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@ Locking device consisting of flat key and lock cylinder.

@ A locking device (1) comprises a lock cylinder
(2) and a flat key (3), which has tumblers (17)
controlled by at least one groove (6) provided in the
broad side of the key (3). Each tumbler (17) is
provided with recesses (21) for the partial entry of at
least one locking element (22) extending parallel to
the lock cylinder axis which can be displaced in a
generally radiai direction and which acts together
Ewith at least one cutout (23) of the cylinder housing
(8) lying in the shear line of the cylinder plug (12).
M The locking element (22) is a cylinder of circular
cross-section and the recess (21) and cutout (23) are
each of a depth which is smailer than the radius of
the cylinder (22).
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LOCKING DEVICE CONSISTING OF FLAT KEY AND LOCK CYLINDER

This invention relates to a locking device com-
prising a flat key and a lock cylinder. having tum-
blers controlled by at least one groove located on
the broad side of the key. each tumbler being
provided with recesses for the partial entry of at
least one locking element which extends paralle! to
the lock cylinder and can be displaced in a gen-
erally radial direction. which acts together with at
least one cutout of the cylinder housing lying in the
shear line of the cylinder piug.

A locking device of the kind referred to above
is known from US Patent Specification No.
3.035.433, in which the locking element is de-
signed as a body of rectangular cross-section, the
thickness of which is approximately half its height
in the radial direction. Projections depart from the
inner flank of the locking element, which act to-
gether with the recesses of the tumblers. The lock-
ing element is acted on by compression springs at
each end in the outward direction, so that when the
key is withdrawn, the outer section of the locking
element engages the cutout of the cylinder hous-
ing.

It is an object of the invention to provide a
locking device of the kind referred to above which
is simple to manufacture, such that while a maxi-
mum locking effect is attained the component parts
are reduced to a minimum.

The invention provides a locking device com-
prising a flat key and a lock cylinder, having fum-
blers controlled by at least one groove provided in
the broad side of the key, each tumbler being
provided with recesses for the partial entry of at
least one locking element extending parallel to the
lock cylinder axis which can be displaced in a
generally radial direction which acts together with
at least one cutout of the cylinder housing lying in
the shear line of the cylinder plug, characterised in
that the locking element is a cylinder of a circular
cross-section and that the recess and the cutout
are each of a depth, which is smaller than the
radius of the cylinder.

As a result of this design a locking device of
the type referred to is produced, which has a
particularly simple construction and is consequent-
ly economical to produce. The number of the com-
ponent parts is reduced to a minimum, having
regard to the high locking effect. The manufacture
of the locking element, in the form of a cylinder of
circular cross-section, can be carried out using
calibrated, commercially-obtainable round bar ma-
terial. To produce the locking elements, it is only
required {o cut the round bar material into pieces of
appropriate length. There is a further advantage
that no special extending bevels or inclined planes
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are required, since after insertion of the correct flat
key into the keyway of the lock cylinder the locking
element 1s extended by i1ts cross-sectional shape.
Depending on the cross-sectional shape of the
locking element and the ratio of the radius of the
cylinder to the depth of the recess and to the
cutout, it is possible to locate the locking element
without any springs thus saving the respective
compression springs. In addition to this saving
there is a further advantage that friction is reduced
during locking, so that locking can be carried out
with less force. When the lock cylinder is appro-
priately aligned. the spring loading of the tumblers
can also be dispensed with. They, or at least some
of them, are moved into their end position by the
driving force of the groove on the broad side of the
key and push with it the cylindrical locking element
into the cutout of the cylinder housing lying at the

" shear line of the plug. According to the position of

the locking element it is also possible, that the
tumbiers move into the end position under gravity.
The tumblers are then dispiaced by the inserted
key so that their recesses lie opposite to the lock-
ing element. The locking element can thus engage
into the recesses as the key is turned for locking.
The locking element which eventually rolls along

" the plug bore of the cylinder housing thereby addi-

tionally results in a bearing effect, so that locking is
easy to perform.

