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(54) KEY CODING RECESS, METHOD AND SYSTEM

(57) The coding recesses of a key blade for engage-
ment with angled coding pins of a cylinder lock are pro-
vided with corner fillets so that the angled coding pins

can pass more easily into and out of the recesses as the
key is withdrawn or inserted into the lock.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to the field of keys for cyl-
inder locks, and in particular keys with recesses for en-
gagement with angled cylinder lock pins.

BACKGROUND OF THE INVENTION

[0002] European patent application EP3822433, filed
by the same applicant, published on the filing date of this
application, and incorporated by reference, describes a
key coding arrangement in which cylinder lock pins en-
gage with recesses on the key blade at an angle, which
may be for example between 30° and 60°. The recesses
can be formed, for example, using a conical end-face
milling cutter, and are shown as having the form of a
truncated cone. Elongated versions are also described.
The recess geometry, in addition to providing the coding
(pin-tip-contact) surface, and enough clearance for the
angled pin to reach the coding surface, also has surfaces
which push the pin out of the recess as the key is moved
past the pin (for example when the user inserts or re-
moves the key from the lock). For conventional pin-re-
cess arrangements, in which the pin axis is parallel to
the recess axis, and in which the pin rests at the bottom
of the recess, the pin can satisfactorily without collision
be ejected from the recess by the conical flank of the
recess, and the tangential contact of the pin and the re-
cess flank remains effectively at a constant angle (eg
45°) to the direction of movement of the key. This angle
is referred to below as the contact angle. However, where
the pin axis is at an angle (eg between 30° and 60°) to
the recess axis, as described in EP3822433, the contact
angle varies as the pin tip moves past the recess flank,
and the contact angle can in fact approach 90°, at which
point the key movement is blocked. At this point, there
is mechanical interference between the side-surface of
the pin and the rim of the recess such that the movement
of the key is impeded or blocked. The word rim is in this
context understood to refer to the inner edge or surface
or the recess-centre-facing surface of the recess. The
problem will be described in more detail below.
[0003] One solution to the above problem would be to
use pins with a diameter which is sufficiently large, and/or
recesses which are sufficiently shallow, that the interfer-
ence between the angled pin and the recess-rim does
not occur. However, this would reduce the number of
pins in the cylinder lock and the number of recesses on
the key, and consequently the number of possible cod-
ings which can be formed in the key. Reducing the
number of possible codings would in turn result in de-
creased coding combination performance of a cylinder.

BRIEF DESCRIPTION OF THE INVENTION

[0004] The present invention aims to overcome at least

some of the above disadvantages of the straightforward
solutions contemplated above. To this end, a key accord-
ing to the invention is described in the attached claim 1,
a method according to the invention is described in claim
14, and a lock system according to the invention is de-
scribed in claim 17. Further variants of the invention are
described in the dependent claims.
[0005] The solution proposed avoids the blocking in-
terference between angled pin and recess shoulder, with-
out reducing the number of codings which can be imple-
mented in the key. The solution proposed also increases
the difficulty due to its complex structure for a key with
such recesses to be copied and printed with a 3D printer,
for instance. The solution as well contributes to less wear
on the key as the key is able to be inserted into and
withdrawn from the key channel with more comfort and
less resistance. Another view of the present solution is
as well to increase the coding performance of the cylinder
and the key within a very compact area of these both
parts.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The invention will be described in detail with ref-
erence to the attached drawings, in which:

Figures 1a to 1d show perspective and cross-sec-
tional views of elongated coding recesses similar to
those described in EP3822433. Figure 1e shows in
side elevation an example of an end-face milling cut-
ter suitable for forming the recesses of the invention.

Figures 2a to 2d show perspective and plan views
of a recess and pin of EP3822433, illustrating the
interference problem.

Figures 3a to 3e show a first example embodiment
of the invention, with a recess having two corner fil-
lets.

Figures 4a to 4c show a second example embodi-
ment of the invention, with a rectangular recess hav-
ing four corner fillets.

Figures 5a to 5c show a third example embodiment
of the invention, with an X-shaped recess having four
corner fillets.

Figure 6a shows a schematic plan view of a revers-
ible key with four-fillet recesses according to the sec-
ond embodiment.

Figure 6b shows a schematic plan view of a revers-
ible key with two-fillet recesses according to the first
embodiment.

Figure 6c shows a schematic plan view of a revers-
ible key with X-shaped recesses according to the
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third embodiment.

Figure 6d is a cross-sectional view of the reversible
key of figures 6a and 6c.

Figure 6e is a cross-sectional view of the reversible
key of figure 6b.

