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(57) Abrégée/Abstract:

A high security lock and key system with an increased number of code combinations Is disclosed. The blade of the key has a wave-
ike guiding surface (105) at the side of the key blade which, upon insertion into an associated lock having a rotatable key plug,
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(57) Abrege(suite)/Abstract(continued):

engages with one or more side locking tumblers (206) Iin the lock cooperating with a side locking mechanism for locking the key
plug against rotation. The key blade has an extra code level (121) located at a longitudinally extending shelf surface, viz. at the
upper boundary of the side material region where the wave-like guiding surface Is cut at the side of the key blade.
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ABSTRACT

A high security lock and key system with an increased number

of code combinations is disclosed. The blade of the key has a

wave-1like guiding surface (105) at the side of the key blade

which, upon insertion into an associated lock having a ro-
tatable key plug, engages with one or more side locking tumb-
lers (206) in the lock cooperating with a side locking mecha-

nism for locking the key plug against rotation. The key blade

has an extra code level (121) located at a longitudinally ex-

tending shelf surface, viz. at the upper boundary of the side

material- region where the wave-like guiding surface is cut at

the side of the key blacde.
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A lock and key system with extra code combinations

FIBELD OF TH!

L

INVENTION

The present invention relates to a high security lock and key

—

system with an increased number of code combinations. The sys-

tem 1s of the kind where the blade of the key has a wave-like

guiding surface at the side of the key blade which, upon in-

sertion into an associated lock having a rotatable key plug,

engages with one or more side locking tumblers cooperating

with a side locking mechanism for locking the key plug against

rotation. Such lock and key systems are generally known from
the US patents 4,756,177 and 5,715,717 (both in the name of Bo
Widén) .

The invention also relates to a key and a key blade as such,

and to a lock as such, for use in such a system.

More particularly, the present lock and key system includes

locks of the kind comprising:

- a housing having a cylindrical bore,

- a cylindrical key plug being rotatably journalled in said

cylindrical bore, said key plug having a longitudinal key

-
h—t

slot and, at a side of said key slot, a number of side

locking tumblers in a row cooperating with a side locking

means for locking the key plug against rotation in the

cylindrical bore,

- at least one of said side locking tumblers having a

transversely projecting finger and being mounted in an

associated chamber for elevational and rotational move-
ment thereiln,

- sald elevational movement being performed against the ac-

po—
—
b

tion of a force exerted along said chamber, and
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said rotational movement of the side locking tumbler

corresponding to the associated finger performing a pi-

pr——

votal motion, the rotational movement of the side locking

tumbler being limited between two angular positions COr-

grin.

responding to a respective pivotal end position of the

finger,

keys of the kind comprising:

a longitudinally extending key blade, which is insertable

g——

into said key slot of the key plug of an associated lock,

said key blade having a side material region at one side

of said key blade defined upwardly by a longitudinally

extending shelf surface, which is at least partially in-

terrupted by a side code pattern cut into said material

region so as to form a wave—like guiding surface inclu-

ding a ramp surface portion at the free end portion of

the key blade,

said wave-like guiding suriace engaging with said finger

of said at least one side locking tumbler and making the

latter follow said wave-like guiding surface, while the

action of said force and the finger being caused to pivot
sideways between said pivotal end positions, when the key

hlade is inserted into the key slot,

said wave—-like guiding surface including at least one

side code portion associated with said side locking

tumbler and guiding the finger thereof, upon fully

inserting the key blade into the key slot, into a specific

position causing the locking tumbler to allow said side

locking means to release the key plug relative to said
housing,

said at least one side code portion being located at a

p—
—

selected one of a predetermined number of vertical code

P

levels and at a selected one oI a predetermined number OL

V)
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longitudinal positions corresponding to a specific pivotal

gr—
h—

position of said finger.

L

BRACKGROUND OF THE INVENTION

sych lock and key systems of the kind known from the above

mentioned US patents (Bo Widen) provide a high level of secu-

tumblers and pivoting fingers thereon. A great number of code

combinations can be achieved, and the locks are very difficult

to pick or manipulate. The rumblers are only partially visible

in the key slot, and their correct elevational and pivotal

code positions are hidden from inspection through the Xkey

slot. Therefore, the particular code positions cannot be de-

termined from just observing the key slot or even by sensing

the finger positions with a tool.

The side code portions of the wave-like guiding surface (some-

times also called side bitting) of the key blade of the pre-

viously known key are each constituted by a concavity surface

portion having tTtwo upwardly sloping surface portions adjol-

ning smoothly on each longitudinal side thereof. These conca-

—

vity surface portions can be located at a number of predeter-

P

nined vertical levels at the side orf the key blade. More spe-

cifically, it follows that the highest vertical level for the

side code portions will Dbe 1ocated at a vertical level which

;s somewhat lower than the uppermost part of the side material

region where the wave—-like guiding surface 1is cut, SO as to

F

sccommodate the vertical extension of the adjoining sloping

portions. A typical prior art key of this kind is shown in

fig. 28.

