LOCKING SYSTEMSECURITY TURNING KEYS The invention is related
to a locking system with security reversible keys and with assigned
cylinders in accordance with the preamble of claim 1, as well as to
correspondin.g key blanks and security reversible keys in accordance with
the preamble of claim Il and a method for manufacturing these in
accordance with th Dpreamble of claim 10. In locking technology there are
the fundamental and continuous problems, on the one hand to make the
unauthorised copying of keys more difficult and to prevent it with better
and better means and on the other hand to increase the number of
possible 10permutations of a key and with this also the security of the
locking systems. From US 5 438 857 a key of this type is known with an
insertion prevention as additional security element. Here there is an
additional control face on the key, which with an assigned control pin at
the cylinder entrance prevents the insertion of a iswrong key. This control
pin is longgr-ihan & coding-pin aRd pregEe ReuqnehesRIAL bisRating,
plane of the key. The control face at the key tip Is designed as a rising
inclined lead-in surface. It also extends beyond the central plane of the
key and lifts the control pin and by means of this pushes it out of the way.
This control pin therefore prevents the insertion of keys without the correct

controkface: dheseA0centralfacesymay algady.ba-applied-e theskey win

blank and with this make a key blank protection possible. Thes : inclined
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significantly higher copy protectian.by means of new methods. From WO
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5 knewwapivhrich @githéd ¢ip of the key comprise a horizontal blocking groove
(BN) with a coded blocking depth. In the assigned cylinder at the rearmost
coding position there is a pair of blocking tumbler pins with a lengthened
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insyfficient degp PlockingareoyeLhisiklacking arenye: cRURgFesulls: Wit
higher permutation capacities. A harizontal blocking groove of this type,.
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16 permutations of a key and with this aigo the security of the locking systems.

From US 5 438 857 a kev of this type is known with an insertion prevention as

additional security element. Here there 1s an additional control face on the key, which

with an assigned control pin at the cylinder entrance prevents the insertion of a
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wrong key. This contrel pin is longer than a coding pin and extends beyond the

central bisecting plane of the key. The control face at the key tip is designed as a

rising inclined lead-in surface. It also extends beyond the central plane of the key and

lifts the control pin and by means of this pushes it out of the way. This control pin

therefore prevents the insertion of keys without the correct control face. These
20

protection possible. These inclined control faces, while making for an additional

control faces may already he applied o the key blank and with this make a key blank



Embodiments of the invention presented here seek to create a system
with security reversible keys and with assigned cylinders, which
overcomes the disadvantages of known systems and which comprises an
improved copy protection for keys and key blanks with a shaping, which is
already present on the key blank and which is very difficult to define and
to copy, and which in addition makes possible higher permutation
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achieved and an efficient, economical series production should be

possible. According to the first aspect of the present invention, there is
Froprovidedl eviogdng: systennavithuseculity reversiblekeyswith ahleastitngys is

COdI n rows ont e flat sides and with assign inders with bler
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counterpart, wherebya complete insertion is prevented, and wheréin the
thisdyppdivecess siltingladcroms 8e8key tip in the direction of the key axis

initially comprises a first inclination and subsequently a second inclination

to the key axis, wherein the second inclination is greater than the first
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bief pins, wherein'by urnlng e cylinder aloc g Or switc

capi\uncﬁﬁd"msrqaapemcemmharacterlsed by a concave recess on the key tip,

which interacts with a convex formation on a displaceable counterpart in

the cylinder, wherein the concave recess is suitable for resting flat on the
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out by the convex formation of the counterpart, whereby a complete
posfiigrtion is prevented, and wherein the concave recess starting out from

the key tip in the direction of the key axis initially comprises a first

inclination and subsequently a second inclination tg the key axis, wherein
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f<ey lies flat on the convexl}ormatlo on the counterpart, an 3(( bla Sk
the resp., a key without this concave recess is locked out by the convex

formation -3. of the counterpart, Le., a complete insertion is prevented.

These concave recesses are difficult to define and correspondingly very

difficult is an unauthorised copying of them as well as of the convex

formations in the cylinder. The concave recesses may be implemented in

a multitude of different shape variants, so that with this it is also possible

to achieve a correspondingly significantly higher permutation capacity.

The dependent claims are related to advantageous further developments

of the invention, which make possible further advantages with respect to

the security of a locking system, the security against copying of key

blanks, keys and cylinders, with 10respect to a long service life and low

wear as well as to a higher number of permutations and applications. In

the following the invention is described on the basis of examples of

embodiments and Figures. These illustrate: 15Fig. 1A reversible key blank
nr lkevy with conecavie reacreaccec at the tin of the keyvy and convey formatinne



Fig. 3aan example of a concave recess with additional straigh_t sections,

20Fig. 3b, 4a creating milling cutter, for example, of Fig. 3a, Fig. 5the

creation of a widened concave recess, Fig. 6a, barrangements of concave

recesses in various parts of a cross- section of a key, Fig. 7a, b, cconcave

recesses on an asymmetrical tip of azléey, 25Fig. 8an assignment of

different variants of concave recesses to different market areas and
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cylinder lock with concave recesses on t e key and 30convex forma lons
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coff@atadondthsesmilling . cyttek the key ﬁﬁ@t'ih“&?e'BEE'QEQ&P'&E?&Q@&@&‘%Q&‘EE%Riauy
the.y-axis,.in different views, Fig. 12a concave recess, which has been
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in x-direction comprises a rounded concave area, and wherein with the counterpart a
coupling element is displaceable in x-direction into a locking — or switching position.

According to the second aspect of the present invention, there is provided a key blank for
a security reversible key or security reversible key with at least two coding pin rows on
the flat sides with an assigned cylinder with tumbler pins, wherein by turning the cylinder
a locking - or switching function is carried out, characterised by a concave recess on the
key tip, which interacts with a convex formation on a displaceable counterpart in the
cylinder, wherein the concave recess is suitable for resting flat on the convex formation
on the counterpart when the key is entirely inserted, as a result of which a key blank or
key without this concave recess is locked out by the convex formation of the counterpart,
whereby a complete insertion is prevented, and wherein the concave recess starting out
from the key tip in the direction of the key axis initially comprises a first inclination and
subsequently a second inclination to the key axis, wherein the second inclination is
greater than the first inclination and the concave recess in x-direction comprises a
rounded concave area and wherein with the counterpart a coupling element is

displaceable in x-direction into a locking — or switching position.

The concave recesses at the tips of the keys hereby so interact with a convex formation
on a counterpart in an assigned cylinder, so that the concave recess in case of a fully
inserted key lies flat on the convex formation on the counterpart, and a key blank, resp., a

key without this concave recess is locked out by the convex formation



created with it, Fig. 14a, b, ca concave recess, which has been created by
a milling cutter with the milling cutter axis parallel to the z-axis in three
views. 10Fig, 1 illustrates the locking system in accordance with the
invention with a security reversible key S, rep., a key blank S with at least
two coding pin rows Ai on the flat sides and with an assigned cylinder Za,
Zb (illustrated in Fig. 10) and with tumbler pins 3 (illustrated, e.g., in Figs.
6 and 7a), wherein by turning the cylinder a locking - or switching function
9 is carried out. The key tips 11 comprise a concave recess 10, 15 which
inter?cts with a convex formation 20a, 20b.on a displaceable counterpart
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subsequently a second inclination N2 to the key axis, wherein the secon
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insertion of a key with a correct.concave recess 10 the counterpart 21a,
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switching element 23 is turned and with this a locking - or switching
fun EHSatiseedlivsEaE: locking of a lock or an actuation of an
electrical contact in an as such known manner. As the Figs. 1 and 10
illustrate, the counterpart 21, besides the convex formation 20, may alsq
Hcomphist a concavé“§8§?fﬁé”}§t}éﬁ3’ PR Yo B pOHAL B Ee R e e tp of
shape of the key tipH:lkpextfathe concada sacess tOuMihuthis thecylinder

seating area can be,enlaged: 19 i-veniion,

Fig. 2a, b, c,d  examples of concave recesses with a rounded area,

Fig. 3a an example of a concave recess with additional straight sections,
20 Fig. 3b, 4 a creating milling cutter, for example, of Fig. 3a,

