INTERLOCKING SYSTEM FOR CONNECTING A PROGRAMMABLE LOGIC CONTROLLER AND
A POWER SUPPLY BACKGROUND [00011 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 modules of such systems.
100021 Industrial automation and control systems are known and are in use for controlling factory
automation and the like. Such systems include various components such as programmable logic
controllers, semiconductor power electronic circuits, power supplies, motor starters, relays etc. that
are utilized to monitor and_contral a_process/system. Typically, the programmable logic controller
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components, such as controllers an ystem are interconnected together as
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[0G062]  Industrial automation and control systems are known and are in use for
controlling factory automation and the like. Such systems include various components
such as programmable logic controllers, semiconductor power electronic circuits, power
supplies, motor starters, relays etc. that are utilized to monitor and control a
process/system. Typically, the programmable logic controller 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, such as
controllers and power supplies, of the system are interconnected together as modules.
These modules are often assembled by mounting the components to panels housed in
large electrical enclosures. Certain components cooperate with other components to
expand functionality. For example, industrial controllers may provide for connection of
additional 'O modules to add input and output functionality to the controller. Indeed,
adding an I/0 module may allow the industrial controller to interface with a specific type

of control equipment.

[0004] In traditional automation and control systems, the components/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, the complex nature



systems can be cumbersome, delicate, and expensive. Furthermore, the complex nature | of such
systems typically requires significant manipulation by a user to activate. For example, a typical
interlocking system for components of a control system may require at least three actions for the
assembly of the components such as sliding the components and activating various different locking
mechanisms. [0009] Accordingly, it 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
the alignment of such modules. BRIEF DESCRIPTION [0006] According to one embodiment of the

present invepiat, apJaiRNIasKing SYSIEH. for.cannseing apiogrammabie logic aanollar and a power
supply of an industrfal control an AUTOMAL0 system Is provided. The inter oc%ng system includes a
plurality of srentipdd, sloypiandaddeckidisposeau bn @sipensurfade obtive jpywemsuppheqline datch

includes a fistipemegh (<A is: dshensd a1ane adkls ugye sanlisyeled pigxmale an opening

in a housing of the power supply such that'the tongue ex into the opening. mterfocking
system als@iddeidesingoiarsiy Gffersokiperitdsnabendnstachment feature formed on a side surface of
the programmable logic controller. The plurality of hooks are configured to slide along and engage

with the pluradigygof verdiealistels suchothat dbgnprapidmmakiesledic eoatelies anc-tbgRewer supply are
held together horkzontallgﬁ{.and the second att%%?ment eature is caonfigured to couple with the first
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[0007] In adactilitating tithl anethearcdspacinaduiagustrial automation and control system is provided.
The industrial automation and control system includes an enclosure and a plurality of monitoring
and/or control modules disposed within the enclosure. The

BRIEF DESCRIPTION

[0006]  According to one embodiment of the present invention, an interlockihg system
for connecting a programmable logic controller and a power supply of an industrial
control and automation system is provided. The interlocking system includes a plurality
of vertical slots and a latch disposed on a side surface of the power supply. The latch
includes a first attachment feature disposed along a flexible tongue cantilevered
proximate an opening in a housing of the power supply such that the tongue can flex into
the opening. The interlocking system also includes a plurality of hooks and a second
attachment feature formed on a side surface of the programmable logic controlier. The
plurality of hooks are configured to slide along and engage with the plurality of vertical
siots such that the programmable logic controlier and the power supply are held together
horizontally and the second attachment feature is configured to couple with the first
attachment feature to resist disengagement of the plurality of hooks and the plurality of

vertical siots.

[0007]  In accordance with another aspect, an industrial automation and contro! system
is provided. The industrial automation and control system includes an enclosure and a
plurality of monitoring and/or control modules disposed within the enclosure. The
modules are configured to perform a monitoring and/or control function for a process.
The adjacent monitoring and/or control modules are connected using a plurality of hooks

and corresponding vertical slots on mating surfaces of the adjacent modules. Further, the
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modules are configured to perform a monitoring and/or control function for a process. The adjacent
monitoring and/or control modules are connected using a plurality of hooks and corresponding vertical
slots on mating surfaces of the adjacent modules. Further, the 2 adjacent modules are secured using
a latch and a receiving slot of the mating surfaces of the modules. [0008] In accordance with another
aspect, a method for connecting a power supply to a programmable logic controller is provided. The
method includes aligning a mating surface of the programmable logic controller and a mating surface
of the power supply and slidably engaging a plurality of hooks extending from one of the mating