There is a further advantage that the tumblers
are in the form of pins which are resistant to
twisting and that the recess has a profile in the
shape of the segment of a circle. This ensures that
after .the tumblers are appropriately arranged by
the key the recesses lie exactly opposite to the
locking element. The tumbler may be a pin of
circular-cylindrical cross-section, from which a ra-
dial projection departs. The latter projects into the
keyway and moves along the groove in the broad
side of the key. A square pin could alternatively be
used.

Accurate arrangement of the tumblers is
achieved by the curvature of the wall of the recess
and of the circumference of the cylinder matching
one another.

In order to absorb great forces without risk of
damage, the stop ends of the cutout are shaped to
match the shape of the circumferential wall of the
cylinder. Provision of the locking element is made
simpler since the depth of the recess and cutout
are equal to approximately half of the radius of the
cylinder.

Additional locking function results where at
least one of the tumblers has a number of recesses
arranged one after the other.
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In a preferred embodiment of the invention, the
cylinder can be sub-divided into a number of lon-
gitudinal sections. If cutouts are then assigned to
the longitudinal sectiona, which cutouts are then
assigned to the longitudinal sections, which cutouts
extend over tangential angles of differing size, then
keys can be used, so that rotary angles which vary
in size can be used in the locking operation. It is
therefore suitable for this embodiment of the lock-
ing device acording to the invention to be used for
cashier systems. With even a small construction,
sixteen different angular positions can be obtained.

For improved security, it is possible to arrange
the tumblers which are in the form of pins in two
rows, and to control these by grooves provided on
both broad sides of the key, and further to provide
two cylinders diametrically opposed to one anocther.
The effectiveness of locking is increased. Addition-
ally two diametrically-opposed cylinders also pro-
vide improved support, in particular with respect to
bearing efficiency.

There is a further advantageous feature in that
the tumblers have transverse bosses for engage-
ment in the appropriate groove on the broad side
of the key. To accommodaie the transverse
bosses, angular slots of an appropriate width are
provided between the keyway and the bore for the
tumblers, so that the transverse bosses have a dual
function. On the one hand they prevent the tum-
blers from twisting and on the other hand they
follow the groove in the broad side of the flat key.

An exemplary embodiment of the invention will
now be described in conjunction with the accom-
panying drawings, in which:

Figure 1 is an enlarged representation of a
view of the locking device comprising a flat key
and a lock cylinder;

Figure 2 is a perspective representation of
the cylinder plug of the lock cylinder and the flat
key:

Figure 3 is a further enlarge representation
of a longitudinal cross-section through the lock
cylinder showing the flat key inserted therein, and
in which the cylindrical locking element is sub-
divided into three longitudinal sections;

Figure 4 is the sectional view on line IV-IV of

Figure 3;

Figure 5 is the sectional view on line V-V of
Figure 3;

Figure 6 is the sectional view on line VI-Vi of
Figure 3;

Figure 7 to Figure @ are cross-sectional
views equivalent to Figures 4 to 6, but showing the
cylinder plug in a rotated position;

Figure 10 is a longitudinal cross-section
equivalent to Figure 3 but with a modified key
inserted which permits a locking rotation of 90°
only;
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Figure 11 is the sectional view on line XI-XI
of Figure 10;

Figure 12 is the sectional view on line XII-Xl|
of Figure 10;

Figure 13 is the sectional view on line Xlll-
Xl of Figure 10;

Figure 14 to Figure 16 are cross-sectional
views equivalent to Figures 11 to 13, but showing
the cylinder plug rotated through 90° into the
defined stop position;

Figure 17 is a longitudinal cross-section also
equivalent to Figure 3, in which a modified key is
inserted, which permits a locking rotation of the
cylinder plug through 1207 ;

Figure 18 is the sectional view on line XViiI-
XVHI of Figure 17;

