SYSTEM AND METHOD FOR CONNECTING AN AUTOMATION CONTROLLER AND A
PROGRAMMABLE MODULE BACKGROUND 100011The 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

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

BACKGROUND

[666%]  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.

[0662)  Industrial automation and control systems are used for controlling factory
automation and the like. Such systems include various components, such as
programmable logic controliers (PLCs), semiconductor power electronic circuits, power
supplies, motor starters, relays, and so forth, that are utilized to monitor and conirol 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.

[0603]  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 (I/Q) modules to add input and output
functionality to such controllers. indeed, adding an 1/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 interiocking 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. it is now recognized that it is desirable to develop an interiocking system



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 (1/0) 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 typ&Pbf €6t cnofiiae ribah Bigekley steHEI KETBBHTBN SRty B niBRIuRSIakS cohttected using
interlockingrgystems thatuiilize 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 ineffigignciesdtring g3sembly of components. in addition, such systems may not remain
connected in response to vibration, shock, or similar forces. Accordingly, it is now recognized that it is
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second attachment feature on a lower surface of the cover of the aufomation 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.

[6005]  In another embodiment, an 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 ac'ijacer_at 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 intertocking system



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
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shaft downwardly through the second keyhole, axially rotating the shatft to cause the first attachment
feature to b@dwsienmssaNgedsveraprelsadold 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
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of an automation controller such that the first kevhole aligns with a second kevhole 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 atiachment feature on a lower surface of the
cover of the automation controlier 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.
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system in accordance with an embodiment of the present technique; [0009]FIG. 2 illustrates a
perspective view of an automation controller in accordance with an embodiment of the present
technique; [0010]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;
[0011]FIG. 4 illustrates an exploded perspective view of a key assembly in accordance with an
embodiment of the present technique; [0012]FIG. 5 illustrates an assembled perspective view of a key
assembly in accordance with an embodiment of the present technique: '

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:

[6008] FIG. 1 illustrates a block diagram of an industrial automation and control

system in accordance with an embodiment of the present technique;

[6009]  FIG. 2 illustrates a perspective view of an automation controller in accordance

with an embodiment of the present technique;

[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;

[0011] FIG. 4 illustrates 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 key assembly in

accordance with an embodiment of the present technigue;

[0613] FIG. 6 iliustrates an exploded perspective view of a key assembly and a cover

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

[0614] FIG. 7 illustrates a bottom perspective view of a cover of an auiomation

controller in accordance with an embodiment of the present technique;

[6015]  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;



100131FIG. 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;
[0016]FIG. 9 illustrates a top perspective view of a cover of an automation controller in accordance
with an embodiment of the present technique;

[6016]  FIG. 9 illustrates a top perspective view of a cover of an automation controller

in accordance with an embodiment of the present technique;

[6017]  FIG. 10 illustrates a top perspective view of a kevhole of a cover of an

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

[0618] FIG. 11 illustrates a top view of covers of programrhable modules in

accordance with an embodiment of the present technique;

[0019]  FIG. 12 illustrates a bottom view of a cover of an automation controller 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;

[6621] FIG. 14 illustrates a bottom view of first and second attachment features in a

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

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

embodiment of the present technique;

[6023] FIG. 16 illustrates a bottom perspective view of a key in accordance with an

embodiment of the present technique;

[6624]  FIG. 17 iliustrates a top perspective view of a kevhole in accordance with an

embodiment of the present technique;

{8025}  FIG. 18 illustrates a bottom perspective view of a key and kevhole in an

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

[0626]  FIG. 19 illustrates a bottom perspective view of a key and keyhole in a locked

position in accordance with an embodiment of the present technique;



[0017]FIG. 10 illustrates a top perspective view of a keyhole of a cover of an automation controller in
accordance with an embodiment of the present technique: [0018]FIG. 11 illustrates a top view of
covers of programmable modules in accordance with an embodiment of the present technique;
[0019]FIG. 12 illustrates a bottom view of a cover of an automation controller in accordance with an
embodiment of the present technique; [0020]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; [0021]FIG. 14 illustrates a bottom view of first and second attachment features in a

[6027]  FIG. 20 illustrates a top perspective view of a plunger in accordance with an

embodiment of the present technique;

[0028] FIG. 21 illustrates a top perspective view of a cover of a programmable

module in accordance with an embodiment of the present technique;

[0029]  FIG. 22 illustrates a cross-sectional view of a plunger in an unlocked position

in accordance with an embodiment of the present technique;

{00361  FIG. 23 illustrates a cross-sectional view of a plunger in a locked position m

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 technique:;

10032}  FIG. 25 illustrates a top view of a cover of an automation controller in

accordance with an embodiment of the present technique;

(00331 FIG. 26 illustrates a top view of a cover of an automatior controller in

accordance with an embodiment of the present technique;

[0634]  FI1G. 27 illustrates a cross-sectional view of a lock in an unlocked position in

accordance with an embodiment of the present technique;

10035]  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 controiler in accordance with an embodiment of the present technique.

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



locked position in accordance with an embodiment of the present technique; [0022]FIG. 15 illustrates a
top perspective view of a key in accordance with an embodiment of the present technique: [0023]FIG.
16 illustrates a bottom perspective view of a key in accordance with an embodiment of the present
technique; [0024]FIG. 17 illustrates a top perspective view of a keyhole in accordance with an
embodiment of the present technique: 10025]FIG. 18 illustrates a bottom perspective view of a key
and keyhole in an unlocked position in accordance with an embodiment of the present technique;

drawings and tables and have been described in detail herein. However, it should be
understood that the embodiments are not intended to be himited to the particular forms
disciosed. 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 ciaims. Further, although ndividual embodiments are discussed
herein to simplify explanation, the disclosure is intended to cover all combinations of

these embodiments.

[G038]  As discussed in detail below, embodiments of the present technique function to
provide an interlocking system for connecting programmable modules with automation
conirollers 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 controllers. Specifically, the attachment features help prevent
disengagement caused by vibration, shock, or similar forces. The use of the interlocking

system of the present technigue does not preclude use of traditional attachment features.

[0039] Turning now to the drawings and referring first to FIG. 1, an exempiary
industrial automation and control system 10 is illustrated. The system 10 includes an
enciosure 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 exarhpie, for assembly of a motor control center or use with industrial,
commercial, 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 embodimenis, 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 inciude an automation controller or a PLC, is adapted to interface



[00261FIG. 19 illustrates 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 technique; [0028]FIG. 21
illustrates a top perspective view of a cover of a programmable module in accordance with an
embodiment of the present technique; 100291FIG. 22 illustrates a cross-sectional view of a plunger in
an unlocked position in accordance with an embodiment of the present technique;

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 strategies. Indeed, an industry standard network may be
empioyed, 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.