Figures 7a to 7c show examples of lead out ramps
used in the first and second embodiments.

DETAILED DESCRIPTION OF THE INVENTION

[0007] It should be noted that the figures are provided
merely as an aid to understanding the principles under-
lying the invention, and should not be taken as limiting
the scope of protection sought. Where the same refer-
ence numbers are used in different figures, these are
intended to indicate similar or equivalent features. It
should not be assumed, however, that the use of different
reference numbers is intended to indicate any particular
degree of difference between the features to which they
refer.
[0008] Further references are made to the content of
EP3822433, as mentioned above, and in particular to
figures 3-10 and 14-19 and the related parts of the de-
scription of EP3822433, which illustrate an example of
the context in which the present invention can find appli-
cation. The pins of the cylinder lock described in
EP3822433 are angled with respect to the surface of the
blade inserted in the key channel of the lock, and the
coding of the recesses (and consequently of the pins) is
achieved by forming the recesses such that their pin-
contact surfaces are located at one of several predeter-
mined locations along a coding axis which is at a prede-
termined coding angle (eg between 30° and 60°) to the
Y-Z plane of the blade. A key coded in this way can be
recognised by rows of recesses which are aligned along
one edge, as shown in figures 9 and 10 of EP3822433,
for example. Figures 1a to 1d show a recess 1 as de-
scribed in EP3822433, with a base surface 3, end-flanks
9 and 9’, pin contact point 6, recess axis E or principal
axis, key blade surface 7, and pin contact flank 8 and pin
clearance flank 8’. Pin 4 is displaceable along the coding
axis C, and the recess coding is also carried out by form-
ing the recess with its pin contact point 6 at a particular
distance along the coding axis C. Figure 1e shows a con-
ical milling cutter 13 with cutting faces 14 for forming the
recess shown. The key blade is described here and below
in reference to an orthogonal XYZ coordinate system in
which the X direction is the thickness direction of the key
blade, the Y direction is the transverse width direction of
the key blade, and the Z direction is the longitudinal di-
rection of the key blade.
[0009] It has subsequently been recognised that in
some configurations the angled pins can interfere with
the rim of the recesses, in particular at the point where
the pin is to be displaced out from the recess by the move-

