain forms, the controller 106 may be in further corﬂmunication with the sensor
assembly 300. In such embodiments, the controller 106 may store data relating to signals
received from the sensor assembly, and may communicate such data to the user interface 107
and/or the control system 108 in response to an authorized request. In other embodiments, the
sensor assembly 300 may be in direct or indirect communication with the user interface 107
and/or the control system 108, and communication of the data may bypass the controller 106.
Further details regarding the sensor assembly 300 and the data signals transmitted thereby are set
forth below.

[0024] In the illustrated embodiment, the drive assembly 110 includes an electromechanical

actuator such as a solenoid 112 which is operable to extend or retract a plunger 114, A link 116
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is coupled to the plunger 114 such that the link 116 extends and retracts in response to actuation
of the solenoid. While the illustrated electromechanical actuator is configured as a solenoid 112,
other forms of actuator are contemplated as within the scope of the invention. For example, in
certain forms, the solenoid 112 and plunger 114 may be replaced by a rotary motor and helical
drive member such as a spring. An exemplary form of such an assembly is described in
commonly-owned U.S. Patent Application No. 14/194,605 filed February 28, 2014, the contents
of which are incorporated by reference in their entirety. |

10025] The exemplary locking member or catch 120 is coupled to the link 116 such that
longitudinal motion (i.e., motion along the illustrated Y-axis) of the link 116 causes lateral
motion (i.e., motion along the illustrated X-axis) of the catch 120 between a locking position and
an unlocking position. For example, the link 116 may include a rivet or pin 118 which extends
into an angled cam slot 122 formed in the catch 120 such that the pin 118 urges the catch 120 in
the lateral direction in response to longitudinal motion of the link 116. It is also contemplated
that the catch 120 may be moved in the lateral direction in another manner. For example, the
solenoid 112 may be aligned with the catch 120 such that plunger 114 travels in the lateral
direction. The-catch 120 may also include a recess 124, the function of which will be described
below.

[0026] In the illustrated embodiment, the latch assembly 130 includes a latch bolt 132, a driver
bar 134 operable to retract the latch bolt 132, a saddle 136 slidingly mounted to the driver bar
134, a first biasing member such as a latch bolt spring 138 which urges the latch bolt 132 toward
an extended position, and a second biasing member such as a saddle spring 139 which urges the
saddle 136 toward the latch bolt 132. As described in further detail below, the saddle 136 is
engageable with the transmission assembly 200 such that actuation of the transmission assembly
200 moves the saddle 136 in a direction toward the link 116.

[0027] In the illustrated embodiment, the lock assembly 100 also includes a deadlocking
assembly 140 which may be of the type described in the commonly-owned U.S, Patent No.
4,583,382 to Hull. The deadlocking assembly 140 includes an auxiliary bolt 142 slidingly
mounted to the case 102, a deadlocking member 144 pivotably mounted on a post 146, and a
biasing member such as a torsion spring 147 rotationally biasing the deadlocking member 144
toward the transmission assembly 200. The rear portion of the auxiliary bolt 142 includes a

ramp 143 which is engagéd with a tab 145 formed on the deadlocking member 144. When the
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door 101 is closed, the auxiliary bolt 142 is depressed to a retracted position via contact with the
door frame. As the auxiliary bolt 142 retracts, the spring 147 urges the deadlocking member 144
to a blocking position, wherein the free end of the deadlocking member 144 is aligned with the
latch bolt 132, In this position, the deadlocking mémber 144 prevents the latch bolt 132 from
being forced inwardly by an externally-applied force, thereby deadlocking the latch bolt 132.
[0028] | When one of the handles is actuated, the transmlsswn assembly 200 drives the saddle 136
toward the link 116. The slideable mounting of the saddle 136 on the driver bar 134 forms a lost
motion connection between ‘theée clements. During the lost motion portion of its travel, the
saddle 136 engages a ramp 148 on the deadlocking member 144, thereby pivoting the
deadlocking member 144 to an unblocking position. In the unblocking position, the free end of
the deadlocking member 144 is not aligned with the latch bolt 132 such that the latch bolt 132
may be retracted. As the transmission assembly 200 drives the saddle 136 beyond the region of
lost motion, the driver bar 134 begins to move with the saddle 136, thereby causing retraction of
the latch bolt 132, When the door 101 is subsequently opened, the auxiliary bolt 142 moves to
an extended position under the force of a biasing spring 149, and the deadlocking member 144 is
retained in the unblocking position via engagement between the ramp 143 and the tab 145.
[0029] With reference to FIG. 2, the transmission assembly 200 is operable to retract the latch
bolt 132 in response to actuation of one of the handles (not illustrated). The transmission
assembly 200 includes a top hub 210, a bottom hub 220, and a retractor assembly 230 positioned
| between the hubs 210, 220. Unless noted otherwise, the terms “top™ and “bottorﬁ” are used
herein to refer to the relative positions of an element within the case 102. Thus, the bottom hub
220 is positioned adjacent the rear plate of the case 102, and the top hub 210 is poéitioned
| adjaceﬁt the cover plate, or “above” the bottom hub 220. When the illustrated lock assembly 100
is assembled with the inner and outer handles, the top hub 210 is connected to the inner handle
and the bottom hub 220 is connected to the outer handle. As described in further detail below, it
is also contemplated that these orientations may be reversed such that the top hub 210 is
connected to the outer handle and the bottom hub 220 is connected to the inner handle.
[0030] In the illustrated embodiment, the top hub 21 0 includes an operﬁng 212 structured to
receive a spindle of the inner handle such that the top hub 210 is rotationally coupled to the inner
handle. The top hub 210 also includes a protrusion 214 having a size and shape corresponding to

the catch recess 124, a radial arm 216 engageable with the retractor assembly 230, and a cam
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surface 218 engageable with the sensor assembly 300. In the illustrated form, the cam surface
218 is configured as a radial protrusion or bump, although it is also contemplated that the cam
surface 218 may be configured as a radial recess or valley. The bottom hub 220 is configured for
connection with a spindle of an outer handle such that the bottom hub 220 is rotationally coupled
to the outer handle. The bottom hub is substantially similar to the top hub 210, and similar
reference characters are used to indicate similar features.

