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(54) IMPROVEMENTS RELATING TO TRAPPED KEY INTERLOCK SYSTEMS

(57) A key module (4) for a trapped key interlock
panel (3), comprising:
a) a module housing (10) mountable in the trapped key
interlock panel;
b) a cylinder (15) comprisinga key slot (16) for receiving a
key (5), the key slot extending froma front face (17) of the
cylinder rearwardly along a longitudinal axis of the cylin-
der,
the cylinder being rotatably-mounted in themodule hous-
ing to permit rotation of the cylinder relative to themodule
housing about the longitudinal axis between a key inser-
tion position, in which a key is free to be inserted into or
removed from the key slot, and a trapped key position, in
which a key is retained in the key slot,
the cylinder also being reciprocally-mounted in the mod-
ule housing to permit reciprocating axialmovement of the

cylinder relative to the module housing along the long-
itudinal axis, and
the cylinder being biased forwardly within the module
housing;

c) a cylinder retaining element (39) for retaining the
cylinder in the module housing;
d) a lock (25) for selectively preventing rotation of the
cylinder about its longitudinal axis;
e) a switch (30) for generating a signal when the cylinder
is displaced rearwardly within the module housing
against the bias of the cylinder by engagement of a
key in the key slot; and
f) an antenna (50) for receiving wireless signals from a
wireless tag (6) of a key.
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Description

Field of the disclosure

[0001] The present disclosure relates to the field of
trapped key interlock systems. In particular, it relates to
key modules and keys for trapped key interlock systems
and to improvements in trapped key interlock systems.

Background

[0002] Trapped key interlock systems may be used to
ensure that a sequence of events occurs in a safe and
predetermined order. For example, a trapped key inter-
lock system may comprise a mechanism that requires
that a mechanical key be locked or trapped in a device
until some other action occurs, for example the switching
off of a piece of machinery, after which the trapped key is
allowed to be released and removed for subsequent use.
Trapped key interlock systems may require a plurality of
keys and operations to be ordered. The use of multiple
keys may be managed using a system comprising a
trapped key interlock panel that can receivemultiple keys
and a central controller that controls access to the keys.
[0003] Typically, such trapped key interlock systems
are each intended for use with a specific design of key
that can limit their usefulness and flexibility. The use of
multiple keyswithin a systemcanalso increase complex-
ity and confusion for users.

Summary of the disclosure

[0004] Against thisbackground, inafirst aspect there is
provided a key module for a trapped key interlock panel,
comprising:

a) a module housing mountable in the trapped key
interlock panel;
b) a cylinder comprising a key slot for receiving a key,
the keyslot extending froma front faceof the cylinder
rearwardly along a longitudinal axis of the cylinder,

the cylinder being rotatably-mounted in the
module housing to permit rotation of the cylinder
relative to the module housing about the long-
itudinal axis between a key insertion position, in
which a key is free to be inserted into or removed
from the key slot, and a trapped key position, in
which a key is retained in the key slot,
the cylinder also being reciprocally-mounted in
themodule housing to permit reciprocating axial
movement of the cylinder relative to the module
housing along the longitudinal axis, and
the cylinder being biased forwardly within the
module housing;

c) a cylinder retaining element for retaining the cy-
linder in the module housing;

d) a lock for selectively preventing rotation of the
cylinder about its longitudinal axis;
e) a switch for generating a signal when the cylinder
is displaced rearwardly within the module housing
against the bias of the cylinder by engagement of a
key in the key slot; and
f) an antenna for receiving wireless signals from a
wireless tag of a key.