Fig. 5 the creation of a widened concave recess,

Fig. 6a, b arrangemenis of concave recesses in various parts of a cross-

section of a key,

Fig. 7a, b, ¢ concave recesses on an asymmetrical tip of a key,

25 Fig. 8 an assignment of different variants of concave recesses to different
market areas and application segments,

Fig. 93, b, ¢ a concave recess with iead-in areas for tumbler pins and with a
blocking groove in three views,

Fig. 10 a double cylinder lock with concave recesses on the key and

30 convex formations in the cylinder,



The concave recesses 10 at the key tip 11 in accordance with the

invention and the assigned convex formations 20 in the cylinder are

further explained in the following Figs. 2 - 5. The Figs. 2a - d on keys S or
key blanks S with a central plane 5 in cross-section in 15x-direction

illustrate various shapes of concave recessed 10.1 - 10.3 with a rounded
concave area 13, departing from a slight first inclination Ni relative to the
x-axis, winch changes to a significantly greater inclination N2. Assigned to
these concave recesses are convex formations 20.1 -20.3 on the
counterparts 21.1 -21.3 in the cylinder, so that the concave recesses 10 in
casé §f 4'GornpidteRPITEEFET REGH I BRIt Reshvase fer iiticra Sengputier
key blank or key withgutiibeniingavediesessARRNithe CoatRIYaMitHdisn: views,
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these concave recesses 10 with'a milling cutter 4 e milling cutter axis
41.1 of which is vertigalad @ iaxis, which here extends parallel to the

y-aXige In40iNg SO, fhemiling.cuter A maved Qn.a Mg HRaGK A2ter with
The radius R of the milling cutter then also corresponds to the radius R of
the rounded concavi® 8 VEFTRS B BREAR otisdsed i thige Visy s2a
illustrates a concave recess 10.1 with a small radius RI of, e.g., 1 mm for
key. thickness d = 2.5 mm. This carresponds to a ratio of R1/d = 0.4. The
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tumble,chﬁiins lead-in faces 31 may be formed (Fig. € maximum
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z-y-p‘l@[@lﬁl“ge%ggﬂ';gg‘ cutter 40.1 comprises a width bl, which here
corresponds to the width bl of the recess 10 and wherein bl is greater than

the depth ti of the recess 10. The recess 10 comprises a surface area Fl in
Crossssenting fanden fengihiciliinhe gwaction L0fkigoRe Mustiale sodRarting out
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The Figs. 1 and 10, as an example, illustrate a double cylinder Za, Zb, wherein by the
msertion of a key with a correct concave recess 10 the counterpart 21a, which here is

30 designed as a displaceable coupling element 22a, is slid into a locking - or switching



25the maximum inclination N of the concave recess in preference
amounts to a maximum of 45. The lock-out distance here is smaller, with,
e.g.,,onlya=0.7mm. The concave recesses 10 are designed in such a
manner, that they do not at all or only as Ilttle as possible reach into the
nearest coding position PI, so that no codlng 30steps Ci are omitted. On
the other hand, the lock-out distance a shall be large enough -7 -to
effect a secure massive locking-out of a wrong key. For this purpose, the
Iock out distance a may lie within a range of 0.5 - 1.5 mm, in preference of
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at most 10- 15% of the key thickness d. The distance e, however, may

als@TANGIASHT6008TBIA (R, 27)SUEly K oRPi8A%tes a concave recess 103
swith a small radius RI, which first extends 10parallel to the x-axis with a

first |ncI|nat|on of Ni = 0, then with a rounded area 13 of N = 0 to 45 and

finally WRA B SsAABrd SRS RECCRETRRicH (BRvdes Tha aomes fumsti 20,
tumhbler pineSnphe beknoutdisiangahe s amotints e sends loamynvex shape
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an represe more advantageous varlants han

wﬂiﬁaralalﬁgieater lock-out distance a. The shaping of the concave recesses

i
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10 in preference is selected in such a manner, that a secure lock-out of

wrong keys is achieved, that, however, they do not extend into the coding

stepSCIOTATS eYEst é%éﬁﬁbed@éﬁ’ﬁ’@rﬂ pip RO IRATTHB Y ErE RfffiQtand the

20tgdefing anddR CoRYGRY 1bis RhrResRIthe fir stimelinationM of dhefoliowing
concave recess 10 relative to the key axis can lie between 0 and 10, i.e.,
be \?égﬁ &mall and the second inclination N2 of the concave recess can

amauptitpatieast 40 418. SiorprsfetenceShmaynbecsalettedmss|argenst hection in
sdiferance petween ing frstand the second Inclination NP - NI SRS rounded
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concave area 13, departing from a slight first inclination N1 relative to the x-axis,
which changes to a significantly greater inclination N2. Assigned to these concave
recesses are convex formations 20.1 — 20.3 on the counterparts 21.1 — 21.3 in the
cylinder, so that the concave recesses 10 in case of a completely inserted key lie on
the convex formations 20. A key blank or key without the concave recess 10 on the
contrary with its lead-in area 35 on the key tip will bump against the convex
formation 20 and by doing so is blocked, resp., stopped at a lock-out distance a, so
that it is not possible for the key to be inserted further (completely) and with this the
cylinder therefore cannot be turned.

It is possible to create these concave recesses 10 with a milling cutter 40, the milling
cutter axis 41.1 of which is vertical to the x-axis, which here extends parallel o the
y-axis. In doing so, the milling cutter 40 is moved on a milling track 42, The radius R
of the milling cutter then also corresponds to the radius R of the rounded concave

areas 13 of the concave recesses 10,



25amount to at least 30. It is possible to achieve this by a rounded area
13 with a relatively small, tight radius R relative to the key thickness d.
In doing so, the concave recess 10 in the direction of the key axis x can
comprise a 30rounded area with a radius of at most 2 mm. And the
concave recess can comprise a rounded area with a radius R, which is

smaller than the thickness d of the key. In this, the ratio of radius to key
thickness Rid may be between 0.4 and 0.8. The Figs. 3a, 3b, 4 and 5

illustrate further examples 10.11 with rounded (13) and with conical, resp.,

strajght Arsas, which e created with a iling eyt 401 wih copical

sec

S, with a milling cutter axis a milling cutteF™
movemiért2spdrale} torthd asds capondltas theessRyndd: fohvighe first and the

formation %91%%{%%&0%8&%9&%?% ad I;t?i%ﬁylgﬁ%%ﬁe@ht&f%nce of the

cross-sectional representation of Fig. 3a the concave recess 10.11
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comprise at least one inclined straight section, resp., comprise at least

thred AHAHRY B GhIQNERBINHED SEERGHE, Pbdp PariEcspRyddy the lead-in

cutter

ilustratesia soheave ke esss Bl hewhickyCan Ber chieatechvsthia milingn area of

S 104011 with 2 sraight section witha frstnclination of 2.0, Nizcr o
100 and a subsequent rounding-with a radius R, Which passes over into a
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10.11 results in @ lock-out over the distance a. 20Fig |Ustrates the

creatittadn i eltedhao- 205 anH dir-tashane b Fep-4te theyoutpligiace a of a

wherginheredhemiling-culten exisd4d, 11 lies.in.thesurtacy afthQkeY R caused
S. The created recess 10.11 lies within the semi-circle 40.11 of Fig. 4. Fig.
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in 25 x-direction it is possible to create a widening of the concave recess
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pins 3 with a corresponding Inclination.
wherein bl is greater than the depth (1 of the recess 10. The recess 10 comprises a

surface area F1 in cross-section and a length 11 in x-direction.