[0031] The retractor assembly 230 includes a bearing 231, top and bottom drive discs 232, 234
mounted on the bearing 231, and a retractor bar 236 including a cross-bar 237. Each of the drive
discs 232, 234 includes an arm 233, 235, respectively, each of which defines an opening sized
and configured to receive the cross-bar 237. At Ieasi one of the arms 233, 235 includes an
e_xtension 239 operable to engage the saddle 136 when the corresponding drive disc 232, 234 is
rotated. The cross-bar 237 extends through the openings in the drive disc arms 233, 235 such
that the cross-bar 237 is positioned adjacent the hub arms 216, 226. Thus, when eifher of the
hubs 210, 220 is rotated (e.g., in response to actuation of the corresponding handle), the
corresponding hub arm 216, 226 engages the cross-bar 237 and rotates the drive discs 232, 234.
Rotation of the drive discs 232, 234 causes the extension 239 to engage the saddle 136, thereby |
retracting the driver bar 134 and the latch bolt 132. Additionally, the top and bottom hubs 210,
220 may be rotationally decoupled from one another such that each of the handles is
independently operable to retract the latch bolt 132 by rotating the corresponding hub 210, 220.

[0032] With reference to FIG. 3, the sensor assembly 300 includes a top sensor 310, a bottom
sensor 320, and a lock sensor 330, and may further include an auxiliary bolt sensor 340 (FIG. 1).
The sensor assembly 300 further includes a printed circuit board (PCB) 302, with three sensors
310, 320, 330 mounted to the PCB 302. As described in further detail below, each of the sensors
310, 320, 330, 340 is associated with a different element of the lock assembly 100, and each is
operable to detect a different condition of the lock assembly 100 and to transmit a signal
indicative of the detected condition. As noted above, in the illustrated form, the sensor assembly
300 is in communication with the controller 106 which logs the signals to provide an audit trail
regarding operation of the lock assembly 100. It is also contemplated that the sensor assembly
300 may be in direct or indirect communication with the user interface 107, the control system

108, and/or other elements of anaccess control system.
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10033] In certain embodiments, each of the sensors 310, 320, 330, 340 comprises single pole,
double throw (SPDT) electric switch. It is also contemplated that other forms of sensors such as,
for example, optical sensors, proximity sensors, Hall effect sensors and/or Reed switches may be
utilized. Furthermore, while each of the illustrated switches is configured as a snap-action
switch or microswitch, it is also contemplated that other forms of electric switches such as, for
example, rocker switches, slider switches, or toggle switches may be utilized. '

[0034] As is known in the art, microswitches commonly include an input terminal, an output
terminal, and an actuator such as a button operable to selectively complete an electrical
connection between the input terminal and the output terminal. An input signal may be provided
to the input terminal such that when the electrical connection is completed or closed, the signal is
transmitted from the input terminal to the output ter_minal. This closing of the connection may be
considered actuation of the microswitch, and the signal being transmitted from the output
terminal may be considered a signal which has been issued or transmitted by the microswitch in
response to the actuation.

[0035] As is also known in the art, microswitches may have a default state and a non-default
stéte, and often include a resilient trigger arm such as a leaf spring. When an external force is
applied to the leaf spring, theAleaf spring depresses the button, and the microswitch transitions
from the default state to the non-default state. When the external force is removed, the leaf
spring and the button return to their biased positions, and the microswitch returns to the default
state. [n a normally closed microswitch, the default state is closed, and depressing the leaf spring
opens or breaks an electrical connection. In a normally open microswitch, the default state is
open, and depressing the leaf spring closes or completes an electrical connection. SPDT
switches may include an input terminal, a normally open output terminal, and a normally closed
output terminal. Thus, the default state of an SPDT microswitch can be easily changed by
connecting the control circuit to the appropriate terminal. Alternatively, SPDT switches can be
connected to the control circuit through each of the output terminals. In such forms, the SPDT
switch may act as a dual-action switch which continuously transmits the si gnal through the
output terminal corresponding to the position of the leaf spring.

[0036] The top sensor 310 is associated with the top hub 210 and may be configured to transmit
a first signal in response to rotation of the top hub 210 from the home position to a rotated

position. The top sensor 310 also includes a leaf spring 312 in contact with the outer surface of
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the top hub 210. While other forms are contemplated, the illustrated sensor 310 is a simulated
roller switch which is normally closed. That is to say, the default state of the sensor 310 is
closed, and depressing the leaf spring 312 breaks the electrical connection such that the first
signal is not transmitted. As described below, the sensor 310 may alternatively be conﬁguréd as
a dual-action switch which transmits the first signal via the normally open terminal when the leaf
spring 312 is depressed. '

[0037] With reference fo FIGS. 5 and 6, when the top hub 210 is in the home position (FIG. 5)
the cam surfacé 218 engages the leaf spring 312, thereby retaining the leaf spring 312 in the
depressed position. When the top hub 210 is rotated from the home position by a predetermined
angle to a rotated position (FIG. 6), the cam surface 218 no longer engages the leaf spring 312.
The leaf spring 312 is thus released and moves to the extended position. In embodiments in
which the sensor 310 is configured as a normally closed switch, the sensor 310 transitions to the
closed state and transmits the first signal in response to the extended position of the leaf spring
312. Because the top hub 210 is coupled to the inner handle, rotation of the top hub 210
indicates that a user is attempting to retract the latch bolt 132 from the secured side of thé room.
The controller 106 may in turn interprét the signal frbm the top sensor 310 as a request to exit.

