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(57) Abrege/Abstract:
An exemplary lock includes an outer spindle, a center spindle, and a lock control assembly selectively coupling the outer and center
spindles. In one embodiment, the lock control assembly includes a cam coupled to the center spindle, a locking bar slidingly
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(57) Abrege(suite)/Abstract(continued):
coupled to the outer spindle, a cam follower positioned between the locking bar and the cam, and a biasing element urging the

locking bar into engagement with the cam follower. Engagement between the cam and the cam follower may be configured to
move the cam follower longitudinally in response to relative rotation between the cam and the cam follower.
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(57) Abstract: An exemplary lock includes an outer spindle, a center spindle,
and a lock control assembly selectively coupling the outer and center spindles.
In one embodiment, the lock control assembly mcludes a cam coupled to the
center spindle, a locking bar slidingly coupled to the outer spindle, a cam fol-
lower positioned between the locking bar and the cam, and a biasing element ur-
ging the locking bar mto engagement with the cam follower. Engagement
between the cam and the cam follower may be configured to move the cam fol-
lower longitudinally in response to relative rotation between the cam and the
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LOCK MECHANISM WITH EGRESS RELEASE

10001] TECHNICAL FIELD

[0002] The present disclosure generally relates to door locks, and more particularly, but

not exclusively, to tubular locks with cgress release.

BACKGROUND

[0003] Tubular lock mechanisms are commonly used in securing doors. One embodiment
of a tubular lock is disclosed in U.S. Patent No. 4,470,278 to Hale, the contents of which are
incorporatcd by reference in their entirety. Some tubular locks have certain limitations such as

those relating to convenicnt control of the locked/unlocked state of the lock. Theretore, a need

remains for further improvements in this field of technology.

SUMMARY

[0004] An exemplary lock includes an outer spindle, a center spindle, and a lock control
asscmbly selectively coupling the outer and center spindles. In one embodiment, the lock control
assembly includes a cam coupled to the center spindle, a locking bar slidingly coupled to the
outer spindle, a cam follower positioned between the locking bar and the cam, and a biasing
element urging the locking bar into engagement with the cam follower. Engagement between the
cam and the cam follower may be configured to move the cam follower longitudinally in
response to relative rotation between the cam and the cam follower. Further embodiments, forms,

features, and aspects of the present application shall become apparent from the description and

figures provided herewith.
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BRIEF DESCRIPTION OF THE FIGURES

[0005] FIGS. 1 and 2 are exploded perspective illustrations of a tubular lock according to one
embodiment.

[0006] FIGS. 3 and 4 depict a cam follower according to one embodiment.

[0007] FIGS. 5 and 6 depict a cam according to one embodiment.

[0008] FIG. 7 depicts one embodiment of an outer housing.

[0009] FIG. 8 depicts one embodiment of a center spindle.

[0010] FIG. 9 depicts one embodiment of a detent cam.

[0011] FIG. 10 18 a cross-sectional 1llustration of the tubular lock in an unlocked state.

[0012] FIG. 11 1s a cross-sectional 1llustration of the tubular lock 1n a locked state.

[0013] FIG. 12 1s an ¢levational view of one embodiment of a lock control assembly 1n an
unlocking state.

[0014] FIG. 13 1s an ¢levational view of the lock control assembly 1n a locking state.

[0015] FIG. 14 1s an ¢levational view of the lock control assembly 1n a transitional state during a
manual unlocking operation.

[0016] FIGS. 15-17 depict the lock control assembly at various transitional states during a first
automatic unlocking opcration.

[0017] FIG. 18-20 depict the lock control asscmbly at various transitional statcs during a sccond

automatic unlocking operation.
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0018] For the purposes of promoting an understanding of the principles of the invention,
rcference will now be madc to the cmbodiments 1llustrated 1in the drawings and spccific language
will be used to describe the same. 1t will nevertheless be understood that no limitation of the
scope of the invention 1s thereby intended. Any alterations and further modifications in the
described embodiments, and any further applications of the principles of the mvention as
described herem are contemplated as would normally occur to one skilled mn the art to which the
invention relates.

[0019] FIGS. 1 and 2 depict an illustrative tubular lock 90 including an outer assembly 100
mountable on an outer or unsecured side of a door (not illustrated), a center assembly 200
mountable 1n a cross-bore formed in the door, and an inner assembly 300 mountable on an inner
or secured side of the door. When assembled, the center assembly 200 connects the outer and
mner assemblies 100, 200, and the tubular lock 90 comprises a longitudinal axis 91 which
extends 1n a proximal direction P and a distal direction D. As depicted in the Figures, the
proximal direction extends from the secured side of the door toward the unsecured side of the
door, and the distal direction extends from the unsecured side of the door toward the secured side
of the door.

[0020] With reference to FIG. 1, the outer assembly 100 includes an outer lever 102, an outer
rosc 104, a lock cylinder 106 including a plug 107, an outer retaining ring 108, an outer retaining
spacer 109, an outer housing 110 mountable on the outer side of the door (not illustrated), an
outer spindle 120 rotationally coupled to the outer lever 102 and rotatably coupled to the outer
housing 110, a stop washer 132 coupled to the outer spindle 120, an outer torsion spring 134
rotationally biasing the outer spindle 120 to a home position, and an outer spring plate 136.

[0021] The center assembly 200 includes a driver bar 210, a lock control assembly 220, a center
spindle 600 including a cup 610 and a stem 620, and a latch mechanism 230 engaged with the
stcm 620. The driver bar 210 18 conncceted to the plug 107 such as, for cxample, through a kcy
cam (not illustratcd) comprising a bowtic opcning. The driver bar 210 rotatcs 1n responsc to
rotation of the plug 107 through a predetermined angle. The illustrative lock control assembly
220 1includes concentric first and second compression springs 222, 224, a detent cam 250, a
locking bar 226, a cam follower 400, and a cam 500, with each of the listed elements positioned

distally with respect to the previously-listed element. When assembled, the cam follower 400
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and thc cam 500 arc at Icast partially rcecived in the cup 610, and the cam 500 1s rotationally
couplcd to the center spindlc 600.

[0022] The first spring 222 1s sandwiched between the stop washer 132 and the locking bar 226
such that the locking bar 226 1s distally biased into engagement with the cam follower 400. The
second spring 224 1s sandwiched between a crossbar 212 on the driver bar 210 and the detent
cam 250, such that the detent cam 250 1s distally biased into engagement with the locking bar
226. The locking bar 226 includes an arcuate central portion 227 and a pair of arms 228
extending radially from the central portion 227. The latch mechanism 230 includes a latch bolt
232 and a retractor 234 engaged with the center spindle 600 such that the latch bolt 232 extends
and retracts in response to rotation of the center spindle 600.

[0023] With reference to FIG. 2, the illustrative inner assembly 300 includes an inner lever 302,
an 1ner rose 304, a turn button 306, a turn button coupler 307, an mner retaining ring 308, an
inner retaining spacer 309, an imnner housing 310, an inner spindle 320 rotationally coupled to the
inner lever 302, an inner torsion spring 332 rotationally biasing the inner spindle 320 to a home
position, and an inner spring plate 334. In the 1llustrated embodiment, the coupler 307 1s
configured to rotate the driver bar 210 1n response to rotational motion of the turn button 306. It
1s also contemplated that the turn button 306 may be replaced by a push button (not illustrated),
and the turn button coupler 307 may be replaced by a coupling cam operable to rotate the driver
bar 210 1n response to longitudinal movement of the push button.

[0024] When assembled, the inner spindle 320 1s coupled to the center spindle 600 such as, for
example, through the inner spring plate 334. When the tubular lock 90 1s installed on a door, the
outer surface of the door may abut the distal side of the outer housing 110, and the inner surface
of the door may abut the proximal side of the inner housing 310. While the 1llustrated tubular
lock 90 includcs mncr and outcr Ievers 102, 302, 1t 1s also contcmplated that onc or both of the
levers 102, 302 may be replaced with another form of a manual actuator such as, for example, a
knob.