Fig. Zc illustrates an example with greater radius R2 of, e.g., R2 = Z mm and
correspondingly with a ratio R2/d = 0.8, The milling cutter moverment 42 here first
takes place parallel to the x-axis and then in a 45° direction. The concave recess 10.2
with the inclinations N1 = (°, N2 = 45 is rounded over an area 13 with an
inclination of N = (° - 45°, This recess 10.2 may be arranged in the lead-in area 7, if
the maximum inclination N of the concave recess in preference amounts (o &

maximum of 45°. The lock-out distance here is smaller, with, e.g., only a = 0.7 mm.

The concave recesses 10 are designed in such a manner, that they do not at all or
only as little as possible reach into the nearest coding position P1, so that no coding

steps Ci are omitted. On the other hand, the Jock-out distance a shall be large enough
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9 - In order to achieve all the objectives of the invention as well as a
secure functioning, the concave recesses 10 in accordance with the
invention are optimally positioned and shaped as relatively large and
compact: relatively wide and deep and short with respect to the key size
and the very limited space at the tip of the k"e%/f i.e., in order to 5fulfil
additional security functions, without reducing the space for the coding
functions of a high-performance key. For this purpose, the length 11 in
x-direction, the width bl and the depth ti as well as the surface area Fl in
the Cross section of the. cog{rg%ve recesses 10 i preference ma
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Se & ratio a re €r reference the
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the concave recess 10 is greater than the cross-sectional surface

are8!E srifsEhimbRIpin R lRpTeterehe@ & [Badiey shiokstvg. dieadéstance &,

the yigth i plitheerneavs: iBeRsSLd mpreference amounts to at least 25
- 30 % of the width of the key. This corresponds to the examples

described in the Figs. 25The locking system in accordance with the
invémg ot iayicomaprisadkeysanet K83 with a small radius R1, which first extends

parzlle! to the x-axis with a first inclination of N1 = 0°, then with a rounded area 13
of N =0° to 45° and finally with 2 second inclination N2 = 45°, which forms a lead-
in face 31 for tumbler pins 3. The lock-out distance here amounts to a = 1.1 oun,
created by the convex formation 20.3 on the counterpart 21.3.

The Figs. 2a and 2d represent more advantageous variants than the Fig. Z¢, with a

greater lock-out distance a.

The shaping of the concave recesses 10 in preference is selected in such a manner,
that a secure lock-out of wrong keys is achieved, that, however, they do not extend
into the coding steps Ci of the closest coding position P1 and so that they are difficult
to define and to copy.

For this purpose the first inclination N1 of the concave recess 10 relative to the key
axis can lie between (° and 10°, ie., be very small and the second inclination N2 of
the concave recess can amount to at least 40°, i.e., in preference may be selected as
targe. The difference between the first and the second inclination N2 — N1 should

amount to at least 30°,

It is possible to achieve this by a rounded area 13 with a relatively small, tight radius
R relative to the key thickness d.
In doing so, the concave recess 10 in the direction of the key axis X can comprise a

rounded area with a radius of at most 2 mm. And the concave recess can comprise a



blanks with two or several differing variants of concave recesses 10i on
the key tip 11 and of corresponding convex fomiations 20i on the
counterparts 21 in the cylinders. With this, it is possible to further increase
the permutation capacity and also the copying security of the locking
system. In doing so, these variants may 30comprise differing shapings of
the concave recesses 10i. - 10 - The Figs. 6a, b schematically illustrate
examples of the arrangement of concave recesses 10.1, 10.2 in different
partial sections 12.1, 12.2, 12.3 of the key cross-section 12 relative to the

position of the coding pin raws Al and the coding tumpler pins 3 wjth the
oIS oS 5t LR e MM PRYE B BPOE A B o
rows:idj drigaitadflostiates lay dxampie Rvithrthy e cadiag@id od/§.Al, A2,

A3, wherein the planes of Al and A2 lie parallel to the z-axis and the plane

of A3 parallel to the y-axis. The concave recesses 10.1 in a partial section
12. Trekécardapdbsitianthé IBadciefiicde S afplestifrbloriging@dfithle?) and

scoding, QJ&EQM’,%%CJ;?@9&@@;%9%?%1@%@%%&&%1&% N dheRaArtiak S84 it

12.3 lie in the lead-in face 31 of the codir%gbpin row Al, for which reason

theFRERIFRGHP TSt AN RS (RS 344 brbhanGr tHeauibng i movement

amaurgstQirt Fest 450i7e80veBheuld canesRONd JoNZ-Asia-faheln the

variant, a locking,system, e.g., € Iso comprise two equal concave,,
1S ERRERET ! RS ROl RS SHPa U G ST Sk Gheopa the

rightcofcavkeyocpae et feompabeveraipiioste deystih elleftsickeiNn FHdght.

105198) ;',»}'%reerﬁ?ﬁet%‘&ﬁﬂ annhe. crose- é‘%@% %12?'1525 andjor on the Jett,, g also
symmetrically In the cross-section 12.3. ith this, Tor example, Keys with a

recessPOs2 #h thet crosisdueticir 122 fentioylinmdars whapfirstanketdtion diffdring
keysWith@f8GE53.9-« B GOssspedtion 12.3 for a second 20installation

as well as keys with recesses 10.2 in cross-section 12 2 and in cross-
section 12.3 for both installations can be created, as well as for a third

inStBilgtBaﬂrI]wHﬁMiﬁ]@@ﬂiﬁaWh@&s@Q@@ L{i§@1ﬁ§§i%ﬂ§t %ﬁéﬁ(@d fonmatians cutter
20.2 in both cross-sections 12.2 and 12,3. 25Fig. 6p illustrates an
Dexatipté with ihEfnied c6aiog YHRed rYURMBaRRA PhkgaA L = 10% and a

subsequent rounding with a radius R, which passes over into a straight section with a
second inclination N2 of approx. 60°. An assigned convex formation 20.11 in case of

a key S without this concave recess 10.11 results in a lock-out over the distance a.

26 Fig. 3b illustrates the creating milling cutter 40.11 in the x-z-plane and Fig. 4 in the
y-z-plane, wherein here the milling cutter axis 41.11 lies in the surface of the key S,

S'. The created recess 10.11 lies within the semi-circle 40.11 of Fig. 4.

Fig. 5 illustrates, how with a milling cuiter 40.12 with a milling cutter axis 41.12 in
25  x-direction it is possible to create a widening of the concave recess in y-direction,
For this purpose, the milling cutter is first moved in the direction of the x-axis as in
Fig. 3z and subsequently is displaced parallel in y-direction by the distance 42. By
this a corresponding widening of the recess 10 is produced, which, e.g., may form

lead-in faces 31 for coding tumbier pins 3 with a corresponding inclination.
30



AS with the angles Wal, Wa2 between the tumbler pin axes 4, resp., the
coding planes Al, A2 and the z-axis. Here too, a concave recess 10.1 lies

in a partial section 12.1 outside the lead-in areas 7 of the tumbler pins.