[0038] As should be appreciated, the predetermined angle through which the top hub 210 must
rotate in order {o cause the sensor 310 to transition states depends on a number of factors such as,
for example, the size, shape, orientation, and configuration of the cam surface 218 and the leaf
spring 312. In the illustrated form, the cam surface 218 and the leaf spring 312 are configured to
cause the sensor 310 to transition states when the inner hub 210 is rotated by about 10° in either
direction. It is also contemplated that other predetermined angles may be utilized, and those
skilled in the art would be able to select configurations of the cam surface 218 and the sensor 310 .

~ to cause the sensor 310 to transition states in response to a variety of rotational angles of the hub
210, | | |

[0039] In the illustrated embodiment, the top sensor 310 comprises a normally closed switch,
and the cam surface 218 depresses the leaf spring 312 to break the electrical connection. It is
also contemplated that the sensor 310 may comprise a normally open switch such that the sensor
310 transmits the first signal when the top hub 210 is in the home position. In such a case, the -
sensor 310 may cease transmitting the first signal when the hub 210 is rotated, and the controller

106 may interpret cessation of the first signal as a request to exit. In another form, the cam
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surface 218 may comprise a recess instead of a protrusion such that the sensor 310 is in the open
state when the hub 210 is in the home position, and transitions to the closed staté in response to
rotation of the hub 210. In embodiments in which the sensor 310 includes multiple output
terminals (e.g., an SPDT switch including normally open and normally closed output terminals),
the sensor 310 may transmit the signal via a first terminal when the leaf spring 312 is in the
depressed position, and may transmit the signal via a second terminal when the leaf spring 312 is
in the extended position such as, for example, as described below with reference to FIG. 9.

[0040] The bottom sensor 320 is associated With the bottom hub 220 and may be configured to
transmit a second signal in response to rotation of the bottom hub 220 from the home position.
The bottom sensor 320 includes a leaf spring 322 in contact with the outer surface of the bottom
hub 220. Like the top sensor 310, the bottom sensor 320 may be a normally closed simulafed
roller switch, and may transmit the second signal in response to rotation of the bottom hub 220 in
a manner substantially similar to that described above with respect to the top sensor 310.
Because the bottom hub 220 is coupled to the outer handle, rotation of the bottom hub 220
indicates that a user is attempting to retract the latch bolt 132 from the unsecured side of the

room. As such, the controller 106 may interpret the signal from the bottom sensor 320 as a
request to enter. Additionally, the controller 106 may associate the data relating to the request to
enter with the data relating to the identity of the user that transmitted the unlock command such
that the audit trail includes information relating to the particular user that initiated the request to
enter. |

: [004‘1] With reference to FIGS. 7 and 8, the lock sensor 330 is associated with the catch 120 and
may be configured to {ransmit a third signal ih response to the locking position of the catch 120.
The illustrated lock sensor 330 is a microswitch comprising a leaf spring 332 including an
actuating segment which extends across the front surface of the sensor 320, and an angled
engaging segment 339 which extends toward the catch 120 and the PCB 302. While other forms
are contemplated, the illustrated lock sensor 330 is a normally open switch which transmits a
signal when the leaf spring 332 is depressed.

[0042] When in the unlocking position (FIG. 7), the catch 120 does not engage the leaf spring
332, and the sensér 330 remains in the opén state. Additionally, the bottom hub protrusion 224
is not received in the catch recess 124, and the bottom hub 220 is free to rotate. As the catch 120
moves to the locking position (FIG. 8), an edge 126 of the catch 120 contacts the engaging

10
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segment 339, thereby pivoting the actuating segment of the leaf spring 332 to the depressed
position. The lock sensor 330 is thus in the closed state, and transmits the third signal in
response thereto. With the catch 120 in the locking position, the bottom hub protrusion 224 is
received in the catch recess 124, and the bottom hub 220 is thus locked against rotation, thereby
defining a locked state of the lock assembly 100, The controller 106 may in turn interpret the
signal from the lock sensor 330 as indicating a locked condition of the lock assembly 100.

[0043] In the illustrated form, engagement between the catch 120 and the bottom hub 220 is
effected by the recess 124 formed on the catch 120 and the protrusion 224 formed on the bottom
hub 220. It is also contemplated that the catch 120 may comprise a protrusion, the hub 220 may

- comprise a correspondingly-shaped recess, and the catch protrusion may be received in the hub
recess when the catch 120 is in the locking position.

[0044]  Referring once again to FIGS. 5 and 6, the catch 120 is illustrated in the locking position
wherein the bottom hub protrusion 224 is received in the catch recess 124. In the illustrated
form, the catch 120 is not aligned with the top hub 210 such that with the catch 120 in the
locking position, the top hub protrusion 214 is not received in the catch recess 124. The top hub
210 remains free to rotate, and the latch bolt 132 can be retracted by the inner handle even when
the lock assembly 100 is in the locked state. In other embodiments, the catch 120 may be
aligned with both of the hubs 210, 220 such that each of the hubs 210, 220 is locked against
rotation when the lock assembly 100 is in the locked state.

[0045] In other embodiments, the top hub 210 may be coupled to the outer handle, and the.
bottom hub 220 may be coupled to the inner handle. In such forms, the catch 120 may be
aligned with the top hub 210 such that the catch 120 prevents rotation of the top hub 210 when in
the locking position. The bottom hub 220 may remain free to rotate such that the inner handle
connected thereto remains operable to retract the latch bolt 132.