[0025] With additional reference to FIGS. 3 and 4, a cam follower 400 according to one
embodiment includes a body 410, proximal and distal posts 402, 404 extending longitudinally
from opposite sides of the body 410, and a slot 405 extending through the posts 402, 404 and the
body 410. The posts 402, 404 are configured to maintain proper radial positions of various

clements of the lock control assembly 220. When assembled, the proximal post 402 1s received
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in the arcuatc central portion 227 of the locking bar 226, the distal post 404 18 rcecived 1n an
opcning 502 (FIG. 5) within the fixed cam 500, and the driver bar 210 cxtends through the slot
405. The body 410 may include arcuate radial extensions 412, the outer surfaces 414 of which
may shidingly engage the inner surface of the cup 610 to substantially prevent radial movement
of the cam follower 400. The term “*substantially” as used herein may be applied to modity a
quantitative representation which could permissibly vary without resulting in a change 1n the
basic function to which it 1s related. For example, the cam follower 400 may permissibly be
capable of some radial movement 1f the operation of the lock control assembly 220 1s not
materially altered.

[0026] With the proximal post 402 received in the arcuate central portion 227, the cam follower
400 and locking bar 226 are rotatable and longitudinally movable with respect to one another,
and the cam follower 400 substantially prevents radial movement of the locking bar 226.
Similarly, with the distal post 404 recetved 1n the opening 502, the cam follower 400 1s rotatable
and longitudinally movable with respect to the cam 500, but the cam 500 substantially prevents
radial movement of the cam follower 400. In certain embodiments, the distal post 404 may be
omitted, and the radial positioning of the cam follower 400 may be performed by the engagement
between the radially outer surfaces 414 and the cup 610. With the driver bar 210 extending
through the slot 4035, the cam follower 400 1s rotationally coupled to the driver bar 210 and 1s
axially movable with respect to the driver bar 210. In other words, the cam follower 400 rotates
with the driver bar 210 and 1s free to slide longitudinally along the driver bar 210.

[0027] With reference to FIG. 3, the proximal side of the cam follower 400 includes a pair of
positioning surfaces 420 operable to adjust the longitudinal position of the locking bar 226. Each
positioning surface 420 includes a distal level 422, a proximal level 424, and a ramp 426
connccting the distal and proximal levels 422, 424, With the cam followcer 400 positioncd 1n a
first rotational position, the distal side locking bar 226 engages the positioning surface distal
level 422, thereby setting the locking bar 226 1n a first longitudinal position. As the cam
follower 400 rotates to a second rotational position, each of the arms 228 travels along one of the
positioning surface ramps 426 and into contact with the corresponding positioning surface
proximal level 424, thereby setting the locking bar 226 1n a second longitudinal position. The
cam follower 400 may further include one or more proximally extending stops 406 positioned

adjacent the positioning surface proximal levels 424. In the second rotational position of the cam
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followcer 400, the stops 406 may cngagc the arms 228, thereby limiting rotation of the cam
followcr 400 with respect to the locking bar 226.

[0028] With reference to FIG. 4, the distal side of the cam follower 400 includes a pair of first
[tmat stops 408, a pair of second limit stops 409, and a pair of follower surtaces 430 operable to
adjust the longitudinal position of the cam follower 400. Each follower surtface 430 includes a
distal level 434 positioned adjacent one of the first limit stops 408, and a ramp 436 extending
proximally from the distal level 434 to one of the second limit stops 409. Each of the follower
surfaces 430 may further include a proximal level 432 positioned adjacent one of the second
[1mit stops 409 and a secondary ramp 436° extending proximally from the proximal level 432.
Each pair of limit stops 408, 409 1s engageable with the cam 500 to thereby limit relative rotation
between the cam follower 400 and the cam 500.

[0029] In the 1llustrated embodiment of the cam follower 400, the stops 406, the first [imit stops
408, and the second limit stops 409 are substantially parallel to the longitudinal axis 91. The
positioning surface distal levels 422, the positioning surface proximal levels 424, the follower
surface proximal levels 432, and the follower surface distal levels 434 are substantially
perpendicular to the longitudinal axis 91, and are substantially parallel to the rotational planc of
the cam follower 400. Additionally, each of the positioning surface ramps 426 and the follower
surface ramps 436, 436’ 1s offset at an oblique angle with respect to the longitudinal axis 91 such
as, for example, by about 30°. However, 1in other embodiments, the above-described features of
the cam follower 400 may define different angular orientations.

[0030] With reference to FIGS. 5 and 6, the cam 500 includes an opening 502 operable to
receive the driver bar 210. In embodiments in which the cam follower 400 includes the distal
post 404, the opening 502 may further be configured to recerve the distal post 404. The cam 500
further includces a radially outer surface 504, which may dcfinc a radius corrcsponding to that of
the radially mnner surtace of the cup 610, 1n order to radially locate and center the cam 500 with
respect to the center spindle 600.

[0031] With specific reterence to FIG. 5, the proximal side of the cam 500 includes a pair of cam
surfaces 510, each of which engages one of the follower surfaces 430. Each of the cam surfaces
510 includes a distal level 512, a proximal level 514, and a ramp 516 connecting the distal and
proximal levels 512, 514. As described 1in further detail below, engagement between the cam

surfaces 510 and the follower surtaces 430 1s configured to longitudinally move the cam follower
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400 1n rcsponsc to rclative rotation between the cam followcer 400 and the cam 500. With
spcceific reference to FIG. 6, the distal sidc of the illustratcd cam 500 includcs a protrusion 506
engageable with the center spindle 600 such that the cam 500 1s rotationally coupled to the center
spindle 600.

[0032] The cam 500 may further include a pair of proximally extending first stop walls 508
positioned adjacent the cam surface distal levels 512, and a pair of proximally extending second
stop walls 509 positioned adjacent the cam surtace proximal levels 514. The stop walls 508, 509
are configured to engage the cam follower 400 to limit relative rotation between the cam
follower 400 and the cam 500. The pair of first of stop walls 508 1s configured to engage the
pair of first of limit stops 408 to thereby limit rotation of the cam follower 408 1n a first
rotational direction. The pair of second stop walls 509 1s configured to engage the pair of second
[imit stops 409 to thereby limit rotation of the cam follower 400 1n a second rotational direction.

[0033] In the tllustrated embodiment of the cam 500, the first stop walls 508 and the second stop
walls 509 are substantially parallel to the longitudinal axis 91. The follower surface distal levels
512 and the follower surface proximal levels 514 are substantially perpendicular to the
longitudinal axis 91, and are substantially parallel to the rotational plane of the cam 500.
Additionally, cach of the cam surface ramps 516 1s offset at an oblique angle with respect to the
longitudinal axis 91, such as, for example, by about 30°. However, 1n other embodiments, the
above-described features of the cam 500 may define different angular orientations.

[0034] With additional reference to FIG. 7, the exemplary outer housing 110 includes a radial
flange 112 and a distally extending collar 114. When installed on a door (not illustrated), the
flange 112 abuts an outer surface of the door, and the collar 114 1s received 1n the cross-bore.
The housing 110 further includes slots 116 sized and configured to receive the locking bar arms
228 when the tubular lock 90 18 1n a locked statc.

|0035] With additional reference to FIG. 8, the center spindle 600 includes the cup 610 at its
proximal end, and the stem 620 extends distally from the cup 610. The cup 610 1s sized and
configured to recerve the cam follower 400 and the cam 500. The cup 610 includes a proximal
end surface 612, and a pair of slots 614 extending distally from the proximal end surtace 612.
The slots 614 are sized and configured to receive the arms 228 of the locking bar 226 when the

tubular lock 90 1s 1n an unlocked state. The slots 614 may comprise chamfers 616 extending

toward the proximal end surface 612.
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[0036] The stcm 620 includcs a channcl 622 s1zcd and configurcd to reccive the locking bar 210
such that the¢ locking bar 210 18 rotatablc with respect to the center spindlc 600. Additionally, the
stem 620 1s engaged with the retractor 234 such that the latch bolt 232 extends and retracts in
response to rotation of the center spindle 600. The proximal end of the channel 622 may be
s1ized and configured to receive the cam protrusion 506 such that the cam 500 1s rotationally
coupled with the center spindle 600. For example, the proximal end of the channel 622 may
define a geometry corresponding to that of the protrusion 506. While other geometries are
contemplated, in the 1llustrated embodiment, each of the protrusion 506 and the proximal end of
the channel 622 comprises a substantially rectangular cross-section. Furthermore, while the cam
500 and center spindle 600 are 1llustrated as being distinct and separable elements, 1t 1s also
contemplated that the cam 500 may be integrally formed with the center spindle 600 or securely
coupled to the center spindle 600.

