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ELECTRO-MECHANICAL LOCK CORE

RELATED APPLICATIONS

[0001] This application claims the benefit of US Provisional Application No.
62/556,195, filed September 8, 2018, docket BAS-0002-01-US, titted ELECTRO-
MECHANICAL LOCK CORE, the entire disclosure of which is expressly incorporated by

reference herein.
FIELD

[0002] The present disclosure relates to lock cores and in particular to interchangeable

lock cores having an electro-mechanical locking system.

BACKGROUND

[0003] Small format interchangeable cores (SFIC) can be used in applications in which
re-keying is regularly needed. SFICs can be removed and replaced with alternative SFICs
actuated by different keys, including different keys of the same format or different keys using
alternative key formats such as physical keys and access credentials such as smartcards,

proximity cards, key fobs, cellular telephones and the like.
SUMMARY

[0004] In embodiments, an interchangeable electro-mechanical lock core for use with a
lock device having a locked state and an unlocked state is provided. The interchangeable
electro-mechanical lock core may include a moveable plug having a first position relative to a
lock core body which corresponds to the lock device being in the locked state and a second
position relative to a lock core body which corresponds to the lock device being in the unlocked
state. The interchangeable electro-mechanical lock core may include a core keeper moveably

coupled to a lock core body. The core keeper may be positionable in a retain position wherein
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the core keeper extends beyond an envelope of lock core body to hold the lock core body in an
opening of the lock device and a remove position wherein the core keeper is retracted relative to
the envelope of the lock core body to permit removal of the lock core body from the opening of

the lock device.

[0005] The disclosure, in one form thereof, provides an interchangeable lock core
for use with a lock device having a locked state and an unlocked state, the interchangeable lock core
removable from an opening of the lock device with the aid of a tool, the interchangeable lock core
comprising: a lock core body having an exterior lock core body envelope, the lock core body including
an upper lock core body having a first cylindrical portion with a first maximum lateral extent, a lower
lock core body having a second cylindrical portion with a second maximum lateral extent, and a waist
having a third maximum lateral extent, the third maximum lateral extent being less than the first
maximum lateral extent and being less than the second maximum lateral extent; a moveable plug
positioned within the lower portion of the lock core, the moveable plug having a first position relative to
the lock core body which corresponds to the lock device being in the locked state and a second position
relative to the lock core body which corresponds to the lock device being in the unlocked state, the
moveable plug being rotatable between the first position and the second position about a moveable plug
axis; an operator actuation assembly operable to selectively actuate the moveable plug, the operator
actuation assembly moveably supported by the lock core body; a core keeper moveably coupled to the
lock core body, the core keeper positionable in a retain position wherein the core keeper extends beyond
the lock core body envelope to hold the lock core body in the opening of the lock device and a remove
position wherein the core keeper is retracted relative to the lock core body envelope to permit removal of
the lock core body from the opening of the lock device; and an actuator adjustably supported relative to
the lock core body, a position of the actuator relative to the lock core body being adjustable, the actuator
having an allow position allowing the core keeper to be actuated from the retain position to the remove
position and a disallow position wherein the actuator does not allow the core keeper to be actuated by the
interchangeable lock core between the retain position and the remove position, the actuator having a tool

receiver adapted to be engaged with the tool such that the tool can move the actuator between the allow
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position and the disallow position, the tool receiver positioned within the operator actuation assembly

envelope when viewed from a direction along the moveable plug axis.

[0006] In embodiments of the present disclosure, the moveable plug axis of the
interchangeable lock core intersects the operator actuation assembly, and the operator actuation assembly

envelope is defined about the moveable plug axis.

[0007] In embodiments of the present disclosure, the interchangeable lock core

features a tool receiver of the actuator including a socket sized to receive the tool.

[0008] In embodiments of the present disclosure, the operator actuation assembly of
the interchangeable lock core includes a cover removeable from a remainder of the operator actuation

assembly to provide access to the tool receiver of the actuator.

[0009] In embodiments of the present disclosure, the interchangeable lock core
further includes: a cam; and a control sleeve carrying the core keeper, the actuator operable in the allow
position to position the cam to rotationally lock the control sleeve to the moveable plug, whereby
rotational movement of the moveable plug when the control sleeve is rotationally locked to the moveable
plug rotates the control sleeve to move the core keeper from the retain position to the remove position; in
the allow position, the actuator is operatively coupled to the core keeper through the cam and the control

sleeve.

[0010] In embodiments of the present disclosure, The interchangeable lock core of

claim 5, wherein the cam comprises a bell crank.

[0011] In embodiments of the present disclosure, the actuator of the interchangeable

lock core undergoes a rotation to move between the allow position and the disallow position.

[0012] In embodiments of the present disclosure the actuator of the interchangeable
lock core undergoes both a rotation and a translation to move between the allow position and the disallow

position.
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[0013] In another form thereof, the present disclosure provides an interchangeable
lock core for use with a lock device having a locked state and an unlocked state, the interchangeable lock
core being removable from an opening of the lock device, the interchangeable lock core comprising: a
lock core body having an exterior lock core body envelope; a moveable plug positioned in the lock core
body, the moveable plug having a first position relative to the lock core body which corresponds to the
lock device being in the locked state and a second position relative to the lock core body which
corresponds to the lock device being in the unlocked state; a core keeper moveably coupled to the lock
core body, the core keeper positionable in a retain position wherein the core keeper extends beyond the
lock core body envelope to hold the lock core body in the opening of the lock device and a remove
position wherein the core keeper is retracted relative to the lock core body envelope to permit removal of
the lock core body from the opening of the lock device; an actuator moveable relative to the core keeper,
the actuator supported by the lock core body and moveable relative to the lock core body in multiple
degrees of freedom, the actuator having a first position corresponding to the remove position of the core
keeper and a second position corresponding to the retain position of the core keeper, the actuator
requiring a movement in each of two degrees of freedom to move from the second position to the first

position.

[0014] In embodiments of the present disclosure, the movement in each of two

degrees of freedom of the actuator comprises a translation and a rotation.

[0015] In embodiments of the present disclosure, after the translation, the actuator is
operatively coupled to the core keeper, whereby, after the translation, the rotation of the actuator produces

a rotation of the core keeper.

[0016] In embodiments of the present disclosure, the actuator comprises a tool

receiving socket.

[0017] In embodiments of the present disclosure, the actuator comprises a control

pin threadedly received in the interchangeable lock core.
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[0018] In embodiments of the present disclosure, the actuator comprises a bell crank,

and the two degrees of freedom comprise two rotational degrees of freedom.

[0019] In a further embodiment thereof, the present disclosure provides an
interchangeable lock core for use with a lock device having a locked state and an unlocked state, the
interchangeable lock core being removable from an opening of the lock device with the aid of a tool, the
interchangeable lock core comprising: a lock core body having an exterior lock core body envelope; a
moveable plug positioned in the lock core body, the moveable plug having a first position relative to the
lock core body which corresponds to the lock device being in the locked state and a second position
relative to the lock core body which corresponds to the lock device being in the unlocked state; a core
keeper moveably coupled to the lock core body, the core keeper positionable in a retain position wherein
the core keeper extends beyond the lock core body envelope to hold the lock core body in the opening of
the lock device and a remove position wherein the core keeper is retracted relative to the lock core body
envelope to permit removal of the lock core body from the opening of the lock device; and an actuator
moveably supported relative to the lock core body, the actuator having an allow position allowing the
core keeper to be actuated from the retain position of the core keeper to the remove position of the core
keeper and a disallow position wherein the actuator does not allow the core keeper to be actuated by the
interchangeable lock core between the retain position and the remove position, the actuator having a tool
receiver adapted to be engaged with the tool such that a rotation of the tool relative to the plug will move
the actuator between the allow position and the disallow position when the tool is engaged with the tool

receiver.

[0020] In embodiments of the present disclosure, the tool receiver of the actuator

includes a socket sized to receive the tool.

[0021] In embodiments of the present disclosure, the rotation of the tool relative to
the plug to move the actuator between the first position and the second position causes a linear

displacement of the actuator.

[0022] In embodiments of the present disclosure, the interchangeable lock core of

further includes: a cam; and a control sleeve carrying the core keeper, the actuator operable in the allow
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position to position the cam to rotationally lock the control sleeve to the moveable plug, whereby
rotational movement of the moveable plug when the control sleeve is rotationally locked to the moveable
plug rotates the control sleeve to move the core keeper from the retain position to the remove position; in
the allow position, the actuator operatively coupled to the core keeper through the cam and the control

sleeve. In alternatives form of the disclosure, the cam comprises a bell crank.

[0023] In embodiments of the present disclosure, the actuator undergoes a rotation to

move between the allow position and the disallow position.

[0024] In embodiments of the present disclosure, the actuator undergoes both a

rotation and a translation to move between the allow position and the disallow position.

[0025] In yet another form thereof, the present disclosure provides an
interchangeable lock core for use with a lock device having a locked state and an unlocked state, the
interchangeable lock core being removable from an opening of the lock device, the interchangeable lock
core comprising: a lock core body having an exterior lock core body envelope, a first end, and a second
end; a moveable plug positioned in the lock core body proximate the first end of the lock core body, the
moveable plug having a first position relative to the lock core body which corresponds to the lock device
being in the locked state and a second position relative to the lock core body which corresponds to the
lock device being in the unlocked state, the moveable plug being rotatable between the first position and
the second position about a moveable plug axis; a control sleeve carrying a core keeper and moveably
coupled to the lock core body, the core keeper positionable by the control sleeve in a retain position
wherein the core keeper extends beyond the lock core body envelope to hold the lock core body in the
opening of the lock device and a remove position wherein the core keeper is retracted relative to the lock
core body envelope to permit removal of the lock core body from the opening of the lock device; a
coupler moveably supported in the lock core body, an end of the coupler moveable in a movement toward
the first end of the lock core body between a disallow position wherein the coupler does not allow the
core keeper to be actuated by the interchangeable lock core between the retain position and the remove
position and an allow position allowing the core keeper to be actuated between the retain position and the

remove position, a further movement of the coupler while the coupler maintains the allow position
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resulting in a movement of the core keeper between the retain position and the remove position; and an
actuator engageable with the coupler to actuate the coupler between the disallow position and the allow

position.

[0026] In embodiments of the present disclosure, the further movement of the

coupler while the coupler maintains the coupled position comprises a rotation of the coupler.

[0027] In embodiments of the present disclosure, the coupler comprises a bell crank
rotatably supported in the lock core body and rotatable between the disallow position and the allow
position, a rotation of the bell crank resulting in the movement of the end of the coupler toward the first

end of the lock core body.

[0028] In embodiments of the present disclosure, the interchangeable lock core
further includes an operator actuation assembly operable to selectively actuate the moveable plug, the
operator actuation assembly moveably supported by the lock core body, the actuator rotatable about an
actuator axis to actuate the coupler between the disallow position and the allow position, the actuator axis

intersecting the operator actuation assembly.

[0029] In embodiments of the present disclosure, the actuator comprises a control

pin rotatably supported in the lock core body.

[0030] In embodiments of the present disclosure, the actuator undergoes a movement
in multiple degrees of freedom to actuate the coupler between the disallow position and the allow
position. In certain alternative forms of the present disclosure, the movement in multiple degrees of
freedom comprises a translation and a rotation. In further alternative forms of the present disclosure,
the movement is relative to the moveable plug, wherein the actuator moves relative to the moveable plug

to actuate the coupler between the disallow position and the allow position.

[0031] In yet a further embodiment, the present disclosure provides an
interchangeable lock core for use with a lock device having a locked state and an unlocked state, the

interchangeable lock core removable from an opening of the lock device, the interchangeable lock core
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comprising: a lock core body having an exterior lock core body envelope; a moveable plug positioned in
the lock core body, the moveable plug having a first position relative to the lock core body which
corresponds to the lock device being in the locked state and a second position relative to the lock core
body which corresponds to the lock device being in the unlocked state, the moveable plug being rotatable
between the first position and the second position about a moveable plug axis; a control sleeve positioned
about the moveable plug; a core keeper moveably coupled to the lock core body, the core keeper
positionable by the control sleeve in a retain position wherein the core keeper extends beyond the lock
core body envelope to hold the lock core body in the opening of the lock device and a remove position
wherein the core keeper is retracted relative to the lock core body envelope to permit removal of the lock
core body from the opening of the lock device; a motor supported by the lock core body; and a blocker
positioned within the lock core body and moveable by the motor between a first position and a second
position; with the blocker in the first position, the control sleeve rotatable by the interchangeable lock
core to move the core keeper between the retain position and the remove position; with the blocker in the
second position, the control sleeve is not rotatable by the interchangeable lock core to move the core

keeper between the retain position and the remove position.

[0032] In embodiments of the present disclosure, the interchangeable lock core
further includes: an actuator, the actuator moveably supported relative to the lock core body, a position of
the actuator relative to the lock core body being adjustable, the actuator having an allow position allowing
the core keeper to be actuated between the retain position and the remove position, the actuator having a
disallow position disallowing the core keeper to be actuated between the retain position and the remove

position.

[0033] In embodiments of the present disclosure, the actuator comprises a control

pin threadedly received in the interchangeable lock core.

[0034] In embodiments of the present disclosure, the actuator undergoes a
movement in multiple degrees of freedom to actuate the actuator between the disallow position and the
allow position. In certain alternative forms of the present disclosure, the movement in multiple degrees of

freedom comprises a translation and a rotation. In further alternative forms of the present disclosure, the
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movement is relative to the moveable plug, wherein the actuator moves relative to the plug to actuate the

coupler between the disallow position and the allow position.

[0035] In embodiments of the present disclosure, the actuator includes a tool
receiver adapted to be engaged with a tool such that the tool can move the actuator between the allow

position and the disallow position.

[0036] In embodiments of the present disclosure, the interchangeable lock core
further includes an operator actuation assembly operable to selectively actuate the moveable plug, the
operator actuation assembly moveably supported by the lock core body, the actuator rotatable about an
actuator axis to actuate the coupler between the disallow position and the allow position, the actuator axis

intersecting the operator actuation assembly.

[0037] In yet another embodiment, the present disclosure provides an
interchangeable lock core for use with a lock device having a locked state and an unlocked state, the
interchangeable lock core being removable from an opening of the lock device, the interchangeable lock
core comprising: a lock core body having an exterior lock core body envelope, a first end, and a second
end; a moveable plug positioned in the lock core body proximate the first end of the lock core body, the
moveable plug having a first position relative to the lock core body which corresponds to the lock device
being in the locked state and a second position relative to the lock core body which corresponds to the
lock device being in the unlocked state, the moveable plug being rotatable between the first position and
the second position about a moveable plug axis; a core keeper moveably coupled to the lock core body,
the core keeper positionable in a retain position wherein the core keeper extends beyond the lock core
body envelope to hold the lock core body in the opening of the lock device and a remove position wherein
the core keeper is retracted relative to the lock core body envelope to permit removal of the lock core
body from the opening of the lock device; and an actuator translationally supported within the lock core
body, the actuator translatable in a direction toward the first end of the lock core body, the actuator having
an allow position allowing the core keeper to be actuated between the retain position and the remove
position and a disallow position wherein the actuator does not allow the core keeper to be actuated by the
interchangeable lock core between the retain position and the remove position, the actuator biased toward

the disallow position.
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[0038] In embodiments of the present disclosure, the actuator is completely

contained with the lock core body.