[0046] In still further embodiments, the lock assembly 100 may include an adjustment
mechanism (not illustrated) operable to move the catch 120 transversely (i.e., in a direction
perpendicular to the illustrated plane). In such embodiments, the adjustment mechanism may Be
operable to adjust the transverse position of the catch 120 between an upper position wherein the
catch 120 is aligned with only the top hub 210, a lower position wherein the catch 120 is aligned
with only the bottom hub 220, and an intermediate position wherein the catch 120 is aligned with

each of the hubs 210, 220. Such an adjustment feature enables the lock assembly 100 to operate

11
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in a number of different configurations depending on which hub 210, 220 is connected to the
inner handle.

[0047] The auxiliary bolt sensor 340 is associated with the deadlocking assembly 140 and may
be configured to transmit a fourth signal in response to the retracted state of the auxiliary bolt
142. The exemplary auxiliary bolt sensor 340 is a normally open simulated roller switch,
although other forms are contemplated. In the illustrated form, the auxiliary bolt sensor 340 is
positioned adjacent the auxiliary bolt 142 such that the leaf spring 342 extends into the path of
travel of the auxiliary bolt 142. As such, when the auxiliary bolt 142 moves to the retracted
position, it depresses the leaf spring 342, thereby transitioning the auxiliary bolt sensor 340 to
the closed state at which point the electrical connection is completed and the fourth signal is
transmitted. Due to the fact that the auxiliary bolt 142 is urged to the retracted position when the
door 101 is closed, the controller 106 may ii_lterpret the signal from the auxiliary bolt sensor 340
as indicating a door closed condition.

[0048] While the illustrated auxiliary bolt 142 comprises a portion of the deadlocking assembly
140, other forms are contemplated. In certain embodiments, the deadlocking member 144 may
be omitted, and the auxiliary bolt 142 may be utilized merely as an indicator that the door 101 is
closed. In further embodiments, the auxiliary bolt sensor 340 need not necessarily be associated
with the deadlocking assembly 140. For ekample, the au_xiﬁary bolt sensor 340 may instead be
associated with a secondary auxiliary bolt (not illustrated) which retracts when the door 101 is in
the closed position.. )

[0049] With reference to FIG. 9, a schematic block diagram of a control circuit 400 according to
one embodiment is illustrated. The circuit 400 includes thé sensor assembly 300 connected to a
controller 402 via a plurality of signal lines 404 and a plﬁrality of first and second return lines
406, 408. The controller 402 is further connected to a power source 409, and transmits electrical
signals to the sensor assembly 300 through the signal lines 404. The controller 402 may be an

-on-board controller such as, for example, the controller 106, or may be remote from the lock
assembly as with the control system 108, and may perform various functions additional functions
such as those described above with reference to the controller 106, the user interface 107, and/or
the control system 108.

[0.050] As noted above, the illustrated sensor assembly 300 comprises a plurality of SPDT

microswitches, each of which includes a leaf spring. As shown in FIG. 9, each of the
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microswitches also includes an actuator such as a button, and a number of terminals. For
example, the top sensor 310 includes a button 313 actuated by the leaf spring 312, an input
terminal 314, a normally open terminal 316, and a normally closed terminal 318. The schematic
representations of the remaining sensors 320, 330, 340 are substantially similar to that of the top
‘sensor 310, and similar reft_::rénce characters are used to indicate similar elements and features.

[0051] The controller 402 includes a plurality of contact groups including a top sensor contact
group 4.10, a bottom sensor contact group 420, a lock sensor contact group 430, and an auxiliary
bolt sensor contact group 440. Each of the contact groups includes three contacts connected to
the terminals of the corresponding sensor via one of the signal lines 404, one of the first return
lines 406, and one of the second return lines 408. For example, the top sensor contact group 410
includes a signal contact 414 connected to the input terminal 314 via one of the signal lines 404,
a first return contact 416 connected to the normally open terminal 316 via one of the first return
lines 406, and a second return contact 418 connected to the normally closed terminal 318 via one
of the second return lines 408, The remaining contact groups 420, 430, 440 are substantially
similar to the top sensor contact group 410, and similar reference characters are used to indicate
similar elements and features. |

[0052] In operation, the controller 402 issues the first signal via the signal contact 414, the
sensor 310 transmits the first signal through one of the output terminals 316, 318, and the
controller 402 receives the first signal at one of the return contacts 416, 418. When the button
313 is actuated (i.e., when the leaf spring 3 12 s depressed), the input terminal 314 is electrically
connected to the normally open terminal 316, the top sensor 310 transmits the first signal to the
controller 402 fh:rough the first return line 406, and the controller 402 receives the first signal at
the first return contact 416, When the button 313 is not actuated (i.e., when the leaf spring 312 is
not depressed), the input terminal 314 is electrically connected to the normally closed terminal
318, the top sensor 310 transmits the first signal to the controller 402 through second return line
408, and the controller 402 receives the first signal at the second return contact 418.

[0053] Due to the fact that the controller 402 is connected to each of the terminals of each of the
sensors, the controller 402 may continuously receive each of the signals through one of the return
lines 406, 408 connected to the corresponding sensor. Thus, each of the sensors may operate as a
dual-action switch which performs the functions of both a normally open switch and a normally

closed switch. As such, the controller 402 may interpret various conditions of the lock assembly
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100 based at least in part on whether the signal is being transmitted through one of the first return
lines 406 (i.e., from the normally open terminal) or through one of the second return lines 408
(i.e., from the normally closed terminal). -

[0054] For example, in the illustrated embodiment, when the top hub cam surface 218 is engaged
with the top sensor leaf spring 312, the button 313 is depressed, and the top sensor 310 transmits
the first signal through the normally open terminal 316. Thus, the controller 402 may interpret
receiving the first signal at the top sensor first return contact 416 as indicating a home position of
the top hub 210. ‘When the cam surface 218 is not engaged with the leraf spring 312, the button

* 313 is not depressed, and the top sensor 310 transmits the first signal through the normally
closed terminal 318. As such, the controller 402 may interpret receiving the first signal at the top
sensor second return contact 418 as indicating a rotated position of the top hub 210. The
controller 402 may additionally interpret the rotated position of the top hub 210 as a request to
exit condition or a request to enter condition depending on whether the top hub 210 is connected
to the inner handle or the outer handle.