[0041]  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 assembly line, and so forth. Accordingly, the process 16 may comprise a
variety of operational components 18, such as electric motors, valves, actuators,
temperature clements, 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 {o provide information
regarding process conditions. The actuators 22 may include any number of devices

adapted to perform a mechanical action in response 1o 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 VO modules 24 coupled to the monitoring/control module i4. The IO
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,



100301FIG. 23 illustrates a cross-sectional view of a plunger in a locked position in accordance with
an embodiment of the present technique; [00311FIG. 24 illustrates an exploded view of a locking
system in accordance with an embodiment of the present technique; [0032]FIG. 25 illustrates a top
view of a cover of an automation controller in accordance with an embodiment of the present
technique; [0033]FIG. 26 illustrates a top view of a cover of an automation controller in accordance
with an embodiment of the present technique; [0034]FIG. 27 illustrates a cross-sectional view of a lock
in an unlocked position in

[6043]  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 /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 YO 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 moduie 14 and may be located proximate or remote
from the monitoring/control module 14, including remote network interfaces to

associated systems.

[0044] The YO modules 24 may inciude input modules that receive signals from input
devices, such as photo-sensors and proximity switches, output modules 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 posifion or speed
feedback. In some embodiments, the I/O modules 24 may convert between AC and DC
analog signals 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 I/O devices. Further, in some embodiments, the I/O modules 24 that are
used to contro] motion devices or process control devices may include local

microcomputing capability on the VO module.

[6045]  In some embodiments, the I/O modules 24 may be located remotely from the
monitoring/control module 14. In these embodiments, data is cornmunicated with the
remote modules over a common commumcation link, or network, wherein modules on
~ the network communicate via a standard communications protocol. Many industrial
controllers can communicate via network fechnologies, such as Ethernet (e.g.
1IEEE802.3, TCP/IP, UDP, EtherNet/IP, and so forth), ControlNet, DeviceNet, or other
network protocois (Foundation Fieldbus (H1 and Fast Ethernet) Modbus TCP, Profibus),

and also communicate to higher level computing systems



accordance with an embodiment of the present technique; [0035]FIG. 28 illustrates a cross-sectional
view of a lock in a locked position in accordance with an embodiment of the present technique; and
100361FIG. 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 technique. 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

[6046]  In the illustrated embodiment, the system 10 also includes a display 28, such as
an LCD or other display, configured to display output 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.

[6047]  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 controiler 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 coniroliers, computer components and peripherals, and so forth.

[0048]  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 inadvertent operation, tampering, manipulation, exposure to
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 controller 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 components of the automation controller 30. 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 inciudes attachment features 36, which are
configured to facilitate coupling of the automation controller 30 with a panel or a rail.

For exampie, in certain embodiments, the automation controlier 30 may be secured to an
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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. [00381As discussed in detail below, embodiments of the present
technique function to provide an interlocking system for connecting programmable modules with
automation controllers of an industrial control and automation system. PLCs are examples of
automation gepitiotieesbireparticLifasictives phebeptstduhnigubprisbos aittashnse fofedtrdsthat help

prevent inadyertent disengagement.af.the pragrammeanle medules and assogiated: attomation

controllers. Specifically, the attachment features help prevent disengagement caused by vibration,
shock, or siffTAIIEREES. cPHRIR S SrapanAtsABCRIEY 2%l of the present technique does not preclude
use of traditional attachment features. [0039]Turning now to the drawings and referring first to FIG. 1,
an exemplaf§oigjustrial @utomationdaneancgntrolaystemol G isiithgtratednFhaSystem M dfcludes an

enclosure 1§ﬂds%ch as an elecl%rlc | cablpet, in whllcht%lectrlcal ompone ﬁgf %ch as.mon toring and/or

OMMuNICation %fuges. ; PI‘ ex]amp € automation contro rlna meiuae
control components, are noused. examples o1 such components may Inc udé re a)ys, Mmotor starters,

and PLCs, ammfagmm.@hmmm@émepbﬁmaydw gaﬁabield@meuﬁgmmé, forressembiy afra motor
control centgr,or jee Wi ndushiah Sommeial. mafion son gL SIgelsAl IBMS, The gnclosure 12

may be made of any suitable material, suc eavy gage shieet metal, reinforce pfast_lcs, and so
forth. In certhiniBwbeigihrentedinensidsdre DX ihsdutkes idvidurincsrpanpdels o othémstructures

that supportihe glegirical GAMPARSNELIPA0N I the iusiiaed smbediment, the gystem, 1§ includes a

monitoring/control module 14 assembled in accordance with present techniques. The
monitoring/ GRS Mt LR 40K fayton ENsd @ praitm stipfcdshtrdl b r e Breing diapted to

interface  control/monitoring function of a specified process or system. In the illustrated
embodiment, the programmable modules 38 may be connected to the automation
controller 30 using exemplary interlocking systems described m detail below. The
interlocking systems include features on mating surfaces of the programmabie modules
38 and the automation controlier 30 for securing the programmable modules 38 to the

automation controlier 30.

[0056] FIG. 3 is a perspective view of the automation controlier cover 32 of the
interlocking system. In the illustrated embodiment, two programmabie moduies 38 are
attached to the cover 32. In the discussion that follows, references to the programmable
modules 38 may also refer to covers of the programmable modules 38. As shown in FIG.
3, the cbver 32 has an upper surface 50 and a lower surface 52. The upper surface 50
may generally face a user interacting with the automation controller 30, and the lower
surface 52 may generally face toward the internal components of the automation
controlier 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 programmable 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
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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 strategies. 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. [0041]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 assembly line, and so forth. Accordingly, the process 16 may comprise a variety

of operatiorfabaBhiise Aénti 181 Erbagd BIEG i besrassomoBes atimarore!t Rerfsaretureettments,

pressure sengaLssOr & MW iad RhmaresiHng, RieqessRembaierial handling aadethesapplications.
Further, the process 16 may comprise control and monjtoring equipment for rgra%_lating? process

variables thPERESATARIESIR B0 HAGIBr BodnARIGH. For XaniPre, BRPitigFated 4vEeed 16 omprises

sensors 20 apehantuatans 22.ukbe sensais 20 pray-comprisenaniiidupbes didevieesaddpted to
provide information regarding process, conditions. The actuators Ema ilg]clude any number of
o Bl it

devices ad&PtEPIE dEFEmCH mESFaiiealhdiOR ik Fe<HEHERS aminBtt dgrist0da st iustrated,
the sensorsezhadichactuatarssBavareinfiGmauhicatipruswithiihies nidniterilegéoahtrobimgehulidy14 (e.g., an

