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DESCRIPTION

Description

FIELD

[0001] The present disclosure relates generally to improve key operated locks. More
particularly, but not by way of limitation, this disclosure relates to an improved key operated
lock incorporating mechanisms adapted to permit the lock to be easily and rapidly changed for
operation by different individual keys, and also to be changed so that a selected master key
can be utilized for opening a number of such locks.

BACKGROUND

[0002] Business establishments, or even homes, often desire to be able to change one or
more locks so that the key normally used for opening the lock is changed, and an old key
which has previously been operative to open the lock will no longer work. Moreover, preferred
locks are of the type adapted to having the tumblers forming portions of the lock mechanism
changed in their operative status relative to each other without the necessity of disassembling
the lock, or removing it from the door in which it is located.

[0003] In various business establishments such as motels, hotels, and chains of department
stores, a great many locks are frequently utilized. In most cases, the business desires a master
key which will unlock any one of these locks in the event persons in possession of the regular
keys for unlocking the locks are unavailable or to allow one master key to access various locks
which require separate change keys (also called "patron keys"). With the provision of one or
more master keys, which are maintained in the custody of a few selected personnel, the
versatility of this type of lock in a multi-lock situation is increased. Situations arise, however,
from time to time, in which a custodian of a master key leaves the employ of the organization
where the locks are utilized, and, through inadvertence or intent, takes one of the master keys
which will unlock any of the locks in use of the type described, and will continue to unlock such
locks even though the dimensions of the tumblers in the locks may be changed to
accommodate new individual change keys. The security of the establishment is obviously
compromised by the loss of master keys in this manner, and the usefulness of the lock is
enhanced if it can be changed so that master keys, which would previously effectively unlock or
open the lock, can no longer be used, and new master keys are required for this purpose. The
usefulness of the lock is further enhanced, if it can be changed to accommodate a new master
key without the necessity for removing the lock from the door or disassembling the lock.
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[0004] Previously proposed locks having provisions for changing the patron key combination
and the master key combination have not proved entirely satisfactory as they employ a large
number of intricate parts and are extremely complex in construction and operation. Certain of
these locks have relatively large physical dimensions and are therefore limited to specific
applications. Also, the number of permutations to which the combination may be changed has
been severely limited. In addition, certain of these previously proposed locks require special
keys, which are significantly different from conventional keys.

[0005] CA 954326 A discloses a key operated lock. US 6,935,146 B1 discloses a changeable
lock assembly.

SUMMARY

[0006] In accordance with one series of embodiments of the current disclosure, there is
provided a key-operated lock comprising a housing, a core (generally, known in the industry as
a plug) and a set of pin stacks. The housing has a circularly cross-sectioned bore therein
defined by a bore wall. The bore has an axial direction. The housing has a set of driver
chambers aligned along the axial direction with each driver chamber extending radially towards
the bore. Further, the housing has a set of inactive master-pin chambers aligned along the
axial direction with each inactive master-pin chamber extending radially towards the bore. The
set of inactive master-pin chambers are spaced circumferentially around the bore from the set
of driver chambers and each inactive master-pin chamber aligns circumferentially with a
respective driver chamber.

[0007] The core is rotatably mounted in the bore and has a main key slot and a change tool
slot formed therein. Both the main key slot and change tool slot extend substantially parallel to
the axial direction. The core has an outer cylindrical surface which meets the bore wall at a
shear line.

[0008] Each pin stack comprises pin stack elements, which include a driver and a tumbler. The
driver is movably mounted in one of the driver chambers for radial movement relative to the
bore in the housing, and for movement partially into the bore in the housing. The tumbler
assembly is movably mounted in the core for radial movement relative to the bore in the body
and moveable to a position projecting from the core. In a key-pull position of the core, the
tumbler assembly is radially aligned with the driver. Further, the tumbler assemblies including a
plurality of releasably engaged parts movable relative to each other upon disengagement to
change a dimension of the tumbler assemblies. The releasably engaged parts are disengaged
by insertion of a change tool into the change tool slot when the core is in a top-master-rekey
position.

[0009] Additionally, for at least one of the pin stacks, the pin stack elements further comprise
one or more master pins. Each master pin is moveable between a position within the core
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above the respective tumbler assembly and a position in the inactive master-pin chamber
when the core is in a basic rekey position (also called patron rekey position) in which the
tumbler assembly is radially aligned with the set of inactive master-pin chambers.

[0010] Generally, the pin stack elements meet at shear points such that, when all the pin
stacks have shear points coincident with the shear line, the core is free to rotate in the bore at
least among the first position, the second position and the third position. When at least one of
the pin stacks does not have a shear point coincident with the shear line, the core is not free to
rotate.

[0011] In most embodiments, when a top-master key is inserted into the main key slot, all the
shear points associated with all the tumbler assemblies are coincident with the shear line. The
lock is configured such that the top-master key can be changed by changing the dimension of
the tumbler assemblies when the lock is in the top-master rekey position.

[0012] In many embodiments, when a current patron key is inserted into the main key slot, at
least one shear point associated with one of the master pins and either another master pin or
the driver is coincident with the shear line.

[0013] Further, the lock can be configured such that the patron key can be changed by moving
at least one master pin between the position within the core above the respective tumbler
assembly and the position in the inactive master-pin chamber.

[0014] In another set of embodiments, there is a key-operated lock comprising a housing, a
core rotatably mounted in the housing; a plurality of master pins in a first configuration to allow
a first patron key to open the lock; and a plurality of reconfigurable tumbler assembilies in a first
arrangement to allow a first master key to open the lock.

[0015] The housing, the core, the plurality of master pins and the plurality of pin stacks are
configured to have:

a key pull position in which at least the first master key and the first patron key are insertable
into the lock so as to be able to lock and unlock the lock;

a basic rekey position in which the plurality of master pins are reconfigured by inserting a
second patron key into a second configuration, wherein in the second configuration, the first
patron key is not able to lock and unlock the lock from the key pull position and the second
patron key is able to lock and unlock the lock from the key pull position; and

a top-master rekey position in which the reconfigurable tumbler is reconfigured by insertion of
a change tool and a second master key into a second arrangement, wherein in the second
arrangement the first master key and first patron key are not able to lock and unlock the lock
from the key pull position and the second master key is able to lock and unlock the lock from
the key pull position.
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[0016] In some of these embodiments, each reconfigurable tumbler assembly comprises a
plurality of releasably engaged parts movable relative to each other upon disengagement to
change a dimension of the tumbler assemblies. The releasably engaged parts are disengaged
by insertion of the change tool into a change tool slot in the core when the lock is in the top-
master-rekey position.

[0017] Each reconfigurable tumbler assembly can be a part of a pin stack such that there are a
plurality of pin stacks in the lock. At least one of the pin stacks can include at least one master
pin. The master pin is moveable in and out of the pin stack in the basic rekey position.
Additionally, the housing can have a set of inactive master-pin chambers which retains master
pins which are not in one of the pin stacks.

[0018] In some of the embodiments, the key-operated lock is configured to have a
grandmaster key, a master key and a patron key and wherein the master key and patron key
are slave keys to the grandmaster key.

