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LOCKING SYSTEM WITH SECURITY 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 corresponding key blanks and security reversible keys in accordance
with the preamble of claim 11 and a method for manufacturing these in
accordance with. the 5 preamble 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 10 permutations 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 15 wrong key. This
control piryésyionger Lem g Eoding PR REe Y PURRE e ¥R Y S
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

CWE&&%HHSM@‘%S}J&% 240 caNt0lfaces may aligady Reapplied o g

key blank and with this make a key blank protection possible. These

inchrEnasbeitvidecds apdtitdanekingiforeapreradiio nbrlammpsditaléhg fare,
novENShoRlk AL AL ORI P INRIRTBIE MRS IMBRKIARLIO GHRAIE &
significantly highef copy protection By means of new methods. From WO
01¥76is off tHeiBtH randrianze ey Systenuiiei were Higsraderetbiddusysigh the
5 kpown. which.at the tip of the key comprise a horizontal blocking groove
(BN) Wlth a coded blocking depth. In the assigned cylinder at the

rearmost coding position there is a pair of blocking tumbler pins with a
lengthengd hlogking coupiet.Rim, Whieh, RIevenh NG COMRINSIBsRHODAfthe one

a key with an insufficiently deep blocking groove.
hand to make the unauthorised copving of keys more difficult and to prevent it with

better and better means and on the other hand to increase the number of possible

permutations 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
wrong key. This control pin is longer than a coding pin and extends beyond the
central bisecting plane of the key. The contro! 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 controi pin
therefore prevents the insertion of keys without the correct control face. These
control faces may already be applied to the key blank and with this make a key blank

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



This blocking groove coding results in higher permutation capacities. A
horizontal 10 blocking groove of this type, however, is still not difficult to
copy. It is therefore the objective of the invention presented here 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 15 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
PermytatiaRRARACHIRS A28 BRRIIGAHONS 1 Q¥eS 21t @BRY SR FiAP Rportant to
functioning during a long period of use and 20 insusceptibility to wear
shétifape a&m&&éaﬂarm%g%ﬁeaéﬁfp%aﬁérhrem%aétﬁ n§ibaRitieAsshould
be possible. This objective is achieved in accordance with the invention by
a lockin Séstem with security reversible keys with assigned cylinder

acCOrihY 1 UAI20 By ek Bhenibandss kap ey H eI keyarsihls keys is
5 asKaRRe, eyiinder accargHe 1B hhrias Ml BNk BIREINEYiVve (BN) with

manufacturing such ke%f in accordance with claim 10. The concave

recesededhiarkingdenithdkiifsaniensg solindsrtihatreareonieading position there
forgation o McQuRiaiRAR & ﬁﬂﬁ%ﬂ@%ﬁ%&%bﬁ%ﬂ?@é RGRPEAY Shich

recess in case of a fully inserted key lies flat on the convex formation on

thePEBFRHESHE12RIES Kegr 4ongph sk e dpth Adgsufitisirntinidegsiiaslgng groove.
recess isiderkadeut-Ry dhaconsaxSoMaIeR pdrph it AUPIRIRAILA- BorBrontal

complete insertion is prevented. These concave recesses are difficult to
10 jefilrking gorae ﬁg}ﬁ&?%é}?/"fﬁﬁﬁfulﬁ Rilmahdiffiatisirespying 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 thi WAt tHR RIS WS Hok b e YerhiomevesantetRs dRdrsaly 2 system with

sigeificanthebigiiernevauaiionsanagivd fhmaaReRdan Glatdnakehe
related to advanta%eous further developments of the invention, which

makEJISARIARE KB XAYATEYS SRtk HOB ST RSB AL kUR) A LORERIEECHon

15 S)_/Eﬁﬁmeﬂ@ QUIRERLYIB ARIRGHCARNEMINGS KeYchlanksek®y prandhcylindei&y blank
wit
and which is very difficult to define and to copy, and which in addition makes

possible higher permutation capacities for any applications.

Over and above, a reliable functioning during a long period of use and
20 insusceptibility to wear should be achieved and an efficient, economical series

production should be possible.

This objective is achieved in accordance with the invention by a locking system with

security reversible keys with assigned cylinder according to claim 1, by key blanks
25  and security reversible keys with assigned cylinder according to claim 11, as well as

by a method for manufacturing such keys in accordance with claim 10.

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

30 blank, resp., a key without this concave recess is locked out by the convex formation
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10 respect 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: 15 Fig. 1 A reversible key blank or kgy with concave recesses at
the tip of the key and convex formations on a counterpart in the cylinder
according to the invention, Fig. 2a, b, ¢, 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

exaypile chhigpaR, Fi9- e HRAHRE-RE R IWIHRNGHLONTRYE (EFER% Bi%sses are

6a, b arrangements of concave recesses in various parts of a cross- _
sedtiiicattaa@siimgnd copresnandiagiy rseesatiical braaapawheties epppimg of
a kgerd askigi18: abrags nmentntiiie e th VRN RIS A CINE VR IBRERBSSIR may

different market areas and application segments, Fig. 9a, b, c a concave

recesieMeaydrinatans! iivda pbhifpina ahaprArEnEiowkihat YEB Rt is also
thre@aieviSofaithid b2 doHbIS IR Wé@gﬁ:ﬂg‘ﬂé%&,‘)ﬂ%\é&? BGRTERDARINR ity.
e cylinder, -4-

key and 30 convex formations in t Fig.114a, b, c, d
concave recesses, which have been created with a milling cutter with the

milling aufieixisRaRA|eldeihR ¥ 1@ day I BRIV RN Siedphdefits of the
concave recess, which has been created by a milling cutter with an angle

to tHESPHRTS, wehish Make rossifle dRehspRABA B 8RR NG tRURERCSHORIB @ ARFHAKY of 2
co a@ay&g%%%,q@@é@alwawagaﬂg-e%ﬁir@ Sk EPPEAYS, 1658SHdYGRders, with
has been created by a milling cutter wit

respect 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:

Fig. 1 A reversible key blank or key with concave recesses at the tip of
the key and convex formations on a counterpart in the cylinder
according to the invention,

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

Fig. 5 the creation of a widened concave recess,

Fig. 6a, b arrangements 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,

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

Fig. 9a,b, ¢ a concave recess with lead-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

convex formations in the cylinder,



the milling cutter axis parallel to the z-axis in three views. 10 Fig. 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 assignedicylinder 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 interacts

with a convex formation 20a, 20b on a displaceable counterpart 21 a,

21hg50 fpatghe GoneaVeeRESSHLO w}ﬁaﬁawe%sgmb%&%ma?atﬁ%ﬁé cutter
lies flat on the convex formation 20a, 20b on the counterpart and a ke

blank, resp., a key Withdhe mhiiagsesee yesausallplisolgekedvigt inydifierent views,

conwex fermation 29 ofthe COUBLE AL SQIMRER GemRlale é%‘ﬁ'iﬂ?%éﬁtter with

prevented and wherein with the counterpart 21 a 20 coupling element is
capable of being digplaeelg 1A eliye®tion into a locking - or switching