surfaces with correspgnding vertical slots formed in the other of the mating surfaces. The method
also includ J@ﬁ%ﬁ&ﬁg‘%ﬁ%ﬁ%ﬁ SESHERE Vs HRg) q‘r‘g%ﬁhtﬁg hEeBP RS LY L RuEs SHHagsS Sftachment

feature of theeathduimating surface such that the plurality of hooks and vertical slots are substantially
prevented from slidably disengaging. DRAWINGS [0009] These and other features, aspects, and

advantagesyg e prﬁﬁ&%&f&\éﬁ@éieﬂtwﬂho%?&%aﬁweng&%%qn fe hsJoioupg deiaied
description Is read with reference to the acco anying drawings in which like charag ers represent
like parts thtoRI§BENHTHE & Fagieenihierein PODERIFIGha edwdtés hidasxdiapleeyaindstgal
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perspective view of an assembly having two modules coupled using an interlocking system in
accordance®ifhiiSeBbcRB14IME Srebuatte cirigoks poamiredian RrgratebamaiesmprEpgsonfiguration
of the powew BHRBIYeSfdheinasaemblk BiFemedmasertianee mith asnesisrldhernesgnidgchnique.
[0013] FIG. iIIust[aées an exemplary configuration of the programmable logic i

also inciudes engaging a latCh cantilevered from the one€ of the mating surfaces with an

attachment feature of the other mating surface such that the plurality of hooks and

vertical slots are substantially prevented from slidably disengaging.

DRAWINGS

[000%]  These and other features, aspects, and advantages of the present invention 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:

[06010]  FIG. I illustrates an exemplary industrial automation and control system in

accordance with aspects of the present technique.

[0011}  FIG. 2 is a perspective view of an assembly having two modules coupled using

an interlocking system in accordance with aspects of the present technique.

[0032] FIG. 3 illustrates an exemplary configuration of the power supply of the

assembly of FIG. 2 in accordance with aspects of the present technigue.

[0013] FIG. 4 illustrates an exemplary configuration of the programmable logic

controlier of the assembly of FIG. 2 in accordance with aspects of the present technique.



controller of the assembly of FIG. 2 in accordance with aspects of the present technique. 3 [00141
FIG. 5 is a cross-sectional plan view of the assembly of FIG. 2 with the power supply and the
programmable logic controller secured using hooks and vertical slots of FIGS. 3 and 4. [00151 FIG. 6
is a cross-sectional perspective view of the assembly of FIG. 2 with the power supply and the
programmable logic controller secured using latch and attachment feature of FIGS. 3 and 4. [00161
FIG. 7 illustrates a process flow diagram representing an exemplary method for connecting two
modules such as the power supply and the programmable logic controller of FIG. 2 in accordance with
aspects of t esent technique. DETAILED DESCRIPTION [00171 As_discussed in detail below,
empbodimer&%ﬂ}the E%ésé’ nt l%ﬁ??ﬁﬁiﬁ%tfﬁﬂ%ti?}ﬁ“tg ISR RshEeHo kNG systath 15 R¥WRecting

modules suslpply arrdgrammahieiogidogrnitolieniandeaupaivassyppkohan irgistrigoeostrol and
automation e?éuln 4particular, the present technique provides features with slide and auto-locking
mechanism' that aC|f|itate assembly of such modules in a single assembly action. [00181 References
in the specification to "one embodiment”, "an embodiment”, "an exemplary embodiment", indicate that
the embodiffi8kEldestHbed mayirchiersionp axepdar Yeatgre oSthrcassenblychiaFdotetistidy that every

embodimer}sda@wa%geaﬁﬁﬁﬁ?giﬁf-og}mgﬁﬂaq&ﬁgt&ﬁ@éﬁ@%@r&w&@@aﬁﬁ chatagiatizlg. Moreover,

such phrases are not necessarily referring to the same embodiment. Further, when a particular
feature, strf?@fHF%PgF Kiard@@digtic is described in connection with an embodiment, it is submitted that
it is within the knowledge of one skilled in the art to affect such feature, structure, or characteristic in

connection WithéptheF Eimbodimentss whethersofloot dxplicitlygeseritied.aj08&db huyninghaaw to the
drawings ar}grr%g%gég Jlgrsttv\;[g Qcc);dulleasns%)c(ﬁngg '?Hé’ power supply and the programmable logic

controller of F1G. 2 in accordance with aspects of the present technique.