[0055] Similarly, when the bottom hub cam surface 228 is engaged with the bottom sensor leaf
spring 322, the button 323 is depressed, and the bottom sensor 320 transmits the second signal
through the normally open terminal 326. Thus, the controller 402 may interpret receiving the
second signal at the bottom sensor first return contact 426 as indicating a home position of the
bottom hub 220. When the cam surface 228 is not engaged with the leaf spring 322, the button
323 is not depressed, and the bottom sensor 320 transmits the second signal through the normally
closed terminal 328. As such, the controller 402 may interpret receiving the second signal at the
bottom sensor second return contact 428 as indicating a rotated position of the bottom hub 220.
The controller 402 may additionally interpret the rotated position of the bottom hub 220 as a
request to exit condition or a reqﬁest to enter condition depending on whether the bottom hub
220 is connected to the inner handle or the outer handle. |

[0056] When the catch 120 is engaged with the lock sensor leaf spring 332, the button 333 is
depressed and the lock sensor 330 transmits the third signal through the normally open terminal
336. Thus, the controller 402 may interpret receiving the third signal at the lock sensor first
return contact 436 as indicating a locking position of the catch 120, which in turn indicates a
locked condition of the lock assembly 100. When the catch 120 is not engaged with the leaf
spring 332, the button 333 is not depressed, and the lock sensor 330 transmits the third signal
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through the normally closed terminal 338. As such, the controiler 402 may interpret receiving
the third signal at the lock sensor second return contact 438 as indicating an unlocking position
of the catch 120, which in turn indicates an unlocked condition of the lock assembly 100.

[0057] When the auxiliary bolt 142 is engaged with the auxiliary bolt sensor leaf spring 342, the
button 343 is depressed, and the auxiliary bolt sensor 340 transmits the fourth signal through the
normalily open terminal 346'. Thus, the controller 402 may interpret receiving the fourth signal at
the auxiliary bolt sensor first return contact 446 as indicating a retracted position of the auxiliary
bolt 142, which méy in turn indicate a door closed condition. When the auxiliary bolt 142 is not
engaged with the leaf spring 342, the button 343 is not depressed, and the auxiliary bolt sensor
340 transmits the fourth signal through the normally closed terminal 348. As such, the controller
402 may interpret receiving the fourth signal at the auxiliary bolt sensor second return contact
448 as indicating an extended position of the auxiliary bolt 142, which may in turn indicate a
door open condition. _

[0058] As can be seen from the foregoing, the above-described sensor assembly 300 may enable
detection of a plurality of conditions of the lock assembly 100 utilizing a compact form factor.
Specifically, the sensor assembly 300 may detect a request to exit cdndition, a request to enter
condition, and locked/unlocked condition with a single assembly including a plurality of sensors
310, 320, 330 mounted on a single PCB 302. Due to the compact nature_of the sensor assembly
300, such features can easily be incorporated into current lock assembly designs, whether in a
factory setting or as a retroﬁt to an existing assembly.

[0059] With reference to FIG. 10, an illustrative mortise lock assembly 500 according to another
embodiment iﬁcludes a latch bolt assembly 130, a deadlocking assembly 140, and the
transmission assembly 200 described above with reference to the mortise lock aésembly 100, as
well as a drive assembly 510, a locking member or catch 520, and a sensor assembly 600. The
loék assembly 500 further includes a case 502 which houses various components of the lock
assembly 500, and a cover plate (not illustrated) which encloses various elements of the lock
assembly 500 within the case 502. As shown in FIG. 12, the case 502 includes an opening 503
operable to. receive at least a portion of the sensor assembly 600.

[0060] The drive assembly 510 includes an electromechanical actuator in the form of a rotary

~ motor 512 such as a stepping motor, and a helical spring 514 connected to an output shaft of the

motor 512. The drive assembly 510 further includes a link 516 coupled to the spring 514 such
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that the link 516 moves longitudinally in response to rotation of the motor shaft. An éxemplary
form of this type of drive assembly is disclosed in the above-referenced U.S. Patent Application
No. 14/ 194,605, and therefore need not be further described herein.

j0061] The catch 520 is similar to the previously-described catch 120, and similar reference
characters are used to indicate similar elements and features. Like the previously-described
catch 120, the catch 520 is coupled to the link 516 such that the catch 520 moves laterally
between a locking posif[ion and an unlocking position in resbonse to longitudinal movement of
the link 516, -

[0062] With reference to FIG. 11, the sensor assembly 600 includes a bracket 610 and a sensor
620 releasably mounted to the bracket 610. The bracket 610 includes a base plate 612, and a pair
of arms 614, 616 extending in a direction substantially perpendicular to the base plate 612. The
base plate 612 may further comprise an opening 618 through which wires may be passed to
connect the sensor 620 to a control system. ‘One of the arms 616 includes a mounting feature
such as, for example, a post 617 which is used to secure the sensor 620 to the bracket 610. The
illustrated base plate 612 includes laterally spaced mounting holes 613, and the case 502 may

define corresponding mounting holes on opposite sides of the opening 503, Fasteners 602 such
as, for example, screws may be paSsed through the mounting holes in the bracket 610 and the
case 502 to releasably secure the bracket 610 to the case 502.