Figure 19 is the sectional view on line XIX-
XIX of Figure 17;

Figure 20 is the sectional view on line XX-XX
of Figure 17; and

Figure 21 to Figure 23 are the cross-sec-
tional views equivalent to Figures 18 to 20, wherein
the cylinder plug is rotated through 120,

The locking device 1 is a unit comprising a
lock cylinder 2 and a flat key 3. The latter has a
key handle 4, onto which is joined in stepped-down
arrangement a key shank 5. A groove 6 is machin-
ed into each of the two broad sides of the key
shank 5. The grooves 6 are arranged so that the

- flat key can also be inserted in a position rotated

through 180 . The groove 6 of the flat key 3 as
shown in Figure 3 comprises control sections a, b,
¢, d and e, which are joined over intermediate
sections. In front of the control section a, located at
the front end of the key a capture slot 7 which
widens into a V-shape is arranged.

The lock cylinder 2 has a cylinder housing 8
having a radially projecting collar 9 at the key
insertion end. The cylinder housing 8 is circular in
cross-section and is provided with an external
thread 10. A core bore 11 for locating a cylinder
plug 12 extends cenirally within the cylinder hous-
ing 8. A flange 13 is provided at the key insertion
end, projecting above the cylinder plug 12, which
flange locates in a bore section 11" of the core
bore 11 of matching profile and determines the
axial position of the plug 12. The other end of the
cylinder plug 12 is provided with an annular groove
14 for the insertion of a retaining ring 15. The
retaining ring 15 abuts the rear end of the cylinder
housing 8 as shown in Figure 3.

A keyway 16 is provided centrally in the cyl-
inder plug 12, penetrating the plug 12 in the lon-
gitudinal direction. One narrow edge of the keyway
16 terminates within the area of the cylinder plug
12. The centre of the keyway 16 consequently lies
offset to the centre axis of the cylinder plug 12.

A row of tumblers 17 is adjacent to each broad
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side of the keyway 16. In the embodiment accord-
ing to the drawings each row comprises five tum-
blers 17 so that two tumblers of each of the two
rows lie on a common cross-sectional plane. The
tumblers 17 are in the form of pins of circular-
cylindrical cross-section and are guided in blind
holes 18 of maiched cross-section of the cylinder
plug 12, which blind holes 18 depart from the same
side of the plug 12 as the keyway 16. The blind
holes 18, which run parallel to the keyway 16 touch
the adjacent keyway wall. The tangential region of
each blind hole 18 is open towards the keyway 16
because of a transverse slit 19. The transverse slit
19 ending in the blind hole 18 accommodates a
transverse boss 20 of the tumbler 17. The frans-
verse bosses 20 are of circular cross-section and
are matched in their diameter with the width of the
transverse slits 19. In this way, the tumblers 17 are
protected from twisting. Further, the transverse
bosses 20 are of such a length, that the end
projecting into the keyway 16 is equal to approxi-
mately one third of the width of the keyway.

Opposite to the transverse boss 20, each tum-
bler 17 is provided with a recess 21 for the partial
entry of a locking element 22 which extends par-
allel to the axis of the lock cylinder and can be
displaced in a generally radial direction which lock-
ing element 22 acts together with a cutout 23 of
the cylinder housing 8 provided in the shear line of
the cylinder plug. The locking element 22 is a
cylinder of circular cross-section, so that the recess
21 and also the cutout 23 are of a depth which is
smaller than the radius of the cylinder. In the
embodiment shown in the drawings the depth of
the recess 21 and the cutout 23 are approximately
equal to half of the radius of the cylinder 22.
Additionally the curvature of the wall of the recess
21 and of the circumference of the cylinder 22
match each other. That means, that the cylinder 22
enters into the recess 21 with a matching profile.
Appropriate matchmg was made for the cutout 23,
the stop ends 23" and 23" of which are shaped to
match the contour of the circumferential wall of the
cylinder 22. The stop ends start at the level of the
cylinder plug join and extend up to the lowest point
of the cutout.