DETAILED DESCRIPTION

[0017}7  As discussed in detail below, embodiments of the present technique function to
provide an interlocking system for connecting modules such as a programmable logic
controller and a power supply of an industrial control and automation system. In
particular, the present technique provides features with slide and auto-locking mechanism

that facilitate assembly of such modules in a single assembly action.

[0018] References in the specification to “one embodiment”, “an embodiment”, “an
exemplary embodiment”, indicate that the embodiment described may include a
particular feature, structure, or characteristic, but every embodiment may not necessarily
include the particular feature, structure, or characteristic. Moreover, such phrases are not
necessarily referring to the same embodiment. Further, when a particular feature,
structure, or characteristic is described in connection with an embodiment, it is submitted
that it is within the knowledge of one skilled in the art to affect such feature, structure, or

characteristic in connection with other embodiments whether or not explicitly described.

[0019]  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
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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 4 monitoring and/or control
components are housed. Example components in the unit may include relays, motor starters, and
programmable logic controllers (PLC), among others. 100201 The enclosure 12 may be suitable, for
example, 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 embodiments, the enclosure 12 includes
individual compartments or other structures that support the electrical components. [Q021] In the
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module 14 assembled in accordance with present techniques and adapted to interface with

components of a machine system/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.

[6022]  The process/system 16 may take many forms and include devices for
accomplishing many different and varied purposes. For example, the process/system 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/system 16
may comprise a variety of operational components generally represented by reference
numeral 18, such as electric motors, valves, actuators, temperature elements, pressure
sensors, or a myriad of manufacturing, processing, material handling and other

applications.

[0023]  Further, the process/system 16 may comprise control and monitoring
equipment for regulating process variables through automation and/or observation. For
example, the iliustrated process/system 16 comprises sensors 20 and actuators 22. The

sensors 20 may comprise any number of devices adapted to provide information



100231 Further, the process/system 16 may comprise control and monitoring equipment for regulating
process variables through automation and/or observation. For example, the illustrated process/system
16 comprises sensors 20 and actuators 22. The sensors 20 may comprise any number of devices
adapted to provide information 5 regarding process conditions. The actuators 22 may include any
number of devices adapted to perform a mechanical action in response to an input signal. [00241 As
illustrated, these sensors 20 and actuators 22 are in communication with the monitoring/control
module 16 (e.g., a programmable logic controller). In one embodiment, the sensors 20 and actuators
22 may communicate with the Qnitorl /control mog el4 \ua e or more /O les 24 coupled
o the monTBARFRoRSF AU e O To o4 ity TG BTG CLRt Snale
between thedamaaitaripgfoantsahsebekilen 4 dundithe sponteakiesh prpaesigfisyistem 16. [0029] In certain
embodiments, these devices (sensors 20 and actuators 22) may be utilized to operate process

equipment.igciaed. theyma e ilized wihinpinaesaipaRs,hat areamaniatedandgapuolied by the

process/system 16. Such a process loop may be activated based on process inputs (e.g., input from a
sensor 20) Brogitedtgsertdr mpdrizedbiviiZhréudgicdrasenihte ringicd sgieeode)[00281 Tke 1/0

modules 24.mgyiRgeintearatedapitidhe coniial manierng gevies 14 . ofmavhe addgd gryemoved via
expansion slots, bays or other suitable mechanism. For example, to add functionality to the

control/morTBRiRy &Pl Hadenis I/EAMERMIEE DA DRI sdcifa®lphel® Bhsors 20 or

actuators 2 araafgediaaanbalithes proeess/sysier: 26 niiesenk R mpdules serve asakelectrical
interface to.the congﬁller and m y be Joca E ﬁ]rox te or remote from the co rLégller including
remote netWOFRETA 5%%@%%%%&%? B“gég & ‘ff“l“f?é? BTSSR ay include input

modules that receive signals from input
[06025] In certain embodiments, these devices (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/system 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.