One concave recess 10.2 in a partial section 12.2 partially lies in a lead-in
area 7 of the coding pin row A2. In this manRer, it is possible to create
locking systems with different variants of concave recesses, which are
formed in different partial sections 12.1, 12.2 of the key cross-section 12.
5The recesses 10.1 located opposite one another in the key centre 6 in

the cross- sections 111, however, are vary unfavourably situated, because
thei"dBPEh ' AEHEYS Ve rairhifsd The! firtsreasiampiasBrteseigss Jundipning,
illustrate advantagrReyISIBcesses.hts witichd Qare asaneed hesidesoti@oned
key C(asrgge 6 and whick a{e dqsi%ned as particularly large with respectto
cro88GEIRSR LURPARE B A EF WUtR BRI T@BisY, Felp2nhisihans short with
distanpecestrom ithe scenral hiseatinirplahenbef dnadkey ointadditione. hererder o
the fecesass 40, coumalvars:posiioned in such amanner, ihat they,
comprise a coél‘mg pin row A, whérein they wit spec?t to s%aplng arer
adaprsditostheabiabieefingsdet this coding 15pin row (32 in Fig. 7). For

this the concave recess 10 can: Comprise a lead-in area 7 of a coding pin
row A, or it may comprise a lead-in area 7, 31 for the tumbler pins 3,

andF e didfo tRasfe depitsngdd iingediredipa dbectifirizsoaad Bredeiirioas well as
greale s @ipeHRaliBniN the @bHip Rrelerenealdeast38.and theinaination: may

1GN of the concave [ecess 10 in the lead-in area 7, 31 of the coding pin row
A cEAUSITEAFO Y B8 tRE TRIAL M Hitie Ni of the tumbler pins 3, resp.,

ameunt toTenOsih4b, of theaibi@ @OBEaME DEER5%1Q plaY APMPESRBthan the

lead-in facwe.%%, \ghip&h%s},n ?g}n i%? reated with a coding milling cutter,

(which is pa{“r ICU aﬁy efficien Fy Bro ucible), or the concave recess 10 may

additionalkrcendgtise o Harizontakbloekirig groovesmllingeBN;09% of their length

i1,

51

15 - the cross-sectional surface area F1 of the concave recess 10 amounts 1o at
least 6% of the cross-sectional surface area F of the key, in preference to at
Jeast 8% - 10 %,

- the cross-sectional surface area F1 of the concave recess 10 is greater than
the cross-sectional surface area F2 of the tumbler pins 3, in preference at least

20 20 - 50% greater,

- the width bl of the concave recess 10 in preference amounts to at Jeast 25 —
30 % of the width of the key.

This corresponds to the examples described in the Figs.

25  Thelocking system in accordance with the invention may comprise keys and key
blanks with two or several differing variants of concave recesses 10i on the key tip
11 and of corresponding convex formations 20i on the counterparts 21 in the
cylinders. With this, it is possible to further increase the permutation capacity and
also the copying security of the locking system. In doing so, these variants may

30 comprise differing shapings of the concave recesses 101,



(which limits the maximum inclination N2.1 (in Fig. 7c) in the lead-in area
7, 3031 to a value Ni,) - 12 - The concave recess 10 may comprise a
coding pin row A with narrow tumbler pins 3.1, wherein their width b2 in
preference amounts to at most 50 - 55 % of the key thickness d. The
surface area F2 of these tumbler pins 3.1 is YRen correspondingly small (in
Figs. 7a, b and 9c). With this, the ratio FI/F2 becomes correspondingly
5greater (FI = surface area of 10) and with this the inclination N2.2 of the
concave recesses 10 next to the lead-in areas 7, 31 is capable of being
founed as greater and N2.2 may there amount to, e.g., 60 to 90 (Fig

Theld¥ 56%%8@8%%%8%%@%‘?3&%% Wﬁ%’@é@é‘%ﬁ@%ﬁ%’ﬁ%ﬂ%@?%ﬂ
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angleeW2othely, frobito Hheat;%ﬁram@emmwgtpﬁaﬂé@ bt thenke p B hregpling pin

50f 153 kay blank S. In preference, this angle W2 may lie within a range of
between 5 and 20. In this manner it is possible to create a locking system

witt it G HessRas ferratapis iviisatacodige BiPfioR Vararfits withtheein the
anglemW2r 9Qnt 1004 Hrat R0 1o 20 Frithermere pwith ansasyunmatricale -
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As a further variant, a locking system, e.g., can also comprise two equal concave

15 recesses 10.2, which, however, are arranged on different sides, left or right of a key
{viewed from above on to the key tip, I = left side, r = right side}: Here on the right in
the cross-section 12.2 and/or on the left symmeetrically in the cross-section 12.3. With
this, for example, keys with a recess 10.2 in the cross-section 12.2 for ¢ylinders of a
first installation and keys with a recess 10.2 in cross-section 12.3 for a second

20 installation as well as keys with recesses 10.2 in cross-section 12.2 and in cross-
section 12.3 for both installations can be created, as well as for a third instaliation
with cylinders, which comprise assigned convex formations 20.2 in both cross-

sections 12.2 and 12.3.

25  Fig. 6b illustrates an example with inclined coding -, resp., tumbler pin rows Al —
A5 with the angles Wal, Wa2 between the tumbler pin axes 4, resp., the coding
planes Al, A2 and the z-axis. Here too, a concave recess 10.1 lies in a partial section
12.1 outside the lead-in areas 7 of the tumbler pins. One concave recess 10.2in a

partial section 12.2 partially lies in a lead-in area 7 of the coding pin row AZ.



25 as well as with a tumbler pin 3 in the coding pin row Al. A concave

recess 10.8, which here is shaped as almost symmetrical to the coding pin
row Al, may here be created with a milling cutter 40.8, the profile of which
corresponds to the concave recess shape 10.8 and with a milling cutter

axis 41.2, which lying in the plane y-z compriges an angle WI to the y-axis.
When the same milling cutter 40.8 is utilised 30with a milling cutter axis

41.1 parallel to the y-axis, a correspondingly different - 13 - shape variant

of the concave recess is created. In order to with a milling cutter axis 41.1
(with WI = 0) achieve essentially the same shape 10.8 of the concave
recaddlia BEEEpBARIGRPHTR ER P FefFsShas e thEmsiffateuttsions of
woulghbavertodeytilingd. MWith theimilingcuierAdS hersalsnlead v me ey
faces 32 in the lead-in area of 5the coding pin row Al are created, which

are A0t B the shape of the tumbler pins 3. The lead-in area for the
tumbler pins 3, 3.1 consists of lead-in faces 7 with a width of b7 (Fig. 9a,

b, c), so that th - le far the tumpbler pins in the concave.recess
LOTH R das S R o R A e e T e
kindehiowe\ier! nhayaiso e createdvmuthe! keyt itk eftersth@dretion:bhere is
the goneayedecesses 10 on the key blank with a first milling cutter 40 and
subsequently (decentrally) with a second coding milling cutter in the

lead-in area 7, 31, so that there a desired maximum inclination N of, e.g.,

42 i, kBR0LaxeRede0nEB A CAllUSY AIRS B HUNGR RESSIRILY.fRGh which
exceeding the permissible inclination N of the concave recesses 10 in the

headtnisrng s %ﬁ*’é‘ﬁﬁ%ﬁiﬁ?ﬁtﬂ‘é‘?‘ﬁ R SR e Botfcine fesgggirylarin large

addition rmgyccampsiseafaiizaniat bleckinggioove BN fp2Phlaekingninimum
arogueof ths inc s deserbed Ja WO 01177466 With 1 ap addjiong)

coding in the Torm of a DIGCKING ot canbe implethentad. P1g; Fe e recesses
perspegtivealipwélpstitatesiarcsosis seetiorr witht sheyossnpeisti @r@lansyin row A,
Wh%&%{5%@9%?&&9&%%9%9@@&@&3 Pe&éa%}get@ﬂ%%zé@ %ﬂékog%/fa%té‘&dmg
example of FIg. 9 with a concave recess 10.9. In the cross-section plane

1571 (hintieedd-in Bisa¥éa 7, 31) this recess 10.8 comprises a first

inclipatian efNbnQwand.subseguently a rounded concave area 13 with a
maximum second inclination of N2.1 = Nz. Thereupon follows a horizontal

blocking gt SEWRFBNE WiidR, 2628.7 1 @reied RitFaPedding milling cutter.

