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(57) Abrege(suite)/Abstract(continued):

movable along their own longitudinal and transversal directions, intended to cooperate with a key (3) inserted into the keyhole of
rotor (2), and a number of locking pins (6) movable along their own longitudinal direction, the key followers (4) and locking pins (6)
forming together a number of pairs and having toothings intended to cooperate in order to define the lock codification, the rotor (2)
Including a stop bar (9) cooperating with a longitudinal groove (10) of stator (1) and having projections susceptible of cooperating
with notches of the locking pins (6) in order to immobllize the locking pins (6) when the stop bar (9) engages the locking pins (6),
and comprising a change bar (11) which is slidingly coupled with the key followers (4) in order to normally keeping the key followers
(4) engaged with the locking pins (6) and to disengage the key followers (4) from the locking pins (6) when the change bar (11)
provides a lock programming position, characterized in that one of the members (4, 6) which compose a pair Is provided with two
parallel and adjacent toothings (7a, 7b), each toothing (7a, 7b) having its pitch phase displaced with respect to the pitch phase of

the other toothing (7b, 7a), and in that at least one of the members (4, 6), which compose the pair has a limited mobility along the
direction of the axis of rotor (2).
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(57) Abstract: A programmable cylinder lock of the type
comprising a stator (1) and a cylindrical rotor (2), mounted
inside the stator (1) for rotation around its own axis and
having a keyhole for msertion of a key (3), and comprising
inside rotor (1) a number of key followers (4) movable
along their own longitudinal and transversal directions, in-
tended to cooperate with a key (3) mserted mto the keyhole
of rotor (2), and a number of locking pms (6) movable
along their own longitudinal direction, the key followers
(4) and locking pins (6) forming together a number of pairs
and having toothings intended to cooperate in order to de-
fine the lock codification, the rotor (2) mncluding a stop bar
(9) cooperating with a longitudinal groove (10) of stator (1)
and having projections susceptible of cooperating with
notches of the locking pins (6) in order to immobilize the
locking pms (6) when the stop bar (9) engages the locking
pins (6), and comprising a change bar (11) which is sliding-
ly coupled with the key followers (4) m order to normally
keeping the key followers (4) engaged with the locking pins
(6) and to disengage the key followers (4) from the locking
pins (6) when the change bar (11) provides a lock program-
ming position, characterized i that one of the members (4,
6) which compose a pair 1s provided with two parallel and
adjacent toothings (7a, 7b), each toothing (7a, 7b) having
its pitch phase displaced with respect to the pitch phase of
the other toothing (7b, 7a), and in that at least one of the

members (4, 6), which compose the pair has a limited mobility along the direction of the axis of rotor (2).
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DESCRIPTION

A PROGRAMMABLE CYLINDER LOCK
HAVING A HIGH NUMBER OF COMBINATIONS

BACKGROUND OF THE INVENTION

The subject of this invention is a programmable cylinder lock, namely
a lock comprising devices intended to allow providing the initial codification of
the lock or, through a change operation, to modify the former lock codification
in order to adjust the lock for being operated by a key different from the key to
which the lock was formerly adapted. |

More particularly, the invention concerns improvements in a kind of
programmable cylinder lock which is known from the European Patents Nos.
0.226.252 and 0.900.310.

In a usual cylinder lock, which comprises a stator and a cylindrical ro-
tor mounted inside the stator for rotation around its own axis. and having a
keyhole extending in the axis direction for the insertion of a key, a number of
locking pins are mounted inside the rotor, movable perpendicularly to the axis
on the extension of the keyhole plane, and each locking pin is intended to co-
operate with a key segment whose codification is represented by the level of a
tooth or recess of the key, situated within the considered segment. The fixed
length of each locking pin is such that, when it cooperates with the corre-
sponding segment of the correct key, the distal end of the locking pin corre-
sponds to the cylindrical surface of the rotor and does not hinder its rotation,
whereby, when all the locking pins are displaced in the respective correct po-
sitions by the correct key, the rotor can be rotated for operating the lock.
When, on the contrary, one or more locking pins are situated in non correct
positions, they (or the corresponding counterpins which may be provided in the
stator) extend through the cylindrical rotor surface and hinder its rotation and
therefore the lock operation. Because the codification of the lock is repre-
sented by the fixed length of the locking pins, that is defined during the