The possible number of side code portions assoclated with a

particular side locking tumbler for a code structure involve
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different combinations of predetermined vertical levels and a

ph—

number of longitudinal positions in relation to the side

locking tumbler. In a typical system, which has been in

commercial use for many years, the number of side tumblers 1S

five (in addition to six centrally located tumblers

cooperating with an upper edge of the key blade). The side

material region, where the wave—like guiding surface or side

bitting is cut at the side of the key blade, has a relatively

)

small height (perpendicularly TO the longitudinal direction orf

the key blade), such as about 2,0 mm (about 0.080 inches).

Therefore, only a limited number of vertical levels can be

o~
o= vk
=

ferentiating between different

sccommodated while clearly di:

codes, in particular tTwoO such levels, 0.60 mm (0.024 inches)

and 1.20 mm (0.048 inches), respectively, calculated from the

bottom edge of the key blade.

such differentiated levels pertain to a particular pivotal po-

sition of the finger of the assoclated side locking tumbler.

Tnh the embodiment used hitherto, there are two vertical levels

corresponding to each pivotal end position of the finger (at a

pivotal angle of +15° and ~15°), and two further levels corre-

sponding to an intermediate pivotal position (at a pivotal

angle of 0°), each being slightly higher than the first-men-
+ioned levels, viz. 0.90 mm (0.036 inches) and 1.50 mm (0.060

=

inches), respectively. The reason why the vertical levels of

the code portions at the 0° pivotal angle are somewhat higher

gt

than those at the pivotal end position angles is that the dif-

ference or mutual distance between the adjacent pivotal posi-

tions is too small to give a clearly differentiated code. The

difference becomes greater when the vertical level as well as

the longitudinal position are different.
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Accordingly, for each side locking tumbler in the example

above, there are six possible codes, Viz.

- two code portions at different vertical levels correspon-

ding to a pivotal end position at +15°

- two code portions at different vertical

levels

corresponding to a pivotal end position at -15°,

and

- two portions at different, slightly higher vertilcal

levels corresponding to an intermediate pivotal position,

making a total of six possible code portions for each side

locking tumbler or a total o

relatively high number of comblnations.

Of course, it would be desirable To even

c 5= 7776 different combinations.

further increase this

However, the dimen-

sions of the keys are greatly standardized and also adapted to

existing manufacturing

facilities. So, the only possibilities

seem to be to either pack the vertical levels closer together,

which would mean too short a vertical di:

F
—

ference of less than

0.50 mm (0.020 inches) between such packed levels, or To use

P
—

more than three di:

- the very small

also not possible because O:

ferences that would

follow

ferent pivotal positions, which 1s however

longitudinal dif-

cication.

from such a modi:

OBJECT OF THE INVENTION

Against this background, a mé

in object of the present inven-

tion is to provide an even higher security against copying the

key or picking the lock, and to provide a lock and key system

with an even higher number of possible code combinations,

while preserving the overall dimensions of the locks and the

r-

keys of the system.

A further object is to enable a highly

controlled manufacture of k

ers O.

eys and key blan

ks, so that the us-

- +he lock and key system can remain confident that a
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particular key is unique and cannot be readily duplicated

by unauthorised persons.

SUMMARY OF THE INVENTION

In addition to the number of vertical code levels being
used hitherto in such lock and key systems, the present
invention provides for an extra code level located at the
longitudinally extending shelf surface itself, viz. at the
upper boundary of the side material region where the wave-
like guiding surface or side bitting is cut at the side of
the key blade. Thanks to this extra code level, the number
of code combinations will be increased considerably, in the
example discussed above, from six to seven code
combinations for each side locking tumbler, and from 7776
to 16807 combinations in case there are five side locking
tumblers 1n a row. The increase is more than double the
previous number and provides 9031 additional combinations,
or even a still higher number in some embodiments. These
additional. combinations can be used in future lock and key
systems, thus enabling a controlled manufacturing and
distribution of key blades to the end users of the systems.
In this way, a very high security against unauthorised

copying of keys can be maintained, even for future systems

using these additional combinations.

It 1s also possible to cut new keys for existing lock
installations, where the new side code pattern would include
at least one additional code portion at the extra code level.
In the existing lock installation, the cylinder side
combination could be changed by using common and normal
compbination techniques, i.e. by replacing an existing tumbler

by a new tumbler adapted to operate at the extra code level.
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In this way, existing installations can easily Dbe upgraded so

F-

2s to make use of the new 9,031 combinations.

The inventive concept is based on the insight that even the

longitudinal shelf surface, at the upper boundary of the side

" material region accommodatlng the side bitting, can be uti-

1ized as a side code portion in spite of the fact that it does

not enable the provision of adjoining sloping portions adja-

cent to a concavity and it may not uniquely define a pivotal

position of the associated tumbler finger. For the code por-

tions located at lower levels and having adjoining slopilng

portions, and thus defining a concavity location as disclosed

in detail in the US patents referred to above, 1t 1is possible

to allocate different side code portions to the particular

pivotal positions, but such a differentiated code allocation

is generally not possible for a side code top segment having
no adjoining sloping portions. Nevertheless, such a side code

top segment is unique in respect of its vertical level, and 1t

is therefore possible to allocate a specific code to this side

code top segment, irrespective of the particular pivotal posi-

tion which may be assumed by the associated tumbler finger.