[0026] The O modules 24 may be integrated with the control/monitoring device 14,
or may be added or removed via expansion slots, bays or other suitable mechanism. For
example, to add functionality to the control/monitoring device 14, additional IO modules
24 may be added, such as if new sensors 20 or actuators 22 are added to control the
process/system 16. These /O modules serve as an electrical interface to the controller
and may be located proximate or remote from the controller including remote network

interfaces to associated systems.

[6627]  The IO modules 24 may include 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 VO 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 +3-volt DC logic

signals used by the controller. Additionally, some of the /O modules 24 may provide



devices such as photo-sensors and proximity switches, output modules that use output signals to
energize relays or to start motors, and bidirectional I/O modules, such as motion control modules
which can direct motion devices and receive position or speed feedback. In some embodiments, the
1/0 modules 24 may convert between AC and DC analog signals used by devices on a controlled
machine or process and volt DC logic signals used by the controller. Additionally, some of the I/O
modules 24 may provide 6 digital signals to digital /0O devices and received digital signals from digital
I/O devices. Further, in some embodiments, the 1/0O modules 24 that are used to control motion

devices or process. control devi may include local microcomputing. capability on the  1/0 module.
100561 1 SORTE BB E A GRS W b B T S S B AP 65 porton of

the control Equipment seind awmaydiaenil)eiterhainged gkthe4caniraller udodteiseammmsitated with

remote mo eL(a}ge(S)\g?r a comm%r%rcpwr‘r)lunication Iil?kd 0 n?twork, wherg;inomod%l?% on tte network
communicaté via a standard commuaricatons yp%ctt‘)lcgl.%n@nﬁaﬁ%?}%i controlfers €an communicate
via networkltgchndidgies such as Ethernet (e.g., IEEE802.3, TCP/IP, UDP, EtherNet/IP, and so forth),
ControlNet, DeviceNet. or other network protocols (Foundation Fieldbus (HI and Fast Ethernet)
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illustrated embodiment, the system 10 also includes a display 28 such as an LCD or other display
configured {8 @idPRAYB e RIHRERISRUERt a8 pBYAINEC Paltfnisterd dtiind ProcesEri&iem 10,

temperaturgandipressHiessensedhytheeerrna K0 vRositieminia atign.elcthr.agikrtess 22 and so
forth. [00301 In the illhj?strated embodiment, adjacent modules of the system 10, such as components

of the monifSHNGTEoRtBITAJARRYES OB e SRR SUSHY A TidH BRANG 2L SEmiiselsRiance with
present techrigies. Mhayrieiloekingoaysitss ineludesdadliaesia network technologies such as

Ethernet (e.g., IEEES02.3, TCP/IP, UDP, EtherNet/IP, and so forth), ControlNet,
DeviceNet. or other network protocols (Foundation Fieldbus (H1 and Fast Ethernet)

Modbus TCP, Profibus) and also communicate to higher level computing systems

[0029]  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/system 10, temperature and pressures sensed by the sensors 20,

position information of the actuators 22 and so forth.

{6030] In the illustrated embodiment, adjacent modules of the system 10, such as
components of the monitoring/control module 14, are connected using an interlocking
system in accordance with present techniques. The interlocking system includes features
on mating surfaces of the modules for securing the modules together as will be described

below with reference to FIGS. 2-7.

[8031]  FIG. 2 is a perspective view of an assembly 30 having two modules 32 and 34
coupled together using an interlocking system 36. In this exemplary embodiment, the
module 32 includes a programmable logic controller and the module 34 includes a power
supply. Specifically, in the illustrated embodiment, the power supply 34 is a 24 volts AC
power supply configured to power the programmable logic controller 32. As illustrated,

the programmable logic controller 32 and the power supply 34 each include a variety of