[0005] Advantageously, the design of the key module
improves the usefulness and flexibility of a trapped key
interlock system by enabling a modular approach to be
used wherein the trapped key interlock system canmore
easily be used with a wide variety of sizes and designs of
keys. For example, only a very limited number of com-
ponents of the keymodule need to be changed in order to
adapt the key module to a different key. In some exam-
ples it may only require the cylinder to be changed to one
adapted to a new key. In some examples it may only
require the cylinder and the cylinder retaining element to
be changed, for example in cases where the key is
trapped directly behind the cylinder retaining element.
[0006] In some examples the antenna comprises an
antenna coil positioned in front of the front face of the
cylinder that circumscribes the key slot such that a key
being inserted into the key slot passes through the an-
tenna coil. Advantageously, locating the antenna coil in
this way may provide for more reliable and accurate
detection of the wireless tag of the key. In particular, it
may be used to configure the system for use with keys
where the wireless tag is integrated in or attached rigidly
to a head or shaft of the key (as opposed to dangling from
a connected fob) and to only detect the wireless tag once
the key has started to be inserted into the key slot.
[0007] In some examples, the wireless tag of the key
comprises an RFID tag, preferably a passive RFID tag.
[0008] The key module may comprise a key trapping
element for retaining a key in the key slot when the
cylinder is in the trapped key position. In someexamples,
the key trapping element comprises an element that at
least partially occludes the key slot of the cylinder in the
trapped key position to prevent withdrawal of a key from
the key slot.
[0009] In some examples the key trapping element is
the cylinder retaining element. Such a configuration may
be beneficially used where the shape of the key com-
prises a narrowed section (of the shaft or head or other
part) that has a sufficient axial length and location to
permit a shoulder of the key neighbouring the narrowed
section to be pushed rearwardly past the cylinder retain-
ing element when the key is inserted into the key slot and
the cylinder is displaced rearwardly so as to activate the
switch. Thereby, on subsequent rotation of the key and
cylinder into the trapped key position, the shoulder is
clear to rotate behind a portion of the cylinder retaining
element so that the cylinder retaining element at least
partially occludes the key slot, thus trapping the key in the
key slot.
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[0010] In some examples the cylinder retaining ele-
ment comprises a plate or ring fixedly mounted to the
module housing. The plate or ring may comprise or
demarcate a key entry hole that is shaped and sized to
allow passage of a portion of the key in at least one
orientation but to prevent withdrawal of the key once
rotated into at least one other orientation.
[0011] In some other examples the key trapping ele-
ment comprises a floating element that is reciprocally-
axially movable relative to the module housing along the
longitudinal axis of the cylinder.
[0012] The floating element may have a range of axial
movement, for example, of up to 3mm. The floating
element may comprise a plate. In some examples the
floating element may be sandwiched between the cylin-
der and the cylinder retaining element and retained in the
module housing by the cylinder retaining element.
[0013] A thickness of the floating element is preferably
less than an axial length of a narrowed portion provided
on a shaft or head of the key such that in use rotation of
the key into the trapped key position causes the floating
element to be engagedwithin the narrowed portion of the
keywith a shoulder of the key neighbouring the narrowed
portion being retained rearwardly of the floating element.
[0014] The floating element may be beneficially used
where the shape of the key either does not have a
narrowed section with a suitable neighbouring shoulder
or comprises a narrowed section (of the shaft or head or
other part) that has an insufficient axial length and loca-
tion to permit a shoulder of the key neighbouring the
narrowed section to be pushed rearwardly past the cy-
linder retaining element when the key is inserted into the
key slot and the cylinder is displaced rearwardly so as to
activate the switch. For example, if the axial stroke length
of the cylinder is 2.0mm and the narrowed section of the
key only has an axial length of 1.8mm, then the shoulder
of the keywill not clear a rear faceof the cylinder retaining
element before the key needs to be rotated. Beneficially,
the floatingelementmaysolve this problembyvirtueof its
ability to move axially relating to the module housing and
the cylinder retaining element. Thus, taking the example
above as an illustration, the floating element may be
configured to have a thickness of up to 1.5mm. When
the key is inserted a head of the key engages the floating
element (at which point the floating element is aligned
with the 1.5mm long narrowed section of the key. The key
and floating plate together are pushed (further) rear-
wardly so as to displace the cylinder through its required
2mm stroke while at the same time maintaining the
floating element aligned with the narrowed section of
the key. Thereby, on subsequent rotation of the key
and cylinder into the trapped key position, the shoulder
of the key is clear to rotate behind a portion of the floating
element so that the floating element at least partially
occludes the keyslot, thus trapping the key in the keyslot.
[0015] The lock may be configured for selectively pre-
venting rotation of the cylinder about its longitudinal axis
in either rotational sense. For example, the lock may be

used to selectively enable or prevent rotation of the
cylinder away from the key insertion position, into the
key insertion position, away from the trapped key posi-
tion, and/or into the trapped key position.
[0016] In some examples the lock may comprise a
mechanical element that selectively physically obstructs
rotationof thecylinder. In someexamples the lockmaybe
solenoid-actuated.
[0017] In some examples the cylinder is configured to
require it to be displaced rearwardly within the module
housing before it can be rotated about its longitudinal
axis.
[0018] In a second aspect there is provided a trapped
key interlock system comprising:

i) a controller;
ii) a trapped key interlock panel comprising one or
more key modules as described above in the first
aspect; and
iii) one or more keys each comprising a wireless tag.

