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Abstract

Disclosed are various embodiments of lock devices, systems, and methods, lock of the application can
include an internal mechanism to permit backdriven operation and lost motion operation. In one form
the lock can be made from an assembly of parts that have locating features that require one way
installation/assembly. The lock can include an internal power source capable of driving electronics

used to determine handedness of a door.
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LOCK DEVICES, SYSTEMS AND METHODS

The present application is a divisional application from Australian Patent
Application No. 2013215262, the entire disclosure of which is incorporated herein by

reference.

BACKGROUND

Providing door lock assemblies that provide locking and unlocking doors remains
an area of interest. Some existing systems have various shortcomings relative to certain
applications and needs. Accordingly, there remains a need for further contributions in
this area of technology. For example, present approaches to electromechanical lock
position sensing, control and autohanding, suffer from a variety of drawbacks,
limitations, disadvantages and problems. Errors associated with installation and
programming of electromechanical locks can compromise lock function. Such errors
may increase installation time and cost. They may also cause inaccurate indications of
lock malfunction or defects resulting in unnecessary troubleshooting or product returns
and exchanges. Installation and programming errors may occur in a number of manners
including mistakes in physical assembly of lock components as well as mistakes in
configuration and programming of electronic lock components. There is a need for the
unique and inventive devices, systems, and methods of electromechanical lock position
sensing, autohanding, and control disclosed herein. Present approaches to remote
communication with and operation of electromechanical locks face a number of
challenges and suffer from a number of limitations and problems. For example,
electromechanical door locks often utilize a battery-based power supply. Security, cost,
and convenience considerations dictate minimizing current drain and power
consumption in order to increase battery life and reduce the uncertainty, expense and
inconvenience imposed by dead battery events. The ever-growing presence of
competing electromagnetic signals from portable phones, cell phones, wireless internet
communications, and other sources further complicate efforts to provide remote
operability for electromechanical locks. Additional challenges arise out of the desire to
provide remotely operable electromechanical locks that are compatible with preexisting

networks and communication protocols and allow interoperation and communication
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with other devices and systems. Providing such functionality imposes power demands
on lock communication and control circuitry that are by the driven by the standards and
designs of the existing networks and protocols. Further challenges are presented where
the existing network is dynamically configurable. Such networks may utilize techniques
for changing, maintaining, organizing or optimizing network configuration which
conflict with other design considerations such as power and current drain reduction or
minimization, for example, a network control technique may rely upon transceivers
being awake, or having a certain wake latency and network performance may suffer due
to lack of response from a sleeping transceiver. These and other challenges have
presented a need for the unique and inventive devices, systems, and methods disclosed
herein.

The discussion of the background to the invention included herein including
reference to documents, acts, materials, devices, articles and the like is included to
explain the context of the present invention. This is not to be taken as an admission or a
suggestion that any of the material referred to was published, known or part of the
common general knowledge in Australia or in any other country as at the priority date of

any of the claims.

SUMMARY

One embodiment of the present invention is a unique door lock assembly. Other
embodiments include apparatuses, systems, devices, hardware, methods, and
combinations for proving powered door bolts. Further embodiments, forms, features,
aspects, benefits, and advantages of the present application shall become apparent from
the description and figures provided herewith.

According to a first aspect of the present invention, there is provided an apparatus
comprising: an auto dead bolt door device having a first side key entry and a back side
having a user grappling member; a motor disposed internal to the device capable of
providing torque useful in actuating a dead bolt of the auto dead bolt door device, the
dead bolt having a retracted position, a dead position opposite the retracted position, and
a plurality of extended positions between the retracted position and the dead position;
and a gearing system that includes a plurality of toothed members having corresponding
intermeshed gear teeth disposed between the motor and the dead bolt and operable to

convey torque from the motor to actuate the dead bolt, wherein a first of the plurality of
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toothed members is coupled directly to the motor, the plurality of toothed members
having a cooperative configuration that permits backdriven operation to allow torque to
be applied to move the plurality of toothed members in a first direction and an opposite
second direction such that an array of gear teeth of the first toothed member is
configured to be a driven gear and a driving gear depending upon a torque applied; and
wherein the first toothed member is coupled directly to the motor comprises a pinion
gear.

According to a second aspect of the present invention, there is an apparatus
comprising: an auto dead bolt door device having a first side key entry and a back side
having a user grappling member; a motor disposed internal to the device capable of
providing torque useful in actuating a dead bolt of the auto dead bolt door device, the
dead bolt having a retracted position, a dead position opposite the retracted position, and
a plurality of extended positions between the retracted position and the dead position; a
gearing system that includes a plurality of toothed members having corresponding
intermeshed gear teeth disposed between the motor and the dead bolt and operable to
convey torque from the motor to actuate the dead bolt, the plurality of toothed members
having a cooperative configuration that permits torque to be applied to move the
plurality of toothed members in a first direction and an opposite second direction such
that an array of gear teeth of a first toothed member is configured to be a driven gear and
a driving gear depending upon a torque applied; and a lost motion coupling between a
cam and first toothed member of the plurality of toothed members such that the loss
motion permits the cam to rotate between a dead bolt retracted position and a dead bolt
extended position.

According to a third aspect of the present invention, there is provided an
apparatus comprising: a deadbolt assembly having an internal motor in driving relation
with a deadbolt, a user grappling member interconnected to the deadbolt and configured
to extend and retract the deadbolt without use of the motor; gearing means for
backdriving the motor when a failure occurs in the motor such that the deadbolt is
placed in an intermediate position between a fully extended position and a fully
retracted position; and means for permitting lost motion between a thumbturn and the
motor such that the thumbturn can be rotated to open and close the deadbolt without
corresponding motion in the motor,

According to a fourth aspect of the present invention, there is provided an

apparatus comprising: a powered door access device module structured to operate a bolt
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that can be extended and retracted into a doorjamb to secure a door, the device module
also having a receptacle for receiving an energy storage device useful to provide power
to a motor to extend and retract the bolt and a user grappling member useful to permit a
user to extend and retract the bolt when the device module is coupled with a door and
bolt assembly; a reversible gear transmission disposed between the motor and the bolt of
the door, the reversible gear transmission structured to be driven by the motor in one
mode of operation to extend and retract the bolt, the reversible gear transmission also
capable of receiving a movement from the user grappling member and transmitting that
movement to the motor to backdrive the motor; and wherein the reversible gear
transmission also includes a lost motion feature such that movement of the motor over a
substantial range of throw of the bolt need not cause a corresponding movement in the
bolt.

BRIEF DESCRIPTION OF THE FIGURES

Fig. 1A depicts an embodiment of a door lock assembly.

Fig. 1B depicts an embodiment of a door lock assembly.

Fig. 2 depicts an exploded view of one embodiment of a door lock assembly. Fig.
3 shows an embodiment of a key cylinder and a driver.

Fig. 4 shows an embodiment of a back side manipulator portion.

Fig. 5 shows an embodiment of a back side manipulator portion.

Figs. 6-9 show one example of movement of a back side manipulator portion. Fig,
10 depicts an embodiment of a bolt and housing.

Figs. 11A and 11B depict views of a housing.

3a
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Fig. 12 depicts an embodiment of a lock cylinder.

Figs. 13A and 13B depict embodiments of a cam and housing in a left handed
door and a right handed door.

Figs. 14A and 14B depict embodiments of a cam and housing in a left handed
door and a right handed door.

Fig. 15A and 15B depicts embodiments of a cam and a housing.

Fig. 15C depicts an embodiment of a cam.

Figs. 16, 17, 18A, and 18B depict an embodiment of a motor, transmission, and
driver coupler useful within the back side manipulator portion

Figs. 19-22 depict an embodiment of a motor, transmission, driver coupler, and
worm gear that can be used within the back side manipulator portion.

Fig. 23-24 depict another embodiment of a motor and transmission.

Fig. 25 illustrates exemplary position sensing components of an
electromechanical lock.

Fig. 26 illustrates an exemplary position sensing encoder of an electromechanical
lock.

Fig. 27 illustrates additional exemplary position sensing components of an
electromechanical lock.

Fig. 28 illustrates an additional exemplary position sensing encoder of an
electromechanical lock

Fig. 29 illustrates an exemplary block diagram of certain electronics of a remotely
operable electromechanical lock.

Fig. 30 illustrates an additional exemplary block diagram of certain electronics of
a remotely operable electromechanical lock.

Fig. 31 illustrates a further exemplary circuit schematic for certain electronics of a
remotely operable electromechanical lock.

Fig. 32 is flow diagram according to an exemplary autohanding process.



2016238892 06 Oct 2016

Intentionally Left Blank



2016238892 06 Oct 2016

5

1@

20

13
=

30

DETAHLED DESCRIPTION

For the purposes of promoting an understanding of the prineiples of the
wvention, reference will now be made to the embodiments tliustrated in the drawings
and specific language will be used to describe the same. It will novertheless be
understood that no limitation of the seope of the invention is thereby intended. Any
alterations and farther modifications in the described embodiments, and any futher
applications of the principies of the invention as described herein are contemplated as
wonld normally occur to one slalled in the art to which the invention relates,

With reference to Figs. 1A and 1B, front and back side views are shown of a
door 53 having a door lock assembly 52 wsefia] to secure the door to a door Jamb or
other suitable fixed structure. The door 50 can be any variety of doors used in
residential, business, ete, applicaticus that can be used to close off passageways,
TOOMS, ‘Aaccess arcas, etc. The door logk assembly 52 shown in the ilfestraied
gmbodiments inchudes a bolt 54 that can mwove in 1o and out of {he door jamb when
secaring the door 3. The bolt can move from a retracted position to at extended
position and can include a dead position in which, for example, the belt resists being
retracted when tampered through force applied to-the bolt, The bolt can be moved
based upon a force inuparted through any one or a combination of a motor internal to
the door lock assembly 32, a key 36, and a user device 3R depicted in the iflustrated
embodiment as a thumbturn, The figure also depicts the strike, strike reinforce, and
Fasteners useful in secwring the strike and strike reinforce to the door jamb. Further
features of the bolt and its actuation will be described further below,

Fig. 2 depicts an exploded view of the door lock assenbry 52 which meludes a
frant side keyed portion 60, back side manipulator portion 62, and bolt portion 64,
The front side keved portion 60 of the iltustrated erabodunent chudes a key eylinder
{shown further below inFig. 3) having a kevhole used to receive a key 36 which can
be used o manipalate the bolt 34 1o secure the door 30, The front side keved portion
60 can alterpatively and/or addiionally inchade a numenie pad (shown m the
ilhsstrated embodiment) that can be used to engage a motor to dive the bolt 54 if
provided an appropriste pass code.

The back side manipulator portion 62 of the iflustrated ermbodiment includes a
backer plate 66 that can be secured to the door 50 and stractured to receive a powered
madule 68 also usefid In manipulating the bolt 34, The backer plate 66 can be affixed

&
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to the door 50 using any variety of techaiques. In some embodiments the backer plate
60 may not be needed to affix the back side manipulator portion 62 to the door. The
powered module 6 can include an energy source for the back side maniputator
portion 62, an appropriate motor for activating the bolt, associated clectronic controls
useful in activating the bolt |, ete. which will be discussed in more detail further below.