[0039] In embodiments of the present disclosure,40. The interchangeable lock core
of claim 38, wherein the actuator undergoes a movement in multiple degrees of freedom to actuate the
coupler between the disallow position and the allow position. In certain alternative forms of the
present disclosure, the movement in multiple degrees of freedom comprises a translation and a rotation.
In further alternative forms of the present disclosure, the movement is relative to the moveable plug,

wherein the actuator moves relative to the plug between the disallow position and the allow position.

[0040] In embodiments of the present disclosure, the interchangeable lock core
further includes: an operator actuation assembly operable to selectively actuate the moveable plug, the
operator actuation assembly moveably supported by the lock core body, the actuator rotatable about an
actuator axis to actuate the coupler between the disallow position and the allow position, the actuator axis

intersecting the operator actuation assembly.

[0041] In embodiments of the present disclosure, the interchangeable lock core
further includes: an operator actuation assembly operable to selectively actuate the moveable plug, the
operator actuation assembly moveably supported by the lock core body, the actuator rotatable about an
actuator axis to actuate the actuator between the disallow position and the allow position, the actuator axis

intersecting the operator actuation assembly.

[0042] The disclosure, in an alternative form thereof, provides an interchangeable
lock core for use with a lock device having a locked state and an unlocked state, the interchangeable lock
core being removable from an opening of the lock device, the interchangeable lock core comprising: a
lock core body having an exterior lock core body envelope, a first end, and a second end; a moveable plug
positioned in the lock core body proximate the first end of the lock core body, the moveable plug having a
first position relative to the lock core body which corresponds to the lock device being in the locked state
and a second position relative to the lock core body which corresponds to the lock device being in the
unlocked state, the moveable plug being rotatable between the first position and the second position about

a moveable plug axis; an operator actuation assembly supported by the lock core body and extending

10
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bevond the second end of the lock core body, the operator actuatable assembly having a first
configuration wherein the operator actuatable assembly is freely rotatable relative to the lock core body
and is decoupled from the moveable plug and a second configuration wherein the operator actuatable
assembly is coupled to the moveable plug to move the moveable plug from the first position to the second
position, the operator actuatable assembly being coupled to the lock core body in both the first
configuration and the second configuration; a core keeper moveably coupled to the lock core body, the
core keeper positionable in a retain position wherein the core keeper extends beyond the lock core body
envelope to hold the lock core body in the opening of the lock device and a remove position wherein the
core keeper is retracted relative to the lock core body envelope to permit removal of the lock core body
from the opening of the lock device; an actuator translationally supported within the lock core body, the
actuator translatable in a direction toward the first end of the lock core body, the actuator having an allow
position allowing the core keeper to be actuated from the retain position to the remove position and a
disallow position wherein the actuator does not allow the core keeper to be acutated by the
interchangeable lock core between the retain position and the remove position, the actuator biased toward
the second position; and a motor supported by the lock core body, the motor controlling when the

operator actuatable assembly is in the first configuration and when the actuator is in the second position.

[0043] In embodiments of the present disclosure, the actuator undergoes a movement
in multiple degrees of freedom to actuate the actuator between the disallow position and the allow
position. In certain alternatives forms, the movement in multiple degrees of freedom comprises a
translation and a rotation. In further alternative forms, the movement is relative to the moveable plug,
wherein the actuator moves relative to the moveable plug to actuate the coupler between the disallow

position and the allow position.

[0044] In embodiments of the present disclosure, the actuator includes a control pin

threadedly received in the interchangeable lock core.

[0045] In embodiments of the present disclosure, in the allow position, the actuator
is operatively coupled to the core keeper, whereby a rotation of the actuator coincides with a rotation of

the core keeper.

11
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[0046] In embodiments of the present disclosure, in the allow position, the actuator

is operatively coupled to the core keeper via the moveable plug.

[0047] In embodiments of the present disclosure, in the disallow position, the

actuator is operatively decoupled from the core keeper.

[0048] In embodiments of the present disclosure, the interchangeable lock core
further includes: an operator actuation assembly operable to selectively actuate the moveable plug, the

operator actuation assembly moveably supported by the lock core body.

[0049] In embodiments of the present disclosure, the operator actuation assembly
comprises a knob including a removeable knob cover selectively covering a power source located in the
knob. In certain alternative forms of the present disclosure, the operator actuation assembly includes a
power source. In alternatives of the present disclosure, the power source comprises a battery. In further
alternatives of the present disclosure, the knob further comprises a tool access through which a tool can be
positioned to enter the lock core body. In further yet alternatives of the present disclosure, the power
source covers the tool access when the power source is operably engaged with the operator actuation
assembly, whereby the power source must be removed from the operator actuation assembly to allow the

tool to enter the lock core body through the tool access.

[0050] In embodiments of the present disclosure, the lock core body includes an
upper lock core body having a first cylindrical portion with a first maximum lateral extent, a lower lock
core body having a second cylindrical portion with a second maximum lateral extent, and a waist having a
third maximum lateral extent, the third maximum lateral extent being less than the first maximum lateral
extent and being less than the second maximum lateral extent. In certain alternative forms of the present

disclosure, the core keeper extends from the waist of the lock core body in the retain position.

[0051] In embodiments of the present disclosure, the interchangeable lock core
further includes a control sleeve carrying the core keeper. In alternative forms of the present disclousre,

the moveable plug is positioned within the control sleeve.

[0052] In embodiments of the present disclosure, the interchangeable lock core further

includes a cam positionable to rotationally lock the control sleeve to the moveable plug, whereby

12
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rotational movement of the moveable plug when the control sleeve is rotationally locked to the moveable
plug rotates the control sleeve to move the core keeper from the retain position to the remove position. In

certain alternative forms of the present disclosure, the cam comprises a bell crank.

[0053] In certain alternatives within the scope of the present disclosure, the operator

actuation assembly and lock core body are removeable together as a subassembly from the lock device.

[0054] In embodiments of the present disclosure, the interchangeable lock core
further features a core keeper that, in the remove position, is positioned completely within the lock core

body envelope.

[0055] In embodiments of the present disclosure, the interchangeable lock core
further includes a lock interface positioned proximate a first end of the lock core body. In certain
alternatives, the lock interface includes a plurality of recesses sized to receive a plurality of lock pins of a
lock cylinder. In certain alternative embodiments of the present disclosure, the interchangeable lock
core further includes an operator actuation assembly operable to selectively actuate the moveable plug,
the operator actuation assembly moveably supported by the lock core body, the operator actuation
assembly positioned proximate a second end of the lock core body, the second end of the lock core body
opposite the first end of the lock core body. In further alternatives, the core keeper is positioned

intermediate the lock interface and the operator actuation assembly .

[0056] In embodiments of the present disclosure, the lock core body comprises: a
core body, the moveable plug positioned in the core body; a top cover selectively securable to the core

body; and a rear cover selectively securable to the top cover.

[0057] In alternative forms of the present disclosure, the moveable plug does not

require a translational movement to move between the first position and the second position.

[0058] In embodiments of the present disclosure, the interchangeable lock core
further includes: a clutch engageable with the moveable plug in an engage position in which the clutch is
able to impart a rotation to the moveable plug to actuate the moveable plug between the first position and
the second position. In certain alternative forms of the present disclosure the interchangeable lock core

further includes a motor supported by the lock core body, the motor actuatable between a motor disallow

13
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position in which the clutch is disallowed from achieving the engage position and a motor allow position
in which the clutch is allowed to achieve the engage position. In further alternative forms, a clutch

engagement feature of the moveable plug is engageable with the clutch.

[0059] In embodiments of the present disclosure, the motor is positioned exterior to
the moveable plug. In embodiments of the present disclosure, the interchangeable lock core further

includes a motor control communicatively connected to the motor, the motor control positioned exterior

to the moveable plug.

[0060] In embodiments of the present disclosure, the motor maintains a fixed

spacing from the moveable plug.

[0061] In embodiments of the present disclosure, the lock core body comprises: a
core body comprising the lower lock core body, the moveable plug positioned in the core body; a top
cover selectively securable to the core body, the upper lock core body including the top cover; and a rear

cover selectively securable to the top cover.

[0062] In certain embodiments of the present disclosure, the moveable plug is

positioned in the lower lock core body.

[0063] In embodiments of the present disclosure, the interchangeable lock core
further includes: a motor actuatable between a motor disallow position in which an operator is blocked
from actuating the moveable plug to an allow position in which an operator is allowed to actuate the
moveable plug. In certain alternatives of the present disclosure, the motor is positioned in the upper lock

core body.

[0064] In embodiments of the present disclosure, the interchangeable lock core
further includes: a motor actuatable between a motor disallow position in which the operator actuation
assembly is disallowed from actuating the moveable plug and a motor allow position in which the

operator actuation assembly is allowed to actuate the moveable plug.

[0065] In embodiments of the present disclosure, the interchangeable lock core

further includes: an operator actuation assembly operable to selectively actuate the moveable plug, the
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operator actuation assembly moveably supported by the lock core body; and a motor actuatable between a
motor disallow position in which the operator actuation assembly is disallowed from actuating the
moveable plug and a motor allow position in which the operator actuation assembly is allowed to actuate

the moveable plug.

[0066] In embodiments of the present disclosure, in the disallow position, the

actuator is decoupled from the core keeper.

[0067] In a further yet alternative form, the present disclosure provides a method
of actuating an interchangeable lock core to a removal position, comprising: inserting a tool into the
interchangeable lock core, the inserting step comprising the step of actuating the tool relative to an
actuator internal to the interchangeable lock core, the lock core body having a first end and a second end
opposite the first end; with the tool, axially translating the actuator internal to the interchangeable lock
core toward the first end of the lock core body of the interchangeable lock core to allow a core keeper to
be positioned in a remove position permitting removal of the lock core body from a lock device; and
positioning the core keeper in the remove position permitting removal of the lock core body from the lock

device.

[0068] In alternative forms of the method of the present disclosure, the step of
axially translating the actuator comprises the step of rotating the actuator thereby causing an axially

translation of the actuator.

[0069] In alternative forms of the method of the present disclosure, the step of
axially translating the actuator results in the additional step of actuating a coupler into a coupled

positioned in which the coupler is coupled to the core keeper.

[0070] In alternative forms of the method of the present disclosure, the positioning

step occurs after the translating step.

[0071] In alternative forms of the method of the present disclosure, the translating

step comprises the step of rotating the tool.
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[0072] In alternative forms of the method of the present disclosure, the inserting
step comprising the step of inserting the tool through an opening in the lock core body, the method further
comprising the step of piloting the tool from a position exterior of the lock core body through the opening

and into an interior of the lock core body.

[0073] In alternative forms of the method of the present disclosure, the
interchangeable lock core further includes an operator actuation assembly operable to selectively actuate
the moveable plug, the operator actuation assembly moveably supported by the lock core body, the
operator actuation assembly including a removeable cover selectively covering the remainder of the
operator actuation assembly, the method further comprising the step of: removing the cover prior to the
inserting step to uncover an access in the operator actuation assembly, the inserting step further

comprising the step of inserting the tool through the access in the operator actuation assembly.

[0074] In alternative forms of the method of the present disclosure, the step of

rotating the actuator relative to the interchangeable lock core.

[0075] In alternative forms of the method of the present disclosure, the
interchangeable lock core further comprises a control sleeve carrying the core keeper, and wherein the

step of translating the actuator comprises the step of translating the actuator relative to the control sleeve.

In yet another form thereof, the present disclosure provides an electro-mechanical

interchangeable locking core for use with a locking device, comprising: a housing;

an operator actuation assembly coupled to the housing; a lock actuator assembly
positioned within the housing and operatively coupled to the operator actuation assembly, the
lock actuator device including means for actuating the locking device; and a control assembly
positioned within the housing, the control assembly including means for controlling when the

lock actuator device may actuate the locking device.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0076] The above-mentioned and other features and advantages of this disclosure, and
the manner of attaining them, will become more apparent and will be better understood by
reference to the following description of exemplary embodiments taken in conjunction with the

accompanying drawings, wherein:

[0077] FIG. 1 illustrates an exploded, front, perspective view of an electro-mechanical

lock core for assembly to a lock cylinder shown with a partial cutaway;

[0078] FIG. 2 illustrates an exploded, rear perspective view of the electro-mechanical

lock core and lock cylinder of FIG. 1;

[0079] FIG. 3 illustrates a front, perspective view of the electro-mechanical lock core and

lock cylinder of FIG. 1 wherein electro-mechanical lock core is assembled to lock cylinder;

[0080] FIG. 4 illustrates a rear, perspective view of the electro-mechanical lock core and

lock cylinder of FIG. 1 wherein electro-mechanical lock core is assembled to lock cylinder;

[0081] FIG. 5 illustrates a front, perspective view of the electro-mechanical lock core of
FIG. 1,

[0082] FIG. 6 illustrates a rear, perspective view of the electro-mechanical lock core of
FIG. 1,

[0083] FIG. 7 illustrates an exploded, front, perspective view of lock cylinder, lock

actuator assembly, control assembly, and a power transfer assembly of the electro-mechanical

lock core of FIG. 5;
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[0084] FIG. 8 illustrates an exploded, rear, perspective view of lock cylinder, lock
actuator assembly, control assembly, and a power transfer assembly of the electro-mechanical

lock core of FIG. 5;

[0085] FIG. 9 illustrates an exploded, front, perspective view of lock actuator assembly

of the electro-mechanical lock core of FIG. 5;

[0086] FIG. 10 illustrates an exploded, rear, perspective view of lock actuator assembly

of the electro-mechanical lock core of FIG. 5;

[0087] FIG. 11 illustrates an exploded, front, perspective view of a core plug assembly of
lock actuator assembly of FIG. 9;

[0088] FIG. 12 illustrates an exploded, rear, perspective view of a core plug assembly of

lock actuator assembly of FIG. 9;

[0089] FIG. 13 illustrates a sectional view of lock actuator assembly along lines 13-13 in
FIG. 7,
[0090] FIG. 14 illustrates an exploded, front, perspective, partial view of the control

assembly of FIG. 7,

[0091] FIG. 15 illustrates another front, exploded, perspective view of the control
assembly of FIG. 7,

[0092] FIG. 16 illustrates a rear, exploded, perspective view of the control assembly of
FIG. 7,
[0093] FIG. 17 illustrates another rear, exploded, partial, perspective view of the control

assembly of FIG. 7,
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[0094] FIG. 18 illustrates a partial view of the control assembly of FIG. 7 illustrating an

electrical contact and position sensing assembly;