5Positign; As will be fugihee)l ROIPBEIGIgS 4Rr frdhiR GRAGAY Goncave recess

recess 10, starting out from the key tip and extending in the direction of

the key axis x, at ther¢fsedniiflyigs comprises a first inclination NI and
subsgayaptly @ secoRgRRINANRRNeHRING KE¥e NS DB NG RECAS with
inclination Is greater than the first inclination (N2 > NI). The Figs. 1 and

10, as an example, ieBtHHiBECHBEbM IS PaBel2a RZ-wHieisihbsE thews.
insertion of a key with a correct concave recess 10 the counterpart 21 a,

which here is 30 designed as a displaceable coupling element 22a, is slid

10intFagob Rivgteadps Rt ankipesy sidmEnteerdrrcp 06 deinysgEaTeniliBy security
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subf%%kg@atetyépi@,gégﬁ.ﬂm?ma@@vﬂm%{t%&%&&ﬁﬁlm@aws% on the flat

switching element 23 is turned and with this a locking - or'switching

funéifbi IR withribestigns ¢ cyideiin ar 20 G lkusraipdaptliigid®) engrvith tumbler
eleciical GanLaGtdR, AN:ASSHGR a7 2RRerem A5 MRiEPmHe 3P a locking -

illustrate, the counterpart 21, besides the convex formation 20, may also
confpridalehiyhtmrdiapdingaared ol WhtckeydirssdorBRass asavesve recess 10,

sha@fich interacts with a convex formation 20a, 20b on a displaceable counterpart 21a,
21b, so that the concave recess 10 in case of a completely inserted key lies fiat on the
convex formation 20a, 20b on the counterpart and a key blank, resp., a key without
this concave recess 10 is locked out by the convex formation 20 on the counterpart,
so that a complete insertion is prevented and wherein with the counterpart 21 a
coupling element is capable of being displaced in x-direction into a locking - or

switching position.

As will be further illustrated in the Figs. 2a - d, the concave recess 10, starting out
from the key tip and extending in the direction of the key axis x, at the beginning
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 (N2 > N1).

The Figs. 1 and 10, as an example, illustrate a double cylinder Za, Zb, wherein by the
insertion of a key with a correct concave recess 10 the counterpart 21a, which here is

designed as a displaceable coupling element 22a, is slid into a locking - or switching
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of the key tip 11 next to the concave recess 10. With this the seating area
can be enlarged. 10 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 15
x-direction illustrate various shapes of concave recesses 10.1 - 10.3 with
a rounded concave area 13, departing from a slight first inclination Ni
relative to the x-axis, which changes to a significantly greater inclination

N2e RERIBNEIHHRARIGONEBY B ARGRSBOS AHRERBNEN fRNBAIIANE eldptetely
20.3 on the counterparts 21.1 - 21.3 in the cylinder, so that the concave

recBsgEed ki 4ae Iopkingn it Star e Heg Rl AR b ot d oridiashis 2
forraakinips 49 sl il abkeyiwithasy m,@%‘c‘%@(f%%$% 1QRRARS actuation

contrary with jts lead-in area 35 on the key tip wi I’bump against the
coMf R SRR FOPEhtR BY BotHEDSRYIgERBRE Y esp., 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 therefaore cannot be turned.

25 N3dR50SEmIE LI Hake tshoeraaEssb e dehins RImlisy Eomeation 20,
40ntRe Mmilioempetieh Asisc e salivRish i e iERheIAB RIS WD ihvex shape
here extends parallel to the y-axis. In doing sq, the milling cutter 40 is
movedokes HRfAPEdR s CoReaurtieess Y- thathitbisdhaitarneetrensan be
corggrpeatls to the radius R of the rounded concave areas 13 of the

concave recesses 10. 30 -6- Fig. 2a illustrates a concave recess 10.1 with

a small radius R1 of, e.g., 1 mm for a key thickness d = 2.5 mm. This

cormasnendsioradatios AORYthe ¢ 1iphe firskarsitif cSeRRMEL NSlRatiaNand the

here amount to Ni = 0, N2 = 90 and the difference of the inclinations N2 -
Ni 258879 B8RSR LY dMiRG AYSIRGR5 8 8 T RRI P BRIURRe 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
x-direction illustrate various shapes of concave recesses 10.1 — 10.3 with a rounded
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
confrary 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 to 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.



5 the lead-in areas 7 of the tumbler pins 3, because the inclination N in the
lead-in area should amount to at most approx. 45 (see Fig. 6), resp.,
correspond to the lead-in angle Nz of the tumbler pins 3 at the key tip 11.
For this purpose, in a lead-in area of tumblerfpins lead-in faces 31 may
be formed (Fig. 2d). The maximum inclination N2 here may also be
limited by a blocking groove BN (see Fig. 7c). P1 here designates 10 the
next coding position with coding steps C1 - C4. The milling tool movement
42 extends parallel to the x-axis and the lock-out path, resp., the lock-out

disEapCEn al RisBated)s \WHRONEaReRCAVY RRBSSsHLL heias ®.Jofamgyuntamta for a
a = 1.1 mm, which is caused by an assigned convex fQrmatio on a
o BRTABERSS £ 1 g L CLT RO TR GG Ot AT CoR bt and the
creptingdheReess hekd aniduat milNg-cotfer2axisnd ki wbiglifexiesndss the
parallel to, the z-axis. Igé e zg%i-jglane the miIIingliﬁlftter 40.1 com riseg a »
Widﬂ?W?WﬁlNﬁéS%é“r SpORBCRI RS IRRF DI SRR 8RRsRe B 4Rged outside
5 wheyeisaaiis geesteoinpa dhatdeptint df tbeaigeanrs iHlinwreNassHlead-in area

comprises a surface area Fl in crosg-section and a length 11 in .
AT 5 AR G RS TSP AP TAORGEAHS e load-in
e.canfR2 Nz2omieancbharpespdadingiveyitip 4 ratiorRBdpargBe Tivea heidling: area of
cutter movement 42 here first takes place lle e x-axis and.then .
o SIS BTG oS ERA 1AL EE s R L A A LG DRgion N2
= 4%is reansled eyEmardabgas blookihaprdociBiNogeeMik=70): Bb herdsiesignates
recess 10.2 may be arranged in the lead-in,area, 7,.if 25 maximum

T e A R e s R S
of 4%tehie packioutodistaneeihetd isesitatienipith, eegp. Omby lack Out digrance a of a

The concave recesses 10 arebﬂfii ned in such a manne__,aﬂiat the go}pot d
at S5 DAY A SEEALE BERH0 TR ik RO RA oA STRDITART ™ cause
PlhsathatiaabdingaX siepsdi 206 omitesudnthe Ditieidhodytheler.
lock-out distance a shall be large enough -7- to effect a secure massive
locking-out of a wrong key. For this purpose, the lock-out distance a may

15 lie RighizbdltastgaeafltBeomillibgnon] #Ddrefesangetef@d8ss 1.2 hwikh resplling cutter
::I‘? erzril 1Is| S4el E,r\% i?cﬁ/gxtoefn 'szgafa%g’ ti(I)‘l tgtreeg?ar}?ig?&%g '23~y_~}c))l'g)riel rgh%rg}fl i%g%%tter 40.1

comprises a width b1, which here corresponds to the width b1 of the recess 10 and
wherein b1 is greater than the depth t1 of the recess 10. The recess 10 comprises a
surface area F1 in cross-section and a length 11 in x-direction.

