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A cylinder lock Includes a shell (14) and a plug (10) inside the shell. A locking pin (52), a sensor pin (54) and a flexible coupling
are mounted within the plug. The sensor pin moves the flexible coupling and the coupling moves the locking pin to an unlocked
position when the correct key Is Inserted into a key slot (22) in the plug. The key includes a locking pin receiving notch (90), to
allow the locking pin to move to the unlocked position. The key also includes a contact surface (92) that moves the sensor pin
and thereby moves the locking pin to the unlocked position through the flexible coupling. VWhen an In correct key, without the
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locking pin. The cylinder lock may also include conventional pin tumblers. The receiving notch of the key may be provided with
an alignment surface (94) that cooperates with the locking pin to control the depth the key Is inserted into the lock and allow keys
of varying length to align relative to the pin tumblers of the cylinder lock.
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DESCRIPTION
HIGH SECURITY CYLINDER LOCK AND KEY

Technical Field

The present invention relates to high security cylinder locks and keys for
such locks. More particularly, the present invention relates to cylinder locks that
use an additional independent locking mechanism to supplement a conventional

pin tumbler locking mechanism.

Background Art
Cylinder locks include a cylindrical plug that turns inside a shell. The plug

is provided with a key slot and is connected at one end to a mechanism to be
operated by the cylinder lock. Inserting the correct key and rotating the plug
relative to the shell operates the lock mechanism. Preventing the plug from rotating
relative to the shell keeps the mechanism locked.

In a conventional cylinder lock the plug is locked relative to the shell with a
pin tumbler mechanism including multiple pins located in a series of evenly spaced
pin chambers that extend across the shear surface at the interface between the plug
and the shell. Each pin chamber includes at least a lower pin, an upper pin and a
spring. Additional pins may also be included in each chamber. The lengths of the
pins vary and the upper surface of the correct key is machined to correspond to the
lengths of the pins so that the interface between the upper pin and the lower pin in
each pin chamber is aligned with the shear surface between the plug and the sheil.

With the correct key inserted, the lower pin in each pin chamber is inside
the plug and the upper pin in each pin chamber is in the shell. The key can then
turn the plug. If the incorrect key is inserted, one or more pins will extend across
the shear surface and prevent the plug from being turned.

One application for cylinder locks is in removable core lock mechanisms. In
removable core designs the shell must fit into, and be removable from, a standard
casing that has an opening that exactly matches the exterior shape of the shell. In
one common design, the exterior shape of the shell has a cross section that

approximates the shape of the numeral “8.” The upper half of the shell provides the

required space for the primary pin tumbler mechanism. The lower half is relatively
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thin-walled and includes an opening to receive the cylindrical plug and locking tab

(also called a control sleeve).

To improve security, it is known to add an additional locking mechanism to
the cylinder lock that operates independently from, or in conjunction with, the
conventional pin tumbler locking mechanism. The additional mechanism includes
one or more locking elements that extend across the shear surface between the plug
and the shell to prevent the plug from being turned. When the correct key is
inserted, the locking elements are allowed to move so that they no longer extend
across the shear surface and thereby allow the plug to rotate relative to the shell.

One known type of additional locking mechanism includes a second
conventional pin tumbler mechanism. The pins in the second pin tumbler
mechanism may contact the side of the key, the bottom of the key or they may be
parallel to and adjacent to the first set of pins. Although this solution is effective, it
requires additional space in the shell for the additional pin chambers, springs and
pins that fit within the chambers. The required additional space in the shell is not
always available for conventional cylinder lock designs.

To add a secondary conventional pin tumbler mechanism to a primary pin
tumbler locking mechanism is not an option for a removable core design.
Therefore, it is highly desirable for any additional locking mechanism between the
plug and the shell to be primarily located within the plug, not within the shell.

Nonetheless, it is difficult to fit a supplemental locking mechanism entirely
within the plug. The plug must have a key slot that approximately bisects the plug,
as well as the pin chambers of the primary locking mechanism. This leaves only
limited space within the plug. The space available in the plug is particularly limited
in the radial direction, which is the direction needed to accommodate a
conventional pin-tumbler design in which a coil spring is axially aligned with a
locking pin.