'}

However, it has also turned out in practice that the finger o:

3 rotatable side tumbler will always be oriented in a certalin

pivotal position if it is slid upwards (while the key blade 1is

:inserted into the lock) on a sloping portion onto a side code

top segment forming a part of the longitudinally extending

shelf surface. When the finger climbs such a slope, the finger

will be guided so that its free end portion will point towards

the free end or tip of the key blade. When moving on to the
adjoining side code top segment, which is substantially flat,

the finger will be retained in this particular pivotal
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position, even after completion of the insertion movement of

the key blade into the key slot of the lock.

One would think that the finger would pivot back and forth

1)

flat side code top segment.

randomly when it has reached a

However, the mass of the finger is very small as compared to

the tumbler body itself. The finger can only pivot if the
tumbler body is rotated about its axis in the associated cham-

ber. Even if the lock is subjected toO vibrational or other

random movements, there will be no torque acting on the Tum-

bler body which would make it rotate. Moreover, since the tum-

blerﬁbody is subjected to a force, e.g. by a spring, there 1s

4 certain friction at the contact point between the finger and

the surface of the flat side code top segment. This explains

gt
p—

fect be retained in its particular

why the finger will in e:

position, viz. the pivotal end position pointing towards the

tip of the key blade.

So, there is not an absolute need for any stop or holding

means on the flat side code top segment. Nevertheless, TO be

on the safe side and to rule out the unlikely event that the

finger would move from its position, it 1s preferable to

geometrically form the flat side code top segment with a
relatively shallow holding structure which will positively
hold the finger in its pivotal position, as long as the key

blade remains in its inserted position in the key slot of the

lock.

The extra code level can be used at any longitudinal position

—

a number of side

F
p—

along the key blade, 1.e. for any one O:

F
ad
—

locking tumblers in a row. For each such side code top seg-
ment, the finger of the associated side locking tumbler will

automatically be positioned and retained in a pivotal end po-



10

15

20

25

30

CA 02538704 2007-10-26

sition pointing towards the tip of the key blade, as explained

above.

Many advantageous embodiments are defined in the claims and

will be apparent from the detailed description below.

The invention can be used in combination with other kinds of
locking mechanisms and key code patterns, e. g. of the kind

disclosed in the US patent 5,067,335 (Widen) or any other
kind.

In order to provide an even higher number of additional code
combinations;.it is possible to use both rotatable and non-
rotatable locking tumblers in a lock and key system. By using
non-rotatable (but elevationally movable) locking tumblers
together with rotatable and elevationally movable locking
tumblers 1n some locks of the system, such non-rotatable
1ockin§ tumblers may be provided with fingers adapted to
cooperate with a side code top segment at a rear end position
displaced awéy from the tip of the associated key blade, and
also at other code locations 1in order to maintaiﬁ a high level

of security. Hereby, 1t is effectively possible to obtain one

8th

further code position for each tumbler, i. e. an code

position.

In accordance with one aspect of the present invention, there

is provided a lock and key system including locks of the kind
comprising a housing having a cylindrical bore, a cylindrical

key plug being rotatably journalled in said cylindrical bore,

salid key plug_having a longitudinal key slot and, at a side of
sald key siotf a number of side locking tumblers in a row

cooperating with a side locking means for locking the key plug
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against rotation in the cylindrical bore, at least one of said
side locking tumblers having a transversely projecting finger
and being mounted in an associated chamber for elevational and
rotational movement therein, said elevational movement being
performed against the action of a force exerted along said
chamber, and said rotational movement of the side locking
tumbler corresponding to the associated finger performing a
pivotal motion,~the rotational movement of the side locking
tumbler being limited between two angular positions
corresponding.to a respective pivotal end position of the
finger, and ihcluding keys of the kind comprising a
longitudinally extending key blade, which is insertable into
said key slot of the key plug of an associated lock, said key
blade having a side material region at one side of said key
blade defined_upwardly by a longitudinally extending shelf
surface, which is at least partially interrupted by a side code
pattern cut into said material region so as to form a wave-like
guiding surface including a ramp surface portion at the free
end portion of the key blade, said wave-like guiding surface
engaging with said finger of said at least one side locking
tumbler and making the latter follow said wave-lie guiding
surface, while the side locking tumbler is moved elevationally
against the action of said force and the finger ﬁeing caused to
plvot sideways between said pivotal end positions, when the key
blade is inserted into the key slot, said wave-like guiding
surface including at least one side code portion associated
with said sidé locking tumbler and guiding the finger thereof,
upon fully inéerting the key blade into the key slot, into a

specific position causing the locking tumbler to allow said

side locking means to rotationally release the key plug
relative to said housing, said at least one side code portion

being located at a selected one of a predetermined number of



20

CA 02538704 2007-10-26

Sb

vertical code levels and at a selected one of a predetermined
number of longitudinal positions corresponding to a specific
pivotal position of said finger, characterized in that in
addition to said number of vertical code levels for said at
least one side code portion, there 1s an extra top code level
located at said shelf surface, any side cocde top segment
located at this extra top code level representing an extra code
for the correspénding side locking tumbler of the associated

lock, whereby the number of possible code combinations is

increased.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described more fully with reference
to the attached drawings which illustrate some preferred em-

bodiments of the lock and key system according to the invent-

tion.