[0095] FIG. 18A illustrates an exemplary position sensor;

[0096] FIG. 19 illustrates a front, perspective view of a blocker of the control assembly
of FIG. 7,

[0097] FIG. 20 illustrates a partial sectional view of the electro-mechanical lock core

along lines 20-20 in FIG. 5 illustrating the blocker in a first blocking position wherein the
blocker is engaged with a clutch of the core plug assembly of FIG. 11;

[0098] FIG. 21 illustrates the sectional view of FIG. 20 illustrating the blocker in a
second release position wherein the blocker is disengaged relative to the clutch of the core plug

assembly of FIG. 11;

[0099] FIG. 22 illustrates a front, perspective view of an alternative blocker of the

control assembly of FIG. 7;

[00100] FIG. 23 illustrates a front, perspective view of an assembled power transfer

assembly of FIG. 7,

[00101] FIG. 24 illustrates an exploded, front, perspective view of an operator actuation
assembly of the electro-mechanical lock core of FIG. 5, the operator actuation assembly

including a knob;

[00102] FIG. 25 illustrates an exploded, rear, perspective view of the operator actuation

assembly of the electro-mechanical lock core of FIG. 5;
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[00103] FIG. 26 illustrates a sectional view of the electro-mechanical lock core of FIG. 5
along lines 26-26 of FIG. 5 with the blocker of the control assembly in the first blocking position
of FIG. 20;

[00104] FIG. 27 illustrates a detail view of the sectional view of FIG. 26;

[00105] FIG. 27A illustrates a sectional view of an exemplary coupling arrangement
between the operator actuation assembly of the electro-mechanical lock core and the clutch of

the lock actuator assembly of the electro-mechanical locking core;

[00106] FIG. 28 illustrates the sectional view of FIG. 26 with the blocker of the control
assembly in the second release position of FIG. 21 and the operator actuation assembly and
clutch of the lock actuator assembly in a disengaged position relative to the core plug assembly

of the lock actuator assembly;

[00107] FIG. 29 illustrates the sectional view of FIG. 26 with the blocker of the control
assembly in the second release position of FIG. 21 and the knob assembly and clutch of the lock

actuator assembly in an engaged position of the lock actuator assembly;

[00108] FIG. 30 illustrates the sectional view of FIG. 26 with the blocker of the control
assembly in the first blocking position of FIG. 21 and the operator actuation assembly moved

axially due to an external force;

[00109] FIG. 31 illustrates the sectional view of FIG. 26 with a control pin of the operator
actuation assembly positioned in an active position compared to an inactive position shown in

FIG. 26;

[00110] FIG. 32 illustrates the sectional view of FIG. 26 with the blocker of the control
assembly in the second release position of FIG. 21 and the operator actuation assembly and

clutch of the lock actuator assembly in an engaged position of the lock actuator assembly with

20



WO 2019/051337 PCT/US2018/050117

the control pin of the operator actuation assembly positioned in the active position of FIG. 31
and moving a bell crank of the lock actuator assembly to a control position compared to a use

position of Fig. 26;

[00111] FIG. 33 illustrates the front, perspective view of the electro-mechanical lock core
and lock cylinder of FIG. 3 and a knob cover removal tool spaced apart from the electro-

mechanical lock core and lock cylinder;

[00112] FIG. 34 illustrates the rear, perspective view of the electro-mechanical lock core
and lock cylinder of FIG. 4 and the knob cover removal tool spaced apart from the electro-

mechanical lock core and lock cylinder;

[00113] FIG. 35 illustrates the engagement members of the operator actuation assembly

and the knob cover removal tool;

[00114] FIG. 36 illustrates the knob cover removal tool having a first set of engagement
members illustrated in FIG. 35 coupled to a first set of engagement members of the operator

actuation assembly illustrated in FIG. 35;

[00115] FIG. 37 illustrates the knob cover removal tool having the first set of engagement
members and a second set of engagement members both illustrated in FIG. 35 coupled to the first
set of engagement members and a second set of engagement members of the operator actuation

assembly both illustrated in FIG. 35;

[00116] FIG. 38 illustrates a rotation of a knob cover of the operator actuation assembly

relative to the knob cover removal tool about a rotational axis of the knob cover;

[00117] FIG. 39 illustrates a front, exploded, perspective view of the knob cover, a knob
base, and an intermediate battery holder of the operator actuation assembly of the electro-

mechanical locking core;

21



WO 2019/051337 PCT/US2018/050117

[00118] FIG. 40 illustrates a rear, exploded, perspective view of the knob cover, a knob
base, and an intermediate battery holder of the operator actuation assembly of the electro-

mechanical locking core;

[00119] Fig. 41 illustrates the disengagement of the second set of engagement members
between the knob cover removal tool and the knob cover of the operator actuation assembly with
the knob cover of the operator actuation assembly spaced apart from the remainder of the
electro-mechanical lock core and a battery removed from the battery holder of the operator

actuation assembly;

[00120] FIG. 42 illustrates the electro-mechanical lock core with the knob cover and the
battery removed and the core keeper in a use or locked position wherein the core keeper is
positioned to cooperate with a corresponding feature of the locking cylinder to hold the electro-

mechanical lock core relative to the locking cylinder;

[00121] FIG. 43 is a front view of the assembly of FIG. 42;

[00122] FIG. 44 illustrates the electro-mechanical lock core with the knob cover and the
battery removed and the core keeper in a control position wherein the core keeper is positioned
relative to the corresponding feature of the locking cylinder to permit a removal of the electro-

mechanical lock core relative to the locking cylinder;

[00123] FIG. 45 is a representative view of an exemplary electro-mechanical locking core

and an operator device,

[00124] FIG. 46 is a representative view of a control sequence of the electro-mechanical

locking core;

[00125] FIG. 47 is a first exemplary control system for the electro-mechanical locking

core;

22



WO 2019/051337 PCT/US2018/050117

[00126] FIG. 48 is a second exemplary control system for the electro-mechanical locking
core;
[00127] FIG. 49 illustrates a front, perspective view of a second exemplary electro-

mechanical lock core assembly;

[00128] FIG. 50A illustrates an exploded, front, perspective view of the electro-

mechanical lock core assembly of FIG. 49;

[00129] FIG. 50B illustrates an exploded, rear, bottom, perspective view of the electro-

mechanical lock core assembly of FIG. 49;

[00130] FIG. 51 illustrates an exploded, front, perspective view of a core plug assembly of

the electro-mechanical lock core assembly of FIG. 50;

[00131] FIG. 52 illustrates a sectional view of the electro-mechanical lock core assembly

of FIG. 49 along lines 52-52 of FIG. 49;

[00132] FIG. 53 illustrates a sectional view of the electro-mechanical lock core assembly
along lines 53-53 of FIG. 49 with a core keeper in a first position outside of an envelope of a
core body of the core assembly of FIG. 49 and abutting a biasing arm of the biasing member of a

cradle of a control assembly of the electro-mechanical lock core assembly of FIG. 49;

[00133] FIG. 54 illustrates a sectional view of the electro-mechanical lock core assembly
along lines 53-53 of FIG. 49 with the core keeper in a second position at the envelope of the core
body of the core assembly of FIG. 49 and upwardly deflecting the biasing arm of the biasing
member of the cradle of the control assembly of the electro-mechanical lock core assembly of

FIG. 49; and
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[00134] FIG. 55 illustrates a sectional view of the electro-mechanical lock core assembly
along lines 53-53 of FIG. 49 with the core keeper in a third position within the envelope of the
core body of the core assembly of FIG. 49 and no longer upwardly deflecting the biasing arm of
the biasing member of the cradle of the control assembly of the electro-mechanical lock core

assembly of FIG. 49.

[00135] Corresponding reference characters indicate corresponding parts throughout the
several views. The exemplification set out herein illustrates an exemplary embodiment of the
invention and such exemplification is not to be construed as limiting the scope of the invention in

any manner.

DETAILED DESCRIPTION OF THE DRAWINGS

[00136] For the purposes of promoting an understanding of the principles of the present
disclosure, reference is now made to the embodiments illustrated in the drawings, which are
described below. The embodiments disclosed herein are not intended to be exhaustive or limit
the present disclosure to the precise form disclosed in the following detailed description. Rather,
the embodiments are chosen and described so that others skilled in the art may utilize their
teachings. Therefore, no limitation of the scope of the present disclosure is thereby intended.

Corresponding reference characters indicate corresponding parts throughout the several views.

[00137] The terms “couples”, “coupled”, “coupler” and variations thereof are used to
include both arrangements wherein the two or more components are in direct physical contact
and arrangements wherein the two or more components are not in direct contact with each other
(e.g., the components are “coupled” via at least a third component), but yet still cooperate or

interact with each other.

[00138] In some instances throughout this disclosure and in the claims, numeric
terminology, such as first, second, third, and fourth, is used in reference to various components

or features. Such use is not intended to denote an ordering of the components or features.
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Rather, numeric terminology is used to assist the reader in identifying the component or features
being referenced and should not be narrowly interpreted as providing a specific order of

components or features.

[00139] Referring to FIGS. 1-4, an electro-mechanical lock core 100 includes a core
assembly 102 and an operator actuation assembly 104. As explained herein in more detail, in
certain configurations operator actuation assembly 104 may be actuated to rotate a core plug
assembly 106 (see FIG. 2) of core assembly 102 about its longitudinal axis 108 and in certain
configurations operator actuation assembly 104 may be actuated to move a core keeper 110 of
core assembly 102 relative to a core body 112 of core assembly 102. Core plug assembly 106
includes a lock interface in the form of a plurality of recesses 114, illustratively two, which
receive lock pins 120 of a lock cylinder 122 when core assembly 102 is received in recess 124 of
lock cylinder 122, as shown in FIG. 3. Lock pins 120 are in turn coupled to a cam member 126
of lock cylinder 122 which is rotatable. As is known in the art, cam member 126 may be in turn
coupled to a lock system, such as a latch bolt of a door lock, a shank of a padlock or other

suitable lock systems.

[00140] When core assembly 102 is received in recess 124 of lock cylinder 122, core
keeper 110 is in a first position wherein it is received in a recess of lock cylinder 122 to hold or
otherwise prevent the removal of core assembly 102 from lock cylinder 122 without the
movement of core keeper 110 to a second position wherein the core keeper 110 is not received in
the recess of lock cylinder 122. In the illustrated embodiment, core body 112 defines a figure
eight profile (See FIGS. 5 and 6) which is received in a corresponding figure eight profile of lock
cylinder 122 (See FIGS. 3 and 4). The figure eight profile is known as a small format
interchangeable core (“SFIC”). Core body 112 may also be sized and shaped to be compatible

with large format interchangeable cores (“LFIC”) and other known cores.

[00141] Core body 112 may be translated relative to lock cylinder 122 along longitudinal

axis 108 to remove core body 112 from lock cylinder 122 when core keeper 110 is received

25



WO 2019/051337 PCT/US2018/050117

within the envelope of core body 112 such that core body 112 has a figure eight profile and may
not be translated relative to lock cylinder 122 along longitudinal axis 108 to remove core body
112 from lock cylinder 122 when core keeper 110 is positioned at least partially outside of the

envelope of core body 112.

[00142] Although electro-mechanical lock core 100 is illustrated in use with lock cylinder
122, electro-mechanical lock core 100 may be used with a plurality of lock systems to provide a
locking device which restricts the operation of the coupled lock system. Exemplary lock systems
include door handles, padlocks, and other suitable lock systems. Further, although operator
actuation assembly 104 is illustrated as including a generally cylindrical knob, other user
actuatable input devices may be used including handles, levers, and other suitable devices for

interaction with an operator.

[00143] Turning to FIGS. 7-13 the components of core assembly 102 are described in
more detail. Referring to FIGS. 7 and 8, core body 112 of core assembly 102 includes an upper
cavity 140 and a lower cavity 142. Lower cavity 142 includes a lock actuator assembly 144 (See
FIGS. 7 and 8) and upper cavity 140 receives a control assembly 146 (See FIGS. 7 and 8). As
explained in more detail herein, control assembly 146 restricts various movements of lock
actuator assembly 144 to restrict the unauthorized actuation of cam member 126 and/or to restrict

movement of core keeper 110.

[00144] Referring to FIGS. 9-12, lock actuator assembly 144 is illustrated in more detail.
Lock actuator assembly 144 includes core plug assembly 106, a biasing member 150, and a
clutch 152. Asillustrated in FIG. 28, biasing member 150 biases clutch 152 in a spaced apart
relationship relative to core plug assembly 106 and may be compressed, as illustrated in FIG. 29
to permit engagement features 154 of core plug assembly 106 to interact with engagement

features 156 of clutch 152. In one example, biasing member 150 is a wave spring.

[00145] In the illustrated embodiment, engagement features 154 and engagement features

156 are a plurality of interlocking protrusions and recesses carries by each of core plug assembly
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106 and clutch 152, respectively. In other embodiments, engagement features 154 may be one or
more protrusions received by one or more recess of engagement features 156 or vice versa.
Additionally, engagement features 154 and engagement features 156 may be generally planer
frictional surfaces which when held in contact couple clutch 152 and core plug assembly 106 to
rotate together. By including a plurality of interlocking protrusions and recesses, as shown in the
illustrated embodiment, clutch 152 may have multiple rotational positions relative to core plug
assembly 106 about longitudinal axis 108 wherein engagement features 156 of clutch 152 may

engage engagement features 154 of core plug assembly 106.

[00146] Turning to FIGS. 49-55, an exemplary core body 1112 of a second exemplary
core assembly 1102 is illustrated. Core assembly 1102 is similar in form and function to core
assembly 102. Accordingly, parts of core assembly 1102 will have reference characters
corresponding to similar parts of core assembly 102. For example, core assembly 1102 includes a

core keeper 1110 and a core body 1112, as illustrated in FIG. 49.

[00147] Referring to FIGS. S0A and 50B, core body 1112 of core assembly 1102 includes
an upper cavity 1140 and a lower cavity 1142 configured to receive a lock actuator assembly
1144. Lock actuator assembly 1144 includes core plug assembly 1106, a retaining member 1155,
a biasing member 1150, and a clutch 1152. As illustrated in FIG. 52, biasing member 1150
biases clutch 1152 in a spaced apart relationship relative to core plug assembly 1106 and may be
compressed to permit engagement features 1154 of core plug assembly 1106 to interact with
engagement features 1156 of clutch 1152. In one example, biasing member 1150 is a wave
spring.