automation contrg%ller .In or}%hemrtz)odé%en%i%hr% Sensars ?ﬁ;lq%g ac}{%atgrssezg)lmsagfaor@@g@icate with
the monitorﬁ%’fésoln OO dUIe L XVia Bne or more /0 moddles 24 co{upfe o the monitoring/control
module 14.sThie 4/ConfarluitisR4nmyapdransfercinpiyt aratlotiputrsignaisddtweeduthe’ frtmitoring/control

module 14 a0 ths corilied eI Re I embadinaRizaiR sensprn Al andsagiuators 22

may be utilized to operate process equipment. Indeed, they may be utilized within process loops that
are monitorpthahtheshieotedussthe prelcessns. Bgehiaupricessioop hray Betachivatsiivased on

process iNpUts,(e8minpit oM @SeRsahAM:8ldirent RResatarLInBULIReaIvRA YOG, aURer interface

device 26. [0043]The I/O modules 24 may be integrated with the monitoring/control module 14, or
may be addéenbrirensved vid EXpareisidiotdisBasALIBE diterBOTRIBIE KBRS PEST eample, to

add functionalitysethe.manitesingleentpk mpdide dds addisionat 4 madiies2dirnaxhn rdded.

Specifically, for example, new sensors 20 or actuators 22 may be added to control the process 16 and
additional 17 SGuRSE D& iy PRELANE 18 StspBit the NEWLBHELYS SERRHT 2t OIS P9 These 110
modules 24;geivaias anigiegtrical 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

%S;Lftciated ReEs. Q04T TRSNO.adulce £ 4 RpYndudsinphinedyies iaiyeseivg signals from
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
receptacie 70 inciudes an upper surface 76 and a lower surface 78, When the head
receptacle 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
receptacle 70 is a generally cylindrical object that inciudes 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 receptacte 70 from the top surface 76 to the lower
surface 78. The opening 80 may have a diameter 82, which may be between
approximately 2 mm to 3 mm in certain embodiments. An indicator §4 may be formed in
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
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devices, such as photo-sensors and proximity switches, output modules that use output signals to
energize relays or to start motors, and bidirectional 1/0 modules, such as motion control modules,
which can direct motion devices and receive position or speed feedback. In some embodiments, the
I/O modules 24 may convert between AC and DC analog signals 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 1/0O modules 24 may provide digital signals to digital 1/0 devices and receive
digital signals from digital 1/0 devices. Further, in some embodiments, the I/O modules 24 that are
used to control motion devices or process control devices may include local microcomputing capability

on the 1/0 #seriRy [dHAS [ Bowo grb sailviE PeIND hdiGrssed sl rbeite 8 rethbtely from the
monitoring/cRBl@RedUIad hdrthese embedinentsidataisaamminicatedswithithesremate modules

over a common communication link, or network, wherein modules on the network communicate via a

standard coRTHTINREAIBRERSFORSSHIREany HdHAREPESHrBReTrd T 4n BB RIMORCRe Vil h &k

technologiegcepablay Ethemeb(Rey mirE ERQR2/3bECP IR, JBP HothedieltP fanthdodotis), ControlNet,
DeviceNet, or other network protocols (Foundation Fieldbus (HI and Fast Ethernet) Modbus TCP.
it i feils TORAEH e hudhad

Profibus), ahA alSo’cBPHIRCEESS RGHE? RUEICBREUR & e Ndetratsd
embodimerfyrthel systein: 16 alsdanciitded aidispiay: R8hsushr asiatht @& dreothercdisplayneconfigured to
display output par ters, such as operatin rameters of t rogess 16, temperatures or
pressures Eéﬁn&%ﬁ%‘iﬁ%ﬁséﬁ? FSCE%,Pgogt |o%d;8r11 ofthation o n[ag; anétégtgf'?Z ? gﬁ Is’(? r%ﬁrt . [0047]FIG.
2 is a perspeetive iew obancautbniatiothedrtyolise 80 sdidh aslh@icl comiliidatedl tiwlautomation

controller 30 inglydes g variety,of somranents And featuies, thal facilitats, ssambly,Aedfer operation of

the automation c%ntroller 38? For example, the automation controller 30 may include any number of

slots, ventsFpithgs, beritractorecrinrfor bier linerfadsishiudburad asliendtrutturéSmesytatilitate

operation ofithe.atomatiap coptlien 3PpcAuRing PEMRRD assEMRIMICOMARBRALY ARAWNING With other
features (e.g., a DIN rail), and/or operation of the automation controller 30. Certain features of the

automation ESHEBNIBRPIOHAIBE BP9, via plug-in connections) to a backplane that provides
for distribution of power and data signals. Such backplanes are currently in use throughout industrial
applicationgt@spiovidehelata aidsbomntrahsijfald toanaidiam aulorfidtibndaritrollerdecomidter

components RSl BheraRe AN NI RN AH'GRRaRIRS 3Randluge a cover 32
head 98 located on the first distal end 94is configured to engage with the head receptacle
70. For example, the head 98 may include grooves configured to engage with profrusions
located inside the opening 80, which may help couple the head receptacle 70 and kev 72.
Thus, rotation of the head receptacle 70 also rotates the connected key 72. Further, the
head 98 includes a cavity 100, which may be configured to mate with a tool to help rotate
the key assembly 54. For example, the cavity 100 is slot-shaped and thus, may be
compatible with a slotted screwdriver. Therefore, the key assembly 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 illustrated 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 lug 108 may be

configured 1o engage with aspects of the programmable module 38 as described in detail



32 may enclose internal components of the automation controller 30 to protect the internal
components from inadvertent operation, tampering, manipulation, exposure to 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 controller 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 components of the automation controller
30. 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 controller