Fig. 1 shows, in a perspective view, a key and a cylinder

lock, the latter being partially cut away for greater clarity;
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partial cross-section through the lock along

Fig. 2 shows a

the line II-II in fig.1l:;

cross—sectional portion of the lock, 1n par-

S Fig. 3 shows a
from above, along the line

ticular a side locking tumbler seen

III in fi1g.2;

Fig.4 shows a another cross-sectional portion of the lock,

10 through the side locking tumbler having a projecting finger,

along the line IV in fig.Z2;

Fig.5 shows in a perspective view a Kkey blade having a wave-

like side code pattern according to the invention;

15
Figs. 6a,7a,8a,%9a and 6b,7b,8b,59b show, 1n perspective and

side views, respectively, enlarged cut-out portions of the key
side code

blade of fig.5, with some possible variatilons of the

pattern;

2.0
in an even larger scale, cut-out por-

Fig. 10 through 14 show,
tions of some side code top segments according to the present

invention;

25 Fig. 15 shows, in a schematic side view, a key blade according

to the invention, indicating the locations, represented by

black dots, of possible side code portions for each side lock-

ing tumbler;

16,17 and 18 show, in perspective views, side locking
15, with fingers

30 Figs.
tumblers of the kinds indicated in fig.

pointing in different directions;
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Fig. 19 shows, in a perspective view, a side locking tumbler

designed to be positioned 1in any rotational position;

Fig. 20 shows a schematic side view, similar to that of fig.

5 15, of a key blade of a modified embodiment of the lock and
key system;

Figs. 21 and 22 show, in perspective views, side locking tumb-

gr—
-

lers for use in a lock cooperating with the key blade of fig.

10 207

Figs. 23,24,25,26 and 27 show, in cross-sectional views, a

number of possible key blade profiles that can be used in con-
nection with the present invention; and

15

Fig. 28 shows, in a perspective view, a prior art key with a

wave-like side code pattern having a number of concavity sur-

ace portions serving as code portions.

PREFERRED EMBODIMENTS

L

2.0 DETAILED DESCRIPTION OF SOM:

L ad

Tn fig. 1, there is shown a cylinder lock and a key included

in a system according to the invention. The key 100 has a grip

portion 101 and a key blade 102, which is insertable into a

key slot 201 of the lock 200. The key slot 201 extends longi-
25 tudinally in a key plug 202 which 1is rotatably journalled i1in a

cylindrical bore 203 in a housing 204.

ey

Tn this embodiment, the key blade 102 has a top code pattern

with cut out portions 103 at its upper edge, e.4g. of a conven-

30 tional type, cooperating with a central row of locking tumb-

lers 205.
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In accordance with the present invention, the key blade 1s

also provided with a side code pattern with side code portions

104 of a special kind, similar to those disclosed in the above

mentioned US patents to Widén. This side code pattern 1S

formed by a continuous, generally wave-like guiding surface

which cooperates with a row of side locking tumblers 206 (five
in the row) when the key blade 102 is inserted into the key
slot 201 of the lock 200.

The side locking tumblers 206 are each mounted in an assocl-

ated chamber 207 (see also figs. 2,3 and 4) for elevational

and rotational movement therein. Each side locking tumbler 206

has a transversely projecting finger 208, which reaches into

the key slot 201 and which will perform a pivotal movement

when the side locking tumbler rotates in the cavity 207. Actu-

ally, when the key blade 1is inserted into the key slot 201,

the finger 208 of the side locking tumbler will engage with

the guiding surface and the code portions 104 of the key

blade, so as to cause an elevational as well as a rotational

novement back and forth of the side locking tumbler 206.

-

The side locking tumbler 206 is provided with a palr of re-

cesses 209,210 in its cylindrical surface at the back part

il

(opposite to the finger 208). One of these recesses, 209, 1is

visible in fig. 2, and both of them are visible in fig. 3.

Retween these recesses 209,210, there is a bridge portion 211,

vhich fits into a corresponding recess 212 in a side bar 213

serving as a locking means or fence member. The side bar 213

iq mounted in a slotted recess 214 in the key plug 202 adja-

cent to the outer cylindrical surface thereof. It 1is spring-

loaded radially outwardly so as to be normally seated in a

corresponding groove 215 in the lock housing 204, as shown in

fig. 2. In this position, the side bar 213 will effectively
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prevent the key plug from being rotated in relation to the

housing 204.

However, 1f and when all the side locking tumblers 206 are
correctly positioned, upon inserting a key with a correctly
coded key blade 102 into the key slot 201, the bridge portions
211 will align with the associated recesses 212 in the side
bar 213, whereby the latter can be moved radially inwards.

Such inward movement . can be effected by turning the key blade

while the latter is located in 1ts fully inserted position, so

that the flank portions of the groove 215 displace the side

bar radially inwards into the slotted recess "214. Now, the key

plug 202 can be rotated within the housing 204, provided of

course that any other locking mechanism, such as the central-

row of locking tumblers 205, 1is also released.