[00148] Retaining member 1155, illustratively a snap ring or circlip, axially retains core
plug assembly 1106 within lower cavity 1142 of core body 1112 while permitting core plug
assembly 1106 to rotate about longitudinal axis 1108. Retaining member 1155 includes an
outwardly extending protrusion 1157 and core body 112 includes a recess 1159 configured to

receive protrusion 1157. As shown in FIG. 52, retaining member 1155 is secured around
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engagement members 1154 of core plug assembly 1106 and protrusion 1157 is received in recess
1159. In this way, retaining member 1155 restrict axial movement of core plug assembly 1106

along longitudinal axis 1108 in either direction 1702 or direction 1704,

[00149] Referring back to FIGS. 11 and 12, core plug assembly 106 of lock actuator
assembly 144 includes a core plug body 160, a core plug cover 162, a control sleeve 164, and a
control keeper coupling assembly 166. Control sleeve 164 includes an interior 170 which
receives core plug body 160. Core plug body 160 includes a flange 172 (see FIG .12) that limits
the ingress of core plug body 160 into interior 170 of control sleeve 164 along longitudinal axis

108.

[00150] Control sleeve 164 further supports core keeper 110. In the illustrated
embodiment, core keeper 110 is integrally formed as part of control sleeve 164. In other
embodiments, core keeper 110 may be a separate component which is coupled to control sleeve
164. Core keeper 110 is illustratively shown as being co-extensive with a front face 174 of
control sleeve 164 (see FIG. 11), but may be spaced apart from front face 174 of control sleeve

164 along longitudinal axis 108.

[00151] A stem portion 176 of core plug cover 162 is also received within interior 170 of
control sleeve 164 along longitudinal axis 108. Stem portion 176 is further received within a
recess 178 of core plug body 160. Core plug cover 162 includes locators 180 which cooperate
with locators 182 of core plug body 160 to orient core plug cover 162 relative to core plug body
160 such that openings 184 in core plug cover 162 align with recesses 186 of core plug body
160. Openings 184 and 186 receive lock pins 120 of lock cylinder 122 (see FIG. 1). The
illustrated locators 180 and locators 182 are recesses in core plug cover 162 and protrusions on
core plug body 160, respectively. In one embodiment, other arrangements and constructs of

locators or fasteners may be used.

[00152] Control keeper coupling assembly 166 is coupled to core plug body 160. Control

keeper coupling assembly 166 includes a bell crank 190, an axle 192, a biasing member 194, and
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a cover 196. Axle 192 is received in an opening 198 of bell crank 190. Axle 192 is further
received in a recess 200 of core plug body 160. Axle 192 supports bell crank 190 which extends
into a second recess 202 of core plug body 160. In one example, axle 192 is integrally formed

with bell crank 190.

[00153] Biasing member 194 is compressed between stem 176 of core plug cover 162 and
bell crank 190 of control keeper coupling assembly 166. Referring to FIG. 13, a first end 204 of
biasing member 194 is received over a protrusion 206 of a first leg 208 of bell crank 190. A
second end 210 of biasing member 194 is received over a protrusion 212 of stem 176 of core
plug cover 162. A flange 214 of stem 176 (see FIG. 11) of core plug cover 162 provides a stop

surface for second end 210 of biasing member 194.

[00154] Cover 196 of control keeper coupling assembly 166 is received in a recess 220 of
core plug body 160. Recess 200 and recess 202 intersect with and extend into core plug body
160 from recess 220. An exterior surface 222 of cover 196 has a surface profile, in the illustrated
embodiment, which matches a surface profile of an exterior surface 224 of core plug body 160.
As such, cover 196 and core plug body 160 cooperate to form a cylindrical body. Cover 196
includes locators 226 which cooperate with locators 228 of core plug body 160 to orient cover
196 relative to core plug body 160 such that an opening 230 in cover 196 align with recess 202
of core plug body 160.

[00155] As bell crank 190 pivots about an axis 242 of axle 192, a second leg 240 of bell
crank 190 may extend through opening 230 of cover 196 and extend above exterior surface 222
of cover 196. Opening 230 of cover 196 and recess 202 of core plug body 160 are sized to also
permit second leg 240 of bell crank 190 to be positioned within the cylindrical body formed by
core plug body 160 and cover 196 (see FIGS. 9, 10, and 13). When cover 196 is coupled to core
plug body 160 to hold bell crank 190 within core plug body 160 and cover 196, the cylindrical
body formed by core plug body 160 and cover 196 is received within interior 170 of control

sleeve 164 and oriented such that an opening 238 of control sleeve 164 is aligned with opening
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230 of cover 196. In this arrangement second leg 240 of bell crank 190 may extend through
opening 238 of control sleeve 164 and above an exterior surface 244 of control sleeve 164. By
extending second leg 240 of bell crank 190 into opening 238 of control sleeve 164, second leg
240 of bell crank 190 rotationally couples control sleeve 164 to core plug body 160 such that a
rotation of core plug body 160 about longitudinal axis 108 results in a rotation of control sleeve
164 about longitudinal axis 108 in the same direction as core plug body 160. By retracting
second leg 240 of bell crank 190 from opening 238 of control sleeve 164 to a position below
exterior surface 222 of cover 196, control sleeve 164 is not rotationally coupled to core plug
body 160 and a rotation of core plug body 160 about longitudinal axis 108 does not result in a

rotation of control sleeve 164 about longitudinal axis 108.

[00156] FIG. 13 illustrates bell crank 190 with second leg 240 retracted within recess 202
of core plug body 160. Biasing member 194 biases bell crank 190 to the position shown in FIG.
13. Core plug body 160 includes a channel 246 which intersects with a front face 248 of core
plug body 160 and with recess 202 of core plug body 160. As explained herein, channel 240
permits an actuator, control pin 700 (see FIG. 32), to be inserted into core plug body 160 to
move bell crank 190 to a position wherein second leg 240 of bell crank 190 extends into opening
238 of control sleeve 164 to couple control sleeve 164 to core plug body 160. As further
illustrated in FIG. 13, clutch 152 includes a channel 250 which extends from a front face 254 of
clutch 152 to a rear face 252 of clutch 152. Channel 250 of clutch 152 is aligned with channel
246 of core plug body 160. Thus, an actuator, control pin 700 (see FIG. 32), received in channel
250 may extend beyond rear face 252 of clutch 152 and enter channel 246 of core plug body 160.

[00157] Referring again to FIG. 51, a control keeper coupling assembly 1166 is coupled to
core plug body 1160. Control keeper coupling assembly 1166 includes bell crank 1190, a biasing
member 1194, and a cover 1196. Bell crank 1190 illustratively includes a first leg 1208 and a
second leg 1240 coupled at an axle 1193. Axle 1193 is received in a recess 1200 of core plug
body 1160 and rotationally supports bell crank 1190 which extends into a second recess 1202 of
core plug body 1160. In the exemplary embodiment shown in FIG. 51, first leg 1208, second leg
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1240, and axle 1193 are integrally formed. It is contemplated, however, that first leg 1208,
second leg 1240, and axle 1193 could comprise one or more independent components supported
by core plug body 1160. In another exemplary embodiment, axle 1193 comprises one or more

components supported for rotation within a recess of bell crank 1190,

[00158] First leg 1208 of bell crank 1190 extends in a first direction while second leg
1240 of bell crank 1190 extends in a second direction angularly offset from the first direction. In
the exemplary embodiment shown in FIG. 51, the second direction is generally orthogonal
relative to the first direction. In another exemplary embodiment, the second direction is generally
acute relative to the first direction. In yet another exemplary embodiment, the second direction is
generally relative obtuse to first direction. Second leg 1240 couples to axle 1193 at a first end
1241 of second leg 1240. Opposite first end 1241 is a second end 1243 of second leg 1240.
Second end 1243 includes an upper portion 1247 and a lower portion 1245. In the exemplary
embodiment shown in FIG. 51, upper portion 1247 extends generally upwardly and lower
portion 1245 extends generally downwardly such that a longitudinal profile of second leg 1240
of bell crank 1190 is generally T-shaped. Second leg 1240 cantilevers from axle 1193 such that
second end 1243 may deflect relative to first end 1241 and axle 1193 if a sufficient force is

applied to upper portion 1147, lower portion 1145, or a point proximate second end 1243,

[00159] Biasing member 1194 is compressed between a stem 1176 of core plug cover
1162 and bell crank 1190 of control keeper coupling assembly 1166. Referring to FIGS. 51 and
52, a first end 1204 of biasing member 1194 is received over a protrusion 1206 of first leg 1208
of bell crank 1190. A second end 1210 of biasing member 1194 is received over a protrusion
1212 of stem 1176 of core plug cover 1162. A flange 1214 of stem 1176 of core plug cover 1162

provides a stop surface for second end 1210 of biasing member 1194,

[00160] As bell crank 1190 pivots about an axis 1242 of axle 1193, second leg 1240 of
bell crank 1190 may extend through an opening 1230 of cover 1196 and upper portion 1247 of

second leg 1240 may extend above an exterior surface 1222 of cover 1196. Opening 1230 of
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cover 1196 and recess 1202 of core plug body 1160 are sized to also permit second leg 1240 of
bell crank 1190 to be positioned within the cylindrical body formed by core plug body 1160 and
cover 1196 (see FIGS. 51 and 52). When cover 1196 is coupled to core plug body 1160 to hold
bell crank 1190 within core plug body 1160 and cover 1196, the cylindrical body formed by core
plug body 1160 and cover 1196 is received within an interior 1170 of control sleeve 1164 and
oriented such that an opening 1238 of control sleeve 1164 is aligned with opening 1230 of cover
1196. In this arrangement, upper portion 1247 of second leg 1240 of bell crank 1190 may extend
through opening 1238 of control sleeve 1164 and above an exterior surface 1244 of control
sleeve 1164. By extending upper portion 1247 of second leg 1240 into opening 1238 of control
sleeve 1164, upper portion 1247 of second leg 1240 of bell crank 1190 rotationally couples
control sleeve 1164 to core plug body 1160 such that a rotation of core plug body 1160 about
longitudinal axis 1108 results in a rotation of control sleeve 1164 about longitudinal axis 1108 in
the same direction as core plug body 1160. By retracting upper portion 1247 of second leg 1240
from opening 1238 of control sleeve 1164 to a position below exterior surface 1222 of cover
1196, control sleeve 1164 is not rotationally coupled to core plug body 1160 and a rotation of
core plug body 1160 about longitudinal axis 1108 does not result in a rotation of control sleeve

1164 about longitudinal axis 1108.

[00161] FIGS. 50A and 52 illustrate bell crank 1190 with upper portion 1247 of second
leg 1240 retracted within recess 1202 of core plug body 1160. Biasing member 1194 biases bell
crank 1190 to the position shown in FIGS. 50A and 52. Core plug body 1160 includes a channel
1246 which intersects with a front face 1248 of core plug body 1160 and with recess 1202 of
core plug body 1160. Channel 1246 permits an actuator, control pin 1700 (see FIG. 52), to be
inserted into core plug body 1160 in direction 1702 to move bell crank 1190 to a position
wherein upper portion 1247 of second leg 1240 extends into opening 1238 of control sleeve 1164
to couple control sleeve 1164 to core plug body 1160. As further illustrated in FIGS. S0A and
50B, clutch 1152 includes a channel 1250 which extends from a front face 1254 of clutch 1152
to a rear face 1252 of clutch 1152. Channel 1250 of clutch 1152 is aligned with channel 1246 of
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core plug body 1160. Thus, an actuator, control pin 1700 (see FIG. 52), received in channel 1250
in direction 1702 may extend beyond rear face 1252 of clutch 1152 and enter channel 1246 of
core plug body 160.

[00162] In certain installations, core plug body 1160 may be rotationally offset relative to
control sleeve 1164 about longitudinal axis 1108 such that opening 1238 of control sleeve 1164
is not aligned with opening 1230 of cover 1196. Accordingly, upper portion 1247 of second end
1243 of second leg 1240 of bell crank 1190 may not extend into opening 1238 of control sleeve
1164 when an actuator, control pin 1700 (see Fig. 52), is inserted into channel 1246 of core plug
body 1160 in direction 1702 to move bell crank 1190. Instead, upper portion 1247 of second leg
1240 may impinge on an inner surface of control sleeve 1164 and second end 1243 may flex
relative to first end 1241 of second leg 1240 and axle 1193. Rotation of core plug body 1160
about longitudinal axis 1108 with an actuator, control pin 1700 (see FIG. 52), continuously
inserted into channel 1246 in direction 1702 will eventually result in opening 1230 of cover 1196
aligning with opening 1238 of control sleeve 1162. Once opening 1230 aligns with opening
1238, second end 1243 of second leg 1240 of bell crank 1190 will quickly reform to its original
shape and upper portion 1247 of second leg 1240 will extend into opening 1238 of control sleeve
1164 to rotationally couple control sleeve 1164 to core plug body 1160. Because upper portion
1247 of second leg 1240 snaps into opening 1238 of control sleeve 1162 once opening 1230 is
aligned with opening 1238, a user is provided with near instantaneous feedback that control

sleeve 1164 is rotationally coupled to core plug body 1160.

[00163] Referring back to FIGS. 7 and 8, lock actuator assembly 144 which includes
biasing member 150, clutch 152, core plug body 160 and control sleeve 164 are received in
lower cavity 142 of core body 112 through a rear face 260 of core body 112. Core body 112
includes a recess 262 to receive core keeper 110 of control sleeve 164 (see FIG. 1). As shown in
FIG. 7, core body 112 includes a stop 264 which limits the axial movement of clutch 152
towards the front of core body 112 (see FIG. 26).
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[00164] Control assembly 146 is received in upper cavity 140 of core body 112. The
components of control assembly 146 are described in more detail herein in relation to FIGS. 14-
21. One of the components of control assembly 146, a light guide 266, is positioned forward of
an upper wall 268 of core body 112 in a recess 270 of upper wall 268 (see FIG. 7). Light guide
266 1s supported by a cradle 272 of control assembly 146. A front wall 274 of cradle 272 is
positioned against a front wall 276 of core body 112.

[00165] Control assembly 146 is held in place relative to core body 112 with a top cover
280 and a rear cover 282. Top cover 280 includes a plurality of tabs 284 which are positioned
under upper wall 268 of core body 112 to hold a front portion of top cover 280 relative to core
body 112. Rear cover 282 includes a plurality of locators 286, illustratively protrusions, and
locators 288, illustratively protrusions. Outer locators 286 are received in external recesses 290
of top cover 280, respectively, while inner locators 286 are received in voids 292; thereby each
pair of outer and inner locators 286 captures a wall 294 of top cover 280. Locators 288 are
received in respective recesses 296 of core body 112. Thus, locators 286 are coupled to top
cover 280 and locators 288 are coupled to core body 112 to hold the rear end of top cover 280
relative to core body 112. Rear cover 282 is held relative to core body 112 with a fastener 302.
Fastener 302 is received in an opening 300 in rear cover 282 and is secured to core body 112

through a threaded aperture 304.

