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(57) ABSTRACT

A method and apparatus for extending an existing simplex or
multiplex lock-and-key system that includes a family of first
keys each having a first profile and of a corresponding
plurality of first locks each operable by a first key and each
having a first keyway configured for accepting the first key
profile. Second keys of a new family are defined with a core
section corresponding to the first key profile and a narrowed
projection extending from the bottom of the core section.
Corresponding second locks have a second keyway profile
defined as the compliment of the second key profile, thus
including a complimentary core section and a foot recess
extending from the bottom of the second keyway core
section. The second locks accept a second key positioned at
the second keyway baseline to normally lift the lock pin
stacks and operate the second lock. The second locks also
accept the first keys but the first keys cannot enter the
narrowed foot recess of the second keyway and are accord-
ingly elevated in the second keyway above the keyway
baseline, and are therefore unable to normally lift the lock
pin stacks to operate the second lock.
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POSITIONAL MULTIPLEX KEYWAY SYSTEM

RELATED APPLICATION

[0001] This application claims priority from U.S. Provi-
sional Patent Application Ser. No. 60/707,507, filed Aug. 11,
2005, the entire disclosure of which is expressly incorpo-
rated by reference herein.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention broadly relates to multiplex
keyway systems for keyed mechanical locks and, more
particularly, to systems and methods for creating extended
families of keyways and associated keys which share a
common master key for operating any lock having one of the
keyways.

[0004] 2. Description of the Related Art

1. Field of the Invention

[0005] Mechanical locks are currently the most common
mechanisms providing access control for doors and other
limited-availability spaces or locations, and are in wide-
spread use to guard the entrances to the vast majority of
personal residences, commercial offices, factories and
manufacturing plants, educational institutions, hotel rooms
and a host of other sites, as well as to protect or secure
readily movable or transportable articles such as bicycles,
land, sea and air vehicles, tool and other article holders, and
numerous other objects from use or removal or theft by
unauthorized or unintended individuals. One of the most
popular lock designs in extensive practical use is the so-
called pin tumbler lock, parts of which are variously shown
by way of example in FIGS. 1 and 3. The lock typically
comprises a rotatable cylinder tube 102, called the plug,
which is linked to the underlying locking mechanism. Dis-
posed about the circumference of the plug is a shell (not
shown), which in a fixed-use application is normally non-
removably secured to a door or housing. Relative rotation of
plug 102 within the shell in response to a torque generated
by user-manipulation of a key 104 (FIG. 2) that is inserted
within the keyway of plug 102 (see FIG. 3) operates the
locking mechanism. In the locked or nonoperating state of
the lock such rotation of plug 102 is prevented by a set of
longitudinally displaceable, spring-loaded pin stacks 106
that protrude from a series of bores defined in the top of plug
102 (FIG. 1) and extend into corresponding bores defined in
the shell, with a compression spring 108 disposed within
each shell bore urging each respective pin stack toward the
axis of plug 102. Each pin stack 106, which is typically
formed of multiple predetermined lengths of pins, thereby
defines one or more pin stack discontinuities or cuts or
breaks or separations 110 between the individual pins, along
and generally perpendicular to the length of that stack.
Completing the lock is a tail piece (not shown) connected to
the plug and configured to transmit a torque, resulting from
relative rotation of plug 102 within the shell, in either the
unlocking (i.e. opening) or locking direction.

[0006] With no key in the lock (FIG. 1), the respective
compression spring 108 presses each pin stack 106 into its
rest position within the plug and shell, with each of the pin
stack separations or discontinuities 110 disposed within the
plug. When, however, a cut or bitted key 104 is inserted into
the plug, as shown in FIG. 3, through a lock keyway having
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a profile complimentary to that of the key, the pin stacks 106
are variously raised within the plug and shell by the respec-
tive key bittings. If the key has been cut to open that
particular lock—i.e. the key bittings correspond to the pin
stack separation heights or locations—then the fully-in-
serted key 104 will lift each pin stack so that one of its
discontinuities is aligned at a border 112, called the shear
line, which is located between the plug and the circumfer-
ential shell. The plug 102 can then freely rotate—in response
to a turning torque applied to the key by a user—relative to
the shell to thereby unlock or relock the door or other
location or article. On the other hand, the plug 102 will be
prevented from rotating relative to the shell if any single pin
stack either is insufficiently lifted by the corresponding key
bitting so that the pin stack separation 110 remains below the
shear line (i.e. within the plug) or is lifted too far by the
corresponding key bitting so that the pin stack separation is
advanced above the shear line 112 (i.e. into the shell). The
series of cut depths of a key 104 under the plural respective
pin stack positions—i.e. the bitting of the key—defines the
combination or code necessary to operate a particular lock;
a key that is bitted to the wrong depth in even a single pin
stack position will not operate that lock. Typical residential
and commercial locks generally have five or six pin stacks
106, or much less commonly four or seven stacks, with from
four to ten distinct cut depths generally used on each.

[0007] The available number of combinations based on the
topology of any specific key are seemingly limited only by
attainable manufacturing tolerances. In practice, however,
there are a number of limiting factors. The angle between
adjacent key cuts must be controlled to assure the smooth
insertion into and extraction of the key from a lock keyway.
Keys with very deep cuts are, moreover, prone to breakage,
deformation, etc. and are therefore generally avoided Per-
haps the most serious limitation to the number of available
combinations is that caused by master keying, i.e. creating
an arrangement or grouping of families having two or more
levels of keying. Master keying is commonly implemented
by providing multiple sepaations or discontinuities in a pin
stack; one separation is used for operating the lock in
response to a change or low level key—i.e. a key specially
bitted to operate for example only that lock—and the other
for a master or top level key that is bitted to operate all or
apredetermined plurality of differently-configured locks, for
example in multiple families of a hierarchical multiplex
grouping of keyways.