The front side keved portion 60 and the back side manipulator portiow 62 can
be tn communication with each other using a variety of mechanisms, Though not
depicted, 1w some embodiments a cabling can be used 10 connect the front side keyed
portion 60 to the back side manipulator portion 62 such that drive signals useful to
extend or retract the bolt can bie transmitted. For example, in those embodiments
baving an elecoronic keypad, the cable can be used to provide power to the keypad
tront a battery device steved in the back side manipulator portion 62 agd/or couvey a
signal, such as an actuyation signal for the motor, from the front side to the back side.
Otlier types of credentialing technologies can also be used in livu of, or iu addition to,
the keypad sach as but not Himited to | button, Body Comm, Smart card, ete. Not all
embodiments need include the cabling depicted. The cabling can wclude one or more
condactors tocanvey power, data signals, ete, I addaion, a driver shown below i
Fig, 3) can be coupled with both the front side and back side to receive a force from
any of the key 56, the user device 58, orthe motor associated with the door fock
assembly 52 10 activate the bolt 54, The driver caw take & variety of forms, one
embodiment of which 18 shown below in Fig, 3.

The bolt portion 64 of the illustrated entbodiment includes a housing for
enclosing the bolt 34 and can wclude a bolt deiving mechanism (discussed further
below in Fig, 10) interposed between the bolt 84 and the driver such that when the
driver imparts a force the bolt driving mechanism is moved which consequently
imparts a motion to the bolt 34, As will be appreciated given the discussion above, a
force can be transmitted via the driver to the bolt driving mechanism of the bolt
pottion &4 whether through a turn of the key 56 or an actuation of one or more
features of the back side manipulator portion 62, or any combination thereof. Further
detatls of the bolt portion 64 ave alse discussed further below.

Turaing now 10 Fig, 3, one embodiment of a lock cylinder 70 is shown which
can be used in the front side keyed portion 60, The lock eylinder 70 can mclude any
number of conditional features that when met permit the lock to actuate a driver 72

7
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that, as discussed above, can be used to transmit a force o the bolt portion 64 via the
bolt driving mechanisnr. Though the driver 72 is shown ay an attached component of
the lock eyvlinder 70 s the llustrated embodiment, not all erabodinents need to
include a similar construction. For example, in some forms the driver 72 can be
attached to a portion of the back side manipulator portion 62 to be received with the
tock cylider 70 upon installation with a door 30, No limitation of how the driver 72
is installed, coupled, fastenad, otc. s intended horein.

The driver 72 can take a variety of shapes and configurations, In the
ltustrated embodiment the deiver 72 is depicted as an ¢longate member having a
rectangular cross section, but other embodiments can inchude different shapes than
those depicted. The driver 72 can take the form of a tailpiece, drivebar, ete. 1o some
embodiments the driver 72 can include & logating feature 74 -whick can be used with
other aspects of the door lock assembly 52 1o cosure a consistent orientation of the
driver 72 duning installation. The locating feature 74 can be a localized feature such
as a bump, ridge, protrasion, depression, cte that is located in one area, along a
peripbery. etc of the driver 72. For examyple, the locating frature 74 of the iflustrated
embodiment is located o a side near a distal end of the itlustrated drrver 72 and takes
the form of a raised edge. The locating feature 74, however, can be sitvated at any
variety of locations other than that depicted in the illustrated embodiment, In many
embodiments the lecating feature 74 will require & corresponding device to which the
driver 72 s attached to also have a similar arrangement such that the corresponding
device 1s coupled with the driver 72 inonly one way. The locating feature can be
formed in the driver 72 using any number of techuigues such as stamping, forging,
crimping, beading, and snipping, 0 set forth just a fow non-limiting examples,
Further description of the locating feature 74 and how it 1s relates to other aspeets of
the door lock assembly 32 are described below in Figs. 10 — 13B.

Fig. 4 depicts an exploded view of some of the components of the back side
manipulatoy portion 62. Shown in the figore are a baseplate 76, power module 78,
moter 80, transmission 82, driver coupler 84, one or more wiper contacts 86, and a
circutt board 88. In the itlustrated erabodintent the baseplate 76 provides & chassis
upan which the various components ¢an be integrated prior to beiag installed on the
door 50. The power module 78 includes provisions to retain a supply of power, such
as but not Hmited to batteries. In one embodinment the power module 78 is a holder

8
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that can be snapped into place with the baseplate 76 and that includes provisions to
receive any number and types of batteries, such as but not Hmited to size AA
batteries. Four AA size batteries are conteraplated in one application.

The motor 80 recetves power via a cable 90 directly from the power moduls
78, but in other embodiments can be configured to vecetve power via the civeuit board
88. Tu cne embodiment the motor 80 18 a permanent magnget divect current (PMDO)
moter available from Johason Electric, 10 Progress Drive, Shelton CT, model
NFZ43G, but the motor 80 can take a wide variety of other forms useful to convert
power provided by the power module 78 1o mechanical output that can be wsed to
actuate the driver 72, In one nen-limiting embodiment the metor 80 can consume
about 3W of power, spint an output shaft at between 10,600 rpm and 15,000 ypm, and
produce forgue between about 4 and 30 mNm. The torque and high spin rate cag be
conveyed through the transmission 82 to the daver coupler &4 to produce adegquate
torgue and rotation rate to actuate the bolt 54.

The transmission 82 ¢art include any namber of gears, shafis, and other
appropriate devices used to trausmit power between the motor #0 and the driver
coupler 84, More or fewer devices than those depicted in the illustrated embodiment
can be used in the transmussion 82, The transmission 82 can mclude a pinton gear 92
coupled to an outpat shaft of the motor 80 which forms the mtroduction of power ta
drive a main gear 98, fnsome embodinents, fike the one shown in Fig, 4, & face gear
94 15 used and configured 1o receive torque from the pinion gear 92 which is
transnutted via an intermediate gear set 96 to the main gear 98, In some embodiments
power, and resultant movenent of the fransmission, can be transnutied fn both
directions: from the motor 80 1o the main gear 98; and from the main gear 98 to the
motor 80, made possible by the arrangement of the varivus gears as will be readily
understood. It one form the pinion gear 92 takes the form of a bevel gear, bt other
gear configurations are alse contemplated herein.

The driver coupler 34 includes a provision which permits it 10 be movingly
connected with the driver 72 such that operation by one or more of the key 36, user
device 5%, or the motor 80 causes the dyiver 72 to change positions and actuate the
beolt 54, in one form the deiver 72 1s conligured to extend into an opening ofithe
deiver coupler 84 and as a result in some evobodiments the opening can have a similar
contour as the driver 72, including those embodiments having the locating feature 74,

4
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On embodiment of the opening in the driver coupler 84 is shown ag a center opening
feature in the illustrated figure,

The wiper contacts 86 are discussed more fully below but in gengral are
attached, at keast one cach, to the mam gear 98 and the driver coupler 84, The wiper
contacts 86 interact with corresponding traces formed in the circust board 88 and can
be used to detect position of eltlter o both the main gear 9% and driver coupler 84, In
some forms the civguit board 88 can be configured to process information regarding
the state of the bolt 3, such as whether extended or retracted, based upon position of
the main gear 98 and driver coupler 84, Fusther détasls of this aspect of the
apphicatinn are described further below,

Fig. § depicts an instatled portion of the back side voanipulator portion 62, in
particular an instalied depiction of the motor ¥0, pinion gear 92, main gesr 98, and
intermediate gears 96. Of note in this depiction, one of the intermediate gears 96
shown in Fig. 4 is mounted to the same shaft as another of the intermediate gears 96
and is thus hidden from view. During operation of the motor 80 in the tllustrated
embodiment, power flows through the pinion 92, to the face gear 94, 1o the hidden
intermediate gear 96, to the intermediate gear shown on the right of the figure, the
intermediate gear shown in the center of the figure, and finally to the main gear Y8,

The main gear 8 can interact with the driver coupler 84 10 place the driver 72
i an orientation to either extend or refract the bolt 54, Of note 1o the Hlustrated
embodiment, the driver coupler 84 ineludes a center opening 85 wto which can be
received the driver 72, The center opening 83 can have a shape complementary to the
driver 72 to receive the locating feature 74, and in some embodiments the center
opening 85 can be structared 1o receive an mtermediate device, such as for example a
bushing, that itself receives the driver 72, Various embodiments of the center opening
which is used o interact with the driver 72 are shown in Figs, 16, 19, and 20-22; The
various grmbodiments can have any of the variations conternplaled hetein,

As shown in Figs. 6-9, an operation is depicted 1 which the main gear 98 1s
used to move the driver coupler 84 between positions that correspond to & retracted
bolt position and an extended bolt position. The nrain gear 98 of the lustrated
embodiment incluades a pocket 100 in which is received the driver coupler 84 and
ncludes an shutment surface 102 and an abutment surface 104 which are both used at
varipus stages of operation to interact with and arge movement of the driver coupler

34
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R4, The pocket 100 can be configured fo ¥ vaciety of depths of the main gear 98,
Starting at Fig. 6, the driver conpler 84 18 in 4 posstion that corresponds to & retracted
bolt 54, and the abutment surface 102 is set back from the driver coupler 84, Though
the illustrated embodiment depicts set back, sot all embodiments need include such a
space. Fig. 7 corvesponds to an activation of the motor 8O in which the main gear 98,
and vorresponding abutment surface 102, engage the driver coupler 84 to cause
movement thereto, The arrow in the figure depicts the direction of movement. Fig, 8
shows farther motor RO movement as thie dniver coupler 84 15 moved t0 a position that
corresponds to a bolt extended position. At this point, and as depicted in Fig, 9, the
motor 8 reverses #self and retyrngs the main gear, and corresponding abutment
surface 162, to its original starting position. Note that the motion depicted m Fig, 9 of
the maiy gear 98 as it is returned {0 its onginal starting position occurs withowt or
with very little corresponding movement of the driver coupler 84, Notice also that in
the orientation shown in Fig. 9 the abutment surface 104 i set back from the driver
coupler 84, Though the ilhsstrated embodiment depicts set back, not all embodiments
need include such a space. Furthermore, the set back asseciated with the abutment
surface 104 and the set back associated with the abutment surface 102 need not be the
same.

When the balt is desired to be returned to a retracted position, the motor 80
can be used to drive the main gear 98, and the abutment surface 104, 1o engage the
driver coupler 84 1o the opposite divection Stroilar progression of events ocow to
place the driver coupler 84 in a position that corresponds to & retracted bolt position.
When accomplished the motor 80 is reversed o return the main gear 98 to its griginal
starfing position. In this way the main gear has a wide range of motion that does not
affect to a substantial degree movement of the driver coupler R4, The type relative
movement described above ts sometimes referred to as lost motion given that the
main gear 98 has a wide degree of motion that does not transiale to the driver coupler
84, Though the Tost motion i¢ shown relative to the main gear 94 and the driver
coupler 84, other mechamisms can be implemented in the door lock assembly 52 to
provide for lost motion similar to that described above. In some entbodiments, Fig. 6
can correspond to-an extended bolt position, while Fig. 9 corresponds to a retracted

bolt position.
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Though the illustrated embodiment depicts 4 pocket 100, not all embodiment
need to have a similar construction. To set forth just one non-Limiting example, some
embodiments may include & nor-circular main gear shaped as a crescent in which the
drivercoupler 84 is situated in the space unoccupied by the crescent. Qther shapes
and configurations are also contemplated to provide for a lost motion in a mechanism
comyected to the motor and moveable by the motor, sud 8 mechanism connected to
the driver 72 and moveable by the driver.