The dimensions are aiso matched so that as
the tumblers 17 are moved under gravity into their
lower position, the locking element 22 is com-
pletely pressed by the tumblers into the cutout 23
and is arranged with practically no radial play.

Corresponding to the two rows of tumblers 17,
two locking elements 22 are provided. To accom-
modate each locking element 22, the cylinder plug
12 has two radially aligned, diametrically opposed
longitudinal slots 24, which form the connection
between the circumference of the cylinder plug and
the blind holes 18. The width of the slots 24
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thereby maiches the diameter of the locking ele-
ment 22.

In the embodiment shown in the drawings each
locking element 22 is subdivided into three longitu-
dinal sections 25, 26, 27 arranged one behind the
other. The two longitudinal sections 25. 26 lying
towards the inside of the cylinder are of such a
length. that each longitudinal section 25. 26 acts
with two tumblers 17. The longitudinal section 27 at
the key insertion end acts with a single tumbler 17.

Cutouts 23 are assigned to the aforementioned
jongitudinal sections 25, 26, 27, which cutouts 23,
extend over tangential angles which differ in size.
The cutouts 23 which accommodate the longitudi-
nal sections 25 therefore have stop ends 23 . 23 ,
which are directly adjacent to each other. On the
other hand the stop ends 23", 23" of the cutouts
23, to which the longitudinal sections 26 are as-
signed are joined together over an arc section B,
which elxtends over approximately 90°. The sto
ends 23, 23" of the cutouts working together with
the shorter longitudinal sections 27 have an angular
di,stance of approximately 120", bridged by an arc
B.

The locking elements 22 and the tumblers 17
operate without springs. If the flat key 3 is not
inserted, then all or at least some of the tumblers
17, according to the ratio of friction, take up due to
gravity their lower end position defined by the

. bottom of the blind holes 18. The longitudinal sec-

tions 25, which enter into the corresponding
cutouts 23, the stop ends of which are not joined
over the arc, prevent any rotation of the cylinders
plug 12.

If the key 3 is now inserted into the keyway 16,
then the tumblers 17 are arranged by the control
sections a to e over the transverse bosses 20, so
that the longitudinal sections 25 to 27 of the locking
elements 22 are in alignment with the recesses 21
of the tumblers 17. The cylinder plug 12 can then
be rotated in any direction. Respective angular
positions are shown in the Figures 7 to 9. At the
start of the locking rotation in the clockwise direc-
tion of the locking elements 22, because of their
cross-sectional profile and the appropriate stop
ends of the cutouts 23, are moved inwardly in the
radial direction and become embedded in the re-
cesses 21 of the tumblers 17.

In Figures 10 to 16, the lock cylinder 2 is
shown locked /with an alternative design of flat key
3. The key 3 is basically similar in design to the
flat key 3. Only the control section b’ on the broad
side of the key groove 6 is in a different place. If
the reversible flat key 3 is inserted into the keyway
16, then all tumblers 17 are properly arranged
except for the two tumblers lying in a cross-sec-
tional plang, which are associated with the control
sections b’. The control sections b’ are arranged,
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so that they displace the corresponding tumblers,
as shown in Figures 10 and 12, so that the reces-
ses 21 lie offset relative to the cylinders 22. The
longitudinal sections 26 of the locking elements 22
are thus not able to deflect radially. Rotary dis-
placement of the cylinder plug 12 in one direction
is still possible. that is over the arc B extending
through 90 . which joins together the stop ends
23" and 23". This partial rotation is terminated as
soon as the longitudinal sections 26 locate against
the stop ends 23" of the appropriate cutouts 23, as
can be seen in the rotated position of the cylinder
plug in Figures 14 to 16, in which the backstop
position is shown in Figure 15.