30 shown iVEN®: XiehgaedatrcAmmay feareebeasitvihitAnare donfigerédo Taeileighcdlpling of the
automation gontpallss ARt a-panekay & rall, ko examplesn GeriRiR.eMbodiments, {ig qutomation
controller 30 may be secured to an electrical cabinet using fasteners that pass through the attachment
features 363PREPEIBAERHARE 6F tneCBlectrical cabinet. In other embodiments, other attachment
features are configured to couple these components with DIN rails. 100491In certain embodiments,
the automati@rsEontrblier 30! maysicchndes expsnsiptrprdcemtasnicatioRdeatuanl oL example, the
automation gontroller.30 may include interfac ts, C unication ports, /or receptacles
configured ?g’?gééﬁeg'gge°b%rxr%8?8‘%%‘%8%3?2"'t2°§§§u?8 %ﬁgé?ﬁrfé Sﬁp%ﬁﬁéé%@(&ﬁéﬁﬁ‘fhe?%utomation
controller 3@dditiha, ithsstetedsarfiso ditnahinttad escppidsi¢c’ fereivbepfograminaidleamodtites 38, which
may be adapigrip (aNAGE esecis ol ie AURMAIoR aRNIRIG A% Aatielgh suchpadules 38 may

be coupled to the automation controller 30 for performing the control/monitoring fnction of a specified
process or §§ateerhsd itfiustferet e mrabidhh & ditkeegesghanimdblecenoglidd 3emaleberonnected to

the automationganiallgs30,using exemplary interlocking systems described in detail below. The
interlocking systems include features on mating surfaces of the programmable modules 38 and the

automation olle for securing the programmable maodule., 38 to the automation controller 30.
10050]FIG.[§%§£¢5;1 pe%sf?egi I W&W%ﬂﬁ@%ﬁﬁ%ﬁﬂ%’ﬁc&gﬁtVdﬁ‘éfroéég%#%"éac?f‘%ﬁ‘é’?%tseﬂﬂmﬁq@ system. In
the illustratechernbodivhentodwio pEogrampmabtenmalialesd3@ a8 atthehedtaithercanercd2in the
discussion that follows, references tp the programmaple modules 3 also refer to covers of the
program magtﬂ% ?r?g%elleguérg.cig Js%' owtﬂlnei " ﬁ%%gr%gaggé?ﬁz 1 ggr%ﬁyzqu% raslbsﬁiéé%t%ﬁcéﬂﬂ a lower
surface 52.Witetp parsurfacé s mbyegiherallihfdosver ssdnintEiActimgamitirdtie fautomation controller
30, and NeyRYEN WAk IMASGIRIM nfe ANAITL'ae ieme L AamaracH ol fhe,eyfomation

controller 30. The programmable m 38 may be attac o the cover 32 using key assemblies
54, which aféstisednBedin ddrampeidipuak Sharreiatrab!g meduiey SsSenbliegtddimyite located

near an edge &6 glheRiegRmmAle:NRdyIe: 3. SHERmaefiguration pktheskeyassemblies 54 and

the programmable modules 38 may reduce interference between internal components of the

programmaBi& FBllsy BEahtf tierps 2 HESHRBI b 33tk HinshanBbHimard reperiasieddsemblies 54

may not bedgcatedpeanihB.adgas Rbn7ihe Histratedr-embadiment.bve key assembligs54 are used
module 38 to the caver 32. In other embodiments, additional key

to secure e%%h ro_giimmabl

assemblies H&gtS’e Qa8 SRR 1R SREGPAIHERI R cdle BT tisd o EF 4. HBP ®8mple, three,
four, five, siiaperiore keshassambliesddaay Dawset iRedariotipaombodiments Asghaws in FIG. 3,
the key assemblies, 54 are located at diggonally opposite corners of the programmaple module 38.
When two IE%ef/ %gsgeﬁ%%lf%g g@%gﬁge%’,gs(& £ (Ezlér)n[f)iglﬂ1 ré%?o ‘ﬁ%%}oﬁeﬁ’g ?§ SBcurély ?ﬂtf%‘ﬁefhe
programmablenmiedulet S8 tenthe dovers8ReDithel &mbadin érststieithie diaes329hayingdde fewer or

more slots for ch as one, three, four, five, six, 10re slots. In addition,
each of theﬁ%%@g%ﬁtg}gé S@)&%&%ﬁ?@%ﬁ% tegls%f-iné'? Srsr’laétqfl3 Bf:%? eepa)'Ceirl{E(:icée %/Clr%or};?ovgt%lllg r%ﬁd the cover
32 by seleciitsélyativelaghiing the hppsrAriafetefassémbiiesss. Momdireththeghuinbdirsind/or size of

the key assemblies 54 anglsorreshonding keyhelesimaybe configired RasA PR Beiss of the
programmable module 38 and/or?%oe automation controller 30. tHd o ¢
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
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100511FIG. 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 receptacle 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 receptacle 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 reéept&elddo fromthielwpasserable 76 wahdtowersiifate sl Phéopening8@bay have a

diameter 82, WhichInaybe Rehye e sRraXimarely. 2, MM A 3RM BEGHAINEMRAARERIR, A
indicator 84 may be formed in the top surface 76 of the head receptacle 70. The indicator 84 may be
used togeth@FWifﬁ%Vﬁﬁﬁ‘ﬁ%PQ%rﬂg&W‘tﬂ@ preigrarhmabisfmodule 38 to indicate whether the key
assembly 54 is in an unlocked or locked position as discussed in detail below. In other embodiments,
the indicatof@44lon&ifiay iricicates witether:the keyvasshmbly&4istiadaokettier aptacked positions.
The indicatosg (%% ﬂa%(/lpo%a}%srggvpggt]iopm%%thne tﬂeead receptacle 70 or a y[ot er mark observable to
the user. For exampte. the indicator 84 may be atiangular fasdsortiSh B s FERa B btacle 70.
Indentationde86imaybefolimddneastmbliiop sutfase 16, FiicH raydetbtdeiusengtipshahead
receptacle if; recentagl iy dition, the indentations 86 may_ he configured
to mate Witﬁ%%ﬁgﬁ%ﬁ tﬁg eyggfé?ejm T{/‘Z&E}%tgf)u% Y é)cgmmﬁ)é%ilg%(\)/vrﬁ?hlﬁ%% %l,efuryr%ﬁig of the key

assembly 54l aseprddcabmplishadanadotnse|s (ihe. covelldasiyh FuattHer sthenfidaghdedptacle 70 may
have a heighi 88 ang a.diameier fForexampis. @8&5&%&&% May.he éﬁ!"@%%%@%o |mately 5 mm

to 6 mm and the diameter 90 may be between approximately 3 mm to 4 mm. [00521The key 72 shown
in FIG. 4 m&§¥ficlade 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 head 98 located on the first distal end 94is configured to
engage witlit@fishead ece plincteniz sRanexampiecttiechaad 98 mayeircltidegwovss eomiigured to
engage with protrusions.located inside.th ing 80, which help cou { the head receptacle 70
s o e R L R e SO e g 730

and key 72. Thus, rotation o ead retepta SO rotates rther, the
head 98 inchpdeis @ [Cavity 0 sivinichimgals b eneprifigunetitoahate veithc alto ehd6 bzlpfrtate the key

assembly 54, For.example  the cayity 100 i ﬁ%@tﬁ 9pe§1h%n thus, may be compatible with a slotted
screwdriver. _Ther}gére, the key assemt Iy(5§zl mgy Ee’ rotatef] BSG ft r%’fﬁ%tﬂ%ké‘ff 211\1/%1 eeacavity 100. A
first attachriémtdeatiite. 10R08 tativdretidhotidhensecon digtilentcaer The thstd@tactument feature