Some embodiments of the instant application alko provide for the ability to
aperate the bolt 54 manually without aid of, or in spite of, the automatic features
associate with driven operation by virtue of the motor 80, For example, it may be
desired 10 manually use a key, or the user device 3R, o operate the bolt 54 without aid
of the motor &(. Such operation may readily occur in uany sHuations when the main
gear 98 is placed in its position described above with regard to Figs. 7.and 8. The lost
motion provided by the relative orientations of the main gear Y8 and the driver
coupler R4 permit the driver coupler 84 to be moved by either key or user device
between the retracied and extend bolt positions, [t nay also be necessary in some
situations to operate the bolt 34 manually when the door lock assembly 32 is
operating in a nonstandard mode. Such a non-standard mode can correspond 1o an
inability o drive the driver 72 threugh action of the motor 80, such as can ocour as a
result of a failure of the motor 80, & controlier coupled with the motor 80, an energy
source used 1o drive-the motor 80, et Such an inability can also result from
failure/degradation of a mechanical device interposed between the motor 80 and the
driver 72, such as a gear. The driver 72 can fail at any position between and including
positions corresponding o bolt extended and bolt retracted orlentations,

In one such non-standard wode the main gear 98 can be positioned at the bolt
retracted position when a failure/degradation occurs such that the motor 80 is unable
to farther drive the diiver coupler &4 through the main gear 98, In this situation the
main gear U8 is positioned ouside of a range of motion of the driver coupler 84
making mangal adjustment of the bolt position readily available,

In another non-standard mode the main gear 98 can be positioned at the bok
extended position when a failure/degradation occur sach that the metor 80 is wnable to

further drive the driver coupler 84 through the main gear 98, In this situation the
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main gear U8 is positioned ouside of a range of motion of the driver coupler 84
making mangal adjustment of the bolt position readily available,

In vet another non-standard mode the main gear 98 can be positioned between
the bolt retracted position and bolt extended pesition when a failare/degradation ocour
such that the motor 80 ts unable o further drive the deiver coupler 84 through the
main gesr 98, Such a situation could oecur, for example, via fatlure of the powered
module 68 or of the moetor 80, In ths situation the main gear 9% can be positioned
such that movement of the driver coupler 84 to complete a movement of the belt 54
cannot be accomplished withowt corresponding movement of the maia gear 98, In
those embodiments above in which the motor 80 i3 interconnecited to the main gear 98
vig dppropriate backdriving atrangement, the driver coupler 84 can iropart sufficient
torque to overcome the failed motor and reverse the intereonnected mechanisms front
a relative driving configured to a relative driven configuration. Embodiments of such
an arrangement were discassed above.

Tarning now to Fig. 10, one embodiment of the belt portion 64 is disclosed
which inclades housing 106, a cam 108 configured to be received in the housing 106,
and a spring 1 1{} used to retain the cam 108 within the hoeysing 106 and provide a
force when the cam ss displaced between a bolt retracted position and a bolt extended
position. The housing 106 of the illustrated embodiment includes an inner bolt
housing 112 and a cam housing [ 14 which are coupled together via a telescoping
action shown by the pathway 116, A ginde pin associated with the saner bolt housing
112 can extend iuto the pathway 116 and allow for the rotation and translation of the
housing 112 relative to the housing 114, Such ability 10 have a telescoping feature
allows the bolt portion 64 Hexibility i1 use in various applications, including
residential, commercial, ete that may have varying installation requirements.

The cam 108 is configured in the illpstrated embodiment to be received in an
opening 118§ of the housing 106 prior to installation of the spring 11 to close off the
bottom of the opening 118 in the housing 106, The opening ! IR depicted on'the side
of the housiing 106 can have a semi-circudar shape formed in its ssde and that near the
bottor of the opesing can include a passage narrower thae a diameter of the seng-
circular shape, More details regarding the opening 118 will be discussed further

below,
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The cam 108 ncludes an extension 120 that can be engaged with an aperture
122 associated with the bolt 34, though other suitable structure of the bolt 54 can also
be used to engage the extension 120 to the bolt. The cam 108 also includes an
opening 124 into which is recetved the driver 72, The cam 108 1 rotated when the
deiver 72 15 actuated by any of the key 36, user device 55, and the motor 30, Though
the cam 108 of the Hustrated embodiment ieludes an opening to receive the driver
72, some cmbodiments can include other suitable sartaces that can be engaged with
the driver 72. When the cam 10% 15 rotated within the housing the extension 120
subsequently reacts with the apertare 122 to extend or retract the bolt relative to the
housing 106, The cam- 108 can include a bottom surface 126 that is non-circular
refative to an axis of rotation of the cam 108 such that the cam 108 follows an
efliptical path and urges against the spring 1 ¥} which provides ag opposing force
when the cam 108 i3 rotated. A top surface 130 of the cam 108 engages an interior
top portion of the housing 106 dwring rotation to constrain movement. In one form
the bottom sarface 126 inclades one or more flat surfaces that can be connected via g
reunded corner, to set forth just one nop-limiting example.

In one embodiment the cam 10X also includes one or more featores 128 on one
or more portions of the cam 108 which are used to interact with and determine the
orientation of the cam when 1t 18 recesved within the housing 106, The feature(s) 128
of the cam 10¥ are also arranged relative to the opening 124 1o provide a unigue
combation of the two, a combination that also provides a certam arvangement of the
opening 124 refative to the housing 106 by virtue of the arrangement of the cam 108
to the housing 106, In some embodiments the features 128 can be found on one or
both lateral sides of the cam 108, as & depicted in the iflustrated embodiment, but
other locations are also contenoplated berein. In some forms the features 128 ave
physical pottions that are raised with respect to other portions of the cam 108, In
other additional and/or allermative embeodiments the features take the form of various
shapes and sizes that can cooperate with one or more portions of the housing 106 so to
provide a consistent orientation of the cam 108, and by extension the opening 124 of
the cam 10%, relative to the housing 106, Referring now to Figs, 11A and 11B, and
with continning reference to Fig. 10, side views arg shown of one embodiment of the
bolt portion 64 which depicts corresponding structuye of the housing 106 that are nsed
to mteract with the feature(s) 128 of the cam 108, In Fig. 10 the corresponding
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structure of the housing 106 takes the form of opposing openings 118 which have
been designated as 118a and 118h for case of reference to distinguish one
embodiment of the housing 106, Though the openings 118a aud 118 ave used to
mteract with the fealare(s) 128, the corresponding structure in the housing 106 can
take forms other than openings to ensure consistent orientation of the cam 108 during
wnstatiation.

The openings 118a and 118b of the illasirated embodiment differ in certain
respects front each other to assist in locating an appropriate orientation of the cam
108, The opening [1Ra is shown as a semi-citcular opening that includes a bottom
portion narrower than a diameter of the semi-circle, and in particular is shown in the
Hlustrated embodiment as 0.290 inches. The opening 12b is also shown as semi-
ctreudar but includes a bottorn portion that 1s eloser to a diameter of is associated
semi-cifcular opening portion than the opening i8b. The bottom of the opening
118b 18 shown in the iflustrated embodiment as 0.360 inches. To certain embodiments
the feature(s) 128 of the cam 108 permit 4 single installation orientation of the cam
108 1o the housing 106, and by extension only a single installation orientation of the
opening 124 relative to the housing 106, 1f another instaliation grientation of the cam
108 is attempted, the feature(s) 128 mterfere with the housing 106, and in some
embodiments the openings 118a and 1 18b, to prohibit such an installation orientation.
In this way crrors it the instatlation orientation of the cam 10¥ are mitigated.

The extension 120 of the cam 108 18 shown as extending through the housing
106, I this posttion of the extension 120 the onentation of the opening 124 is shown
in Figs. 11A and 11B as extending along a line that that is approximately 45 degrees,
Axs the cam 108 is rotated such that the extension 120 is pointed toward the bolt 54,
the opening 124 will be rotated to the vertical position in the lustrated erobodiment.
As the cam 108 is rotated spch that the extension 120 is pointed away from the bolt
34, the opening will be rofated o a horizontal position, again in the ilkustrated
egmbodiment. Were it not for ong or more festures of various embodiments described
above, the relationship of the orentation of the opening 124 to the housing 106 may
not be assured across all assenibly eperations of the bolt portion 64.

The spring 110 is used to provide a force to wrge the camy toward one or both
of the extended positions or retracted positions. The spring 110 meludes hips 132 that
are nsed to engage the housing 106-to form g leaf spring against which the bottom
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surface 126 of the cam 108 18 wrged when the cam 108 s rotated by action of the
driver 72,

Turning now t0 Fig. 12, aw embodument of the lock cylinder 70 and driver 72
are shown. The driver 72 includes an embodiment of the locating feature 74 in the
form of a raised divopie posstioned toward a middie point near an end of the driver 72
The fock cylinder 780 is also coupled with a plug 134 which can be used to retain the
driver 72 with the lock cylinder 70, The plug 134 can be couplad with the lock
cylinder 70 using any varrety of technigues such as through a press fif, coupled via
serew threads, fastened ustig ¢ rivet, nail, serow, ¢ic. to set forth pst a fow examples.
The plug 134 can inchude features (not shown) that ensure & consistent vrientation of
the plug 134 with the lock eylinder 70 from installation to installation,

The coupled assembly also inchudes a post 136 oriented W interfere with a
movemant of the driver 72, In one form the post 136 prevents over-rotation of the
driver 72 such that @ horizontal position of the driver 72 always results in a certain
configuration of the locating feature 74 relative to a housing of the lock cylinder 70
and/or the cam 108, In the Hlustrated erbodiment the interaciive operation of the
post 136 and driver 72 requires that driver 72 be rotated to place the locating feature
74 on the top of the driver 72 when the driver 72 is in the borizontal position. In other
words, the post 136 18 so situated as to prevent the locating featare 74 to be located on
the bottore of the driver 72 when the driver 72 is 1wy the horizontal position owing to
the interfering nature of the post 136, Other embodiments can permit the locating
feature 74 10 be placed in other locations while the driver 72 15 in the horizontal
position. The post 136 can take 4 variety of forms and be placed at a varicty of
focations. In one non-limiting embodiment the post 136 extends wnto a path of the
driver 72, or a structure coupled to the driver, to block motion ot the dviver 72, Thus,
in one form the post 136 permits the driver 72 from traversing approximately 180
degree rotation hefore the post 136 interferes with further movement of the driver 72,
In some applications the post 136 can be located internal to the plug 134, The post
136 can take a variety of shapes and sizes and in sore forms multiple posts 136 can
be used.

Turning now 10 Figs. 13A and 138, two depictions are shown of the cam 108
tnstatled 1n a housing 106 and in a position in which the bolt 534 18 in a reiracted
orientation. Fig. 13A depicts a left handed door, and Fig. 138 depicts a night handed
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door. Each of the ortentations depict the driver 72 in 4 horizontal position with its
focating feature 74 on top, and the extension 120 of the cam 108 pointed away from
the bolt 54, The focating feature 74 I recetved into an adequate opening in the cam
108, such as the formation 138 shows i Fig, 15, The formation 138 can take any
varigty of shapes sufficient to accept various conligurations of the locating feature 74.
The formation 138 can be complementary in shape and size, and in soe
embodiments can be other shapes and sizes sufficient to receive the locating feature
74,

Figs. 14A and 14B depicts a position of the cam 108 installed in 2 housing 106
and in & position in which the bolt 54 is in an extended orientation, Fig. 14A depicts a
teft handed door, and Fig. 14B depicts a right banded door. Fach of the otientations
depiet the driver 72 in a-verticsl position with its locating feature 74 toward the bolt
34, and the extension 120 of the cam 108 also pointed toward the bolt 54.