Other known types of supplemental or secondary locking mechanisms are

expensive to manufacture or cannot be integrated into existing installed systems in
the field.
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Yet another problem with conventional cylinder locks relates to the manner
in which the key is aligned relative to the locking mechanisms in the lock. In order
for the lock to be operated, the key must be inserted and must stop at the correct
inserted distance relative to the locking mechanisms inside the cylinder lock.
Conventional cylinder locks do this by providing an alignment stop surface on the
end of the key or at the base of the key between the key bow and the key blade.
The alignment stop surface at the base or tip of the key contacts a corresponding
alignment stop surface at the front or rear of the plug when the key is inserted.

Although putting the stop at the base or tip of the key is standard, it would
improve security to put the stop at a non-standard location. This would make
copying a key more difficult. A non-standard location for the stop also would make
it possible to use keys of different lengths to operate the same lock. It would not be
required that the key blade be long enough to reach a stop at the rear of the lock or
that the distance from the key bow to the locking elements in the key be fixed.

It is common for a family of similar lock mechanisms to be constructed using
five, six or seven conventional pin tumblers. Placing the alignment stop at a non-
standard location on the key provides many options for keying, improving security,
and varying lock design, particularly when multiple locks of different lengths are
used.

Bearing in mind the problems and deficiencies of the prior art, it is therefore
an object of the present invention to provide a cylinder lock with an additional
locking mechanism that fits substantially completely within the plug and
supplements a conventional pin tumbler locking mechanism.

A further object of the invention is to provide a cylinder lock that can be
used in a removable core design where the locking mechanism does not extend
into the upper half of the shell or interfere with the locking tab or other mechanism
that locks a removable core cylinder lock into a surrounding shell.

It is still another object of the invention to provide a cylinder lock and key
that can be integrated into and be a part of an existing installed door lock system

using the original cross sectional shape for the keys and mating keyways.
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It is yet another object of the present invention to provide a cylinder lock
and key that cooperate to stop the insertion of the key at a desired aligned location
relative to the lock without regard to the length of the key.

Still other objects and advantages of the invention will in part be obvious

and will in part be apparent from the specification.

Disclosure of the Invention

The above and other objects, which will be apparent to those skilled in art,
are achieved in the present invention which is directed to a cylinder lock that
includes a shell, a plug having a key slot formed therein, a locking pin movable
between a locked position and an unlocked position, a sensor pin movable
between an extended position and a retracted position and a flexible coupling
connected between the locking pin and the sensor pin.

The plug is rotatably mounted within the shell to define a shear surface
between the plug and the shell. The locking pin extends across the shear surface in
the locked position to lock the plug against rotation relative to the shell and the
sensor pin extends at least partially into the key slot in the extended position. The
flexible coupling moves the locking pin to the unlocked position when the sensor
pin moves to the retracted position. The coupling is sufficiently flexible that the
locking pin can remain in the locked position when the sensor pin moves to the
retracted position whenever the locking pin is blocked from moving to the
unlocked position.

In the preferred design, the flexible coupling is located entirely inside the
plug and the locking pin extends at least partially into the key slot when the locking
pin is in the unlocked position. A bias spring is connected to urge the locking pin
toward the locked position. The bias spring does not need to be in axial alignment
with the locking pin, and it is preferred that the bias spring operate against a flexible
rod, forming the flexible portion of the flexible coupling. The rod flexes whenever
the sensor pin moves to the retracted position and the locking pin is blocked from
moving to the unlocked position. The locking pin may be connected to the flexible

rod with an opening in the side of the locking pin.
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In the most highly preferred design of the cylinder lock, the flexible coupling
includes a cam, the flexible rod and a pivot for the cam to rotate on. The pivot is
positioned between the locking pin and the sensor pin and the cam turns on the
pivot to move the locking pin to the unlocked position when the sensor pin moves
to the retracted position.

The locking pin and sensor pin need not be perpendicular or parallel to the
plane of the key blade. It is preferred that they be at an angle between zero and
ninety degrees to the plane of the key blade to give them maximum room for the
required sliding motion within the radial confines of the plug.

The present invention is also directed to the key for use with the cylinder
lock of the invention and to a cylinder lock mechanism including the key and the
cylinder lock. The key includes a key bow for turning the key and a key blade
having a cross sectional shape selected to fit within the key slot in the plug of the
cylinder lock. The key blade includes a locking pin receiving notch at a first
location and a contact surface at a second location on the key blade.