manufacture step, the lock can be operated only by a single correct key and

cannot be otherwise programmed.
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The programmable cylinder locks of the kind considered in this inven-
tion and descrited in the mentioned patents comprise, in the rotor which is
rotatably mounted inside the stator, instead of locking pins of a preestablished
length, a number of key followers movable along their own longitudinal and
transversal directions, said key followers being intended to cooperate with the
codification conformations of a key inserted into the rotor keynole, and a cor-
responding number of locking pins movable along their own longitudinal direc-
tion, which form the blocking members of the lock. The key followers and the
locking pins form together a number of pairs each including a key follower and
a locking pin, and they are provided with toothings intended to mutually coop-
erate, in different relative positions, in order to define the lock codification. A
transversally displaceable stop bar cooperating with a longitudinal groove of
the stator and having projections susceptible of cooperating with notches of
the locking pins has the purpose of immobilizing the locking pins when the ro-
tor is made to rotate within the stator and, as a consequence, the stop bar
comes out of said groove and engages the locking pins. A change bar, which
is transversally displaceable and is slidingly coupled with the key followers,
normally keeps the key followers engaged with the locking pins but, when said
change bar comes into said groove of the stator, it transversally.displaces the
key followers and disengages the same from the locking pins, thus allowing to
modify the lock codification by means of the replacement of the former key by

a different key.

In a lock of this kind it is required that the number of possible codifi-
cation combinations, namely the number of different keys foreseen for the
different locks of the same kind, be the higher possible. One of the parame-
ters which determine the number of possible combinations is the number of
codification levels that may be foreseen for the key segments, and this number
depends on the pitch of the cooperating toothings of each pair of key followers
and locking pins. The more small is this pitch, the more high is the number of
possible codifications. However, the pitch of these toothings cannot be re-
duced below certain limits, on one hand because this would involve greater
manufacture difficulties, and on the other hand because the engagement be-
tween the pairs of key followers and locking pins would no more have a suffi-

cient mechanical strength.
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SUMMARY OF THE INVENTION

The main object of this invention is to improve a lock of the considered
kind Iin order to make up for the stated drawback, by allowing to increase the
number of possible codifications levels without having recourse to a reduction of
the pitch of the cooperating toothings of the key followers and the locking pins.

This object I1s attained according to the invention, in a lock of the con-
sidered kind, in that one of the two members, which compose at least some of
the pairs each including a locking pin and a key follower, is provided with two
parallel and adjacent toothings, each toothing having its pitch phase displaced
with respect to the pitch phase of the other toothing, and in that at least one of
sald members which compose the pair including a locking pin and a key fol-
lower also has a limited mobility along the direction of the rotor axis, whereby
said member is allowed to displace in such a way that the mutual engagement
between both members may take place into the one or the other of said two
toothings of one of the members forming the pair.

Thanks to this arrangement, the number of relative positions in which
may be coupled the locking pins and the key followers forming the pairs is
doubled, because in each case use can be made of the one or the other
toothing, whose pitch are out of phase. In this manner, without reducing the
toothing pitch, a number of codification combinations i1s obtained which corre-
sponds to the number of codification combinations which could be obtained by
halving the toothing pitch. It follows that the number of different keys which
can be provided is increased without reducing either the manufacture ease or
the mechanical strength of the lock.

Preferably, said two toothings, of the locking pin or of the key follower
which together form a pair, are mutually phase displaced of a half of a pitch.
In this manner there is obtained a uniform difference among the levels that

may be provided by the alternate use of the two toothings.

Preferably, the member of each pair including a locking pin and a key
follower, which has two toothings, is the locking pin, whereas the correspond-
ing key follower has a single toothing.

Preferably, both members of each pair including a locking pin and a

key follower have a limited mobility along the direction of the rotor axis.
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It 1Is of advantage that the teeth of the toothing of one of the members
forming each pair including a locking pin and a key follower are provided with
a bevel intended to render more easy the relative displacement of the mem-
bers for mutually engaging the respective toothings.

In case, said teeth bevel can be foreseen for both the toothings of the
key followers and of the locking pins. ‘

The different features stated aim to obtain the maximum easy of en-
gagement between the toothings of the pairs of locking pins and key followers.