[0008] There is for a number of reasons a common need to
increase or extend the number of distinct keys, each for
operating a corresponding different lock cylinder, that can be
used on the same project, such for example as a hotel,
school, manufacturing facility or office complex. A single
keyway profile, and the maximum plurality of differently-
bitted keys having a complementary profile that can be
utilized in a master keyed arrangement, may be insufficient
to fully populate all of the doorways or other entry or access
openings needed in a single facility or location. One way in
which to extend the number of available distinct key com-
binations is through the use of multiplex keyways which are
constructed in hierarchies with a top-level keyway and
low-level keyways all configured with blocking elements
that prevent the incorrect keys from entering unintended
keyways. The principle of operation of such a multiplex
keyway system is the blocking of one low-level key profile
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or section from entering a different low-level keyway, while
allowing a master key to both enter and unlock all of the
low-level locks.

[0009] The simplest prior art multiplex hierarchy is illus-
trated in FIG. 4; low-level keyways 10 and 20 are configured
to accommodate the entry of keys 10, . . . 10z and 20, . . .
20,, respectively. All keys 20, are blocked from entering
keyway 10, and all keys 10, are blocked from and therefore
unable to enter keyway 20. This arrangement allows the
same key combinations (i.e. bitting combinations) to be
reused for keys to access each of the low-level keyways 10,
20 without unwanted key interchange. If the locks are master
keyed, then a master key 12 is configured so that it can enter
both the low-level keyway 10 and the low-level keyway 20
and operate all of the locks of both.

[0010] If it is then desired to increase the number of
available combinations of keys, a new keyblank is produced
with a profile that is defined by modifying the profile of the
master key 12 to, for example, increase the size of one or
more surface features of the master key profile. The new
system thus has a new keyway 20'—with a profile comple-
mentary to the new keyblank—which will accept the new
keys 20', . .. 20", but which blocks entry of the old keys 10,
and 20,. The old keyways 10 and 20 correspondingly block
the new keys 20", ... 20',. And all of the keyways 10, 20 and
20" will accept the master key 12. Moreover, the extended
multiplex hierarchy now has fifty percent more key combi-
nations available than the original multiplex hierarchy that
included only the keyways 10 and 20.

[0011] In practice, lock makers often create multiplex
families of more, often many more, than two base-level key
sections; indeed, some families have 80 or more sections.
However, at some point any multiplex hierarchy reaches a
practical limit of the number of families that can be added
to further extend the number of available unique lock-and
key combinations within the hierarchy using currently-
practiced procedures, and there accordingly remains an
unsatisfied need for ways to further extend such hierarchies
to additional key-keyway combinations.

[0012] Another technique currently used for increasing the
number of available key combinations involves extending a
simplex keyway into a family of multiplex keyways. In a
simplex keyway system, only a single independent key can
enter the keyway and operate a lock configured with the
proper bitting combination. In this technique, a blank for the
key configured to operate the existing or “old” simplex
keyway is double milled to produce a master key capable of
entering the new keyway(s) and operating the associated
locks. This, however, often leads to “weak™ master keys, and
the double milled key may or may not fit into both the old
and new keyways at the same position, rendering lock
operation with the key unreliable.

[0013] A need therefore exists for a positional multiplex
keyway system and method that can extend a simplex
keyway into multiplex families, and extend ordinary multi-
plex families into larger multiplex families.

SUMMARY OF THE INVENTION

[0014] These and other needs are met by the inventive
positional multiplex system and methods of extending cur-
rent simplex and multiplex hierarchies. In accordance with
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the present invention, change keys constituting one of mul-
tiple low-level key sections can enter a keyway of another
base-level key section, but are positioned in the keyway of
the other base-level section so that they cannot operate the
associated lock. Thus, in contrast to the heretofore known
art, the inventive system does not seek to create keyway
hierarchies by blocking one base-level key section from
entering another base-level keyway; rather, a base-level key
is able to enter a different base-level keyway but is elevated
or heightwise displaced within the different base-level key-
way, thereby rendering it incapable of operating the lock
because the lock pin stack separations are lifted by the key
beyond the shear line.

[0015] Thus, in extending an existing simplex or multiplex
system, a new low-level or base keyway is provided that
allows a group of “old” change keys for an existing keyway
to enter and fully advance into a plug having the new
keyway. The new keyway is configured and shaped and
dimensioned, however, so that the entered “old” key cannot
lift the pin stacks to the correct positions to operate the
associated lock.

[0016] The new keyway includes, in accordance with the
invention, a narrowed foot at the bottom of the keyway
which prevents a key not configured for that keyway but
otherwise able to enter the keyway from fully entering the
foot section of the keyway—i.e. from being positioned on
the baseline of the keyway profile. In accordance with an
embodiment of the invention, the keyway foot has a width
which is, at least in part, smaller than the width of the bottom
or base of an “old” or pre-existing key profile so that, even
though the “old” key is able to enter the keyway, the key sits
in the keyway in a raised position above the bottom or
baseline of the keyway. Accordingly, when the “old” key
enters the plug, the lifted pin stack separations will be
positioned above the shear line, which will thereby prevent
the key from rotating the plug relative to the sleeve and thus
operating the lock. A key specially configured to enter the
new keyway of this embodiment and operate the associated
lock, on the other hand, has the same profile as the “old” key
which can enter the new keyway but additionally includes a
projection or like reduced-width structural element that
extends downward (i.e. away from the bitting surface of the
key) from that portion comprising the “old” key profile. This
“new” key is thus configured so that, when inserted into the
keyway, its reduced-width projection is received within the
narrowed foot of the new keyway, positioning the bottom of
the key on the keyway baseline and thereby properly posi-
tioning its bittings to lift the pin stack separations into
correct alignment with the shear line for operation of the
lock.