Outside thg leagn-bags idcthe-0nsavea recastk L :S:GRMBFISES § greater

second inclination, which here, e.g., amounts to N2.2 = 60 - i.e., here it is
- and besides the lead-in area 7, 31 i can also comprise an area with a greater

20 inclination N2,2 of in preference at least 55°,
- and the inclination N of the concave recess 10 in the lead-in area 7, 31 of the
coding pin row A can correspond to the lead-in angle Nz of the tumbler pins
3, resp., amount 1o at most 45°,
- or the concave recess 10 may comprise a lead-in: face 31, which has been
25 created with a coding milling cutter,
{which is particularly efficiently producible),
- or the concave recess 10 may additionally comprise a horizontal blocking
groove milling BN,
{which limits the maximum inclination N2.1 {(in Fig. 7¢) in the lead-in area 7,

30 31 to a value Nz.)



- 14 - possible that the second inclination in preference amounts to
considerably more than 45, Fig. 8 illustrates an assignment of different
variants of concave recesses 10 on the 5keys S and on the key blanks Sl
to different market - and application areas Mi. In this manner, with a
locking system with several differing variants 6f concave recesses 10i it is
possible to define an unequivocal segmentation into independent market -
and application areas Mi. These may be geographically different market
areas, e.g., for individual countries or representatives or also technically
differing application areas, 10e.qg.,.of technically diffefing systems wit :
e R O L e T A Rt A S HEer e
secirityweeeirginemsdfiiis segrientatiominteimarkemnosid applidatiche key

areas; Ay, e ﬁr‘?h%fsgxi%%@'&Qe}{%ria&tﬁlé’é‘e%&ﬁ%%{iﬁg%?Pﬁ%ki‘e%i QBB dingly

implemented in an analogous manner, as is explained in WO 01/77466 for
an adeitidhelisiodriryegfotie WahiRys. 15 vaitle ek erfleraycoaisarradrely

seon g%ﬁ?@ﬁ.ﬁ%ﬁ@é’ DONGVES, i‘;aB? ﬁ%ﬁ@%ﬁ@?ﬂ&t&ﬁ@é@@%ﬂﬁ@ Bbncave
coding permutations (Cod). Thus in a sYstem with 40 different variants, for

exa e 0 UiFstantin Sl iuiests dan B HREBIGIObRSINE SR fiatisgter and

between apgdiradgiton 20 Be\y avdingmpermutaijons can be created. 20
The locking system in accordance with the invention also makes possible
the manufacturing of keys and cylinders in two steps, wherein in a first

supétimp edechrmpraidificatt st pthesgoncavecsddessbs Hrdretherkeptifsire

i @ndfm, gp&\ﬁ%%;i éﬁg&q}gg%qféo.pg the counterparts of the cylinders are

centraﬁi’/ ma ctu e system 25owner and in a simpler second
step the further coding of the keys and the assembly of the cylinders with
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recesses 10i can be created b}/
faces 35 on thekey tip 11, in th

at the cross-section plane 36 of the lead-in faces
forms an angle W2 of e.g., 10° to the central bisecting plane 5 of the key S, resp., of
15  a key blank §". In preference, this angle W2 may lie within a range of between 5° and
20°. In this manner it is possible to create a locking system with an increased
permutation capacity, e.g., by five variants with the angles W2 = 0°, +10°, -10°,
+20°, -20°. Furthermore, with an asymmetrical shape of the lead-in faces 35, e.g., in
accordance with Fig, 7, also more space for the formation of concave recesses 10
20 right up to the central bisection plane 5 can be created. This makes a large surface
area Flof the concave recess 10 in the cross-section 12 possible.
A symmetrical formation of the lead-in surfaces 35 at the key tip is illustrated, e.g.,
in Fig. 6 with an angle W2 = 0° to the cross-section plane 36.
The Figs. 7a, 7b illustrate a key cross-section 12 with the coding pin rows Al — A5
25  as well as with a tumbler pin 3 in the coding pin row Al. A concave recess 10.8,
which here is shaped as almost symmetrical to the coding pin row Al, may here be
created with a milling cutter 40.8, the profile of which corresponds to the concave
recess shape 10.8 and with a milling cutter axis 41.2, which lying in the plane y-z
comprises an angle W1 to the y-axis. When the same milling cutter 40.8 is utilised

30 with a milling cutter axis 41.1 parallel {o the y-axis, a correspondingly different



- Differing profile shapes of a creating milling cutter 40, e.g., with the
milling 30cutters 40.8 of Fig. 7, 40.9 of Fig. I |, 40.6 of Fig. 13 and 40.7 of
Fig. 14, - 15 - as well as different positions of the milling cutter axes 41:
E.g., the axis positions 41.1 and 41.2 in the Figs. 7a and 11, the positions
41.3in Fig. 12,41.4in Fig. 14,41.11in Fig.1§ and 41.12 in Fig. 5. These
milling cutter axes are: 41.1 in the y - z plane, parallel to the y-axis 541.2
in the y - z plane, with angle W1 to the y-axis 41.3 in the x - y plane, with
W3 to the y-axis 41.4 in the x - z plane, parallel to the z-axis 41.11 in the x
- z plane, parallel to the x-axis. 10The miIIin?@cutter axes 41 may be

verfiRYI IR LARE GRAAIT EiiGhe TG ED 16 SUitD they Yhaqaibiggutier axis
verti¢al tethenz-axis)withiar anglei3 OF 0:4a2hipdhe y-exiscaiheverticals, 2

to the x-axis, with an angle W4 of 0 to 20 to the z-axis, With this, e.g., the
oG VRS OF GTHGI R AR CRc L recutsedl o e e
creatéded Oiith 10: 13 1bhthe: g g0 1Brb alkpeddlin Tdhed 3Za0dMIOR AT -I8 arca of
possible that that the,concave r ses 10i are praqyided in differi .
B S e A0 A D RN BT RS s
cross-section planes 36 of the lead-in faces 35 on the key tip may form
20differing angles W2 to the central bisecting plane 5. By means of
combinations of these factors therefore it is possible, for example, with
o disrlsahimammipeitcrehlpedad,; thicowrsrahicpddnibitetof it a widi of
millingeutter axes, 44 uRirargementiythreeHitarantCHss S eatiomPaitS ecess
12i and with three 25different nglle\i_? W?2 of the lead-in faces 35,
Wthe&%ﬁ%\gn@fﬁqdfb%?wﬁe oyl

{ead-in surfaces 7, 31 of this kind, however, may also be created on the key blank

after the creation of the concave recesses 10 on the key blank with a first milling
cuiter 40 and subsequently {decentraily) with a second coding milling cutter in the
lead-in area 7, 31, so that there a desired maximum inclination N of, e.g., 42° - 45° is

15  not exceeded.