102 may bey ysed ip.cogaoeWiththe,cover 3R-ag.desatibed indetall belaw. in-the lstrated

embodiment, the first attachment feature 102 includes a groove 104, which is arranged substantially

parallel to tARAB&ial #he abrftal? s88oisntb R dBk KobaOpRRatiSh B thetatddtnierié anaEneD? is

described in detaiybelown fiha-shalt S2ralsmingludesRilHaA08 sartilevered fieraAsidsgf the shaft 92
between the first and second distal ends 94 and 96. The lug 108 may be configured to engage with

aspects of tHEBFOJRNTHIABfMBGHTe 28 o FISEiINedifFERAAIFBEIBIFE(REREE I8 &) B2 may have a
height 110 anthaidianhetind:d 2uthe beightikldeayheihebreriappeyimaishy ¢su torfem and the
e v ARORSTC AR AR 1O Rl DRRHERG RISy assempled

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 attachment 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 fit in the groove

104 of the first attachment feature 102. As shown, the second kevhole 150 is not

threaded and is asymmetrical. Thus, the second keyhole 150 is not compatible with
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shown in FIG. 5, the head receptacle 70 fits on the first distal end 94 of the key 72. In addition, the
upper surface 76 of the head receptacle 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 70 from the key 72 after they have been coupled. [0054]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 etisaeReERtiEFirstdkeyhotevss 18 fsidra e diat they pebgidth mdbie fradifea88. Various
embodiments; of{hgiprogiarunahicmedHie 38 maninalds.ongLimare fitsthkyhalas 43d The shape
of the first keyhole 134 is generally circular to match the shape of the head receptacle 70 and to
enable the HESHFEEEHSRIe 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 TO}SMus, BHe. head pecpptacievitmdyhtitignagiyifiic: thedirstekeyhobs 1 B4 wkemsslid
downwardly in the direction of arrow 138, A lower diameter (not ShOWdQ}) of the first keyhole 134 may be
e than e ol R e R e B S ARSI of he e
receptacle koyrisadh4ihe fispkeyhoisdddnDdelteddl 98 ofthemiey H2inYashpassagpwenaly through the
first keyhoque]}%%i% jpgicted 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 wit ead" tending’t ; ¥nay be

les with & heat 58 ExténdifftP tRFGHRIH e ViiTst REyROIEIYx! tify i)y Aslefhidhy Wiy b
securely attached 1 thietpregrampmable rlesuleB81dn atldiioreengagsmant b theibeadmeceptacle 70
with the head 98 may resist removal of the head 98 from the first keyhole 134. [Q055]FIG. 7 illustrates
B perspect BN i il W5 FCE S BY I8 Q3or 324 b0l KBRS 140 s BB%0rmed i
the cover 3R«dyhenrgatie mithdbe ditshvattachigent¥eatuire 1 02:pfitbie kby ssdedibhnbdishdinn in FIG. 4
as described.in Il below. Yarious embodi ts of the cover 32 may,inclyde one or more second
keyholes 1%.& gflﬁﬁ%{ec?gﬁ rﬁe¥§%i§l Smsé]}"nleg ‘c])rlrrrgl%gdtlr? t eecg%gé(reﬁxé%gh%a? ?h%egég%%d keyhole

150 aligns wmm k&@/lﬁ@léimm mé@mmﬁ?éblglmttdu]@ S&sisitoupteditéahecover 32.
100561FIG, &illystrates,a hotompershestye view afithe secnd keyhnia L sein the t%évg%r}_swface 52.
The second keyhole 150 may include a first opening 152 and a second opening 154. The first opening
152 may bel 8anfijisfedias bhapreoxeakhitor sehhasielf Phnespasiitneorrih the secsaiieyhole 150.

The first Opéﬂéi'ﬂgidéiﬁzl ggafb{aipggjgl&@egpg?g@ﬁgﬁ@}yv@i&l;higbag)mximately the same as or slightly
greater than the diameter 112 of the shaft 92. The shape of the first opening 152 may be circular to

match the of the shaft 92 and to enable the key asosembl 4 to rqotate, The second opening 154
ey be cotiia t6 Sealte KA AEARE T DT QB AR Srcly RO GgHRine seeond
keyhole 15@0{h adyitienicanset andhattach meftfeadiire 188 mayebeforvedanithe 188verBurface 52 of
the cover 3 | o.the,second keyhole 150. The second. attachment feature 158 may be a
cyindrcal 1 B o B S S merer 160
may be betaservapptoximansty ¢S eranpld. thenizheRthe9€ighty I82ariap bddetivedn@tmm to 4 mm.

The second,affachment feally 6,48 03y becqpligliactp angags, e frstatiachmentisature 102

when the first attachment feature 102 is rotated about the axiS 74 of the shaft 92. In other words, the

second attdeHirnt featliree 1mghigsepadonfigoraditatatin pasigpocvdroe it Htabhment
feature 102;,A518R0UR: the,serrad kayhale A isonalihiraded-antdis AsymmeHcakyd s, the second

keyhole 150 is not.compatible with _ ]
assemblies 54 are aligned. Thus, the upper two key assemblies 54 are in the locked

position. In the iilustrated 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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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. [0057]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 keyholes 134 in the programmable
modules 38. For example, FIG. 9 shows four second keyholes 150. [0058]FIG. 10 is a top perspective
view of the second keyhole 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 attaéifiéntdBaati fe daeovpzmskesiivolisly astorthécsetéruickeyhinteldd0d Indeethdhe beveled
edge 180 fagilitates alignment and essentially guides the first attachment feature 102 through the
second keyhole 150. In addition, the second keyhole 150 has a height 182, which may be

approximat same as.a thickness of the cover 32. For example, the height 182 may be between
approximatz{(?gafnm E&% ri?rﬁﬁf@@%@fl’-qé?ﬁ%llYEWaTﬁ?sl%"f%S\‘}%W%? et B GPAfimabl® Wsdules 38.