20  Fig. 2c illustrates an example with greater radius R2 of, e.g., R2 = 2 mm and
correspondingly with a ratio R2/d = 0.8. The milling cutter movement 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 = 0°, N2 = 45° is rounded over an area 13 with an
inclination of N = 0° - 45°, This recess 10.2 may be arranged in the lead-in area 7, if

25  the 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., only a = 0.7 mm.

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

30 steps Ci are omitted. On the other hand, the lock-out distance a shall be large enough



concave recess 10 is cut-out relatively deeply (tl) and may extend up to
close to the 5 central bisecting plane 5, so that the minimum distance e to
the central bisecting plane preferably amounts to at most 10 - 15% of the
key thickness d. The distance e, however, mgy.also amount to 0% of d
(Fig. 7). Fig. 2d illustrates a concave recess 10.3 with a small radius R,
which first extends 10 parallel 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 a second
inclination N2 = 45, which forms a lead- in face 31 for tumbler pins 3. The

l0%%%9&3}%@9&@%@%@@&@&%&;mgqx g NS GRIEN e Tock-out

formation 20.3 on the counterpart 21.3. The Figs. Za and 2d represent
md?@féﬁ%ﬁtﬁtj&dws‘vé‘ﬂi&rﬁwmﬁglécl’,nmm“d)i_‘ﬁﬁf@iwtéf foBic-di mm,
dis .?@mﬁ?ﬁé@@?@ﬁ%ﬂf e egncaye i@?ﬁﬁ%?eﬁagg B (Pge_feﬁ.%pﬁ?ﬂﬁaference the

selected in such a manner, that a secure lock-out of wrong keys is
ackivey ctpsesndW ey ar Py lativebiesitanty (Htband maipgesepp midese to the

5 th%@lﬁﬁﬁ%ﬁ%iﬁ%ﬂ%@@ﬂsg hangsmihabdheviRmdifticytn 204 defiREeting

and to copy. For this purpose the first inclination N1 of the concave recess

10 PEBEPETS R iawponnis tasf Mol edy B ar dhedkavehipkngsiy shgidistance e,
angdhesgcand nehnatiomiNg gf%tgpdcquay)e_ recess can amount to at

least 40, i.e., in preference may be selected as large. The difference
between the first and the second inclination N2 - N1 should 25 amount to

at leasbaQylidsRass iBladaachieve his v QHREed A8 R SWHIMFirst extends

relatively small, tight radius R relative to the kei thickness d. In doing so,

10 thepaprtedve e s ronH i it dBaldrbpmel Rl a s theavibm peigesdad area 13
30 gpuqdegharegswitharadiys/ahat Mo RmhA0H Kie-Ca5eayRiIERTER%s a lead-

can comprise a -8- rounded area with a radius R, which is smaller than the

thidRraes H SptrHambler pinthis Hhelpskiorst dgnsed R ARRIHE SR R7d. rhaym,

be hehwean, Qift apha:8fothaltia 203003 hé@nderlietate further

examples 10.11 with rounded (13) and
The Figs. 2a and 2d represent more advantageous variants than the Fig. 2c, with a

15  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
20 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 0° and 10°, i.e., 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
large. The difference between the first and the second inclination N2 — N1 should

25  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

30 rounded area with a radius of at most 2 mm. And the concave recess can comprise a
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5 with conical, resp., straight areas, which are created with a milling cutter
40.11 with conical sections, with a milling cutter axis 41.11 and with a
milling cutter movement 42 parallel to the x-axis, as well as the assigned
convex formation 20.11 on the counterpart 2%.11 in the cylinder. In the
cross-sectional representation of Fig. 3a the concave recess 10.11
comprises straight sections with inclinations N1 and N2. 10 In preference
such concave recesses 10 in the cross section in x-direction may also
comprise at least one inclined straight section, resp., comprise at least

thres diffaringa siaighthand rouhded sestians &%%h@{ﬁ%ﬁn@&ld%ﬁ‘_ the key. In

illustrates a concave recess 10.11, which can be created with a milling
cuttais, 152 Aetip1of fadivs derkpyhihicdarsh Bviraries heehesndhiome §8Ni =
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
coﬁ%ﬁ@m iow-2band hibysieast furlhey scompbrstiPiblcvibavendakss’) and

10 ¢ esitsunap kUi el e fisipaes: Aot Rign3PHllHSIAlER 080,11 with

creating milling cutter 40.11 in the x-z-plane and Fig. 4 in the y-z-plane,
wheRBiRchesetiprsniTith @ atittEteesutiorps fidd hantkwithrasailbing sutisy movement

S'. Fhgapipated RCesRiL Oad L lASWIRIANE SRS e oA 0191 4 the
Fig. 5 illustrates, how with a milling cutter 40.12 with a milling cutter axis

41 comterpary dirbb i 1R (st the crestesectivaehiapreTemiativ eilie. 3a the
reces i yrelgstion 1%%}31}{3@&@&%% fedpillingGuiienRditat Nevad 12,

the direction of the x-axis as in Fig. 3a and subsequently is displaced

parBIRISIFRARAPSUTIT BYCHE ERSeATREcl Q00 BiP ERRseSeefirasiiordifgstion may also
widemingiff N RAGCERS ik iBRQARHERC M) r 8., CIRNIREY: 188G #kee differing

faces 31 for coding tumbler pins 3 with a corresponding inclination. 30 -9-
In Stfeehbaacrievrrst thetishietiRas?6¥dhe 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:

rel&ieel Mitiralid AEepranTerTt With! by ctd hieckaared 28 Bricnifking cutter
venimitedigRage ahe dAtiie ke ReliRAEebi0e.g. N1 = 10° and a

subsequent rounding with aradius 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.

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 cutter 40.12 with a milling cutter axis 41.12 in
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. 3a 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 tumbler pins 3 with a corresponding inclination.



5 fulfil 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 tl as well as the surface area
F1 in the cross section of the concave recessegs 10 in preference may 10
comprise the following relative sizes: - The width b1 of the concave recess
10 is at least 20 - 40% greater than the width b2 of the tumbler pins 3, -
the width bl of the concave recess 10 amounts to at least 50% of their
length 11, 15 - the cross-sectional surface area F1 of the concave recess

10 ﬂlrrg)%g}t tg g} !%aasﬂ (:4) %f- ossssectional surface area F of th -
key, in pref%re%cg to at %‘ea?stg%%i%"?js Eﬁt; lencl%gzg-r}s,é%%er%g sur %%lg%ﬁé%cuomng’
F1 betbenevicrpeesses d Ssin 0dgogiente milibuth ¢hs enssasectipmian sliyfpostioned

2o SIS AR e H%@E%E?g,%gﬁgg}‘alﬁ%? e A AR with

- the width bl of the contaverecess 10| erence amounts fo at leas

25 re8peoh tofthiedk auidireotn dhiesser T himicetrspord sho tihe berkipied.e., in order to

desg i ' ing: ' cRr ith, t .
S e A B 1 i,

vantnesofscorchighreedesasntoiken- 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

copiang sty oftivd toging bystdireciivaothg wilttnbbendiierdspthay: 39 well as
compriserdifferinoshapings.ofthe.6on %@Yﬁﬁrs&?éa%sr%é’ésgeég d n%)?ég&ence may

6a, b schematically illustrate examples of the arrangement of concave

10 rec‘é§§é§®?¥, fﬂ?“iﬁf}éifféﬁéﬁ?p%l sections 12.1, 12.2, 12.3 of the key
Cross- Seﬁtwatﬁ%at%ﬁ% DG RS HALHHE G198 B _rans, 21208 Wgn e

coding tumbler
width b2 of the tumbler pins 3,

- the width bl of the concave recess 10 amounts to at least 50% of their length
11,

15 - the cross-sectional surface area F1 of the concave recess 10 amounts to at
least 6% of the cross-sectional surface area F of the key, in preference to at
least 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 least 25 —
30 % of the width of the key.