The locking pin receiving notch has a size sufficient to receive a locking pin
extending into the key slot from the cylinder lock. The locking pin receiving notch
cooperates with the locking pin in the cylinder lock and the contact surface
cooperates with the sensor pin in the cylinder lock to lock and unlock the plug of
the cylinder lock relative to the shell of the cylinder lock. In the most highly
preferred embodiment of the invention, the locking pin receiving notch is cut into
the key at an angle relative to the plane of the key blade that matches the angle of
the locking pin relative to the plane of the key blade.

In another aspect of the key of this invention, the locking pin receiving notch
in the key includes an alignment surface contacting the locking pin when the key
blade is inserted into the key slot and cooperating with the locking pin to stop
insertion of the key blade into the key slot at a desired position relative to the plug
of the cylinder lock. This allows the locking pin receiving notch to stop the

insertion of the key at the required location for the key to be able to operate the

primary pin tumbler locking mechanism.
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Brief Description of the Drawings
The features of the invention believed to be novel and the elements

characteristic of the invention are set forth with particularity in the appended
claims. The figures are for illustration purposes only and are not drawn to scale.
The invention itself, however, both as to organization and method of operation,
may best be understood by reference to the detailed description which follows
taken in conjunction with the accompanying drawings in which:

Fig. 1 is an exploded perspective view of the cylinder lock mechanism of the

present invention.

Fig. 2 is a right side elevational view of the assembled plug and shell of the

cylinder lock seen in Fig. 1.

Fig. 3 is a cross sectional view of the cylinder lock taken along the line 3-3
in Fig. 2.

Fig. 4 is a cross sectional view of the cylinder lock taken along the line 4-4
In Fig. 2.

Fig. 5 is a cross sectional view of the cylinder lock taken along the line 5-5
In Fig. 2.

Fig. 6 is a cross sectional view of the plug, removed from the shell, taken
along the line 6-6 in Fig. 3. The lock is shown in the locked position with no key
inserted.

Fig. 7 is a side elevational view of the key of the present invention.

Fig. 8 is a cross sectional view of the key taken along the line 8-8 in Fig. 7.

Fig. 9 is a cross sectional view of the plug, removed from the shell,
corresponding to the cross sectional view of Fig. 6 except that the lock is shown in
the unlocked position with the correct key inserted.

Fig. 10 is a cross sectional view of the cylinder lock taken along the line 10-
10 in Fig. 9.

Fig. 11 is a cross sectional view of the cylinder lock taken along the line 11-
11 in Fig. 9.
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Fig. 12 is a cross sectional view of the plug, removed from the shell,
corresponding to the cross sectional view of Fig. 6 except that the lock is shown in
the locked position with an incorrect key inserted.

Fig. 13 is a cross sectional view of the cylinder lock taken along the line 13-
13 in Fig. 12.

Fig. 14 is a cross sectional view of the cylinder lock taken along the line 14-
14 1n Fig. 12.

Mode(s) for Carrying Out the Invention
In describing the preferred embodiment of the present invention, reference

will be made herein to Figs. 1-14 of the drawings in which like numerals refer to
like features of the invention.

Referring to Fig. 1, the present invention includes a cylinder lock mechanism
having a cylindrical plug 10 inserted into a substantially cylindrical opening 12 in a
shell 14. A key 16 for operating the lock includes a key bow 18 and a key blade
20. The cross section of the key blade (see Fig. 8) matches the cross sectional
shape of the key slot 22 in the plug 10.

In the preferred design shown in Fig. 1, the cylinder lock is a removable core
cylinder lock, however, the invention may also be used in non+emovable core
applications. In a removable core design, the entire shell 14 is inserted into a
matching opening in an outer casing (not shown). The shell 14 is locked into the
casing by a locking tab 24 that can be rotated counterclockwise and locked into
place to extend rectangular projection 26 out of the left side of the shell 14.
Alternatively, the locking tab 24 can be rotated clockwise with an appropriate fkey
to retract rectangular projection 26 into the shell. This allows the shell to& be
withdrawn from the outer casing, so that the cylinder lock can be rapidly changed.