on mating surfaces of the modules for securing the modules together as will be described below with
reference to FIGS. 2-7. [0031] FIG. 2 is a perspective view of an assembly 30 having two modules 32
and 34 coupled together using an interlocking system 36. In this exemplary embodiment, the module
32 includes a programmable logic controller and the module 34 includes a power supply. Specifically,
in the illustrated embodiment, the power supply 34 is a 24 volts AC power supply configured to power
the programmable logic controller 32. As illustrated, the programmable logic controller 32 and the
power supply 34 each include a variety of 7 components and features that facilitate assembly and/or
operation of the logic controller 3 anr? ower supply 34. For example, tF assembly 30 may include
any number B AT EHACHITE b RECHERS ST DS TP hiEndle Soih SHATNTbe may
facilitate operaitbpoofdheadscyhbioB0saapiling: beterskly a8sembhciodmponenthecotipling with other
features (e.g.,.a DI rail, andjoroperstion of the assemply.20-Gertai fealures of dheagsembly 30
may be couﬁea (8_ 7, via plfug-ln connections) to a bacl%pﬂane that provides Yor dhstfibution of power
and data sigpaigi®uch thackptaridy dfe compdingytintusen thsugipuindostritl applibtatonghto provide
data and copirol signpals to a Arogr |0gi . s and
peripheralsfge%l% %&‘? ?(%ﬁwé%d(r)hgg]iwm% g%(?ﬁﬁﬁ%%%%ﬁ%ﬁ%ﬁ@%@?@ %?r%bﬁgyé/%@r%e :’{% includes
coupling fedrurssesudhi 48 hovkseshouplahdbthel strolgtnasdumnsedorinigieha prekplamimidble logic

controller 3%1‘30@&??0991’%’@&%%&8}?'bff%%&%g%mﬁﬁaﬂﬁ shauld bepriedihahwhen e HeWeE [wepply 34 and

the programmable logic controller 32 are coupled t(ég;ther, as illustrated in FIG. 2, Certain aspects of

these attachifréihrartipdystial nigakertienn Wew oy gnditess daienmerereatrisrare
described inmatgrdetai Relrwonitbirgte terlaPoreRB e pehpreiniihaBreofammable logic
controller 32 and the power supply 34 are illustrated separate from one another. However, certain
attachment {f&g&l{es 2 ?h?seeigl%glary embodiment, the interlocking system 36 includes coupling
features such as hooks, slots, and other structures for securing the programmable logic
controller 32 and the power supply 34 together. It should be noted that when the power
supply 34 and the programmable logic controller 32 are coupled together, as illustrated in
F1G. 2, certain aspects of these attachment features are hidden from view. Accordingly,
these attachment features are described in more detail below with reference to FIGS. 3
and 4, wherein the programmable logic controller 32 and the power supply 34 are
illustrated separate from one another. However, certain attachment features can be seen
in FIG. 2. For example, the programmable logic controller 32 includes hooks 42 that are
engaged with slots (not shown) on the power supply 34. The engagement between the

hooks 42 and the slots may be achieved by sliding the hooks 42 and slots together and

then holding them in place relative to one another with another attachment feature.

[0033] For example, the power supply 34 includes a flexible tongue or tab 44 that is
configured to engage a corresponding feature of the programmable logic controller 32 to
resist or prevent sliding of the hooks 42 along the slots. In other words, when the tab 44
is engaged, it may prevent the hooks 42 and slots from becoming disengaged by
preventing them from sliding relative to one another. As can be seen in FIG. 2, the tab 44

is easily accessible to a user. Indeed, a user can simply press the tab 44 such that it flexes



in FIG. 2. For example, the programmable logic controller 32 includes hooks 42 that are engaged with
slots (not shown) on the power supply 34. The engagement between the hooks 42 and the slots may
be achieved by sliding the hooks 42 and slots together and then holding them in place relative to one
another with another attachment feature. [0033] For example, the power supply 34 includes a flexible
tongue or tab 44 that is configured to engage a corresponding feature of the programmable logic
controller 32 to resist or prevent sliding of the hooks 42 along the slots. In other words, when the tab
44 is engaged, it may prevent the hooks 42 and slots from becoming disengaged by preventing them
from sliding relatjve to one another, As can be seen jn. FIG. 2, the tab 44 is easily accessiple to a user.
Indeed. a (RAFCH B HIAUERTERY M AR IEH (e 1T AL S ERAR R SR EhGUERMEh e R lowing the
user to slidabpdisengagsdherpowetrsilpdy. 34 and the programmable logic controller 32. [00341 In
the embodiment illustrated by FIG. 2, the assembly 30 also includes features configured to facilitate

attachmentgh$ap asgembly 3010 SURROM(E G, Aval dlanelepirisploapinalaneslicall. FIG. 2

includes attachment features such as indicated by reference numerals 38 and 40 disposed on the
programmaisialisgiedchiasiléieBratiaehmprent pvibe seppnp!saiespactuaigridach ataeHnméntfeatures are

configured te.fagilitetgneeupling atitheprogrammaiedagic rartiolar 34 and the;RAWRLSYPPlY 34 with

a panel or arail (not shown). For example, in certain embodiments, the programmable logic controller