This corresponds to the examples described in the Figs.

25  The locking 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,



pins 3 with the tumbler pin axes 4, which are situated in the planes of the
coding pin 5 rows Ai. Fig. 6a illustrates an example with three coding pin
rows 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. Thegconcave recesses 10.1 in a
partial section 12.1 here are outside the lead-in faces 31 of the tumbler
pins 3 of the coding pin rows Ai and the concave recesses 10 10.2 in the
partial section 12.3 lie in the lead-in face 31 of the coding pin row Al, for
which reason their maximum inclination N in the lead-in area 7 of the

UM e 1-RIRSs ATH QLR AL ?ﬁ&sﬁrﬁ%%}alﬁ??éélgmgﬁﬁ%%g%%&l éf B5nBave

further variant, a Iockingéj;sés em, e.g., can also comprise two equa

corégfised bhdcbdseln tofferomiptrtiabivevensald hridngdd Srobiftiedent cross-
sidesorlgft P5 FghHf @ KRY pUan o IRt ARAE AN RN R KaYtiRe %g%ﬁj% tumbler

side, r = right side): Here on the right in the cross-section 12.2 an

theMd% 3y Eieicampier hid aresstowbidnale Stuaih intils phanegarhiile coding pin
5 keygyith 2 recess 10.2 in the cross-section 12.2 for cylinders of a first

installation and keys with a recess 10.2 in cross-section 12.3 for a second

20 figtdiaifilvatensonan exaranls with Face soednmpMirpeddst sacidk3 1 wierein the
anghiREEQsyss ?%ﬁﬁ%zh%%&%@% inatRllations £l EGISHRS Aaalel BShe y-

for a third installation with cylinders, which comprise assigned convex '
forddtioie 20N bgreiess)ddanarisl segtgn p23l perepje Gytside the lead-in

illugiratesiast erampia oy %ﬁ\}%'&%ﬂ&&ﬁil}% PAE R UTRIAT R BN Abecesses
AS with the angles Wal, ?1% between the tumbler pin axes 4, resp., the

10 codifg ip1dteaaptialspciion thie3 lisxia tiedradoa faceohcal threrustisg pin nass A1, for
in WH%%i@l@ir]rg&i%%qgéﬁ&k%gm&m@%&@m@?ew%eol!ﬂﬁrbler pins

One concave recess 10.2 in a partial section 12.2 partially lies in a lead-in
are PR R GRSHATIn FOR-Ahoukd cOrepRORYRASE; 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 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, | = left side, r = right side): Here on the right in
the cross-section 12.2 and/or on the left symmetrically in the cross-section 12.3. With
this, for example, keys with a recess 10.2 in the cross-section 12.2 for cylinders 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 installation
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, AZ 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,
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5 The recesses 10.1 located opposite one another in the key centre 6 in
the cross- sections 12.1, however, are vary unfavourably situated,
because their depth tl here is very limited. The further examples of the
Figs. 7 - 14 illustrate advantageous recesses {40, which 10 are arranged
besides the key centre 6 and which are designed as particularly large
with respect to cross section surface area Fl, width bi and depth tl, resp.,
minimum distance e from the central bisecting plane 5 of the key. In
addition, here the recesses 10 optimally are positioned in such a manner,

that they compris i in row. A, wherein they wi ect o .
cha D A8 Mt e SR MG SRR MR R, g o
Figeotk dverrtoisstbe vbndave focasd 10dHarerCpmpriseditendhlal@a2obihe key

ac i&g '&rtm VYZA, - or it may comprise a lead-in area 7, 31 for the
tumbler Bignslég - and besides the lead-in area 7, 31 it can also comprise
an area with a greater 20 inclination N2.2 of in preference at least 55, -

ancH{is IRClingtion ')'o%ﬁ@?@%%%ﬁ}é%ﬁ% %%%?g%g iirg tﬁb%'%ﬁeéﬁré (1 fﬂ éh@%r&’é}

the coding pin row A can correspond to t ad-in an zo

tunspléiopink2.3, heseyemioe vaty wnfnastraisly- vnthedcbaoase feoeded t1 here is
may,¢ m%g a lead-in face 31, which has been 25 created with a coding
miIIingfcutter, (which is particularly efficiently producible), - or the concave
recess 10 may additionally comprise a horizontal blocking groove milling

BRI L0 RRL
codirsppitnesd Eesides Harkow tamisidr pidsvisch whdesianedaswidticpily large
pre&%’éﬁ@ng@EPW@ésé%@étmﬁﬁhﬁgc‘e%e%ﬁ‘it @%5@{1 and depth t1, resp., minimum
distance e from the central bisecting plane 5 of the key. In addition, here the recesses
10 optimally are positioned in such a manner, that they comprise a coding pin row A,
wherein they with respect to shaping are adapted to the tumbler pins 3 of this coding
pinrow (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,
- and besides the lead-in area 7, 31 it can also comprise an area with a greater
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 to at most 45°,
- or the concave recess 10 may comprise a lead-in face 31, which has been
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,

31 to a value Nz.)



thickness d. The surface area F2 of these tumbler pins 3.1 is then
correspondingly small (in Figs. 7a, b and 9c). With this, the ratio F1/F2
becomes correspondingly 5 greater (FI = surface area of 10) and with this
the inclination N2.2 of the concave recessesiP0-next to the lead-in areas
7, 31 is capable of being formed as greater and N2.2 may there amount
to, e.g., 600 to 90 (Fig. 7c). These advantageous variants of concave
recesses 10 with a tumbler pin row A are 10 further explained in the Figs.
7 - 14. The Figs 7a, b illustrate an example with an asymmetrical

formpliepRhikadead-in fasesdmARdiedhy dipih o A0@idh8arrow tumbler pins

cross-section plane 36 of the lead-in faces forms an angle W2 of e.g., 10
to the CBHEAIHIBEEMGINRAdEPEFHTENEE PR OHD oG 1P3 REy BRafad the key
Prefieianess MigNalgA2. Ry iR iviibie AAANGERhDSIVRERR 8Rdedntingly

this manner it is possible to create a locking system with an increased
perthdBhtighact, @4 9Py Wik Wisebe aiin e 2heeamarcartsspepdingly

