AN INTERLOCKING SYSTEM AND METHOD FOR
CONNECTING AN AUTOMATION CONTROLLER AND A
PROGRAMMABLE MODULE

BACKGROUND

[0001] The invention relates generally to industrial automation and control systems,
such as those used in industrial and commercial settings. More particularly,
embodiments of the present invention relate to techniques for interlocking programmable

modules with automation controllers of such systems.

[0002] Industrial automation and control systems are used for controlling factory
automation and the like. Such systems include various components, such as
programmable logic controllers (PLCs), semiconductor power electronic circuits, power
supplies, motor starters, relays, and so forth, that are utilized to monitor and control a
process or system. Typically, the PLC examines a series of inputs reflecting the status of

a controlled process and changes outputs affecting control of the controlled process.

[0003] In traditional automation and control systems, various components of the
system are interconnected together as modules. Certain components cooperate with other
components to expand functionality. For example, industrial automation controllers may
provide for connection of additional input/output (/O) modules to add input and output
functionality to such controllers. Indeed, adding an I/O module may allow a particular
controller to interface with a specific type of control equipment. In such systems, the
components or modules are connected using interlocking systems that utilize numerous
mechanical parts for locking the modules together. It is now recognized that the
mechanical parts of such interlocking systems can be cumbersome, delicate, and
expensive. Furthermore, it is now recognized that the complex nature of such systems
typically creates inefficiencies during assembly of components. In addition, such
systems may not remain connected in response to vibration, shock, or similar forces.

Accordingly, 1t is now recognized that it is desirable to develop an interlocking system



for securing modules that provides a rigid connection between the modules while

facilitating assembly.

BRIEF DESCRIPTION

[0004] In one aspect of the present invention, an interlocking system for connecting a
programmable module and an automation controller of an industrial control and
automation system is provided. The interlocking system includes a key comprising a
shaft with a head on a first distal end of the shaft and a first attachment feature
cantilevered from a second distal end of the shaft. The interlocking system also includes
a first keyhole in a cover of the programmable module. The first keyhole is configured to
enable the head to pass upwardly there through. The interlocking system also includes a
second keyhole in a cover of the automation controller. The second keyhole is
configured to enable the first attachment feature to slide downwardly there through such
that axial rotation of the shaft causes the first attachment feature to become misaligned
with the second keyhole and abut a lower surface of the cover of the automation
controller such that disengagement of the key from the second keyhole is resisted. The
interlocking system also includes a second attachment feature on a lower surface of the
cover of the automation controller. The second attachment feature is configured to
engage with the first attachment feature when the first attachment feature is rotated about
an axis of the shaft and the engagement between the first and second attachment features

maintains the first attachment feature in misalignment with the second keyhole.

[0005] In another aspect of the present invention, an industrial automation and control
system is provided. The industrial automation and control system includes a plurality of
monitoring and/or control modules configured to perform a monitoring and/or control
function, and an interlocking system configured to connect adjacent monitoring and/or
control modules. The interlocking system includes a key comprising a shaft with a head
on a first distal end of the shaft and a first attachment feature cantilevered from a second
distal end of the shaft, and a first keyhole in a first module. The first keyhole is
configured to enable the head to pass upwardly there through. The interlocking system



also includes a second keyhole in a second module. The second keyhole is configured to
enable the first attachment feature to slide downwardly there through such that axial
rotation of the shaft causes the first attachment feature to become misaligned with the
second keyhole and abut a lower surface of the second module such that disengagement
of the key from the second keyhole is resisted. The interlocking system also includes a
second attachment feature on a lower surface of the second module. The second
attachment feature is configured to engage with the first attachment feature when the first
attachment feature is rotated about an axis of the shaft and the engagement between the
first and second attachment features maintains the first attachment feature in

misalignment with the second keyhole.

[0006] In yet another aspect of the present invention, a method for connecting a
programmable module to an automation controller is provided. The method includes
passing a head of a key upwardly through a first keyhole in a cover of the programmable
module. The head is located on a first distal end of a shaft of the key. The method also
includes abutting a mating surface of the cover of the programmable module with a
mating surface of a cover of an automation controller such that the first keyhole aligns
with a second keyhole in the cover of the automation controller, passing a first
attachment feature cantilevered from a second distal end of the shaft downwardly through
the second keyhole, axially rotating the shaft to cause the first attachment feature to
become misaligned with the second keyhole and abut a lower surface of the cover of the
automation controller such that disengagement of the key from the second keyhole is
resisted, wherein axially rotating the shaft causes coupling between a second attachment
feature on a lower surface of the cover of the automation controller with the first
attachment feature such that the coupling between the first and second attachment

features maintains the first attachment feature in misalignment with the second keyhole.



DRAWINGS

{6007]  These and other features, aspects, and advantages of the present disclosure will
become better understood when the following detailed description is read with reference
to the accompanying drawings in which like characters represent like parts throughout the

drawings, wherein:

[0008]  FIG. 1 illustrates a block diagram of an industrial automation and control

system in accordance with an embodiment of the present technique;

[8009]  FIG. 2 illustrates a perspective view of an automation controller in accordance

with an embodiment of the present technigue;

[0616]  FIG. 3 illustrates a perspective view of a cover of an automation controller and
a pair of attached programmable modules in accordance with an embodiment of the

present technique;

[6011] FIG. 4 iluswates an exploded perspective view of a key assembly in

accordance with an embodiment of the present technique;

[0612] FIG. 5 illustrates an assembled perspective view of a kev assembly in

accordance with an embodiment of the present technique;