[0019] Other embodiments provide for a method of rekeying a key-operated lock comprising:

inserting a current patron key into a main key slot of a core rotatably mounted in a bore of a
housing when the core is in a key-pull position wherein a set of tumbler assemblies mounted in
the core is radially aligned with a set of drivers mounted in the housing, and wherein the
tumbler assemblies are movably mounted in the core for radial movement relative to the bore
in the body and moveable to a position projecting from the core;

turning the patron key to thus turn the core to a basic rekey position wherein the set of tumbler
assemblies is radially aligned with a set of master pin chambers;

removing the current patron key;
inserting a current top-master key;
turning the current top-master key so as to move the core to a top-master rekey position;

inserting a change tool into a change tool slot in the core, wherein each tumbler assembly of
the set of tumbler assemblies includes a plurality of releasably engaged parts movable relative
to each other upon disengagement to change to the dimension of the tumbler assembly, and
wherein insertion of the change tool disengages the releasably engaged parts when the core is
in the second rekey position;

removing the current top-master key;

inserting a new top-master key wherein inserting the new top-master key changes a dimension
of at least one of the tumbler assemblies;

removing the change tool so as to reengage the releasably engaged parts thus rekeying the
lock for the new top-master key;
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turning the top-master key so as to move the core to the basic rekey position;
removing the new top-master key; and

inserting a new patron key such that one or more master pins move between a position in the
inactive master-pin chamber and a position within the core above one of the tumbler
assemblies thus rekeying the lock for the new patron key.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]
FIG. 1 is a diagram of a level 2 system, which could be used in a hotel, for example.
FIG. 2 is a diagram of a level 3 system, which could be used in a hotel, for example.

FIG. 3 is a front end elevation view of a key operated lock constructed in accordance with one
embodiment.

FIG. 4 is a sectional view taken along line 4-4 of FIG. 3.
FIG. 5 is an exploded view of the key operated lock of FIG. 3.

FIG. 6 is a sectional view taken along line 6-6 of FIG. 4, except that FIG. 4 is in the key pull
position with all master pins in the driver chamber, and FIG. 6 illustrates the core rotated to the
top-master rekey position with all master pins in the inactive master pin chambers.

FIGS. 7A and 7B are rear perspective views of the lock housing.

FIG. 8 is an exploded view of a tumbler assembly shown in FIG. 5.

FIG. 9 is a top and side view of a master pin suitable for use in some embodiments.

FIG. 10 is a side view of several different master pins suitable for use in some embodiments.

FIGS. 11A-I are cut-a-way front views of the key operated lock of FIG. 3, as operated by a top-
master key and individual patron keys, and illustrating rekeying the lock for a different patron
key.

FIGS. 12A-P are cut-a-way front views of the key operated lock of FIG. 3, as operated by a
top-master key and individual patron keys, and illustrating rekeying the lock for a different top-
master key.

FIG. 13 is a schematic view of a change tool suitable for use in some embodiments.

FIGS. 14A-F illustrate the key progression for rekeying the change key or patron key in a level
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2 system lock in accordance with an embodiment.

DETAILED DESCRIPTION

[0021] In the description that follows, like parts are marked throughout the specification and
drawings with the same reference numerals, respectively. The drawings are not necessarily to
scale and the proportions of certain parts have been exaggerated to better illustrate details
and features of the invention. In the following description unless the context would indicate
otherwise, the terms "inward"”, "outward", "lower" and "upper" are directions toward and away
from, respectively, the geometric axis of a referenced object. Accordingly, "inward" means
towards the center or geometric axis, and "lower" refers to a first point radially inward from a
second point. Likewise, "outward" means away from the center or geometric axis, and "upper"
refers to a first point radially outward from a second point. Where components of relatively
well-known designs are employed, their structure and operation will not be described in detail.

[0022] As used herein, the following terms will have the following meanings.

[0023] "Patron key" as used herein refers generally to a key that operates a specific lock and
not other locks. When such a lock can be rekeyed to use a different patron key, the patron key
is typically referred to as a "change key". In this disclosure, "change keys" will often be referred
to as "patron keys".

[0024] "Master key" refers to a key that can operate on several keyed different locks. These
locks are configured to operate with two, or more, different keys: one specific to each lock (the
"patron key" or "change key") which cannot operate any of the other locks in the set, and the
master key, which operates all the locks in the set. In some embodiments, there can be a
"grandmaster key" or "top-master key" that can operate all the locks in multiple sets of locks. In
such embodiments, there typically are master keys and individual patron keys. The "master
keys" are keys that can open all the locks of one of the set of locks but not locks in other sets.
The "individual patron keys" are keys that can only open a specific lock in one of the sets of
locks.

[0025] "Slave key" refers to a particular patron key that will only operate a lock if its associated
master key also operates the lock. If the cylinder is rekeyed to a new master key, the previous
master and previous patron key will no longer operate the cylinder.

[0026] "Level 2 system" means a lock system (a group of two or more locks) with patron keys
and a master key. For example, a level 2 system for a hotel is shown in FIG. 1.

[0027] "Level 3 system” means a lock system with a top-master key (or grandmaster key),
master keys and individual patron keys. For example, a level 3 system for a hotel is shown in
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FIG. 2.

[0028] "Key-pull position" means the position where the sub-holes (containing the tumbler
pins) on the core align with the active driver chambers on the housing. This is the natural
locked position of the cylinder.

[0029] "Shear line" is where the outside diameter of the core and the inside diameter of the
housing meet. When an interface (shear points) of elements for each pin stack coincides with
the shear line, the core is able to be rotated to unlock the lock.

[0030] The above definitions are to facilitate understanding, the meaning of the above terms,
components used in the definition, and other components can be further understood by
reference to the below description of embodiments.

[0031] Referring initially to FIG. 3 of the drawings, the key operated lock 10 of the invention
includes a housing 12 which is illustrated as being generally cylindrical in form and is
sometimes referred to in the trade as the "cylinder" or "shell". Housing 12 has a cylindrical bore
14 defined by circumferential-extending wall 16 (see FIG. 5) extending therethrough. An
elongated core 18, which is preferably generally cylindrical in configuration, is rotatably
mounted in cylindrical bore 14 in housing 12.

[0032] As can be seen most clearly in FIGS. 4-8, housing 12 can include a circumferential
flange 24 which extends around one end of housing 12. The purpose of the flange 24 is to
abut the face of a door or other member in which the lock is to be installed. Housing 12 can
have an external thread 26 which is provided to secure the lock in the door or other member
where the lock is to be used.

[0033] Housing 12 has a set of apertures 28 which extend radially through wall 16 of housing
12 to cylindrical bore 14. Typically, the set of apertures will comprise a plurality of apertures 28,
which are often referred to as "driver chambers". An elongated, dove-tailed groove or slot 30
extends from one end of housing 12 to flange 24 and is provided to accommodate a cover
plate 32 which, when placed in slot 30, covers apertures 28 in the body.

[0034] An active driver 34 is slidingly positioned in each of apertures 28 in housing 12. Each
active driver 34 is constantly urged toward the core 18 by a driver spring 36, which has one of
its ends disposed in a recess or bore in the respective driver 34 and its opposite end abutting
the elongated cover plate 32, as can best be seen by the sectional view of a driver in FIG. 4.