32 and the FOWERSUBPIFSE mbgise ' SetisPatr tooarin denscamamisdegisingridtehét<sidhPpass through

thﬁ attachrﬁﬁmete?,uym 33 a\sﬁ;é&iv&tga ba&kdaimizgéﬁh¢eﬁm§§ri&al I@&%@@%ﬂ; tftff@éigfm?_odimgnts,
other attachme I eatures suchn as repr sente reg ence_numeras an,, re coniigure to
couple thes%ou@ﬁﬁo%ﬁ%smaﬁ%a%@zgrﬁo?@g? h-redAido %?fa%fhw@ﬂ%’oﬁw@%saseﬁﬁsiy 30to0 a

support, thexinderdgickiog shown). For example, in certain embodiments, the programmable logic
controller 32 and the power supply 34 may be secured to an electrical cabinet using
fasteners that pass through the attachment features 38 and 40 into a back panel of the
electrical cabinet. In other embodiments, other attachment features such as represented
by reference numerals 39 and 41 are configured to couple these components with DIN

rails.

[0035]  With regard to attachment of the assembly 30 to a support, the interlocking
system 36 facilitates coupling of the programmable logic controller 32 and the power‘
supply 34 separate from the support and then subsequent attachment of the assembly 30
to the support as a unit. For example, a user can couple the programmable logic
controller 32 together with the power supply 34 cutside of a cabinet and then install them

together within the cabinet as a single assembly 30.

j6036]  In certain embodiments, the programmable logic controlier 32 and the power
supply 34 may include expansion and communication features. For example, the
assembly 30 may include interface slots, communication ports, and receptacles
configured to receive one or more screws or other fasteners to secure them to the panel.
Specifically, for example, in the illustrated embodiment, the programmable logic
controller 32 includes ports to receive programmable modules such as represented by
reference numerals 50 and 52. These programmable modules 50 and 52 are adapted to

manage aspects of the programmable logic controller 32. As will be appreciated by those
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system 36 facilitates coupling of the programmable logic controller 32 and the power supply 34
separate from the support and then subsequent attachment of the assembly 30 to the support as a
unit. For example, a user can couple the programmable logic controller 32 together with the power
supply 34 outside of a cabinet and then install them together within the cabinet as a single assembly
30. 100361 In certain embodiments, the programmable logic controller 32 and the power supply 34
may include expansion and communication features. For example, the assembly 30 may include
interface slots, communication ports, and receptacles configured to receive one or more screws or

other fasteners to secure them to the panel. Specifically, for example, in the illustrated embodiment,
the prograrﬁ?ﬁg d'ogfe *EoAtraiteR3 iﬂ@tﬁd%%% éﬁ@r@%&@@ﬁ%&?éﬁﬁﬁﬁwmﬁéﬁkh as

representeddyrabéecante peroerals 90 aoelo2 midaese i agraivmablespretide phanandZare adapted

to manage asp c:tseof gigeenprogrammable logic controller 32. As will be appreciated by those 9 skilled
in the art, aav%frl((:eﬂ?“ofS tch modules may be coupled to the programmable logic controller 32 for

performing the control/monitoring function of a specified process and/or a machine system. [0037]

FIG. 3 illustiifédlan &xempidipesafiouction o shomigpueien SUpplhesoitheuriserhio B illustrated
in FIG. 2. In,{hg:llustiatad amRadimen, ﬁ)emomf@@;m%c?énm&émqsﬁt,ad?é%aw%mésry%' slots such
|

as represented by reference numerals 62 and 64. Furthermore, a tab or latch 66 is disposed on a side

surface 68 (AfAiig sdpaBYoHinetise\ikrstishysurevetivadsae sanersls 4adnédatch 66

facilitate assarabhRitha EPWETSHPBY 34apsktheRragrammahie koigaanyaliersd whilg. providing a
rigid connection between the power supply 34 and the programmable logic controller 32. It should be