{0013}  FIG. 6 illustrates an exploded perspective view of a key assembly and a cover

of a programmable module in accordance with an embodiment of the present technique;

[0014] FIG. 7 illustrates a bottom perspective view of a cover of an automation

controller in accordance with an embodiment of the present technique;

[0015] FIG. 8 illustrates a bottom perspective view of a keyhole of a cover of an

automation controller in accordance with an embodiment of the present technique;



10016]  FIG. 9 tllustrates & top perspective view of a cover of an automation controller

in accordance with an embodiment of the present technique;

160177 Fi1G. 10 illustrates a top perspective view of a keyhole of a cover of an

automation controller in accordance with an embodiment of the present technigue;

[0018] FIG. 11 illustrates a top view of covers of programmable modules in

accordance with an embodiment of the present technique;

{80197  FIG. 12 illustrates a bottom view of a cover of an automation controlier in

accordance with an embodiment of the present technique;

[6020]  FIG. 13 illustrates a bottom view of first and second attachment features in an

unlocked position in accordance with an embodiment of the present technique;

j6621)  FIG. 14 illustrates a bottom view of first and second attachment features in a

locked position in accordance with an embodiment of the present technique;

[8622] FIG. 15 illustrates a top perspective view of a key in accordance with an

embodiment of the present technique;

{6023) FIG. 16 illuswrates a bottom perspective view of a key in accordance with an

embodiment of the present technique;

(06247  FIG. 17 illustrates a top perspective view of a keyhole in accordance with an

embodiment of the present technique;

[6025]  FIG. 18 illustrates 2 bottom perspective view of a key and keyhole in an

unlocked position in accordance with an embodiment of the present technique;

[0026]  FIG. 19 illusirates a bottom perspective view of a key and keyhole in a locked

position in accordance with an embodiment of the present technique;



[0027)  FIG. 20 illustrates a top perspective view of a plunger in accordance with an

embodiment of the present technigue;

[0628] FIG. 21 illustrates a top perspective view of a cover of a programmable

module in accordance with an embodiment of the present technique;

f0029]  FIG. 22 illustrates a cross-sectional view of a plunger in an unlocked position

in accordance with an embodiment of the present technique;

{00301  FIG. 23 illustrates a cross-sectional view of a plunger in a locked position in

accordance with an embodiment of the present technique;

[0031]  FIG. 24 illustrates an exploded view of a locking system in accordance with an

embodiment of the present technigue;

[0032] FIG. 25 illustrates a top view of a cover of an automation controller in

accordance with an embodiment of the present technique;

[06033] FIG. 26 illustrates a top view of a cover of an automation controller in

accordance with an embodiment of the present technique;

[06834]  FIG. 27 illustrates a cross-sectional view of a lock in an unlocked position in

accordance with an embodiment of the present technique:

106035]  FIG. 28 illustrates a cross-sectional view of a lock in a locked position in

accordance with an embodiment of the present technique; and

[0036] FIG. 29 is a flow chart of a method for connecting a programmable module to

an automation controller in accordance with an embodiment of the present technigue.

DETAILED DESCRIPTION

[0037]  While the present disclosure may be susceptible to various modifications and

alternative forms, specific embodiments have been shown by way of example in the



drawings and tables and have been described in detail herein. However, it should be
understood that the embodiments are not intended to be limited to the particular forms
disclosed.  Rather, the disclosure is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the disclosure as defined by the
following appended claims. Further, although individual embodiments are discussed
herein to simplify explanation, the disclosure is intended to cover all combinations of

these embodiments.

[0038]  As discussed in detail below, embodiments of the present technigue function to
provide an interiocking system for connecting programmable modules with automation
controllers of an industrial control and automation system. PLCs are examples of
automation controllers. In particular, the present technique provides attachment features
that help prevent inadvertent disengagement of the programmable modules and
associated automation confrollers. Specifically, the attachment features help prevent
disengagement caused by vibration, shock, or similar forces. The use of the interlocking

system of the present technique does not preciude uss of traditional attachment fsatures.

[0639]  Turning now to the drawings and referring first to FIG. 1, an exemplary
industrial automation and control system 10 is illustrated. The system 10 includes an
enclosure 12, such as an electrical cabinet, in which electrical components, such as
monitoring and/or control components, are housed. Examples of such components may
include relays, motor starters, and PLCs, among others. The enclosure 12 may be
suitable, for example, for assembly of a motor control center or use with industrial,
éomm&rciai, marine, or other electrical systems. The enclosure 12 may be made of any
suitable material, such as heavy gage sheet metal, reinforced plastics, and so forth. In
certain embodiments, the enclosure 12 includes individual compartments or other

structures that support the electrical components.

[0040]  In the illustrated embodiment, the system 10 includes a monitoring/control
module 14 assembled in accordance with present techniques. The monitoring/control

module 14, which may include an automation controller or a PLC, is adapted to interface



with components of a machine system or process 16. It should be noted that such an
interface in accordance with embodiments of the present techniques may be facilitated by
the use of certain network swategies. Indeed, an industry standard network may be
employed, such as DeviceNet, to enable data transfer. Such networks permit the
exchange of data in accordance with a predefined protocol, and may provide power for

operation of networked elements.