[0063] As should be appreciated, the fasteners 602 and the mounting holes 613 comprise a
portion of a first coupling operable to selectively, releasably and reversibly couple the bracket
610 to the case 502. In other words, the bracket 610 is operable to be selectively mounted to the
case 502 in each of a first orientation ahd a second orientation, wherein the first orientation is
angularly offset from the second orientation by 180° about a lateral axis defined by the bracket
610. In the first orientation, one of the arms 614, 616 is positioned proximate to the back plate of
the housing 502, and in the second orientation the other of the arms 614, 616 is positioned
proximate to the back plate of the housing 502.

[0064] The exemplary sensor 620 is substantially similar to the above-described lock sensor 330,
except that the illustrated sensor 620 is configured as a normally closed switch. In other words,
the sensor 620 is connected to the controller through the normally closed output terminal 628,
While the illustrated sensor 620 is an SPDT snap-action switch comprising a leaf spring 622

including an angled segment 629, it is also contemplated that the sensor 620 may be a simulated
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roller switch similar to the above-described sensors 310, 320. It is further contemplated that the
sensor 620 may be configured as another form of an electric switch or sensor such as, for
example, those described above. The sensor 620 further includes terminals 624, 626, 628 to
which the wires may be attached to electrically coﬁple the sensor 620 to the control system.

[0065] The sensor 620 further defines a pair of laterally spaced openings 627 extending
therethrough. When the sensor 620 is mounted to the bracket 610, one of the openings 627
receives the post 617, and a fastener such as a screw 618 passes through the other opening 617 to
releasably secure the sensor 620 to the bracket 610. As will be appreciated, the sensor 620 can
be selectively mounted to the bracket 610 in a first position and a second position, wherein the
first position is angularly offset from the second position by 180° about a lateral axis of the
sensor 620. Thus, while FIG. 11 depicts the leaf spring 622 extending toward the left side of the
bracket 610, this orientation can be reversed by removing the screw 618 and flipping the sensor
620 about its lateral axis such that the leaf spring 622 extends toward the right side of the bracket
610. In the reverse or second position, each of the post 617 and the screw 618 is located in the
opening 627 previously occupied by the other of the post 617 and the screw 618. In other words,
the post 617, the screw 618, and the openings 627 comprise a second coupling operable to
selectively, releasably and reversibly couple the sensor 620 to the bracket 610.

[0066] In the illustrated form, the first coupling comprises fasteners 602 and the second coupling
comprises a post 617 and a screw 618, However, it is also contemplated that other forms of
releasable and/or reversibl‘e couplings may be utilized. By way of a non-limiting example, such
couplings mayrinclude mating snap features, posts, threaded engagement, or the like. In one
embodiment, the bracket 610 and the sensor 620 may include mating snap features such that the
sensor 620 can be selectively mounted to the bracket 610 in either position. In other -
embodiments, each of the arms 614, 616 may include a post or another mounting feature such
that the sensor 620 can be réleasably and selectively secured to either of the arms 614, 616.

[0067] Due 1o the fact that sensor 620 can be coupled on the bracket 610 in either of two
positions, and the bracket 610 can be coupled to the case 502 in either of two orientations, the
sensor assembly 600 can be mounted to the lock assembly 500 in a plurality of configurations.

In a first configuration, the sensor 620 may be selectively coupled to the bracket 610 in the first
position, and the bracket 610 may be selectively coupled to the case 502 in the first orientation.

In a second configuration, the sensor 620 may be selectively coupled to the bracket 610 in the
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second position, and-the bracket 610 may be selectively coupled to the case 502 in the second
orientation. It is also contemplated that two or more of the configurations may comprise the
same position of the sensor 620 relative to the bracket 610, or the same orientation of the bracket
610 with respect to the case 502. _

[0068] FIG. 12 depicts the sensor assembly 600 mounted to the case 502 in the first
configuration, wherein the sensor.620 is associated with the bottom hub 220. In this
configuration, the sensor 620 is passed through an opening 503 formed in the case 502, and is
positioned between the catch 520 and the back plate of the case 502. When the bottom hub 220
is in the home position, the cam surface 228 engages the leaf spring 622, thereby retaining the
leaf spring 622 in the depressed position. When the bottom hub 220 is rotated, the leaf spring
622 is released, thereby causing the sensor 620 to transition states. This operation is
substantially similar to that described above with reference to the previously-described sensor

~assembly 300, and details regarding the illustrated and alternative forms of such operation need
not be repeated.

[0069] As illustra_ted in FIG. 13, the sensor assembly 600 may also be selectively mounted to the
case in a second orientation. In order to selectively change the mounting orientation from that
illustrated in FIG. 12 to the mounting orientation illustrated in FIG. 13, the screws 602 are
removed and the sensor assembly 600 is removed from the case 502. The screw 618 is then
removed, and the sensor 620 is mounted to the bracket 610 in the second position, as described

_in detail above. The sensor assembly 600 is then positioned on the case 502 in a second
orientation such that the sensor 620 passes through the opening 503 between the catch 520 and
the cover plate (not illustrated). The bracket 610 is then fastened to the case 502 in the second
orientation with the screws 602. With the sensor assembly 600 mounted in the second
configuration, the sensor 620 is associated with the top hub 220. When the top hub 210 is in the
home position, the normally closed switch 620 is retained in the open state, and when the top hub
210 is rotated, the sensor 620 transitions to the closed state and sends a signal as described

~ above, _

[0070] In the illustrated embodiment, the sensor assembly 600 comprises a single sensor 620
mounted to the bracket 610. It is also contemplated that the sensor assembly 600 may comprise

a plurality of sensors mounted to the bracket 610. For example, each of the arms 614, 616 may
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include a post or another attachment feature, and a sensor may be mounted to each of the arms
614, 616, such that a sensor is associated with each of the hubs 210, 220.