[0035] Housing 12 has a second set of apertures 38, which extend radially through wall 16 of
housing 12 to cylindrical bore 14. Typically, the set of apertures will comprise a plurality of
apertures 38, which will also be referred to as "inactive master-pin chambers” (see FIGS. 6, 7A
and 7B). An elongated, dove-tailed groove or slot 40 extends from one end of housing 12 to
flange 24 and is provided to accommodate a cover plate 42 which, when placed in slot 40,
covers apertures 38 in the body.
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[0036] A master-pin driver 44 is slidingly positioned in each of apertures 38 in housing 12.
Each master-pin driver 44 is constantly urged toward the core 18 by a driver spring 46, which
has one of its ends disposed in a recess or bore in the respective driver 44 and its opposite
end abutting the elongated cover plate 42.

[0037] Housing 12 has a shallow counterbore 48 in the end thereof which carries flange 24,
and this counterbore intersects the cylindrical bore 14 at a shoulder 50. Core 18 is provided at
one of its ends with an annular flange 52 dimensioned to rotatably fit within counterbore 48 and
abut against shoulder 50 when core 18 is inserted in cylindrical bore 14 in housing 12. At the
end of core 18 opposite the flange 52, the core has secured thereto in any suitable manner
(such as by screws or the like) a lock cam 54 which serves the dual purposes of preventing
core 18 from moving toward the forward end of the lock within housing 12, and to actuate a
lock bolt (not shown) in a manner well understood in the art.

[0038] A key slot 56 extends longitudinally through core 18 and is suitably configured to accept
a key for operating the lock. The key used in the key slot 56 may be an individual patron key
for everyday usage, a master key, or a top-master (grandmaster) key. FIG. 4 illustrates top-
master key 110 in key slot 56.

[0039] A plurality of apertures 58 extend radially in core 18 and have one end in
communication with the key slot 56. Apertures 58 open at the outer periphery of core 18 and
are positioned to register with apertures 28 in housing 12 when the core 18 is in the key-pull
position in housing 12 as shown in FIGS. 3 and 4. The apertures 58, in the illustrated
embodiment of the invention, are each generally cylindrical in configuration but connect with
semicircular slots 60 which are transversally intersected by slot 62 that runs longitudinally
along core 18, best seen from FIG. 5. Slots 60 and 62 are dimensioned to receive sidebar 64,
and apertures 58 are each dimensioned to receive a generally cylindrical tumbler assembly 66,
and such that tumbler assembly 66 and sidebar 64 can interact as described below.

[0040] Tumbler assembly 66 operates in place of more typical static tumbler pins. As best
seen from FIGS. 5 and 8, core 18 has a plurality of tumbler assemblies 66. Each of the tumbler
assemblies 66 includes a hollow cylindrical housing or retainer sleeve 68 which is closed at one
end 70 thereof and slidingly disposed within one of the cylindrical apertures 58 in core 18.
Slidingly disposed within the interior of the sleeve 68 is an extensible member or plunger 72
which has an upper portion 74 carrying a plurality of spaced circumferential ribs or flanges 76,
and a lower portion 78 having a tapered face 73, which, when installed in lock 10, extends into
key slot 56 to a position for contacting a key inserted in the slot as depicted in FIG. 4 and
hereinafter described in greater detail.

[0041] A spring member 80 is provided between the closed end 70 of sleeve 68 and the upper
portion 74 of the plunger 72 to constantly urge the plunger away from closed end 70 of sleeve
68 and toward the main key slot 56.
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[0042] A hollow projection 82 extends outwardly from one side of sleeve 68 and is adapted to
receive a portion of a retainer pin 84. Retainer pin 84 is of T-shaped configuration and includes
a projecting flange portion 86, a barrel 88, and a tip 90 formed on the end of the barrel which is
opposite the flange portion 76 (see FIG. 8). Barrel 88 of retainer pin 84 projects through a bore
formed in hollow projection 82 which extends outwardly from one side of sleeve 68. It will
further be noted, that the tip 90 of retainer pin 84 projects between the spaced, circumferential
ribs 76 of the upper portion 74 of the extensible member 72. Retainer pin 84 thus functions to
engage sleeve 68 of the tumbler assembly 66 with the extensible member 72.

[0043] As discussed above, each of the generally cylindrical apertures 58 formed in core 18
opens at one of its sides into a substantially semicircular slot 60 cut radially inwardly into the
side of core 18 and of the general configuration shown in FIG. 6. There is one of the slots 60
cut in the body of core 18 in correspondence to each one of the apertures 58, with the series
of longitudinally spaced slots 60 in core 18 registering with the series of radially extending,
longitudinally spaced apertures 58 formed therein. The series of slots 60 cut in one side of
core 18 are intersected by a longitudinally extending slot 62 cut along a major portion of the
length of the core and extending from the outer surface of the core in a radially inward
direction. At its base, longitudinally extending slot 62 intersects a relatively small, axially
extending change tool slot 92 which extends through core 18 in a direction parallel to slot 62.
This relationship is perhaps best illustrated in FIG. 6 of the drawings where a change tool 94 is
depicted in position in the change tool slot 92, and the upper portion of the longitudinally
extending slot 62 is perceptible in dashed lines.

[0044] Sidebar 64 comprises a series of cam plates 96 which work in a cooperating
relationship with each of the tumbler assemblies 66. The cam plate 96 has a flat surface 98
which bears against the flange 86 of the retainer pin 84 and has a rounded cam surface 100
on the opposite side of the cam plate from the flat surface. One of the cam plates 96 is
provided for contact with each of the retainer pins 84, and each cam plate 96 is elongated and
relatively thin in configuration as can be seen in referring to these elements in FIGS. 5 and 6.

[0045] Each of the cam plates 96 has locating pins 102 projecting from the opposite sides
thereof. The cam plates 96 are positioned in the several semicircular slots 60 with locating pins
102 extending into the longitudinal slot 62 in core 18 in the manner best illustrated in FIG. 4.
The cam surfaces 100 of the several cam plates 96, in most positions of core 18 within housing
12, bears against cylindrical wall 16 of bore 14 in the housing. In one position (the "top-master-
rekey position") to which core 18 may be rotated, however, cam surfaces 100 of the several
cam plates 96 are aligned with the driver chambers 28 in housing 12 which receive the active
drivers 34. This position of the cam plates is depicted in FIG. 6. It will be noted that when core
18 is rotated to the position shown in FIG. 6, cam plates 96 may be moved radially outwardly,
as may the retainer pins 84 with which these plates are in contact. As will be subsequently
explained, this status of the lock permits change tool 94 to be utilized for biasing retainer pins
84 to a disengaging status so that the extensible members 72 and retainer sleeve 68 may
undergo movement relatively to each other.
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[0046] Lock 10 further utilizes master pins 104. Each master pin 104 is a small pin that can sit
between closed end 70 of one of the tumbler assemblies 66 and the bottom of the
corresponding active driver 34. WWhen a master pin is between closed end 70 and the active
driver 34, it creates additional interfaces or shear points, which can align with the shear line of
lock 10. Thus, the master pins allow for multiple keys to turn core 18. Each tumbler assembly
66 and its corresponding active driver 34 comprise a basic pin stack. In the basic pin stack, the
pin stack elements (tumbler assembly 66 and active driver 34) provide a shear point at the
interface of closed end 70 with active driver 34. If no master pins are present in any of the pin
stacks, then only the top-master key can turn core 18 and thus unlock the lock. In most
embodiments of the invention, at least a portion of the pin stacks will contain one or more
master pins. In these pin stacks, there will be additional shear points based on the interface of
the master pin interfaces with the bottom of active driver 34, closed end 70 of tumbler
assembly 66, or with another master pin. For example, if one master pin 104 is present in a pin
stack then there will be two shear points, one at the interface of the master pin with closed end
70 of tumbler assembly 66 and the other at the interface of the master pin with the bottom of
active driver 34. The first or lower of these shear points allows the top-master key to turn core
18; the latter or upper of these shear points allows a patron key to turn core 18. If two master
pins 104 are present in a pin stack, then there will be three shear points, one at the interface of
the lower master pin with closed end 70 of tumbler assembly 66, a second at the interface of
upper master pin and lower master pin, and the third at the interface of the upper master pin
with the bottom of active driver 34. The first or lower of these shear points allows the top-
master key to turn core 18; the second (middle) shear point and third (upper) shear point can
allow for two different keys to turn core 18. However, generally only the upper shear point will
be used for the key progression as discussed in the Key Progression section.