[0017] Inaccordance with an embodiment ofthe inventive
method, in a lock-and-key system comprising a plurality of
differently-bitted first keys each having a first profile and a
corresponding plurality of first locks each operable by a
corresponding one of the first keys and each having a first
keyway configured to accept the first key profile for entry of
the first keys into the first keyways, wherein the first key
profile comprises a first key section that extends between a
base having a width and a top surface and a predetermined
contour defined by a groove along the first key section at a
predetermined spacing above the first key base, and wherein
the first keyway has a profile complementary to the first key
profile and comprises a blocking element disposed for
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complementary mating engagement with the first key groove
when the first key is disposed in the first keyway, a method
of providing a plurality of second locks each having a
second keyway and a plurality of differently-bitted second
keys each having a second profile and each bitted for
operating a corresponding one of the second locks, the
second keyway being configured so that each of the first
locks and each of the second locks can be entered through
the respective first and second keyways by a single master
key for operating all of the first and second locks, the method
comprising the steps of configuring the second key profile as
comprising a core section configured as the first key profile
and a narrowed projection extending downwardly from the
first key profile base of the core section and having a width
less than the first key base width such that the second key
cannot enter the first keyway of the first locks; and config-
uring the second keyway for receipt of the second key profile
and including a foot for accommodating the second key
projection and a blocking element for complementary mat-
ing engagement with a groove defined in the second key core
section when the second key enters the second keyway and
for complementary mating engagement with the first key
groove when the first key enters the second keyway so that
said first key is receivable in the second keyway.

[0018] In accordance with another embodiment of the
inventive method, in a lock-and-key system comprising a
plurality of differently-bitted first keys each having a first
profile and a corresponding plurality of first locks each
operable by a corresponding one of said first keys and each
having a first keyway configured to accept the first key
profile for entry of the first keys into the first keyways,
wherein the first key profile comprises a first key section that
extends between a base having a width and a top surface and
a predetermined contour defined by a groove along the first
key section at a predetermined spacing above the first key
base, and wherein the first keyway has a profile comple-
mentary to the first key profile and comprises a blocking
element disposed for complementary mating engagement
with the first key groove when the first key is disposed in the
first keyway, a method of providing a plurality of second
locks each having a second keyway for use with a plurality
of differently-bitted second keys each having a second
profile complimentary to a profile of the second keyway and
each bitted for operating a corresponding one of the second
locks, the second keyway being configured so that each of
the first locks and each of the second locks can be entered
through the respective first and second keyways by a single
master key for operating all of said first and second locks,
the method comprising configuring the second profile of the
second keyway as comprising a core section configured
complimentary to the first key profile and a narrowed foot
recess extending downwardly from the core section to a
baseline of the second keyway, the narrowed foot having a
width less than the first key base width, for receipt by the
second keyway of the complimentary second key profile and
for receipt by the second keyway of the first key in a position
in which the first key enters the complimentary core section
of the second keyway and is unable to enter the narrowed
foot of the second keyway and is thereby elevated in the
second keyway above the second keyway baseline to pre-
vent operation of the second lock by the first key.

[0019] In accordance with an embodiment of the inventive
system, in a lock-and-key system that includes a first lock-
and-key family comprising a plurality of differently-bitted
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first keys each having a first profile and a corresponding
plurality of first locks each operable by a corresponding one
of the first keys and each having a first keyway configured
to accept the first key profile for entry of the first keys into
the first keyways, wherein the first key profile comprises a
first key section that extends between a base having a width
and a top surface and a predetermined contour defined by a
groove along the first key section at a predetermined spacing
above the first key base, and wherein the first keyway has a
profile complementary to the first key profile and comprises
a blocking element disposed for complementary mating
engagement with the first key groove when the first key is
disposed in the first keyway, the improvement comprising a
second lock-and-key family, the second family comprising a
plurality of second locks each having a second keyway; and
a plurality of differently-bitted second keys each having a
second profile and each bitted for operating a corresponding
one of said second locks; wherein the second keyway is
configured so that each of the first locks and each of the
second locks can be entered through the respective first and
second keyways by a single master key for operating all of
the first and second locks; wherein the second key profile
comprises a core section configured as the first key profile
and a narrowed projection extending downwardly from the
first key profile base of the core section and having a width
less than the first key base width such that the second key
cannot enter the first keyway of the first locks; and wherein
the second keyway is configured for receipt of the second
key profile and includes a foot for accommodating the
second key projection and a blocking element for comple-
mentary mating engagement with a groove defined in the
second key core section when the second key enters the
second keyway and for complementary mating engagement
with the first key groove when the first key enters the second
keyway so that said first key is receivable in the second
keyway.

[0020] Other objects and features of the present invention
will become apparent from the following detailed descrip-
tion considered in conjunction with the accompanying draw-
ings, in which like elements are denoted by like reference
numerals throughout the various Figures. It is to be under-
stood, however, that the drawings are designed solely for
purposes of illustration, and not as a definition of the limits
of the invention, for which reference should be made to the
appended claims. It should be further understood that the
drawings are not necessarily drawn to scale and that, unless
otherwise indicated, they are merely intended to conceptu-
ally illustrate the structures and procedures described herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021] In the drawings:

[0022] FIG. 1 is a cross-sectional side view of a prior art
lock cylinder;

[0023] FIG. 2 is a side view of a prior art key;

[0024] FIG. 3 is a cross-sectional side view of a prior art
lock cylinder with an inserted key;

[0025] FIG. 4 is a schematic representation of a prior art
multiplex keyway system;

[0026] FIG. 5 is a diagrammatic view of a multiplex
keyway system in accordance with the present invention;
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[0027] FIG. 6A is a diagrammatic view an “old” change
key profile;

[0028] FIG. 6B is a diagrammatic view of a new keyway
profile configured in accordance with the invention;

[0029] FIG. 6C is a diagrammatic view of a new key
profile configured in accordance with the invention for use
with the keyway of FIG. 6B;

[0030] FIG. 7A is a diagrammatic view depicting the
position of an “old” change key within a new keyway of the
invention;

[0031] FIG. 7B is a diagrammatic view depicting the
position of a new key within a new keyway in accordance
with the invention;

[0032] FIG. 8A is a diagrammatic view of an “old” key-
way profile;

[0033] FIG. 8B is a diagrammatic view of a new master
key in accordance with the invention;

[0034] FIG. 8C is a diagrammatic view of a new keyway
in accordance with the invention;

[0035] FIG. 9A is a diagrammatic view depicting the
position of a new master key configured in accordance with
the invention within an “old” keyway;

[0036] FIG. 9B is a diagrammatic view depicting the
position of a new master key within a new keyway config-
ured in accordance with the invention; and

[0037] FIGS. 10A to 10F are diagrammatic views, partly
broken away, of alternate forms by way of illustrative
example of a projection defined on a new key configured in
accordance with the invention.