noted that VIRISTiFPRRY eXenl Bk BRMbSdImen M 8 HEEPE (el Co4entitie essiePbeichf siots 62
and 64 formeavadjagent teiedgesial tegsidesbitace:as afithelRevser while providing a rigid

connection between the power supply 34 and the programmable logic controller 32. It
should be noted that while, in this exemplary embodiment, the power supply 34 includes
two vertical slots 62 and 64 formed adjacent to edges of the side surface 68 of the power
supply 34, in other embodiments, the number and size of the vertical slots may be
configured based upon the size of the power supply 34 and the programmable logic
controller 32. Such slots may be formed using any suitable machining or molding
techniques and may be formed in the power supply 34 to conserve space in the
programmable logic controller 32. However, in some embodiments, such slots may be
formed in the programmable logic controller 32 with corresponding hooks on the power

supply 34.

{6638]  The latch 66 includes a first attachment feature 70 disposed along a flexible
tongue 72 that is cantilevered proximate an opening 74 in a housing 76 of the power
supply 34 such that the tongue 72 can flex into the opening 74. In this exemplary
embodiment, the first attachment feature 70 includes a detent. However, in other
embodiments the first attachment feature 70 may include a receptacle, a pin, a snap, or
the like. Again, the size of the first attachment feature 70 may be determined based upon
the size of each of the power supply 34 and the programmable logic controller 32 and the
material of the latch 66. In one exemplary embodiment, the latch 66 is formed of a

plastic material. However, other suitable materials may be employed for the latch 66 as

10



supply 34, in other embodiments, the number and size of the vertical slots may be configured based
upon the size of the power supply 34 and the programmable logic controller 32. Such slots may be
formed using any suitable machining or molding techniques and may be formed in the power supply
34 to conserve space in the programmable logic controller 32. However, in some embodiments, such
slots may be formed in the programmable logic controller 32 with corresponding hooks on the power
supply 34. [00381 The latch 66 includes a first attachment feature 70 disposed along a flexible tongue
72 that is cantilevered proximate an opening 74 in a housing 76 of the power supply 34 such that the

tongue 72 can flex into the opening 74, In thjs exemplary embodiment, the first attachment feature 70
includes a dénd" ﬁ%wégg?, GRS HHEREth e Hhee HREEn RE Ars P TGP HGude a

receptacle, &f gie, lasiag 761 ofadisewAgaipp e Gizelof thedfitst ditat o endfaatuseividumay be

determined based ypon the size of each of the p upply 34 and the programmable logic
el R e R i NS ——
a plastic matethatulowebatsdthensintablerdihitenalyy meay betempltoyed for thisdateth 66 ase 10 well. It
should be ngted that, in the illustrated embodiment, the Jatch 66 {s an extensjon of the housing 76 of
the power SSB A0 Mo bl T o B o pe g, R eaRaE Ao e
surface 68 66 thiezhousinge?s aSihg acsudtabiepld Aésivrseryeshspanghim holtedacauplads Kdditionally, the
latch 66 can be.dispgsed on the programmable logic controller 32 in some embodiments. However,
including the latch 66 as a component of the power supply 34 conserves space in the programmable
logic controller 32. [0039] FIG. 4 illustrates an exemplary configuration 90 of the proggrammable logic

controller 3%8fthe ak¥entbR 30 AiESAREFRNELE, AR N thibp RSgRATRARKE logic

controller 32 of the assembly 30 illustrated in FIG. 2. As illustrated, the programmable
logic controller 32 includes a plurality of hooks such as represented by reference
numerals 92 and 94 and a second attachment feature 96 disposed on a side surface 98 of
the programmable logic controller 32. As with the vertical slots of the power supply 60
of FIG. 3, the number and size of the hooks is configurable based upon the size of the

programmable logic controller 32 and the power supply 34.