[0019] In some examples, the controller may be con-
figured to determine that a key is inserted into a key slot of
a key module when the switch of that key module is
actuated by rearward displacement of its cylinder.
[0020] In some examples, the controller may be con-
figured to identify a keyby interrogating itswireless tagas
thekey is inserted intoakeyslot of a keymoduleusing the
antenna of the key module.
[0021] In some examples, the controller may be pro-
vided in whole or in part within a control panel unit that
may be located locally to or remote from the trapped key
interlock panel.
[0022] The controller may reside in one location and
comprise essentially oneunit, for example in the formof a
discrete control unit. Alternatively, the controller may
comprise a plurality of control components that work
together to carry out the functions of the controller. The
control components may be distributed spatially. Each
control componentmaycarryout oneormore functionsof
the controller. The control components may be arranged
locally, for example as part of a LAN. Alternatively, the
control componentsmaybearrangedwidely, for example
as part of a WLAN. The control components may com-
prise remote computing resources. The control compo-
nents may comprise cloud computing resources that are
interconnected via a public network such as the Internet.
[0023] In some examples, in the trapped key position a
mechanically-coded portion of the key may be fully re-
tained within the key slot.
[0024] In some examples, the lock of each keymodule
may be operatively controlled by the controller to control
release of its cylinder from its trapped key position.
[0025] In some examples, the controller may be con-
figured to only permit rotation of a cylinder from its key
insertion position to its trapped key position if the key
inserted into its key slot has been identified, via its wire-
less tag, to be an authorised key for that specific key
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module.
[0026] In some examples, the wireless tag of each key
may be integrated in, or fixedly mounted to or about, a
head or shaft of the key.
[0027] In a third aspect there is provided a key for a
trapped key interlock system comprising:

a head, a shaft having a mechanically-coded sec-
tion, and a narrowed portion provided on the head,
the shaft or therebetween;
the key further comprising a clamp comprising a first
part and a second part, the first part being lockable to
the second part around the head and/or shaft of the
key; wherein the clamp securely houses a wireless
tag.

Brief description of the drawings

[0028] Embodiments of the present disclosurewill now
be described, by way of example only, with reference to
the accompanying drawings in which:

Figure 1 is a schematic view of a trapped key inter-
lock system according to the present disclosure;
Figure 2 is a perspective view of a first embodiment
of a keymodule and key for useaspart of the trapped
key interlock system of Figure 1;
Figure 3 is an exploded view of the key module of
Figure 2;
Figure 4 is a perspective view of the key of Figure 2;
Figure 5 is a perspective view of a portion of the key
module of Figure 2;
Figure 6 is another perspective view of the portion of
the key module shown in Figure 5;
Figure 7 is a perspective view of a second embodi-
ment of key module from the front;
Figure 8 is a perspective view of the key module of
Figure 7 from the rear;
Figure 9 is an exploded view of the key module of
Figure 7;
Figures 10 to 12are views illustrating engagement of
a key with a floating element of the key module of
Figure 7; and
Figures 13 to 16 are perspective views (assembled
and exploded) of examples configurations of key.

Detailed description

[0029] Figure 1 shows a schematic view of a trapped
key interlock system 1 of the present disclosure. The
trappedkey interlock system1comprisesa controller 2, a
trapped key interlock panel 3 that itself comprises a
plurality of individual key modules 4, and a plurality of
keys, each key 5 comprising awireless tag 6, for example
a RFID tag.
[0030] The controller 2 may be provided in a control
panel unit 7 that may be located locally to or remote from
the trapped key interlock panel 3. Both the control panel