[6641] The process 16 may take many forms and include devices for accomplishing
many different and varied purposes. For example, the process 16 may comprise a
compressor station, an oil refinery, a batch operation for making food items, a
mechanized assembily line, and so forth. Accordingly, the process 16 may comprise a
variety of operational components 18, such as electric motors, valves, actuators,
temperature elements, pressure sensors, or a myriad of manufacturing, processing,
material handling and other applications. Further, the process 16 may comprise control
and monitoring equipment for regulating process variabies through automation and/or
observation. For example, the illustrated process 16 comprises sensors 20 and actuators
22. The sensors 20 may comprise any number of devices adapted to provide information
regarding process conditions. The actuators 22 may include any number of devices

adapted to perform a mechanical action in response to an input signal.

[0042]  As illustrated, the sensors 20 and actuators 22 are in communication with the
monitoring/control module 14 {e.g., an automation controller). In one embodiment, the
sensors 20 and actuators 22 may communicate with the monitoring/control module 14 via
one or more /O modules 24 coupled to the monitoring/contro!l module 14, The /O
modules 24 may transfer input and output signals between the monitoring/control module
14 and the controlled process 16. In certain embodiments, the sensors 20 and actuators
22 may be utilized to operate process equipment. Indeed, they may be utilized within
process loops that are monitored and controlled by the process 16. Such a process loop
may be activated based on process inputs {e.g., input from a sensor 20} or direct operator

input received through a user interface device 26,



[00643]  The I/O modules 24 may be integrated with the monitoring/control module 14,
or may be added or removed via expansion slots, bays, or other suitable mechanism. For
example, to add functionality to the monitoring/control module 14, additional I/O
modules 24 may be added. Specifically, for example, new sensors 20 or actuators 22
may be added to control the process 16 and additional /O modules 24 may be added to
support the new sensors 20 and actuators 22. These I/O modules 24 serve as an electrical
interface to the monitoring/control module 14 and may be located proximate or remote
from the monitoring/control module 14, including remote network interfaces to

associated systems,

[0044]  The VO modules 24 may include input modules that receive signals from input
devices, such as photo-sensors and proximity switches, output medules that use output
signals to energize relays or to start motors, and bidirectional /O modules, such as
motion control modules, which can direct motion devices and receive position or speed
feedback. In some embodiments, the /O modules 24 may convert between AC and DC
analog signais used by devices on a controlled machine or process and +5-volt DC logic
signals used by the monitoring/control module 14. Additionally, some of the /O
modules 24 may provide digital signals to digital I/O devices and receive digital signals
from digital /O devices. Further, in some embodiments, the /O modules 24 that are
used to control motion devices or process control devices may include local

microcomputing capability on the 1/0 module.

[00645]  In some embodiments, the I/O modules 24 may be located remotely from the
monitoring/control module 14. In these embodiments, data 1s communicated with the
remote modules over a common commumnication link, or network, wherein modules on
~ the network communicate via a standard communications protocol. Many industrial
controllers can communicate via network technologies, such as Ethernet {e.g.,
IEEER02.3, TCP/IP, UDP, EtherNet/IP, and so forth), ControiNet, DeviceNet, or other
network protocols (Foundation Fieldbus (H1 and Fast Ethernet) Modbus TCP, Profibus),

and also communicate to higher level computing systems



[0046]  In the illustrated embodiment, the system 1G also includes a display 28, such as
an LCD or other display, configured to display outpui parameters, such as operating
parameters of the process 16, temperatures or pressures sensed by the sensors 20, position

information of the actuators 22, and so forth.

[66477  FIG. 2 is a perspective view of an automation controller 30, such as a PLC. As
illustrated, the automation controller 30 includes a variety of components and features
that facilitate assembly and/or operation of the automation controlier 30. For example,
the automation controller 30 may include any number of slots, vents, plugs, connectors,
and/or other interface structures. Such structures may facilitate operation of the
automation controlier 30, coupling between assembly components, coupling with other
features (e.g., a DIN rail}, and/or operation of the automation controller 30. Certain
features of the automation controlier 30 may be coupled (e.g., via plug-in connections) to
a backplane that provides for distribution of power and data signals. Such backplanes are
currently in use throughout industrial applications to provide data and control signals to

and from automation controllers, computer components and peripherals, and so forth.

[6648]  The automation controller 30 may include a cover 32 and a base 34. The cover
32 may enclose internal components of the automation controller 30 to protect the
internal components from ipadvertent operation, fampering, manipulation, exposure t©
dust and/or debris, and so forth. In addition, the cover 32 may be configured to enable
other components to be connected or attached to the automation controiler 30 as
described in detail below. The cover is coupled to the base 34, which may also help to
enclose and/or protect the internal cormponents of the automation controller 3C. The base
34 may also be used to install the automation controller 30 in the enclosure 12. Indeed,
the automation controller 30 includes features configured to facilitate attachment of the
automation controller 30 to a support {e.g., a wall of an electrical cabinet). Specifically,
the automation controlier 30 shown in FIG. 2 includes attachment features 36, which are
configured to facilitate coupling of the automation controller 30 with a panel or a rail.

For example, in certain embodiments, the automation controller 30 may be secured to an



electrical cabinet using fasteners that pass through the attachment features 36 into a back
panel of the electrical cabinet. In other embodiments, other attachment features are

configured to couple these components with DIN rails.

[0649]  In certain embodiments, the automation controller 30 may include expansion
and communication features. For example, the automation controller 30 may include
interface slots, communication ports, and/or receptacles configured to receive one or
more fasteners 1o secure them to the panel. Specifically, the aytomation controlier 30 in
the illustrated embodiment includes ports to receive programmable modules 38, which
may be adapted to manage aspects of the automation controller 30. A variety of such
modules 38 may be coupled to the automation controller 30 for performing the
control/monitoring function of a specified process or system. In the illustrated
embodiment, the programmable modules 38 may be comnected to the automation
controller 30 using exemplary interlocking systems described in detail below. The
interlocking systems include features on mating surfaces of the programmable modules
38 and the automation controller 30 for securing the programmable modules 38 to the

automation controller 30.