The locking tab 24 is locked into the extended position by a conventional
pin tumbler primary locking mechanism. The primary locking mechanism is
composed of lower pins 28a-28g, intermediate pins 30a-30g, upper pins 32a§32g
and springs 34a-34g. The pins and springs are all inserted into pin chambers T6a-
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36g in the upper portion 38 of the shell 14 and are held in their corresponding pin
chambers by pin caps 40a-40g.
The locking tab 24 includes pin chambers 42a-42g that are aligned with pin

chambers 36a-36g when the locking tab 24 is at the counterclockwise position with

‘the rectangular tab 26 extending out of the side of the shell 14. This position for

the locking tab locks the shell into its outer casing. In this locked position the pin
chambers 42a-42¢g function as the lower half of pin chambers 36a-36g.

The key 16 is provided with a series of corresponding cuts 44a-44g. These
cuts can be varied in depth to cooperate with the multiple pins in the primary
locking mechanism in different ways. When the key cuts 44a-44g align the
interfaces between the pins with the shear surface 80 between plug and the shell,
the key will turn the plug 10 relative to the shell 14, but will not permit the locking
tab 24 to be rotated. Alternatively, the key cuts may be set to produce a key that
will allow the locking tab 24 to be rotated relative to the shell 14 to remove the
shell from the casing.

The operation of the primary locking mechanism and the locking tab 24 is
known and is disclosed in detail in United States Patent No. 6,079,240 issued on
June 27, 2000, the disclosure of which is incorporated herein by reference. The
present invention, however, includes an additional locking mechanism, marked
with reference number 50, which fits substantially completely within the plug 10.
Because it is inside the plug, it does not interfere with the locking tab 24 above it,
nor is any additional space required within the shell 14. The additional locking
mechanism includes a locking pin 52, a sensor pin 54 and a flexible coupling that
extends between the locking pin and the sensor pin. The flexible coupling is
composed of a flexible rod 56, a cam 58 that turns on pivot 60 and a biasing spring
62.

The locking pin 52 slides inside bored opening 64. The sensor pin 54 fits
within bored opening 66 and the flexible coupling fits within slot 68. The two
bored openings 64 and 66 extend into the key slot 22 so that the pins can contact

the key blade 20 when it is inserted. The pivot pin 60 extends perpendicularly
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through the slot 68 and acts as a rocker pivot that the cam 58 rotates on. Cam 58
includes a tip 70 that engages slot 72 in the top of sensor pin 54.

The sensor pin 54 can move in toward the key slot (the extended position)
so that its inner end 8 extends into the key slot to sense whether a key is in the key
slot. Alternatively, the sensor pin can be pushed outward away from the key slot
(the retracted position) when the key blade is inserted. In both positions, the sensor
pin remains entirely within the plug 10, and the plug remains free to rotate. The
function of the sensor pin is to determine whether a key blade is in the key slot,
move between the extended and retracted positions accordingly, and activate the
locking mechanism.

The locking pin 52 moves in a similar manner. The locking pin can move in
toward the key slot to an unlocked position or out to a locked position. Like the
sensor pin, the inner end 86 of the locking pin extends into the key slot when the
locking pin is fully inserted in its bored opening 64 (the unlocked position). In the
unlocked position, the locking pin is completely inside the plug and the plug is free
to turn relative to the shell. However, the locking pin is longer than the sensor pin
and extends across the shear surface between the plug and the shell when the
locking pin moves outward to the locked position.

The flexible coupling links the sensor pin 54 and the locking pin 52 such
that when the sensor pin 54 moves out (to the retracted position, relative to the key
slot), the locking pin 52 moves in (to the unlocked position). Conversely, when the
sensor pin 54 moves in, the locking pin 52 moves out (to the locked position).

Figs. 3, 4 and 5 provide cross sections through the locking pin 52, the pivot
pin 60 and the sensor pin 54, respectively. These cross sections are taken
perpendicular to the axis of the plug 10. Fig. 6 provides a cross section taken
parallel to the axis of the plug 10 along slot 68 and shows the interaction of the
locking pin and the sensor pin. Figs. 3, 4, 5 and 6 all show the key removed from
the key slot 22.

As can be seen in Figs. 5 and 6, end 78 of the sensor pin 54 extends into the

key slot 22 when there is no key blade in the key slot 22. The flexible rod 56 is
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pushed away from the key slot by bias spring 62. The biasing force on the rod 56
pivots cam 58 around pivot pin 60, thereby pushing against the head of sensor pin
54 and sliding the sensor pin towards the key slot where it’s beveled end 78 is in
position to sense the insertion of a key.