unit 7 and the trapped key interlock panel 3 may be
integrated into a single housing if desired.
[0031] In the illustrated example, the trapped key inter-
lock panel 3 comprises 16 keymodules 4. The number of
key modules 4 within the trapped key interlock panel 3
may be altered as desired to be greater than or less than
16.
[0032] Figures 2 to 6 show a first embodiment of a key
module 4 that may be used in the trapped key interlock
panel 3 together with a key 5 inserted into the keymodule
4.
[0033] The keymodule 4 comprises amodule housing
10 that is mountable in the trapped key interlock panel 3.
The module housing 10 may define a cavity 11 having a
front-facing opening 12 for receiving a cylinder 15.
[0034] The cylinder 15 comprises a key slot 16 for
receiving a key 5. The key slot 16 extends from a front
face 17 of the cylinder 15 rearwardly along a longitudinal
axis X-X of the cylinder 15.
[0035] The cylinder 15 is rotatably-mounted in the
module housing 10 to permit rotation of the cylinder 15
relative to the module housing 10 about the longitudinal
axisX-Xbetweenakey insertionposition, inwhichakey5
is free to be inserted into or removed from the key slot 16,
and a trapped key position, in which a key 5 is retained in
the keyslot 16. Figure2 illustrates the key5 in the trapped
key position.
[0036] The cylinder 15 is also reciprocally-mounted in
the module housing 10 to permit reciprocating axial
movement of the cylinder 15 relative to themodule hous-
ing 10 along the longitudinal axis X-X. The cylinder 15 is
biased forwardly within the module housing 10. In the
illustrated example as shown in Figure 3 a spring 18
extending between a rear face 19 of the module housing
10 and a rear face 20 of the cylinder 15 is used to provide
the bias.
[0037] A lock 25 is provided for selectively preventing
rotation of the cylinder 15 about its longitudinal axis X-X.
The lock 25 may be solenoid-actuated, for example. The
lock 25may comprise a locking bolt 26 that can bemoved
in and out of a position in which it prevents or limits
rotation of the cylinder 15 about its longitudinal axis X-
X. As shown in Figures 3 and 5, the lock 25 may be
located so that the locking bolt 26 can be moved through
an aperture 27 in the module housing 10 into and out of
engagement with the cylinder 15.
[0038] The cylinder 15 may comprise a detent 28 for
restraining rotational movement of the cylinder 15. The
detent28maycompriseaportionof thecylinderwall 29or
front face 17 that projects radially outwards from a re-
mainder of the cylinder body and that can be engaged by
the lock 25. As shown in Figures 3 and 5, the detent 28
may comprise a radial enlargement of the cylinder 15 at
or near the front face 17 of the cylinder 15alignedwith the
location of the locking bolt 26.
[0039] A switch 30 is provided for generating a signal
when the cylinder 15 is displaced rearwardly within the
module housing 10 against the bias of the cylinder 15 by
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engagement of a key 5 in the key slot 16. The switch 30
may be a push-button switch.
[0040] The cylinder 15 may comprise a raceway 35 in
which the switch 30 may be engaged and run as the
cylinder 15 is rotated. As shown in the example of Figure
6, the raceway35maybeprovidedona rear face20of the
cylinder 15 and extend through an angle sufficient to
permit rotation of the cylinder 15 between its key free
position and trapped key position.
[0041] The cylinder 15 may be configured to require it
to be displaced rearwardly within themodule housing 10,
so as to actuate the switch 30, before it can be rotated
about its longitudinal axis X-X. The configuration may be
achieved by physical means. For example, as shown in
Figure 6 (and Figure 8 discussed below with respect to
thesecondembodiment) thecylinder15maybeprovided
with a rotary catch 36 thatmust be disengaged before the
cylinder 15 can be rotated. The rotary catch 36 may
comprise one or more radial projections 37 that project
from a portion of the cylinder 15, for example an axially-
extending boss 38 at the rear of the cylinder 15. The
module housing 10may be providedwith an annular seat
40 for the boss 38 that has an aperture in which the boss
38 may slide axially and one or more radial grooves,
openings or cut-outs 41 that are sized and shaped to
receive the one or more projections 37 of the boss 38. In
the examples illustrated in Figures 6 and 8 the boss 38
comprises two diametrically-opposed projections 37 and
the annular seat 40 comprises four radial openings 41 at
90degree spacing.When the cylinder 15 is biased into its
forwardmost position the two projections 37 of the boss
38 are received in two of the radial openings 41, e.g. the
horizonal two radial openings 41. In this position engage-
ment of the projections 37 against the annular seat 40
prevents cylinder 15 rotation. To rotate, the cylinder 15
must first be displaced rearwards tomove the projections
37 out of alignmentwith the radial openings 41 (as shown
in Figure 8) at which point the switch 30 is push-actuated
and the cylinder 15 can be rotated. Once the cylinder 15
has been rotated to align the projections 37 with the
vertical radial openings 41 the cylinder 15 is enabled to
move forwardly and deactuate the switch 30.
[0042] As shown in Figure 3, the key module 4 further
comprises a cylinder retaining element 39 for retaining
the cylinder 15 in the module housing 10. The cylinder
retaining element 39 may comprise a plate or ring fixedly
mounted to the module housing 10. The cylinder retain-
ing element 39 may be formed from sheet material, for
example, sheet steel or other metal. The cylinder retain-
ing element 39 may be mounted to the module housing
10 by suitable means. Preferably, the cylinder retaining
element 39 ismounted in fixed relationship to themodule
housing10so that this isnoorminimal relativemovement
between the parts.
[0043] The cylinder retaining element 39 may com-
prises a key opening 46 that is sized and shaped to a
specific key design.
[0044] The keymodule 4 may comprise a key trapping