[6056] FIG. 3 is a perspective view of the automation controller cover 32 of the
interlocking system. In the illustrated embodiment, two programmable moduies 38 are
aftached to the cover 32. In the discussion that follows, references to the programmable
modules 38 may also refer to covers of the programmabte modules 38, As shown in FIG.
3, the cover 32 has an upper surface 50 and a lower surface 52. The upper surface 50
may generally face a user interacting with the automation controlier 30, and the lower
surface 527 may generally face toward the internal components of the automation
controller 30. The programmable modules 38 may be attached to the cover 32 using key
assemblies 54, which are described in detail below. As shown in FIG. 3, the key
assemblies 54 may be located near an edge 56 of the programmabie modules 38. Such a
configuration of the key assemblies 54 and the programmable modules 38 may reduce

interference between internal components of the programmable modules 38 and the key

11



assemblies 54. In other embbdiments, the key assemblies 54 may not be located near the
edges 56. In the illustrated embodiment, two ksy assemblies 54 are used to secure each
programmable module 38 to the cover 32. In other embodiments, additional key
assemblies may be used to aftach the programmable moduies 38 to the cover 32. For
example, three, four, five, six, or more key assemblies 54 may be used in various
embodiments. As shown in FIG. 3, the key assemblies 54 are located at diagonally
opposite corners of the programmable module 38. When two key assemblies 54 are used,
such a configuration may help to securely attach the programmabie module 3§ to the
cover 32. Other embodiments of the cover 32 may include fewer or more slots for
programmable modules 38, such as one, three, four, five, six, or more slots. In addition,
each of the one or more programmable modules 38 may be independently removable
from the cover 32 by selectively disengaging the appropriate key assemblies 54.
Moreover, the number and/or size of the key assemblies 54 and corresponding keyholes

may be configured based upon a size of the programmable module 38 and/or the

automation controller 30.

[6651]  FIG. 4 shows an exploded perspective view of the key assembly 54, In the
illustrated embodiment, the key assembly 54 includes a head receptacle 70 and a key 72,
which are aligned to fit together along a lengthwise axis 74 of the key 72. The head
receptacle 70 includes an upper surface 76 and a lower surface 78, When the head
receptacie 70 is installed on the key 72, which is disposed in the programmable module
38, the upper surface 76 may remain accessible to the user. As shown in FIG. 4, the head
receptacie 70 is a generally cylindrical object that includes a generally cylindrical
opening 80. In other embodiments, the head receptacle 70 may be configured in other
shapes, such as a square, rectangle, triangle, oval, or other shape. The opening 80 may be
formed entirely through the head receptacie 70 from the top surface 76 to the Jower
surface 78. The opening 80 may have a diameter 82, which may be between
approximately 2 mum to 3 mm in certain embodiments. An indicator 84 may be formed
the top surface 76 of the head receptacle 70. The indicator 84 may be used together with

an indicator formed in the programmable module 38 to indicate whether the key

12



assembly 54 is in an unlocked or locked position as discussed in detail below. In other
embodiments, the indicator 84 alone may indicate whether the key assembly 34 is in
locked or unlocked positions. The indicator &84 may be a raised portion of the head
receptacle 70 or any other mark observable to the uger. For example, the indicator 84
may be a triangular raised portion of the head receptacle 70, Indentations 86 may be
formed near the top surface 76, which may help the user grip the head receptacle 70 when
turning the head receptacle 70. In addition, the indentations 86 may be configured to
mate with a too] to help turn the key assembly 54. Although compatible with tools,
turning of the key assembly 54 may be accomplished without tools (i.e., toollessly).
Further, the head receptacie 70 may have a height 88 and a diameter 90. For example,
the height 88 may be between approximately 5 mm to 6 mm and the diameter 90 may be

between approximately 3 mm to 4 mm.

[0052]  The key 72 shown in FIG. 4 may include a shaft 92, which may be a solid
cylindrical rod. The shaft 92 includes a first distal end 94 and a second distal end 96. A

cad 98 focated on the first distal end 9415 configured to engage with the head receptacle
70. For example, the head 98 may include grooves configured to engage with protrusions
located inside the opening 80, which may help couple the head receptacie 70 and key 72.
Thus, rotation of the head receptacie 70 also rotates the connected key 72. Further, the
head 98 includes a cavity 100, which may be configared to mate with a 100! to help rotate
the kev assembly 34. For example, the cavity 100 i1s siot-shaped and thus, may be
compatible with a slotted screwdriver. Thevefore, the key assembiy 54 may be rotated by
turning the key 72 via the cavity 100. A first attachment feature 102 is cantilevered from
the second distal end 96, The first attachment feature 102 may be used to engage with
the cover 32 as described In detail below. In the iliustrated embodiment, the first
attachment feature 102 includes a groove 104, which is arranged substantially parallel to
the axis 74, and an associated hook 106. Operation of the attachment feature 102 is
described in detail below. The shaft 92 also includes a lug 108 cantilevered from a side
of the shaft 92 between the first and second distal ends 94 and 96. The Iug 108 may be

configured to engage with aspects of the programmable module 38 as described in detai}



below. Further, the key 72 may have a height 110 and a diameter 112, The height 110
may be between approximately 5 cm to 6 cm and the diameter 112 may be between

approximately 1 cm to 1.5 cm,

[0653] FIG. 5 illustrates an assembled perspective view of the key assembly 54. As
shown in FIG. 5, the head receptacie 70 fits on the first distal end 94 of the key 72. In
addition, the upper surface 76 of the head receptacie 70 may be flush with the top of the
head 98 of the shaft 92. The interior surface of the opening 80 and the head 98 may be
configured such that force is required to disengage the head receptacle 7¢ from the key

72 after they have been coupled.