As can be seen in Fig. 6, the flexible rod 56 engages an opening 74 in the
side of the locking pin 52. Accordingly, the upward force from spring 62 also
biases the locking pin 52 towards the locked position. The head 76 of the locking
pin 52 extends across the shear surface 80 defined between the outer surface of the
plug 10 and the inner surface of the cylindrical opening 12 in the shell 14. The
head 76 of the locking pin 52 extends into a matching opening 82 (see Fig. 10) In
the thin wall section of the lower half of the shell 14,

As can be seen in Figs. 3, 4 and 5, the locking mechanism 50 fits
substantially completely within the plug 10. Only the head 76 of the locking pin
52 extends outward from the cylindrical outer surface of the plug, and it does so
only when the locking pin is in the locked position, as needed to prevent rotation of
the plug 10 relative to the shell 14. The bias spring 62 keeps the locking pin 52
extended outward in the locked position and the sensor pin 54 in the extended
position where its lower end 78 enters the key slot 22,

The axes of the locking pin and the sensor pin need not be perpendicular to
the plane of the key blade. As can be seen in the cross sectional views, it is
preferred that these pins be at a non-perpendicular angle ranging from zero to
ninety degrees to the plane of the key blade. The preferred angle and position is
the angle that gives them maximum room for their required sliding motion within
the radial confines of the plug 10.

It should be understood that the locking mechanism may be installed in any
part of the cylindrical plug and that the angle of the pin axis referred to above is to
be measured from the projection of the pin axis on the plane of the key blade
upwards to the axis of the pin above it. Accordingly, this angle will always be less

than ninety degrees, unless the pin is perpendicular to the plane of the key blade.
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Figs. 9, 10 and 11 provide cross sections that correspond to Figs. 6, 3 and 5
respectively, except that the locking mechanism is shown with the correct key
inserted. As can be seen in Figs. 1, 7 and 8, the key includes a locking pin
receiving notch 90 that permits the locking pin 52 to move into the key slot 22
while the key is also in the key slot. The key also includes a contact surface 92 that
lies directly under the sensor pin 54 when the key is inserted. The contact surface
92 holds the sensor pin 54 out of the key slot 22.

As the key 16 is inserted, a bevel 84 on the key contacts the beveled end 78
on the sensor pin 54 and pushes the sensor pin to the retracted position. The
motion of the sensor pin rotates cam 58 about pivot pin 60, compressing bias
spring 62 with flexible rod 56 and pushing the locking pin 52 to the unlocked
position.

As can be seen in Figs. 9 and 10, the unlocked position for locking pin 52
requires that the inner end 86 of the locking pin 52 extend into the key slot 22.
Accordingly, the key in the key slot must contain a locking pin receiving notch 90
of a size and shape sufficient to permit the locking pin to move to the unlocked
position and into the key slot.

Figs. 12, 13 and 14 correspond to Figs. 9, 10 and 11 except that a key

without the required locking pin receiving notch 90 is shown inserted into the key

‘slot 22, As can be seen in Figs. 12 and 14, the incorrect key blade pushes the

sensor pin 54 out of the key slot (to the retracted position) in the same way that the
correct key moves the sensor pin. However, the incorrect key blade in Figs. 12, 13
and 14 does not include the locking pin receiving notch and the locking pin cannot
move to the unlocked position.

The coupling between the sensor pin and the locking pin formed by rod 56
is sufficiently flexible to permit the sensor pin to move even though the locking pin
cannot move. The flexible rod 56 is not damaged or permanently bent and returns
to the shape seen in Fig. 6 as soon as the incorrect key is removed. If the incorrect
key does not contain the bevel 84 at its tip, it may not be able to move the sensor

pin out of the key slot. In this case, the key cannot be fully inserted into the lock.
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Even if the key can be fully inserted and contains the correct cuts 44a-44g on
its upper surface, corresponding to the cuts 44a-44g on the correct key, the
additional locking mechanism 50 will not operate and will prevent the plug 10
from being turned relative to the shell 14.

Referring to Fig. 8, the locking pin receiving notch 90 includes a wall surface
120 and a bottom surface 122. The wall surface 120 and bottom surface 122 are
preferably formed with a rotating cutter oriented with its axis parallel to the wall
surface 120, which is parallel to the axis of the locking pin 52. By cutting the
locking pin receiving notch in this way, with the receiving notch oriented at the
same angle to the plane of the key blade as the axis of the locking pin, the
maximum material is left in the key blade. This prevents the key blade from being
unduly weakened.