[00166] In addition to holding control assembly 146 relative to core body 112, rear cover
282 also holds lock actuator assembly 144 relative to core body 112. Rear cover 282 includes an
opening 310 sized to receive a head 312 of core plug cover 162. A stop 314 is provided on core
plug cover 162. Stop 314 is positioned to rest against surface 316 of rear cover 282 to prevent
the rearward axial movement of core plug cover 162. As shown in FIG. 2, head 312 of core plug
cover 162 extends outward from rear cover 282. Although head 312 with openings 184 are
illustrated for interfacing with lock pins 120 of lock cylinder 122, different configurations of
head 312 are contemplated including recesses and/or protrusions to couple tailpieces or other

cam members to lock actuator assembly 144. Electro-mechanical lock core 100 may be
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configured for use with other types of lock cylinder 122, padlocks, rim cylinders, key in

knob/lever cylinders, and other locking devices.

[00167] Referring to FIGS. 14-22, control assembly 146 is illustrated in more detail.
Control assembly 146 includes cradle 272, an electrical assembly 350, a motor 352 controlled by
the electrical assembly 350, light guide 266, a blocker 354, and top cover 280. Cradle 272
includes various features, walls, recesses, and other geometries to position and hold electrical
assembly 350, motor 352, light guide 266, and blocker 354 (see FIG. 8 for an assembled view).
Cradle 272 on an upper side includes a holder 360 to hold motor 352 and an elongated channel
362 and cradle 364 to hold portions of electrical assembly 350. Holder 360 includes a central
aperture 366 through which an output shaft 452 of motor 352 extends (see FIG. 27). 1In one
example, motor 352 is a stepper motor. Referring to FIG. 17, cradle 272 on a bottom side
includes a recess 370 into which blocker 354 may be positioned. Recess 370 intersects with
central aperture 366. Cradle 272, on a bottom side, further includes a recess 372 to
accommodate core keeper 110 when core keeper 110 is positioned within core body 112, as

explained in more detail herein.

[00168] Referring to FIGS. 45 and 46, an exemplary representation of electrical assembly
350 and an operator device 500 is shown. Electrical assembly 350 includes an electronic
controller 380, a wireless communication system 382, one or more input devices 384, one or
more output devices 386, and a memory 388 all electrically interconnected through circuitry 390.
In the illustrated embodiment, electronic controller 380 is microprocessor-based and memory
388 is a non-transitory computer readable medium which includes processing instructions stored
therein that are executable by the microprocessor of electronic controller 380 to control operation
of electro-mechanical lock core 100 including positioning blocker 354 in one of a blocking
position (see FIG. 20) and a release position (see FIG. 21). Exemplary non-transitory computer-
readable mediums include random access memory (RAM), read-only memory (ROM), erasable
programmable read-only memory (e.g., EPROM, EEPROM, or Flash memory), or any other

tangible medium capable of storing information.
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[00169] Motor 352 is operatively coupled to electronic controller 380 and circuitry 390.
Circuitry 390 includes circuitry on one or more circuit boards 392 (see FIG. 14) and a power bus
394 (see FIG. 14). As shown in FIG. 18, power bus 394 is operatively coupled to a first
electrical contact, illustratively as pogo pin 398 received in a holder 400. Pogo pin 398 is
operatively coupled to a contact 422 of a power assembly 420 (see FIG. 23 and 27) to receive
electrical power from a power source 402 (see FIG. 45). In one example, electrical contact 422
is made of brass. Power bus 394 is further electrically coupled to additional components of
electrical assembly 350 to provide power to electrical assembly 350. Electrical assembly 350 is

grounded through core body 112.

[00170] In the example illustrated in FIG. 45, power source 402 is positioned within
operator actuation assembly 104 of electro-mechanical lock core 100. In other embodiments,
power source 402 may be positioned in core assembly 102 of electro-mechanical lock core 100.
Advantages, among others, for incorporating power source 402 in operator actuation assembly
104 is the ease of replacement of power source 402 and the ability to incorporate a battery as the
power source with an increased capacity compared to the space constraints of core assembly 102
of electro-mechanical lock core 100. Referring to FIG. 24, power source 402 is illustrated as a
battery 404 incorporated as part of operator actuation assembly 104, Additional details regarding

operator actuation assembly 104 are provided herein.

[00171] Returning to FIG. 45, wireless communication system 382 includes a transceiver
and other circuitry needed to receive and send communication signals to other wireless devices,
such as an operator device 500. In one embodiment, wireless communication system 382
includes a radio frequency antenna and communicates with other wireless devices over a

wireless radio frequency network, such as a BLUETOOTH network or a WIFI network.

[00172] In one embodiment, electro-mechanical lock core 100 communicates with
operator device 500 without the need to communicate with other electro-mechanical lock core

100. Thus, electro-mechanical lock core 100 does not need to maintain an existing connection
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with other electro-mechanical locking cores 100 to operate. One advantage, among others, is
that electro-mechanical lock core 100 does not need to maintain network communications with
other electro-mechanical lock core 100 thereby increasing the battery life of battery 404. In one
embodiment, electro-mechanical lock core 100 does maintain communication with other electro-
mechanical locking cores 100 and is part of a network of electro-mechanical locking cores 100.

Exemplary networks include a local area network and a mesh network.

[00173] Exemplary input devices 384 include buttons, switches, levers, a touch display,
keys, and other operator actuatable devices which may be actuated by an operator to provide an
input to electronic controller 380. Once communication has been established with operator
device 500, various input devices 506 of operator device S00 may be actuated by an operator to
provide an input to electronic controller 380. In one embodiment, electro-mechanical lock core
100 requires an actuation of an input device 384 of electro-mechanical lock core 100 prior to
taking action based on communications from operator device S00. An advantage, among others,
for requiring an actuation of an input device 384 of electro-mechanical lock core 100 prior to
taking action based on communications from operator device 500 is that electro-mechanical lock
core 100 does not need to evaluate every wireless device that comes into proximity with electro-
mechanical lock core 100. Rather, electro-mechanical lock core 100 may use the actuation of
input devices 384 to start listening to communications from operator device 500. As explained
in more detail herein, in one embodiment, operator actuation assembly 104 functions as an input
device 384. Operator actuation assembly 104 capacitively senses an operator tap on operator

actuation assembly 104 or in close proximity to operator actuation assembly 104.

[00174] Exemplary output devices 386 include visual output devices, audio output device,
and/or tactile output devices. Exemplary visual output devices include lights, segmented
displays, touch displays, and other suitable devices for providing a visual cue or message to an
operator of operator device 500. Exemplary audio output devices include speakers, buzzers,
bells and other suitable devices for providing an audio cue or message to an operator of operator

device 500. Exemplary tactile output devices include vibration devices and other suitable
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devices for providing a tactile cue to an operator of operator device 500. In one embodiment,
electro-mechanical lock core 100 sends one or more output signals from wireless communication

system 382 to operator device 500 for display on operator device 500.

[00175] Operator device 500 is carried by an operator, Exemplary operator device 500
include cellular phones, tablets, personal computing devices, watches, badges, and other suitable
devices associated with an operator that are capable of communicating with electro-mechanical
lock core 100 over a wireless network. Exemplary cellular phones, include the IPHONE brand
cellular phone sold by Apple Inc., located at 1 Infinite Loop, Cupertino, CA 95014 and the
GALAXY brand cellular phone sold by Samsung Electronics Co., Ltd.

[00176] Operator device 500 includes an electronic controller 502, a wireless
communication system 504, one or more input devices 506, one or more output devices 508, a
memory 510, and a power source 512 all electrically interconnected through circuitry 514. In
one embodiment, electronic controller 502 is microprocessor-based and memory 510 is a non-
transitory computer readable medium which includes processing instructions stored therein that
are executable by the microprocessor of operator device 500 to control operation of operator
device 500 including communicating with electro-mechanical lock core 100. Exemplary non-
transitory computer-readable mediums include random access memory (RAM), read-only
memory (ROM), erasable programmable read-only memory (e.g., EPROM, EEPROM, or Flash

memory), or any other tangible medium capable of storing information.

[00177] Referring to FIG. 46, electronic controller 380 executes an access granted logic
430 which controls the position of blocker 354 in either a blocking position (see FIG. 20) and a
release position (see FIG. 21). The term "logic" as used herein includes software and/or
firmware executing on one or more programmable processors, application-specific integrated
circuits, field-programmable gate arrays, digital signal processors, hardwired logic, or
combinations thereof. Therefore, in accordance with the embodiments, various logic may be

implemented in any appropriate fashion and would remain in accordance with the embodiments
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herein disclosed. A non-transitory machine-readable medium 388 comprising logic can
additionally be considered to be embodied within any tangible form of a computer-readable
carrier, such as solid-state memory, magnetic disk, and optical disk containing an appropriate set
of computer instructions and data structures that would cause a processor to carry out the
techniques described herein. This disclosure contemplates other embodiments in which
electronic controller 380 is not microprocessor-based, but rather is configured to control
operation of blocker 354 and/or other components of electro-mechanical lock core 100 based on
one or more sets of hardwired instructions. Further, electronic controller 380 may be contained
within a single device or be a plurality of devices networked together or otherwise electrically

connected to provide the functionality described herein.

[00178] Electronic controller 380 receives an operator interface authentication request, as
represented by block 432. In one embodiment, operator interface authentication request 432 is a
message received over the wireless network from operator device 500. In one embodiment,
operator interface authentication request 432 is an actuation of one or more of input devices 384.
As explained in more detail herein, in one embodiment, operator actuation assembly 104
functions as an input device 384. Operator actuation assembly 104 capacitively senses an
operator tap on operator actuation assembly 104 or in close proximity to operator actuation

assembly 104,

[00179] Electronic controller 380 further receives authentication criteria 434 which relate
to the identity and/or access level of the operator of operator device 500. In one embodiment,
the authentication criteria is received from operator device 500 or communicated between

electronic controller 380 and operator device 500.

[00180] Access granted logic 430 based on operator interface authentication request 432
and authentication criteria 434 determines whether the operator of operator device 500 is granted
access to actuate core plug assembly 106 which in turn actuates cam member 126 in the

illustrated embodiment or is denied access to actuate core plug assembly 106. If the operator of
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operator device 500 is granted access to actuate core plug assembly 106, access granted logic
430 powers motor 352 to move blocker 354 to the release position, as represented by block 436.
If the operator of operator device 500 is denied access to actuate core plug assembly 106, access

granted logic 430 maintains blocker 354 in the blocking position, as represented by block 438.

[00181] A first exemplary embodiment 530 of electrical assembly 350 is illustrated in
FIG. 47.

[00182] A second exemplary embodiment 570 of electrical assembly 350 is illustrated in
FIG. 48.

[00183] Light guide 266 communicates the output of diodes (see FIGS. 47 and 48), an

exemplary output device, to an operator external to electro-mechanical lock core 100. Returning
to FIG. 15, light guide 266 is positioned at the front of cradle 272. Cradle 272 includes a recess
450 in front wall 274 which receives a central portion of light guide 266. As shown in FIG. 1,
the central portion of light guide 266 is visible above operator actuation assembly 104 when

electro-mechanical lock core 100 is assembled.

[00184] Referring to FIG. 17, motor 352 includes a threaded output shaft 452 which is
rotational about axis 454 and is received in a threaded aperture 456 of blocker 354. The
orientation of blocker 354 is maintained by the shape and size of recess 370 in cradle 272. As
such, due to a rotation of threaded output shaft 452 in a first direction 458, blocker 354 is moved
downwardly in direction 462 and due to a rotation of threaded output shaft 452 in a second

direction 460, blocker 354 is moved upwardly in direction 464.

[00185] Blocker 354 cooperates with clutch 152 to deny or grant access to core plug
assembly 106. Referring to FIGS. 9 and 10, clutch 152 includes a circumferential groove 466
having a cylindrical lower surface 468. Blocker 354 includes a cylindrical lower profile 470
which generally matches cylindrical lower surface 468 of clutch 152. When a lower portion 472
of blocker 354 is received in circumferential groove 466 of clutch 152 (see FIG. 20), clutch 152

is restricted in axial movement along longitudinal axis 108 relative to blocker 354. The
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relationship shown in FIG. 20 is referred to as a blocked position of blocker 354 due to the
restricted axial movement of clutch 152 relative to blocker 354 along longitudinal axis 108.
When lower portion 472 of blocker 354 is removed from circumferential groove 466, clutch 152
may move to a greater degree axially along longitudinal axis 108 relative to blocker 354. The
relationship shown in FIG. 21 is referred to as a release position of blocker 354 due to the less
restricted axial movement of clutch 152 relative to blocker 354 along longitudinal axis 108. In
other embodiments a protrusion of clutch 152 is received in a groove of blocker 354 or is
otherwise blocked in axial movement towards core plug assembly 106 when blocker 354 is in the

blocked position.

[00186] One advantage, among others for having blocker 354 received in circumferential
groove 466 is that clutch 152 is able to freely rotate about longitudinal axis 108 while blocker
354 is in the blocked position (FIG. 20) and while blocker 354 is in the released position (FIG.

21). The interaction of blocker 354 and clutch 152 is explained in more detail herein.

[00187] Referring to FIG. 18, electro-mechanical lock core 100 includes a position sensor
600 supported by circuit board 392. Position sensor 600 determines a position of blocker 354 to
provide a feedback to electronic controller 380 when blocker 354 is in the blocked position.
Position sensor 600 includes a first leg 602 having a first aperture 604 (see FIG. 20) and a second
leg 606 having a second aperture 608 (see FIG. 18). One of first leg 602 and second leg 606
includes a light source 610 (see FIG. 18A), such as a light emitting diode, and the other of first
leg 602 and second leg 606 includes a detector 612 which detects the light emitted by light
source 610. As shown in FIG. 18A, light source 610 is powered to emit light when motor 352 is

operating.

[00188] Returning to FIG. 18, a vertical channel 616 is formed between first leg 602 and
second leg 606. The vertical channel 616 is sized to receive blocker 354. When blocker 354 is
in the release position (see FIG. 21), blocker 354 is positioned in channel 616 at a height

blocking the light from light source 610 reaching detector 612 and a voltage on a position sense
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line 618 monitored by electronic controller 380 is high. When blocker 354 is in the blocking
position (see FIG. 20), blocker 354 is in channel 616 at a height permitting the light from light
source 610 to reach detector 612, thereby activating a switch of detector 612 so that the voltage

on the position sense line 618 monitored by electronic controller 380 is low.

[00189] Referring to FIG. 22, an alternative blocker 354’ is shown. Blocker 354’ includes
a window 620. With blocker 354° and position sensor 600 positioned lower, the light from light
source 610 is detected by detector 612 when blocker 354 is in the release position and the light
from light source 610 is blocked from detector 612 when blocker 354’ is in the blocked position.
Although a line-of-sight optical position sensor 600 is shown, other position sensors may be used
to sense a position of blocker 354 relative to clutch 152. Exemplary alternative position sensors
include hall effect sensors, current monitoring sensors, switched activated sensors, and other

suitable sensing devices for sensing a position of a mechanical device.