So, when the key blade 102 is being moved further into the key
slot 201, the side locking tumblers 206 will be rotated back

gt

and forth, because of the engagement of the fingers 208 with

the guiding surface of the key blade 102 and, at the same

time, they will also perform a movement upwards and downwards.
The finger 208 is subjected to a downwardly directed force and
is kept in sliding engagement with the guilding surface by

means of a helical spring 216 mounted so as to be compressed

between the upper surface of the side locking tumbler 206 and

an internal upper wall of the chamber 207.

The side code pattern with the code locations 104 1s consti-

tuted by a generally wave-like guiding surface 105 which in-

cludes a ramp surface 106 adjacent to the free end portion 107
of the key blade 102. When the key blade 102 is inserted into

the key slot 201, the ramp surface will engage successively

with the respective finger 208 of each side locking tumbler
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206 and will pivot and lift the latter so that the finger 208

subsequently sllides along the wave-like guiding surface 105.

In doing so, the finger 208 will follow the wave-like guiding

surface 105 upwards and downwards, i.e. elevationally, while

following the inclined surface portions of the guiding surface

105. It will also perform a pivotal or swinging movement back

and forth so as to bring about a rotational movement of the

side locking tumbler 2060.

As shown 1n fig. 4, there is a channel 217 leading from the
lower part of the cavity 207 into the key slot 201, and the
side walls of this channel constitute abutment surfaces 218,

219 which will limit the pivotal movement of the finger 208 in

each direction from a central plane. In the illustrated

example, the abutment surfaces 218,219 are located in such a

manner that the movement will be limited to 15° in each direc-

tion, i.e. the finger cadn swing back and forth in an angular

sector of 30° in this embodiment.

The structure and function of the lock and key described so
far is basically previously known from the above-mentioned

documents. As 1llustrated in fig. 5, a key 100 of this kind

(identical to the one shown in fig. 1), with a code pattern

105 has five code portions 121,122,123,124,125. Each such code

portion is located 1n a longitudinal position corresponding to

the longitudinal distribution of the side tumblers 206 (fig.

1), although possibly displaced a small distance corresponding

to the position of the free end of the finger 208 when being
pivoted into either one of the angular end positions. The code
portions 122,123,124,125 each form a concavity being located
between two adjolnling inclined or sloping surface portions

which will assist 1n positioning the respective finger into a
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specific pivotal position when the key 100 has been fully in-

serted into the key slot 201 of the lock.

As described in the above-mentioned patents, this will provide

4 code which includes a great number of combinatilons, since

gar—ir
—

the code involves different elevational positions as well as

different pivotal positions for each finger, viz. six such

combinations for each tumbler in the example discussed above

(making a total of 6xX6xX6xX6x6 = 7776 code combinations if all

six code portions are of the same kind) .

However, in order to provide for an increased number of code

locations and an increased security against copying the key

blade and picking the lock, the guiding surface 105 constitu-

ting the side code pattern with its code portions 104 1s

formed in a special way in accordance with the present inven-

tion. To illustrate this, reference is made tO figs. 5 through

9, showing some modified code patterns at the side of the key

P

hlade. In these examples, one or more of the code portions O

the guiding surface 105 is not formed as a concavity, which

adjoins two inclined surface portions, but rather as a side

code top segment forming part of the upper, straight surface,

denoted a shelf surface, defining the upper boundary of the

material region in which the code pattern has been cut out.

The side code top segment may be so long 1n the longitudinal

direction that, upon fully inserting the key blade into the

key slot, the finger of the associated side locking tumbler

can be pivoted to any angular position while remaining in con-

tact with the side code top segment. Such a substantially flat

side code top segment, denoted with the reference numeral 121,

is shown in figs. 5 and 10.
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Tn the embodiment shown in figs. 6a and 6b, the generally

wave—like guiding surface, which includes the ramp surface 106

pr—

2t the free end portion of the key blade, comprises three

“regular” concavities, 221, 293 and 225 but also two longltu-

dinally extended, side code top segments 222 and 224. When the

associated finger engages these side code top segments, the

finger 208 (fig.2) can take any pivotal or angular posiltion

(see fig. 4) while remaining at the same elevational level.

However, as explained above, the finger will automatically be

positioned in a pivotal end position pointing towards the free

end or tip of the key blade.

3o this elevational level in itself forms a specific code,

this code being additional to the “concavity codes” already

existing for the particular tumbler. In this way, there is at

least one more possible code location in addition to the
previously mentioned ones, e€.g. Seven possible code locations

instead of six code locations. Accordingly, the total number

of possible code combinations will be 7x7x7x7x7=16807 in this

particular example.

In general, the number of such side code top segments can be

zero, one, two, three, four or five in this embodiment with

five tumblers and seven possible code locations for each tumb-

ler.

some further examples are shown in figs.7a, /b (with one side

code top segment 324, in addition to the concavities

321,322,323 and 325), figs. 8a,8b (also with one side code top

segment 425, in addition to the concavities 421,422,423 and

424) and figs. 9a,9b (with two side code top segments 521,525
and three concavities 522,523,524).
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F

ferent

The side code top segment can be formed in several di

ways. As illustrated in fig. 10 (and also in figs. 1 and 9),

it can be formed by a continuous, straight, longitudinally ex-

trended surface portion 121 extending in parallel with the

lower edge of the key blade.