element for retaining the key 5 in the key slot 16when the
cylinder 15 is in the trapped key position. Typically, the
key trapping element comprises an element that at least
partially occludes the key slot 16 of the cylinder 15 in the
trapped key position to preventwithdrawal of a key 5 from
the key slot 16.
[0045] In the embodiment of Figures 2 to 6, the key
trapping element is the cylinder retaining element 39
itself and the cylinder retaining element 39 performs both
the function of retaining the cylinder 15 in the module
housing 10 and trapping the key 5 in the trapped key
position.
[0046] An antenna is provided for receiving wireless
signals from a wireless tag 6 of the key 5. The antenna
maycompriseanantennacoil 50 positioned in front of the
front face 17 of the cylinder 15 that circumscribes the key
slot 16 such that a key5being inserted into the key slot 16
passes through the antenna coil 50.
[0047] The key 5 for the first embodiment of key mod-
ule 4 is shown in Figure 4 and comprises a head 60 and a
shaft 61. The head 60 is provided with the wireless tag 6.
In this example, the wireless tag 6, e.g. RFID, may be
integrated into the housing of the key head 60.
[0048] The shaft 61 comprises a mechanically-coded
portion which in this example comprises two radial lugs
62 that project from opposite sides of the shaft 61. The
key 5 further comprises a narrowed section 63 between
the lugs62and thehead60.Thenarrowedsection63has
an axial length L. For example for this type of key 5 the
axial length L may be 2.5 to 4.00mm or more. The for-
wardmost face of the lugs 62 define a pair of front-facing
shoulders 64 of the key 5 that neighbour the narrowed
section 63.
[0049] In use, the key5 is inserted into the keyslot 16of
the cylinder 15 by inserting the shaft 61 and lugs 62 of the
key 5 through the key opening 46 of the cylinder retaining
element 39. Inserting the key 5 fully brings the wireless
tag 6 of the key 5 close to the antenna coil 50 and
preferably close to the plane of the antenna coil 50.
Pushing on the key 5 also causes the cylinder 15 to be
displaced rearwards thereby actuating the switch 30 by
contact between the switch 30 and the rear face 20 of the
cylinder 15 within the raceway 35. The rearward displa-
cement also causes the front-facing shoulders 64 of the
key 5 to be moved past a rear face 47 of the cylinder
retaining element 39.
[0050] Actuation of the switch 30 causes an input to be
sent to the controller 2 which causes the lock 25 to allow
rotation of the cylinder 15. In examples where the lock 25
is solenoid actuated, a solenoid may cause the locking
bolt 26 to move out of the position in which it prevents or
limits rotation of the cylinder 15 by withdrawing the lock-
ing bolt 26 out of alignment with the detent 28 of the
cylinder 15. In some examples, the key module 4 may
further comprise a solenoid position sensor, such a fork
sensor to monitor movement of the solenoid and the
locking bolt 26 and/or detect errors in the solenoidmove-
ment.
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[0051] Additionally, the controller 2 may receive a sig-