[00190] Referring to FIGS. 8 and 23, a power assembly 420 is illustrated. Power
assembly 420 is received in lower cavity 142 of core body 112 as illustrated in FIG. 26. Power
assembly 420 includes a first insulator housing 424 and a second insulator housing 426 which
capture contact 422 and a conductor 428. In one embodiment, conductor 428 is a beryllium
copper canted coil spring or other suitable conductive devices. Conductor 428 is in electrical
contact with operator actuation assembly 104 to receive power from battery 404 while permitting
a free rotation of operator actuation assembly 104 about axis 108. Contact 422 is in electrical
contact with conductor 428 to receive electrical power from conductor 428 and pass the electrical
power on to pogo pin 398. Power assembly 420 includes a central opening 628 to receive

operator actuation assembly 104.

[00191] Power assembly 420 is held in place in core body 112 by a stop 264 of core body
112 and a cover 630 threaded into a front portion 632 of core body 112. Cover 630 includes a
recess 634 which carries a conductor 636. Cover 630 is electrically coupled to core body 112

through the threaded engagement and conductor 636 is electrically coupled to cover 630. As
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mentioned herein, core body 112 is grounded and conductor 636 is in electrical contact with
operator actuation assembly 104 to ground operator actuation assembly 104. In one
embodiment, conductor 636 is a beryllium canted coil spring. Cover 630 includes a central

opening 640 to receive operator actuation assembly 104,

[00192] Referring to FIGS. 24 and 25, operator actuation assembly 104 is illustrated. All
of the components of operator actuation assembly 104 rotate about longitudinal axis 108 as a
unit. Operator actuation assembly 104 includes a power transfer ring 654 captured between a
first insulator ring 650 and a second insulator ring 652. Referring to FIG. 27, conductor ring 654
is in electrical contact with conductor 428 of power assembly 420 to transfer power to conductor
428 throughout a movement of operator actuation assembly 104 along axis 108 in direction 702
and direction 704. In one embodiment, conductor ring 654 is a brass power transfer ring.

Second insulator ring 652 includes a recess to receive a first leg 658 of a power transfer
conductor 660. A first end 664 of first leg 658 of conductor 660 is in electrical contact with
conductor ring 654. As shown in FIG. 27, first end 664 has a bent profile which biases first leg

658 of power transfer conductor 660 into contact with conductor ring 654.

[00193] At least a portion of first leg 658 of power transfer conductor 660 is covered by an
insulator sleeve 662. A second end 672 of second leg 670 of power transfer conductor 660 is
held in electrical contact with a conductor clip 674 which is in turn in electrical contact with a

terminal portion of battery 404.

[00194] First leg 658 of conductor 660 and insulator sleeve 662 also pass through a
channel 676 of a knob base shaft 680. As shown in FIG. 27, a stem 682 of knob base shaft 680
has an end portion 684 with a first diameter sized to be received within and generally match the
diameter of channel 250 of clutch 152 and a central opening 628 of power assembly 420. Stem
682 of knob base shaft 680 has an intermediate portion 686 with a second diameter, larger than
the first diameter of end portion 684, sized to be received within and generally match the

diameter of central opening 640 of cover 630.
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[00195] Knob base shaft 680 further includes a central opening 690 having a front portion
692 and a rear portion 694. Front portion 692 has a larger diameter than rear portion 694. Rear
portion 694 of central opening 690 includes a threaded portion 696 which is threadably engaged
by a threaded head 698 of a control pin 700. As shown in FIG. 27, control pin 700 is threaded
into knob base shaft 680 from the rear. As explained herein, an operator may engage control pin
700 with a tool (not shown) which is configured to engage tool engagement end 706 of control
pin 700. Illustratively, tool engagement end 706 of control pin 700 is a socket configured to
receive a hex head tool. The operator may advance control pin 700 in direction 702 (see FIG.
27) along longitudinal axis 108 and then subsequently retract control pin 700 in direction 704
along axis 108. As explained in more detail herein, an end 710 of control pin 700 may be used to

actuate bell crank 190.

[00196] Returning to FIGS. 24 and 25, operator actuation assembly 104 further includes a
knob base 720 and a battery support 722. Battery support 722 is coupled to knob base 720 with a
plurality of fasteners 724 threaded into apertures 726 of knob base 720. Knob base 720 includes
a central sleeve 730 and a base 732. A central opening 734 passes through both central sleeve

730 and base 732.

[00197] Sleeve 730 includes a first plurality of recesses 736 spaced around central opening
734 and a second plurality of recesses 738 spaced around central opening 734. First plurality of
recesses 736 receives protrusions 740 (see FIG. 15) of battery support 722. Second plurality of
recesses 738 receives protrusions 742 of knob base shaft 680. A longitudinal length of second
plurality of recesses 738 along longitudinal axis 108 is greater than a longitudinal length of
protrusions 742 of knob base shaft 680. As such, knob base 720 and battery support 722
function to capture knob base shaft 680, but permit relative movement between knob base shaft
680 and the assembly of knob base 720 and battery support 722 along axis 108 in direction 702
and direction 704. As shown in FIG. 27, a biasing member 750 is placed between a stop surface
752 in central opening 690 of knob base shaft 680 and a stop surface 754 of battery support 722.
Biasing member 750 biases the assembly of knob base 720 and battery support 722 in direction
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704 relative to knob base shaft 680 which as explained in more detail herein is fixably coupled to

clutch 152.

[00198] Referring to FIG. 27A, knob base shaft 680 is secured to clutch 152 with a
fastener, illustratively a set screw 712 which is threaded into a threaded bore 714 in clutch 152.
Set screw 712 presses against a flat 688 of knob base shaft 680 to prevent a rotation of knob base
shaft 680 relative to clutch 152 . As shown in FIG. 27A, knob base shaft 680 is threaded into
clutch 152 prior to set screw 712 being advanced in bore 714 into engagement with the flat 688
of knob base shaft 680.

[00199] Returning to FIG. 27, knob base 720 has a recess 760 into which a ring 762 is
placed. Ring 762 extends into a recess 764 in knob base shaft 680 to couple knob base shaft 680
to knob base 720 such that under a first level of force in direction 702, knob base shaft 680 and
knob base 720 move together. Under a second level of force in direction 702, greater than the
first level of force, ring 762 is displaced from recess 764 of knob base shaft 680 and knob base
720 may move in direction 702 relative to knob base shaft 680 as shown in FIG. 30.

[00200] An advantage, among others, for the release of ring 762 from recess 764 is that
the operator actuation assembly 104 as opposed to clutch 152 and blocker 354 will absorb the
excess force (which is passed on to core body 112 when operator actuation assembly 104
contacts the core body 112) thereby increasing the durability of lock core 100 from being
damaged. In one embodiment, ring 762 is a steel canted coil spring. Spring 750 also absorbs an
initial large spike of the external force and assists in returning operator actuation assembly 104 to

the position shown in FIG. 26.

[00201] Referring to FIGS. 24 and 25, operator actuation assembly 104 further includes a
battery holder board 780 which is received in recess 782 of battery support 722. Battery holder
board 780 includes the contacts which align with the terminals of battery 404 and a clip 786
which holds battery 404 against battery holder board 780. Battery holder board 780 further

includes a capacitive sensing circuit 784 and a power interrupt circuit 788.
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[00202] Capacitive sensing circuit 784 detects when an operator is in proximity of a knob
cover 790 of operator actuation assembly 104 or touches knob cover 790 of operator actuation
assembly 104. Power interrupt circuit 788 interrupts the power provided by battery 404 to
electrical assembly 350 for a short period of time when capacitive sensing circuit 784 detects an
operator is in proximity of a knob cover 790 of operator actuation assembly 104 or touches knob
cover 790 of operator actuation assembly 104. This interruption of power signals electronic
controller 380 that a potential operator is in close proximity to electro-mechanical lock core 100.
An advantage, among others, of including capacitive sensing circuit 784 and power interrupt
circuit 788 in operator actuation assembly 104 is that the components of electrical assembly 350
may be in a low power mode until the interruption of power is sensed and thus extend the life of
battery 404. In one embodiment, power interrupt circuit 788 is replaced with a signal
transmission unit that in response to a detection by capacitive sensing circuit 784 will send a

wake-up signal to electrical assembly 350.

[00203] Knob cover 790 is removably coupled to knob base 720. Referring to FIG. 25,
knob cover 790 includes three spaced apart groupings (one grouping shown) of a front rib 792
and a rear rib 794 which define a channel 796. The channels 796 receive a rib 798 (two
instances shown) of knob base 720 to hold knob cover 790 against axial movement in direction
702 or direction 704 relative to knob base 720. As explained herein, an assembly including knob
base 720 and knob cover 790 is capable of moving in direction 702 and direction 704. Knob
cover 790 is held against rotational movement in direction 802 (see FIG. 24) relative to knob
base 720 due to arm 804 of battery support 722 which is received in one of recesses 806 of knob
base 720 and against rotational movement in direction 800 relative to knob base 720 due to a

wall of knob base 720.

[00204] At various times, an operator will need to replace battery 404. In order to replace
battery 404, knob cover 790 needs to be removed from the remainder of operator actuation

assembly 104. Referring to Fig. 33, a knob cover removal tool 850 for removing knob cover 790
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is shown. Tool 850 includes a back housing 852 and a front housing 854 secured together with

fasteners 856.

[00205] A movable coupler 860 is captured between back housing 852 and front housing
854. A first operator actuatable portion 868 of movable coupler 860 extends through a window
866 of front housing 854. A second operator actuatable portion 870 of movable coupler 860
extends from a lower portion of front housing 854. Movable coupler 860 is moveable in

direction 888, direction 890, direction 892, and direction 894 relative to front housing 854.

[002006] Referring to FIG. 35, back housing 852 includes a lower portion having a
scalloped profile 862. The lower portion of back housing 852 includes a plurality of locators 864
which are spaced to be received in corresponding locators 880 of knob base 720. Movable
coupler 860 includes a locator 872 which is received in a corresponding locator 882 of knob
cover 790. As such, tool 850 is coupled to operator actuation assembly 104 through a mating of
locators 864 and 880 along a first direction generally parallel with axis 108 and through a mating
of locators 872 and 882 along a second direction generally perpendicular to the first direction of

locators 864 and 880.

[00207] Referring to FIGS. 36-38, a process for removing knob cover 790 from knob base
720 1s illustrated. Referring to FIG. 36, tool 850 is positioned so that back housing 852 is
between knob base 720 and lock cylinder 122 and the assembly knob base 720 and knob cover
790 is rotated in directions 892, 894 to align locators 880 of knob base 720 with locators 864 of
tool 850. Tool 850 is then moved in direction 704 to position locators 864 of tool 850 in locators

880 of knob base 720.

[00208] Movable coupler 860 is then moved downward in direction 890 to position locator
872 of tool 850 in locator 882 of knob cover 790 as shown in FIG. 37. Referring to FIGS. 39
and 40, locator 872 of tool 850 presses against arm 804 of battery support 722. Arm 804 of
battery support 722 moves in direction 890 within recesses 806 of knob base 720. This

movement of arm 804 downward permits front rib 792 and rear rib 794 of knob cover 790 to
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rotate in direction 892 such that rib 798 of knob base 720 is no longer positioned in channel 796
of knob cover 790. Referring to FIG. 38, this movement may be accomplished by moving
movable coupler 860 and knob cover 790 in direction 892 relative to front housing 854 and back
housing 852 which is held firm or by holding movable coupler 860 and knob cover 790 firm and
moving front housing 854 and back housing 852 in direction 894. Once rib 798 of knob base
720 is no longer positioned in channel 796 of knob cover 790, movable coupler 860 may be
moved up in direction 888 and knob cover 790 may be removed from knob base 720 in direction

704, as illustrated in FIG. 41. Then, battery 404 may be removed from battery holder board 780.

[00209] Referring to FIG. 43, with battery 404 removed an operator may access tool
engagement end 706 of control pin 700 to move control pin 700 in one or directions 702 and
704. As explained in more detail herein, the position of control pin 700 is important to a
movement of core keeper 110 from outside of core body 112 (see FIG. 42) to inside of core body

112 (see FIG. 44).

[00210] Various operations of electro-mechanical lock core 100 are explained with
reference to FIGS. 26-32. FIG. 26 illustrates a sectional view of electro-mechanical lock core
100 with blocker 354 in the first blocking position of FIG. 20 wherein a lower portion of blocker
354 is received in circumferential groove 466 of clutch 152. FIG. 26 is the rest position of
electro-mechanical lock core 100. In the rest position, operator actuation assembly 104 and
clutch 152 are freely rotatable about longitudinal axis 108 and blocker 354 prevents the axial
movement of clutch 152 in direction 702. Thus, clutch 152 remains spaced apart from core plug
body 160 and core plug body 160 cannot be rotated about longitudinal axis 108 to rotate core

plug cover 162 and the locking device coupled to core plug cover 162.

[00211] Referring to FIG. 28, blocker 354 has been moved in direction 464 by motor 352
to the second release position of FIG. 21 wherein a lower portion of blocker 354 is positioned
outside of circumferential groove 466. This is an access position for electro-mechanical lock

core 100. With blocker 354 removed from circumferential groove 466 of clutch 152, an operator
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may move operator actuation assembly 104 and clutch 152 in direction 702 to bring engagement
features 156 of clutch 152 into engagement with engagement features 154 of core plug body 160,
as illustrated in FIG. 29. With engagement features 156 of clutch 152 engaged with engagement
features 154 of core plug body 160, an operator may rotate operator actuation assembly 104 to
effect a rotation of core plug cover 162 and an actuation of the locking device coupled to core

plug cover 162.

[00212] As shown in FIG. 29, even though engagement features 156 of clutch 152 are
engaged with engagement features 154 of core plug body 160, control pin 700 remains spaced
apart from bell crank 190. As such, second leg 240 of bell crank 190 remains below opening 238
of control sleeve 164 (see FIG. 13) and control sleeve 164 does not rotate with core plug body
160. Therefore, core keeper 110 remains positioned external to core body 112 as shown in FIG.
42. To assist in maintaining core keeper 110 external to core body 112 when control sleeve 164
is not locked to core plug body 160 through bell crank 190, a biasing member 900, illustratively
a torsion spring, is coupled to a protrusion 910 of core body 112 with a first leg 902 that presses
against core keeper 110 and a second leg that presses against core body 112. Torsion spring 900

biases core keeper 110 to be positioned external to core body 112.

[00213] An exemplary biasing member 1900 of second exemplary core assembly 1102 is
illustrated in FIGS. 50A, 50B, and 53-55. Turning to FIGS 50A and 50B, upper cavity 1140 of
core body 1112 receives a control assembly 1146. Similar to control assembly 146 of core
assembly 102, control assembly 1146 restricts various movements of lock actuator assembly
1144 to restrict unauthorized actuation of a cam member 1126 and/or to restrict movement of

core keeper 1110.