An indicatori2@frangly daebtaiment. intih €itapasuciasenl 30k el programmablewardues @ of he indicator

200 may be.a rajsed portion of the programmable modules 38 or any other mark observable to the
user. For exﬁ'p%,%%ﬁ%%éi&l%em BB A I A ESBTIHiGATB R hE Progrdinighle modules
38. The indivetorr20aavhynbet Jssdrins doRjunctiontwitbcike indicator 8heofithe headiesaptacle 70 to

indicate thefgé% ' '(S')n1 the. £Y,@8S mb] N tﬁe illustr bodiment, the indicg@or 200 and the
indicators 84 o? %%e u%%grﬁ F\EV(%X ge% g’s@%%gﬁgsﬂf are 3ig€1{§g. ﬁ%u%ﬁetﬁlemugf)l%%%%o RE a%%emblies 54
are in the |cEREsPBSiNEntA trsdiidsittaginemblodinment Sthe ifdicatbese200caficsthetinticators 84 of the

lower two kyasserriliepataif.ngl BURIEdoTILE, IMBOWRIMOEY Asampigs Al the
unlocked position. Therefore, the indicator 84 and the indicator 200 may help a
described in more detail below.

[0061] FIG. 13 is a bottom view of an unlocked 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 158. In addition, axial rotation of the shaft 92 causes the first attachment feature
102 to become misaligned with the second keyhole 150. 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
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user to tell at a glance whether the key assemblies 54 are in the locked or unlocked positions.
[0060]FIG. 12 illustrates a bottom view the lower surface 52 of the cover 32. In the illustrated
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 toward the bottom 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. [0061]FIG. 13 is a bottom view of an unlocked position 210 of the first
attachment featgekarbpogigoshevwhiin FiG. 18, theditscattatmuohinfearirehtp? extérdsthndugh the

second eyl SaReifoal 16,5195 s 0ioyal . 1t QReaingLde, n addiion. he groove

104 and the hook 106 fit through the second opening 154. Because the groove 104 has not engaged
the second AftachrRentiediare 18N treeresH asdBriyserpid intirbman dkadisosion IR 10h¢n other

words, the fisst@itachment foaturs 302 isaligpedvihithe sasengikeyhole 1a0nandthus,he key
assembly 54 can still be removed from the cover 32. [0062]FIG. 14 is a bottom view of a locked

position 220 B tReflragatRlh HEht hsattiraE0 AN tHe ifCRIPARELE B JdfiTh eRechReesh &RIDE has been

axially rotatec2apheaxioatelyinety depsees saunterclogkwiseviamibe dnlockadoosition210, thereby
102 with the second attachment feature 158.

engaging the groove 104 of the first att ent featur

In addition, g)@é:fipgfia?#oﬂﬂq%f eaéﬁeé?‘f%?a%;%f@g fﬁé%f?%ﬁﬁd?ﬂﬂ@ﬂ? feturd! fF 0 5EEL M8 misaligned

with the seaoad keyhete 18Qacthusethetfitstwitachimehtfeatuendo? abutshihedowes serbage 52 of the

cover 32 sugh that disenga ent, of the key. 72 fr he second keyhole 150 js resisted. Further, the
gttl%tctﬂmen‘t i ag%cg?g% gaota%on O?t he ﬁha%£ ‘? C?(W‘Si&ifg% azrﬁg Fﬁi affﬁlsétlwg g first

engagement between the first and Second attachment features
attachment feature A@2imanisaijgimeptmwithalhepsacond keyhiotb: 4661 dihosathe: first attaetiment

feature 1024s:jn,the IQeker RRSIQR220.0.EIG, ; cause .of the cylindrical shape of the second
attachment feature 158 and theionfm%r_é%n ’()ly %ﬁ%@o%ﬁ%gﬁh‘e&lrﬁ@%ﬁacﬁrﬁ%’ny $8a(gurﬁé€102 snaps
into place WREN BhEaGaHWHHINE deserdvattacimismiedrins IGaeveotierenmgisthedidok 106 may

flex slightly gutwarship gRakieithe seeand.aliachment 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 tagtile se ion indicative of the key assembly 54 being.in the locked position 220. In other
words, the t@grgllecelvn?@sgth%gfigtif1%‘%%0&38 ey th&'f Efraﬁgéﬁ%lfé‘ﬁ?tlﬁﬁ Bt 8econd

attachmentseature IB8. Rotationtef theshaftR2itleckevises toithe ariloakedposition2 k0fmay not occur
naturally dugi ormahoperation of the industrigl aytomatian and control system ?}10 hich may
&E@I. et cﬁsﬁ?ﬁﬁg : 158 53'64 ngafg 1% 5 é%cateé near tﬁg iels gg\é\flﬁ

include shock, vibration, an orces. Thus, use of the rotating key ass arious
embodimentsZhelps tygptéiemaissggagenteatohitheyprogfamiethin chmpaigte 38 fbdamitu cover 32.

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 flexibie 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 too!
to facilitate 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 kev 230 is in the locked or unlocked
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 to 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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[0063]FIGS. 15-19 show components of another embodiment of the interlocking system. 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 module 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 facilitate

- turning of the key 230. An indicator 242 is formed in the top surface of the head 236 to indicate to the

user whethéP¥hél keyF280 16 iHiﬂﬁ@a%kebitﬁmnmmbb%iﬁi@mspmﬁﬁs_ktw@&@4ms formedhon a side of
the key 230hetvgen el 23 and e Il PaTion 234, T e ook 44 i copfigured o

engage with the programmable module 38 to help prevent the key eing removed from the
programmaBie fhotltne de iertrsing hisrideriblaaesiva Rdbr2aenrsmsAed Asantredetond distal

end 234. The:secondnneki24RdsTeRIIgRiRELP 2150396 With he £oVah 32:R%48ssiRgd:in,detail below.
[0064]FIG. 16 illustrates a bottom perspective view of the key 230. As shown in FIG. 16, the flexible

portion 238 AR 8kt SFgeompreriepiadRs It dhie bl PAHRRi Sraskesedifon of the

flexible portipgi233mayeapprarpsraniamgdnsieadiofasiske. Sapciicalhsibe fipxible partion 238 may
be defined hy an angle 248, which may be approximately 120 degrees. Configurations of the flexible
portion 238%&?@‘] ﬁ%‘g@’f@ﬁ%@st%ig“@fgﬁ“ f)ﬁ?‘b%(?rﬁﬁéﬁrp 160 tilgrees may enable the flexible

portion 238 to flex toward or away from the lengthwise axis 74 of the key 230. [0065]FIG. 17 illustrates
a top persp&iifid viellof &7sdlesheiteyhuteaspectrfigired o engagekthdde\28808o8hscifitally, the

second keypolg 2 Icludes ) opanmaMion FaZWiNEREAiRsBaNdS Iedle (lexile portigh 238. The

open portion 262 is large enough to enable the flexible portion 238 to be inserted and to rotate

approximatéRonlielyrasssndsikcdsdivepioreien Hdludis epaiargtirr Aajsdarssssazba, which is

configured tg limlt Eotation. b8y 236 1R ARARXIRALE]Y %&Qrgﬁgg%ﬁrcwﬁa%aw@&%}@!e 260 may
also include a beveled e%%ﬁ 266, which may help to align the proMmable module 38 and the cover