[6054]  FIG. 6 illustrates an exploded perspective view of the key assembly 54 and the
programmable module 38. The programmable module 38 includes an upper surface 130
and a lower surface 132. The upper surface 130 may generally face a user interacting
with the programmable module 38, and the lower surface 132 may generally face toward
internal components of the programmable module 38. In the illustrated embodiment, a
first keyhole 134 is formed through the programmable module 38. Various embodiments
of the programmable module 38 may include one or more first keyholes 134, The shape
of the first keyhole 134 is generally circular to match the shape of the head receptacle 70
and 10 enable the head receptacle 70 to rotate. Further, the first keyhole 134 has an upper
diameter 136, which may be approximately the same as or slightly greater than the
diameter 90 of the head receptacle 70. Thus, the head receptacle 70 may fit snugly into
the first kevhole 134 when slid downwardly in the direction of arrow [38. A lower
diameter (not shown) of the first keyhole 134 may be less than the diameter 90. Thus, the
head receptacle 70 may be sized to prevent passage of the head receptacie 70 through the
first keyhole 134. The head 98 of the key 72 may pass upwardiy through the first
keyhole 134 as indicted by arrow 140. The lug 108 is configured to engage the bottom
surface 132 of the programmable module 38 upon insertion of the head 98 into the first
keyhole 134 such that further insertion of the head 98 into the first keyhole 134 is

resisted. Once the head receptacle 70 couples with the head 98 extending through the



first keyhole 134, the key assembly 54 may be securely attached to the programmable
module 38, In addition, engagement of the head receptacle 70 with the head 98 may

resist removal of the head 98 from the first kevhole 134.

16055]  FIG. 7 illustrates a perspective view of the lower surface 52 of the cover 32, A
second kevhole 150 may be formed in the cover 32 to engage with the first attachment
feature 102 of the key assembly 54 shown in FIG. 4 as described in detail below.
Various embodiments of the cover 32 may include one or more second kevholes 150,
The second keyhole 150 may be formed in the cover 32 such that the second kevhole 150
aligns with the first keyhole 134 when the programmable module 38 is coupled to the

cover 32,

{0056]  FIG. 8 illustrates a bottom perspective view of the second kevhole 150 in the
lower surface 52. The second keyhoie 150 may include a first opening 152 and a second
opening 154, The first opening 152 may be configured to enable the shaft 92 of the key
72 to pass through the second keyhole 150. The first opening 152 may include a
diameter 156, which is approximately the same as or slightly greater than the diameter
112 of the shaft 62. The shape of the first opening 152 may be circular to match the
shape of the shaft 92 and 1o enable the key assembly 54 to rotate. The second opening
154 may be configured to enable the first attachment feature 102 to slide downwardly
through the second keyhole 150. In addition, a second attachment feature 158 may be
formed on the lower surface 52 of the cover 32 adjacent to the second keyhole 150. The
second attachment feature 158 may be a cylindrical rod-shaped prowusion with a
diameter 160 and height 162. For example, the diameter 160 may be between
approximately 0.5 mm to ! mm and the height 162 may be between 3 mm to 4 mm. The
second aftachment feature 158 may be configured to engage the first attachment feature
102 when the first attachment feature 102 is rotated about the axis 74 of the shaft 92. In
other words, the second attachment feature 158 may be configured to fif in the groove
104 of the first attachment feature 102. As shown, the second keyhole 150 is not

threaded and is asymmetrical. Thus, the second keyhole 150 is not compatible with
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threaded devices, such as screws. In addition, the first keyhole 134 and the key 72 are
not threaded. Thus, embodiments of the interlocking system are not compatible with

threaded devices.

168577 FIG. 9 is a perspective view of the upper surface 50 of the cover 32. In various
embodiments, the number of second keyholes 150 may correspond to the number of first
kevholes 134 in the programmable modules 38. For example, FIG. 9 shows four second

kevholes 150,

[6058] FIG. 10 is a top perspective view of the second kevhole 150 in the upper
surface 50 of the cover 32. As shown in FIG. 10, the second keyhole 150 includes the
first opening 152 and the second opening 154. In addition, the periphery of the second
keyhole 150 includes a beveled edge 180, which may help the shaft 92 and the first
attachment feature 102 to pass smoothly into the second keyhole 150. Indeed, the
beveled edge 180 facilitates alignment and essentially guides the first attachment feature
102 through the second kevhole 150. In addition, the second keyhole 150 has a height
182, which may be approximately the same as a thickness of the cover 32. For example,

the height 182 may be between approximately 2 mm to 3 mm.

{06597  FIG. 11 illustrates a top view of the programmable modules 38. An indicator
200 may be formed in the top surface 130 of the programmable modules 38. The
indicator 200 may be a raised portion of the programmablle modules 38 or any other mark
observable to the user. For example, the indicator 200 may be a triangular raised portion
of the programmable modules 38. The indicator 200 may be used in conjunction with the
indicator 84 of the head receptacle 70 to indicate the position of the key assembly 54. In
the illustrated embaodiment, the indicators 200 and the indicators 84 of the upper two key
assemblies 54 are aligned. Thus, the upper two key assemblies 54 are in the locked
position. In the illustrated embodiment, the indicators 200 and the indicators 84 of the
lower two key assemblies 54 are not aligned. Thus, the lower two key assemblies 54 are

in the unlocked position. Therefore, the indicator 84 and the indicator 200 may help a
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user to tell at a glance whether the key assemblies 54 are in the locked or unlocked

positions.