5-10gr&A0y (RO FuEtIBEMQLLo ML) FHasKTIMRLICAIRNAREANIPel8athinconcave
faces 35, e.ng in accordance with F(iyq. 7, also more sgace for the
gt

foresaBieof LaREhiRhe deadsin arems I righisuiRa e L BritRa) Ioraedian greater and

plamgm%%%@{ggﬂ&m%@gg@sl@ bzygqﬁg.rfnge 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
W2rhEéaiharihessuaaeiiRinb eneodBavinedeigss 18, withilusiaiRSpkeYow A are

cross-section 12 with the coding pin rows Al - AS 25 as well as with a
10y nibrbssinB pinA iRdBRgHinro 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

contRtE 18 dask UitsHate areexAm R dhamiay tunerisddormationetihelsgd-in
in thexpdamoY h CREPRIISES, aNtBAAIL:\MLER- e NoANRNVIEH e Fallen faces

milling cutter 40.8 js utilised 30 with a milling cutter axis 41,1 parallel tg
the ‘P08l &5 firfgly iR BBl Risse g BIRP o PR BB fEdv TesP- Of
15 recgs&isutiartedIdprmdeasie with anpilline guleliaxisihin 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 illustraied, e.g.,
in Fig. 6 with an angle W2 = 0° to the cross-section plane 36.
The Figs. 7a, 7b illustirate 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 to the y-axis, a correspondingly different
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41.1 (with W1 = 0) achieve essentially the same shape 10.8 of the

concave recess, a correspondingly different profile shape of the milling

cutter 40 would have to be utilised. With the milling cutter 40.8 here also
lead-in faces 32 in the lead-in area of 5 the cpgling pin row Al are created,
which are adapted to 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 the lead-in angle for the tumbler pins in the concave

recess 10 10 nowhere does exceed the value Nz. Lead-in surfaces 7, 31

of this kind,.however, may also be create the key blank after.the .
cre R s R Rl D e s
cuttdri4@vathdPé st wehiby ¢ deseriatiytheitinge sbepa d &8 dihthenitling ve recess, a

cutter in the . lead-ipn.area.7. 31, sq that there a.desired. maxmu
o R aey R e R AR B R nave o ve
furthiéispdsWhilitthofmbirexceeuting. SHeparisiskiblanrfolinatdniNhofthé-in area of

concave frecesse 1(%1\' the | c(;iﬂ-'n rea 7, 31.0f the.tu I pin .
TR AL ARG IR e A O I S e ins

grabve 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. 7c in perspective view illustrates a cross-section

withze ¢eadsrsactidionizmnamblkiohitodies pondsist thid wddindaptanewithonwidth of
a ip 11 inanalogy, to the,.example of Fi ith A concaye re

o T SR e e i L R v ocess
recksadwhBrecinprisesal fihkstvaliindtion of N1 = 0 and subsequently a

ded. . . ST _
N e B S BT B Ay blank
creafied théthreatiwdirighnitingavatterc e did onttbd dapl-afdcw ithtadirst milling
concay . o - lination. shi '
S SRR P L
incleratibnaneprefBranchaisumnesdes icehsidsintym inclimatian N of, e.g., 42° - 45° is

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
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. 7c in perspective view illustrates 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
area 7, 31) this recess 10.8 comprises a first inclination of N1 = 0° 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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450, Fig. 8 illustrates an assignment of different variants of concave
recesses 10 on the 5 keys S and on the key blanks S' to different market -
and application areas Mi. In this manner, with a locking system with
several differing variants of concave recesseg410i 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, 10 e.g., of technically differing systems with differing

permutation capaciies b Alis s ARRlEaton. %{r?@én?s“t%ggﬁ%{!i[yam more than
seBurlsty requirements. This segmentation into market - and application
areéds.by means of differing variants of concave recesses 10i may be
implemented in an analogous manner, as is explained in WO 01/77466

for an additional blocking groove coding. 15 With these differing variants

of Etmchilbistetsssasatgigimoene védifi isealisoapansilsie conwreatecasiditibhan the

o BRI S Ra A BRI o
betnemramdtinadddition Iotermw sbdkngsé difficstigrisrtantp efsrerned: @gesses 101
The 19§%iu amse&@dgi%ceﬁg%mc% ei&%ﬁ%ﬂ%&"ﬁ% %&&PH@%& and

the manutacturing of keys and cylinders in two steps, wherein in a first
supprieposedrenpMi diticsitnse P ergecopripiventbcdd basriararkeiances; gps, for

a”%ﬂ?@i&@ﬁ%ﬁxﬁ%&%ﬂ%}r&@&ﬁ%@ SPURIS TRl Siﬁléljf?%fi flation areas,

centrally manufactured by the system 25 owner and iri a simpl >cond
stepahefitptharcedidifforinteskeigmand thdiHesom biynuftate T yHpaa Hesien

CouVRIBRB MRM R ARCE desRBAl T itsiing atiants of concave

recesses 101 can be created by: - Differing profile shapes of a creating .
millihés segraenRtieninigithetet milih gpBlcetivarsas 8ofeapspfabiteang variants

Fi%flgonégv% Pgéééges’]'?{ﬁﬂ'gaﬁl 93%1?1&3@913%&& ihn analogous manner, as is explained
in WO 01/77466 for an additional blocking groove coding.

With these differing variants of concave recesses 10i, however, it is also possible to
create additional coding permutations (Cod). Thus in a system 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.

The 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
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 cutter 40, e.g., with the milling
cutters 40.8 of Fig. 7, 40.9 of Fig. 11, 40.6 of Fig. 13 and 40.7 of Fig. 14,



- 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 41.3 in Fig.
12,41.4inFig. 14, 41.11 in Fig. 3 and 41.12 in Fig. 5. These milling
cutter axes are: 41.1 in the y - z plane, parallgkto the y-axis 5 41.2 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. 10 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 aX'%é"kJQle{L é?%\(?g%bgotr?s%q ﬁ%’etﬁz‘ﬁﬁn\%‘tﬁ [ g VeHiG 'toff%ea%‘lé‘é'ossmons

with an angle to the z-axis |s e.g., theiro owing
variarts ofunlifferiaghthe &pgsd Tomh e, rbeguratd %arel’ogét?edﬂ 4 in Fig. 14,

10.1:3043001e Eigy & 355 £ dds oINedion, s agssivle hat

that the conc recesses 101 are provide r|ng parts 1,12.2,
12.3 (Fig. 6) on thedlbft urmgrytsrzzlplmiwr@lwm&w-m the

5 Cross- -section plan 19 t@§ Iegg éagg&@; wagl%g){%o a%form

20 differing angles to t e‘cent |sect|ng p &ans of
combinations of théde3fattbesktherelone, ivighpPsitlehdor-axample, with

two different m”hn%&:%tﬁrtﬁé@peﬁ gngh %?a‘flfgﬁreﬁlt pzo§;8§)ns of the

milling cutter axes 41, arrangeme Rt'in ’t ree different cross-section parts
12i and with three 23.differém angledane2rsicatiel éathérnxfasiss 35,
theoretically in total 2 x 3 x 3 x 3 = 54 different variants of concave

recesses 10i can be created. This also signifies, that a specific variant of it
10 is vy witliog custaesizes dhdney dopyertithbipigs: 9axi, villusirangla Wiktkép® o

example tﬂE% CRCAVEISERRSLD: %xvm,aé&maﬁ% 7@2&%@%&% WONG o the y-

BN in three Views in analogy to the example of 16- The blocking
grasiem Reis sritigatdd thethetan s arve@gleﬁéfoﬁ’h% tigrabfetopheszsatise

— With this, e.g., the following variants of differingly shaped concave recesses 10
15 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 the key -lorr -
— and the cross-section planes 36 of the lead-in faces 35 on the key tip may form

20 differing angles W2 to 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

25  different angles W2 of the lead-in faces 35, theoretically in total 2x 3 x3x 3 =54
different variants of concave recesses 101 can be created.