[0037] With additional reference to FIG. 9, the detent cam 250 1s provided with a slot 252 to
receive the driver bar 210 such that detent cam 250 1s rotationally coupled to the driver bar 210,
and 18 longitudinally movable with respect to the driver bar 210. The distal side of the detent
cam 250 includes a ridge 254 and a pair of notches 256 formed in the ridge 254, with cach notch
256 including a pair of ramps 258 connected to the ridge 254. When assembled, the second
spring 224 urges the detent cam 250 1nto contact with the locking bar 226. When the locking bar
226 1s positioned 1n contact with the ridge 254, the detent cam 250, and thus the driver bar 210,
1s free to rotate. When the locking bar 226 18 received in the notches 256, the arms 228 engage
the ramps 258, thereby resisting rotation of the detent cam 250. In the 1llustrated embodiment,
both the proximal and distal sides of the cam follower 250 include a ridge 254, notches 256, and
ramps 258, wherein the detent cam 250 15 reversible. It 1s also contemplated that only one side
of thc dctent cam 250 need include the ridge 254, the notches 256, and the ramps 258.

[0038] With additional reference to FIGS. 10 and 11, when the outer and center assemblies 100,
200 are assembled, the outer spindle 120 extends into the outer housing 110, and the locking bar
arms 228 extend radially outward through slots 121 formed 1n the outer spindle 120. In an
unlocked state (FI1G. 10), the arms 228 are received 1n the center spindle slots 614, and the
locking bar 226 rotationally couples the outer spindle 120 to the center spindle 600. In this state,
rotation of the outer spindle 120 causes rotation of the center spindle 600, which 1 turn causes

the latch bolt 232 to retract. In a locked state (FIG. 11), the arms 228 are received in the housing
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slots 116, and thc locking bar 226 rotationally couplcs the outcer spindlc 120 to the outer housing
110 such that thc outcr spindlc 120 1s not frce to rotatc. Additionally, the arms 228 arc rcmoved
from the center spindle slots 614, thereby rotationally decoupling the outer spindle 120 and the
center spindle 600. As such, the center spindle 600 remains free to rotate, and the mnner lever
302 remains operable to retract the latch bolt 232. This form of locking by selective engagement
between a locking bar and a housing 1s known 1 the art (1.e., U.S. Patent No. 4,470,278 to Hale),
and need not be further described herein.

[0039] With reference to FIGS. 12 and 13, further details regarding the locked and unlocked
states of the illustrative tubular lock 90 will now be described. FIG. 12 depicts the lock control
assembly 220 1n an unlocking state corresponding to the unlocked state of the tubular lock 90
(FIG. 10). FIG. 13 depicts the lock control assembly 220 corresponding to the locked state of the
tubular lock 90 (FIG. 11). In each of the locking and unlocking states, the first spring 222 urges
the locking bar 226 into contact with the positioning surfaces 420 of the cam follower 400, and
the second spring 224 urges the detent cam 250 into contact with the locking bar 226. The
combined forces of the springs 222, 224 also urge the cam follower 400 into contact with the
cam 500. More specifically, the springs 222, 224 urge the follower surfaces 430 into
engagement with the cam surfaces 510.

[0040] With reference to FIG. 10 and 12, when the tubular lock 90 1s 1n the unlocked state, the
lock control assembly 220 1s in the unlocking state. In the unlocking state, proximal sides of the
locking bar arms 228 are positioned 1n contact with the detent cam ridge 254, and the distal sides
of the locking bar arms 228 are positioned 1n contact with the positioning surface distal levels
422 and/or the cam surface proximal levels 514. Additionally, the follower surface distal levels
434 are positioned in contact with the cam surface distal levels 512, and the follower surface
ramps 436 arc positioncd adjacent the cam surfacc ramps 516. The distal biasing force of the
springs 222, 224 urges the surfaces of the locking bar 226, the detent cam 250, the cam follower
400, and the cam 500 into contact with one another.

[0041] In the unlocking state, cach of the first limit stops 40¥ 1s positioned adjacent one of the
first stop walls 508, and the cam 500 prevents further rotation of the cam follower 400 1n the
counter-clockwise (CCW) direction (when viewed from the distal side). In FIG. 12, the locking
bar 226 1s engaged with the center spindle slots 614, and 1s disengaged from the outer housing

slots 116, such that each of the levers 102, 302 1s operable to rotate the center spindle 600 to a



CA 02917486 2016-01-05

WO 2015/003189 PCT/US2014/045623

rotatcd position 1n ordcer to rctract the latch bolt 232, In the absence of an ¢xtcrnally-applicd
torquc, the springs 222, 224 will maintain the lock control asscmbly 220 1n this statc.

[0042] With specitic reterence to FIGS. 11 and 13, when the tubular lock 90 1s 1n the locked
state, the lock control assembly 220 1s 1n the locking state. In the locking state, proximal sides of
the locking bar arms 228 position the detent cam notches 256 between the ramps 258, and the
distal sides of the locking bar arms 228 are positioned 1n contact with the positioning surtace
proximal levels 424. With the locking bar arms 228 positioned between the ramps 258, the distal
biasing force of the second spring 224 resists rotation of the detent cam 250, thereby inhibiting
rotation of the driver bar 210. Additionally, the follower surface distal levels 434 are positioned
in contact with the cam surface proximal levels 514, and the distal biasing force of the springs
222, 224 urges the surfaces of the locking bar 226, the detent cam 250, the cam follower 400,
and the cam 500 1into contact with one another.

[0043] In the locking state, cach of the second limit stops 409 1s positioned adjacent to one of the
second stop walls 509 such that the cam 500 prevents further clockwise (CW) rotation of the cam
follower 400. Additionally, when the cam 500 1s rotated in the CCW direction, the second stop
walls 509 engage the second limit stops 409, thereby urging the cam follower 400 to rotate
CCW. In FIG. 13, the locking bar 226 1s disengaged from the center spindle slots 614 and 1s
fully engaged with the outer housing slots 116 such that the inner lever 302, but not the outer
lever 102, 18 operable to rotate the center spindle 600 to a rotated position in order to retract the
latch bolt 232. In the absence of an externally-applied torque, the springs 222, 224 will maintain
the lock control assembly 220 1n this state.

[0044] In each of the states depicted in FIGS. 12 and 13, the center spindle 600 1s in a home
position. As aresult, the latch bolt 232 1s 1n an extended or latching position. As such, the state
depicted 1n FIG. 12 may be considered an unlocking latching statc, and the statc depicted in FIG.
13 may be considered a locking latching state. In order to retract the latch bolt 232, a user may
perform an unlatching operation including applying a torque to rotate the center spindle 600 to a
rotated position, and subsequently removing the torque. When the torque 1s applied to the center
spindle 600 via the outer lever 102, the unlatching operation may be considered an ingress
unlatching operation. When the torque 1s applied to the center spindle 600 via the mner lever
302, the unlatching operation may be considered an egress unlatching operation. As the center

spindle 600 rotates to the rotated position, the stem 620 engages the retractor 234, which in turn

10
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rctracts the latch bolt 232. When the torque 1s removed, the center spindlc 600 rcturns to the
homc position, for cxamplc undcr the influcnec of the outer torsion spring 134, the inncr torsion
spring 334, and/or on¢ or more springs 1n the latch assembly 230. As the center spindle 600
returns to the home position, the latch bolt 232 moves to the extended position.

[0045] The 1llustrated lock control assembly 220 1s configured to transition from the locking
state (FIG. 13) to the unlocking state (FIG. 12) 1n a number of different manners. For example,
during a manual unlocking operation, a user may rotate the driver bar 210 by rotating the plug
107 or the turn button coupler 307, and the lock control assembly 220 will transition to the
unlocking state 1n response to rotation of the driver bar 210. Additionally, the lock control
assembly 220 1s configured to perform an automatic unlocking operation or egress release
operation, wherein the lock control assembly transitions from the locking state to the unlocking
state 1n response to the above-described egress unlatching operation. Exemplary forms of
manual and automatic unlocking operations are described below with reference to FIGS. 12-20.