{60601 FIG. 12 illustrates a bottom view the lower surface 52 of the cover 32. In the
iltustrated embodiment, the first attachment features 102 illustrated toward the top of
FIG. 12 are engaged with the corresponding second attachment features 158, Thus, these
two first attachment features 102 are in the locked position. The two first attachment
features 102 illustrated foward the botiom of FIG. 12 are not engaged with the
corresponding two second attachment features 158. Thus, these two first attachment
features 102 are in the unlocked position. The locked and unlocked positions are

described in more detail below.

[6061) FIG. 13 is a bottom view of an uniocked position 210 of the first attachment
feature 102. As shown in FIG. 13, the first attachment feature 102 extends through the
second keyhole 150. Specifically, the shaft 92 fits through the first opening 152, In
addition, the groove 104 and the hook 106 fit through the second opening 154, Because
the groove 104 has not engaged the second attachment feature 158, the key assembly 54
is in the unlocked position 210. In other words, the first attachment feature 102 is aligned
with the second keyhole 150, and thus, the key assembly 54 can still be removed from the

cover 32,

[0062] FIG. 14 is a bottom view of a locked position 220 of the first attachment
feature 102. In the illustrated embodiment, the shaft 92 has been axially rotated
approximately ninety degrees counterclockwise from the unlocked position 210, thereby
engaging the groove 104 of the first attachment feature 102 with the second attachment
feature 138, In addition, axial rotation of the shaft 92 causes the first attachment feature
102 to become misaligned with the second keyhole [50. Thus, the first attachment
feature 102 abuts the lower surface 52 of the cover 32 such that disengagement of the key
72 from the second keyhole 150 is resisted. Further, the engagement between the first
and second attachment features 102 and 158 maintains the first attachment feature 102 in

misalignment with the second keyhole 150. Thus, the first attachment feature 102 is in



the locked position 220 in FIG. 14. Because of the cylindrical shape of the second
attachment feature 158 and the configuration of the hook 106, the first attachment feature
102 snaps into place when engaged with the second attachment feature 158, In other
words, the hook 106 may flex slightly outward to enable the second attachment feature
158 to engage fully with the groove 104. The snapping of the first attachment feature
102 when moved into the locked position 220 may provide the user a tactile sensation
indicative of the key assembly 54 being in the locked position 220. In other words, the
user receives the tactile sensation when the first attachment 102 engages the second
attachment feature 158. Rotation of the shaft 92 clockwise to the unlocked position 210
may not occur naturally during normal operation of the industrial automation and control
system 10, which may include shock, vibration, and similar forces. Thus, use of the
rotating key assembly 54 in various embodiments helps to prevent disengagement of the

programmable module 38 from the cover 32.

[0663]  FIGS. 15-19 show components of another embodiment of the interlocking
svstem. FIG. 15 illustrates a top perspective view of a key 230. The key 230 has a first
distal end 232 and a-second distal end 234. A head 236 is located near the top distal end
232. The head 236 may engage with a first keyhole formed in the programmable moduie
38 in a similar way as the head receptacle 70 fits in the first keyhole 134. A flexible
portion 238 is located near the second distal end 234. The flexible portion 238 engages
with the automation controller cover 32, as described in detail below. A slot 240 is
formed in the top surface of the head 236, The slot 240 is configured to mate with a tool
to facifitate turning of the key 230. An indicator 242 is formed in the top surface of the
head 236 to indicate to the user whether the key 230 is in the locked or uniocked
positions. A first hook 244 is formed on a side of the key 230 between the head 236 and
the flexible portion 238. The first hook 244 is configured 10 engage with the
programmable module 38 to help prevent the key 230 from being removed from the
programmable module 38 after being inserted. A second hook 246 is formed near the
second distal end 234. The second hook 246 is configured to engage with the cover 32,

as described in detail below.
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[0064]  FIG. 16 illustrates a bottom perspective view of the key 230. As shown in
F1G. 16, the flexible portion 238 includes a segment of a complete cylinder. In other
words, a radial cross-section of the flexible portion 238 may appear as an arc instead of a
circle. Specifically, the flexible portion 238 may be defined by an angle 248, which may
be approximately 120 degrees. Configurations of the flexible portion 238 where the
angle 248 is less than approximately 180 degrees may enable the flexible portion 238 to

flex toward or away from the lengthwise axis 74 of the key 230.

[6065]  FIG, 17 illustrates a top perspective view of a second keyhole 260 configured
o engage the key 230. Specifically, the second keyhole 260 includes an open portion
262, which corresponds to the flexibie portion 238. The open portion 262 is large enough
to enable the flexible portion 238 to be inserted and to rotate approximately 90 degrees.
The second keyvhole 260 includes a triangular shaped insert 264, which is configured to
limit rotation of the key 230 to approximately 90 degrees. The second kevhole 260 may
also include a beveled edge 266, which may help to align the programmable module 38
and the cover 32 by mating with correspondingly shaped feature formed in the lower

surface 132 of the programmable module 38.

[6066]  FIG. 18 is a bottom perspective view of the second keyhole 260 in an unlocked
position 280. As shown in FIG. 18, the second keyhole 260 includes a crescent-shaped
stot 282, which may accornmodate the second hook 246 of the key 230. As the key
rotates counterclockwise, the crescent-shaped slot 282 becomes shallower, which results
in guiding or pushing the second hook 246 inward and moving the flexibie portion 238

inward toward the lengthwise axis 74 of the key 230.