[0071] Furthermore, while the sensor 620 has been described as a normally closed switch
connected to the controller through the normally closed output terminal 628, it is also
contemplated that the sensor 620 may be configured as a normally open switch such as, for
example, in embodiments in which the cam surfaces 218, 228 comprise recesses in place of
protrusions. It is further contemplated that the sensor 620 may be a dual-action switch connected
to the controller through each of the output terminals 626, 628. In such embodiments, the sensor
620 may continuously transmit the signal to the controller through the output terminal
corresponding to the position of the leaf spring 622 such as, for example, as described in detail
above with reference to FIG. 9. 7

[0072] While the invention has been illustrated and described in detail in the drawings and
foregoing description, the same is to be considered as illustrative and not restrictive in character,
it being understood that only the preferred embodiments have been shown and described and that
all changes and modifications that come within the spirit of the inventions are desired to be
protected. It should be understood that while the use of words such as preferable, preferably,
preferred or more preferred utilized in the description above indicate that the feature so described
may be more desirable, it nonetheless may not be necessary and embodiments lacking the same
may be contemplated as within the scope of the invention, the scope béing defined by the claims
that follow.

[0073] In reading the claims, it is intended that when words such as “a,” “an,” “at least one,” or
“at least one portion” are used there is no intention tb limit the claim to only one item unless
specifically stated to the contrary in the claim. When the language “at least a portion” and/or “a
portion” is used the item can include a portion and/or the entire item unless specifically stated to

the contrary.
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WHAT IS CLAIMED IS:

A locking assembly, comprising:

a case; -

a first hub rotatably mounted in the case and having a first home position and a first rotated
position;

a second hub rotatably mounted in the case and having a second home position and a second
rotated position;

a locking member aligned with the first hub and having a locking position wherein rotation of the
first hub is prevented, and having an unlocking position wherein rotation of the first hub is
enabled; and

a sensor assembly including:

a first sensor associated with the first hub and operable to transmit a first signal in response
to one of the first home position and the first rotated position, |

a second sensor associated with the second hub and operable to transmit a second signal in
response to one of the second home position and the second rotated position;

a third sensor associated with the locking member and operable to transmit a third signal in
response to one of the locking position and the unlocking position; and

a printed circuit board on which each of the first, second, and third sensors is mounted.

The locking assembly of claim 1, wherein the first sensor comprises a first microswitch

configured to transmit the first signal in response to a first actuating input;

wherein the first hub includes a first cam surface operable to engage the first microswitch in the
first home position and to disengage the first microswitch in the first rotated position;

wherein the second sensor comprises a second microswitch configured to transmit the second
signal in response td a second actuating input;

wherein the second hub includes a second cam surface operable to engage the second
microswitch in the second home position and to disengage the second microswitch in the
second rotated position;

wherein the first actuating input comprises one of engagement of the first cam surface with the

first microswitch and disengagement of the first cam surface from the first microswitch; and
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wherein the second actuating input comprises one of engagement of the second cam surface with
the second microswitch and disengagement of the second cam surface from the second

microswitch.

The locking assembly of claim 2, wherein the third sensor comprises a third microswitch
configured to transmit the third signal in response to a third actuating input; and
wherein the third actuating input comprises one of the locking position and the unlocking

position.

. The locking assembly of claim 3, wherein the first cam surface comprises a first protrusion, and
the first actuating input comprises disengagement of the first protrusion from the first
microswitch; and _

| wherein the second cam surface comprises a second protrusion, and the second actuating input’

comprises disengagement of the second protrusion from the second microswitch. '

The locking assembly of claim 4, further comprising a controller in communication with the
sensor assembly and configured to store data relating to a request to enter condition in response
to the first signal, to store data relating to a request to exit condition in response to the second

signal, and to store data relating to a locked condition in response to the third signal.

The locking assembly of claim 5, further comprising an auxiliary bolt biased to an extended
position and having a retracted position in response to engagement with a door frame; and
wherein the sensor assembly further comprises a fourth microswitch associated with the auxiliary
bolt and configured to transmitl a fourth signal in response to the retracted position; and
wherein the controller is further configured to store data relating to a door closed condition in

response to the fourth signal.

The locking assembly of claim 1, wherein the third sensor compriseé a microswitch including a.

body and a leaf spring having an actuating segment and an engaging segment; and

wherein the actuating segment is connected to the body, and wherein depression of the actuating
segment is operable to actuate the microswitch;

wherein the engaging segment is angularly offset from the actuating segment and extends toward

the locking member;
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wherein the locking member engages the engaging segment when in the locking position; and
wherein engagement of the locking member and the engaging segment depresses the actuating

segment.

The locking assembly of claim 1, further comprising an auxiliary bolt movably connected to the

case and having an extended position and a retracted position; and

wherein the auxiliary bolt is biased toward the extended position; and

wherein the sensor assembly further comprises a fourth sensor associated with the auxiliary bolt
and operable to transmit a fourth signal in response to one of the extended position and the

retracted position.