DETAILED DESCRIPTION OF THE
CURRENTLY PREFERRED EMBODIMENTS

[0038] A lock and key system 200 configured in accor-
dance with the invention and shown and described to
facilitate an understanding and appreciation of the invention
is depicted in FIG. 5. For ease of explanation and illustra-
tion, this Figure, and the accompanying description, relates
specifically to applying the inventive subject matter to what
is initially a simplex system to create a simple multiplex
hierarchy. Nevertheless, those skilled in the art will recog-
nize and appreciate that the invention is equally and, indeed,
even more advantageously applicable for use with existing
multiplex hierarchies to extend such hierarchies and thereby
notably increase the number of unique lock-and-key families
available for use in such existing multiplex hierarchies.
There is accordingly no intention to limit the scope of the
invention to use with either simplex or multiplex systems, or
to particular types or configurations of simplex or multiplex
systems, as will be apparent to those of ordinary skill.

[0039] In any event, the system 200 of FIG. 5 includes a
plurality of existing or “old” series keys 10, . .. 10, which
are configured to enter an existing or “old” keyway 10 and
variously bitted to operate respective locks associated there-
with. In accordance with the invention, a new keyway 30 is
configured so that the “old” keys 10, are able to enter the
new keyway 30 but—although the keys 10, are bitted with
the same combinations with which the new keyway locks 30
are provided—the keys 10, are unable to operate the asso-
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ciated locks equipped with the new keyway 30 into which
the keys 10, have been inserted. Thus, the “old” keys 10, can
enter the new keyway 30, new keys 30, . . . 30', which are
bitted or cut to enter and operate the locks of the new
keyway 30 are blocked from entering the “old” keyway 10,
and a master key 13 is configured to enter both the old and
new keyways 10 and 30.

[0040] Shown in respective FIGS. 6A and 6B are the distal
end or profile of a key blank 50 of an “o0ld” key 10, and the
profile of new keyway 30 that is configured in accordance
with a preferred embodiment of the present invention. The
term key blank is used herein in its normal sense to denote
a component manufactured to the proper size and configu-
ration for entering into the keyway of a specific lock, but that
has not yet been provided with bitting to define the combi-
nation necessary to operate the lock. The profile of a key
blank, and of a cut key, typically has a contour that includes
one or more grooves, lands and/or other surface features,
structures and/or formations—collectively referred to herein
as grooves—that extend longitudinally along the elongated
blade, and an associated keyway for receiving the key has a
typically complementary profile in which blocking elements
such as grooves, lands and/or other surface features, struc-
tures and/or formations—collectively referred to herein as
blocking elements—are defined for complementary mating
with the key profile grooves to permit the proper key to enter
the keyway. Thus, for example, a key or key blank profile
may include a groove defined on the blade at a predeter-
mined spacing above the bottom or base of the key, and a
keyway intended to accommodate that key or key blank will
typically include a blocking element at a corresponding
location along its profile for complementary mating engage-
ment with the key groove, the blocking element thereby
generally preventing entry into the keyway of a key blade
which lacks a groove at the corresponding location of its
blocking element. The key or key blank, and a keyway
constructed for that key profile, are configured in a compli-
mentary fashion so that each has substantially the same
width—i.e. with correspondingly contoured and sized,
complementary profiles—along their respective vertical (in
the Figures) lengths, although it will be appreciated that, as
a practical matter, the width of the keyway must be slightly
greater than the width of the key at any given location along
their lengths to permit the key to freely enter the keyway;
thus references herein to a particular width of key or keyway
profiles or portions thereof are intended to include and
accommodate such slight differences as may be necessary
for that purpose, including acceptable tolerances. Moreover,
unless indicated or required by context, references herein to
a key or key blank are generally intended to connote either
or both.

[0041] InFIG. 6A, the key or key blank 50—i.e. its profile
or blade profile—has a height which extends from its bottom
or base 52 to a top surface 54 at which is located a bitting
region or portion 56 which, for normal use, is cut to that
combination of bittings required to operate a particular lock.
The key 50 includes one or a plurality of grooves 58 defined
at predetermined spacings above the base 52, and the base
has a predetermined width w. The particular key profile
depicted in FIG. 6A is otherwise generally fanciful and is
intended for consideration as merely illustrative to facilitate
ease of depiction and explanation.
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[0042] The “new” keyway 30 has a profile that, in accor-
dance with the invention, includes at its bottom-most region
a foot 32 which, in the embodiment shown in FIG. 6B,
comprises a frustoconically narrowing portion 34 that tapers
to a substantially constant-width recess 36. At the dotted line
depicted juncture 37 of the foot 32 and the remainder of the
keyway profile—referred to herein as the core portion
38—the keyway profile has a width which is in preferred
embodiments substantially the same as, or at least no less
than, the width w of the base 52 of key 50; thus, the foot 32
of keyway 30 is—throughout at least the majority of its
height—narrower than the width of the base 52 of key 50 so
that the base 52 of a key 50 that is inserted into the keyway
30 cannot substantially enter the foot 32 of keyway 30.
Instead, a key 50 that has entered keyway 30 has its base 52
located or disposed closely proximate the juncture 37, at the
top of the narrowed foot 32, and is thereby vertically
elevated within keyway 30 above the bottom or baseline 39
of the keyway.