If locking rotation of the cylinder plug 12
through 120" is to be made possible, then the flat
key 3 as shown in the Figures 17 to 23 is to be
used. This key is of similar design to the flat key 3
and differs from it in that the control stage e takes
up a different vertical position. As a consequence
of this the tumblers associated with the longitudinal
sections 25, 26 are properly arranged by the in-
serted flat key 3" so that the recesses of the
tumblers 21 are in alignment with the iongitudinal
sections 25, 26, as shown in Figures 18 and 19.
The appropriate tumblers 17 are however displaced
by the control sections e so that the recesses 21
of the tumblers cannot align with the longitudinal
sectlons 27. The arcs B’ joining the stop ends 23’
and 23 allow a rotary displacement of the cylinder
plug through 120°, until the longltudmal sections
27 locate against the stop ends 23", as shown
particularly in Figure 23. The other longitudinal
sections 25, 26 do not however provide any ob-
struction during rotation, as shown in Figures 21
and 22.

it can be seen from this, that the lock cylinder
2 can be operated by three keys 3, 3 and3". A
type of construction is also possible, in which the
iocking elements 22 are undivided, as shown in
dash-dotted depiction in Figure 2. Two diamet-
rically opposed cutouts 23 departing from the core
bore 11 are then provided. A flat key similar to flat
key 3 would then have to be used. The remaining
flat keys 3, 3" would not be able to produce
rotation.

To obtain additional key functions, it is possible
that, as is shown in Figure 4 in dash-dotted lines,
appropriate tumbiers 17 are provided with addi-
tional recesses 21 , which will be engaged by an
appropriate key. It would for example be possible
to provide three appropriate recesses spaced out
over a tumbler.

Claims

1. Locking device (1) comprising a flat key (3)
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and lock cylinder (2), having tumblers (17) con-
trolled by at least one groove (6) provided in the
broad side of the key (3) each tumblier (17) being
provided with recesses (21) for the partial entry of
at least one locking element (22) extending parallel
to the lock cylinder axis which can be displaced in
a generally radial direction, which acts together
with at least one cutout (23) of the cylinder housing
(8) lying in the shear line of the cylinder plug (12),
characterised in that the locking element (22) is a
cylinder of circular cross-section and that the re-
cess (21) and the cutout (23) are each of a depth,
which is smaller than the radius of the cylinder
(22).

2. A locking device according to claim 1, fur-
ther characterised in that the tumbiers (17) are
twist-resistant pins and the recess (21) has a profile
in the shape of a segment of a circle.

3. A locking device according to claim 2, fur-
ther characterised in that the curvatures of the wall
of the recess (21) and of the circumference of the
cylinder 22) match each other.,

4. A locking device according to one or more
of the preceding claims, further characterised in
that stop ends (23', 23") of the cutout (23) are
shaped to match the shape of the circumferentiai
wall of the cylinder (22).

5. A locking device according to one or more
of the preceding claims, further characterised in
that the depth of recess (21) and cutout (23) repre-
sents approximately half the radius of the cylinder
(22).

6. A locking device according to one or more
of the preceding claims, further characterised in
that at least one of the tumblers (17) has a number
of recesses (21, 21 ') arranged one after the other.

7. A locking device according to one or more
of the preceding claims, further characterised in
that the cylinder (22) is subdivided into a number
of longitudinal sections (25, 28, 27).

8. A locking device according to claim 7, fur-
ther characterised in that to the longitudinal sec-
tions (25, 26, 27) are associated with cutouts (23),
which extend over tangential angles which differ in
size.

9. A locking device according to one or more
of the preceding claims, further characterised in
that the tumblers (17) in the form of pins are
arranged in two rows and are controlled by grooves
(6) provided on both broad sides of the key (3, 3,
3 ), and that the cylinder plug (12) supports two
cylinders (22) lying diametrically opposed to each
other.

10. A locking device according to one or more
of the preceding claims, further characterised in
that the tumblers (17) have transverse bosses (20)
for engagement with the appropriate broad side
groove (6) of the key (3).
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