Figs. 154 and 15B depict the cam 108 installed within the housing 106 prior
to receipt of the driver 72, Fig, 15A depicts the bolt 54 in the retracted position, and
Fig, 15B depicts the bolt 54 in the extended position.

Turning now 10 Figs. 16, 17, 184, and 188, another embodiment of & motor
%0, transmission 82, and driver coupler 34 is depicted. The motor 80 is configured to
drive a wornm gear 140 which, when rotated, interacts with gear teeth of the main gear
U8 causing the main gear 9% to turn. The crabodiment disclosed in Figs. 16, 17, 18A,
and 138 can havea lostmotion relationship betwees the main gear 98 and the driver
coupler R4 similar to that disclosed above. Figs, 17, 18A, and 188 depict an exploded
view and a working view of the émbodiment of Fig. 16, The ilustrated embodiment
includes a spring 142 disposed between a relatively fixed structure 144 and the driver
coupler 84 which wrges the driver coupler 84 toward the main gear 98, The spring
142 is depicted as a coil spring in the illgstrated embodiment but can take on
additional forms in various other embodiments sufficient (o urge the driver coupler 84
toward the main gear 98. In some forms the spring 142 could take the form of an
clastomeric member, among potential others.

The driver coupler 84 is connected to move with the user device 58 {depicted
as a thurab turs in the ilusirated embodiment) such that when the spring urges the
driver coupler 84 toward the mam gear Y8 the user device 58 s nrged away from the
main gear 98 thos creating 4 space or gap as shown in Fig, 18B. I, during operation,
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the main gear 98 becomes stuck in a position that interferes with operation of the bolt
34, the user device 38 can be depressed toward the mamn gear 98 to disengage the
driver coupler ¥4 frem the main geay 98 thus permitting movement of the driver
coupler 84 and subsequent free movement of the bolt 54,

Figs. 19-22 depict another embodiment of motor RO, transmission 82, driver
coupler 84, and worm gear 140, Another clutch is depicted in this embodiment which
permits the driver coupler 84 to be disengaged from the motor 8O, transmission 82,
and/or main gear 98 upon failure of the system at a loeation where an override can be
useful. The clateh operates by locating a cany 146 that can be connected to the deiver
coupler 84 in a space captured by cam followers 148, The followers 148 are
connected to move with the main gear 98 and are weged against the cam 146 through
use of springs 150, Though not depicted, this erabodiment can include the lost motion
capabilities described in various embodiments above.

When operated the cam followers 148 can be used to captare the cam 146 such
that rotation of the main gear 98 causes rotation of the cam 146, The cam 146 can be
consected to the driver 72 and though the center aperture of the cam 146 is depicted
as squarg, the center aperture can have any varisty of other shapes and sizes, such as
but not limited to those shapes and sizes sustable for recetving any of the various
embodiments of the driver having the locating feature 74, During non-standard
operation, such as for example a fatlure of the motor 80, the cam 146 can be actvated
by a-thumb turn- o other suitable usey device to override the cam followers 148
cansing compression of the springs 150 and movement of the cam followers 148 as
shown i Fig, 22, 1t is also possible in some modes of operation 10 rotate the cam 146
within the space between the cam followers 148 as shown in Fig, 21,

Figs. 23 and 24 depict another embodiment of motor #0 and transmission 82,
Not shown 18 & driver coupler 84 but # will be understood that the main gear 98 can
be configured according 1o any of the variations hergin {0 incorporase the driver
coupler 84 andor cam. A centrifugal chteh 152 15 ineluded that perroits the main
gear 98 to be deconpled from the motor 80 so tong as the motor is spinning at an
tnsufficient speed to activate the contrifugal clatel 152, Auy variety of pearing
arrangements can be provided in the transmission between the main gear 98 and the
centrifugal chutch 152, and between the centrifugal clutch 152 and the motor 80, other
than the arrangement depicted in Figs, 23 and 24, Thoagh not depicted, this
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embodiment can include the Jost rootion capabilities described in various
embodiments above,

During operation the motor %0 can spin to sufficient speeds to activate the
centrifugal chitch 132 and cause subsequent moticn i the reain goar 9% to move the
driver coupler 84 and as a result the bolt 84, H a failure or degraded performance
occurs sud the motor is unable to spin to sufficient speeds to activate the ceutrifugal
clutch 152, the driver 72 can be actuated using any of the key 56 andfor user device
58 to move the bolt 54, which in the lustrated crabodintent also resalts In movement
of the main gear 98, The main gear 98, however, 1s decoupled from the motor 0 by
virtue of the ineffective operation of the centrifugal clotch 152, and is thus allowed o
rotate with Hittle iropact from the fatlure sndfor degradation.

Given the description gbove, various aspects of the applicatios, either
individually or in & variety of combinations, can he used to ensurg consistent relative
ovientation of the driver 72, cam 108, housing 106, driver coupler 84, user-device 58,
and lock cylinder 70, The instant application discloses features at the respective
mterfaces of componends such as the tail piece, bolt housing, and bolt cam that can be
used with any or all of these such that the entire assembly is arranged consistently
over ail manufacturing and/or mstallation operations. Such features disclosed herein
can be psed to mistake-proof manufacturing and/or installation, an approach which is
sometiues referred 1o as “poka-yoke™,

With referenceto Fig. 25 there are sllustrated exeroplary position sensing
comportents 601 and 602 of an electromechanical fock, Components 601 include
main gear 610, cam 620, and wiper contacts 605 and 606, Main gear 610 and cam
620 may be of the type iltastrated and described above and are rotatable relative to
printed circuit board (*PCB™) 630 about a substantially common central axis. Wiper
contacts 6035 are coupled with cam 620 and rotatable thergwith, Wiper contacts 606
are coupled with main gear 610 and rotatable therewith, Components 602 inchude
PCB 630, and conductive traces 631 provided on PCB 630. It shall be appreciated
that additional and alterndte components may also be invelved in position sensing i
vartous embodiments,

Conductive traces 631 may be formed of various conductive materialy using a
number of technigues. Tn certain forms conductive traces 631 are gold or a gold alloy
and can be provided vsing several different techniques. One exemplary technique is
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mmersion gold plating which is a chemical deposition process for placing gold on
PCB 630, Ancther exemplary production technique is flash plating. A third
exemplary production technique s electroplating. Certain exemyprfary embodinients
use carbon ink 10 provide conductive traces 631, A preferred carbon ink includes
21.7 percent phenolic resin, 18.5 percent epoxy resin modified, 15,8 percent carbitol
acetate, 11,1 percent napbon, 30.6 percent carbon powder and 2,3 percent defoamer,
Carbon ink may be applied to PUB 636 using jet printing or other techniques.

Fig. 25 sllustrates components 601 and 602 in a separated configuration.
When assembled m an electromechanical lock, conductive traces 631 are provided on
the surface of PCB 630 facing main gear 610 and cam 620, Wiper contacts 605 and
606 are coupled to main gear 610 and cam 620, vespectively, and ave positioned
tacing PCB 630 and conductive traces 631, 1n an assembled configuration, wiper
contacts 6035 and 606 may come intg contact with various different conductive traces
depending upon the rotational positioning of main gear 610 and cam 620 refative fo
PCB 630,

With reference to Fig. 26 there i ithustrated an exemplary subset of
conductive traces 631 which arc utilized 10 position sensing in accordance with
certain exemplary evobodiments. The view of Fig. 26 is of the back side of
conductive traces 631 which s the side that contacts the PCB as this view depicts keft
and right hand encoder features on the feft and rights sides of Fig. 26, respectively,
rather than the reverse. Conduetive traces 640-649 and 650-6532 may be provided on
a PCB such as PCB 630 in electrical comnnmumication with electronics provided on the
PCRB. When wipeér contacts 605 come into contact with two or more of conductive
traces 640-648, a closed civcuit is provided therebotwesn. When wiper contacts 606
come into contact with two or more of conductive traces 650-653 a closed cireuit 1s
provided thergbetween, The electronics provided on PCB 630 perform electrical
interrogation or polling of conductive traces 640-648 and 650-633 1o wdentify open
and closed circuits conditionys of the various circwits defined therebetween. The open
and closed cirenit information may s turn be utilized to determine the position of a
focking mechanism such as a deadbolt to which cam 628 is drivingly coupled,
whether the mechanism was last acteated mechanically or glectronically, and o
provide anto-handing functionality for sef up and configuration of electromechanical

tocks among other functionalities.
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The exemplary encoder 639 1llustrated in Fig. 26 comprises a subset of
conductive traces 631 which can be utilized to provide a deadbolt position sensing
mechanism for an clectronic door locking mechanism, such as a deadbolt, which has
the capability to be extended and retracted aptomatically by an electric motor
integrated into the lock. The Jock user also has the capability of wtilizing an auto
throw deadbolt feature both focally at the lock and remotely through interset
connectivity as well as the option of manually oxtending and retracting the deadbolt
from the inside of the door with & turn knob, and/er outside the door with a key.
Exemiplary systeris may utilize gncoder 639 o provide locked position sensing,
unlocked position sensing, as well as awtohanding of the lock upon installation. Sach
systems may uitlize encoder 639 in connection with providing real tivoe deadbolt
position sensing and reporting capabilities, and reporting successful and snsuecesstul
deadbolt extension or retraction no matler the method used to change the state of the
deadbolt {electronically or manually). Encoder 639 can alzo be utilized to determine
whether the door lock was last actuated manually or electronically.

Locked position seusing may be performed using the subset of couductive
traces 631 iflustrated in Fig, 26 which are operatively coupled to pins of 2
microcontrolier. Conductive traces 642, 645 and 64R are connected to voltage supply
pin Vdd. Conductive trace 644 is conneeted to input/ontput pin 101, Conductive
trace 641 is connected to input/output pin 103, Conductive trace 647 is connected o
mputoutput pin 102, Conductive trace 6446 is conpected to imterrupt pin Intl.
Conductive trace 640 is connected o interrups pin Ine2, Conductive trace 643 1s
connected to mterrupt pin Intl. Conductive trace 650 s connected o input pin IN1.
Conductive trace 6351 is connected to mputioutpat pin 104, Conductive trace 65218
connected to woput pin IN2. Conductive trace 653 1s connected 1o inputfoutpit pin
I0Q35. Table ¥ below lists the foregoing exemplary comductive traces and

corresponding microcontrotier pins for encoder 639.
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Conductive _ -
Trace No, Microcontrolier Pin
640 T2

7y TE

642 o

643 Intl

644 7

645 vd

646 Int3

647 102

643 Vad

650 i

651 104

652 N2

653 105

Table 1

In some exemplary embodiments, conductive traces 642, 645 and 648 are
connected to Vdd, conductivedraces 633 and 631 are connected to-a selected input pin
of a matcrocontrolicr (thus making 104 and TOS a common pin}, conductive traces 643
and 646 are comnected 0 a common interrupt pin interrupt of the nucrocontrodler
(thus making Intl and Iat2 a cormmmen pin), conductive trace 64) is connected to
another nternupt pin of the microcontroiler, and the remaining conductive traces arg
conpected to selectad input pins of a micvocontroller. In other exemplary
embodiments three separate cutput and interrupvs pins are wtilized for conductive
trace. [t shall be pnderstood that the various inputs and outputs may be configured
such that current 15 deawn and power consumed only when polling.