[00214] Control assembly 1146 is held in place relative to core body 1112 with a top
cover 1280 and a rear cover 1282 and includes a cradle 1272, a light guide 266, and a blocker
1354 (see FIG. 52). In the exemplary embodiment of FIGS. 50A, 50B, and 53-55, a bottom side
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of cradle 1272 is defined by a generally arcuate surface. Turning to FIG. 50B, cradle 1272 on a
bottom side includes biasing member 1900 integrally formed with cradle 1272. In another
exemplary embodiment, biasing member 1900 comprises one or more independent components
and is supported by cradle 1272. A bottom side of cradle 1272 further includes a recess 1372 to
accommodate core keeper 1110 when core keeper 1110 is positioned within an envelope of core

body 1112.

[00215] In the exemplary embodiment shown in FIG. 53, biasing member 1900 includes a
base 1901 integrally formed with cradle 1272. A biasing arm 1903 is integrally formed with base
1901 and extends generally outwardly therefrom. In this way, biasing arm 1903 cantilevers from
base 1901. In the exemplary embodiment shown in FIGS. 50B and 53-55, biasing arm 1903
mirrors the generally arcuate shape of a bottom side of cradle 1272. A distal end of biasing arm
1903 includes a raised portion configured to abut core keeper 1110 when core keeper 1110 is
either positioned outside of the envelope of core body 1112 (see FIG. 53) or when core keeper

1110 is received at or immediately within the envelope of core body 1112 (see FIGS. 54 and 55).

[00216] As illustrated in FIG. 53, biasing member 1900 biases core keeper 1110 to be
positioned external to core body 1112. Accordingly, core keeper 1110 remains outside the
envelope of core body 1112 unless and until a torque in a direction 1894 is applied to control
sleeve 1164 sufficient to overcome a biasing torque exerted by biasing member 1900 in direction
1892. When such a sufficient torque is applied to control sleeve 1164 in direction 1894, biasing
arm 1903 deflects upwardly relative to base 1901. As torque is continually applied to control
sleeve 1164 in direction 1894, core keeper 1110 rotates inwardly past the raised portion of the
distal end of biasing arm 1903 and is retracted within the envelope of core body 1112. Once core
keeper 1110 has rotated past the raised portion of the distal end of biasing arm 1903, biasing arm
1903 returns to its original shape and core keeper 1110 is now retained within the envelope of
core body 1112. Core keeper 1110 remains within the envelope of core body 1112 unless and

until a torque in direction 1892 is applied to control sleeve 1164 sufficient to upwardly deflect
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biasing arm 1903 relative to base portion 1901 such that core keeper 1110 is positioned outside

of core body 1112.

[00217] Referring back to FIGS. 31 and 32, control pin 700 has been moved in direction
702 relative to knob base shaft 680. The ability to move control pin 700 in direction 702 relative
to clutch 152 is limited because the head of control pin 700 bottoms out against the clutch 152.
An advantage, among others, is that an unauthorized operator is unable to visually inspect the
region between clutch 152 and core plug 160 and to prevent the ability to inject an adhesive in

the space between clutch 152 and core plug 160.

[00218] FIG. 31 corresponds to FIG. 26 and FIG. 32 corresponds to FIG. 29. In FIG. 32,
electro-mechanical lock core 100 is in a control position wherein control pin 700 actuates bell
crank 190 to raise second leg 240 of bell crank 190 into opening 238 of control sleeve 164. With
second leg 240 of bell crank 190 in opening 238 of control sleeve 164 and engagement features
156 of clutch 152 are engaged with engagement features 154 of core plug body 160, when an
operator rotates operator actuation assembly 104 about longitudinal axis 108 control sleeve 164
rotates with core plug body 160 and core keeper 110 is retracted to within core body 112. With
core keeper 110 retracted into core body 112, electro-mechanical lock core 100 may be removed

from lock cylinder 122.

[00219] While this invention has been described as having exemplary designs, the present
invention can be further modified within the spirit and scope of this disclosure. This application
is therefore intended to cover any variations, uses, or adaptations of the invention using its
general principles. Further, this application is intended to cover such departures from the present
disclosure as come within known or customary practice in the art to which this invention

pertains.
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WHAT IS CLAIMED IS:

L. An interchangeable lock core for use with a lock device having a locked state and an unlocked
state, the interchangeable lock core removable from an opening of the lock device with the aid of a tool,
the interchangeable lock core comprising:

a lock core body having an exterior lock core body envelope, the lock core body including an
upper lock core body having a first cylindrical portion with a first maximum lateral extent, a lower lock
core body having a second cylindrical portion with a second maximum lateral extent, and a waist having a
third maximum lateral extent, the third maximum lateral extent being less than the first maximum lateral
extent and being less than the second maximum lateral extent;

a moveable plug positioned within a lower portion of the lock core, the moveable plug having a
first position relative to the lock core body which corresponds to the lock device being in the locked state
and a second position relative to the lock core body which corresponds to the lock device being in the
unlocked state, the moveable plug being rotatable between the first position and the second position about
a moveable plug axis;

an operator actuation assembly operable to selectively actuate the moveable plug, the operator
actuation assembly moveably supported by the lock core body;

a core keeper moveably coupled to the lock core body, the core keeper positionable in a retain
position wherein the core keeper extends beyond the lock core body envelope to hold the lock core body
in the opening of the lock device and a remove position wherein the core keeper is retracted relative to the
lock core body envelope to permit removal of the lock core body from the opening of the lock device; and

an actuator adjustably supported relative to the lock core body, a position of the actuator relative
to the lock core body being adjustable, the actuator having an allow position allowing the core keeper to
be actuated from the retain position to the remove position and a disallow position wherein the actuator
does not allow the core keeper to be actuated by the interchangeable lock core between the retain position
and the remove position, the actuator having a tool receiver adapted to be engaged with the tool such that
the tool can move the actuator between the allow position and the disallow position, the tool receiver
positioned within the operator actuation assembly envelope when viewed from a direction along the

moveable plug axis.
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2. The interchangeable lock core of claim 1, wherein the moveable plug axis intersects the operator

actuation assembly, the operator actuation assembly envelope defined about the moveable plug axis.

3. The interchangeable lock core of claim 1, wherein the tool receiver of the actuator includes a

socket sized to receive the tool.

4, The interchangeable lock core of claim 1, wherein the operator actuation assembly includes a
cover removeable from a remainder of the operator actuation assembly to provide access to the tool

receiver of the actuator.

5. The interchangeable lock core of claim 1, further comprising:

a cam; and

a control sleeve carrying the core keeper, the actuator operable in the allow position to position
the cam to rotationally lock the control sleeve to the moveable plug, whereby rotational movement of the
moveable plug when the control sleeve is rotationally locked to the moveable plug rotates the control
sleeve to move the core keeper from the retain position to the remove position;

in the allow position, the actuator is operatively coupled to the core keeper through the cam and

the control sleeve.

6. The interchangeable lock core of claim 35, wherein the cam comprises a bell crank.

7. The interchangeable lock core of claim 1, wherein the actuator undergoes a rotation to move

between the allow position and the disallow position.

8. The interchangeable lock core of claim 7, wherein the actuator undergoes both the rotation and a

translation to move between the allow position and the disallow position.
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9. An interchangeable lock core for use with a lock device having a locked state and an unlocked
state, the interchangeable lock core being removable from an opening of the lock device, the
interchangeable lock core comprising:

a lock core body having an exterior lock core body envelope;

a moveable plug positioned in the lock core body, the moveable plug having a first position
relative to the lock core body which corresponds to the lock device being in the locked state and a second
position relative to the lock core body which corresponds to the lock device being in the unlocked state;

a core keeper moveably coupled to the lock core body, the core keeper positionable in a retain
position wherein the core keeper extends beyond the lock core body envelope to hold the lock core body
in the opening of the lock device and a remove position wherein the core keeper is retracted relative to the
lock core body envelope to permit removal of the lock core body from the opening of the lock device;

an actuator moveable relative to the core keeper, the actuator supported by the lock core body and
moveable relative to the lock core body in multiple degrees of freedom, the actuator having a first
position corresponding to the remove position of the core keeper and a second position corresponding to
the retain position of the core keeper, the actuator requiring a movement in ¢ach of two degrees of

freedom to move from the second position to the first position.

10. The interchangeable lock core of claim 9, wherein the movement in each of two degrees of

freedom comprises a translation and a rotation.

11. The interchangeable lock core of claim 10, whereby, after the translation, the actuator is
operatively coupled to the core keeper, whereby, after the translation, the rotation of the actuator produces
a rotation of the core keeper.

12. The interchangeable lock core of claim 9, wherein the actuator comprises a tool receiving socket.

13. The interchangeable lock core of claim 9, wherein the actuator comprises a control pin threadedly

received in the interchangeable lock core.
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14. The interchangeable lock core of claim 9, wherein the actuator comprises a bell crank, the two

degrees of freedom comprising two rotational degrees of freedom.

15. An interchangeable lock core for use with a lock device having a locked state and an unlocked
state, the interchangeable lock core being removable from an opening of the lock device with the aid of a
tool, the interchangeable lock core comprising:

a lock core body having an exterior lock core body envelope;

a moveable plug positioned in the lock core body, the moveable plug having a first position
relative to the lock core body which corresponds to the lock device being in the locked state and a second
position relative to the lock core body which corresponds to the lock device being in the unlocked state;

a core keeper moveably coupled to the lock core body, the core keeper positionable in a retain
position wherein the core keeper extends beyond the lock core body envelope to hold the lock core body
in the opening of the lock device and a remove position wherein the core keeper is retracted relative to the
lock core body envelope to permit removal of the lock core body from the opening of the lock device; and

an actuator moveably supported relative to the lock core body, the actuator having an allow
position allowing the core keeper to be actuated from the retain position of the core keeper to the remove
position of the core keeper and a disallow position wherein the actuator does not allow the core keeper to
be actuated by the interchangeable lock core between the retain position and the remove position, the
actuator having a tool receiver adapted to be engaged with the tool such that a rotation of the tool relative
to the plug will move the actuator between the allow position and the disallow position when the tool is

engaged with the tool receiver.

16. The interchangeable lock core of claim 15, wherein the tool receiver of the actuator includes a

socket sized to receive the tool.

17. The interchangeable lock core of claim 15, wherein the rotation of the tool relative to the plug to
move the actuator between the allow position and the disallow position causes a linear displacement of

the actuator.

18. The interchangeable lock core of claim 15, further comprising:
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a cam; and

a control sleeve carrying the core keeper, the actuator operable in the allow position to position
the cam to rotationally lock the control sleeve to the moveable plug, whereby rotational movement of the
moveable plug when the control sleeve is rotationally locked to the moveable plug rotates the control
sleeve to move the core keeper from the retain position to the remove position;

in the allow position, the actuator operatively coupled to the core keeper through the cam and the control

sleeve.
19. The interchangeable lock core of claim 18, wherein the cam comprises a bell crank.
20. The interchangeable lock core of claim 15, wherein the actuator undergoes a rotation to move

between the allow position and the disallow position.

21. The interchangeable lock core of claim 15, wherein the actuator undergoes both a rotation and a

translation to move between the allow position and the disallow position.

22. An interchangeable lock core for use with a lock device having a locked state and an unlocked
state, the interchangeable lock core being removable from an opening of the lock device, the
interchangeable lock core comprising:

a lock core body having an exterior lock core body envelope, a first end, and a second end;

a moveable plug positioned in the lock core body proximate the first end of the lock core body,
the moveable plug having a first position relative to the lock core body which corresponds to the lock
device being in the locked state and a second position relative to the lock core body which corresponds to
the lock device being in the unlocked state, the moveable plug being rotatable between the first position
and the second position about a moveable plug axis;

a control sleeve carrying a core keeper and moveably coupled to the lock core body, the core
keeper positionable by the control sleeve in a retain position wherein the core keeper extends beyond the

lock core body envelope to hold the lock core body in the opening of the lock device and a remove
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position wherein the core keeper is retracted relative to the lock core body envelope to permit removal of
the lock core body from the opening of the lock device;

a coupler moveably supported in the lock core body, an end of the coupler moveable in a
movement toward the first end of the lock core body between a disallow position wherein the coupler
does not allow the core keeper to be actuated by the interchangeable lock core between the retain position
and the remove position and an allow position allowing the core keeper to be actuated between the retain
position and the remove position, a further movement of the coupler while the coupler maintains the
allow position resulting in a movement of the core keeper between the retain position and the remove
position; and

an actuator engageable with the coupler to actuate the coupler between the disallow position and

the allow position.

23. The interchangeable lock core of claim 22, wherein the further movement of the coupler while the

coupler maintains the coupled position comprises a rotation of the coupler.

24, The interchangeable lock core of claim 22, wherein the coupler comprises a bell crank rotatably
supported in the lock core body and rotatable between the disallow position and the allow position, a
rotation of the bell crank resulting in the movement of the end of the coupler toward the first end of the

lock core body.

25. The interchangeable lock core of claim 22, further comprising:

an operator actuation assembly operable to selectively actuate the moveable plug, the operator
actuation assembly moveably supported by the lock core body, the actuator rotatable about an actuator
axis to actuate the coupler between the disallow position and the allow position, the actuator axis

intersecting the operator actuation assembly.

26. The interchangeable lock core of claim 22, wherein the actuator comprises a control pin rotatably

supported in the lock core body.
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27. The interchangeable lock core of claim 22, wherein the actuator undergoes a movement in

multiple degrees of freedom to actuate the coupler between the disallow position and the allow position.

28. The interchangeable lock core of claim 27, wherein the movement in multiple degrees of freedom

comprises a translation and a rotation.

29. The interchangeable lock core of claim 27, wherein the movement is relative to the moveable
plug, wherein the actuator moves relative to the moveable plug to actuate the coupler between the

disallow position and the allow position.

30. An interchangeable lock core for use with a lock device having a locked state and an unlocked
state, the interchangeable lock core removable from an opening of the lock device, the interchangeable
lock core comprising:

a lock core body having an exterior lock core body envelope;

a moveable plug positioned in the lock core body, the moveable plug having a first position
relative to the lock core body which corresponds to the lock device being in the locked state and a second
position relative to the lock core body which corresponds to the lock device being in the unlocked state,
the moveable plug being rotatable between the first position and the second position about a moveable
plug axis;

a control sleeve positioned about the moveable plug;

a core keeper moveably coupled to the lock core body, the core keeper positionable by the control
sleeve in a retain position wherein the core keeper extends beyond the lock core body envelope to hold
the lock core body in the opening of the lock device and a remove position wherein the core keeper is
retracted relative to the lock core body envelope to permit removal of the lock core body from the
opening of the lock device;

a motor supported by the lock core body; and

a blocker positioned within the lock core body and moveable by the motor between a first
position and a second position; with the blocker in the first position, the control sleeve rotatable by the

interchangeable lock core to move the core keeper between the retain position and the remove position;
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with the blocker in the second position, the control sleeve is not rotatable by the interchangeable lock core

to move the core keeper between the retain position and the remove position.