Alternatively, as illustrated in fig. 11, the side code top

segment can be formed as a relatively short supporting surface

portion 111, possibly adjoining a shallow recess. This rela-

tively short surface portion will hold the finger 208 (on the

tumbler 206) in a pivotal end position abutting the abutment

surface 218 (fig. 4). When inserting the key blade into the

key slot, the fingers 208 of the side locking tumblers will

generally be swung into such pivotal end positions, by way orf

the frictional engagement from the wave-like gulding surface.

As explained above, when the key blade has been fully inserted

into the key slot, the fingers of the side locking tumblers

will remain in these pivotal end positions. Therefore, there

iq no real need to hold the finger in place by means of any

sloping or stopping surface portions.

Nevertheless, it is possible to achieve such gulidance or sup-
port by providing an end portion 113 at a slightly lower level

or a shallow recess, which smoothly adjoins, at a curved por-

tion 114, the main straight surface portion 115 of the side

code top segment, as shown in fig. 12.

In fig. 13, there is a shallow recess 116 located at an offset
position to the right and serving to resiliently stop the pi-

votal movement in both directions.
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still another possibility, as shown in fig. 14, is that the

side code top segment includes an upward projection 118 formed

by two recess portions 117, 119 located on both longitudinal

sides thereotf.

The code patterns and the possible locations of the code por-

tions are illustrated schematically in fig. 15. Here, it 1is

clearly shown that the finger 208 of each side locking tumbler

206 can be positioned 1in seven distinct code positions, namely

corresponding to six differently located concavities (three

P

pivotal positions, each at rwo different vertical levels) and

the extra top code location discussed above. The three pivotal

positions of the fingers 208 are shown in fig. 15, 1n cross-
sectional views, and in figs. 16 through 18, in perspective
views.

=

T+ is to be noted that, for a particular pivotal position of

the finger in a code location, the bridge portion 211 located

hetween the recesses 209,210, at the rear cylindrical surface

P

of the side locking tumbler 206, 1is positioned centrally so as

‘)

to align with the recesses 212 in the side bar 213 (fig.3). OL
course, these recesses and bridge portions 211 should also be
located at a vertical position adapted to the vertical level

F

of the corresponding code position at the key blade 102Z2. For a

side locking tumbler 206’ (fig. 19) adapted to cooperate with

2 side code top segment at the extra top code level, where the

finger may be located at any pivotal position, the recesses at

the rear surface of the tumbler may be formed as a unitary

'

recess 209’ which can accommodate the side bar irrespective O:

the rotational position of the tumbler 2067 .

Of course, these seven different code positions or code por-

tions can be a higher or a lower number. However, in standard
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keys as used in large numbers today, the illustrated embodi-

ment is typical and constitutes a very practical example. The

vertical extension of the key blade, perpendicular to the lon-

gitudinal direction thereof, is about 8.6 mm (about 0.34

inches), whereas the vertical extension or height of the side

material region, where the particular guiding surface is cut

out, is about 2.2 mm (within an interval of 2.0 to 2.5 mm).

The height of the shallow recesses in figs. 11 to 14 is about

0.2 mm (within an interval of 0.1l5 to 0.25 mm) .

mven with the above-mentioned dimensions of the key blade and

P

the vertical extension of the side material region where the

wave-like guiding surface is formed, it is possible to even

_

further increase the number of code locations to eilight for

cach side tumbler. This is illustrated in figs. 20-22. Here,

the system includes locks having a non-rotatable side tumbler

206’ (fig. 21) or 200""7 (fig. 22). Such locks having one or

nore non-rotatable tumblers (or tumblers with very limited

capability of rotation) can be used in systems including other

locks having rotatable side tumblers only. In this way, an

of the side code top segment. In filg. 20 (the enlarged

schematic view at the top to the right) this rear end portion

is denoted “8” (top left), whereas the other seven code loca-
tions are denoted “1” through “7”. The code location %“8” would

correspond to the segment portion 115 in fig. 1Z2.

The finger 208’’’ of the non-rotatable tumbler 206’’’ (fig.

22) has a base portion 208 "’'D, which occupies a 30° angular

sector and thus prevents rotation (see fig. 4), and a narrow

tip portion 208’’’t, which is displaced towards the front side

gr—

of the lock (see fig. 1) so as ToO engage with a key blade side
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code top segment portion displaced away from the tip of an in-

serted key blade.

In the same system of locks and keys, locks with tumblers

506’ as shown in fig. 21 can also be used. These tumblers

206’’’ have a finger 208’’ which 1s broad (30°) all the way from

the base portion to the free end or tip portion. Such a finger

will cooperate with both code locations “7” and “8”, and

possibly also with other code locations or with slope portions

of some or all of such other code locations.

RBecause the code location “8” on the key blade is positioned

at the highest or nearly highest level, there is a very small

or no slope at all that will guide the finger towards the code

lTocation “8” during insertion of the key blade into the lock.

That is why it is necessary to restrict the pivotal position

of the tumbler finger to a limited pivotal angle (e.g. less

than 5 or 10 degrees) in the vicinity of the location “8”, or
to block it completely against pivoting at this position (as

shown in figs. 20-22).