[0046] The angles and longitudinal positions associated with the operational sequences described
hereinafter are to be understood as illustrative examples, and may be varied from what 1s
presented to meet the various considerations and design constraints of the complete design of the
tubular lock 90. Additionally, while the illustrated tubular lock 90 includes pairs of certain
clements (such as the pair of second limit stops 408 and the pair of second stop walls 508),
certain descriptions herein need only refer to only one member of the pair. For example, 1n the
interests of ease, convenience, and clarity of description, a description of the locking state may
include a characterization that the second limit stop 409 1s positioned adjacent the second stop
wall 509. It 1s to be understood, however, that such a description may be utilized to indicate that
cach of the second limit stops 409 1s positioned adjacent one of the second stop walls 509.
Furthcrmorc, whilc the 1llustrated tubular lock 90 1includces pairs of ccrtain clements, 1n other
embodiments, a tubular lock need only include a single one of the elements, or may include three
or more¢ of the elements.

[0047] As noted above, the lock control assembly 220 1s configured to transition between the
locking and unlocking states 1n response to rotation of the driver bar 210. Thus, a user can
manually unlock the tubular lock 90 by rotating either the plug 107 or the turn button 306. FIG.
14 depicts the lock control assembly 220 1n a transitional state between the locking state

tllustrated 1in FIG. 13 and the unlocking state illustrated in FIG. 12. In the illustrated transitional
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statc, the driver bar 210 has been rotated by an mitial rotational anglc such as, for cxamplc,
approximatcly 40° from thc unlocking position dcpicted in FIG. 12. Rotation of the driver bar
210 causes simultancous rotation of the cam follower 400 such that the proximal follower
surface ramps 436 engage the cam surface ramps 516. As the cam follower 400 continues to
rotate, engagement between the ramps 436, 516 urges the cam follower 1n the proximal direction.

[0048] In the transitional state, the follower surface distal levels 434 are longitudinally
positioned between the cam surface distal level 512 and the cam surface proximal level 514. The
locking bar 226 1s positioned in contact with the positioning surface distal level 422, and 1s also
positioned adjacent the positioning surface ramp 426. The distal biasing force provided by the
springs 222, 224 maintains contact between the locking bar 226 and the positioning surface 420.
In the transitional state, the locking bar 226 1s removed from the center spindle slots 614, and
may be partially received by the outer housing slots 116. In this state, 1f the manual external
torque 1s removed from the driver bar 210, the ramps 436, 516 rotate the cam follower 400 to the
unlocked position as the springs 222, 224 urge the locking bar 226 and the cam follower 400 1n
the distal direction.

[0049] If the torque continues to be applied to the locking bar 210 when the lock control
assembly 220 1s in the transitional state, the cam follower 400 continues to rotate. As the cam
follower 400 continues to rotate, the locking bar arms 228 travel along the positioning surface
ramps 426, which 1n turn urge the locking bar 226 in the proximal direction. Additionally,
engagement between the follower surface ramps 436 and the cam surface ramps 516 urges the
cam follower 400 1n the proximal direction, thereby moving the locking bar 226 1n the proximal
direction. Once the cam follower 400 has been rotated by a predetermined angle with respect to
the unlocked position such as, for example, approximately 50°, the arms 228 are positioned 1n
contact with thc positioning surfacc proximal Icvcels 424. The followcer surfacc distal level 434 1s
likew1se moved into contact with the cam surface proximal levels 514. Further rotation of the
driver bar 210 causes the follower surface distal level 434 to slide along the cam surface
proximal level 514 until the lock control assembly 220 reaches the locking state depicted in FIG.
13.

[0050] The lock control assembly 220 1s additionally configured to perform an egress release
operation when the tubular lock 90 1s operated by the mner lever 302. In other words, the tubular

lock 90 automatically unlocks 1n response to the egress unlatching operation. In the 1llustrated
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cmbodiment, the lock control asscmbly 220 18 configurcd to automatically transition to the
unlocking statc 1in rcsponsc to cach of a CW rotation and a CCW rotation of the outcr Icver 302.
Exemplary forms of egress release operations are illustrated in FIGS. 15-20. More specifically,
FIGS. 15-17 1llustrate an operational sequence for egress release when the inner lever 302 1s
rotated m a CW direction, and FIGS. 18-20 1llustrate an operational sequence for egress release
when the mner lever 302 1s rotated 1n a CCW direction. In each of the operational sequences, the
lock control assembly 220 begins 1n the locking latching state illustrated in FIG. 13, and ends in
the unlocking latching state illustrated in FIG. 12.

[0051] With specific reference to FIGS. 15-17, the lock control assembly 220 1s 1llustrated in
various stages of an egress release operation during a CW rotation of the inner lever 302 to
retract the latch bolt 232. As noted above, the mner lever 302 1s rotationally coupled with the
center spindle 600 such that a change 1in angular position of the mnner lever 302 causes an
approximately equal change to the angular position of the center spindle 600.

[0052] When the lock control assembly 220 1s 1n the locking state (FIG. 13) and a CW torque 1S
applied to the inner lever 302, the center spindle 600 and the cam 500 rotate CW. The cam
follower 400 retains 1ts rotational position, for example, due to engagement between the locking
bar arms 228 and the stops 406. With the driver bar 210 1s rotationally coupled to the cam
follower 400, 1t also retains 1ts rotational position as the center spindle 600 1s rotated CW.,

[0053] As the cam 500 rotates, the follower surface distal level 434 slides along the cam surface
proximal level 514, and each of the second stop walls 509 moves away from the corresponding
second limit stop 409. Once the cam 500 and center spindle 600 have been rotated through a
first CW angle such as, for example, approximately 35°, the lock control assembly 220
comprises a first CW transitional state, as illustrated in FIG. 15. In the first CW transitional
statc, the followcr surface ramp 436 1s positioncd adjacent the cam surface ramp 516, and the
locking bar 226 remains engaged with the positioning surface proximal level 424. In this state,
additional CW rotation of the center spindle 600 and the cam 500 will cause the follower surface
ramp 436 to engage the cam surface ramp 516.

[0054] As the CW torque continues to be applied to the mner lever 302, the center spindle 600
rotates to a second CW rotated position, the cam surface ramps 516 become aligned with the
follower surface ramps 436, and the distal biasing force of the springs 222, 224 urge the ramps

436, 516 1into engagement with one another. With the ramps 436, 516 engaged with one another,
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thc lock control asscmbly 1s 1n a sccond CW rotated state, as depicted in FIG. 16. In this statc,
th¢ distal biasing forccs of the springs 222, 224 causc the cam followcer 400 to movce 1n the distal
direction, and the engagement between the ramps 436, 516 causes the cam tfollower 400 to rotate
in the CCW direction. As the cam follower 400 moves distally, the locking bar 226 engages the
center spindle proximal end surface 612. In this state, the locking bar 226 1s partially engaged
with the outer housing slots 116 such that the outer spindle 120 1s still rotationally coupled to the
outer housing 110. With the center spindle 600 1n this position, the latch bolt 232 may be
partially or fully retracted. Should the center spindle 600 be further rotated in the CW direction,
the locking bar arms 228 will slide along the proximal end surface such that the positions of the
locking bar 226 and the cam follower 400 are not substantially or materially altered.

[0055] When the CW torque 1s removed, the center spindle 600 rotates in the CCW direction due
to a biasing force provided by the inner torsion spring 332 and/or springs 1n the latch assembly
230. As the center spindle 600 and the cam 500 rotate CCW, the cam 500 urges the cam
follower 400 and driver bar 210 in the CCW direction, and the locking bar 226 slides along the
positioning surface proximal level and the positioning surface ramp. When the center spindle
600 has been rotated to a third CW position, the lock control assembly 220 18 1in a third CW
transitional state, as illustrated in FIG. 17. In the third CW transitional state, the cam follower
400 1s rotationally offset from 1ts unlocking position by a predetermined angle (such as about
30°), and the locking bar 226 1s positioned 1n contact with the positioning surface distal level.

[0056] In the 1llustrated third CW transitional state, the center spindle 600 1s slightly angularly
offset from the home position (for example by about 10°), and ¢ach of the locking bar arms 228
1s aligned with a chamfer 616 of one of the center spindle slots 614. As such, the distal biasing
force of the springs 222, 224 urges the locking bar 226 mto engagement with the chamfers 616,
and thc cngagement may assist 1 rcturning the center spindle 600 to the homce position. In
embodiments 1n which the center spindle slots 614 do not comprise chamfers 616, the center
spindle 600 may be 1n the home position when the lock control assembly 220 1s 1n the third CW
transitional state, wherein the locking bar arms 228 are aligned with the longitudinally extending
center spindle slots 614.