Zone 663 of enncoder 639 designates a locked left position of a locking
mechanism such as & deadbolt, and zone 668 of encoder 639 destgnates a locked right
position of the locking mechanism. An intorrept routine is wtitized in connection with
rongs 663 and 668 in sensing the locked position. When wiper contact 603 18 in zone
663 or 668 a circuitis closed between Vdd and pin Int], pian Intl is pulled high, and

the microcontrolier can determine that wiper contact 603 18 in zone 663 or 66& and

]
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that the locking mechanism i in the locked position,

There are two sub-zones in the zones 663 or 668 which are distinguished by
the microcontrolier using conductive traces 644 and 647 which are comnected 0 pins
101 and 102 respectively, Once the interrupt is triggered and Intl is shorted to Vdd,

3 the microcontrolier will start polling and looking for a state change from pin 101 or
102 called LOCKED _ZONE. If pin 101 or 102 s pulled high, the microcontrolier
will know that the wiper contact 603 15 in zong 664 or 669 and that deadbolt is in the
guaranteed > X% extended region where X 13 a percentage extension defined as
sutficient extension to be considered locked, though not necessarily 100 percent

16 extended or dead locked. 1 pin 101 or 102 i pulled low, but the Intl pint is pulled

bigh, the microcontroller can determine that the wiper contact 6035 s in zone 665 or
670 angl that the lock is in the greater than a Y %6 probability that deadbolt 1 ina fully
extended zone where Y is a probability that thig siate has been achicved,

The microcontrolier may keep polling pins 101 or TO2 unul the state oo that

t5  pin has settled oot for at least a predetermined time period. Alternatively, a wait and

poll after motey movement stops functionality may be utitized. The microconiroller
will then issee a command to commmnicaiion circuitry {(such as a Z-Wave or other
transceiver deseribed in further detail heresn below) to update the tock status onee the
state on pin 101 or 102 13 stable. None of the pins pin Intl, 101, and 102 are pulled

20 low, the lock is considered to be ina transition or unknows state {(assuming it is not n

the unlocked state). While not mandatory m all embodiments, the mterrapt ping ave
ntilized to ensure the microcontrotler can pick-up a state change when the deadbolt
moves ite a tocked zong, In erbodiments without interrupt pin functionality, for

example where a generic input/output pin is used, continuous polling is utilized to

13
=

determine whether as encoder state change has cecurred. Unless the wiper contacts
605 i in a steady state for greater than 3 ms, a controd rontine could not guarantee that
the interrupt would be caught by the microcontrolicr. i this had happened, the
transition area on the PUB without any PCB wiper traces would appear the same 43
the area where the probability of the deadbolt being extended fully s > Y%, This
3¢ raay be acceptable in certain embodiments, but not in others.

Conductive traces 643/040 and 645/648 may be provided as duplicate circuits
wired in parallel for left and right handed locks, respectively. Only one sct of cireuits

will be used depending on how the wser mounts the lock on their door. In other forms

¥

b



2016238892 06 Oct 2016

1

5

0

20

13
=

¢

separate civenids may be used. Tf the thurb tum i vsed o operate the lock, the user
will got real time feedback of their locked status. 1t the motor is used to change the
fock state, 1 will be possible t0 sense motor current and wait for the moter to reach a
stall state. At this point, power will be removed from the motor and the lock will read
the locked position in veal time and report this back to the customer or to a securidy
service provider, The motor will thea be driven in the opposite direction to return the
main gear to the home position,  In embodiments which utilize a lost motion electro-
mechanical system, such as those described herein, return to the home position can
facilitate manual lock actugtion while avoiding or minmiizing back driving a gear
train and/or motor.

Unlocked position sensing may be performed using encoder 639, For
unltocked position seusing, there is @ feed to differentiate between unlocked feft and
unlocked right, Due to tolerance stack-ups for the unlocked state there is a certain
tolérance range. In certain embodiuents the tolerance range was determined 1o be 30
degrees; 1.¢., the deadbolt carn should end wp between 0 and 30 degrees from vertical
for the deadbolt 0 be considered walocked. The lock will report successful unlock
anywhere i this range. It is possible that the deadbolt could still be partially
extended into the door and the lock would report a successful unlock. However, this
15 unlikely because of the spring back action of the deadbolt. Use of a tapered
deadbolt can further mitigate this possibility. Due to the taper, as the deadbolt
retracts, the side load force From the door onthe deadbolt ts reduced. 1t shall be
appreciated that the ranges disclosed herein are exemplary and that other
embodiments may have unlocked regions that are defined by different ranges.

Schematically, the implementation of sensing the unlocked state i similar to
that of the locked state. The lock needs 1o be able to diffeventiate 2 regions within an
uniocked zone to know if the lock has driven the deadbolt far enough back into the
door 1o report a successtul unlock. If the lock s left banded, it will pass by the right
handed uniocked zone 666 before reaching the comvect left handed imlocked zone 669
and it will need to be able to tell the difference between these zones, An iterrupt
reuting is utilized to accomplish this seasing. Conductive trace 640 is cognected to
pin Int2, Condugctive trace 642 s connecied tovoltage supply Vdd., As conductive
trace 640 1s shorted to conductive trace 642 by wiper confacts 605, the intervupt will

edge trigger and change states, This will tell the lock that it is in the unlocked zone.

by
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There are two distinet states 1 each of unlocked zones 666 and 667 that are
differentiated asing conductive trace 641, After an interrupt is triggered through
chused circuit between conductive traces 640 and 642, the micrecontrelier may poll
and look for a stale change from pin 103, 1n some forms a delay and then poll
operation is utilized to ensure that a steady state has been achieved for the polling
operation. In some forms the lock controller will wait until & detects a motor stall
event, further wait an additional predeternuned interval, and then poll the encoder to
determine its position. If pin 103 is pulled high and pin Int2 is pulled high, the
microcontrolier can determing that the deadbolt 1s in the unlocked right handed zone
666, I pin 103 is pulied low and pin Int2 is puiled high, the microcontrotler can
determuine that the lock s in the unlocked left handed zone 667.

The microconirolier will continue polling pin 03 once its state has been
settled for at least a2 predelermined time, The microcontroller will then issuea
command t0 communication cireudity (such a8 a Z-Wave or other transceiver
described in further detail herein below) to update the lock status once the state of pin
103 is stablg, For a left handed lock, the wiper contact must make it back to the left
handed region for-a successiul unlock to be reported. For a right handed lock, the
wiper contact must make it back 1o the vight banded yegion for a successiul anlock to
be reported. 1f neither the iterrupt pin noy the 103 pin on the microcontroller is
pulicd low, the lock is considered to be in a transition oy unknown state {assuming it
1% pot in the locked state). I the thavob turs 1 vsed © operate the lock, the wser will
get real time feedback of thetr locked status. 1f the motor is used to change the lock
state, it will be possible to sense rootor current and wai for the motor to reach a stall
state, At this point, the zitor retursis to the home position and a poliing while moving
operation s performed to detect & home posttion signal from zone 661 or 662
Alternatively, in some forns, power will be removed from the motor and the lock will
read the locked position in real time and report this back to the user. The motor will
then be driven 1 the opposite divection to retwry the main gear to the home position,

Lock autohanding may be performed using encoder 639, in orderto
accomplish autohanding, during fock inttialization, the lock will look to see if the 103
pin is pulled high or low before the motor starts to-tarn, 1 the swiltch starts high and
ts pulled low, the tock is feft handed. If the switch starts low and is pulled high as the

lock locks the lock s right handed, This is just one of a number of ways 1o
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automatically determine lock handing. The above routme is suitable for some
applications, however it is susceptible to the possibility that error may anse dug to the
ability of the kuck 1o be unlocked but not in the proper unlocked righi/teft zone or the
possibility that the lock incorrecily assames itis starting from a fully open state.

An additional manner of determining lock handing involves sensing an initial
position of a locking mechanism, controlting the motor to apply furee t the locking
mechanism in a first direction, monitoring the motor for a stall characteristic, such as
a stall current magnitude, upon detection of the stall characteristic, sensing the stall
position of a locking mechanism, and determining whethier the electromaechaical
door lock is instatled in the feft hand configuration or the right hand configuration
based upon the instal position and the stall position. I an uosknown vegion i3
detected, the lock may reverse direction and vepeat the process until a stal} 18 deteeted
ina known state. This algorithm aceounts for the possibility that the autohanding
operation may not cotmmence with the lock in the fully closed position, and could
commence with the lock i the fully open position or another position which presents
the possibility of an incorrect handing determination.

Main gear position seasing may be performed using encoder 639, As wiper
contact 606 rotates with main gear 610, 1t may travel mto zones 661 and 662 and
close & circuit that can be used to sense the home position for the maiw gear 610,
Depending on whether the lock is right handed or left handed, gither fraces 650 and
651, orfraces 652 and 653 will be atilized for home position sensing. The circuits of
zohes 661 and 662 will change state only when the main gear i acteated. In certain
exemplary evabodunents during aw electrical lock or unlock event, a polling routine
withoat interrupts may be utilized. A microcoatroller pin 104 provides a periodic
input voltage to conductive trace 651, A niicrocontroller pin 105 provides an put
voltage to conductive trage 633, 1t shall be appreciated that pins 104 and 103 may
comnprise a single, common pin of a microcontroller, Ax the cirepits of zones 661 and
662 will frequently be closed this 18 preferred to providing a constant voltage source
Vdd that wonld continuously draw current. This is alse unnecessary as the main gear
typically does not move i wot driven by the motor,

Afler the bolt reaches its new {locked or anlocked) position, polling is
performed while the main gear is controlied 1o retarn 1o a home position. Pis 104 or

103 are periodicaily pelled by a microcontroller during an clectrical unlogk.

(o
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Conductive trace 650 15 commected o pin INT aud conductive trace 652 is connected
to pin IN2, Ping INT and IN2 will be pulled low uatil the wiper contacts 606 closes
the circuit of zones 661 and 662, respectively, and the muicroprocessor polls pin 104 or
103 respectively. At this point, the pin INT or piiy IN2 will be pulled high and the
microcontrolier will know fo remove power from the motor because the main gear
610 has returned to its home position. It shall be appreciated that the functionalities
and connection of traces 633 and 651 could be reversed in some embodiments, as
could those of traces 652 and 653. Tt shall further be appreciated that a variety of
alternate and additional trace configurations and pin consiections can be used in other
embodiments,

The main gear 610 will need to return to its home position after every lock and
unlock cyele. This means a coutrol routine provided in a computer readable memaory
associated with the microconirolier and executable by the microcontrotler will have 1o
first drive the deadbolt to the commanded state. Once a control rowtine receives
confirmation that the deadbolt reaches the commanded state, for example by detecting
a motor stafl indication, & control routine will need to drive the main gear back in the
opposite divection uptil # reaches its home position. Returning the main gear 61040
the home position avoids the possibilsty of the nser back driving the motor when the
deadbolt is operated using the thumb turn, Tt should also be appreciated that certain
ermbodiments may utilize an autohanding control routine using this approach nstead
of the approach described above.