[0043] The keyway foot 32 may have any of numerous
alternate shapes or configurations in lieu of that shown in
FIG. 6B. It may, for example, be configured to substantially
complement the corresponding region of a “new” key 30'
which has been prepared specifically for the keyway 30.
Alternatively, the foot 32 may be shaped or contoured such
that at least one of its sides or sidewalls, or a part or section
thereof, is inwardly tapered, as by way of illustration where
the foot defines a frustoconical region extending from its top
to its bottom. It is generally intended (although not
required), in these and any additional configurations of the
foot 32 as will become apparent to those of ordinary skill in
the art, that the foot advantageously function to guidingly
facilitate entry and advance of the corresponding region of
a key 30" into and along the foot 32 as a key 30’ is inserted
into the keyway 30 and, as such, it is preferred that at least
a portion of at least one of the sides or sidewalls defining the
foot 32 have an inwardly tapered or otherwise angled
orientation. In any event, it is essential in accordance with
the invention that the foot 32, at least at or closely below the
top of foot 32 (i.e. at its juncture 37 with the core portion 38
of the keyway profile), have or taper to a width that is
sufficiently less than the width of the base 52 of key blank
50 as to prevent entry of blank 50, or of a key cut from blank
50, from entering foot 32; in other words, so that a key blank
or cut key 50 (FIG. 6A) that is inserted into keyway 30 rests
substantially at or close to the top of foot 32 to thereby
elevate the key above the bottom or baseline 39 of keyway
30.

[0044] The core section 38 of keyway 30 is configured to
complement the profile of the “old” key blank or key 50.
That is, the contours of the key 50, including in particular the
locations of all grooves 58, are present in keyway 30 as a
complementary keyway profile, including correspondingly
shaped and located blocking elements 58'. Thus, in a sense
the keyway 30 in this embodiment may be viewed as the
combination of a keyway specially configured for and
complementary to the profile of the “old” key 50 (i.e. the
keyway core section 38) and the narrowed foot 32 which has
been unitarily appended to the bottom of core section 38. It
is this complimentary correspondence of the profiles of the
complement of the “old” key 50 and the core section 38 of
the “new” keyway 30 that enable the key 50 to readily enter
the keyway 30, even though the base 52 of key 50 is unable
to enter the foot 32 which forms the bottom portion of
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keyway 30. Because, however, the key 50 is unable to enter
the keyway foot 32 and therefore rests in keyway 30 at an
elevated position above the foot-defining bottom or baseline
39 of the keyway, a key 50 cut with a bitting combination
corresponding to the pin stacks combination of a lock using
the keyway 30 is nevertheless unable to operate the lock
since the pin stack separations are lifted by the elevated
“old” key 50 beyond the positions needed to align the pin
stack separations with the shear line of the lock.

[0045] Shown in FIG. 6C is a “new” key (or key blank) 30'
which has, in accordance with the invention, been config-
ured for specific use with the keyway 30. The key 30', like
its corresponding keyway 30, may be viewed as unitarily
formed of two parts—a core section 38' and a narrowed
projection 32' extending from the bottom of the core section.
The unitary juncture 37' of the core section 38' and the
narrowed projection 32' is depicted by the dotted line in FIG.
6C. The core section 38' of the illustrated embodiment of the
key 30" has essentially the same profile as the profile of the
“old” key or key blank 50, including correspondingly sized,
shaped and located grooves 58" for complementary mating
engagement with the blocking elements 58" of keyway 30.
In this embodiment of the key 30', the core section 38' is
however shorter than the corresponding profile of the “old”
key 50 by an amount x, as for example by decreasing the
spacing between the bitting region of the key and that
portion of the “old” key profile that defines the contours
which determine its ability to enter its complementary
keyway 10—i.e. that portion of the key profile which
includes the grooves 58 and the like. Embodiments of key
30" in which the core section 38' is instead of the same length
or height, or of greater height, than the corresponding length
or height of the blade profile of the “old” key or key blank
50 are also nevertheless within the scope and contemplation
of the invention.

[0046] The narrowed projection 32' of key 30' can take on
any of numerous forms, primarily as a general matter of
design choice. In the embodiment of key 30' depicted in FIG.
6C, projection 32' comprises a narrowing frustoconical part
34" which extends from the junction 37 of the projection 32'
and core section 38', and a substantially constant-width,
optionally elongated tongue or stub 36' that extends down-
ward (in the Figure) from the bottom of frustoconical part
34'. Thus, in the embodiment shown in FIG. 6C, the pro-
jection 32' of key 30' is configured as the compliment of the
foot 32 of the keyway 30, as may for example be more
readily apparent in FIG. 7B which depicts the superposi-
tioned profiles of a key 30" and a keyway 30. Although the
height or length of the projection 32' of key 30' may be
selected as a general matter of design choice, in this embodi-
ment of the key 30' its height y is essentially equal to the
amount x by which the core section 38' is shorter (i.e. of
lesser length) than the corresponding profile of “old” key 55;
as a consequence, the total length or height of each of the
“old” key 50 and of the new key 30' is in this embodiment
substantially the same.