nal from the antenna coil 50 which may be used by the
controller 2 to interrogate thewireless tag 6 of the key 5 to
identify the key 5 and determine whether the key 5 is a
correct key for the key module 4 in which it has been
inserted. In some examples, the locking bolt 26may only
be moved out of the position in which it prevents or limits
rotation of the cylinder 15 once it has been determined by
the controller 2 that the key 5 is the correct key for the key
module 4.
[0052] Next the key 5 is manually rotated to rotate the
cylinder 15 into the trapped key position during which
movement of the front-facing shoulders 64 of the key 5
are rotated behind the sheet material of the cylinder
retaining element 39 preventing the key 5 being with-
drawn. Once the cylinder 15 is rotated into the trapped
key position releasing the key 5 permits the cylinder 15 to
move forwards under its bias engaging the rotary catch
36of thecylinder15,e.g. theprojections37of thecylinder
boss 38 are engaged in the radial openings 41 of the
annular seat 40. At the same time the switch 30 is dis-
engaged from the rear face 20 of the cylinder 15 and
deactuated allowing the controller 2 to determine that the
trapped key position has been achieved. In some exam-
ples, the key module 4 may further comprise a cylinder
position sensor, such as a fork sensor, to determine
whether the cylinder 15 is in the trap position. If required
the controller 2 may make a further interrogation of the
wireless tag6using theantennacoil 50 to confirm that the
wireless tag 6 (and therefore the key 5) is still present in
the key slot 16.
[0053] In someexamples,when thecylinder 15 is in the
key trapped position, the controller 2 may continuously
interrogate thewireless tag 6 using the antenna coil 50 to
confirm the wireless tag 6 (and therefore the key 5)
continues to be present in the key slot 16. As such
removal of the key 5 as a result of tampering with the
key 5 would be detected.
[0054] To unlock the key 5, actuation of the switch 30
causes the input to be sent to the controller 2 which
causes the lock 25 to allow rotation of the cylinder 15.
The key 5 is manually rotated to rotate the cylinder 15
from the trapped key position to the key free position,
such that the key 5 canbewithdrawn from the key slot 16.
[0055] In some examples the control panel unit 7 may
beused toallowordisallow lockingorunlockingof thekey
5 from the key module 4. For example, the control panel
unit 7 may be provided with a security authorisation input
such as aPIN pad or a security card reader. Based on the
security authorisation input, the control panel unit 7 may
determine which if any of a plurality of key modules 4 to
activate. The activated key modules 4 may be activated
by activating the switch 30. For example, in an activated
state, the switch 30 may be activated such that when
pressed the solenoid is caused tomove. In a deactivated
state, the switch 30 may have no effect on the solenoid.
As such, it is only possible for the switch 30 to cause lock
25 to allow rotation of the cylinder 15 when the key