With reference to Fig. 27 there are iltustrated exemplary position sensing
components 700 of an electromechanical lock. Coniponents 700 include PCB 730,
conductive traces 731 provided on PCB 730, and wiper contacts 750 and 760. While
not Hustrated in Fig, 27, 3t shall be appreciated thatwiper contacts 750 and 760 may
be coupled with a cam and a main gear, respectively, and are rotatable therewith
refative to conductive fraces 731, It shall be further appreciated that additional and
alternate components may also be involved i position Sensing in various
embodiments.

With reference to Fig. 28 there s illustrated an exemplary encoder 800 that
may be utitized in connection with position sensing cormponents such as those
disclosed hereinabove. Encoder 800 may be utilized as an altermative to encoder 639

and may be configured relative to other position sensing components in a substantially

(2%
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sirailar manner as that ilustrated in Fig. 25, The alterpatives and rodifications
described in connection with encoder 700 may also apply to encoder 800
configurations and vice versa.

Encoder 800 includes conductive traces 801-814 which are w clectrical
communication with various imput’output and interrupt pins of a microcontrolier or
other control circuitty. Exemplary connections are set forth in Table 2 below, though
it shail be understood that a variety of additinnal or alternate relationship between

conductive traces and comtroller pins may be utitized.

Conductive | Controller Pm
Trace No,

RO VDD

802 GPIO RH6
803 GPIO RH7
R04 GPIO RGO
805 GPIO RG3
RO6 {nterrupt RB4
a7 Interrupt RBS
SO8 futerrupt RBS
R0OQ Interrupt RBS
810 Interrupt RB4
Rii GRIO RAI
g12 GND

812 GPIO R¥E7
Ri4 GND

Fncoder 800 ptilizes regions ¥21-829 for position sensing. Conductive traces
ROE-B14 may come tuto contact with wiper contacts to defive different circuits within
regions 821-829. The remaming conductive traces {not numbered) may be, but need
not be connected to other electronics but are nevertheless preferably present 1o

promote the wipers staying level when rotating, mitigate potential scraping, and
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maintain the wiper contacts at substantially the same degree of contact at various
positions,

As a wiper contact rotates dug to actuation of lock mechanism, 1t contacts
different combinations of conductive traces 801-8 1) and provides a plurality of
different open and closed circuits which encode lock mechanism position information.
A wiper contact nregion B21 establishies # closed circutt between conductive fraces
801 and %03, This closed circuil encodes an almost pntocked right state for locks with
right handing and a fully unlocked left state for locks with left handing,

A wiper contgct in region 822 establishes a.closed circutt between conductive
traces 804 and 809, This closed circuit encodes an almost untocked left position for
locks with left banding and a fully wnlocked position for locks with right banding, In
this position a left handed lock 1t ts not considered unlocked, while a right handed
tock is considered unlacked

A wiper contact in region 822 establishes a closed ciroust between conductive
traces 01 and 808, This closed circuit encodes a fully unlocked posstion for both
tocks with left handing and tocks with right handmg,

A wiper contact In region 824 establishes a closed circuit between conductive
traces 801, 805 and 810, This closed circuit encodes an almost locked position for
focks with left handing. A wiper contact in region 825 establishes a closed circuit
between conductive traces B0 and 810, This closed circult encodes the dead fatched
position for locks with et handing.

A wiper contsct in region 826 establishes a closed circuit between ¢onductive
traces 801, 802 and RO6. This closed circuit encodes an almost locked position for
focks with right handing. A wiper contact in region 827 establishes a closed circuit
between conduetive traces 801 and 806, This closed circuit encodes the dead latched
position for locks with right handing.

A wiper contact 1n region &2R establishes a closed cirouit between conductive
traces K11 and 812, This closed circuit encodes the main gear home lefi position, &
wiper contact i regron 829 establishies a closed circuit between conductive traces 813
and 814. This closed circuit encoddes the main gear howme right position.

In addition to the exemplary embodiments descrilved above, it shalf be
appreciated that a pumber of additional and alternate arrangements and configurations
of conductive traces may be utilized in varions embodiments, For example, different

29
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nurobers-of condictive traces may be in electrical communication with
microcontroller pins, the conductive traces may span different geometric ranges,
provide different numbers of potential circuit connections, provide differently defined
position regions, and/or be associated with different defined positions.

With reference to Fig, 32 there ss iHustrated & flow diagram according to an
exemplary autolanding process 400, In process 400, autohanding is performed using
encoder 800 and a lost motion electronic-plus-manyal actuation configuration such ag
the examples desenibed herein. Process 400 1s operable without assuwming a known
starting position, for example, where a microcontrotler has not determined snd nmay
not be able to determine whether the lock 15 in a locked, unlocked, undefined or
intermediate state. Process 400 starts at operation 401 where the lock powers up and
queries encoder 800 t¢ determine s state. Three possible state determinations may
be made: locked, unlocked and unknows.

Block 402 indicates that & position signal in locked region 824 has been
detected. If'this is the case, process 400 proceeds to operation 414 where the lock 18
detormined to have left handing since only a keft handed tock may be positioned in
this region. Block 403 indicates that a position signal in locked region 826 has been
detected. I this s the case, process 400 proceeds to operation 412 where the lock s
deternuned to have right handing since only 8 right handed lock may assume this
position. [t shall be appreciated that regions 825 and 827 may additionally or
alternatively be used to make handing determivation as they are also exclusive to left
and right hand configurations, respectively. Linuting the determination process 1o
régions #24 and 826 or other less than dead latched regions provides the sdditional
ability to distinguish motor stall associated with dead fatched positioning from true
banding determinations.

Biock 404 indicates that a position signal in any of unlocked regions 821-823
has been detected or that no signal has been detected indicating a position in an
undefined position. In either case, process 400 proceeds to operation 440 where the
locking mechanisnt is electrically actuated while polling for a signal indicating
position in either region 834 or 826, Actuation continues vntil & signal indicating that
focking mechanism is i one of regions 824 and 826 s detected or a metor stal
mdication is sensed.

Biock 422 indicates that a position signal in locked region 824 was detected
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and the lock is determined o have loft handing since only & left Banded lock could
assume this position. Block 422 indicates that 4 position signal in locked region 8§26
wits detected and the lock & determined 1o have right handing since only a right
handed lock counld assume this position, Blogk 424 indicates that a motor stall was
sensed without a signat from either region 324 or 826 being detected. In this case the
tocking mechanism may be rofated vy the opposite divection and the polling process
repeated. Alernatrvely, after one or more stall eventis), an error state may be
determined and an error signal may be provided to the user.

If the position state 1s undefined the locking mechanisim may need to be
actuated several times 1o determing handing, Thus, if there i an undefined initial
state, the lock may defer making an error state determination until two or more motor
stalls are sensed. The number of reverse and repeat polling atterupts may also be
defined to be greater than one regardless of the initial siate determination. It shall be
appreciated that this i pretetred for at least the undefined initial position siuce there
are multiple potential explanations for a motor stall being sensed withopt & signal
from eithier region 824 or 820 being detected, and reverse and repeat polling
functionality may reduce uncertainty as tovthe state cassing motor stall and enhance
autobanding performance. Additionally, it may be preferable to ran process 400 this
while the bolt is unobstructed, for example, with the door apen, to ensure that any
stafls are caused by end of travel and not other issues,

With referenceto Fig, 29 there is slhustrated exemplary circaitry 900 fora
remotely operable electromechasnical lock. Circuitry 900 includes power supply 901,
transceiver 902, receiver 903, position sensing and motor control circuttry 904, user
input circuitry 905, and controller 900, Power supply 901 is preferably a baitery-
based power supply and is coupled with and supplies electtical puwer 1o the other
components of circuitry 900, Controller 906 s in conununication with the other
commponents of circuitry 900 and is operable to send and regeive information and
coufrol signals therewith.

Transceiver 902 18 operable to send and recetve radio frequency signals ona
spicificd chanuel in accordance with a specified communication protocol. in one
exemplary form, fransceiver 902 is configured according to the Z-Wave wircless

communication standard which operates at about 908 MHz and is operable to send

3t



2016238892 06 Oct 2016

1

5

0

20

13
L,

¢

and receive Z-Wave compatible transmissions.  H shall be appreciated, however, that
additional and alterpate conwnunication channels and protocols may alse be utilized,

Trausceiver 902 is in operative communication with contrelier 906 and is
controflalde thereby, Cowmtroller 9606 is operable o receive information demodulaied
by transesiver 902 and to provide information to fransceiver 902 for modalation and
transmission. Decoding of received, demodulated information snd encoding of
information 10 be modulated and transmitted may be performed by any of transceiver
902, controlier 906, addttional or alternate circuitry, or combinations therenf.
Controfler D06 is further operable to command trassceiver 902 to enter sleep and
wake modes. In wake mode, transcetver 902 is tamed on and is operable 1o send and
receive vadio signals i sccordance with a specified protocol. In sleep mode,
transceiver 902 is substantiglly turned off, and draws reduced current and consames
less power from power supply 901 refative to wake mode. Preferably transceiver 902
draws substantially no current in sleep mode, for exampie, only curvent needed to
facilitate and allow signal detection and transition t0 a wake mode, though in some
embodiments some additional current draw associated with other fanctionalitics may
occur i sleep mode,

Receiver 903 is operable 1o veceive the same radio frequency signals on the
same specified chamnel utilized by transceiver 902, In seme forms recetver 903 is
operable 1o receive and demodutate signals i accordance with the same specified
commumnication protocol utiized by transcetver 902, Recerver 903 3¢ in operative
communication with controller 906 and is controliable therchy. Recetver 903 is
controfled by controlier 906 to poll the specified channel for radio fransnissions
including one or more specilied characteristics. Upon detection of a signal including
the one or more specificd characteristics, receiver 903 is operable 10 send a wake ap
request to controdler 906, In some exemplary embodiments, specified characteristic is
a recetved signal strength indication {RSSI) that is provided o the controlier 906 or
other processing circuitry for comparizon with a threshold, In some evobodivaenis the
RSST is compired to a threshold by recetver 903 or by receiver 903 in combination
with gther cirenitry,  Controtler 906 is operable to receive and process the wake up
request and send a wake command to transceiver 902, Upon receipt of a wakeup
request, transceiver Y02 wakes and is operable to send and receive radio signals in

accordance with a specified protocel.
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Receiver 903 15 configured to draw lower current and consume less powet
during polling operation than would be draws or consumed 1f transceiver H02 were
utilized to perform & polling operation. Controlier 906 may also control veceiver 903
to suspend its polling or enter a standby mode when transceiver 902 is awake w order
to further mitigate current drain and power consumption. Additionally, controiler 906
may #self enter a reduced power mode or sleep mode which provides reduced current
drain and power consimption relative o full operation while maintaining the ability
to contral receiver 903 to periodically poll for a signal, and receive a wake up request
from receiver 9603 or other systent components,

Regeiver 903 may B¢ provided with a number of signal identification
functionalities. Tn some forms receiver 903 is operable to evaluate RSST nformation
aud to send a wake request 1o controller 906 based gpon an evaluation of the RSSI
refative to one or more specified critetia, for example, evaluating signal strength on a
specified chanuel o defermine when a remote device or system 1s attempting 1o
communicate with controller 906, In additional forms, recetver 903 s operable to
evaluate information encoded by a received signal. The encoded nformation may
mclude, for example, a trapsmission type wdentifier, & deviee ID, a key or credential,
other types of identifying information, or combinations thereofl. Tn certain forms the
receiver is operable to detect 8 Z-Wave preamble and has the capacity to distinguish
between # true Z-Wave signal and other signals that may be present in the Z-Wave
conununication band based upon detection of a Z-Wave preamble. This functionality
may reduce the number of false wake up requests generated by the recerver 903,

In some forms receiver 903 is gperable to detect 4 Z-Wave device 1D and
avaluate whether the Z-Wave communication is meant for controlier 806 or another
Z-Wave device, This may also mutigate the false wake up requests by receiver V03
dwe ta other Z-Wave devices cominunicating on the same channel or network, In
some forms receiver 903 is operable 1o receive a beam from one of more nodes of a
dynamically configurable wireless network. Z-Wave networks are one example of &
dynamically configurable wireless network. Z-Wave networks are mesh networks
whereint each node or device on the network is operable to send and receive signals
meluding control commands. When one device in & Z-Wave network wants to
communicate with another, it transmits a signal though a network pathway that may
mclude & plurality of nodes through which the signal is relayed to its intended
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recipient node. Utilization of intermediate nodes facilitates fransmission of signals
around transmission obstacles such 4s interfering structures or devices and radio dead
spots. A master controlier node may be used to dynamically control or optimize the
tansmission pathway to be utilized by other nodes to communicate with gne another,
The master controller may send a beam and receive a response and use this
mformation W evaluate or optinize various network transmission pathways, A Z-
Wave beam is & periodically transmitted sequence of bits that repeat for a
predeternuned doration. Certain bits in the repeatiiig sequence sicludes & preamble to
identify the transmission type as a Z-Wave fransmission. Additional bits and an
additional component that identifies node I of the intended recipicnt may also be
present o sore forms. It shall be appreciated that additional information may, but
nead not be, icluded 1y g beam-type transmission.