{00671 FIG. 19 shows a bottom perspective view of the second keyhole 260 in a
locked position 290. As shown in FIG. 19, the second hook 246 has engaged in a slot
284 formed in the second keyhole 260. The slot 284 enables the flexible portion 238 to
snap outward away from the lengthwise axis 74 of the key 230. In addition, the
configuration of the second hook 246 and the slot 284 helps the key 230 to resist moving

out of the focked position 290.
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[0668]  FIGS. 20-23 illustrate components of a further embodiment of the interlocking
system. FIG. 20 illustrates a top perspective view of a plunger 300. The plunger 300
includes a first distal end 302 and a second distal end 304. The plunger 300 includes a
top surface 305 configured to enable the user to push downward on the plunger 300. The
plunger 300 includes an upper support 306 and a lug 308 formed on the upper support
306. A lower support 310 is connected to the upper support 306 and a tab 311 is farméd
on the lower support 310. Further, a beveled edge 312 is formed on the bottom of the

lower support 310,

[0669]  FI1G. 21 iliustrates a top perspective view of the programmable module 38
configured to interlock with the plunger 300, In FIG. 21, the programmable module 38
includes an opening 320 configured to engage the lng 308. Specifically, the opening 320
is wide near the top and bottom, but narrow in the middle. The programmable module 38
also includes a locking feature 322, which engages the cover 32 to help resist

disassembly of the programmable module 38 and the cover 32.

[6670]  FIG. 22 illustrates a cross-sectional view of the plunger 300 in an unlocked
position 340. As shown in FIG. 22, the lug 308 is located near the top of the opening
320. During insertion or attachment, the lug 308 and/or the opening 320 deform to allow
the lug 3§ to pass the narrow portion of the opening 320 and interlock with the lower
portion of the opening 320. FIG. 23 illustrates a cross-sectional view of the plunger 300
in a locked position 350. As shown in FIG. 23, the lug 308 is engaged and located near
the bottom of the opening 320, Thus, the lug 308 has moved past the narrow portion of
the opening 320. Such a configuration of the opening 320 may help restrain the plunger
300 in the locked position 350. In addition, the user may receive a tactile sensation when
the lug 308 has moved past the narrow portion of the opening 320. Further, the
placement of the lower portion 310 in the programmable module 38 may help prevent the
locking feature 322 from bending backward, thereby further resisting disengagement of

the programmable module 38 from the cover 32.



[0671] FIGS. 24-28 show components of another embodiment of the interlocking
system. FIG. 24 illustrates an exploded view of a locking system 358. In the illustrated
embodiment, a lock 360 is used to couple the programmable module 38 1o the cover 32.
The lock 360 includes one or more tabs 362, which indicate whether the lock 360 is

Jocked or unlocked.

[0672]  FIG. 25 illustrates a top view of the cover 32 incorporating the Jock 360.
Specifically, the lock 360 on the left of FIG. 25 is in a locked position 370 and the lock
360 on the right of FIG. 25 is in an unfocked position 372. Thus, a connector 374 of the
cover 32 is exposed when in the locked position 370. The connector 374 may connect
electrically with the programmable moduie 38, In addition, the tabs 362 are extended ip
the locked position 370, which may help the user visually identify the status of the
locking system 358. FIG. 26 illustrates a top view of the cover 32 with the
programmable module 38. As shown, the programmable module 38 is installed on the

left with the lock 360 in the locked position 370.

[8673] FIG. 27 illustrates a cross-sectional view of the locking system 358 in the
unlocked position 372. The programmabie module 38 is moved in a downward direction
as indicated by arrow 392 to lock the programmable module 38 to the cover 32. As the
programmable module 38 moves downward, the lock 360 moves to the right, as mdicted
by arrow 394. FIG. 28 illustrates a cross-sectional view of the locking system 358 in the
locked position 370, As shown in FIG. 28, the tabs 362 extend out from the cover 32

indicating the Jocked position 370 to the user.

[0074]  FIG. 29 is a flow chart of a process for connecting the programmable module
38 to the automation controller 30. In the first step 402, the head 98 of the key 72 1s
passed upwardly through the first keyhole 134 in the programmable module 38. Next, in
step 404, the lower surface 132 of the programmable module 38 is abutted with the upper
surface 50 of the cover 32 such that the first keyhole 134 aligns with the second keyhole
150, In step 406, the first attachment feature 102 is passed downwardly through the

second keyhole 150. Finally, in step 408, the shaft 92 is axially rotated to cause the first
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attachment feature 102 to become misaligned with the second keyhole 150. As a result of
the rotation of the shaft 92, the first attachment feature 102 also abuts the lower surface
52 of the cover 32 such that disengagement of the key assembly 54 from the second
kevhole 150 is resisted. Further, the first attachment feature 102 engages the second
attachment feature 158 on the lower surface 52 of the cover 32 such that engagement
between the first attachment feature 102 and the second attachment feature 158 maintains

the first attachment feature 102 in misalignment with the second keyhole 150.