module 4 is activated following an appropriate security
authorisation input. In this way, it is possible to prevent
withdrawal or insertion of keys by an unauthorised user.
[0056] Figures 7 to 12 show a second embodiment of a
key module 4 that may be used in the trapped key inter-
lock panel 3 together with a key 5 inserted into the key
module 4. In the following only the differences between
the second and first embodiments will be described. In
other respects it should be understood that the key
module 4 of the second embodiment is the same as that
of the first embodiment. Aspects and features of the
embodiments may be mixed in any desired combination
unless the contrary is explicitly indicated.
[0057] In this second embodiment the key trapping
element comprises a floating element 70 that is recipro-
cally-axially movable relative to the module housing 10
along the longitudinal axis X-X of the cylinder 15 rather
than the cylinder retaining element 39.
[0058] The floating element 70 may have a range of
axial movement of up to 3mm. The floating element 70
may comprise a plate. As shown in Figure 9, the floating
element 70 may be sandwiched between the cylinder 15
and the cylinder retaining element 39 and retained in the
module housing 10 by the cylinder retaining element 39.
The floating element 70 may comprise a key opening 71
that is sized and shaped to a specific key design or other
opening or feature that enables trapping of the key 5 as
discussed below. The floating element 70 may comprise
one or more extensions or shoulders 72 that can be
engaged against the module housing 10 to prevent rota-
tion of the floating element 70 relative to the module
housing 10 about the longitudinal axis X-X.
[0059] The design of key 5 of the second embodiment
is shown in Figures 7 and 13 and comprises a head 60
and a shaft 61 having a mechanically-coded section. A
narrowed section 63 is present between the head 60 and
the mechanically-coded section 61 but this has a small
axial length L of only about 1.8mm. A clamp 80 compris-
ing a first part 81 and a second part 82 is provided that
engages around the head 60 and/or shaft 61 of the key 5.
The first part 81 is lockable to the second part 82 by
suitable means such as a security bolt 83 (in which the
driving head 84 can be snapped off after fixing to hinder
unbolting of the parts). The clamp 80 securely houses a
wireless tag 6, e.g. an RFID tag.
[0060] As shown in Figures 11 and 12, a thickness of
the floating element 70 is beneficially less than an axial
length of a narrowed portion 63 provided on a shaft 61 or
head 60 of the key 5 configured for use with the specific
keymodule 4 such that in use rotation of the key 5 into the
trapped key position causes the floating element 70 to be
engagedwithin thenarrowedportion63of thekey5witha
shoulder 64 of the key 5 neighbouring the narrowed
portion 63 being retained rearwardly of the floating ele-
ment 70. In the illustrated example the thickness of the
floating element 70 may be up to 1.5mm.
[0061] In use, the key5 is inserted into the keyslot 16of
the cylinder 15 by inserting the mechanically-coded sec-
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tionof theshaft 61of thekey5 through the keyopening46
of the cylinder retaining element 39 and through the key
opening 71 of the floating element 70. Inserting the key 5
fully brings the wireless tag 6 in the clamp 80 of the key 5
close to the antenna coil 50 and preferably close to the
plane of the antenna coil 50 as shown in Figure 7. At the
same time the key 5 engages the floating element 70 (at
which point the floating element 70 is aligned with the
1.8mm long narrowed section 63 of the key 5. The key 5
and floating plate 70 together are pushed (further) rear-
wardly so as to displace the cylinder 15 through its
required 2mm stroke while at the same time maintaining
the floating element 70 alignedwith the narrowed section
63 of the key 5. Thereby, on subsequent rotation of the
key 5 and cylinder 15 into the trapped key position, the
shoulder 64 of the key 5 is clear to rotate behind a portion
of the floating element 70 so that the floating element 70
at least partially occludes the key slot 16, thus trapping
the key 5 in the key slot 16.
[0062] Figures14and15 illustrateadditional examples
of key design. Beneficially a wide range of key designs
can be made to work with the system of the present
disclosure. In particular, the shape and size of the clamp
80 may be adjusted to the external shape and configura-
tion of the key 5.
[0063] Figure 16 illustrates an additional example of
key design. Different to the key designs shown in Figure
13 to 15, in Figure 16 the wireless tag 6 is attached to the
key 5 by including the wireless tag 6 in a cap 91 having a
slot for housing the wireless tag 6. The cap 91 is secur-
able to the key 5 by the security bolt 83 which is screwed
into a nut 85.When the key 5 is in use, for example when
the key is inserted into the key module 4, the slot for
housing the wireless tag 6 may not be accessible be-
cause the slot would be against the key module 4. In this
way, the wireless tag 6 may be prevented from being
removed while the key 5 is in use.
[0064] In some examples (not shown in the Figures),
the clamp 80 and/or the cap 91may comprise shoulders.
In the first embodiment of the key module 4, when the
clamp80and/or thecap91 issecured to thekey5, thekey
5 may be rotated into the trapped key position such that
the shoulders of the clamp 80 and/or the cap 91 are
rotated behind the sheetmaterial of the cylinder retaining
element 39, preventing the key 5 from being withdrawn.
Similarly, in the second embodiment of the keymodule 4,
the shoulders of the clamp 80 and/or the cap 91 may be
rotated behind the floating element 70. For example, in
some examples, the key 5 may continuously narrow and
as such may provide no or insufficient shoulders for
engaging the sheet material of the cylinder retaining
element 39 and/or, where present, the floating element
70.
[0065] In any of the above embodiments, the module
housing 10, the cylinder 15, the cylinder retaining ele-
ment39and/or thefloatingelement70maybemade from
astrongplastic suchasplastic ABSand/or a strongmetal
suchasstainlesssteel, for example Inox304sheetmetal.