[0047] As shown in FIG. 9, in one embodiment the master pins are disc shaped pins having
beveled or angled edges to facilitate movement rotation of core 18 when the interface is
aligned at the shear line. The edges can have an angle D from about 10° to about 45°, more
typically from about 15° to about 30°. As illustrated in FIG. 10, the master pins can have
different thicknesses to provide for better security and more combinations for key
configurations. In one embodiment, the master pins can have from 3 to 8 different thicknesses.
As illustrated, the master pins have 6 different thicknesses.

[0048] When not in use, master pins 104 are positioned in apertures or inactive master-pin
chambers 38. As will be appreciated by one skilled in the art based on this disclosure,
movement of the master pins 104 between the pin stacks and inactive master-pin chambers 38
allows rekeying of lock 10 to be operated by different patron keys, some of which can be
master keys to others which are individual patron keys. A master pin 104 can be moved
between a pin stack and a corresponding inactive master-pin chamber 38 by a process further
described below.

[0049] The embodiments of the current lock structure use a single type of key and a change
tool. The patron keys and top-master key are of the same type or same configuration and
differ only in the milled surface. The top-master key is milled to unlock all the locks of a set of
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locks, while patron keys are milled to unlock only a few specific individual locks of the set or
one specific individual lock in the set of locks. If the patron key is milled to unlock a few specific
locks of the set of locks it is a master key coming under or slave to the top-master key. If the
patron key is milled to unlock only a specific individual lock, it is an individual patron key coming
under the master key and the top-master key and a slave to both. As described below, the
patron keys (including a master key in a level 3 system) for any specific individual lock can be
changed without utilizing any special tool other than the current patron key and a new patron
key. Additionally as described below, the top-master key can be changed for any specific
individual lock but requires the current patron key, current top-master key and the change tool.

OPERATION

[0050] As may be understood by one skilled in the art based on the above disclosure and wiill
be understood by the below disclosure, the current lock allows rekeying to the top-master key
(grandmaster key) by manipulation of the tumbler assemblies and basic rekeying of the patron
keys and master keys (in a level 3 system) is by manipulation of the master pins.

[0051] The general operation of key lock structures, which include cooperating drivers and
tumbler pins aligning at a shear line, is generally well understood in the art. Locks of this type
may be opened at such time as the drivers and the tumbler pins cooperate to permit a
cylindrical core 18 to be rotated within a housing. Such rotation of the core causes a lock cam
to be moved against a lock bolt so as to release the door from its surrounding frame and
permit the door to be opened.

[0052] The nomenclature "change key lock” is used herein to refer to locks of the type with the
capability to be changed in their internal mechanism so that a key which has previously been
effective for unlocking the lock will no longer perform this function, but rather, a new key must
be used for this purpose. In the past, systems for change key locks typically could not
accommodate both level 2 systems and level 3 systems and have easy operation of the
rekeying of the lock. Often such change key locks only provided for level 2 systems or had
complicated and hard to implement rekeying operations. Additionally, many such change key
locks relied on master keys or top-master keys having unique configurations from the patron
keys. Thus, they had to incorporate multiple key holes or rely on complicated key holes that
could accommodate two different key configurations.

[0053] The embodiments of the present lock 10 provide for the use of a top-master key having
the same configuration as the patron key but a different milled surface. Thus, the top-master
key and patron key use the same configuration of key hole. Additionally, the embodiments
provide for an easy system of rekeying the lock to use different patron keys and an easy
system for rekeying the lock to use a different top-master key.

Basic Rekeying Method
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[0054] Rekeying of the lock to use different patron keys but to retain the same top-master key
will now be described with reference to FIGS. 11A-111, wherein the views are from the front of
housing 12. FIGS. 11A and 11B illustrate the use of the initial top-master key and initial patron
key, those prior to rekeying. As will be appreciated from FIG. 11A, when the initial top-master
key 110 is inserted into key slot 56, all the shear points 112 associated with end 70 of all the
tumbler assemblies 66 are coincident with the shear line 114. As can be seen, master pins 104
are above the shear line and are within driver chamber 28. Accordingly, when core 18 is
turned, the master pins will remain within driver chamber 28. As illustrated in FIG. 11B, when
initial individual patron key 116 is inserted into key slot 56, then at least one of the pin stacks
will have a shear point 118 coincident with the shear line 114 such that the shear point 118 wiill
be between a master pin and the active driver. As illustrated, the shear point 118 is between a
master pin 104a and active driver 34. As can be seen, master pin 104a is below the shear line
and is within aperture 58 of core 18. Accordingly, when core 18 is turned, master pin 104a will
remain in aperture 58 and move with core 18.

[0055] In order to accomplish rekeying for a new individual patron key, the initial individual
patron key 116 is inserted into key slot 56 in the key-pull position, as shown in FIG. 11C. Core
18 is then turned to a basic rekey position, shown in FIG. 11D as being at about 35° from the
key-pull position, but can be any suitable position. In this position, apertures 58 and tumbler
assemblies 66 are aligned with inactive master-pin chambers 38. Driver spring 46 keeps
master pins 104 in aperture 58. The current individual patron key is withdrawn and a new
individual patron key 120 is inserted, as shown in FIG. 11E. New individual patron key 120 has
a different milled surface sufficient to partially compress driver spring 46; thus, its insertion
causes at least one master pin 104 to move between an inactive master-pin chamber 38 and
the corresponding aperture 58. As is illustrated, upper master pin 104a is moved into inactive
master-pin chamber 38 and lower master pin 104b remains in aperture 58. Subsequently,
when core 18 is turned back to the key-pull position as shown in FIG. 11F, only one master pin
104b is part of the lock stack assembly and its interface with active driver 34 is the shear point
118 used by new patron key 120.

[0056] The lock is now rekeyed for the new individual patron key 120, which may be withdrawn
from key slot 56. For example, as shown in FIGS. 11A and 11B, there are two master pins
104a and 104b associated with the illustrated pin stack for initial patron key 116. After rekeying,
there is one master pin 104b associated with the illustrated pin stack for new patron key 120,
as shown in FIG. 11F. After rekeying, the initial top-master key 110 can be inserted into key slot
56 and the shear points 112 associated with end 70 of all the tumbler assemblies 66 are still
coincident with the shear line 114, as shown in FIG. 11G. As can be seen, master pin 104b is
above the shear line and is within driver chamber 28. Accordingly, when core 18 is turned,
master pin 104b will remain within driver chamber 28. As illustrated in FIG. 11H, when the new
patron key 120 is inserted in key slot 56, then shear point 118 between active driver 34 and
master pin 104b coincides with the shear line 114. However, as shown in FIG. 111, when initial
individual patron key 116 is inserted into key slot 56, the illustrated pin stack has no shear point
coinciding with shear line 114. Accordingly, initial top-master key 110 and new patron key 120
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will operate the lock after rekeying but initial patron key 116 will not.