[0057] With the locking bar arms 228 aligned with the center spindle slots 614, the distal biasing
force of the springs 222, 224 cause the locking bar 226 and the cam follower 400 to move m the

distal direction, and the engagement between the ramps 436, 516 causes the cam follower 400 to
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rotatc 1n thc CCW dircction. When the locking bar arms 228 arc rcceived 1n the center spindlc
slots 614, thc cam followcr 400 1s 1n the unlocking position, and the lock control asscmbly 220 1s
in the unlocking latching state depicted in FIG. 12.

[0058] With reference to FIGS. 18-20, the lock control assembly 220 1s 1llustrated 1n various
stages of an egress release function during a CCW rotation of the mner lever 302. When a CCW
torque 1s applied to the mner lever 302, the center spindle 600 rotates CCW. When the center
spindle 600 and the cam 500 have been rotated through a first CCW angle from the home
position (such as approximately 35°) to a tirst CCW rotated position, the lock control assembly
220 transitions from the locking latching state illustrated in FIG. 13 to the first CCW transitional
state 1llustrated in FIG. 18. As noted above, when the lock control assembly 220 1s 1n the
locking state (FIG. 13), the second limit stops 409 of the cam follower 400 are positioned
adjacent the second stop walls 509 of the cam 500. Accordingly, CCW rotation of the cam 500
causes the cam follower 400 to rotate with the cam 500 such that the cam follower 400 1s offset
from the locking position by an angle corresponding to the first CCW angle.

[0059] In the first CCW transitional state, the locking bar 226 1s engaged with the positioning
surface proximal level 424, and 18 positioned adjacent the positioning surface ramp 426. Thus,
additional CCW rotation of the center spindle 600 causes the locking bar 226 to slide out of
contact with the positioning surface proximal level 424 and into engagement with the positioning
surface ramp 426. Additionally, the follower surface distal level 434 remains in contact with the
cam surface proximal level 514, and the locking bar 226 remains engaged with the outer housing
slots 116.

[0060] As the CCW torque continues to be applied, the center spindle 600 and cam 500 rotate to
a second CCW position. As the center spindle 600 and the cam 500 rotate, the cam 500 rotates
thc cam followcr 400 (and thus the locking bar 210) by a corrcsponding CCW anglc such that the
lock control assembly 220 1s positioned 1n the second CCW transitional state depicted in FIG.

19. In the second CCW position, the center spindle 600 1s offset from the home position by a
second CCW angle such as, for example, approximately 45°, and the cam follower 400 1s offset
from 1ts locking position by a corresponding angle. As the cam follower 400 rotates CCW, the
locking bar 226 travels along the positioning surface ramp 426 and 1nto engagement with the

positioning surface distal level 422. In this position, the locking bar 226 remains partially
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cngagcd with the outer housing the slots 116 such that the outer spindlc 120 1s still rotationally
couplcd to the outer housing 110.

[0061] When the CCW torque 1s removed, the center spindle 600 rotates in the CW direction (for
example, due to a biasing force provided by the inner torsion spring 332 and/or springs 1n the
latch assembly 230) to a third CCW position, such that the lock control assembly 220 1s
positioned 1n the third CCW transitional state depicted in FIG. 20. The third CCW position may
be oftset from the home position by a third CCW angle such as, for example, approximately 10°.
As the center spindle 600 and the cam 500 rotate CW, the cam follower 400 retains its
longitudinal position as the follower surface distal level 434 slides along the cam surface
proximal level 514. Additionally, engagement between the locking bar arms 228 and the
positioning surface ramp 426 mhibits rotation of the cam follower 400, thereby maintaining the
rotational position of the cam follower 400.

[0062] In the third CCW transitional state, the cam follower 400 1s rotationally offset from 1ts
locking position by a predetermined angle (such as about 30°), the locking bar 226 18 1n contact
with the positioning surface distal level, and the distal end of the follower surface ramp 436 1s
positioned adjacent the proximal end of the cam surface ramp 516. Thus, as the center spindle
600 and the cam 500 continue to rotate in the CW direction toward the home position, the
follower surface ramp 436 slides into contact with the cam surface ramp 516.

[0063] In the 1llustrated third CCW transitional state, the center spindle 600 1s slightly angularly
offset from the home position (for example by about 10°), and c¢ach of the locking bar arms 228
1s aligned with a chamfer 616 on one of the center spindle slots 614. As such, the distal biasing
force of the springs 222, 224 urges the locking bar 226 into engagement with the chamfers 616,
and the engagement may assist in returning the center spindle 600 to the home position. In
cmbodiments 1n which the center spindle slots 614 do not comprisc chamfcrs 616, the center
spindle 600 may be positioned 1n the home position when the lock control assembly 220 1s 1n the
third CCW transitional state, such that the locking bar arms 228 are aligned with the
longitudinally extending center spindle slots 614.

[0064] With the locking bar arms 228 aligned with the center spindle slots 614, the distal biasing
force of the springs 222, 224 cause the locking bar 226 and the cam follower 400 to move m the
distal direction, and the engagement between the ramps 436, 516 causes the cam follower 400 to

rotate in the CCW direction. When the locking bar arms 228 are received 1n the center spindle
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slots 614, thc cam followcr 400 1s positionced 1n the unlocking position, and the lock control
asscmbly 220 1s positioncd 1n the unlocking latching statc depicted in F1G. 12,

[0063] One aspect of the present application may include an apparatus, comprising: a center
spindle extending along a longitudinal axis in a proximal direction and a distal direction, the
center spindle comprising a cup mcluding a longitudinal center spindle slot; an outer spindle
comprising a longitudinal outer spindle slot; and a lock control assembly configured to
selectively couple the center spindle and the outer spindle, the lock control assembly comprising:
a cam positioned 1n the cup and rotationally coupled to the center spindle, a proximal side of the
cam including a cam surface comprising a cam surface proximal level and a cam surface ramp
extending distally from the cam surface proximal level; a driver bar extending through the center
spindle and the cam, wherein the driver bar 1s rotatable with respect to the center spindle and the
cam; a cam follower rotationally coupled with the driver bar and longitudinally movable with
respect to the driver bar, a distal side of the cam follower including a follower surface engaged
with the cam surface, the follower surface including a follower surface distal level and a follower
surface ramp extending proximally from the follower surface distal level; a locking bar
positioned adjacent a proximal side of the cam follower, the locking bar including an arm
extending through the outer spindle slot, wherein the locking bar 1s longitudinally movable along
the outer spindle slot among unlocking position in which the arm 1s received in the center spindle
slot and a locking position in which the arm 18 not received 1n the center spindle slot; and a
biasing clement distally urging the locking bar into contact with the proximal side of the cam
follower; wherein the lock control assembly 1s operable 1n a locking state and an unlocking state;
wherein, 1n the locking state, the follower surface distal level 1s 1n contact with the cam surface
proximal level, the locking bar 1s 1n the locking position, and the outer spindle 1s rotationally
dccoupled from the center spindlc; and wherein, 1in the unlocking statc, the followcer surface
distal level 1s positioned distally of the cam surface proximal level, the follower surface ramp 1s
positioned adjacent the cam surface ramp, the locking bar 1s in the unlocking position, and the
outer spindle 18 rotationally coupled with the center spindle.

[0066] Another aspect of the present application may include method, comprising: forming a
lock control assembly, the forming comprising: rotationally coupling a cam to a center spindle
defining a longitudinal axis extending in a proximal direction and a distal direction, the center

spindle comprising a stem and a cup including a slot, a proximal side of the cam including a first
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stop wall, a sccond stop wall, and a cam surfacc cxtending between the first and sccond stop
walls, the cam surfacc comprising a cam surfacc distal lcvel positioncd adjacent the first stop
wall, a cam surface proximal level positioned adjacent the second stop wall, and a cam surface
ramp connecting the cam surface proximal level and the cam surface distal level; passing a driver
bar through the cam and the center spindle; rotationally coupling a cam follower to the driver bar
adjacent the proximal side of the cam, a distal side of the cam follower comprising a first limit
stop, a second limit stop, and a follower surface comprising a follower surtace distal level
positioned adjacent the first limit stop and a tfollower surface ramp connecting the follower
surface distal level and the second limit stop; positioning a locking bar adjacent a proximal side
of the cam follower; and providing a distal biasing force to the locking bar, the distal biasing
force urging the locking bar into contact with the proximal side of the cam follower and urging
the follower surface into contact with the cam surface.