Fig. 7c illustrates a further possibility of not exceeding the permissible inclination N
of the concave recesses 10 in the lead-in area 7, 31 of the tumbler pins. Here the
concave recess 10.8 in addition may comprise a horizontal blocking groove BN, A
20  blocking groove of this kind is described in WO 01/77466. With it, an additional
coding in the form of a blocking code can be implemented.
Fig. 7¢ in perspective view illustraies a cross-section with a cross-section plane,
which corresponds to the coding plane Al, on a key tip 11 in analogy to the example
of Fig. 9 with a concave recess 10.9. In the cross-section plane Al (in the lead-in
25  area 7, 31} this recess 10.8 comprises a first inclination of N1 = {° and subsequently
a rounded concave area 13 with a maximum second inclination of N2.1 = Nz,
Thereupon follows a horizontal blocking groove BN, which, e.g., is created with a
coding milling cutter. Outside the lead-in face 7 the concave recess 10.8 comprises a

greater second inclination, which here, e.g., amounts to N2.2 = 60° — i.e., here it is
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different variants of concave recesses 10i can be created. This also

signifies, that a specific variant of it is very difficult to define and to copy. -

16 - The blocking groove F3N is situated in the lead-in area 7, 31 of the
tumbler pins 3, the coding plane Al of which, as in the example of Fig. 7a,

b, comprises an angle of Wal of, e.g., 15 to ¥fle z-axis. Fig. 10 illustrates a
double cylinder lock 1 with the cylinders Za, Zb for keys S, resp” key

blanks S with a concave recess 10 at the tip of the key 11 and with

assigned convex foimations 20 on counterparts 21a, 21b in the cylinders

Za, Zb. As is also illustrated in Fig. 1, these counterparts are arranged on
disprecekblert BifpigreIBHEE P23 PIYETROICE CIELMG '8 RKiAg gy more fan
switghing element 23. These 10counterparts 21 may also be designed as

a separate part, e.g., as extension elements or they may be designed as

an insert and utilised in a modular system. It is also possible that a

coufifing ithemant 22 ssaigrecdisyldiéntamoaitockivigearswitchines gositiohe

n %(haslfscélry gg rﬂ'l\nle\:”ltﬁ%yt% ATl B?f(fte%]m %15a-|;€§ F é%ﬁ'vz\%?ﬁcgt!%%y&tﬁ\ﬁi. In this
key S, or a key blank’S" with a concave recess 10.9, which has been
cremtuhevithit milidgneutteienovothse v ierter vatieaty of pereais perettes 101

to the s A the.fame HHH@%&E%@%M%%M@W&@@ AdRawithng
an angle WI to the y-axis is utilised, correspondingly a new variant with a
diffePEHEAHENE B e TR PO TS P oTR BAGIE SR e for
amE4 102 Bkl v2 AR deifalckilbistralescadivdine axasian syihaation areas,
concave recess 10.5, whjch has been created with the milling cutter 40.9

of o 1 SO 98 FNFR TG e 2 PN oo s o
y-ptﬁﬂﬁrmmichioﬁmpﬁmmm@gsw&ﬁ& equird®er2520 to the _
y-axs i i "'%‘%ﬁrf‘tﬁsm%%é%h%é( %gﬁ%gag{%%%%g%en{&%%sﬁ’ %@f‘éﬁ}é’g‘b%bms

has been created with a mi INg cutte IS comiprises a differen

profifecshae rbutsthe Kameyjusitoreofiiediniing muassxinancr gargirplaned
to thew3 s Radts e SXABRISA Fiskking groove coding.

With these differing variants of concave recesses 101, however, it is also possible to
create additional coding permutations {(Ced}. Thus in a sysiem with 40 different
variants, for example, 20 different market areas can be unequivocally differentiated

between and in addition 20 new coding permutations can be created.

"Fhe locking system in accordance with the invention also makes possible the
manufacturing of keys and cylinders in two steps, wherein in a first superimposed
more difficult step the concave recesses 10 on the key tips and the convex formations

20 on the counterparts of the cylinders are centrally manufactured by the system

25  owner and in a simpler second step the further coding of the keys and the assembly

of the ¢cylinders with counterparts may take place decentrally.

The differing variants of concave recesses 10i can be created by:

~ Differing profile shapes of a creating milling cuiter 40, e.g., with the milling

30 cutters 40.8 of Fig, 7, 40.9 of Fig. 11, 40.6 of Fig. 13 and 40,7 of Fig. 14,
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30lib. - 17 - The Figs. 14a, b, c illustrate in three views a further variant of
a concave recess 10.7, which has been created with a milling cutter 40,7,
the axis 41.4 of which Lying in the x - z-plane, extends vertical to the
y-axis and parallel to the z-axis. The views of Fig. 14b and c illustrate the
concave recess 10.7, which is situated partidfly in a lead-in 5area 7, 31 of
a coding pin row Ai and which there forms a lead-in face 31 with an
inclination N2 to the x-axis of at most 45. This can be created, e.g., with a
milling track 42, which extends first with a 0- and then with a 45-direction
to the x-axis. This example comprises a strongly distinctive, deep concave

reces$ 1Y AnRicHeRidiadianestomidive st msecihankesuditpogitions
minimum distance @ ofarfew A percemtatdhrikeydhickness th This in Fig. 14,

results in a secure Iock!gug ut of wrong keys. A different milling cutter axis
might‘é]ls’o? é%%’ﬁri%@% é&&@% - G EBISHE 25%& ithin the
framework of this dékériptibny the follevwathtiesignatipasiare utilised: 15

e Y= ar)§ Y &Qire(%ig li?o%ReaC?a}%opiCOding
positions AiCoding pin rows g‘,iCoﬁlng ’s‘tﬁeps &6k oding pé?mufation
41.3 in the x — y plane, with W3 to the y-axis
41.4 in the x ~ 2 plane, paralle! to the z-axis

41.11 in the x — z plane, parallel to the x-axis.

The milling cutter axes 41 may be vertical to the x-axis with an angle W1 of 0° to
20° to the y-axis or be vertical to the z-axis with an angle W3 of 0° to 20° to the y-

axis or be vertical to the x-axis with an angle W4 of 0° to 20° to the z-axis.

~ With this, e.g., the following variants of differingly shaped concave recesses 10
are created:
10.1 -10.13 of the Figs. 2, 3,5, 7,9, 11 — 14,

- In addition, it is possible that that the concave recesses 10i are provided in
differing parts 12.1, 12.2, 12.3 {Fig. 6) on the left or right side of thekey -l orr -

~ and the cross-section planes 36 of the lead-in faces 35 on the key tip may form

differing angles W2 1o the central bisecting plane 5.

By means of combinations of these factors therefore it is possible, for example, with
two different milling cutter shapes 40, three different positions of the milling cutter
axes 41, arrangement in three different cross-section parts 12i and with three
different angles W2 of the lead-in faces 35, theoretically intotal 2x 3 x3 x 3 =54
different variants of concave recesses 10i can be created.

This also signifies, that a specific variant of it is very difficult to define and to copy.

The Figs. 9a, b, ¢ illustrate a further example of a concave recess 10.9 with a

horizontal blocking groove BN in three views in analogy to the example of Fig. 7c.



Inclination of 10 25NiFirst inclination N2Second inclination NzLead-in
angle of 3 Radius of 10, resp., of 40 FSurface area of the key
cross-section 12 30 bKey width 18 Key thickness alLock-out distance
Minimum distance 01 10 to 5 FISurface area gf 10 in cross-section
blWidth of 10 tiDepth of 10 LiLength of 10 in x-direction F2Surface area of
3 in cross-section (in 10 with Cl)

The blocking groove BN is situated in the lead-in area 7, 31 of the tumbler pins 3, the
coding plane Al of which, as in the example of Fig. 7a, b, comprises an angle of

Wal of, e.g., 15° to the z-axis.

Fig. 10 illustrates a double cylinder lock 1 with the cylinders Za, Zb for keys S, resp.,
key blanks S' with a concave recess 10 at the tip of the key 11 and with assigned
convex formations 20 on counterparts 21a, 21b in the cylinders Za, Zb. As is also
iltustrated in Fig. 1, these counterparts are arranged on displaceable coupling
elements 22a, 22b for actuating 2 locking - or switching element 23. These
counterparts 21 may atso be designed as a separate part, .g., as extension elements
or they may be designed as an insert and utilised in a2 moduiar system. It is also
possible that a coupling element 22 can be displaced into a locking - or switching

position in a half cylinder with the counterpart 21.