ment of the blade into or out of the key channel of the
lock. Because of the angle of the pin, and the circular
curvature of the recess rim, the pin, instead of being dis-
placed out of the recess, jams against the rim and im-
pedes or blocks the key movement in the longitudinal Z
direction thereby hindering its insertion into or withdrawal
from the key channel. The pin 4 and the stator pin (not
shown) are usually mounted as a package, in which a
force transferring means, such as a spring, pushes or
urges the pin 4 and the stator pin towards the key blade
into the recess, so that a contact point is created between
the tip of the pin and the recess. This problem is illustrated
in figures 2a to 2d. As the key blade 7 and the pin 4 move
relative to each other in the longitudinal Z direction (for
example when the key is inserted into or withdrawn from
the key channel of the cylinder lock), the pin 4 must be
displaced out of the recess 1 so that the key can move
smoothly. However, because of the angle of inclination
of the pin (required for the angled coding scheme de-
scribed in EP3822433), the side of the pin impinges (col-
lides) on the rim of the recess at a certain point, and the
longitudinal movement is blocked. The contact path be-
tween pin tip and recess surface is indicated by reference
10 in figure 2b and by 15 and 15’ in figures 2c and 2d.
The contact path on the pin 4 in figure 2d is on the outer
surface of the tip of the pin and extends to the cylindrical
portion or substantially cylindrical portion (ie the main
body portion) of the pin.
[0010] Figure 3a shows a recess 2 according to a first
example embodiment of the invention, in which material
of the key blade has been removed along two corner fillet
axes 12, to form a corner fillet 11 at each end of the pin
clearance flank 8’, thereby clearing the path for the pin
4 to move over the rim of the recess without interference.
The respective fillet thus forms a groove, valley or an
elongated impression or dimple extending from a central
region of the recess to its respective corner region of the
recess. The respective fillet may form a rounding of the
recess inner surface. The contact path 10 is shown in
figure 3d. The fillets can advantageously be formed by
moving the tip of the cutting tool along the corner fillet
axes 12, from the base 3 up to the key blade surface 7,
or vice versa. More specifically, the shape of the recess
is such that it is formable by a rotary end-face milling
cutter rotating about a rotation axis at a predetermined
rotation axis angle to the Y-Z plane of the blade. The
recess principal axis or recess axis is in this case parallel
to the rotation axis. According to one example, the rota-
tion axis angle is 90°. Furthermore, in this case the cutter
is substantially shaped as a truncated cone. The corner
fillets are formed by displacing the tip of the cutter along
the path of each corner fillet.
[0011] According to the first example embodiment, a
flat-bladed key can thus be formed having a pattern of
one or more coding recesses formed in the blade for cod-
ed engagement with angled pins of a cylinder lock. The
blade has a longitudinal Z axis, a transverse Y axis and
a thickness X axis. The recesses have a first substantially
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trapezoidal cross-section in an X-Y plane bisecting the
recess transversely, and a second substantially trape-
zoidal cross-section in an X-Z plane bisecting the recess
longitudinally. The sides of the first and second trape-
zoids are inclined at a predetermined flank angle of be-
tween 10° and 80°, 20° and 70°, 25° and 70°, 25° and
65°, or more specifically between 30° and 60° to the Y-
Z plane. The recesses comprise first and second longi-
tudinal flanks, on mutually opposed sides of the X-Z
plane, running substantially parallel to the Z axis, and
referred to hereafter respectively as the pin-clearance
flank and the pin-contact flank. The pin-clearance flank
and the pin-contact flank extend along a majority of the
length of the recess (ie along a length of at least 50% of
the total length of the recess, or more specifically along
a length of at least 60% or 70% of the total length of the
recess). The recesses comprise a first corner fillet joining
the pin-clearance flank and a first substantially trans-
verse end flank of the recess, and a second corner fillet
connecting the pin-clearance flank to a second trans-
verse end flank of the recess, opposite to the first end
flank. The first and second corner fillets have a principal
axis extending along a central part of the fillet at a first
angle to the X-Z plane of between 10° and 80°, 20° and
70°, 25° and 70°, 25° and 65°, or more specifically be-
tween 30° and 60°, and at a second angle to the Y-Z
plane which is at least 3° or more specifically at least 5°
smaller than the flank angle. All or at least some of the
end flanks and the longitudinal flanks are planar or sub-
stantially planar across the majority of the respective
transverse or longitudinal width of the recess. Advanta-
geously the one or more recesses may comprise a plu-
rality of differently-coded recesses, wherein the coding
of the recesses differs in the location along a coding axis
of a coding flank of each recess, where the coding axis
is in an X-Y plane and at a coding axis angle of between
25° and 70°, or preferably between 30° and 60°, to the
Y-Z plane. Furthermore, the recesses are configured for
engagement with an angled pin of a cylinder lock, wherein
the or each angled pin is inclined at a predetermined pin
angle of between 25° and 70° or preferably between 30°
and 60° to the recess axis, and wherein the first and/or
second end flanks are shaped to displace the tip of an
angled pin out of the respective recess as the blade is
inserted into or withdrawn from the lock along the Z axis.
[0012] Figures 4a to 4c show a recess 2 according to
the second example embodiment, in which a similar ma-
terial-removal process has been performed on the pin
contact flank 8 as well as the pin-clearance flank 8’. In
this case, material has been removed at four corners of
the recess to form four corner fillets 11, and the result is
a substantially rectangular recess shape. Other than that,
the recess according to the second example embodiment
may be similar or substantially identical to the recess
according to the first example embodiment. However,
other variants of the shape may be achieved by varying
the angle of the corner fillet axes 12 to the X-Z plane,
and/or to the Y-Z plane, and/or the angle of the flank 8,