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

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

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



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. 5 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 keyl®* and with assigned
convex formations 20 on counterparts 21a, 21b in the cylinders Za, Zb. As
is also illustrated in Fig. 1, these counterparts are arranged on
displaceable coupling elements 22a, 22b for actuating a locking - or
switching element 23. These 10 counterparts 21 may also be designed as
a senatﬁteiﬁagtgaagveaméx{ehsmmemeli&sdcihtktey ™may betdesigniger asns 3, the
an |n ert an d ut ig a,modul stem It | Is ssible that a
oSS AR 53 A Be A SR SR kg & Br SoMBRtsy 2 angle of
podifidnaf) ahalfCykinderzvithsthe counterpart 21. 15 The Figs. 1la-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 cutter axis 41.1 here is
5 paEﬁl@elltbithstyawsis dbthé: sghivedonilboky tuties 4. Oylvithea ZaxiBipfisitieps S, resp.,
412wt Wltothe axrsr t ised, correspondin
e A A B ST L 80 ienea
angthi foayasiovaLa to, @)gn,t&ﬁ&rtz()lm) Hig rdﬂqdluyshmles &durbeAs is also

vari nstt\r/glth a cg qf Ehregcegs sha'Feha?raS beﬁF \Q/th the1
mil m‘@ cu Eferﬁ 998 %rpﬁowever g ng et ercg%seﬁ(iu? ng
whidbniesdr2 Bae22b Yeplaneadng aloidhigpmprisescaingeiped326f, Bhese 10

25 20 to th(% y?1 xrs FI% ustrates a further varl nt of a concave

3
10, e s T S i 5 B clemenss
comptivgsrayliftederizgprdfide aharsertknmtithelmmm positiochoftitermiltingalso

cutter a 1 1 paral el to thee\é s as |n FX%QH%% of Frg]J 30 lib

Th&Fig sielt ﬁulgﬁa ein reecslrlel@\?s RS S A B o W&Chmg

recpsstirﬁﬁn a/\ktaﬂrcjn}amiaemthrtbatad;maipamﬁlhng cutter 40.7, the axis

41.4 of which lying in the

15  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 cutier 40.9. Its milling cutter axis 41.1 here is
parallel to 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 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, 2 milling cutter axis
41.3, which lies in the x — y-plane and which comprises an angle W3 of, e.g., 10° -
25  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 parallel to the y-axis as in the example of Fig.

30 11b.
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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 partially in a lead-in 5 area 7, 31 of a coding pin row Ai and which
there forms a lead-in face 31 with an inclinatign-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 recess 10.7, which
extends almost to the central bisecting plane 5 with a minimum distance e

of apfeutiQ nercent i theHEYHRICKD SRS - HHSHE SIS BrSeQiiGlRCkIngs 10.7,

out of wrong keys. A different milling cutter axis might also comprise an
angtdrgiuhas keen coeatod teitha mUkiag cwienitRethaatévbind of tikich lying in the

descriptigpnthefelilawing:designaliQusarandiizatie 18 SKEY®. F8Y Plank of Fig.
Z %/Ilnder X Key axis x, y, z Directions in space 20 Pi Coding positions
Al

dhitr s SR TRy St6eSC bACDidish ditatedirtilly in a lead-in

Inclipafiomeioty 8@&% HSloRCARaHAR Y $RGRTE RS INREANN Wre b 82k ith an
angle of 3 R Radius o O,_reSé) of 40 E Surface area of the key
crodikBwbion N2 (e ke

track 42, which extends first with a 0°- and then with a 45°-direction to the x-axis.

gﬁ mgt 45°. This can be created, e.g., with a milling

This example comprises a strongly distinctive, deep concave recess 10.7, which
extends almost to the central bisecting plane 5 with a minimum distance ¢ 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

7-aXI1s.

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

S Key

S Key blank

Z Cylinder

X Key axis

X,¥,Z 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

Surface area of the key cross-section 12
b Key width



d Key thickness a Lock-out distance e Minimum distance of 10 to 5 FI
Surface area of 10 in cross-section 5 bl Width of 10 ti Depth of 10 11
Length of 10 in x-direction F2 Surface area of 3 in cross-section (in 10
with Cl) b2 Width of 3 10 b7 Width of the tip @8the 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) 15 Wa Angle of 4 to z-direction 1 Left side of S r
Right side of S BN Blocking groove Mi Market areas 20 1 Double
cylinder lock 3 Tumbler pins 3.1 Narrow tumbler pin 4 Axis of 3 5 Central
bisgcting plane of X Z5idkaysgentre (x-z-plane) 7 Lead-in area, resp.,
lead-in face for the tumbler pin 9 Locking - or switching function 10, 10i
CoRcave recess Lock-out distance

e Minimum distance of 10to 5

F1 Surface area of 10 in cross-section
bl Width of 10

t1 Depth of 10

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 Angle of 4 to z-direction

l Left side of S

T Right side of S

BN Blocking groove

Mi Market areas

1 Double cylinder lock

3 Tumbler pins

3.1 Narrow tumbler 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 tumbler pin
9 Locking - or switching function

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



10

15

20

10.1 -10.13 Various shapes of 10 30 11 Key tip -19- 12 Cross-section of
key 12.1, 12.2 Parts of 12 13 Rounded concave area of 10 17 Lead-in
face horizontal 5 20, 20i Convex formation 21 Counterpart in Z 22
Coupling element, displaceable 23 Locking--1@r.switching element 25
Concave seating area of 21 next to 20 10 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 40 Milling cutter for 1.0 15 41 Milling cutter axis
41.1 Iny - z plane, parallel to y-axis 41.2 Iny - z plane, with W1 to y-axis
41.3In x - y plane, with W3 10 Y @Xisy41.4 In X - z plane, parallel to z-axis
2041.5In x - z plane, parallel to x-axis 42 Milling track -20- CLAIMS 1.
LodKirdg Kydtem withagsc@frity reversible keys (S) with at least two coding

pingrpws (Ai) on thexflatsides,ard with.asgighed cylinders (Z) with tumbler

plnls7 [.ead-in face horizontal
20, 20i Convex formation
21 Counterpart in Z
22 Coupling element, displaceable
23 Locking - or switching element
25 Concave seating area of 21 next to 20
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
40 Milling cutter for 10
41 Milling cutter axis
41.1 In y — z plane, parallel to y-axis
41.2 Iny — 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
41.5 In x — z plane, parallel to x-axis

42 Milling track
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(3), wherein by turning the cylinder a locking - or switching function (9) is

5 carried out, characterised by a concave recess (10) at the key tips (11),
which interacts with a convex formation (20) on a displaceable

counterpart (21) in the cylinders, so that the goncave recess (10) in case

of an entirely inserted key rests flat on 10 the convex formation (20) on

the counterpart (21), and a key without this concave recess is locked out

(a) by the convex formation of the counterpart, whereby a complete

insertion is prevented, and wherein the concave recess (10) starting out

from the key tip in the direction of the key axis (x) initially comprises a first
inclination (NI) and 15 subsequently a second inclination (N2) to the key

axis, wherein the second inclination ﬁgﬁ%{/f than the first inclination and

the concave recess (10) in x-directio es a rounded concave area
(13), and wherein with the counterpart (21) a coupling element (22) is
displaceable in x-direction into a locking - or switching position. 20 2.