It is of advantage that the key followers are provided, in the region in
which they are slidingly coupled with the change bar, with an extension by
means of which they are positively hooked to the change bar. In this way is
prevented the possibility that the key followers take by chance any abnormal

position capable of compromising a good lock operation.
BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, objects and advantages of the subject of
the present invention will more clearly appear from the following description of
an embodiment, being a not Iimitirig example, with reference to the accompa-
nying drawings, wherein: '

Figure 1 represents, for the purpose of reference, a cross section of a
programmable cylinder lock known from the European Patent No. 0.900.310,
In a condition of normal operation.

Figure 2 shows a cross section corresponding to that of Figure 1, but

in a condition of change.
Figure 3 shows in perspective a locking pin of the lock according to

the invention, which Is provided with two toothings relatively out of phase.
Figures 4 shows in perspective a key follower of the lock according to
the invention.
Figure 5 shows in perspective the locking pin according to Figure 3

and the key follower according to Figure 4, relatively engaged.

Figure 6 shows in perspective a portion of a rotor segment and of the
key, with a pair comprising a locking pin and a key follower relatively engaged,

In a first condition.
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Figure 7 is a plan view of the component parts represented in Figure 6.
Figure 8 shows In perspective a portion of a rotor segment and of the
key, with a pair comprising a locking pin and a key follower relatively engaged,

In a second condition.

Figure 9 Is a plan view of the component parts represented in Figure 8.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

At first, reference to Figures 1 and 2 will be made in order to recall the
general structure and the operation of a lock of the considered kind, for whose
particulars reference is made to the cited documents. Number 1 designates a
stator inside which there is rotatably mounted a rotor 2 susceptible of receiv-
ing In its keyhole a key 3. Inside rotor 2 are mounted a number of key follow-
ers 4 lying in a plane perpendicular to the axis of rotor 2 and having mobility
along their own longitudinal and transversal directions. The key followers 4
are intended to cooperate with the codification conformations of key 3. In ad-
dition, inside rotor 2 are mounted a corresponding number of locking pins 6,
each locking pin being coplanar with one of the key followers 4 and having
mobility along its own longitudinal direction. In the shown case, the locking
pins 6 cooperate with counterpins 8 and, together with them, form the blocking
members of the lock. The key followers 4 have a toothing 5, the locking pins
have a toothing 7, and these toothings are intended to mutually cooperate.
This cooperation may take place in different relative positions, in order to de-
termine the lock codification. A stop bar 9 is displaceable in a transverse di-
rection within rotor 2. is susceptible to cooperate with a longitudinal groove 10
of stator 1, has protrusions intended for cooperating wit'h recesses of the
locking pins 6, and serves for immobilizing the locking pins 6 when rotor 2 is
made to rotate within stator 1 and, as a consequence, the stop bar 9 comes
out of said groove 10 and engages the locking pins 6. A change bar 11 which
Is transversally displaceable in rotor 2 is slidingly coupled with the key follow-
ers 4, and normally the change bar 11 keeps the key followers 4 engaged with
the locking pins 6 as shown by Figure 1 but, when said change bar 11, due to
a rotation of rotor 2, comes to correspond to said groove 10 of stator 1 and
penetrates therein, it transversally displaces the key followers 4 and disen-

gages the same from the locking pins 6, as shown by Figure 2. Then, by
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means of the replacement of the former key 3 by a different key, it is possible
to modify the lock codification.

As It may be remarked, the pitch of toothings 5 and 7, which deter-
mines the possible positions for the lock codification, is not very small, and it
cannot be reduced at will because this reduction would involve some manu-
facture difficulties and a weakening of the engégement between key followers
and locking pins. This fact limits the possibility of increasing the number of
possible codification positions and, therefore, the number of different keys
which can be provided for a lock of this kind.

As already stated, according to the invention one of the two compo-
nent parts of at least some of the pairs comprising a locking pin and a key
follower, preferably the locking pin, is provided with two parallel adjacent
toothings, each of these toothings having its pitch phase displaced with respect
to the pitch phase of the other toothing. This feature appears in particular
from Figure 3. As it may be observed, the locking pin 6, for the remaining
substantially conforming the known shapes, instead of having a single toothing
/7, has two parallel adjacent toothings 7a and 7b, and the pitchés of these two
toothings are mutually phase displaced. In the shown example, the phase dis-
placement amounts to a half of a pitch, and this is the preferred condition.