8’ to the Y-Z plane.
[0013] Thus, according to the second embodiment, the
recess further comprises a third corner fillet and a fourth
corner fillet. The third corner fillet 11 joins the pin-contact
flank 8 and the first substantially transverse end flank 9
of the recess 2, while the fourth corner fillet 11 connects
the pin-contact flank 8 to the second transverse end flank
9’ of the recess 2. The principal axes of the third and
fourth corner fillets extend along a central part of the re-
spective fillet at a first angle to the X-Z plane of between
10° and 80°, 20° and 70°, 25° and 70°, 25° and 65°, or
more specifically between 30° and 60°, and at a second
angle to the Y-Z plane which is at least 3°, or more spe-
cifically at least 5° smaller than the flank angle.
[0014] Figures 5a to 5c show a recess 2 according to
the third example embodiment, in which similar material-
removal process has been performed on the pin contact
flank 8 and pin-clearance flank 8’ as in the first and sec-
ond embodiments. In this case, the angle α between the
first and second corner fillets on the one hand, and the
angle α between the third and fourth corner fillets have
been increased compared with the corresponding angles
according to the second embodiment. This angle α is in
this example in the range of 90° to 170°, and more spe-
cifically between 90° and 140°, between 90° and 120°,
or between 100° and 130°. In this manner, a substantially
X-shaped outline of the recess when seen from the side
of the key blade can be achieved. It is to be noted, that
at least the transverse flanks are non-planar according
to the third embodiment. This shape further facilitates the
pin clearance process. This design thus contributes to
even smoother movement of the key in the key channel,
which becomes evident when the key is being inserted
into or withdrawn from the key channel, in which the pin
interacts with the recess.
[0015] Figure 6a shows a reversible key blade in which
two rows of two four-fillet coding recesses have been
formed in the key blade. In a respective row, the pin-
clearance flanks are aligned. Because the blade is re-
versible, and because the recesses (and hence the cor-
responding angled pins of the lock, as in EP3822433)
are in a central region of the key, each recess must ac-
commodate pins angled in both transverse directions.
For this reason, both the pin-contact and pin-clearance
flanks are provided with corner fillets 11 for ensuring that
the pins can pass by without impediment.
[0016] In the case of figure 6b, the recesses are located
away from the central region, and each will only need to
accommodate pins angled in one direction. For this rea-
son, only the pin-clearance flank needs to be provided
with the corner fillets which permit easy passage of the
pins past the recess.
[0017] Figure 6c shows a reversible key blade in which
two rows of two four-fillet coding recesses according to
the third embodiment have been formed in the central
region of the key blade. In this case, the two recesses
have been longitudinally merged to form a combined re-
cess. Two combined recesses are shown in Figure 6c.
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[0018] Figures 6d shows a possible cross section of
the key blade of Figure 6a or 6c along the X-Y plane
together with the pins 4 and a rotor 16, while figure 6e
shows a cross section of the key blade of Figure 6b along
the X-Y plane together with the pins 4 and the rotor 16.
These figures illustrate how the pins 4 engage with the
recesses on a reversible key and why it is advantageous
that the recesses have four corner fillets when the re-
cesses are located in the centre region of the blade along
the longitudinal axis Z of the blade.
[0019] Figures 7a to 7c show a further refinement, in
which a lead-out ramp 14 is provided at the rim of one
(or both) end flanks of the recess. Figure 7c is a side view
of the recess 2 showing how the pin contact path 10 ex-
tends along the ramp 14 and recess 2. The additional
lead-out ramp provides an additional feature that can
help ease the transition of the angled pins into and out
of the recess, thereby reducing wear and providing the
user with a smoother insertion or withdrawal of the key
when the key is being inserted into or withdrawn from the
key channel (in the lock). The pin contact path 10 on the
recess and the ramp is visualised in figure 7c. When the
key is being inserted into or withdrawn from the key chan-
nel, the angle of force that pushes the pin actually chang-
es, thereby creating this path 10. The lead-out ramp thus
forms a continuous transition surface between the face
of the key blade and one of the end flanks of the recess.
[0020] The invention also proposes a lock system com-
prising one or more cylinder locks each having a key
channel and a plurality of angled pins, and one or more
keys according to any one of the above example embod-
iments, wherein the angled pins are arranged to engage
in coded fashion with the recesses of the one or more
keys when inserted into the one or more key channels.
[0021] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive, the invention
being not limited to the disclosed embodiments. Other
embodiments and variants are understood, and can be
achieved by those skilled in the art when carrying out the
claimed invention, based on a study of the drawings, the
disclosure and the appended claims. New embodiments
may be obtained by combining any of the teachings
above.
[0022] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality. The mere fact
that different features are recited in mutually different de-
pendent claims does not indicate that a combination of
these features cannot be advantageously used. Any ref-
erence signs in the claims should not be construed as
limiting the scope of the invention.

Claims

1. Flat-bladed key having a pattern of one or more cod-

ing recesses (2) formed in the blade (7) for coded
engagement with angled pins (4) of a cylinder lock,
the blade having a longitudinal Z axis, a transverse
Y axis and a thickness X axis, the or each recess (2)
having a first substantially trapezoidal cross-section
in an X-Y plane bisecting the recess (2) transversely,
and a second substantially trapezoidal cross-section
in an X-Z plane bisecting the recess (2) longitudinal-
ly, the sides of the first and second trapezoids being
inclined at a predetermined flank angle of between
30° and 60° to the Y-Z plane, the or each recess (2)
comprising first and second longitudinal flanks (8;
8’), on mutually opposed sides of the said X-Z plane,
running substantially parallel to the Z axis, and re-
ferred to hereafter respectively as the pin-clearance
flank (8’) and the pin-contact flank (8),
characterised in that

the pin-clearance flank (8’) extends along a ma-
jority of the length of the recess (2); and
the recess (2) comprises a first corner fillet (11)
joining the pin-clearance flank (8’) and a first
substantially transverse end flank (9) of the re-
cess (2), and a second corner fillet (11) connect-
ing the pin-clearance flank (8’) to a second trans-
verse end flank (9’) of the recess (2), opposite
to the first end flank (9), each of the first and
second corner fillets (11) having a principal axis
extending along a central part of the fillet (11) at
a first angle to the X-Z plane of between 30° and
60°, and at a second angle to the Y-Z plane
which is at least 5° smaller than the said flank
angle.