32 by matinf RFeBr&S Si%%i%ﬁﬁﬁ%gdafé%ﬂgél%r?ﬁ%%im@ﬁ r Shigice 13digegbio

programmaiieinaeetite: 38 1{0A661FIG (L Shis ek heltern measpretiveryiewhthe-saspnekkeyhpole 260 in an
unlocked positian 280. As shown in Flg; 18H,.the se_cgr‘ld keyhole 260 includes a crescent-shaped slot
282. which Py KeH8inBAALE s aBhd O o Bl Réyp 350 PRSTHEREY ToRgtue 58
counterclockwliske the eréscentshaped slot282speatings shatawernunmhichesulistin guwiding or

pushing the, se con l;og%%%@&gyg%ga%pedmrgggfggé_he flexible portion 238 inward toward the lengthwise

axis 74 of the key g%‘()

[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 accommodate the second hook 246 of the key 230. As the key
rotates counterclockwise, the crescent-shaped siot 282 becomes shallower, which results
in guiding or pushing the second hook 246 inward and moving the flexible 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
tocked 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 locked position 290.
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[00671FIG. 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 locked position 290.  [0068]FIGS. 20-23 illustrate components of a further
embodiment of the interlocking system. HG. 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 [@Bp8kr supfott 306 anthathig S0eptoreneddA finghsp pabsdippmit B0Be Aterveksigport 310 is

connected (4§ UPPRS SUVRASLENG AR o0 E14 5 U iz laugl suplpor A, Fyiner, 2

beveled edge 312 is formed on the bottom of the lower support 310. 10069 lustrates a top

perspective Dfaiet iHd Brogiainsndatie avddurecasdeir) et 16intEhpokingg 899 phahisier 300. In FIG.
21, the prograamaRle3aie 38neiudas amoRsHing mRA sonfigured qrngags.the dugraos.

Specifically, the opening 320 is wide near the top and bottom, but narrow in the middle. The

programmaBIW SRR BSIUHES McHREs HRBeKing teitie l8e 2 W Hirmeh gagas teEcHEaIPSs to help
resist disassembly phibespsparammaienmetide.38-anshiheuppvar 32. 400701516122 lustrates a

cross-sectional,view of the plu r 300 in an ynlocked position 340. As shown in FIG. 22, the lug 308
is located nggrﬂ?ﬁgﬁgﬁrosfuﬁ{%%g% in %YDSU ﬁ@iﬁ%@ﬁ%rﬁ&? AEIMRRAR the RgreBehtfior the
opening 32Mdefoumparaldiv the lug 38 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

i a locked pygigon 350, A3 SAWAIR G236 840,308, SnaRos anfipsglednsay tag bottom of

the opening 320. Thus, the lug 308 has moved past the narrow por e opening 320. Such a
configuratiotP B gHEEB pe iRy Ieg Wikythe R vesti aiftthdmilgerl 36 sk positibn3850. In

addition, thenuRREMAYHRERIVE ataskis:sRASAlARWEER: the kit 398has.Mever Bashihenarrow portion

of the opening 320. Further, the placement of the lower portion 310 in the programmable module 38
may help préVEAt H&1uKiAY 1BARMECED PHSHTBEN NS ARk ardhsRsReEy TR Pedirg
disengagengit afdhdqpregraamablemedule38./am theeoveriBe. cover 32 to help resist

disassembly of the programmable module 38 and the cover 32.

[6070]  FIG. 22 illustrates a cross-sectional view of the plunger 306 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 aliow
the lug 38 to pass the narrow portion of the opening 320 and interlock with the lower
portion of the opening 320. FIG. 23 illusirates 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 phunger
300 in the locked position 350. In addition, the user may receive a tactiie 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.
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[00711FIGS. 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 to the cover 32. The lock 360 includes one or more tabs 362,
which indicate whether the lock 360 is locked or unlocked. 100721FIG. 25 illustrates a top view of the
cover 32 incorporating the lock 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 unlocked 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 module 38. In addition, the tabs 362 are extended in the Locked

position 3700Which My help-tie a8t vrenRNYSE iy IRE sttt Bf HEMo kil SYStERTSBE. FIG. 26

illustrates asiaRyiewiof heinavesd2 Wit ihadrourammaRiameduess As sheveyithe-neagrammable
module 38 is installed on the left with the lock 360 in the Iockedhf)osmon 370. [0073]FIG. 27 illustrates

a cross-sectBPAEN: 6 Rk I0ekilid SRR RS mEosHBERER HBGIHRE 3750 FHeBrshrammable

module 38 Emuedisasouwrwakd diregtien @ssinditaiaddpy iafew:.39Rtado ahethe: progyammable
module 38;0%% cove %Eﬁs the programmable module 38 moves downward, the lock 360 moves to
the right, as'i t%rdJBgf%l fow 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 locked p¥idibn %tmﬁméilyfgéﬁtf{@@mw@e\zgo% hdleavehan ofcoproesss foe dopinedting the

programma%&%cm%ﬁﬁtﬁé i9-ihespuipmation Geniwlles %Omlmts%a%éémé%%@ﬁ@%a? of the key
72 is passed upwardly throu%h the first keyhole 134 in the p %;ammable module 38. Next, in step

404, the lowéP strfazedsP ol the %?é@%%ﬁhﬁ‘é@ﬂékﬁ‘fbﬂ‘éﬂél% blited WAETESELRobEr Slitce 50 of the

cover 32 suchdhat thefirskkeyhale I3haligneyibsthesserpndkeybpiedn0: 1 sigp 4RGethe first
attachment feature 102 |s assed downwardly thro 8gh the second keyhole 150. Finally, in step 408,

the shaft 9% %cgiag‘lﬁy, Yﬂfat Rg(f:%ﬁ@énﬂ%ef In addition, the tabs 362 are extended in

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.

(06731  FIG. 27 illustrates a cross-sectional view of the locking system 358 in the
unlocked position 372. The programmable 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 moduie 38 moves downward, the lock 360 moves to the right, as indicted
by arrow 394. FIG. 28 illustrates a cross-sectional view of the locking system 358 in the
locked position 370. As shown i FIG. 28, the tabs 362 extend out from the cover 32

indicating the locked position 370 to the user.