The Figs. 11a ~ d illustrate a key S, or a key blank S' with a concave recess 10.9,
which has been created with a milling cutter 40.9. Its milling cuiter axis 41.1 here is
parallel 1o the y-axis. If the same milling cutter 40.9 with an axis position 41.2 with
an angle W1 to the y-axis is utilised, correspondingly a new variant with a different
shape of the concave recess 10 is created. The angle W1 may amount to, e.g., 10° -
20°.

Fig. 12 illustrates a further variant with a concave recess 10.5, which has been
created with the milling cutter 40.9 of Fig. 11, with, however, a milling cutter axis
41.3, which lies in the x — y-plane and which comprises an angle W3 of, e.g., 10° -

20° to the y-axis.

Fig. 13 illustrates a further variant of a concave recess 10.6, which has been created
with a milling cutter 40.6. This comprises a different profile shape, but the same
position of the milling cutter axis 41.1 parailel to the y-axis as in the example of Fig.
11b.



b2Width of 3 10b7Width of the tip of the coding pin WIAngle of 41 (in

y-z-plane) W2Angle of 35 W3Angle of 41 (in x-y-plane) W4Angle of 41 (in
y-z-plane) 15WaAngle of 4 to z-direction Left side of S Right side of S

BNBIocking groove MiMarket areas 201Dou§)}e cylinder lock 3Tumbler

pins 3.1Narrow tumbler pin 4Axis of 3 5Central bisecting plane of S
256Key centre (x-z-plane)
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The Figs. 144, b, ¢ illustrate in three views a further variant of 3 concave recess 10.7,
which has been created with a milling cutter 40.7, the axis 41.4 of which lying in the
x — z-plane, extends vertical to the y-axis and paralie] to the z-axis. The views of Fig.
14b and ¢ illustrate the concave recess 10.7, which is situated partially in a lead-in
area 7, 31 of a coding pin row Al and which there forms a lead-in face 31 with an
inclination N2 to the x-axis of at most 45°, This can be creaied, e.g., with a milling
track 42, which extends first with 2 (°- and then with a 45°-direction to the x-axis.
This example comprises a strongly distinctive, deep concave recess 10.7, which
extends almost to the central bisecting plane 5 with a minimum distance e of a few
percent of the key thickness d. This results in a secure locking out of wrong keys. A
different milling cutter axis might also comprise an angle W4 of, e.g., 5% - 20° to the

Z-axis.

Within the framework of this description, the following designations are utilised:
S Key

s Key blank

Z Cylinder

X Key axis

XV, 2 Directions in space

Pi Coding positions

Al Coding pin rows

Ci Coding steps

Codi Coding permutation

N Inclination of 10

N1 First inclination

N2 Second inclination

Nz Lead-in angle of 3

R Radius of 10, resp., of 40
F Surface area of the key cross-section 12

b Key width



L

7Lead-in area, resp., lead-in face for the tumbler pin 9Locking - or
switching function 10, 10iConcave recess 10.1 - 10.13Various shapes of
10 3011Key tip - 19 - 12Cross-section of key 12.1, 121Pans of 12
13Rounded concave area of 10 17Lead-in fage horizontal 520,
2111Convex formation 21Counterpart in Z 22Coupling element,
displaceable 23Locking - or switching element 25Concave seating area of
21 next to 20 1031Lead-in faces of 3in 10

d Key thickness

a Lock-out distance

e Minimum distance of 1610 5

Fi Surface area of 10 in cross-section
bl Width of 10

t1 Depth of 16

11 Length of 10 in x-direction

F2 Surface area of 3 in cross-section {in 10 with C1)
b2 Width of 3

b7 Width of the tip of the coding pin
Wi Angle of 41 (in y-z-plane;

W2 Angle of 35

W3 Angle of 41 (in x-y-plane)

W4 Angle of 41 (in y-z-plane)

Wa Angie of 4 to z-direction

1 Leftsideof S

r Right side of S

BN Blocking groove

Mi Market areas

1 Double cylinder lock

3 Tumbler pins

3.1 Narrow tumbier pin

4 Axis of 3

5 Central bisecting plane of S

6 Key centre {(x-z-plane)

7 Lead-in area, resp., lead-in face for the tumbiler pin
9 Locking - or switching function

14, 101 Concave recess
10.1 - 10.13 Various shapes of 10
11 Key tip



32Lead-in faces like shape of 3 35Lead-in faces, bevelled tip of key
36Cross-section plane of 35 40Milling cutter for 10 1541Milling cutter axis
41.1Invy - z plane, parallel to y-axis 41.2In y - z plane, with WI to y-axis
41.3In x - y plane, with W3 to y-axis 41.4In x- z plane, parallel to z-axis
2041.5In x - z plane, parallel to x-axis 42Mi’llﬂ%‘track - 20 - CLAIMS
Locking system with security reversible keys with rows on the flat sides
and with assigned cylinders east two coding pin urnbler pins, wherein

[

iz Cross-section of key

12.1,12.2 Paris of 12

13 Rounded concave area of 10

17 Lead-in face horizontal

20, 201 Convex formation

21 Counterpart in Z

22 Coupling element, displaceable

23 Locking - or switching element

25 Concave seating area of 21 next to 20
16 31 Lead-in faces of 3 in 10

32 Lead-in faces like shape of 3

35 Lead-in faces, bevelled tip of key

36 Cross-section plane of 35

440 Milling cutter for 10
5 41 Milling cutter axis

41.1 In y - z plane, parallel to y-axis

41.2 In y — z plane, with W1 to y-axis

41.3 In x — y plane, with W3 to y-axis

41.4 In x — z plane, parallel to z-axis
20 41.5 in x —z plane, parallel to x-axis

42 Milling track
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by turning the cylinder a locking - or switching function is carried out,
characterised by a concave recess at-the-key tips, which interacts with a
convex formation on a displaceable counterpart in the cylinders, so that

the concave recess in case of an entirely inserted key rests flat on he
convex formation on the counterpart, and a key without this concave

recess is locked out by the convex formation of the counterpart, whereby

a complete insertion is prevented, 10and wherein the concave recess
starting out from the key tip in the direction of the key axis initially
comprises a first inclination and suhsequemly a second inclination to the
key axis, wherein the second inclination is greater than the first inclination
and the concave recess in x-direction comprises a rounded concave area,
15and wherein with the counterpart a coupling element is displaceable in

X- @I.ir%cti%dmﬁfgasﬁ@z@kihn@m@em?hm%m%timw &ik}p@iﬂﬂgf&y&tfmmg pin
according to claim I, characterised,in that a crgss:section plant from .
achin 19055 B0 Rey 5 1088 i HHEHE L0 O EotEat Bt wnerei
20plane bf thenkeythwhdieda:thécahgle amewits: ioeatmeosth 15 cad;d3out,
Locking system, according (o glaim . chaacterisad in Jnat dilfsring i o
variants 6f COnCAve recesses are define By ditfe ing shapes and/ort)y
arrangensentén Giffering pansiohirecikely croserectiorlandiondsysdiffering
angles ofeadrin 2oAces andhekeydin fa.ihe centralbisecing-plane,afn me
the key. - 21 - 4.Locking system according to claim 3, characterised in

that with eRfEFNEVaREME b edreaEi®tesses an unequivocal
segmentgatign intodndepandenakelaersiisigaiinedypeking systefition
according to claim |, characterised in that counterparts are arranged on a
displaceab & 6ABIHG BleMEHERY 4 %Ddﬁaf'éecwﬁ&é ‘or &re*fotiied as a
separate partvi@réiocking syste m@scording: touclxim thelharadperisbe divaitain
the countgfrﬂ%

rf{@y axis initially comprises a first inclination and subsequently a
second inclination to the key axis, wherein the second inclination is greater
than the first inclination and the concave recess in x-direction comprises a
rounded concave area,

and wherein with the counterpart a coupling element is displaceable in x-

direction into a locking - or switching position.