Further, if the locking pin receiving notch 90 is cut perpendicular to the
plane of the key blade, as may occur in an unauthorized attempt to duplicate the
key of this invention, the material under key cut 44d will be removed. The key is
designed so that this will interfere with the deepest permissible cuts at key cut 44d
and any other key cuts above the locking pin receiving notch. This will prevent
operation of the primary pin tumbler locking mechanism by the pins above the
locking pin receiving notch if one of the deeper permissible key cuts is used at any
location above that notch. The length of the notch 90 may be adjusted so that it is
below more than one key cut, if desired.

As can be seen in Fig. 9, the locking pin 52 and locking pin receiving notch
90 also cooperate to provide a key alignment function for the primary pin tumbler
locking mechanism. When key blade 20 is inserted into the key slot 22, it drives
the sensor pin 54 to the retracted position and the locking pin 52 to the unlocked
position. The locking pin receiving notch 90 includes an alignment surface 94 at
one end of the locking pin receiving notch. The alignment surface 94 is part of the
vertical wall at the perimeter of the locking pin receiving notch 90 that is formed

when the rotating cutter produces wall surface 120 and bottom surface 122,



10

15

20

25

CA 02439151 2003-08-21
WO 02/068780 PCT/US02/05496

-13-

As the key blade is progressively inserted into the lock, the alignment surface
94 eventually contacts the side of the locking pin 52 at its lower end 86. This
contact stops the key blade at exactly the desired position so that the key cuts 44a-
44g are directly under the pins of the primary pin tumbler locking mechanism.

Conventionally, alignment between the key and the pins of the primary pin
tumbler locking mechanism is achieved with an alignment surface located at the tip
of the key or at the junction between the key bow and the key blade. The
conventional alignment surface strikes a stop comprising a fixed part of the cylinder
lock mechanism located at the front or rear of the cylinder lock.

By locating the alignment surface at a midpoint along the key in the locking
pin receiving notch, instead of at the conventional location, it makes it more
difficult to copy the key, which increases security. Another advantage for this
location is that it makes the stop point for the key independent of the length of the
key. Keys with different lengths can actuate the same lock and keys with the same
length can be set to actuate locks of different lengths. This is particularly
advantageous for use in cylinder lock families and for keying cylinder locks that are
structurally similar, but have different lengths due to a different number of pin
tumblers in the primary locking mechanism.

The additional alignment function described above improves security and
adds design flexibility, however, it is not necessary that the receiving notch 90
perform this function. The additional locking mechanism 50 can be used with a
conventionally aligned key.

Although the locking mechanism 50 is shown as an additional locking
mechanism to supplement a conventional pin tumbler locking mechanism, it can
also be used independently as a primary locking mechanism. Also, because the
locking mechanism 50 sits entirely on one side of the key slot, it may be duplicated
on the opposite side of the key slot for additional security. It may also be
duplicated multiple times on the same side, and on opposing sides, by changing the

angle of the locking mechanism and by overlapping or moving the duplicate
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locking mechanisms longitudinally as needed to fit the locking mechanisms into the
plug.

The present invention also includes three hardened steel pins 96, 98 and
100 located in the front of the plug 10. The steel pins improve security by
preventing a drill from penetrating the front of the plug. Three more hardened steel
pins 102, 104 and 106 are found in the front of the shell, which serve the same
purpose. A faceplate 108 is attached to the front of the lock with a dovetail ‘slot
110 that connects to a matching dovetail 112 on the front of the shell 14. Another
hardened steel pin 114 is located in the faceplate 108 and is positioned
perpendicular to the six other hardened steel pins.

The plug is held in place with a clip 116 that connects to a ring groove 118
located at the back of the plug 10. To assemble the lock, the locking tab 24 is
inserted into opening 12 in the shell. The locking mechanism 50 is installed in the
plug and the drill resistant steel pins 96, 98 and 100 are added. The faceplate 108
is then installed and the plug inserted through it and into the opening 12. The clip
116 is then installed in ring groove 118 to hold the plug and faceplate in place.
The primary pin tumbler mechanism is installed in the conventional manner.