[0057] Accordingly, in changing the individual patron key, the master pins 104 in use in the pin
stacks are changed so that these pin stacks will no longer cooperate with the milled surface of
individual patron key 116 (previously operative to unlock the lock) in such a way that unlocking
can be accomplished. Rather, the change in master pins results in the pin stacks
accommodating a new and different individual patron key 120, having a different milled surface
which is correlated to the particular pin stack configuration dictated by the master pins 104
present in the pin stack after the change is effected. The above description is only for
illustrative purposes, in actual practice master pins can be moved from more than one of the
pin stacks, and master pins may be either added to or removed from a pin stack during
rekeying. Additionally, for any particular pin stack zero, one, two or more master pins may be
moved between any particular pin stack and its associated inactive master-pin chamber.
However, for rekeying at the patron key level, at least one pin stack will have at least one
master pin added or removed during rekeying. Also, while described for individual patron keys,
it will be apparent that the same procedure can be carried out for any patron key whether an
individual patron key or a level 2 master key within a level 3 system.

Top-Master Rekeying Method

[0058] Rekeying of the lock to use a different top-master key and a different patron key will
now be described with reference to FIGS. 12A-12P, wherein the views are from the front of
housing 12 (the end with lock cam 54). FIGS. 12A and 12B illustrate the use of the initial top-
master key and initial patron key, those prior to rekeying. As will be appreciated, FIGS. 12A
and FIG. 12B are substantially the same as FIGS. 11A and 11B. From the discussion above,
one skilled in the art will appreciate that the overall dimensions of the tumbler assemblies are
fixed by the particular interlocking position of the tip 90 of the retainer pins 84 with the ribs 76
of the plungers 72. Thus, upon insertion of the initial top-master key 110, which is to be
rendered inoperative, tumbler assemblies 66 are moved such that the closed upper ends 70 of
the sleeves 68 are positioned in alignment along a meeting line in contact with the active
drivers 34. This meeting line coincides with shear line 114 between the outer periphery of core
18 and wall 16 defining the bore through housing 12. With the active drivers 34 and tumbler
assemblies 66 in this position relative to each other, core 18 can then rotate within cylindrical
bore 14 in housing 12.

[0059] In order to accomplish rekeying for the top-master key and patron key, the current
individual patron key 116 is inserted into key slot 56, as shown in FIG. 12C. Patron key 116 is
the current lowest or basic individual patron key; thus, for any pin stack containing master pins,
the shear point which aligns with shear line 114 for patron key 116 is shear point 118 between
the upper master pin 104b and active driver 34. Core 18 is then turned to the basic rekey
position. As core 18 is turned, it carries any master pins currently in use within apertures 58.
The initial individual patron key 116 is withdrawn and the initial top-master key 110 is inserted,
as shown in FIG. 12E. Initial top-master key 110 has a milled surface which, in corporation with
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the current dimensions of tumbler assembly 66, pushes master pins 104 into inactive master-
pin chamber 38.

[0060] Core 18 is then turned using the initial top-master key 110 to a top-master-rekey
position, shown in FIG. 12F as being about 90° from the key-pull position, but it can be at any
suitable position. When core 18 is in this position with initial top-master key 110 located therein,
the cam plates 96 are positioned in alignment with driver apertures 28. Thus, cam surfaces
100 of cam plates 96 bear against the inner ends of active drivers 34 in driver apertures 28,
and active drivers 34 may thus be biased outwardly in their respective apertures 28 against the
force resiliently exerted by the springs 36.

[0061] With the lock in the status described, a change tool 94, of the type shown in FIG. 13, is
inserted in the change tool slot 92 and then comes to occupy the position with respect to the
retainer pins 84 and cam plates 96 which is illustrated in FIG. 12G and FIG. 12H of the
drawings. The change tool 94, when inserted in this manner, effectively biases the several
retainer pins 84 outwardly with respect to the hollow projections 82. This movement of the
retainer pins 84 is possible because the cam plates 96 are, at this time, free to move radially
outwardly against the active drivers 34, which can move outwardly in their respective driver
chambers 28. There is thus effected a disengagement of tips 90 of the several retainer pins 84
from plungers 72. The plungers 72 thus become free to move relative to retaining sleeves 68.
The retaining sleeves 68 are immovable at this time due to the abutment of the closed ends 70
thereof against wall 16 defining the bore in housing 12.

[0062] At this time, initial top-master key 110 can be removed from the main key slot 56, as
shown in FIG. 12H. This permits plungers 72 to be biased by their respective springs 80 to a
position where the tapered face 73 of each plunger 72 adjacent to key slot 56 bears against a
shoulder 57 formed within core 18. At this point, the movement of the respective plunger 72 is
arrested. With change tool 94 remaining in position, a new top-master key 122 is then inserted
in key slot 56, as shown in FIG. 12 (i). This effectively biases plungers 72 to new positions
which are determined by the geometric configuration of the milled edge of new top-master key
122 placed in key slot 56. It also changes the relative positions of the several tips 90 on
retainer pins 84 with respect to the ribs 76 formed around the shanks of plungers 72.

[0063] After new top-master key 122 has been inserted, the change tool 94 is removed from
the change tool slot 92, as shown in FIG. 12]. This permits retainer pins 84 to respond to the
bias of springs 36 exerted through active drivers 34 and cam plates 96, and to return to their
position of engagement with plungers 72 by extension of tips 90 between adjacent pairs of the
spaced ribs 76. It will be perceived that the effect of the actions described is to readjust the
overall lengthwise dimension of the several tumbler assemblies so that they are correlated to
new top-master key 122, and this new top-master key, when inserted in key slot 56, will result
in the retainer sleeve 68 of the several tumbler assemblies 66 being biased to the shear line
114 necessary to open the lock as previously described. Core 18 may then be rotated to the
basic rekey position as viewed in FIG. 12J.
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[0064] In the basic rekey position, the new top-master key 122 is withdrawn and a new patron
key 120 is inserted as illustrated in FIG. 12K. New patron key 120 typically has a different
milled surface than the initial patron key 116, initial top-master key 110 and new top-master key
122. The milling of new patron key 120 is such that, for at least one of the several tumbler
assemblies 66, closed end 70 is within apertures 58 of core 18 and not immediately adjacent to
shear line 114, thus, its insertion causes master pins 104 to move between at least one of the
inactive master-pin chambers 38 and the corresponding aperture 58 in core 18. Subsequently,
when core 18 is turned back to the key-pull position as shown in FIG. 121, one or more master
pins 104 are part of at least one of the lock stack assemblies, and the master pin interface with
active driver 34 is shear point 118 used by new patron key 120. As further described below in
the Key Progression Section, typically the first new patron key used, after rekeying to a new
top-master key, will drop all of the master pins below the shear line and bring them all into the
active drive chambers. Having all the master pins in use ensures that, after future rekeys of
patron keys, no previous patron keys will continue to operate the lock.