Locking system according to claim 1, characterised by at least two ) )
differing \’Vrsﬁﬁmg LSRR R JE G R e kepy 6‘# fitha ek tpia poding pin
and by ceskespRNAAGhETHCENG canveXaERZHaNS (2 d:s28)2) AR #i8bler pins
counterparts (21) in the cylinder. 25 -21- 3. Locking system accordingto
claim 2, chHrPREHREBATTHHUPEHES/SHIPASTOARKEE uitferirity Ringduacsimed) is
concave rgggsgasi{10.1, 10.2) and/or are formed in different parts (12.1,
12.2) of the cross-section (12) of the key. 5 4. Locking system accordin

-ording
to claim 1ATAFEEISTARY HFBRSe e CRsEsS A0 oh Bk 38y Ur leathichripigeacts
(35) on theikey tprfa®mangl@0Y\:) 4Qité)8aceable counterpart (21) in the

cylinders,

so that the concave recess (10) in case of an entirely inserted key rests flat on
the convex formation (20) on the counterpart (21),

and a key without this concave recess is locked out (2) by the convex
formation of the counterpart, whereby a complete insertion is prevented,

and wherein the concave recess (10) starting out from the key tip in the
direction of the key axis (x} 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 and the concave recess (10) in
x-direction comprises a rounded concave area (13),

and wherein with the counterpart (21) a coupling element (22) is displaceable

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

2. Locking system according to claim 1, characterised by at least two differing
variants of concave recesses (10.1, 10.2) on the key tips (11) and by
corresponding, matching convex formations (20.1, 20.2) on the counterparts

(21) in the cylinder.



central bisecting plane (5) of the key, wherein the angle W2 amounts to at
most 15 - 20. 10 5. Locking system according to claim 1, characterised in
that differing variants of concave recesses (10i) are defined by differing
shapes and/or by arrangement in differing pants (12.1, 12.2) of the key
cross-section and/or by differing angles (W2) of lead-in faces (35) on the
key tip to the central bisecting plane (5) of the key. 15 6. Locking system
according to claim 5, characterised in that with differing variants of
concave recesses (10i) an unequivocal segmentation into independent

magket aregsidisindsinech 20,7 «-0aking elem ARearHing iR aim: s

characterised in that with differing variants of concave recesses (10i

) that wit )
additionaFeBHAgcpffRTiRgRIBTTdl erancratisaesses Hlihg Sydtans/or are

aCCOfdingf&?n@é!ﬁiﬁhﬁ?i%x@?@%%ﬁﬁ"@@]ﬁi!T@Q?*&ﬁﬁ%t&r&%%é&i%ﬁ thay of the key.
counterparts (21) are arranged on a displaceable coupling element (22) of

a double cylinder or are formed as a separate part. 9. Locking system

5 aceording tg.glaim Jy charackenise thivihat thensPIaRA T, (R4 ARdksiesion
the convex formation i%(\) also comprises a concave seating -22- area

(25), whichatsriéghehiradomiasss /Belpm e dranbndgrns 1 apasxtiziie the
concave reggas GiQki Mathey Grlasanasiuing AlkeysAitounts to at

cylinders of a locking system 5 according to one of the preceding claims,
characterf88étil’that¥e concave recesses (20) on the key tips (11) and
the convex formations (20) on the counterparts (21) are centrally
manufactured or authorised and the further coding of the keys (S) and the

10 asgemblyldtdhBE e 29coy dieedasiim br chatagwisetbtr fintdéderingmpriants
in further praRtaCRIFGsSEBRS0I) are defined by differing shapes and/or by

arrangement in differing parts (12.1, 12.2) of the key cross-section and/or by
differing angles (W2) of lead-in faces (35) on the key tip to the central
bisecting plane (5) of the key.
15
6. Locking system according to claim 5, characterised in that with differing
variants of concave recesses (10i) an unequivocal segmentation into

independent market areas (Mi} is defined.

20 7. Locking system according to claim 5, characterised in that with differing
variants of concave recesses (10i) additional coding permutations (Codi) are

created.

8. Locking system according to one of the preceding claims, characterised in
25 that counterparts (21) are arranged on a displaceable coupling element (22) of

a double cylinder or are formed as a separate part.

9. Locking system according to claim 1, characterised in that the counterpart

(21) apart from the convex formation (20) also comprises a concave seating



5

10 11. Key blank (S') for a security reversible key (S) or security reversible
key with at least two coding pin rows (Ai) on the flat sides with an
assigned cylinder (Z) with tumbler pins (3), wherein by turning the
cylinder a locking - or switching function (9)-i8Zarried out, 15
characterised by a concave recess (10) on the key tip (11), which interacts
with a convex formation (20) on a displaceable counterpart (21) in the
cylinder, wherein the concave recess (10) is suitable for resting flat on the
convex formation (20) on the counterpart (21) when the key is entirely
inserted, 28:as2bxestitbluiispondel klaskwendkeppuitiadt this 6oNEaAVRext to the
recess is locked out (Sa) @ the convex formation of the counterpart,
whereby é:%%cr%‘b?é?é;elﬁs ﬁ}bn is prevented, and wherein the concave
recess (10) starting out from the key tip in the direction of the key axis (x)

initially comprises. a first inclination (NI) and 25 subsequently a second
ot R ey AR Tl e SBRRATCHTioh & Grebtgstem
than the fiastondiigaiiomand dhepconchive dRiess (A hiteriseiraction the concave

comprises a roun congcaye area and wherein wijth the counterpart
o1y 2 cou BT AR B RS LR o s dormAs o i e
or switchinguposipoms 1) 28> diddBy hiank arkey acearBingdo shaiMeclfurther
characterised in that the first.inclination (NI) of the concave regess (10) t

(e ke KT DS D ShEr LS Ik e SALPIERT ot eBle of
the concabeingcassedmouitsdarailjdastAbe bridhifayubiagkepkey