[0674]  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 is
passed upwardly throngh the first keyvhole 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 1s passed downwardly through the
second kevhole 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 keyhole 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.
[0075]While only certain features of the invention have been illustrated and described herein, many
modifications and changes will occur to those skilled in the art. It is, therefore, to be understood that

the append@érekmams KaurdRa& TereBsdrahiinen Widuheatems dsinaiahgls a5 aWitin the true

spirit of the dqveRkiGH: EkfIMSF 92, heMsiniQROGKING BYRIEM for gonaRetinged pregsanunable module
and an automatjon controller of an industrial control and au#)mation E stem, the ipterlockigg system

comprising=? ey sy i RE e RSaL By fivsY ASEPEhd of RS KSHSRAN first
attachmentkégatlsel santlexsred franrdhsecondidistahendeof tRatahaft)? engdist keybalenih a cover of

the programyiaple. Mo SIS e (5 R 1 SIUSROSaRIe dF bisatigaRss upwardy
between the first attachinent feature 102 and the second attachment feature 158 maintaing

the first attachment feature 102 in misalignment with the second kevhoie 150

[0075]  While onliy certain features of the invention have been illustrated 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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a second keyhole in a cover of the automation controller, 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 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 front 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 misalignrkértiivith the second keyhole. 2. The system of claim 1, comprising a first plurality of
keyholes in the cover of the programmable module and a second plurality of keyholes in the cover of

the automation controllerart.HagisyBiemsofelaims toana;oomprisinena el meeptagieicanfigured to

slide downvgatr(()jr%/ onto and ?PU%[ with ahe head asotpe Iaead extends th_routgafl'éthe ﬂrf‘}éﬁ? hole,

wherein the’Re4d tr}é’gecb DRI 8780 18 b%@%nf JREEGE SHRE ALY Sr‘ésé%'B fe 1HF6 e first

keyhole andengagemeningith the head resists removal of the head from the first keyhole. 4. The

system of any one qf the previous claims, wherein the shaft comprise antilevered from a side
ot the shaft i benies S ey S R S L B R Conriurea
to engage athornsirfave ofthiecovéfrofithepmogtdstmabibanbdslesfipon insertion of the head into

the first keyhole syciihpd Heibsh SeIOR AhgAeat MIRINRJISEKRXIIR BRI e hole 5 The

system of any one of the previous claims, wherein'the first attachment feature comprises a groove that
is substanti&ikepheaned to ehebisdieorebiamans upwaglly Heerydramebf any one of the previous claims,

wherein the COVGr@EéB&@@QfﬁM%d&%%@ gRMprsas o kevheles [prmead adiacephjo edges of
the cover of the programmable module and located diagonally apart from one another.
keyhole i5 configured to enable the first attachment féature 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 kevhole 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 controlier.

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
keyhole, wherein the head receptacie 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 kevhole.

]
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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 etaherein e 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 feature comprises a rod-shaped protrusion formed in the lower surface
of the cover of the automation controller. 10. 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 tadglIEvsERsafigRVIRE S e firsy ints SBht Tosteetbh 8o mersetond

- attachmentfeaturghtileverded: 1618 s)sieMahari-2ne obthe-AreMaHs: Gaimsconhensin hraytomation
controller comprises a port configured to receive the programmable madule, which is adapted to

manage aSHg&gaétf #h¢ sihsrn il e it sidieured to engage a botiom surface of the cover of the
programmable module upon insertion of the head into the first kevhole 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 parallel to the axis of the shait.

6. The system of any one of the previous claims, wherein 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 feature comprises a rod-shaped protrusion formed in the lower surface of the

cover of the automation controller.

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

keyhoie, and the second kevhole are not threaded.
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13. An industrial automation and control 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 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 keyhole in a first module, wherein the first keyhole is
configured to enable the head to pass upwardly there through: a second keyhole 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 to

become misalignellwith THe sEteRPkEPheNs ahthaBRvICIS W Bsraberghie §saHasBeile such that

disengagementef 1he keytamdhasacend kevhelads sasigiedaanthrovidd seeeiil atiagheent feature
on a lower surface of the second module, wherein the second attachment feature is configured to

engage with"ii8 HIs{ L AURRIEHIE ST WHRSTH A S ARRIRRBNE R &A1Y Ss rotated about an axis of

the shaft and the engagement between the first and second attachment features maintains the first
attachment featurgg\r;,miﬁgllr%gnment with the sec?np kelyhole. Ia 14. The industrial automation
system of claim 13;"wher e firs AR hR&n féé?u‘?ee\éigrlhspﬁéé%sa‘év ooV thist a|l§tgf5151§f%3{}ntiaIIy
parallel to thenaxiBeofdtnershaft.a port configured to receive the programmable module, which is

adapted to manage aspects of the automation controller.

13, An industrial automation and control system, comprising:

a pluraiity 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 contrel
modules, 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 first module, wherein the first keyhole is configured to
enable the head to pass upwardly 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 to
become misaligned with the second kevhole and abut a lower surface of the
second module such that disengagement of the kev from the second keyhole is
resisted; and

a second attachment feature on a lower surface of the second module,
wherein the second attachment feature iz 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.
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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 claimswherein the key, the first keyhole, 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 second keyhole. 18. A method for connecting a
programmable module to 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 dital eddio g e @ﬁ‘l‘l’f@ﬂ?@;ﬂ; system of claim 13, wherein the first attachment

feature comprises a groove that is substantially parallel 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 13-15, wherein the

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

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

by selectively disengaging the key from the second keyhole.

18. A method for conmecting a programmable module to an automation
controller, the method comprising:

passing a head of a key upwardly through a first keyvhole in a cover of the
programmable module, wherein the head is located on 2 first distal end of a shaft of the
key;

abutting a mating surface of the cover of the programmable module with a mating
surface of a cover of a automation controller such that the first kevhole aligns with a
second keyvhole 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 {o cause the first attachment feature to become
misaligned with the second keyhole and abut a lower surface of the cover of the
automation controlier such that disengagement of the key from the second keyhole is
resisted, wherein axially rotating the shaft causes coupling between a second attachment

feature Qn' the lower surface of the cover of the automation controller such thai the



abutting a mating surface of the cover of the programmable module with a mating surface of a cover of
a 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
the lower surface of the cover of the automation controller such that the coupling between the first and

second attaetpidit feaisrsthsdinthms! s M eEALERME RAQE FBARHISIG e AERHHEE second

keyhole. . 48--The metbRgGf: Glaim LS. comnrisingdnounting 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 keyholes is configurable based upon a size
of the programmabte modiule angiortheuiamatian copelging mounting the connected

programmable module and automation controlier 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 keyvholes is configurable based upon a size of the

programmable module and/or the automation controlier.
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