The key fcliower 4 represented in Figure 4 has as customary a single
toothing 5. According to the position of the key follower 4 with respect to the
locking pin 6, this toothing 5 is susceptible of engaging the toothing 7a or the
toothing 7b of the locking pin. For example, according to Figure 5, the tooth-
ing 5 of the key follower 4 engages the toothing 7b of the locking pin 6. Be-
cause the two toothings 7a and 7b are mutually displaced by a half of a pitch,
it ensues that the possible relative positions of the key follower 4 and the
locking pin 6 do not differ, as usually, by a toothing pitch, but only by a half of
a pitch. Therefore, being equal all other conditions and without any reduction
of the toothing pitch, the number of possible relative positions of each key fol-
lower with respect to the corresponding locking pin is doubled. Therefrom en-
sues a very great increase of the number of possible codification combinations

of the lock and of the corresponding key.
In order that the key followers 4, when they are approached to the cor-
responding locking pins 6 when programming the lock, can engage as needed

the one or the other of the toothings 7a and /b, a relative displacement should
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be allowed between the key followers 4 and the locking pins 6 in the direction
of the axis of rotor 2. For this reason, according to the invention, it is needed
that at least one of said two members, the key follower 4 and the locking pin 6,
which compose each pair, has a limited mobility alona the direction of the rotor
axis, whereby it can displace in such a way that the mutual engagement of the
two members takes place as needed in the one or the other of said two tooth-
ings of one of the involved component parts. This mobility can be assigned
indifferently to the key followers 4 or to the locking pins 6, but it is preferable
that this mobility is assigned to both said component parts, whereby its exten-
sion can be reduced in a corresponding way.

If this Is considered suitable, said displacement (which however aims
spontaneously taking place) may be favored by a light bevel of the teeth of
some toothings of the one or the other or both the component parts. This
bevel is represented in 5a in Figure 4 for the teeth of the key follower 4.

In the example shown and described, the double toothing 7a, 7b has
been assigned to the locking pins 6, whereas the key followers 4 have a single
toothing 5. However it is to be remarked that the same behavior can be ob-
tained by providing a double toothing on the key followers and a single tooth-
iIng on the locking pins. The selection between these two possibilities can be
imposed by a preference of the designer or by a manufacture advisability.

A further clarification of the behavior of the distinctive component
parts of the invention is given by Figures 6 to 9, wherein it is supposed that
the limited displacement along the direction of the axis of rotor 2 is allowed
both to the key followers 4 and to the locking pins 6. Figures 6 and 7 refer to
the case in which a key follower 4 is engaging the toothing 7b of a locking pin
6, whereas Figures 8 and 9 refer to the case in which a key follower 4 is en-
gaging the toothing 7a of a locking pin 6. Of course, the one or the other of
these cases takes place according to the fact that, in the position in which the
key 3 has brought the key follower 4, the pitch of toothing 5 of the key follower

4 corresponds to the pitch of either one or the other of the toothings 7a and 7b

of the locking pin 6.
In the case of Figures 6 and 7, the key follower 4 displaces along the

direction of the axis of rotor 2 in the sense of arrow F1, whereas at the same
time the locking pin 6 displaces in the direction of the axis of rotor 2 in the op-

posite sense, according to arrow F2, whereby the toothing 5 of the key follower



10

20

30

CA 02786769 2015-11-17

4 aligns with the toothing 7b of the locking pin 6 and can engage the same.

On the contrary, in the case of Figures 8 and 9, the key follower 4 displaces
along the direction of the axis of rotor 2 in the sense of arrow F3, whereas at the same
time the locking pin 6 displaces in the direction of the axis of rotor 2 in the opposite
sense, according to arrow F4, whereby the toothing 5 of the key follower 4 aligns with
the toothing 7a of the locking pin 6 and can engage the same.

It is to be remarked that the senses of the two arrows F1 and F3 according to
which displace the key follower 4 are opposite in the two cases shown, and like this
are opposite in the two cases the senses of the two arrows F2 and F4 according to
which displace the locking pin 6.

It is of advantage that the key followers 4, as it may be observed in Figures 4 and
5, have an extension 4a in the region in which they are slidingly coupled with the
change bar 11. By means of the extension 4a the key followers 4 are positively hooked
to the change bar 11. In this way is prevented the possibility that the key followers, due
to their mobility, may take by chance some abnormal position capable of
compromising a good lock operation.