[6075]  While only certain features of the invention have been iliustrated and described
herein, many modifications and changes will occur to those skilled in the art. It is,
therefore, to be understood that the appended claims are intended to cover all such

modifications and changes as fall within the true spirit of the invention.
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CLAIMS:

1. An interlocking system for connecting a programmable module and an
automation controller of an industrial control and automation system, the interlocking
system comprising:

a key comprising a shaft with a head on a first distal end of the shaft and a first
attachment feature cantilevered from a second distal end of the shaft;

a first kevhole in a cover of the programmabie module, wherein the first kevhole
is configured to enable the head to pass upwardly there through;

a second kevhole in a cover of the automation controller, wherein the second
kevhole is configured to enable the first attachment feature to slide downwardly there
through such that axial rotation of the shaft causes the first attachment feature 10 become
misaligned with the second keyhole and abut a lower surface of the cover of the
automation controller such that disengagement of the key from the second keyhole is
resisted; and

a second attachment feature on a lower surface of the cover of the automation
controller, wherein the second attachment feature is configured to engage with the first
attachment feature when the first attachment feature is rotated about an axis of the shaft
and the engagement between the first and second attachment features maintains the first

attachment feature in misalignment with the second keyhole.

2, The system of claim 1, comprising a first plurality of kevholes in the cover
of the programmable module and a second plurality of keyholes in the cover of the

automation controller,

3. The system of claims 1 or 2, comprising a head receptacle configured to
slide downwardly onto and couple with the head as the head extends through the first
kevhole, wherein the head recepracle is sized to prevent passage of the head receptacle
through the first keyhole and engagement with the head resists removal of the head from

the first keyhole.
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4. The system of any one of the previous claims, wherein the shaft comprises
a tug cantilevered from 2 side of the shaft in between the first and second distal ends of
the shaft, and wherein the lug is configured to engage a botiom surface of the cover of the
programimable module upon insertion of the head into the first keyhole such that further

insertion of the head into the first keyhole is resisted.

5. The system of any one of the previous claims, wherein the first attachment

feature comprises a groove that is substantially paraliel to the axis of the shaft.

6. The system of any one of the previous claims, whersin the cover. of the
programmable module comprises two keyholes formed adjacent to edges of the cover of

the programmable module and located diagonally apart from one another.

7. The system of any one of the previous claims, wherein the head receptacle
comprises an indicator formed in an upper surface and configured to indicate whether the

key is in a locked position or in an unlocked position.

8. The system of any one of the previous claims, wherein the head comprises

a cavity configured to mate with a tool to rotate the key.

9. The system of any one of the previous claims, wherein the second
attachment feawre comprises a rod-shaped protrusion formed in the lower surface of the

cover of the gutomation controller.

0. The system of any one of the previous claims, wherein the key, the first

keyhole, and the second keyhole are not threaded.



11, The system of any one of the previous claims, wherein the first attachment
feature and the second attachment feature are configured to provide a tactile sensation

when the first attachment feature engages the second attachment feature.

12. The system of any one of the previous claims, wherein the automation
controller comprises a port configured to receive the programmable module, which is

adapted to manage aspects of the automation controller.

13, An industrial automation and contro! system, comprising:
a plurality of monitoring and/or control modules configured to perform a
monitoring and/or control function; and
an interlocking system configured to connect adjacent monitoring and/or control
modules, comprising:
a key comprising & shaft with a head on a first distal end of the shaft and a

2

rst attachment featurs cantilevered from a second distal end of the shaft;

h

a first keyhole in a first module, wherein the first kevhole is configured 10
enable the head 1o pass upwardiy there through;

a second kevhole in a second module, wherein the second keyhole is
configured to enable the first attachment feature to slide downwardly there
through such that axial rotation of the shaft causes the first attachment feature 1o
become misaligned with the second kevhole and abut 2 lower surface of the
second module such that disengagerment of the kev from the second kevhole is
resisted; and

a second attachment feature on a lower surface of the second module,
wherein the second attachment feature is counfigured to engage with the first
artachment feature when the first attachment feature is rotated about an axis of the
shaft and the engagement between the first and second attachment features

maintains the first attachment feature in misalignment with the second keyhole,

S
th



14, The industrial automation system of claim 13, wherein the first attachment

feature comprises a groove that is substantially paraliel to the axis of the shaft.

15, The industrial automation system of claims 13 or 14, wherein the second
attachment feature comprises a rod-shaped protrusion formed in the lower surface of the

cover of the second module.

16.  The industrial automation system of any one of claims 13-13, wherein the

key, the first kevhole, and the second keyhole are not threaded.

17.  The industrial automation system of any one of claims 13-16, wherein
each of the plurality of monitoring and/or control modules are independently removable

by selectively disengaging the key from the secand keyhole.

18, A wmethod for connecting a programmable module o an automation
controller. the method comprising:

passing a head of a key upwardly through a first keyhole in a cover of the
programmable module, wherein the head is located on a first distal end of a shaft of the
key;

abutring & mating surface of the cover of the programmable module with & mating
surface of a cover of a awtomation controller such that the first keyhole aligns with a
second kevhole in the cover of the automation conwroljer;

passing a first attachment feature cantilevered from a second distal end of the
shaft downwardly through the second kevhole;

axially rotating the shaft to cause the first attachment feature to become
misaligned with the second keyhole and abut a lower surface of the cover of the
automation conwroller such that disengagement of the key from the second keyhole is
resisted, wherein axially rotating the shaft causes coupling between a second attachment

feature on the lower surface of the cover of the auntomation controller such that the



coupling between the first and second attachment features maintains the first attachment

feature in misalignment with the second keyhole.

19. The method of claim 18, comprising mounting the connected

programmable module and automation controller on a panel.

20.  The method of claims 18 or 19, wherein a number and/or size of the key
and corresponding first and second kevholes is configurable based upon a size of the

programmable module and/or the automation controller.