In some exemplary embodiments transceiver 907 may be configured a5 a
master controlier node and receiver YWi3 may be configured as 4 transeeiver. In such
embodiments, conununication to circuitry 900 may be initiated by transceiver 307
sending a beam that inchudes a device 1D associated with circuitry 900 through a
pathway of the dynamic network, Recetver 903 may then receive this transnuission,
tdentify it as a Z-Wave transmission, and identify that it ts the intended recipient,
mitiate 4 wake up of transceiver 902 to recetve a subsequent transmission, and
transwit a response 1o transceiver Y07 throvgh a predetermined pathway indicating
that the beam was recetved. The vesponse may be providad to the master controller
associgted with transceiver 907 and used in comection with control, organization and
aptimization of the dynamic network.

In certain other embadiments, such as those where recelver 903 does not
include transmission capability, the node ID associated with citcuitry Y00 may be
utilized to further identify transceiver 907 as a potential sleeper, such as a FLIRS
(frequently listening rovting servant) node. Alernatively a separate potential sleeper
identifier may beused. The potential sleeper wdentifier may be utilized by the master
controfler in controlling beam transnussion and network configuration, operation and
optimization. For example, the master controlier may werease the duration of the
beam or & subsequent transmission 1o account tor the delay between the receipt of a
beam by receiver 903 and the waking and fransmussion of a confirmation signal by
transceiver 902, Additiomally or alternatively the master controller or another node
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attempting to send 1 post-beany transoussion may delay or otherwise change the
tinungs of the transmission or may repeat or resend the transmission to accownt for
witkeup delay, Additionally or alternatively, the master controlier may account for
potential delay by adjusting the time period or deadiine within which it expects to
receive the confivmation signal for transmissions of a beam or post-beam transmission
to & potential sleeper node, and/or adjusting its conirol, configuration operation sud
optimization routines to account for the fact that i may not receive & responsg signal
when expected. The master controller may also account for potential detay by
sending duplicate transmsssion to account for the possibility that a sleeper node may
be sleeping,

It shall be appreciated that decoding, processing and other functionalities
disclosed herein may be perforreed by receiver 503, controtler 906, additionat or
allernate circyitry, or combinations thereofl. Additionatly, it shall be appreciated that
m some forms receiver 903 may be a fransceiver also having the capability to
transmit radio frequency signals ont the specified channel and in accordance with the
specificd communication protocol utifized by transcetver 802, Tn some embodinents
this transcetver may be operable to transinit a signal in response to a specified
transmission in order to avoid the sending device from mistakenly concluding that its
mtended recipiont is not operational. In some forms the response may include a
request for retransrmssion of the same informaton so that it can be received by
transceiver 902, Such functionaliies roay bessed in connection with dynaniic
networks such as dynamically configurable networks whose operation and
aptmiization depends upon receipt of responses and may be tirae seasitive.

Position sensing and metor controf circuitry 904 s operable to sense the
position of an electromechanical focking mechanism and to control & motor to actuate
the locking mechanism. Circuitry 904 may include mechanical and electrical features
described herein. Circnitry 904 is in operative communication with controlier 906
and 1s operable to send information thereto and receive wformation therefrom.

User input circuitry 903 is operable to rogetve credentials mput by a user, for
example, from a keypad, touchpad, swipe card, proximity card, key FOB, RFID
device, biometric sensor or other devices configured to provide an access credential
that can be evaluated to determine whether ot not to actuate a locking mechamsy to
provide or deny access fo a user, Circuitry Y03 is in operative connmunication with

35



2016238892 06 Oct 2016

1

1

5

0

20

13
=

¢

confrofler 906 and is operable to send information thereto and receive control signals
and other information therefrom.

Fig. 29 further fllustrates & remote transceiver Y07 which i operable to
transmit and receive information onthe same specified channel and using the same
specified communications protocol as transcerver 902 and receiver 903, Remote
transceiver 907 is in operative contnunication with server 911 which is operable to
send control stgnals and other information thereto and receive information therefrom.
Server §11 15 connected to and provides communication with network 908 wluch may
include a local area network, wide area network, the ternet, other commuRicgtion
networks, or combinations thereof, Remie transceiver 907 i3 operabie to
communicate with at least transceiver Y02 and recerver 903, and may also
communicate with one or more additional setworked devices 909 which may
themselves communicate with transcoiver 902 or receiver 903,

In some exemplaty ¢mbodiments communication between trapsceiver 902,
transceiver 903, transceiver 907, and/or networked devices 909 may occur over 4
dynanmuically configurable wireless setwork, Certain exemplary embodiments
enhance performance and compatibility of sleep/wake transceiver systems and
dynamically configurable wireless networks by providing configuring transceiver 902
to recetve a first signal transmitted by a control node of a dynamic wireless network,
such ag transcetver 907, The fist sigeal may welude an intended recipient 1D.
Transcetver 902 may be operable to demodudats the first signal and provide the
itended recipient I¥ (o controlier 906, Controller 506 may be operable to evaluate
the intended recipient ID and selectably control ransceiver 902 1o transnt an
acknowlodgment signal based wpon this evalyation. This acknowledgement signal can
be teceived by transceiver 907 and provided 1o server 81 for use 10 controfling,
maintainmg or optimizing a dynamic wirgless network such as a dynamically
configurable wireless network, The acknowledgment signal sent by transceiver 802
wpott receipt of a signal from 8 control node may include an mformation
retransmission reqaest. The retransmission request may be recetved by transceiver
907 and provided to server 911 for use in providing information to transesiver 903, In
some forms the retransmission request may be a request o transmit substantiatty the

same information to transceiver 903 as was transmitted to transceiver 902, In some
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forms {he retransmission request may be a request 1o transmit additional or different
information to transceiver 903 than was transmitted to transceiver 902,

Trausceiver 903 may be configured to wake up i respouse to 8 wake up
command from the controfler which may be triggered by a wake up request seatl 1o
controller Y06 from transceiver 902, Tn some forms the transmussion of the intended
recipient 1D may serve as a wake up request. T other forms other signals may be
used. Once awake, transceiver 903 may receive a second radio signal from the
controd node of the dynamic wireless setwork. The second signal may melude door
tock access information. Transceiver 903 may be operable to demodulate the second
signal and provide the door Yock access information to contralier 906 which can
evaluate the door tock access information and command acteation of a lecking
mechanism such as those described herem based upou the evalsation,

Alternatively or additionally, the second signal may inchade door lock query
mformation that may be demodulated by trangceiver 903, provided to controller 906
and used 1o sense information of a lockittg mechanism position, Controlier 906 may
be further operable to control transceiver 903 to transmit this locking mechanism
posilion information which can be received by other nodes of the network, such as
transceiver 907, and provided to server 911 or other designated destinations. A
number of types of information of a locking mechanism position may be sensed
wmeluding the position of the lecking mechanism such as & deadbotlt 1n accordance
with the position sensing devices and techniques disclosed hevem. Additionally, some
embodiments may determine whether a locking mechanism was last actuated
manually or antomaticaiiy.

Some examplary dypamic network embodiments may include further features
wlich will now be described. The signat received by transceiver 902 and the signal
received by transeeiver 903 may be transmitted on the same channe! such as on the
same frequency or band, may conform o the same transmission protocol, may inchide
substantially the same information, may differ in their informational content only with
respect to information pertaining to transnussion time or transmission ID, and/or the
two stgnals may be substantially identical. Either or both signals may include deor
fock access information, mtended recipient information and/or other information.

Fither or both signals may be encrypted and encoded in various manners.
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Sowe exemplary dynamic setwork embodirenss may include additional
features. Transceivers 902 and 903 may share & common antenna or may utitize
separate antennas. Transceiver 902 and controlier 906 may be operable to first
evaluate the strength of a madio signal relative to a first criterion, such as a received
signal strength indication, and second evaluate the intended reciprent 1D based upon
said the first evaluation. Coutrofler 906 may control transcetver Y02 to periodically
polt for a first signal while transceiver 903 is asleep, and controd transceiver 903 o
periodically poll for a signal when dwake. Transceiver 902 may draws less current
when periodically poliing than transceiver 903 whew periodically polling. Controlier
900 may Le operable to sense locking mechanism position information and control &
tocking mechanism jn accordance with one or mote of the techniqies disclosed berein
or alternate or additional techaigues.

With reference to Fig. 30, there iy illustrated exemplary circusiry 912 fora
remotely operable electromechanical Tock. Curenitry 912 includes power sapply 910,
Z-Wave transceiver 920, FOB transceiver 930, user input circuitry 950,
microcontrolier 960, position sensing circuttry B70, and motor contrel circuitry 980,
Power supply 910 is & battery-based power supply and is operably connected to the
other components of circuaitry Y12 o provide power thereto. Z-Wave transeeiver 920
15 connected to blocks 961, Y62 and 963 of microcontroller 268, Block 961 s &
unsversal asynelwonous recetverfransmitier input. Block 962 1s a serial peripheral
mterface input. Block 963 1s a wouli-channel Z-Wave input/output block. Block 962
is also connected fo EEPROM 931 and Z-Wave progranuming connector 932, Block
963 s also connected to Z-Wave programming connector 932, Chip select and reset
signals may be connected to programming conpector 932 and may be used if the main
microcontrolier needs to reprogram Z-Wave fransceiver 920,

FOB transceiver 930 is connected to block 264 of microcontroller 960 which
may include a nuymber of pins that form an SPI interface, for example, data in, data
out and clock. A chip select line may also be used to select the ¢hip on the device that
a main controlier will commusticate witly, for exanple, the accelerometer or the flash.
Each device may share the SPI interface or may have a separate chip select line,
Block 964 is a sersal peripheral interface bus input. FOB transcetver 930 1s also
connected to shock vibration sensor 933, which s in furn connected to inputs 966 and
967 of microcontrolier 960. Block 9661s an acceleronteter interrupt input. Block 967
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s an accelerometer power supply. The shock vibration sensor 933 includes an
aceelerometer and 15 used to detect impacts of vibrations that may be associated with
mappropiate activity on the door, These may include, for example, tampering or
atterpted forced entry.