While the present invention has been particularly described, in conjunction
with a specific preferred embodiment, it is evident that many alternatives,
modifications and variations will be apparent to those skilled in the art in light of
the foregoing description. It is therefore contemplated that the appended claims
will embrace any such alternatives, modifications and variations as falling within
the true scope and spirit of the present invention.

Thus, having described the invention, what is claimed is:
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4 plug having a key <ot tarmed rheren, the plug beng rotatabay  mopntaed
within the shell (o deline a snedr surtace between the plug and the sheltl:

1 {OCkang pin movabie between g locked posiion and an onlocked position, tw
locking pin extending across the shear surtace in the iocked pos von to jock
(he plug agamst rotaton reiative 1o the shell;

2 sensor g movabie between dan exténded poestiton and & retract>d posinon,
the sensor pnn extending o least paraatly iaro the key <l e the axiended
OSION, and

a Hesibie couphing connedied between the locking pia and the e sGr . the
Couphing moving The fo0nng pin 10 e untocked posahio o whie r the senson
PHILINOVES 1o the retracted posibon, e counhing ety suthcienoy liex:ble o

AHCW The ToCkime o o reman. o the loched po-aan when the sonsor i

Mmaves 1O e relfacied Dosbesd wintda the TG iy s Blackod frofne
POV T 1O e ol e o 1104
The oylindey tock acconding 1o Oaim 3 owherein the flexabile fuuobing -
fOCaied saside the plus.
i the cylmnder lock accordme 1o Clavn 1 wiherein il focking gin exiends o

least parbally into the key ot whea ihe locking s in the safocked position.

4 The ovlinder ioCk accordme o clapm 1 tacther wcluding g bias spring

connected 1o urge the locking on toward the lacked positin

tne cyhnder 1ock i oorainie to Claim 4 wihiese n the bhas SMGEE 0y GO Y GXiaal

s \

shadnment with the jockiao nin
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{3 ihe oyhinder ook according 1o clarrin | o wherem the slexable couphng
DO LAesS A pIvol posinioneds Detween the (OO pia and ine sepsorn pin, the ieaable
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degreec (o the plan af e key lade
10, The ¢vlindey fock according 10 claime 1V wherenn the flexable couplt ng
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Cam, 1he carm contacuing e sencvor opin and rotanng on the pivol 1o move he
incking pin 1o 1the unlocked nosiman with the Hlexible rod when “he sensor pin
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icast partiatly into the key stor when the iocking (v s i Hhe uniocked
OSITENY;
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COSITION
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P Mo @S 1O The e dacted position, e couphing being sufhCwenthv Hexibie te
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MoOves 10 the retracted positici o the loChkaig pin s blocked trom roving 1o
the uniocked posiyorr; andd

G Key having a key Biade aat o rass secthionat hape adapled 1o o aich thie key
siog, the ey includma? s ach g pin recenving nolch having, a si/e and shape
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ex1Cnd b leash partsily o e key 1ot «nd e Tockag () recenvan g no1ch
when the kev 15 00 (he keyv i the ke Ats Py iyt g Conlatt surface o
CONMACLNg the sensor SRFREPIRTE, FOvang the seasor inn oul Of the X2y stot and

o the reacted position whien the ey is in the key siul.
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Of the key Diladde.
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detines g plane, e plane of 11e Contact swilace is 2t an o ue anafe o i SEPIRT L &)

(e ney Blade and the seqea LCCTTOVES 10 G f;t.ib:};l,.‘u‘ttiaii}f 5.}{":“;.}L??;ifafi,ié;l e Ction 1

e Hane G e contadl =g ae
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2z ihe cvlhinder fock and kev aocordimg to clann 1O Turther aciuding a 1ocking
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2% The oyhinder lock and key accarding 10 clann Yo woerein the focking pin
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24 The cyhinder fock and key accoring (o ctain 2 3 wheresn ine wall surface of

he locking pin receving noich s oriented al a non perpendicular angle 1o the ey
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MeCNAN: Sy and
T teast one key cul exesds cathaently o thie Key such it g hne gravi
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cyhinder tock and 1ne contact surface cooperating with g sensor pan in the
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chell of the Cyhinder ook, the cylinder Tock caomprising,

the (o ftavene thie Lev 101 formed ihereins,
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sufface 1n the ToCRed position and art 1east partiatty G the fockay {nn
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G 10 e retracted poslion wiieo the rey s nseried e e bey So!
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SO
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