Another aspect of the present application may include a system, comprising: an outer spindle
including a pair of outer spindle slots extending longitudinally in a proximal direction and a
distal direction; a center spindle comprising a cup including a pair of center spindle slots, and a
stem extending distally from the cup; and a lock control assembly comprising: a cam seated 1n
the cup and rotationally coupled to the center spindle, a proximal side of the cam including a pair
of first stop walls, a pair of second stop walls, and a pair of cam surfaces, ¢ach of the cam
surfaces comprising a cam surface distal level positioned adjacent one of the first stop walls, a
cam surface proximal level positioned adjacent one of the second stop walls, and a cam surface
ramp connecting the cam surface proximal level and the cam surface distal level; a driver bar
extending through the center spindle and the cam, wherein the driver bar 1s rotatable with respect
to the center spindle and the cam; a cam follower comprising a cam follower distal side, a cam
followcr proximal sidc, and a cam followcr slot through which the driver bar ¢xtends; whercin
the cam follower distal side comprises a pair of first limit stops, a pair of second limit stops, and
a pair of follower surfaces, cach of the follower surfaces comprising a follower surface distal
level positioned adjacent one of the first limit stops and a follower surface ramp extending
proximally from the follower surface distal level to one of the second limit stops; and wheren
the cam follower proximal side comprises a pair of positioning surfaces, each positioning surtace
comprising a positioning surface distal level, a positioning surface proximal level, and a

positioning surface ramp connecting the positioning surface distal level and the positioning
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surfacc proximal Icvel; a longitudinally movablc locking bar positioncd adjacent the cam
followcr proximal sidc, the locking bar including a pair of arms, cach of thc arms cxtending
through one of the outer spindle slots; and a biasing element urging the locking bar and the cam
follower 1n the distal direction, thereby urging each of the arms 1into contact with one of the
positioning surfaces, and urging cach of the follower surtaces into contact with one of the cam
surfaces; wherein the lock control assembly has an unlocking state and a locking state; wherein,
in the unlocking state, each of the follower surface distal levels 1s positioned in contact with one
of the cam surface distal levels, each of the first stop walls 1s positioned adjacent one of the first
[imit stops, each of the follower surface ramps 1s positioned adjacent one of the cam surface
ramps, and each of the arms 1s recerved in a corresponding one of the center spindle slots; and
wherein, 1n the locking state, each of the follower surface distal levels 18 1n contact with one of
the cam surface proximal levels, each of the second stop walls 18 positioned adjacent a
corresponding one of the second limit stops, each of the arms 1s in contact with one of the
positioning surface proximal levels, and each of the arms 18 removed from the corresponding one
of the center spindle slots.

[0067] While the invention has been 1illustrated and described 1n detail in the drawings and
foregoing description, the same 18 to be considered as illustrative and not restrictive 1n character,
1t being understood that only the preferred embodiments have been shown and described and that
all changes and modifications that come within the spirit of the inventions are desired to be
protected. It should be understood that while the use of words such as preferable, preferably,
preferred or more preferred utilized in the description above indicate that the feature so described
may be more desirable, 1t 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

ce 27 &6
d

that follow. In rcading thc claims, 1t 1s intcndcd that when words such as an,”’ “at lcast
one,” or ““at least on¢ portion” are used there 15 no intention to limit the claim to only one item
unless specifically stated to the contrary 1n the claim. When the language “at Ieast a portion”
and/or “‘a portion” 1s used the item can include a portion and/or the entire item unless specifically

stated to the contrary.
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WHAT IS CLAIMED IS:

1. An apparatus, comprising:

a center spindle extending along a longitudinal axis in a proximal direction and a distal
direction, the center spindle comprising a cup including a longitudinal center spindle slot;

an outer spindle comprising a longitudinal outer spindle slot; and

a lock control assembly configured to selectively couple the center spindle and the outer
spindle, the lock control assembly comprising:

a cam positioned 1n the cup and rotationally coupled to the center spindle, a proximal
side of the cam including a cam surface comprising a cam surface proximal level and a
cam surface ramp extending distally from the cam surface proximal level;

a driver bar extending through the center spindle and the cam, wherein the driver bar
1s rotatable with respect to the center spindle and the cam:;

a cam follower rotationally coupled with the driver bar and longitudinally movable
with respect to the driver bar, a distal side of the cam follower including a follower
surface engaged with the cam surface, the follower surtace including a follower surtface
distal level and a follower surface ramp extending proximally from the follower surface
distal level:;

a locking bar positioned adjacent a proximal side ot the cam tollower, the locking bar
including an arm extending through the outer spindle slot, wherein the locking bar 1s
longitudinally movable along the outer spindle slot between an unlocking position in
which the arm 1s received in the center spindle slot and a locking position; and

a biasing element distally urging the locking bar into contact with the proximal side
of the cam tollower:

wherein the lock control assembly 1s operable 1n a locking state and an unlocking state;

wherein, in the locking state, the follower surface distal level 1s in contact with the cam
surtace proximal level, the locking bar 1s in the locking position, and the outer spindle is
rotationally decoupled from the center spindle;

wherein, in the unlocking state, the follower surface distal level is positioned distally of the

cam surface proximal level, the follower surface ramp is positioned adjacent the cam surface
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ramp, the locking bar is in the unlocking position, and the outer spindle is rotationally coupled
with the center spindle;

wherein the proximal side of the cam follower includes a positioning surface comprising a
positioning surface proximal level and a positioning surface ramp extending distally from the
positioning surface proximal level,

wherein the cam follower further comprises a proximally extending stop positioned adjacent
the positioning surface proximal level; and

wherein, in the locking state, the locking bar i1s positioned in contact with the positioning

surface proximal level, and the stop 1s positioned adjacent the arm.

2. The apparatus of claim 1, wherein the positioning surface further comprises a positioning
surface distal level;

wherein the positioning surface ramp extends proximally from the positioning surtace distal
level; and

wherein, in the unlocking state, the locking bar 1s in contact with the positioning surface

distal level.

3. An apparatus, comprising:
a center spindle extending along a longitudinal axis in a proximal direction and a distal
direction, the center spindle comprising a cup including a longitudinal ccenter spindlce slot;
an outer spindle comprising a longitudinal outer spindle slot; and

a lock control assembly configured to selectively couple the center spindle and the outer

spindle, the lock control assembly comprising:

a cam positioned 1n the cup and rotationally coupled to the center spindle, a proximal
side of the cam including a cam surface comprising a cam surface proximal level and a
cam surface ramp extending distally from the cam surface proximal level;

a driver bar extending through the center spindle and the cam, wherein the driver bar
1s rotatable with respect to the center spindle and the cam:;

a cam follower rotationally coupled with the driver bar and longitudinally movable
with respect to the driver bar, a distal side of the cam follower including a follower

surface engaged with the cam surface, the follower surface including a follower surface
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distal level and a follower surface ramp extending proximally from the follower surface
distal level;

a locking bar positioned adjacent a proximal side of the cam follower, the locking bar
including an arm extending through the outer spindle slot, wherein the locking bar 1s
longitudinally movable along the outer spindle slot between an unlocking position in
which the arm is received in the center spindle slot and a locking position in which the
arm 1s removed from the center spindle slot; and

a biasing element distally urging the locking bar into contact with the proximal side
of the cam tollower;

wherein the lock control assembly is operable in a locking state and an unlocking state;
wherein, in the locking state, the follower surface distal level 1s in contact with the cam
surface proximal level, the locking bar 1s in the locking position, and the outer spindle 1s

rotationally decoupled tfrom the center spindle;

wherein, in the unlocking state, the follower surface distal level i1s positioned distally of the
cam surface proximal level, the follower surface ramp 1s positioned adjacent the cam surface
ramp, the locking bar is in the unlocking position, and the outer spindle is rotationally coupled
with the center spindle; and
wherein the lock control assembly further comprises:
a detent cam positioned adjacent a proximal side of the locking bar, the detent cam
including a detent cam slot, a ridge, and a notch formed 1n the ridge; and
a second biasing element distally urging the detent cam into contact with the locking

bar; and

wherein the driver bar extends through the detent cam slot.