[0047] Alternate currently-contemplated configurations of
the key 30' projection 32' are shown, by way of illustrative
example, in FIGS. 10A to 10F. As should be apparent, the
projection 32' can take on virtually any shape or form or
combination of shapes or structural features, the essential
point being that the projection is sufficiently narrower—i.e.
has a smaller width—than the bottom 37' of the core section
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38' of the key 30" (which is itself substantially the same as
the width of the base 52 of the “old” key 50), so that the
projection 32' can freely enter the complimentary or other-
wise configured foot 32 of the keyway 30 but the base 52 of
“old” key 50 is unable to substantially enter foot 32 and,
accordingly, when key 50 is received in keyway 30 it is
positioned above the bottom or baseline 39 of keyway 30 so
that key 50 cannot operate a lock of keyway 30. Thus,
although it is preferred that the projection 32' of a key 30’
include at least one side or sidewall portion that is sloped or
tapered or angled to guidedly facilitate entry of the key in
keyway 30, the projection 32' may instead include an arcuate
sidewall portion (such as shown in FIG. 10A) or primarily
or solely comprise a substantially constant-width tongue or
stub 36' (as shown in FIG. 10B) either centrally or along one
edge or otherwise inwardly along the width of the key
profile. Projection 32' may alternatively comprise a multi-
plicity of substantially constant-width tongues 32' (FIGS.
10C and 10D), without or without an accompanying arcuate
or angled sidewall or sidewall portion, with the multiple
tongues being of the same (FIG. 10C) or different (FIG.
10D) extensions or lengths. Projections 32' formed without
a substantially constant-width portion are also contemplated,
such for example as those depicted in FIGS. 10E and 10F.
All of these alternatives, and others which will be apparent
to those of ordinary skill in the art with knowledge of this
disclosure, are within the fully intended scope and contem-
plation of the invention. And, as will be equally apparent,
shaping of the profile of the foot 32 of the corresponding
keyway 30 to closely complement the selected or imple-
mented configuration of the projection 32' of key 30', or as
otherwise desired so long as the projection 32' of key 30' can
freely and fully enter the foot 32 of keyway 30, is likewise
within the intended scope and contemplation of the inven-
tion.

[0048] It is as discussed herein an important aspect of the
invention that the “old” key 50 can enter the “new” keyway
30, but is relatively displaced within the keyway so that its
base 52 is disposed at or closely proximate the top of the
keyway foot 32—i.e. the base 52 of key 50 is unable to
substantially enter keyway foot 32 because the foot 32 is at
least primarily narrower than the key base 52. It will
nevertheless be appreciated that practical limitations on the
sizing tolerances of key blanks and keyways to assure that
keys can freely and easily enter and slide along lock key-
ways may result in a key 50 in which the base 52 has a width
that, while unable to fully, or at least to a significant extent,
enter keyway foot 32, may be capable of entering the very
topmost portion of foot 32, as for example where foot 32
incorporates a gradually-tapering frustoconical portion or
angled sidewall. In such cases, however, a key 50 received
in a keyway 30 will nevertheless be disposed in a sufficiently
raised or elevated position above the bottom or baseline 39
of the keyway—i.e. above the bottom of the keyway foot
32—so that the key 50 will lift the lock pin stacks too high
to enable operation of the lock. Thus, what is important in
accordance with the invention is not that the base 52 of “old”
key 50 be unable to enter even a topmost fraction of the
keyway foot volume but, rather, that the narrowed foot 32 is
configured to prevent the key 50 from entering the keyway
30 at the required position or height within the keyway to
permit the key 50 to lift the pin stacks to the correct positions
to operate the lock. By virtue of the presence of the narrowed
or narrowing width foot 32, an “old” key 50 is in accordance

Jan. 25, 2007

with the invention unable to enter the keyway 30 in a way
that will locate the key base 52 at the bottom or baseline 39
of the keyway 30.

[0049] The way in which an “old” key 50 and a new key
30" are respectively positioned when each enters the new
keyway 30 is shown in FIGS. 7A and 7B. As previously
described and readily apparent in FIG. 7A, an “old” key 50
can readily enter the core portion 38 of the keyway 30 since
that core portion is configured to complement the profile of
the key 50. The base 52 of key is positioned proximate the
juncture 37 of the foot recess 36 and the core portion 38 of
keyway 30, and in any even well above the bottom or
baseline 39 of the keyway. Key 50 is accordingly unable to
lift the pin stacks of the lock to the correct positions to
operate the lock, since the pin stack separations will be lifted
beyond the shear line and into the shell, thus preventing
rotation of the lock plug within the cylinder.

[0050] As seen in FIG. 7B, on the other hand, the profile
of'the key 30' is the complement of the profile of keyway 30,
including the key projection 32' which is configured to enter
the keyway foot recess 32 and thereby enable positioning the
bottom of key 30' at the bottom or baseline 39 of the keyway.
Key 30, bitted with the proper combination for the lock, is
thereby able to lift the pin stack separations to the necessary
locations aligned with the shear line for selective operation
of the lock.

[0051] Depicted in FIGS. 8Ato 8C, in conjunction with an
“old” keyway 10 and a “new” keyway 30 of the present
invention, is a master key 13 cut from a specially-configured
key blank so that it can enter and operate locks using either
of the keyways 10, 30. Master key 13 includes a projection
62 shaped and dimensioned for baseline receipt in the foot
32 of a keyway 30, as shown in FIG. 9B, so that master key
13 can enter a keyway 30 and operate a lock associated with
the keyway. Master key 13 is further dimensioned and
configured for baseline entry into an “old” keyway 10, as
shown in FIG. 9A, to operate a lock associated with that
keyway. In each case the lock pin stacks include separations
or dislocations selectively located so that, when master key
13 is inserted into the respective keyway, the pin stacks are
upwardly displaced to align those pin stack separations with
the shear line and thereby enable operation of the lock by the
master key.

[0052] Thus, the present invention contemplates the cre-
ation of a new key and corresponding keyway profile, both
based on an existing or “old” key/keyway profile, to expand
an existing simplex or multiplex lock and key system or
hierarchy with one or more additional families of profiles
with the expanded hierarchy sharing a master key for
operating locks using any of the “old” or “new” keyways.
Unlike prior art hierarchy expansion schemes in which the
new keyway is configured to block the entry of pre-existing
or “old” keys and to thereby increase the number of unique,
available lock and key combinations in the hierarchy—i.e.
so that the keys of one family are unable to enter the
keyways of another family, such as the newly-added family
with which the hierarchy has been expanded—in the present
invention the “old” key is able to enter the “new” keyway,
but is unable to operate the associated lock because the “old”
key can only be positioned in the “new” keyway in a manner
that elevates the key off or above the bottom or baseline 39
of'the “new” keyway. The “old” key, positioned in the “new”
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keyway, accordingly lifts the pin stacks of the lock above the
point at which the pin stack separations are aligned with the
shear line, and cannot therefore operate the lock—even
though the “old” key may be cut with the same bitting
combination that will operate the lock when a “new” key cut
with that bitting combination and having the proper profile
for baseline receipt in the “new” keyway is advanced into
the keyway.