T+ is true that such specially formed tumbler fingers, belng

non-pivotable or pivotable only within a small angular region,

may be observed by sophisticated inspection through the key

‘)

slot (201 in Fig. 1) of the lock. To discourage, to avolid or
even make it impossible to precisely determine if and where

such a tumbler is placed in the lock, such tumblers should be

selectively used also in other code locations, such as in the
locations “1” or “2”, and possibly also in the locations Y37,

\\4//' \\5”, “6” and w77  Tn the locations \\31/’ \\411, \\5/1’ w6 and

w77  the tumbler fingers may possibly be shaped so as to

orient their key contacting surtface in an angular direction

rowards the respective code location.



10

15

20

29

30

CA 02538704 2006-03-09

WO 2005/028789 PCT/SE2004/001312

21

—

Through the use of the code location %87, possibly 1in

combination with a correspondingly adapted tumbler, it would

also be possible to cut a code location “77, “5” or “o”

adjacent to the code location wg” (i,e. a double cut) for any

rl.-

one of the (five) tumbler positions. Such a key would then

open a lock with code location “8” but also another lock with

the particular code location wy# o WH oy W6, With double

cuts, it is of course possible tO provide master keys capable

g

erent locks.

of opening a number of di

As shown in figs. 23 through 27, the longitudinally extended

shelf surface, which defines the upper limit of the guiding

surface and may partially form one Or more side code top seg-

F

ments, can be formed in different ways. In fig. 23, thils sur-

F

face 131 is located below the upper edge portion 132 of the

key blade 130. The shelf surface 131 stands at right angle tTO

i~

the central plane C of the key blade in this case.

In fig. 24, the shelf surface 141 is a lower wall of a side

groove 142 in the key blade 140, this lower wall likewlse

standing at right angle to the central plane of the key blade.

In fig. 25, the key blade 150 has a widened lower portion 151,

and the shelf surface 152 is in this case formed at the upper

end portion of an upwardly projecting, longitudinally extend-

ing tongue or lip 153.

In fig. 26, the shelf surface 162 is formed by the lower side

wall portion 162 of an undercut groove 161, the lower bottom

wall portion 162 being undercut, soO as to form an acute angle

and facing inwardly towards the bottom portion of the groove.

A similar, but more complex shape of the undercut groove 171
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of the key blade 170 1s shown in fig. 27, the surface area be-

ing denoted 172 in this case.

The lock and key system according tO the invention may be

5 modified by those skilled in the art. As indicated above, not

prie

211 tumblers in a lock need tTO be rotatable. The number oI

side locking tumblers in a row may be different, e.g. only two

tumblers in the row or any desired number, even higher than

five, and the number of code levels may also be chosen at will

P

10 (if more code levels are used, the height of the material

region should be increased). The number of pivotal positions

of the fingers may be less than three, e.g. only two, or more

o~

than three, e.g. four or five. The angles oI the pivotal end

position may be different. There may be one side code pattern

15 on each side of the key, and possibly no top code pattern (103

in fig.l). Also, the profille of the key may be varied 1in many

ways.
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CLAIMS

1. A lock and key system including locks of the kind compri-
sing:

- a housing (204) having a cylindrical bore,

- a cylindrical key plug (202) being rotatably journalled

in said cylindrical bore, said key plug having a longitu-

dinal key slot (201) and, at a side of said key slot, a

number of side locking tumblers (206) in a row coopera-

ting with a side locking means (213) for locking the key

plug against rotation in the cylindrical bore,

_ at least one of said side locking tumblers (206) having a

transversely projecting finger (208) and being mounted 1in

an associated chamber (207) for elevational and rota-

tional movement therein,

- said elevational movement being performed against the ac-

tion of a force exerted along saild chamber (216), and

~ said rotational movement of the side locking tumbler

corresponding to the associated finger (208) performing a

pivotal motion, the rotational movement of the side lock-
ing tumbler being limited between two angular positions

corresponding to a respective pivotal end position of the

finger,
and including keys (100) of the kind comprising:
- a longitudinally extending key blade (102), which is in-

F
—

sertable into said key slot (201) of the key plug of an

associated lock,

- said key blade having a side material region at one side

of said key blade defined upwardly by a longitudinally

extending shelf surface, which is at least partially in-

terrupted by a side code pattern cut into said material

region so as to form a wave—-like guiding surface (105)
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including a ramp surface portion (1l06) at the free end
portion (107) of the key blade,

- said wave-like guiding surface (105) engaging with said
finger of said at least one side locking tumbler and mak-
ing the latter follow said wave-like guiding surface,

while the side locking tumbler is moved elevationally

against the action of said force (216) and the finger
(208) being caused to pivot sideways between said pivotal
end positions, when the key blade 1s inserted into the
key slot, |

- saild wave-like guiding surface incldding at least one
side code portibn (122,123,124,125) associated with said
side locking tumbler (206) and guiding the finger (208)
thereof, upon fully inéerting the key blade into the key.
slot;.ihto a specific poéition causing the loéking tumblei
to allow said side locking means (213) to rotationally
releasé the key'plug (202) relative to saild housing (204),

- said at least one side code portion (122,123,124,125) be-
ing located at a selected one of a predetermined number
of vertical code levels and at a selected one of a prede;

termined number of longitudinal positions corresponding

to a specific pivotal position of said finger,

characterized 1in that

in addition to said number of vertical code levels for said at

least one side code portion, there 1s an extra top code level

located at said shelf surface, any side code top segment (121)

located at this extra top code level representing an extra

code for the corresponding side locking tumbler of the associ-

ated lock, whereby the number of possible code combinations 1s

increased.
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2. A key for use in a lock and key system as defined in claim

1, wherein the key blade of the key has at least one side code

top segment (121) located at said extra top code level.