4. The apparatus of claim 3, wherein, in the locking state, the arm 1s received in the notch; and

wherein, in the unlocking state, the arm 1s positioned in contact with the ridge.

5. The apparatus of claim 1, wherein the cam surface further comprises a cam surtace distal
level, the cam surface ramp extending proximally from the cam surface distal level; and
wherein, in the unlocking state, the cam surface distal level 1s positioned 1n contact with the

follower surface distal level.
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6. The apparatus of claim 5, wherein the cam further comprises a stop wall extending

proximally from the cam surface proximal level;

wherein the cam follower further comprises a limit stop extending proximally trom the

follower surface ramp; and

wherein, in the locking state, the stop wall is positioned adjacent the limit stop.

7. The apparatus of claim 6, wherein the cam follower further comprises a follower surtace

proximal level connected to the limit stop; and

wherein the follower surface further comprises a secondary follower surface ramp extending

proximally from the follower surface proximal level.

8. The apparatus of claim 6, wherein the cam further comprises a second stop wall extending
proximally from the cam surtface distal level;

wherein the cam follower further comprises a second limit stop extending proximally from
the follower surface distal level; and

wherein, in the unlocking state, the second stop wall is positioned adjacent the second limait

stop.

9. The apparatus of claim 6, wherein each of the stop wall and the limit stop 1s arranged
substantially parallel to the longitudinal axis, wherein each of the cam surface distal level, the
cam surface proximal level, and the follower surface distal level 1s arranged substantially
perpendicular to the longitudinal axis, and wherein each of the cam surface ramp and the

follower surface ramp is offset from the longitudinal axis by an oblique angle.

10. The apparatus of claim 1, wherein the cam 1s separable from the center spindle.

11. A method, comprising:

forming a lock control assembly, the forming comprising:
rotationally coupling a cam to a center spindle defining a longitudinal axis extending
in a proximal direction and a distal direction, the center spindle comprising a stem and a
cup including a slot, a proximal side of the cam including a first stop wall, a second stop
wall, and a cam surface extending between the first and second stop walls, the cam

surface comprising a cam surface distal level positioned adjacent the first stop wall, a
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cam surface proximal level positioned adjacent the second stop wall, and a cam surface
ramp connecting the cam surface proximal level and the cam surface distal level;

passing a driver bar through thc cam and the center spindle;

rotationally coupling a cam follower to the driver bar adjacent the proximal side of
the cam, a distal side of the cam follower comprising a first limit stop, a second limit
stop, and a follower surface comprising a follower surface distal level positioned adjacent
the first limit stop and a follower surface ramp connecting the follower surface distal
level and the second limit stop;

positioning a locking bar adjacent a proximal side of the cam follower;

engaging a first biasing element with a proximal side of the locking bar, the first
biasing element urging the locking bar in the distal direction;

positioning a detent cam adjacent the proximal side of the locking bar, the detent cam
including a detent cam slot, a ridge, and a notch formed in the ridge, wherein positioning
the detent cam includes inserting the locking bar through the detent cam slot;

engaging a second biasing element with a proximal side of the detent cam, the second
biasing element urging the detent cam in the distal direction and into contact with the
locking bar; and

providing a distal biasing force to the locking bar, the distal biasing force urging the
locking bar into contact with the proximal side of the cam follower and urging the
follower surface into contact with the cam surface, wherein the distal biasing force 1s

provided by the first biasing element and the second biasing element.

12. The method of claim 11, turther comprising:
setting the lock control assembly 1n an unlocking state, the setting comprising:
placing the cam follower 1n an unlocking position wherein the first limit stop 1s
positioned adjacent the first stop wall, the follower surface distal level 1s positioned in

contact with the cam surtace distal level, the follower surface ramp is positioned adjacent
the cam surface ramp, and the cam follower 1s at least partially received in the cup,
wherein the unlocking position comprises a first rotational position and a first
longitudinal position; and

urging, with the distal biasing force, the locking bar into the slot.
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13. The method of claim 12, further comprising:
transitioning the lock control assembly from the unlocking state to a locking state, the
transitioning comprising;
rotating the cam tollower trom the first rotational position to a second rotational
posttion, thereby causing the cam surface ramp to engage the follower surface ramp,
engagement between the cam surface ramp and the follower surface ramp urging the cam
follower 1n the proximal direction to a second longitudinal position, wherein, in the
second rotational position, the follower surface distal level 1s 1n contact with the cam
surface proximal level; and
rotating the cam follower from the second rotational position to a third rotational
position, thereby sliding the follower surface distal level along the cam surface proximal
level and placing the cam follower 1n a locking position comprising the third rotational
position and the second longitudinal position; and
wherein, 1n the locking state, the second stop wall is positioned adjacent the second

limit stop and the locking bar 1s removed from the slot.

14. The method of claim 13, further comprising:
performing an unlocking operation, the performing the unlocking operation comprising:
rotating the cam tollower from the third rotational position to the second rotational
position, thereby sliding the follower surtace distal level along the cam surface proximal
level:
rotating the cam follower from the second rotational position to the first rotational
position; and
while rotating the cam follower from the second rotational position to the first
rotational position, urging, with the distal biasing force, the locking bar in the distal

direction, thereby urging the cam follower toward the first longitudinal position.

15. The method of claim 13, further comprising:

performing an unlocking operation, the performing the unlocking operation comprising:
rotating the center spindle in a first rotational direction, thereby rotating the cam in

the first rotational direction from a home position to a rotated position, wherein the
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second stop wall moves away from the second limit stop as the cam rotates 1n the first
rotational direction;

while rotating the cam in the first rotational direction, sliding the follower surface
distal level along the cam surface distal level, and subsequently engaging the tollower
surface ramp with the cam surface ramp;

with the follower surface ramp engaged with the cam surface ramp, urging, with the
distal biasing force, the locking bar into contact with a proximal end surface ot the cup,
wherein engagement between the follower surface ramp and the cam surface ramp urges
the cam follower in a second rotational direction as the locking bar travels in the distal
direction;

with the locking bar in contact with the proximal end surface ot the cup, rotating the
center spindle in the second rotational direction, thereby aligning the slot with the locking
bar and rotating the cam in the second rotational direction from the rotated position to the
home position, wherein engagement between the follower surface ramp and the cam
surface ramp rotates the cam follower in the second rotational direction as the cam rotates
in the second rotational direction; and

with the locking bar aligned with the slot, urging, with the distal biasing force, the
locking bar into the slot, wherein engagement between the follower surface ramp and the
cam surface ramp urges the cam follower toward the unlocking position as the locking

bar travels in the distal direction.

16. The method of claim 13, wherein the proximal side of the cam follower comprises a
positioning surface including a positioning surface proximal level, a positioning surface distal
level, and a positioning surface ramp connecting the positioning surface proximal level and the
positioning surface distal level;

wherein, in the locking state, the locking bar is in contact with the positioning surface
proximal level, and the center spindle and the cam are in a home position;

the method further comprising performing an unlocking operation, the pertorming the
unlocking operation comprising:

rotating the center spindle and the cam in a first rotational direction from the home posttion
to a rotated position, wherein the second stop wall engages the second limit stop as the cam

rotates in the first rotational direction, thereby rotating the cam follower with the cam;
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while rotating the cam follower in the first rotational direction, sliding the locking bar along
the positioning surface proximal level, and subsequently into engagement with the positioning
surface ramp;

with the locking bar engaged with the positioning surface ramp, rotating the center spindle
and the cam in a second rotational direction from the rotated position to the home position,
thereby aligning the slot with the locking bar, wherein engagement between the locking bar and
the positioning surface ramp inhibits the cam follower from rotating in the second rotational
direction;

while rotating the cam in the second rotational direction, sliding the follower surface distal
level along the cam surface proximal level, and subsequently engaging the follower surface ramp
with the cam surface ramp; and

with the locking bar aligned with the slot and the follower surface ramp engaged with the
cam surface ramp, urging, with the distal biasing force, the locking bar into the slot, wherein
engagement between the follower surface ramp and the cam surface ramp urges the cam follower

toward the unlocking position as the locking bar travels into the slot.