[0065] The lock is now rekeyed for the new top-master key 122 and new patron key 120. After
rekeying, the initial top-master key 110 can be inserted into key slot 56 as shown in FIG. 12M.
As will be noted, the insertion of initial top-master key 110 does not result in any shear points
coinciding with shear line 114. Accordingly, initial top-master key 110 can no longer operate the
lock. When new top-master key 122 is inserted into key slot 56, the shear points 112
associated with end 70 of all the tumbler assembly 66 is coincident with the shear line 114, as
shown in FIG. 12N. Thus, new top-master key can operate the lock. As can be seen, master
pins 104 are above shear line 114 and are within driver chamber 28. Accordingly, when core
18 is turned, master pins 104 will remain within driver chamber 28. Further, if initial patron key
116 is inserted in key slot 56 as illustrated in FIG. 120, no shear points coincide with shear line
114, thus, initial patron key 116 cannot operate the lock. However, when the new patron key
120 is inserted in key slot 56 as illustrated in FIG. 12P, then shear point 118 between active
driver 34 and master pin 104 coincides with shear line 114. Accordingly, new top-master key
122 and new patron key 120 will operate the lock after rekeying, but initial top-master key 110
and initial patron key 116 will not.

KEY PROGRESSION

[0066] To understand the invention better, certain embodiments relating to key progressions
during rekeying will now be described. As will be clear from the above, each driver chamber 28
has a core aperture 58 associated with it, and each driver chamber / core aperture
combination has a pin stack associated with it. In the described embodiment, the key has a
number of cut-depth positions equal to the number pin stacks in the lock, which is the same as
the number of driver chamber / core aperture combinations. The described embodiments use
two different bases for cut depths for each cut-depth position so as to align a shear point in the
pin stack associated with the cut-depth position with the shear line 114. The first cut depth
(associated with the top-master key) will align bottom shear point 112 associated with end 70
of the tumbler assembly 66 with shear line 114. The second cut depth (associated with a
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change key) will align the top shear point 118 (between the bottom of the driver and the top of
the upper master pin) with the shear line 114. As will be appreciated, if no master pins are in a
pin stack, then the change key uses the cut depth associated with bottom shear point 112
aligning with shear line 114.

Level 2 System

[0067] As illustrated in FIG. 1, a level 2 system utilizes a master key with a number of change
keys under it, and each change key associated with a specific lock. For each lock associated
with the master key, the rekey for the master key is in accordance with the Top-Master
Rekeying method described above and the rekeying of the change key or patron keys is in
accordance with the Basic Rekeying Method.

[0068] In one embodiment, a level 2 system lock utilizes five pin stacks and six master pins.
Each master pin has a different thickness. The master pins are associated with four of the five
pin stacks. For example, two pin stacks can have two master pins associated with each pin
stack, two pin stacks can have one master pin associated with each pin stack and one pin
stack will have no master pin associated with it. As will be appreciated, a master pin being
associated with a pin stack does not mean that the master pin is in the pin stack but, rather
that the master pin is either in the pin stack or in an associated inactive master-pin chamber. In
this embodiment, the first change key (first patron key) used is a key associated with having all
the master pins in the pin stack and no master pins in the inactive master-pin chambers.
Starting from this orientation helps ensure that prior change keys cannot open locks that have
been rekeyed.

[0069] In this embodiment, four of the pin stacks pin chambers are used to progress through
all possible change key rekeys. The fifth pin stack is left without any master pins to help
prevent unintentional cross keying and limit the total number of shear points in the cylinder.

[0070] FIGS. 14A to 14F illustrate rekeying a lock from a first change key (FIG. 14A) through
to a sixth change key (FIG. 14F). As illustrated in FIG. 14A, a first change key 201 is inserted
into lock 200. In lock 200, a first pin stack 210 has two master pins 212 and 214 associated
with and currently in pin stack 210. A second pin stack 220 also has two master pins 222 and
224 associated with and currently in pin stack 220. Third pin stack 230 has only a single
master pin 232 associated with and currently in pin stack 230. Similarly, fourth pin stack 240
has only a single master pin 242 associated with and currently in pin stack 240. Finally, pin
stack 250 has no master pins associated with it. Each pin stack 210, 220, 230, 240 and 250
has a driver 219, 229, 239, 249 and 259 associated with it, respectively. Also, each pin stack
210, 220, 230, 240 and 250 has a tumbler assembly 211, 221, 231, 241 and 251 associated
with it, respectively. Each key for the lock has five cut-depth positions 261, 262, 263, 264 and
265 associated with pin stacks 210, 220, 230, 240 and 250, respectively.

[0071] When first change key 201 is inserted into lock 200, pin stacks 210, 220, 230 and 240
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are positioned such that upper shear points 218, 228, 238 and 248 align with shear line 216.
The upper shear points being the shear points between a master pin and the driver associated
with the pin stack. Additionally, when first change key 201 is inserted into lock 200, pin stack
250 is positioned such that lower shear point 256 is aligned with shear line 216. The lower
shear points being the shear points between a tumbler assembly and a master pin or, if no
master pin is present in the pin stack, a driver.

[0072] The lock configuration after a first basic rekey is performed is illustrated in FIG. 14B. As
can be seen, first pin stack 210 is changed so as to remove master pin 214. All the other pin
stacks remain unchanged. First change key 201 can no longer open lock 200 because its cut
depth for first cut-depth position 261 will no longer be sufficient to align a shear point with the
shear line. The lock is now keyed for second change key 202 to open the lock, as illustrated.

[0073] The lock configuration after a second basic rekey is performed is illustrated in FIG. 14C.
As can be seen, first pin stack 210 is changed so as to remove master pin 212; thus, first pin
stack 210 now has no master pins in it. The master pins for first pin stack 210 are both located
in the inactive master-pin chamber associated with first pin stack 210. All the other pin stacks
remain unchanged. Neither first change key 201 nor second change key 202 can open lock
200 because their cut depth for first cut depth position 261 will no longer be sufficient to align a
shear point with the shear line. The lock is now keyed for third change key 203 to open the
lock, as illustrated.

[0074] The lock configuration after a third basic rekey is performed is illustrated in FIG. 14D.
As can be seen, first pin stack 210 is changed so as to contain master pins 212 and 214.
Additionally, second pin stack 220 is changed so as to remove master pin 224 (shown in FIG.
14A). All the other pin stacks remain unchanged. Change keys 201, 202 and 203 cannot open
lock 200. The lock is now keyed for fourth change key 204 to open the lock, as illustrated.

[0075] The lock configuration after a fourth basic rekey is performed is illustrated in FIG. 14E.
As can be seen, first pin stack 210 is changed so as to remove master pin 214; thus, it only
contains master pin 212. Second pin stack 220 is unchanged from the previous configuration
and contains only master pin 222. All the other pin stacks remain unchanged. Change keys
201, 202, 203 and 204 cannot open lock 200. The lock is now keyed for fifth change key 205 to
open the lock, as illustrated.

[0076] The lock configuration after a fifth basic rekey is performed is illustrated in FIG. 14F. As
can be seen, first pin stack 210 is changed so as to remove master pin 212; thus, it contains
no master pins. Second pin stack 220 is unchanged from the previous configuration and
contains only master pin 222. All the other pin stacks remain unchanged. Change keys 201,
202, 203, 204 and 205 cannot open lock 200. The lock is now keyed for sixth change key 206
to open the lock, as illustrated. Further, rekeyings will be apparent to one skilled in the art from
the above description and the figures.