[0053] While there have shown and described and pointed
out fundamental novel features of the invention as applied to
preferred embodiments thereof, it will be understood that
various omissions and substitutions and changes in the form
and details of the methods described and devices illustrated,
and in their operation, may be made by those skilled in the
art without departing from the spirit of the invention. For
example, it is expressly intended that all combinations of
those elements and/or method steps which perform substan-
tially the same function in substantially the same way to
achieve the same results are within the scope of the inven-
tion. Moreover, it should be recognized that structures
and/or elements and/or method steps shown and/or
described in connection with any disclosed form or embodi-
ment of the invention may be incorporated in any other
disclosed or described or suggested form or embodiment as
a general matter of design choice. It is the intention, there-
fore, to be limited only as indicated by the scope of the
claims appended hereto.

What is claimed is:

1. In a lock-and-key system comprising a plurality of
differently-bitted first keys each having a first profile and a
corresponding plurality of first locks each operable by a
corresponding one of said first keys and each having a first
keyway configured to accept said first key profile for entry
of said first keys into said first keyways, wherein said first
key profile comprises a first key section that extends
between a base having a width and a top surface and a
predetermined contour defined by a groove along said first
key section at a predetermined spacing above said first key
base, and wherein said first keyway has a profile comple-
mentary to said first key profile and comprises a blocking
element disposed for complementary mating engagement
with the first key groove when the first key is disposed in
said first keyway, the improvement comprising a method of
providing a plurality of second locks each having a second
keyway and a plurality of differently-bitted second keys
each having a second profile and each bitted for operating a
corresponding one of said second locks, said second keyway
being configured so that each of said first locks and each of
said second locks can be entered through the respective first
and second keyways by a single master key for operating all
of said first and second locks, comprising the steps of:

configuring the second key profile as comprising a core
section configured as said first key profile and a nar-
rowed projection extending downwardly from said first
key profile base of said core section and having a width
less than said first key base width such that said second
key cannot enter the first keyway of said first locks; and

configuring the second keyway for receipt of said second
key profile and including a foot for accommodating
said second key projection and a blocking element for
complementary mating engagement with a groove
defined in said second key core section when the
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second key enters the second keyway and for comple-
mentary mating engagement with said first key groove
when the first key enters the second keyway so that said
first key is receivable in said second keyway.

2. In a lock-and-key system in accordance with claim 1,
further comprising the step of configuring a master key for
entry into both said first keyway and said second keyway for
operation by said master key of both said first locks and said
second locks.

3. In a lock-and-key system in accordance with claim 1,
wherein said first key profile has a height defined between
said first key base and said first key top surface and said
second key profile has a height defined between a bottom-
most extension of said projection and an uncut top surface
of said second key, said first key profile height and said
second key profile height being substantially the same.

4. In a lock-and-key system in accordance with claim 1,
wherein said first key profile has a height x defined between
said first key base and said first key top surface, said second
key profile has a height z defined between a bottom-most
extension of said projection and an uncut top surface of said
second key, and said second key projection has a height y
defined between said bottom-most extension and said sec-
ond key core section, wherein said second key profile height
7 comprises substantially a sum of the first key profile height
x and the second key projection height y.

5. In a lock-and-key system in accordance with claim 1,
wherein said second keyway foot comprises a frustoconical
recess.

6. In a lock-and-key system in accordance with claim 5,
wherein said second keyway foot further comprises a con-
stant width recess extending from said frustoconical recess.

7. In a lock-and-key system in accordance with claim 1,
wherein said second keyway foot comprises an angled wall
for facilitated guidance of the second key projection as the
second key enters the second keyway.

8. In a lock-and-key system in accordance with claim 1,
wherein said second keyway foot is configured to gradually
narrow, from a top toward a bottom of said foot, from said
first key base width such that the first key base is prevented
from entering said foot when the first key enters said second
keyway and thereby suitably position said first key profile
within said second keyway profile for complementary mat-
ing engagement of said first key groove and said second
keyway blocking element to enable receipt of said first key
in said second keyway.

9. In a lock-and-key system in accordance with claim 1,
wherein said narrowed projection comprises a projection
having a substantially constant width less than said first key
base width.

10. In a lock-and-key system in accordance with claim 1,
wherein said narrowed projection comprises a plurality of
spaced apart projections, at least one of which has a sub-
stantially constant width, and wherein an end-to-end width
of said plural projections is less than said first key base
width.

11. In a lock-and-key system in accordance with claim 1,
wherein said narrowed projection comprises a projection
having an angled face that defines a gradually narrowing
width.

12. In a lock-and-key system in accordance with claim 1,
wherein said narrowed projection comprises a frustoconical
portion that tapers to a substantially constant-width tongue
extending from said frustoconical portion.
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13. In a lock-and-key system in accordance with claim 1,
wherein said narrowed projection comprises a frustoconical
portion and a substantially constant-width portion.