17. A system, comprising:

an outer spindle including a pair of outer spindle slots extending longitudinally in a proximal
direction and a distal direction;

a center spindle comprising a cup including a pair of center spindle slots, and a stem
extending distally from the cup; and

a lock control assembly comprising:

a cam seated in the cup and rotationally coupled to the center spindle, a proximal side
of the cam including a pair of first stop walls, a pair of second stop walls, and a pair of
cam surfaces, each of the cam surfaces comprising a cam surface distal level positioned
adjacent one of the first stop walls, a cam surface proximal level positioned adjacent one

of the second stop walls, and a cam surface ramp connecting the cam surface proximal
level and the cam surtace distal level;

a driver bar extending through the center spindle and the cam, wherein the driver bar
is rotatable with respect to the center spindle and the cam;

a cam follower comprising a cam follower distal side, a cam follower proximal side,

and a cam follower slot through which the driver bar extends;
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wherein the cam follower distal side comprises a pair of first limit stops, a pair
of second limit stops, and a pair of follower surfaces, each of the follower
surfaces comprising a follower surface distal level positioned adjacent one of the
first limit stops and a follower surface ramp extending proximally from the
follower surface distal level to one of the second Iimit stops; and

wherein the cam follower proximal side comprises a pair of positioning
surfaces, each positioning surface comprising a positioning surface distal level, a
positioning surface proximal level, and a positioning surface ramp connecting the
positioning surface distal level and the positioning surface proximal level;

a longitudinally movable locking bar positioned adjacent the cam follower proximal
side, the locking bar including a pair of arms, each of the arms extending through one of
the outer spindle slots;

a biasing element urging the locking bar and the cam follower in the distal direction,
thereby urging each of the arms into contact with one of the positioning surfaces, and
urging each of the follower surfaces into contact with one of the cam surtaces;

a detent cam positioned adjacent a proximal side of the locking bar, the detent cam
comprising a ridge and a pair of notches formed 1n the ridge; and

a second biasing element urging the detent cam into contact with the locking bar;

wherein the lock control assembly has an unlocking state and a locking state;

wherein, in the unlocking state, each of the follower surface distal levels 1s positioned 1n
contact with one of the cam surface distal levels, each of the first stop walls 1s positioned
adjacent one of the first limit stops, each of the follower surface ramps 1s positioned adjacent one
of the cam surface ramps, and e¢ach of the arms 1s received in a corresponding one of the center
spindle slots and is in contact with the ridge; and

wherein, in the locking state, each of the follower surface distal levels is 1n contact with one
of the cam surface proximal levels, each of the second stop walls 1s positioned adjacent a
corresponding one of the second limit stops, each of the arms 1s in contact with one of the

positioning surface proximal levels, and each of the arms is removed from the corresponding one

of the center spindle slots and is received in one of the notches.

18. The system of claim 17, further comprising a stop washer coupled to the outer spindle;
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wherein the biasing element comprises a first compression spring positioned between the
stop washer and the locking bar;

wherein the second biasing element comprises a second compression spring positioned
between the stop washer and the detent cam; and

wherein the first and second compression springs are concentric.

19. The system of claim 17, wherein the center spindle is rotatable 1n a first rotational direction
from a home position to a rotated position;

the system further comprising a rotational biasing element urging the center spindle in a
second rotational direction and toward the home position; and

wherein the lock control assembly is configured to transition from the locked state to the
unlocked state in response to rotation of the center spindle from the home position to the rotated

position and subsequently to the home position.

20. The system of claim 19, wherein the first rotational direction is a direction which moves
each of the second stop walls away from the corresponding one of the second limit stops;

wherein, with the center spindle in the rotated position, each of the follower surface ramps 1s
positioned in contact with one of the cam surface ramps, and each of the arms 1s in contact with a
proximal end surface of the cup;

wherein engagement between the follower surface ramps and the cam surface ramps 1s
configured to urge the cam follower in the second rotational direction in response to rotation of
the center spindle from the rotated position toward the home position; and

wherein, with the center spindle in the home position, each of center spindle slots 1s aligned

with one of the arms.

21. The system of claim 19, wherein the first rotational direction 1s a direction which moves
each of the second stop walls toward the corresponding one of the limit stops;

wherein, with the center spindle in the rotated position, cach of the follower surface distal
levels is positioned in contact with one of the cam surface proximal levels, and each of arms 1s

engaged with one of the positioning surface ramps;
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wherein engagement between the arms and the positioning surtface ramps 1s configured to
resist rotation of the cam follower 1n response to rotation of the center spindle from the rotated
position toward the home position; and

wherein, with the center spindle 1in the home position, each of the arms 1s aligned with one of

the center spindle slots.

22. A system, comprising:

an outer spindle including a pair of outer spindle slots extending longitudinally in a proximal
direction and a distal direction;

a center spindle comprising a cup including a pair of center spindle slots, and a stem
extending distally from the cup; and

a lock control assembly comprising:

a cam seated 1n the cup and rotationally coupled to the center spindle, a proximal side
of the cam including a pair of first stop walls, a pair of second stop walls, and a pair of
cam surfaces, each of the cam surfaces comprising a cam surface distal level positioned
adjacent one of the first stop walls, a cam surface proximal level positioned adjacent one
of the second stop walls, and a cam surface ramp connecting the cam surface proximal
level and the cam surtace distal level:

a driver bar extending through the center spindle and the cam, wherein the driver bar
1s rotatable with respect to the center spindle and the cam:;

a cam follower comprising a cam follower distal side, a cam follower proximal side,
and a cam follower slot through which the driver bar extends;

wherein the cam follower distal side comprises a pair of first imit stops, a pair
of second limit stops, and a pair of follower surfaces, each of the follower
surtaces comprising a follower surface distal level positioned adjacent one of the
first limit stops and a follower surface ramp extending proximally from the

follower surface distal level to one of the second limit stops; and

wherein the cam follower proximal side comprises a pair of positioning
surfaces, each positioning surface comprising a positioning surface distal level, a
positioning surface proximal level, and a positioning surface ramp connecting the

positioning surface distal level and the positioning surface proximal level;
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a longitudinally movable locking bar positioned adjacent the cam follower proximal
side, the locking bar including a pair of arms, each of the arms extending through one of
the outer spindle slots; and

wherein the lock control assembly has an unlocking state and a locking state;

wherein, in the unlocking state, each of the follower surface distal levels is positioned 1n
contact with one of the cam surfacc distal levels, each of the first stop walls is positioned
adjacent one of the first limit stops, each of the follower surface ramps is positioned adjacent one
of the cam surface ramps, and each of the arms is received in a corresponding one of the center
spindle slots;

wherein, in the locking state, each of the follower surface distal levels is in contact with one
ol the cam surface proximal levels, cach of the second stop walls 1s positioned adjacent a
corresponding one of the second limit stops, each of the arms is in contact with one ot the
positioning surface proximal levels, and each of the arms is removed from the corresponding one
of the center spindlc slots;

wherein the locking bar further comprises an arcuate central portion connecting the pair of
arms;

wherein the cam follower further comprises a substantially cylindrical post extending
proximally from the cam follower proximal side, the slot extending through the post; and

wherein the arcuate central portion receives a portion of the post.

23. The system of claim 17, wherein the cam further comprises an opening through which the

driver bar extends:

the cam follower further comprising a substantially cylindrical post extending distally from
the cam follower distal side, the slot extending through the post; and

wherein the post 1s received 1n the opening.

24. The system of claim 17, further comprising an outer housing including a distal side having a
pair of outer housing slots;
wherein the outer spindle is rotatably coupled to the outer housing; and

wherein, in the locking state, each of the arms is received in one of the outer housing slots.

25. The system of claim 24, further comprising:
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an outer actuator coupled to the outer spindle;

a lock cylinder mounted in the outer actuator, the lock cylinder including a plug connected

with a proximal end of the driver bar;

a latch mechanism including a retractor and a latch bolt configured to retract in response to
rotation of the retractor, wherein the retractor 1s coupled to the stem:;

an inner spindle coupled to the center spindle;

an inner actuator coupled to the inner spindle; and

a turn piece coupled to a distal end of the driver bar, wherein the turn piece 1s contigured to

rotate the driver bar in response to a manual input from a user.
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