3. A key as defined in claim 2, wherein the vertical extension
of said side material region, from a lower edge of the key

blade to said shelf surface i1s 2.0 to 2.5 mn.

4. A key as defined in-'claim 3, wherein saild vertical exten-

sion 1s about 2.2 mm.

5. A key as defined in claim 2, wherein said side code tbp
segment (111) has a length permitting the associated finger to
be positioned in different pivotal positions while remaining
at said extra top codevievel, all such pivotal pdsitions rep-

resenting the same code.

6. A key as defined in claim 2, wherein said side code top
segment comprises a supporting surface portion
(113;114;116;117) retaining the associated finger in a forward

pivotal end position pointing towards the tip of the key
blade.

7. A key as defined in claim 6, wherein said supporting sur-
face portion (114;116,117) forms a part of at least one shal-

low recess in said side code top segment serving to resist any

pivotal movement in a direction away from said forward pivotal

end position.

8. A key as defined in claim 7, wherein said shallow recess

includes a curved surface portion and an adjoining straight

portion.
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9. A key as defined in claim 7, wherein said supporting sur-

face portion includes an upward projection (118) between two

shallow recesses (117,119).

10. A key as defined in claim 7, wherein the vertical exten-
sion of said at least one shallow recess 1s 5 to 15% of the

vertical extension of said side material region.

11. A key as defined in claim 10, wherein the vertical exten-

sion of said at least one shallow recess is 0.15-0.25 mm.

12. A key blank for‘making a key as defined in claim 2,

wherein said shelf surface (131) is located below an upper |
edge portion (132) of the kéy blade, said upper edge portion .
also haviﬁg a material region.for making a separaté code pat%f

tern therein.

13. A key blank as defined in claim 12, wherein said shelf
surface (152) is located at an upper surface part of a widened

lower portion (151) of said key blade.

14. A key blank as defined in claim 13,_wherein sald shelf

surface is located at a longitudinal lip protruding upwardly

(153) and forming said upper surface part (152) of said wi-

dened lower portion (151) of said key blade.

15. A key blank as defined in claim 12, wherein sald shelf

surface comprises a lower wall portion (141l) of a longitudinal

straight groove (142) formed in a planar side surface of said

key blade.
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16. A key blank as defined in claim 15, wherein said shelf
surface comprises an undercut lower wall portion (162) of said

groove (161).

17. A key blank as defined in claim 16, wherein said shelf
surface comprises an undercut lower wall portion (162) ori-
ented substantially at an acute angle relative to a central

plane of said key blade.

18. A key made of a key blank as defined in any one of claims

12-17.

19. A lock for use in a lock and key system as defined in
claim 1, said lock (200) being provided with at least one of
the side locking tumblers (206) adapted to cooperate with a
side code top segment (121), located at an extra top code
level at a shelf surface on a key blade of an associated key

(100) .

20. A lock as defined in claim 19, wherein said at least one
side locking tumbler(206'), associated with said side code
top segment of an associated key, is adapted to allow said
locking member to release said key plug upon being located in
a predetermined elevational position, irrespective of its ro-

tational position.

21. A lock as defined in claim 19, wherein at least one of the
side locking tumblers in said row is adapted to allow the side
locking member to release said key plug only when it is posi-

tioned in a specific elevational and rotational position.

22, A lock as defined in claim 19, said lock being provided
with a row of locking tumblers, at least one of. said locking

tumblers being mounted for elevaticnal and rotational movement
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further locking

as recited in claim 1, and at least one
for limited rotational move-

tumbler (206777) being mounted
r region not exceeding 10 degrees,

finger (208’77) for

ment, within a narrow angulc

curther locking tumbler also having a

said :
5 cooperation with said wave-like guiding sur:

“ace of an

associated key.

wherein said at least one

23. A lock as defined in claim 22,

further locking tumbler (206’7, 206"77) is mounted for

the associated finger (208’7,

10 elevational movement only,
208’’") being guided so as to be non-pivotable and shaped soO

concave or sloplng code

as to contact a generally flat,

location.

P
—

"ined in claim 22, wherein at least one OI

15 24, A lock as de:
~urther locking tumblers is adapted to release said key
1l position below said

sald :
plug when being located at an elevatione

extra top code level.

g—
——

95 A lock as defined in claim 22, wherein at least one Orf

20
said further locking tumblers is adapted to release sald key
plug when being located at said extra TOp code level.
26. A key for use in a lock as defined 1n claim 22, wherein
25 the key has a side code top segment retailning the finger of

r end position displaced

said further locking tumbler in a resa

way from the tip of the key blade.

C

27. A key for use in a lock as defined in claim 22, whereiln

30 the key blade comprises at least one double side code portion

]

ferent

two different locks having di:

adapted to cooperate with
t a given longitudinal position.

tumblers ¢
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