10 according to claim 11, characterised in that the concave

15

20

25

30

11.  Key blank (8') for a security reversible key (S) or security reversible key with
at least two coding pin rows (Ai) on the flat sides with an assigned cylinder
(Z) with tumbler pins (3), wherein by turning the cylinder a locking - or
switching function (9) is carried out,
characterised by a concave recess {10) on the key tip (11), which interacts
with a convex formation (20) on a displaceable counterpart (21) in the
cylinder,
wherein the concave recess (10) is suitable for resting flat on the convex
formation (20) on the counterpart (21) when the key is entirely inserted,
as a result of which a key blank or key without this concave recess is locked
out (a) by the convex formation of the counterpart, whereby a complete
insertion is prevented,
and wherein the concave recess (10) starting out from the key tip in the
direction of the key axis (x) 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 and the concave recess (10) in
x-direction comprises a rounded concave area (13)
and wherein with the counterpart (21) a coupling element (22) is displaceable

in x-direction into a locking - or switching position.
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recess (10) comprises a lead-in area (7) of a coding pin row (A). 14. Key
blank or key according to claim 13, characterised in that the concave 10
recess (10) comprises a lead-in area (7, 31) for the tumbler pins (3). 15.
Key blank or key according to claim 14, characterised in that the concave
recess (10) apart from the lead-in area (7, 31) also comprises a section
with a greater inclination (N2.2) of in preference at least 55. 15 16. Key
blank or key according to claim 13, characterised in that the inclination
(N) of the concave recess (10) in the lead-in area (7, 31) of the coding pin

row {A) cREesRARds: 105 1826:HB Anala g ahihe drales m%%ﬁéﬁﬁ

amounts to at most 45, 20 17. Key blank or key according to claim

characteriSeinftigaiite ebhesrncrvcasses0f i@ iophsden daisding hetween 0° and
(31) which gs ﬁaqtﬁ@m@t@eeommirmiwﬂqm}%f-tﬁécﬂo%cwrgé@ga%ﬁ% {0 at

according to claim 13, characterised in that the concave recess (10) also
compriseéeésbl‘g&ing-groove (BN). 19. Key blank or key according to

claim 11, characterised in that the width (bl) of the concave recess (10) is

at least 20 - 40% greater than the width (b2) of 30 the tumbler pins (3).
24120, KEGYIMAIK OF K&y areaseingiec i 1acharaetasiseibitthat b ehacave

width (b I)&kﬁa&zmm&%%&é&%%@9%?}%%0&%lﬁﬂgtp%ﬁ)%@f(%.'ength
(11). 21. Key blank or key according to claim 11, characterised in that the

surface area 5 of the cross-section (Fl) of the concave recess (10)

ampynts RAHBAR G%Sf atisrauiaeBigR £, e AI0sHRecioR{Fhof R ave
key. 22. Key blank or key accordlng%:; claim 13, characterised in that the

surface af8eessiiife croyuisecHdertEl aremb cShtivicthedumblamyins (3).

greater than the surface

15, Key blank or key according to claim 14, characterised in that the concave
recess (10) apart from the lead-in area (7, 31) also comprises a section with a

greater inclination (N2.2) of in preference at least 55°.

16.  Key blank or key according to claim 13, characterised in that the inclination
(N) of the concave recess (10) in the lead-in area (7, 31) of the coding pin row
(A) corresponds to the lead-in angle (Nz) of the tumbler pins (3), or amounts

to at most 45°,

17.  Key blank or key according to claim 14, characterised in that the concave
recess (10) comprises a lead-in face (31) which is created with a coding

milling cutter.

18.  Key blank or key according to claim 13, characterised in that the concave

recess (10) also comprises a blocking-groove (BN).

19.  Key blank or key according to claim 11, characterised in that the width (b1)
of the concave recess (10) is at least 20 — 40% greater than the width (b2) of

the tumbler pins (3).



10 area of the cross-section (F2) of the tumbler pins (3), in preference at
least 20 -50%. 23. Key blank or key according to claim 13, characterised
in that the concave recess (10) comprises a coding pin row (A) with
narrow tumbler pins (3.1). 15 24. Key blank @4key according to claim 11,
characterised in that the concave recess (10) is created with a profiled
milling cutter (40), the axis (41) of which is vertical to the x-axis and
comprises an angle (WI) of between 0 and 20 to the y-axis. 20 25. Key
blank or key according to claim 11, characterised in that the concave

recess (1Reisurrteaithaorafilethnilino U ttan 40 1ha axigddhkalidih (b1)
which is vertical to the z-axis and comprises an angleﬁ?WRS;)_of between O
and 20 t@IHReFABGEYoEesBs S RIS kR pleashalivg &f iisnate (1.

characterised in that the concave recess (10) is created with a milling
cutter (40g%the axjs (41) of which is vertical to the x-axis and comprises

an‘angle (W% PBIBEAWERHAECRY 0 ol 2 loshamstoried 1n i) B ee area

5 key accorglimgetersigigeclibre{rnasteris egnith ihalehacanfaveo(Rre ss 41LRINR % of
the direction of %he key axés (x) comprises a rounded concave area (13),

the radiud (& SRR AR SHaREPTHAFFHRD it 28 K8Y of the key o that

it amounts to 2 mm at most. 5 28. Key blank or key according to claim 27,

characterijsed.ip that the ratio (R/d) of radius_to the key thickness
an%?gntsg é?t[lﬁléléﬂr _gryae}?&(é%/_ng) o clgxm 13, characte¥ised in that the surface area

of the cross-section (F1) of the concave recess (10) is greater than the surface
10 area of the cross-section (F2) of the tumbler pins (3), in preference at least 20
-~ 50%.

23.  Key blank or key according to claim 13, characterised in that the concave
recess (10) comprises a coding pin row (A) with narrow tumbler pins (3.1).

15

24.  Key blank or key according to claim 11, characterised in that the concave
recess (10) is created with a profiled milling cutter (40), the axis (41) of
which is vertical to the x-axis and comprises an angle (W1) of between 0° and
20° to the y-axis.

20

25.  Key blank or key according to claim 11, characterised in that the concave
recess (10) is created with a profiled milling cutter (40), the axis (41) of
which is vertical to the z-axis and comprises an angle (W3) of between 0° and
20° to the y-axis.

25

26.  Key blank or key according to claim 11, characterised in that the concave
recess (10) is created with a milling cutter {40), the axis (41) of which is
vertical to the x-axis and comprises an angle (W4) of between 0° and 20° to
the z-axis.

30
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29. Key blank or key according to claim 11, characterised in that the
concave 10 recess (10) in the cross-section in x-direction comprises at
least three differing rounded or rounded and straight sections. 30. Key
blank or key according to claim 11, characterised in that the concave
recess (10) comprises a minimum distance (e) to a central bisecting plane
(5) 15 of the key blank or key, which amounts to at most 10% of the key
thickness (d). 31. Key blank or key according to claim 11, characterised in
that the concave recess (10) is dimensioned in such a manner, that a

lock-put bkéycﬂﬂﬂ,@%? 1@} %Qo%!&g:’ £9 c']kaw,rgﬁa%[gferised in that the concave

28.

29,

30.

31.

recess (10) in the direction of the key axis (x) comprises a rounded concave
area (13), the radius (R) of which is smaller than the thickness (d) of the key

or that it amounts to 2 mm at most.

Key biank or key according to claim 27, characterised in that the ratio (R/d)

of radius to the key thickness amounts to between 0.4 and 0.8.

Key blank or key according to claim 11, characterised in that the concave
recess (10) in the cross-section in x-direction comprises at least three

differing rounded or rounded and straight sections.

Key blank or key according to claim 11, characterised in that the concave
recess (10) comprises a minimum distance (e} to a central bisecting plane (5)

of the key blank or key, which amounts to at most 10% of the key thickness
(d).

Key blank or key according to claim 11, characterised in that the concave
recess (10) is dimensioned in such a manner, that a lock-out by a distance {a)

of 0.5 to 1.5 mm resulis.