31. The interchangeable lock core of claim 30, further comprising:

an actuator, the actuator moveably supported relative to the lock core body, a position of the
actuator relative to the lock core body being adjustable, the actuator having an allow position allowing the
core keeper to be actuated between the retain position and the remove position, the actuator having a
disallow position disallowing the core keeper to be actuated between the retain position and the remove

position.

32. The interchangeable lock core of claim 31, wherein the actuator comprises a control pin

threadedly received in the interchangeable lock core.

33. The interchangeable lock core of claim 31, wherein the actuator undergoes a movement in

multiple degrees of freedom to actuate the actuator between the disallow position and the allow position.

34. The interchangeable lock core of claim 33, wherein the movement in multiple degrees of freedom

comprises a translation and a rotation.

35. The interchangeable lock core of claim 33, wherein the movement is relative to the moveable
plug, wherein the actuator moves relative to the plug to actuate the coupler between the disallow position

and the allow position.

36. The interchangeable lock core of claim 31, wherein the actuator includes a tool receiver adapted
to be engaged with a tool such that the tool can move the actuator between the allow position and the

disallow position.

37. The interchangeable lock core of claim 36, further comprising:
an operator actuation assembly operable to selectively actuate the moveable plug, the operator

actuation assembly moveably supported by the lock core body, the actuator rotatable about an actuator
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axis to actuate the actuator between the disallow position and the allow position, the actuator axis

intersecting the operator actuation assembly.

38. An interchangeable lock core for use with a lock device having a locked state and an unlocked
state, the interchangeable lock core being removable from an opening of the lock device, the

interchangeable lock core comprising:

a lock core body having an exterior lock core body envelope, a first end, and a second end;

a moveable plug positioned in the lock core body proximate the first end of the lock core body,
the moveable plug having a first position relative to the lock core body which corresponds to the lock
device being in the locked state and a second position relative to the lock core body which corresponds to
the lock device being in the unlocked state, the moveable plug being rotatable between the first position
and the second position about a moveable plug axis;

a core keeper moveably coupled to the lock core body, the core keeper positionable in a retain
position wherein the core keeper extends beyond the lock core body envelope to hold the lock core body
in the opening of the lock device and a remove position wherein the core keeper is retracted relative to the
lock core body envelope to permit removal of the lock core body from the opening of the lock device; and

an actuator translationally supported within the lock core body, the actuator translatable in a
direction toward the first end of the lock core body, the actuator having an allow position allowing the
core keeper to be actuated between the retain position and the remove position and a disallow position
wherein the actuator does not allow the core keeper to be actuated by the interchangeable lock core

between the retain position and the remove position, the actuator biased toward the disallow position.

39. The interchangeable lock core of claim 38, wherein the actuator is completely contained with the
lock core body.
40. The interchangeable lock core of claim 38, wherein the actuator undergoes a movement in

multiple degrees of freedom to actuate the actuator between the disallow position and the allow position.
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41. The interchangeable lock core of claim 40, wherein the movement in multiple degrees of freedom

comprises a translation and a rotation.

42. The interchangeable lock core of claim 40, wherein the movement is relative to the moveable
plug, wherein the actuator moves relative to the plug between the disallow position and the allow

position.

43, The interchangeable lock core of claim 38, further comprising:

an operator actuation assembly operable to selectively actuate the moveable plug, the operator
actuation assembly moveably supported by the lock core body, the actuator rotatable about an actuator
axis to actuate the actuator between the disallow position and the allow position, the actuator axis

intersecting the operator actuation assembly.

44, The interchangeable lock core of claim 38, further comprising:

an operator actuation assembly operable to selectively actuate the moveable plug, the operator
actuation assembly moveably supported by the lock core body, the actuator rotatable about an actuator
axis to actuate the actuator between the disallow position and the allow position, the actuator axis

intersecting the operator actuation assembly.

45. An interchangeable lock core for use with a lock device having a locked state and an unlocked
state, the interchangeable lock core being removable from an opening of the lock device, the
interchangeable lock core comprising:

a lock core body having an exterior lock core body envelope, a first end, and a second end;

a moveable plug positioned in the lock core body proximate the first end of the lock core body,
the moveable plug having a first position relative to the lock core body which corresponds to the lock
device being in the locked state and a second position relative to the lock core body which corresponds to
the lock device being in the unlocked state, the moveable plug being rotatable between the first position
and the second position about a moveable plug axis;

an operator actuation assembly supported by the lock core body and extending beyond the second

end of the lock core body, the operator actuation assembly having a first configuration wherein the
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operator actuation assembly is freely rotatable relative to the lock core body and is decoupled from the
moveable plug and a second configuration wherein the operator actuation assembly is coupled to the
moveable plug to move the moveable plug from the first position to the second position, the operator
actuation assembly being coupled to the lock core body in both the first configuration and the second
configuration;

a core keeper moveably coupled to the lock core body, the core keeper positionable in a retain
position wherein the core keeper extends beyond the lock core body envelope to hold the lock core body
in the opening of the lock device and a remove position wherein the core keeper is retracted relative to the
lock core body envelope to permit removal of the lock core body from the opening of the lock device;

an actuator translationally supported within the lock core body, the actuator translatable in a
direction toward the first end of the lock core body, the actuator having an allow position allowing the
core keeper to be actuated from the retain position to the remove position and a disallow position wherein
the actuator does not allow the core keeper to be acutated by the interchangeable lock core between the
retain position and the remove position, the actuator biased toward the second position; and

a motor supported by the lock core body, the motor controlling when the operator actuation

assembly is in the first configuration and when the actuator is in the disallow position.

46. The interchangeable lock core of claim 45, wherein the actuator undergoes a movement in

multiple degrees of freedom to actuate the actuator between the disallow position and the allow position.

47. The interchangeable lock core of claim 46, wherein the movement in multiple degrees of freedom

comprises a translation and a rotation.
48. The interchangeable lock core of claim 46, wherein the movement is relative to the moveable
plug, wherein the actuator moves relative to the moveable plug to actuate the coupler between the

disallow position and the allow position.

49, The interchangeable lock core of any of claims 1-8, 15-21, and 38-48, wherein the actuator

includes a control pin threadedly received in the interchangeable lock core.
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50. The interchangeable lock core of claim 49, wherein, in the allow position, the actuator is
operatively coupled to the core keeper, whereby a rotation of the actuator coincides with a rotation of the

core keeper.

51. The interchangeable lock core of claims 1-8, 15-21, and 38-48, wherein, in the allow position, the

actuator is operatively coupled to the core keeper via the moveable plug.

52. The interchangeable lock core of claim 1-8, 15-21, and 38-48, wherein, in the disallow position,

the actuator is operatively decoupled from the core keeper.

53. The interchangeable lock core of any of claims 9-24, 26-36, and 38-42, further comprising:
an operator actuation assembly operable to selectively actuate the moveable plug, the operator

actuation assembly moveably supported by the lock core body.
54. The interchangeable lock core of any of claims 1-8, 25, 37, 43-48, and 53, wherein the operator
actuation assembly comprises a knob including a removeable knob cover selectively covering a power

source located in the knob.

55. The interchangeable lock core of any of claims 1-8, 25, 37, 43-48, and 53,, wherein the operator

actuation assembly includes a power source.

56. The interchangeable lock core of any of claims 54 and 55, wherein the power source comprises a

battery.

57. The interchangeable lock core of any of claims 54, 55, and 56, wherein the knob further

comprises a tool access through which a tool can be positioned to enter the lock core body.

58. The interchangeable lock core of claim 57, wherein the power source covers the tool access when

the power source is operably engaged with the operator actuation assembly, whereby the power source
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must be removed from the operator actuation assembly to allow the tool to enter the lock core body

through the tool access.

59. The interchangeable lock core of any of claims 9-58, wherein the lock core body includes an
upper lock core body having a first cylindrical portion with a first maximum lateral extent, a lower lock
core body having a second cylindrical portion with a second maximum lateral extent, and a waist having a
third maximum lateral extent, the third maximum lateral extent being less than the first maximum lateral

extent and being less than the second maximum lateral extent.

60. The interchangeable lock core of any of claims 1-8, and 59, wherein the core keeper extends from

the waist of the lock core body in the retain position.

61. The interchangeable lock core of any of claims 1-4, 7-17, 20, 21, and 38-60, further comprising:

a control sleeve carrying the core keeper, the moveable plug positioned within the control sleeve.

62. The interchangeable lock core of claim 61, further comprising:
a cam positionable to rotationally lock the control sleeve to the moveable plug, whereby
rotational movement of the moveable plug when the control sleeve is rotationally locked to the moveable

plug rotates the control sleeve to move the core keeper from the retain position to the remove position.

63. The interchangeable lock core of claim 62, wherein the cam comprises a bell crank.

64. The interchangeable lock core of any of the preceding claims, wherein the operator actuation

assembly and lock core body are removeable together as a subassembly from the lock device.

65. The interchangeable lock core of any of the preceding claims, wherein in the remove position the

core keeper is positioned completely within the lock core body envelope.

66. The interchangeable lock core of any of the preceding claims, further comprising a lock interface

positioned proximate a first end of the lock core body.
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67. The interchangeable lock core of claim 66, wherein the lock interface includes a plurality of

recesses sized to receive a plurality of lock pins of a lock cylinder.

68. The interchangeable lock core of claim 66, further comprising:

an operator actuation assembly operable to selectively actuate the moveable plug, the operator
actuation assembly moveably supported by the lock core body, the operator actuation assembly positioned
proximate a second end of the lock core body, the second end of the lock core body opposite the first end

of the lock core body.

69. The interchangeable lock core of claim 68, wherein the core keeper is positioned intermediate the

lock interface and the operator actuation assembly.

70. The interchangeable lock core of any of the preceding claims, wherein the lock core body
comprises:

a core body, the moveable plug positioned in the core body;

a top cover selectively securable to the core body; and

a rear cover selectively securable to the top cover.

71. The interchangeable lock core of any of the preceding claims, wherein the moveable plug does

not require a translational movement to move between the first position and the second position.

72. The interchangeable lock core of any of claims 1-29, 38-44, and 49-71, further comprising:
a clutch engageable with the moveable plug in an engage position in which the clutch is able to
impart a rotation to the moveable plug to actuate the moveable plug between the first position and the

second position.

73. The interchangeable lock core of claim 72, further comprising a motor supported by the lock core

body, the motor actuatable between a motor disallow position in which the clutch is disallowed from
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achieving the engage position and a motor allow position in which the clutch is allowed to achieve the

engage position.

74. The interchangeable lock core of claim 73, further comprising:

a clutch engagement feature of the moveable plug engageable with the clutch.

75. The interchangeable lock core of any of claims 30-37, 45-48, and 73, wherein the motor is

positioned exterior to the moveable plug.

76. The interchangeable lock core of claim 75, further comprising a motor control communicatively

connected to the motor, the motor control exterior to the moveable plug.

77. The interchangeable lock core of claim 75, wherein the motor maintains a fixed spacing from the

moveable plug.

78. The interchangeable lock core of any of claims 1-8 and 59, wherein the lock core body
comprises:
a core body comprising the lower lock core body, the moveable plug positioned in the core body;
a top cover selectively securable to the core body, the upper lock core body including the top
cover; and

a rear cover selectively securable to the top cover.

79. The interchangeable lock core of any of claims 1-8 and 59, wherein the moveable plug is

positioned in the lower lock core body.

80. The interchangeable lock core of claim 79, further comprising:
a motor actuatable between a motor disallow position in which an operator is blocked
from actuating the moveable plug to an allow position in which an operator is allowed to actuate the

moveable plug.
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81. The interchangeable lock core of claim 80, wherein the motor is positioned in the upper lock core
body.
82. The interchangeable lock core of any of claims 1-8, further comprising:

a motor actuatable between a motor disallow position in which the operator actuation
assembly is disallowed from actuating the moveable plug and a motor allow position in which the

operator actuation assembly is allowed to actuate the moveable plug.

83. The interchangeable lock core of any of 9-24, 26-36, and 38-42, further comprising:

an operator actuation assembly operable to selectively actuate the moveable plug, the
operator actuation assembly moveably supported by the lock core body; and

a motor actuatable between a motor disallow position in which the operator actuation
assembly is disallowed from actuating the moveable plug and a motor allow position in which the

operator actuation assembly is allowed to actuate the moveable plug.

84. The interchangeable lock core of any of claims 1-8, 15-29, and 31-48, wherein, in the disallow

position, the actuator is decoupled from the core keeper.

85. A method of actuating an interchangeable lock core to a removal position, comprising:

inserting a tool into the interchangeable lock core, the inserting step comprising the step of
actuating the tool relative to an actuator internal to the interchangeable lock core, the lock core body
having a first end and a second end opposite the first end;

with the tool, axially translating the actuator internal to the interchangeable lock core toward the
first end of the lock core body of the interchangeable lock core to allow a core keeper to be positioned in
a remove position permitting removal of the lock core body from a lock device; and

positioning the core keeper in the remove position permitting removal of the lock core body from

the lock device.

86. The method of claim 85, wherein the step of axially translating the actuator comprises the step of

rotating the actuator thereby causing an axially translation of the actuator.

67



WO 2019/051337 PCT/US2018/050117

87. The method of claim 85, wherein the step of axially translating the actuator results in the

additional step of actuating a coupler into a coupled positioned in which the coupler is coupled to the core

keeper.
88. The method of claim 85, wherein the positioning step occurs after the translating step.
89. The method of claim 88, wherein the translating step comprises the step of rotating the tool.

90. The method of claim 88, wherein the inserting step comprising the step of inserting the tool
through an opening in the lock core body, the method further comprising the step of piloting the tool from

a position exterior of the lock core body through the opening and into an interior of the lock core body.

91. The method of claim 88, wherein the interchangeable lock core further includes an operator
actuation assembly operable to selectively actuate the moveable plug, the operator actuation assembly
moveably supported by the lock core body, the operator actuation assembly including a removeable cover
selectively covering the remainder of the operator actuation assembly, the method further comprising the
step of’

removing the cover prior to the inserting step to uncover an access in the operator actuation
assembly, the inserting step further comprising the step of inserting the tool through the access in the

operator actuation assembly.

92. The method of claim 88, further comprising the step of rotating the actuator relative to the

interchangeable lock core.
93. The method of claim 88, wherein the interchangeable lock core further comprises a control sleeve

carrying the core keeper, and wherein the step of translating the actuator comprises the step of translating

the actuator relative to the control sleeve.
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94. An electro-mechanical interchangeable locking core for use with a locking device,

comprising:
a housing;
an operator actuation assembly coupled to the housing;

a lock actuator assembly positioned within the housing and operatively coupled to the
operator actuation assembly, the lock actuator device including means for actuating the locking

device; and

a control assembly positioned within the housing, the control assembly including means

for controlling when the lock actuator device may actuate the locking device.
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