[0077] Generally, if the top-master key is to open more than one lock, the master pins in pin
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stacks 230 and/or 240 will be used to differentiate the locks so that the top-master key can
open each lock but so that a change key from one lock will not open one of the other locks
under the top-master key. However, in some situations it may be desirable to use pin stacks
230 and 240 to allow additional change keys for single lock. If so, subsequent basic rekeying
can be achieved by removing the master pin from pin stack 230 and/or pin stack 240 and, for
each master pin change in those stacks, following the above outlined master pin changes for
pin stacks 210 and 220.

[0078] When desirable, the top-master key can be changed by rekeying the lock in accordance
with the Top-Master Rekeying Method described above. Changing the top-master key results
in changing the change key (patron key). Typically, the initial change key for a new top-master
key has all the master pins in the pin stacks.

Level 3 System

[0079] As illustrated in FIG. 2, a level 3 system utilizes a top-master key with a number of
master keys under it. Each master key in turn has a number of change keys under it. In one
exemplary key progression for a level 3 system, the top-master key is rekeyed in accordance
with the Top-Master Rekeying Method described above. For each lock associated with the top-
master key, the rekey for the master key and the rekeying of the change keys (patron keys)
are in accordance with the Basic Rekeying Method.

[0080] In one embodiment, a level 3 system lock utilizes five pin stacks and eight master pins.
Typically, at least six different thicknesses can be used for the master pins. Generally, the
master pins are associated with all five pin stacks. For example, three pin stacks can have two
master pins associated with each, and two pin stacks can have one master pin associated with
each. As will be appreciated, a master pin being associated with a pin stack does not mean
that the master pin is in the pin stack but, rather that the master pin is either in the pin stack or
in an associated inactive master-pin chamber. In this embodiment, three pin stacks are used to
progress through all possible change key rekeys, and the other two pin chambers are used to
progress through all possible master key rekeys. Which pin stacks are designated for each can
vary between cylinder systems to increase variations and security between systems.

[0081] Like the level 2 system described above the first change key and first master key
combination used can be associated with having all the master pins in the pin stack and no
master pins in the inactive master-pin chambers. Starting from this orientation helps ensure
that prior change keys cannot open locks that have been rekeyed.

[0082] In this embodiment, the change keys use upper shear points, except in pin stacks that
have no master pins in them. The master keys use a mixture of lower shear points and upper
shear points, and the top-master key uses lower shear points. For example, in a level 3 system
where pin stacks 1, 2 and 3 are designated for change key rekeys, and pin stacks 4 and 5 are
designated for master key rekeys, the top-master key will use the lower shear points for each
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pin stack; that is, the top-master key raises the top of all tumbler assemblies to shear line. The
master keys coming under the top-master key raises the top of the tumbler assembly in
chambers 1-3 to shear line thus using the lower shear point. Additionally, for pin stacks 4 and
5, the master keys raises the top of the uppermost master pin to shear line thus use the upper
shear point. Naturally, if the lock has been rekeyed to a configuration where there are no
master pins in either pin stack 4 or 5, the current master key will use the lower shear point for
that pin stack. The change key will raise the top of the uppermost master pin in all pin stacks to
shear line, thus using the upper shear point. Similarly as with the master keys, if the lock has
been rekeyed such that a pin stack has no master pin, the current change key will use the
lower shear point for that pin stack. This design forces lower-level keys to be slaves to higher-
level keys.

[0083] As will be appreciated, the current lock system is very flexible and the above
embodiments can be adapted in many ways. For example, different pin stacks can have zero,
one, two or more master pins associated with them so as to increase the combinations of the
locks. Additionally, the lock can have few than five pin stacks or more than five pin stacks. Such
modifications will be readily apparent to one skilled in the art based on an examination of this
disclosure.

[0084] Although certain preferred embodiments of the invention have been herein described in
order to illustrate the principles of the invention, it will be understood that various changes and
innovations in structure can be effected without departure from these principles. The invention
is defined in the claims.
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PATENTKRAV

1. Naglebetjent las (10), der omfatter:
et hus (12);
en kerne (18) roterbart monteret i huset;

en flerhed af masterstifter (104) i en farste konfiguration til at gere det muligt

for en ferste kundenggle at abne lasen og

en flerhed af rekonfigurerbare tilholderenheder (66) i et ferste arrangement

for at gere det muligt for ferste topmasternagle (110) at abne lasen;

hvor huset, kernen, flerheden af masterstifter og flerheden af

rekonfigurerbare tilholderenheder er konfigureret til at have:

en negletreekningsposition, hvori mindst den farste topmasternagle og den

forste kundenagle kan indferes i lasen for saledes at kunne lase og lase lasen op;

en basal omlaegningsposition, hvori flerheden af masterstifter rekonfigureres
ved indfgring af en anden kundenggle (116) i en anden konfiguration, hvor i den
anden konfiguration den ferste kundenagle ikke kan lase og lase lasen op fra
negletraekningspositionen, og den anden kundenggle kan lase og lase lasen op fra

n@gletraekningspositionen; og

en topmasteromlaegningsposition, hvori de rekonfigurerbare tilholderenheder
rekonfigureres ved indfering af et @eendringsveerkizj (94) og en anden
topmasternggle i et andet arrangement, hvor i det andet arrangement den ferste
topmasternegle og ferste kundenegle ikke kan lase og lase lasen op fra
negletraekningspositionen, og den anden masternagle kan lase og lase lasen op fra

n@gletraekningspositionen.

2. Naglebetjent las ifelge krav 1, hvor hver rekonfigurerbar tilholderenhed
omfatter en flerhed af frigarbare dele i indgreb (72), der kan bevaege sig i forhold til
hinanden efter frigerelse for at aendre en dimension pa de rekonfigurerbare
tilholderenheder, hvor de frigerbare dele i indgrebfrigeres ved indfgring af
aendringsveerktejet i en aendringsveerktgjsabning (92) i kernen, nar lasen er i

topmasteromlaegningspositionen.



10

15

20

25

30

DK/EP 3645810 T3

2

3. Naglebetjent las ifalge krav 2, hvor hver rekonfigurerbar tilholderenhed er
en del af en stiftstak, saledes at der er en flerhed af stiftstakke i lasen, og mindst én
af stiftstakkene indbefatter mindst én af masterstifterne, der kan bevaege sig ind og

ud af den mindst ene af stiftstakkene i den basale omlaegningsposition.

4. Noglebetient las ifelge krav 3, hvor huset har et saet af inaktive

masterstiftkamre (38), der holder de masterstifter, som ikke er i én af stiftstakkene.