The locking assembly of claim 1, wherein the first sensor comprises a first electrical switch

including a first normally open terminal and a first normally closed terminal;

wherein the second sensor comprises a second electrical switch including a second normally
open terminal and a second normally closed terminal;

wherein the third sensor comprises a third electrical switch including a third normally open
terminal and a third normally closed terminal; _

wherein the first electrical switch is configured to transmit the first signal via the first normally
open terminal in response to one of the first home position and the first rotated position, and
to transmit the first signal via the first normally closed terminal in response to the other of the
first home position and the first rotated position;

wherein the second electrical switch is configured to transmit the second signal via the second
normally open terminal in response to one of the second home position and the second
rotated position, and to transmit the second signal via the second normally closed terminal in
response to the other of the second home position and the second rotated position; and

wherein the third electrical switch is configured to transmit the third signal via the third normally
open terminal in response to one of the locking position and the unlocking position, and to
transmit the third signal via the third normally closed terminal in response to the other of the

locking position and the unlocking position.
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A sensor assembly operable to detect a condition of a locking assembly including a case which
houses a first hub having a first home position and a first rotated position, a second hub having a
second home position and a second rotated position, and a retraction assembiy operable to retract
a latch bolt in response to rotation of either of the first and second hubs, and wherein the case
comprises an opening aligned with the first and second hubs, the sensor assembly comprising:

a bracket configured for receipt within the opening;

a sensor operable to {ransmit a signal in response to an actuating input;

a first coupling operable to couple the sensor to the bracket; and

“a second coupling operable to couple the bracket to the case; and

wherein the sensor assembly is structured for connection to the locking assembly in each of a
first configuration and a second configuration;

wherein, in the first configuration, the sensor is associated with the first hub, and the actuating
input comprises one of the first home position and the first rotated position; and

wherein, in the second configuration, the sensor is associated with the second hub, and the

actuating input comprises one of the second home position and the second rotated position.

The sensor assembly of claim 10, wherein the bracket includes a base plate and an arm extending
from the base plate; and

wherein the first coupling couples the sensor to the arm.

The sensor assembly of claim 10, wherein the first coupling comprises a first releasable coupling
structured to releasably couple the sensor to the bracket in each of a first position and a second
position; and
wherein the secdnd coupling comprises a second releasable coupling structured to releasably

~ couple the bracket to the case in eaéh of a first orientation and a second orientationg and
wherein, in the first configuration, the sensor is coupled to the bracket in the first position, and

the bracket is coupled to the case in the first orientation; and

wherein, in the second configuration, the sensor is coupled to the bracket in the second position,

and the bracket is coupled to the case in the second orientation.
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The sensor assembly of claim 12, wherein the sensor comprises a microswitch including a leaf

spring; and

wherein, in the first configuration, the leaf spring is engaged with a first cam surface when the
first hub is in the first home position and is disengaged from the first cam surface when the
first hub is in the first rotated position, and the actuating input comprises one of engagement
with the first cam surface and disengagement from the first cam surface; and

wherein, in the second configuration, the leaf spring is engaged with a second cam surface when
the second hub is in the second home position and is disengaged from the second cam surface
when the second hub is in the second rotated position, and the actuating input comprises one

of engagement with the second cam surface and disengagement from the second cam surface.

The sensor assembly of claim 13, wherein the first position is angularly offset from the second

- position by 180° about a lateral axis of the microswitch; and

15.

16.

wherein the first orientation is angularly offset from the second orientation by 180° about a

lateral axis of the bracket.

The sensor assembly of claim 10, wherein the sensor comprises a snap-action switch including a
first output terminal and a second output terminal; and
wherein the snap-action switch is configured to transmit the signal through the first output
~ terminal in response to the éctuating input, and is further configured to transmit the sighal
through the second output terminal in response to a secondary actuating input;
wherein, in the first configuration, the secondary actuating input comprises the other of the first
home position and the first rotated position; and
wherein, in the second configuration, the secondary actuating input comprises the other of the

second home position and the second rotated position.

The sensor assembly of claim 15, wherein the snap-action switch further comprises a resilient
trigger arm having a first position and a second position;

wherein the first hub comprises a first cam surface;

wherein the second hub comprises a second cam surface;

wherein, in the first configuration:
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with the first hub in the first home position, the first cam surface is éngaged with the trigger
arm;

with the first hub in the first rotated position, the first cam surface is disengaged from the
trigger arm;

the trigger arm comprises the first trigger arm position in response to engagement with the
first cam surface;

the trigger arm comprises the second trigger arm position in response to disengagement
from the first cam surface;

the actuating input further comprises the first trigger arm position; and

the secondary actuating input further comprises the second trigger arm position; and

wherein, in the second configuration: |

with the second hub in the second home position, the second cam surface is engaged with
the trigger arm;

with the second hub in the second rotated position, the second cam surface is disengaged
from the trigger arm;

the trigger arm comprises the first trigger arm position in response to engagement with the
second cam surface;

the trigger arm comprises the second trigger arm position in response to disengagement
from the second cam surface;

the actuating input further comprises the first trigger arm position; and

the secondary actuating input further comprises the second trigger arm position.

17. A system, comprising:
a locking assembly including:
a case defining an opening;
first and second hubs rotatably mounted in the case and aligned with the opening, wherein
cach of the hubs is independently fotatable;
a latch assembly biased to a locking position and having an unlocking position in response
to rotation of either of the first and second hubs; and
a locking element operable to selectively prevent rotation of the first hub; and
a sensor assembly including a sensor operable to transmit a signal and structured to be received

in the opening in a first configuration and a second configuration; and
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wherein, in the first configuration, the sensor is associated with the first hub and transmits the
signal in response to rotation of the first hub; and
wherein, in the second configuration, the sensor is associated with the second hub and transmits

the signal in response to rotation of the second hub.

The system of claim 17, wherein the sensor assembly further comprises-a bracket, and wherein

the sensor is feleasably engaged to the bracket.

The system of claim 18, wherein the bracket is operable to be selectively coupled to the case in a

first bracket position and a second bracket position; and

wherein the sensor is structured for coupling to the bracket in a first sensor position and a second
sensor position;

wherein the first configuration comprises the first bracket position and the first sensor position;
and

wherein the second configuration comprises the second bracket position and the second sensor

position,

The system of claim 19, wherein the sensor comprises an electrical switch including a normally
open terminal and a normally closed terminal, and wherein the electrical switch transmits the
signal via one of the normally open terminal and the normally closed terminal in response to

rotation of the hub with which 