Thanks to the application of the invention becomes possibie a great increase of
the number of possible codification combinations of the lock, and therefore of the
possible number of different keys, without resorting to a reduction of the toothing pitch
of the component parts, and therefore without causing particular manufacture
difficulties or any weakening of the component parts.

All the described features may be applied to all the pairs comprising a key
follower and a locking pin of the lock or even, for the reason of simpilification, only to

some pairs, by accepting in this case a reduction of the extent of advantages offered

by the invention.
The characteristics of the invention may be applied to the stated kind of locks,

irrespective of them being provided with master keys or not.

It should be understood that this invention Is not Iimited to the embodiment
described and shown as an example. Several possible modifications have been
pointed out in the course of the description, and others are within the ability of those
skilled in the art. These modification and others, and any replacement by technically
equivalent means, can be made to what has been described and shown.
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CLAIMS

1. A programmable cylinder lock of the type comprising a stator (1) and a
cylindrical rotor (2), mounted inside the stator (1) for rotation around its own axis and
having a keyhole extending in a direction of the axis for insertion of a key (3), and
comprising inside rotor (1) a number of key followers (4) movable along their own
longitudinal and transversal directions, intended to cooperate with codification
conformations of a key (3) inserted into the keyhole of the cylindrical rotor (2), and a
number of locking pins (6) movable along their own longitudinal direction, which form lock
blocking members,

sald key followers (4) and locking pins (6) forming together a number of pairs

each including a locking pin (6) and a key follower (4) and having toothings (7,5)

intended to mutually cooperate, in different relative positions, in order to define a

lock codification,

the cylindrical rotor (2) including a transversally displaceable stop bar (9)
cooperating with a longitudinal groove (10) of the stator (1) and having projections
susceptible of cooperating with notches of the locking pins (6) in order to immobilize
the locking pins (6) when the cylindrical rotor (2) is made to rotate within the stator

(1) and the stop bar (9) comes out of said groove (10) and engages the locking pins

(6), and comprising a change bar (11) which is transversally displaceable and is

slidingly coupled with the key followers (4) in order to normally keep the key

followers (4) engaged with the locking pins (6) and to disengage the key followers

(4) from the locking pins (6) when said change bar (11) comes into said groove (10)

of the stator (1) and provides a lock programming position,

characterized in that one of the lock blocking members (4,6), which compose at
least some of the pairs each including a locking pin (6) and a key follower (4), are
provided with two parallel and adjacent toothings (7a, 7b), each toothing (7a, 7b)
having its pitch phase displaced with respect to the pitch phase of the other toothing

(7b, 7a), and in that at least one of said lock blocking members (4, 6), which

compose a pair including a locking pin (6) and a key follower (4), has a limited

mobility along the direction of the axis of cylindrical rotor (2), whereby one of the lock
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blocking members (4 or 6) is allowed to displace in such a way that a mutual
engagement between the lock biocking members (4, 6) may take place into one or
the other of said two toothings (7a, 7b) of one of the lock blocking members (4, 6)

forming the pair.

2. The programmable cylinder lock as set forth in claim 1, characterized in that said
two toothings (7a, 7b) of the locking pin (6) or of the key follower (4) which together form
the pair are mutually phase displaced of a half of a pitch.

3. The programmable cylinder lock as set forth in claim 1, characterized in that the
lock blocking member of each pair including a locking pin (6) and a key follower (4), which
has two toothings (7a, 7b), is the locking pin (6), whereas the corresponding key follower

(4) has a single toothing (5).

4. The programmable cylinder lock as set forth in claim 1, characterized in that
both lock blocking members (4, 6) of each pair including a locking pin (6) and a key
follower (4) have a limited mobility along the direction of the axis of the cylindrical rotor (2).

5. The programmable cylinder lock as set forth in claim 1, characterized in that
teeth of the toothing of one of the lock blocking members (4, 6) forming each pair including
a locking pin (6) and a key follower (4) are provided with a bevel (5a) intended to render
more easy a relative displacement of the lock blocking members (4, 6) for mutually

engaging the respective toothings.

6. The programmable cylinder lock as set forth in claim 5§, characterized in that
both the toothings of the key followers (4) and of the locking pins (6) are provided with said
bevel (5a).

7. The programmable cylinder lock as set forth in claim 1, characterized in that said
key followers (4) are provided, in a region in which they are slidingly coupled with the
change bar (11), with an extension (4a) by means of which they are positively hooked to

the change bar (11).
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