2. Key according to claim 1, wherein:

the pin-contact flank (8) extends along a majority
of the length of the recess (2);
the recess (2) further comprises a third corner
fillet (11) and a fourth corner fillet (11), the third
corner fillet (11) joining the pin-contact flank (8)
and the first substantially transverse end flank
(9) of the recess 2, and the fourth corner fillet 11
joining the pin-contact flank (8) and the second
transverse end flank (9’) of the recess (2), each
of the third and fourth corner fillets (11) having
a principal axis extending along a central part of
the fillet (11) at a first angle to the X-Z plane of
between 30° and 60°, and at a second angle to
the Y-Z plane which is at least 5° smaller than
the said flank angle.

3. Key according to claim 2, wherein the or each recess
(2) has a substantially rectangular, preferably a
rounded-rectangular cross-sectional shape in a
cross-sectional plane parallel to the Y-Z plane.

4. Key according to claim 3, wherein the one of more
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rectangular coding recesses (2) are in a central re-
gion of the blade (7).

5. Key according to one of the preceding claims, where-
in the shape of the or each recess (2) is such that it
is formable by a rotary end-face milling cutter rotating
about a rotation axis at a predetermined rotation axis
angle to the Y-Z plane of the blade (7), the recess
(2) having a principal axis, referred to hereafter as
the recess axis, parallel to the rotation axis.

6. Key according to claim 5, wherein the rotation axis
angle is 90°.

7. Key according to one of the preceding claims, where-
in the key is reversible, and the said pattern is formed
on each flat Y-Z face of the blade (7).

8. Key according to one of the preceding claims, where-
in the or each end flank is substantially planar across
the majority of the transverse width of the recess (2).

9. Key according to one of the preceding claims, where-
in said one or more recesses (2) comprises a plurality
of differently-coded recesses (2), wherein the coding
of the recesses (2) differs in the location along a cod-
ing axis of a coding flank of each recess (2), where
the coding axis is in an X-Y plane and at a coding
axis angle of between 25° and 70°, or preferably be-
tween 30° and 60°, to the Y-Z plane.

10. Key according to one of the preceding claims, where-
in the blade (7) comprises a lead-out ramp (14) form-
ing a continuous transition surface between the face
of the key blade (7) and one of the said end flanks
(9; 9’) of the recess (2).

11. Key according to one of the preceding claims, where-
in the or each recess (2) is configured for engage-
ment with an angled pin (4) of a cylinder lock, wherein
the or each angled pin (4) is inclined at a predeter-
mined pin angle of between 25° and 70° or preferably
between 30° and 60° to the recess axis, and wherein
the first end flank (9) is shaped to displace the tip of
an angled pin (4) out of the recess (2) as the blade
(7) is withdrawn from the lock along the Z axis.

12. Key according to claim 11, wherein the second end
flank (9’) is shaped to displace the tip of an angled
pin (4) out of the recess (2) as the blade (7) is inserted
into the lock along the Z axis.

13. Flat-bladed key having a pattern of one or more cod-
ing recesses (2) formed in the blade (7) for coded
engagement with angled pins (4) of a cylinder lock,
characterized by one or more substantially rectan-
gular coding recesses (2).

14. Method of forming the or each recess of a key ac-
cording to one of the preceding claims, the method
comprising using a rotary end-face milling cutter, ro-
tating about a rotation axis, to form the or each recess
(2) with the said two or four corner fillets (11).

15. Method according to claim 14, wherein the cutter is
substantially shaped as a truncated cone.

16. Method according to claim 14 or 15, wherein the said
forming comprises displacing the tip of the cutter
along the path of each corner fillet (11).

17. Lock system comprising one or more cylinder locks
each having a key channel and a plurality of angled
pins (4), and one or more keys according to one of
claims 1 to 13, wherein the angled pins (4) are ar-
ranged to engage in coded fashion with the recesses
(2) of the one or more keys when inserted into the
one or more key channels.
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