2, Locking systemn according 1o claim 1, characterised in that a cross-section
plane from lead-in faces on the key tip forms an angle to the central bisecting

planc of the key, wherein the angle amounts to at mest 15° - 20°,

tad

Locking system according to claim 1, characterised in that differing variants
of concave recesses are defined by differing shapes and/or by arrangement in
differing parts of the key cross-section and/or by differing angles of lead-in

faces on the kev tip to the central bisecting plane of the key.
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10apart from the convex formation also comprises a concave seating
area, which corresponds to a convex-shiape of the key tip next to the
concave recess. 7. Key blank for a security reversible key or security
reversible key with at least two coding pin rows on the flat sides with an
assigned cylinder with tumbler 15pins, wherein by turning the cylinder a
locking - or switching function is carried out, characterised by a concave
recess on the key tip, which interacts with a convex formation on a
displaceabie SOMNSIRALIDNS, UIARLS, cliase MNSLEIN HE GOMGAKErine
recess is sutable for resting fidt on the convex formation 20on the
counterpaztignyer! thadey isaentiely insetisd cabsagasuitishiiicmgareydent

blank or key:without this.concave recess is locked out by the convex
formation of the counterpart, whereby a complete insertion is prevented,

and wherein the concave recess starting out from the key tip in the
dirgction &Qﬁxfxﬁg %}K%?Q&)IME@IM @(Hi]t;]@ffi§§§a@aﬁﬁ§§ siﬁt;tismamiﬂ@mbrpaézs are
subsequently a second inclination to the key axis, wherein the secon
nclinatiof T LA e ST THE R R R SO RGE Qe g
X-directiofseoriptisesmaspotipded concave area and wherein with
the counterpart a coupling element is displaceable in x30direction into a
locking - or switching position. -22 - Key blank or key according to claim
7, Eharacterised ivithat tbefirsiginekfrtioh ohivscorchivethecbss tonivgpart

key axis ligs peiwesp Q.and %Q@&JQZ’% the.secend é@ﬁg%i%ﬂggﬁam which

concave recess amounts to at least 40. 9. Key blank or key according to
claim 7, EIEPRESEe G B Rs R VR R R S8 SO fadSHTSirea
of a coding pin row. 10. Key blank or key according to claim 7,
characterised in that the concave recess apart from a lead-in area far the

tundbler pirfS’ 18BFCBRTHIFHE'Y SRR T OMith S PrERETIHCHEHSH Bitihe: least

preferencevatieiast b rows on the flat sides with an assigned cylinder with tumbler
pins, wherein by turning the cylinder a locking - or switching function is
carried out,

- characterised by a concave recess on the key tip, which interacts with a

convex formation on a displaceable counterpart in the cylinder,
wherein the concave recess is suitable for resting flat on the convex formation
on the counterpart when the key is entirely inserted,
as a result of which a key blank or key without this concave recess is locked
cut by the convex formation of the counterpart, whereby a compiete insertion
is prevented,
and wherein the concave recess starting out from the key tip in the direction
of the key axis initially comprises a first inclination and subsequently a
second inclination to the key axis, wherein the second inclination is greater
than the first inclination and the concave recess in x-direction comprises a
rounded concave area
and wherein with the counterpart a coupling element is displaceable 1 x-

direction into a locking - or switching position.
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IIKey blank or key according to claim 7, characterised in that the concave
recess also comprises a blocking-grooye.. 1512.Key blank or key
according to claim 7, characterised in that the width of the concave recess
is at least 20- 40% greater than the width of the tumbler pins. Key blank or
key according to claim 7, characterised in that the width of the concave
recess amounts to at least 50% of its length. 20 14.Key blank or key
according to claim 7, characterised in that the surface area of the

cross-section of the concave ecess amoynts to at least 8% of the surface
o Of e GRS BB £y Bty R ot t
claim 7, chdragieriséthincthat theccorscavba éep ssisloreatedwitlhl amprofifechd
miling culieruibeasia alMRRI S VETIERLIRINR Xeads Bt SaMPHiacs, 0
angle of between 0 and 20 to the y-axis. - 23 - radius of whichmailer than
the thickness of the key or that it amounts to 2 mm at most. 17. Key blank

or key aceeydingite claim Lorhatasterised in thal-the.concaue REaCERsve
comprises a minimum distance to a central bisecting plane of the key

blank or K&y SWHIBRBIHOITES S Af5h 858 109N K8y thickness.

10, Key blank or key according to claim 7, characterised in that the concave
recess apart from a lead-in area for the tumbler pins also comprises a section

with a greater inclination of In preference at least 55°.

11, Key blank or key according to claim 7, characterised in that the concave

recess also comprises a blocking-groove.

12, Key blank or key according to claim 7, characterised in that the width of the

concave recess 1s at least 20 — 40% greater than the width of the tumbler pins.

13, Key blank or key according to claim 7, characterised in that the width of the

CONCAVe recess amounts to at least 50% of its length.

14, Key blank or key according to claim 7. characterised in that the surface area
of the cross-section of the concave recess amounts to atf least 8% of the

surface area of the cross-section of the key.,

15, Key blank or key according to claim 7, characterised in that the concave
recess 1s created with a profiled milling cutter, the axis of which is vertical 1o

the x-axis and comprises an angle of between 0° and 20° to the y-axis.

16.  Key blank ar key according to claim 7, characterised in that the concave

recess in the direction of the key axis comprises a rounded concave area, the



18. Key blank or key according to claim 7, characterised in that the
concave recess is arranged in a coding pin row and in front of the first
coding position. ABSTRACT The locking system comprises security
reversible keys (S) and assigned cylinders (a The keys and also their key
blanks (S') at the key tips comprise a concave recess (10), which interacts
with a convex formation (20) on a displaceable counterpart (21) in the
cylinders, so that the concave recess (10), when the key is entirely
inserted, I sts fI t n the co for 20) e count rpart and a
key withdBt S CHAEAVE %@8 ﬁ%ﬁgﬁ I%“()lér(‘ ﬁméeééﬁ\} 3 fbAmatBr © 2
of the conmterparistand that thus an entire insertion is prevented, and that
with the counterpart a locking - or switching function is made possible.

The concave recess (10) starting out from the key tip initially comprises a
first/inclidatiobi N pakdrsybseieitiyasdeotdrinttimaion (N2)octtrekey
axis, whereindheseeond inglinalon:isgreaer H}ﬁ&iﬁ&f&@{ﬂngmtmhe key

These concave recesses (10), which are difficult to copy, are already
provided B ther k&Y B’I’Qiﬂ}@s&"i‘i’%ﬁﬁf@\ﬁﬂég‘% protettibn optheckessplanks

and the security and the permutation capacity of the locking system are

increased. (Fi ure 2d) i . e
{g ?(@S/ Diank or q Ley according to claim 7, characterised in that the concave

recess is arranged in a coding pin row and in front of the first coding position.
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ABSTRACT

The locking system comprises security reversible keys (8} and assigned cylinders
(Z). The keys and also their key blanks (S%) at the key tips comprise a concave recess
(10), which interacts with 4 convex formation (20) on a displaceable counterpart (21)
in the cylinders, so that the concave recess (10}, when the key is entirely inserted,
rests flat on the convex formation (20} on the counterpart, and a key without this
concave recess is locked out (a) by the convex formation of the counterpart, and that
thus an entire insertion is prevented, and that with the counterpart a locking - or
switching function is made possible. The concave recess (10) starting out from the
key tip initially comprises a first inclination (N1) and subsequently a second
inclination (N2) to the key axis, wherein the second inclination is greater than the
first inclination. These concave recesses (10}, which are difficult to copy, are already
provided on the key blanks. This provides a protection of the key blanks and the

security and the permutation capacity of the locking system are increased.

{(Figure 2d)