FOB transceiver 930 is also connected to block 969 of microcontrolier 960
which ircludes an FOB transceiver input/output. Motor controd eircustry 980 15
connected to block 984 of microcontrofler 960 which is a motor control inputioutput,
Motor contral circoitry 980 includes & motor controller 976 and miotor connector 980,
Flash memory 934 s connected 1o flash power 965 EEPROM input/output 968, shock
vibration sensor 933, and transceiver 930, Motor control circnit may be used to drive
an auto-throwable deadbolt or other door locking mechanism. Additionally the
nxicrocontrolier 960 is operable to monitor the current drawn by the motor drive
circuit to determing when a stall coadition of the motor exists.

Microcontroller block 981 is an LED control input/ouiput that 15 operatively
connected to LEDs 933, Microcontroller block 982 s an alarm control input/output
that 1s operatively connected to alarm contred 936 which s in turn operatively
connected to-and is operable to control alarm 991, Block 983 of microcontrolier 960
ts a tamper push button input’output which s operatively connected to tamper push
button 937 tat is configured or positioned internal o the electromechanical door lock
and operable to wdicate when tamperiag 1§ occurring.  Block 989 of nicrocontrolier
964 15 a programming input/outpat-and is operably conpected 1o programming
connector D73, Programuming connector 975 is operable o interface with an external
user block to program micrecontrolier 960, Block 988 of mictocontrolier 960 is an
external sensor inpatioutput and is operably connected to circuitry 970, Circuitry 970
includes motor and gear bome position sensors 972, thumbiurn and cam posiiion
sensors 971 and wiper contact switches 973 which may be provided in one or more of
the encoder configurations described hersinabove or other encoder configurations.

Microcontrofler block Va6 is g battery voltage input and is connected o snalog
to digital converter 987 within microcontrolicr 978 and externally to battery voltage
monitoring circuit 974, Battery mon#or cireuit 974 is used to measure the battery
fovel and indicate to the wser when battery is #y need of replacement. The circuit is
actuated by takmg a signal check battery high which tuyms on an N-chasnel FET. The
N-channel FET then pulls the gate of a P channel FET low allowing current to flow
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through a8 voltage divider civeait where the battery value ling 18 tnput to an anslog to
digital converter. This saves the current consumaption of the voltage divider when the
battery voltage i not being measured. This operation may take place pertodically,
for example, about once every day.

Microcontroller block 9835 is & eniversal asynchronous receiver transwitter
wmput/output and is operably connected to through-door connector 958, Through-door
connegtor 938 inchudes a positive battery hine, a positive regulated 3V hine, a ground
ling, a UART-TX line, and a UART-RX fine. Threagh-door connector is operably
coupled to micraprocessor 956, Microprocessor 956 is coanected to LEDs 9351, 952
and 933 as well as to user mputs 954 and 953, In some exemplary embodiments, ater
input 954 is a [0-tavget keypad artay and sser input 955 1s a push button mput. It is
also contenplated that additional and alternate user inputs such as those described
herein may be utilized.

With reference to Fig. 31 there is flfustrated exermplary circuitry 800 for a
remately operable electromechasical lock, Circuitry 800 includes Z-Wave antenna
cireuitry 880 which is configured to receive signals on a frequency and chaanel of a
Z-Wave transmission, Z-Wave antenna circuitry 880 is operatively connected 1o
switch 870 which may be used for antenna tuming and way be bypassed with a
capacitor or resistor for production. Switch 870 15 operatively connected to SAW
band pass filter 860 whick & operatively connected to switch 858, Switch 850 is
operable to connect and discomiect Z-Wave antensa, Z-Wave chipset 820, FOB
transcetver 830 and other components associated with cireuttry 800, Animpedance
matching network is also provided between antenna 880 and switch 850. Z-Wave
chipset 820 and FOB transceiver 838 are both implemented as discrete layouts in the
Hlustrated embodiment however it should be understoed that oodule based
implementations are also conternplated.

Circuitry 800 13 operable to reduce power consumption in current drain by an
electromechanical door fock. Z-Wiave chipset 820 15 capable of operating fo poll fur 4
Z-Wave signal. For example, Z-Wave chipset 820 may wake every second and check
for & Z-Wave signal. In doing so, Z-Wave chipset 820 will deaw about 26 mA while
polling, FOB transcetver 830 1s 2 transceiver integrated cireuit which is also operable
to poll fora Z-Wave signal. In contrast to Z-Wave chipset 820, FOB transceiver 830
draws about 3 mA when polling. A mucrocontraller connected to FOB transceiver
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R3O and Z-Wave chipset 820 i3 operable t0 use thewr contrasting characteristics to save
power and reduce current drain. According o one exemplary methed, the
microconirolier places Z-Wave chipset 820 in the sleep mode where it consumes
reduced power, and coatrols FOB transceiver 830 to periodically poll for a Z-Wave
signal. In one form, FORB transceiver 830 is controlled to poll for a signal on a 908
MHz channel about one time per second, After cach polling FOB transceiver 830
sends an RSSI vahie o the microcontroller, The microcontrolier analyzes the RSS1
vatue as follows. If the RSS! value is below a predeternuned threshold nothing
happens. If the RSS value is above 4 predetermingd threshold the microcontroller
wakes up the Z-Wave chipset 820, After being awakened the Z-Wave chipset 820
checles for & Z-Wave compmumication. If there s no Z-Wave commusication, the Z-
Wave controlier will go back toslegp in about 4 mS. I a Z-Wave comumunication
was detected, the Z2-Wave chipset will check the node ID. 11 the node 1D is fora
different device the Z-Wave chipset will go back to sleep. If the node ID squals the
node 1D of Z-Wave chipset 820, controller it will stay awake to receive packets,
Z-Wave transceiver 920 and FOB transceiver 830 are configured to detect a Z-

Wave signal on the same commuynication channel at the same frequency. In varioas
forms FOB transceiver 330 may have the capability of stself detecting and evaluating
a Z-Wave preamble, node 1D, and or other information encoded on a Z-Wave beam
alone or in connection with & microcontrolier or other Circuitry. This may further
reduce the mamber of false wakeup cvents where a Z-Wave sigual is received bat iz
not intended for a Z-Wave chipset 820,

As used herein, refative terms such as “top™, “bottom™, “right”, “left”, “side”,
te. are wyed for case of descriptive convenience only and are not meant to imply any
type of limnation. For example, if an aspect of the apphication 18 disclosed as located
on the “top” of a component; the location of that particular aspect can also be
positioned eisewherg including the “bottom”, “right”™, “loft”, “side”, etc. unless
mdicated explicitly to the contrary.

While the invention has been iflustrated and described in detail in the drawings
and foregomg deseription, the same 8 o be considered as iBustrative and not
restrictive in character, i being saderstood that only the preferred embodirnents have
been shown and desceribed and that all changes and mwodifications that come within the
spirit of the inventions are desired 1o be protected. ¥t showdd be understood that while
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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 being defined by the claims
that follow. 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 to 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.

Where the terms "comprise”, "comprises”, "comprised" or "comprising” are used
in this specification (including the claims) they are to be interpreted as specifying the

presence of the stated features, integers, steps or components, but not precluding the

presence of one or more other features, integers, steps or components, or group thereof.
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The claims defining the invention are as follows:

1. An apparatus comprising:

an auto dead bolt door device having a first side key entry and a back side
having a user grappling member;

a motor disposed internal to the device capable of providing torque useful in
actuating a dead bolt of the auto dead bolt door device, the dead bolt having a retracted
position, a dead position opposite the retracted position, and a plurality of extended
positions between the retracted position and the dead position; and

a gearing system that includes a plurality of toothed members having
corresponding intermeshed gear teeth disposed between the motor and the dead bolt and
operable to convey torque from the motor to actuate the dead bolt, wherein a first of the
plurality of toothed members is coupled directly to the motor, the plurality of toothed
members having a cooperative configuration that permits backdriven operation to allow
torque to be applied to move the plurality of toothed members in a first direction and an
opposite second direction such that an array of gear teeth of the first toothed member is
configured to be a driven gear and a driving gear depending upon a torque applied; and

wherein the first toothed member is coupled directly to the motor

comprises a pinion gear.

2. The apparatus of claim 1, wherein the plurality of toothed members includes a

series of toothed members numbering more than two.

3. The apparatus of claim 2, wherein the plurality of toothed members include a

pinion and a face gear.

4. An apparatus comprising:

an auto dead bolt door device having a first side key entry and a back side
having a user grappling member;

a motor disposed internal to the device capable of providing torque useful in
actuating a dead bolt of the auto dead bolt door device, the dead bolt having a retracted
position, a dead position opposite the retracted position, and a plurality of extended

positions between the retracted position and the dead position;
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a gearing system that includes a plurality of toothed members having
corresponding intermeshed gear teeth disposed between the motor and the dead bolt and
operable to convey torque from the motor to actuate the dead bolt, the plurality of
toothed members having a cooperative configuration that permits torque to be applied to
move the plurality of toothed members in a first direction and an opposite second
direction such that an array of gear teeth of a first toothed member is configured to be a
driven gear and a driving gear depending upon a torque applied; and

a lost motion coupling between a cam and first toothed member of the plurality
of toothed members such that the loss motion permits the cam to rotate between a dead

bolt retracted position and a dead bolt extended position.

5. The apparatus of claim 4, wherein the first toothed member includes a shoulder

oriented to interact with the cam.

6. The apparatus of claim 5, which further includes a lost motion pocket formed in

the first toothed member, the cam located in the lost motion pocket.

7. An apparatus comprising:

a deadbolt assembly having an internal motor in driving relation with a
deadbolt, a user grappling member interconnected to the deadbolt and configured to
extend and retract the deadbolt without use of the motor;

gearing means for backdriving the motor when a failure occurs in the motor
such that the deadbolt is placed in an intermediate position between a fully extended
position and a fully retracted position; and

means for permitting lost motion between a thumbturn and the motor
such that the thumbturn can be rotated to open and close the deadbolt without

corresponding motion in the motor.

8. An apparatus comprising:

a powered door access device module structured to operate a bolt that can be
extended and retracted into a doorjamb to secure a door, the device module also having
a receptacle for receiving an energy storage device useful to provide power to a motor to
extend and retract the bolt and a user grappling member useful to permit a user to extend

and retract the bolt when the device module is coupled with a door and bolt assembly;
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a reversible gear transmission disposed between the motor and the bolt of the
door, the reversible gear transmission structured to be driven by the motor in one mode
of operation to extend and retract the bolt, the reversible gear transmission also capable
of receiving a movement from the user grappling member and transmitting that
movement to the motor to backdrive the motor; and

wherein the reversible gear transmission also includes a lost motion
feature such that movement of the motor over a substantial range of throw of the bolt

need not cause a corresponding movement in the bolt,

9. The apparatus of claim 8, wherein the motor is interconnected to the reversible

gear transmission via a pinion and face gear.

10. The apparatus of claim 8§ or 9, which further includes an electrically powered

keypad structured to receive a pass code.
11. The apparatus of any one of claims 8 to 10, wherein the gear transmission is in

mechanical communication with a driver structured to be driven by one of the motor and

the user grappling member.
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