Claims

1. A key module for a trapped key interlock panel,
comprising:

a) a module housing mountable in the trapped
key interlock panel;
b) a cylinder comprising a key slot for receiving a
key, the key slot extending from a front face of
the cylinder rearwardly along a longitudinal axis
of the cylinder,

the cylinder being rotatably-mounted in the
module housing to permit rotation of the
cylinder relative to the module housing
about the longitudinal axis between a key
insertion position, inwhicha key is free to be
inserted into or removed from the key slot,
and a trapped key position, in which a key is
retained in the key slot,
the cylinder also being reciprocally-
mounted in the module housing to permit
reciprocating axial movement of the cylin-
der relative to themodule housing along the
longitudinal axis, and
the cylinder being biased forwardly within
the module housing;

c) a cylinder retaining element for retaining the
cylinder in the module housing;
d) a lock for selectively preventing rotation of the
cylinder about its longitudinal axis;
e) a switch for generating a signal when the
cylinder is displaced rearwardly within the mod-
ule housing against the bias of the cylinder by
engagement of a key in the key slot; and
f) an antenna for receiving wireless signals from
a wireless tag of a key.

2. A key module as claimed in claim 1, wherein the
antenna comprises an antenna coil positioned in
front of the front face of the cylinder that circum-
scribes the key slot such that a key being inserted
into the key slot passes through the antenna coil.

3. A key module as claimed in claim 1 or claim 2,
wherein the key module comprises a key trapping
element for retaining a key in the key slot when the
cylinder is in the trapped key position.

4. A key module as claimed in claim 3, wherein the key
trapping element comprises an element that at least
partially occludes the key slot of the cylinder in the
trapped key position to prevent withdrawal of a key
from the key slot.

5. A key module as claimed in claim 3 or claim 4,
wherein the key trapping element is the cylinder
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retaining element.

6. A key module as claimed in any preceding claim,
wherein the cylinder retaining element comprises a
plate or ring fixedly mounted to the module housing.

7. A key module as claimed in claim 3 or claim 4,
wherein the key trapping element comprises a float-
ing element that is reciprocally-axially movable re-
lative to the module housing along the longitudinal
axis of the cylinder.

8. A key module as claimed in claim 7, wherein:

the floating element has a range of axial move-
ment of up to 3mm; and/or
the floating element comprises a plate; and/or
the floating element is sandwiched between the
cylinder and the cylinder retaining element and
retained in the module housing by the cylinder
retaining element; and/or
a thicknessof the floatingelement is less thanan
axial length of a narrowed portion provided on a
shaft or head of the key such that in use rotation
of the key into the trapped key position causes
the floating element to be engaged within the
narrowed portion of the key with a shoulder of
the key neighbouring the narrowed portion
being retained rearwardly of the floating ele-
ment.

9. A key module as claimed in any preceding claim,
wherein the lock is solenoid-actuated.

10. A key module as claimed in any preceding claim,
wherein the cylinder is configured to require it to be
displaced rearwardly within the module housing be-
fore it can be rotated about its longitudinal axis.

11. A trapped key interlock system comprising:

i) a controller;
ii) a trapped key interlock panel comprising one
or more key modules as claimed in any preced-
ing claim; and
iii) one or more keys each comprising a wireless
tag.

12. A trapped key interlock system as claimed in claim
11, wherein the controller is configured to:

determine that a key is inserted into a key slot of
a keymodulewhen theswitchof that keymodule
is actuated by rearward displacement of its cy-
linder; and/or
identify a key by interrogating its wireless tag as
the key is inserted into a key slot of a keymodule
using the antenna of the key module.

13. A trappedkey interlock systemasclaimed in claim11
or 12, wherein:

in the trapped key position a mechanically-
coded portion of the key is fully retained within
the key slot; and/or
the lock of each key module is operatively con-
trolled by the controller to control release of its
cylinder from its trapped key position; and/or
the controller is configured to only permit rota-
tion of a cylinder from its key insertion position to
its trapped key position if the key inserted into its
key slot has been identified, via its wireless tag,
to be an authorised key for that specific key
module.

14. A trapped key interlock systemas claimed in anyone
of claims 11 to 13, wherein the wireless tag of each
key is integrated in, or fixedly mounted to or about, a
head or shaft of the key.

15. A key for a trapped key interlock system comprising:

a head, a shaft having a mechanically-coded
section, and a narrowed portion provided on the
head, the shaft or therebetween;
the key further comprising a clamp comprising a
first part and a second part, the first part being
lockable to the second part around the head
and/or shaft of the key;
wherein the clamp securely houses a wireless
tag.
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