14. In a lock-and-key system that includes a first lock-
and-key family comprising a plurality of differently-bitted
first keys each having a first profile and a corresponding
plurality of first locks each operable by a corresponding one
of said first keys and each having a first keyway configured
to accept said first key profile for entry of said first keys into
said first keyways, wherein said first key profile comprises
a first key section that extends between a base having a
width and a top surface and a predetermined contour defined
by a groove along said first key section at a predetermined
spacing above said first key base, and wherein said first
keyway has a profile complementary to said first key profile
and comprises a blocking element disposed for complemen-
tary mating engagement with the first key groove when the
first key is disposed in said first keyway, the improvement
comprising a second lock-and-key family, said second fam-
ily comprising:

a plurality of second locks each having a second keyway;
and

a plurality of differently-bitted second keys each having a
second profile and each bitted for operating a corre-
sponding one of said second locks;

wherein said second keyway is configured so that each of
said first locks and each of said second locks can be
entered through the respective first and second keyways
by a single master key for operating all of said first and
second locks;

wherein said second key profile comprises a core section
configured as said first key profile and a narrowed
projection extending downwardly from said first key
profile base of said core section and having a width less
than said first key base width such that said second key
cannot enter the first keyway of said first locks; and

wherein said second keyway is configured for receipt of
said second key profile and includes a foot for accom-
modating said second key projection and a blocking
element for complementary mating engagement with a
groove defined in said second key core section when
the second key enters the second keyway and for
complementary mating engagement with said first key
groove when the first key enters the second keyway so
that said first key is receivable in said second keyway.

15. In a lock-and-key system in accordance with claim 14,
further comprising a master key configured for entry into
both said first keyway and said second keyway for operation
by said master key of both said first locks and said second
locks.

16. In a lock-and-key system in accordance with claim 14,
wherein said first key profile has a height defined between
said first key base and said first key top surface and said
second key profile has a height defined between a bottom-
most extension of said projection and an uncut top surface
of said second key, said first key profile height and said
second key profile height being substantially the same.

17. In a lock-and-key system in accordance with claim 14,
wherein said first key profile has a height x defined between
said first key base and said first key top surface, said second
key profile has a height z defined between a bottom-most
extension of said projection and an uncut top surface of said
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second key, and said second key projection has a height y
defined between said bottom-most extension and said sec-
ond key core section, wherein said second key profile height
7 comprises substantially a sum of the first key profile height
x and the second key projection height y.

18. In a lock-and-key system in accordance with claim 14,
wherein said second keyway foot comprises a frustoconical
recess.

19. In a lock-and-key system in accordance with claim 18,
wherein said second keyway foot further comprises a con-
stant width recess extending from said frustoconical recess.

20. In a lock-and-key system in accordance with claim 14,
wherein said second keyway foot comprises an angled wall
for facilitated guidance of the second key projection as the
second key enters the second keyway.

21. In a lock-and-key system in accordance with claim 14,
wherein said second keyway foot is configured to gradually
narrow, from a top toward a bottom of said foot, from said
first key base width such that the first key base is prevented
from entering said foot when the first key enters said second
keyway and thereby suitably position said first key profile
within said second keyway profile for complementary mat-
ing engagement of said first key groove and said second
keyway blocking element to enable receipt of said first key
in said second keyway.

22. In a lock-and-key system in accordance with claim 14,
wherein said narrowed projection comprises a projection
having a substantially constant width less than said first key
base width.

23. In a lock-and-key system in accordance with claim 14,
wherein said narrowed projection comprises a plurality of
spaced apart projections, at least one of which has a sub-
stantially constant width, and wherein an end-to-end width
of said plural projections is less than said first key base
width.

24. In a lock-and-key system in accordance with claim 14,
wherein said narrowed projection comprises a projection
having an angled face that defines a gradually narrowing
width.

25. In a lock-and-key system in accordance with claim 14,
wherein said narrowed projection comprises a frustoconical
portion that tapers to a substantially constant-width tongue
extending from said frustoconical portion.

26. In a lock-and-key system in accordance with claim 14,
wherein said narrowed projection comprises a frustoconical
portion and a substantially constant-width portion.

27. In a lock-and-key system comprising a plurality of
differently-bitted first keys each having a first profile and a
corresponding plurality of first locks each operable by a
corresponding one of said first keys and each having a first
keyway configured to accept said first key profile for entry
of said first keys into said first keyways, wherein said first
key profile comprises a first key section that extends
between a base having a width and a top surface and a
predetermined contour defined by a groove along said first
key section at a predetermined spacing above said first key
base, and wherein said first keyway has a profile comple-
mentary to said first key profile and comprises a blocking
element disposed for complementary mating engagement
with the first key groove when the first key is disposed in
said first keyway, the improvement comprising a method of
providing a plurality of second locks each having a second
keyway for use with a plurality of differently-bitted second
keys each having a second profile complimentary to a profile
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of the second keyway and each bitted for operating a
corresponding one of said second locks, said second keyway
being configured so that each of said first locks and each of
said second locks can be entered through the respective first
and second keyways by a single master key for operating all
of said first and second locks, said method comprising
configuring the second profile of the second keyway as
comprising a core section configured complimentary to said
first key profile and a narrowed foot recess extending
downwardly from said core section to a baseline of the
second keyway, said narrowed foot having a width less than
said first key base width, for receipt by said second keyway
of the complimentary second key profile and for receipt by
said second keyway of the first key in a position in which the
first key enters the complimentary core section of the second
keyway and is unable to enter the narrowed foot of the
second keyway and is thereby elevated in the second key-
way above the second keyway baseline to prevent operation
of the second lock by the first key.

28. In a lock-and-key system in accordance with claim 27,
further comprising the step of configuring a master key for
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entry into both said first keyway and said second keyway for
operation by said master key of both said first locks and said
second locks.

29. In a lock-and-key system in accordance with claim 27,
wherein said second keyway foot comprises a frustoconical
recess.

30. In a lock-and-key system in accordance with claim 29,
wherein said second keyway foot further comprises a con-
stant width recess extending from said frustoconical recess.

31. In a lock-and-key system in accordance with claim 29,
wherein said second keyway foot comprises an angled wall
for facilitated guidance of the second key projection as the
second key enters the second keyway.

32. In a lock-and-key system in accordance with claim 29,
wherein said second keyway foot is configured to gradually
narrow, from a top toward a bottom of said foot at said
second keyway baseline, from said first key base width such
that the first key base is prevented from entering said foot
when the first key enters said second keyway.
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