5. Naglebetjent |as ifelge krav 4, hvor lasen er konfigureret til have en
grandmasternggle, en masternggle og en kundenggle, og hvor den ferste
topmasternggle og anden topmasternagle er grandmasternggler, og masternaglen

og kundenaglen er slavenggler i forhold til grandmasternaglen.
6. Naglebetjent Ias ifalge et hvilket som helst af de foregaende krav, hvor:

huset har en cirkelformet tveersnitsboring (14) deri defineret af en boringsveeg
(16), hvor boringen har en aksial retning, huset har et saet af driverkamre (28)
justeret langs den aksiale retning, hvor hvert driverkammer straekker sig radialt mod
boringen og har et seet af inaktive masterstiftkamre (38) justeret langs den aksiale
retning, hvor hvert inaktivt masterstiftkammer straekker sig radialt mod boringen,
hvor seettet af inaktive masterstiftkamre er adskilt i periferien omkring boringen fra
saettet af driverkamre og hvert inaktivt masterstiftkammer justeres periferisk med et

respektive driverkammer;

kernen er roterbart monteret i boringen og har en hovednegleabning (56) og
en aendringsvaerkt@jsabning (92) dannet deri, der hver i det vaesentlige straekker sig
parallelt med den aksiale retning, hvor kernen har en ydre cylindrisk flade, der

m@der boringsveeggen ved en skeeringslinje;

hvor den neglebetjente las omfatter et saet af stiftstakke, der hver omfatter

stiftstakelementer indbefattende:

en driver (34), hvor driveren er beveegeligt monteret i ét af driverkamrene (28)
for radial beveegelse i forhold til boringen i huset og for beveaegelse delvist ind |

boringen i huset;

hvor de rekonfigurerbare tilholderenheder er beveaegeligt monteret i kernen

for radial beveegelse i forhold til kernen i legemet og kan bevaeges til en position,
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der rager frem fra kernen, hvor | kernens nggletraekningsposition hver
rekonfigurerbar tilholderenhed justeres radialt efter driveren, hvor de
rekonfigurerbare tilholderenheder indbefatter en flerhed af friggrbare dele i indgreb
(72), der som kan beveege sig i forhold til hinanden efter frigerelse for at sendre en
dimension pa de rekonfigurerbare tilholderenheder, hvor de frigerbare delene i
indgreb frigeres ved indfering af aendringsveerktajet i aendringsvaerktejsabningen,

nar kernen er i topmasteromlaegningspositionen; og

hvor for mindst én af stiftstakkene, stiftstakelementerne endvidere omfatter
én eller flere masterstifter (104), hvor hver masterstift kan bevaege sig mellem en
position i kernen over den respektive rekonfigurerbare tilholderenhed og en position
i det inaktive masterstiftkammer, nar kernen er i en basal omlaegningsposition, hvori
den rekonfigurerbare tilholderenhed justeres radialt efter saettet af inaktive

masterstiftkamre.

7. Neglebetjent las ifelge krav 6, hvor stiftstakelementerne medes ved
forskydningspunkter, saledes at, nar samtlige stiftstakke har forskydningspunkter
sammenfaldende med forskydningslinjen, kernen frit kan rotere i boringen mellem
den ferste position, den anden position og den tredje position; og, nar mindst én af
stiftstakkene  ikke har et forskydningspunkt sammenfaldende med

forskydningslinjen, kernen ikke kan rotere frit.

8. Naglebetjent las ifelge krav 7, hvor, nar den ferste topmasternegle
indferes i hovedneagleabningen, samtlige forskydningspunkter forbundet med
samtlige af de rekonfigurerbare tilholderenheder er sammenfaldende med
forskydningslinjen, og i topmasteromleegningspositionen lasen konfigureres ved
flernelse af den ferste topmasternagle og indfering af den anden topmasternagle,

saledes at dimensionerne pa de rekonfigurerbare tilholderenheder sendres.

9. Naglebetjent las ifelge krav 8, hvor, nar lasen omlaegges til den farste eller
den anden kundenggle og en sadan kundenggle indferes i hovednagleabningen,
mindst ét forskydningspunkt forbundet med én af driveren er sammenfaldende med

forskydningslinjen.

10. Noglebetjent las ifelge krav 9, hvor lasen er konfigureret, saledes at

masterstifterne 1 den basale omlaegningsposition rekonfigureres ved fjernelse af
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mindst én masterstift mellem positionen inde i kernen over den respektive

rekonfigurerbare tilholderenhed og positionen i det inaktive masterstiftkammer.

11. Fremgangsmade til omlaegning af n@aglebetjent las ifalge et hvilket som
helst af de foregaende krav fra at kunne betjenes med den farste topmasternagle
og den farste kundenggle til at kunne betjenes med den anden topmasternagle og

den anden kundengagle, hvilken fremgangsmade omfatter:
placering af lasen i topmasteromlaegningspositionen;

rekonfiguration af seettet af tilholderenheder fra det ferste arrangement, hvor
den farste topmasternagle betjener lasen til det andet arrangement, hvor den anden

topmasternagle betjener lasen;

placering af lasen i den basale omlaegningsposition, hvor masterstifterne

rekonfigureres, saledes at den anden kundenagle betjener lasen.

12. Fremgangsmade ifelge krav 11, hvor trinnet med placering af lasen i

topmasteromlaegningspositionen omfatter:

indfering af den ferste kundenegle i en hovedneggleabning (56) i kernen
roterbart monteret i en boring (14) i huset, hvor seettet af tilholderenheder monteres
i kernen, og den ferste kundenegle indfgres, nar kernen er |
ogletraekningspositionen, hvori saettet af tilholderenheder radialt justeres efter et
saet af drivere (34) monteret i huset, og hvor saettet af tilholderenheder er beveegeligt

monteret i kernen for radial beveegelse i forhold til kernen i legemet;

drejning af den ferste kundenagle for derved at dreje kernen til den basale
omleegningsposition, hvori saettet af tilholderenheder radialt justeres efter et seet af

inaktive masterstiftkamre (38) i huset;
fiernelse af den ferste kundenagle fra hovednegleabningen;
indfering af den ferste topmasterneagle i hovednagleabningen og

drejning af den ferste topmasternagle for saledes at beveege kernen il

masteromlaegningspositionen.

13. Fremgangsmade ifalge krav 12, hvor trinnet med rekonfiguration af saettet

af tilholderenheder omfatter:
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indfering af eendringsveerktejet i en aendringsvaerktajsabning (92) i kernen;
fiernelse af den ferste topmasternegle fra hovednegleabningen;

indfering af den anden topmasternagle i hovednegleabningen, hvor indfering
af den anden topmasternggle eendrer en dimension pa mindst én af
tilholderenhederne hvorved tilholderne aendres fra det ferste arrangement til det

andet arrangement; og
flernelse af eendringsveerktgjet.

14. Fremgangsmade ifalge krav 13, hvor hver tilholderenhed af seettet af
tilholderenheder indbefatter en flerhed af frigerbare dele i indgreb (72), der kan
beveege sig i forhold til hinanden efter frigerelse for at eendre dimensionen pa
tilholderenheden, og hvor indfgring af eendringsveerktejet friger delene i indgreb, nar
kernen er i topmasteromlaegningspositionen, og fijernelse af sendringsveerktajet igen
bringer de frigerbare dele i indgreb, hvorved lasen omlaegges til den anden

topmasternagle.

15. Fremgangsmade ifalge krav 14, hvor trinnet med placering af lasen i den

basale omlaegningsposition omfatter:

drejning af den anden topmasternagle for saledes at beveege kernen til den

basale omlaegningsposition;
flernelse af den anden topmasternagle og

indfering af den anden kundenagle, saledes at én eller flere af masterstifterne
beveeger sig mellem en position i ét af de inaktive masterstiftkamre og en position
inde i kernen over én af tilholderenhederne, hvorved lasen omlaegges til den anden

kundenggle.
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