[0040]  In this exemplary embodiment, the hooks 92 and 94 of the programmable logic
controller 32 are configured to slide along and engage with corresponding vertical slots
62 and 64 of the power supply 34 such that the programmable logic controller 32 and the
power supply 34 are held together horizontally. Moreover, the second attachment feature
96 is configured to couple with the first attachment feature 70 of the power supply 34 to
resist disengagement of the hooks 52 and 94 and the vertical slots 62 and 64. In other
words, once the hooks 92 and 94 are engaged with the slots 62 and 64, the engagement of
the first attachment feature 70 with the second attachment feature prevents vertical
movement, and, thus, prevents decoupling of the hooks 92 and 94 from the slots 62 and
- 64. In this exemplary embodiment, the second attachment feature 96 includes a lug
configured to receive the detent 70 of the power supply 34. However, in other
embodiments, the second attachment feature 96 may include different physical

characteristics.
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logic controller 32 includes a plurality of hooks such as represented by reference numerals 92 and 94
and a second attachment feature 96 disposed on a side surface 98 of the programmable logic
controller 32. As with the vertical slots of the power supply 60 of FIG. 3, the number and size of the
hooks is configurable based upon the size of the programmable logic controller 32 and the power
supply 34. [0040] In this exemplary embodiment, the hooks 92 and 94 of the programmable logic
controller 32 are configured to slide along and engage with corresponding vertical slots 62 and 64 of
the.power supply 34 such that the programmable logic controller 32 and the power supply 34 are held

together horizantally, Moreover, the second attachment feature 96 is configured to couple with the first
attachment{éégﬁ]tre 7 Sf%%?g%ér%g'ﬁfﬁf§w% ?&@dﬁﬁéé@%rﬁ@ﬂf%ﬁﬂ%ﬂ%%i? 4Kd 94 and the
vertical slotsr6grantifde logothentvwiisdSodtiosthe Hogksioa antsQdoateangagead wifttherslots 62 and
64, the engar%erggnhof th?% fir§t atta f‘tmentf a¥uret.70 with t e second attachment fe tutlile prevents
vertical mo%/ement, ésr%),s us?, eVents é%%upﬁﬁ%igﬁhgrhoo s §2"Gha Yo 4fhefms ot$62 and 64.
In this exemplaryremibbdinzent,otiteoecdhdeattacivaipntieateve 36 phochlide s hshud aonfigured to receive
the detent 7Q 0f th e 34. However, in gther embodiments, the second attachment feature
oY I

96 may inc aracteristics. 4171 The exemplary configurations 60 and 90
of the power supply 34 and the programmable logic controller 32 illustrate single first and second

attachmentt res 780t 98 fispesassspracarteiritet! fheadions & the posblEuthR 34 and the

programmajle |0gigtReRredees: Fpspestivialhd 1oeyem abiURIty-6h SHEE attaghimentfeatures may
be employz% in certain other r}qbod}ments. [0041IE1 E!BGS. 5 and 6 are gross-s ctional views 110 and

112 of the 438ERBNPEF DA ER HHESSEOEIPSE ARy 34 AR HE HFGgta Lisgid Bntroller 32

secured usihg hooks 92 and 94 of the programmable logic controller 32 are engaged with the slots
62 and 64 of the power supply 34.

[0043]  In operation, the hooks 92 and 94 are configured to slide along and engage
with the slots 62 and 64 respectively during the assembly operation. Moreover, the first
attachment feature 70 of the latch 66 of the power supply 34 slidably engages with the
second attachment structure 96 of the programmable logic controller 32 in response to the
same sliding movement of the power supply 34 relative to the programmable logic

controller 32 that facilitates engagement of the hooks 92 and 94 with the slots 62 and 64.

[0044]  As described before, the first attachment feature 70 is disposed along a flexible
tongue that flexes to facilitate engagement of the first attachment feature 70 with the
second attachment feature 96 of the programmable logic controller 32. In this exemplary
embodiment, a sound is generated by engagement of the latch 66 with the second
attachment structure 96, which alerts a user to such an engagement. Further, it should be
noted that the latch 66, the second attachment feature 96, the vertical slots 62 and 64 and
the hooks 92 and 94 facilitate alignment and securing together of the programmable logic
controller 32 and the power supply 34 in a single assembly action thereby eliminating the
need of multiple assembly operations for alignment and locking functions.
Advantageously, the assembly using the single action described above eliminates
separate locking mechanism thereby resulting in added efficiency relative to traditional

techniques and cost savings.
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the coupling or attachment features described above. As illustrated, in configuration 110 the hooks 92
and 94 of the programmable logic controller 32 are engaged with the slots 62 and 64 of the power
supply 34. [00431 In operation, the hooks 92 and 94 are configured to slide along and engage with
the slots 62 and 64 respectively during the assembly operation. Moreover, the first attachment feature
70 of the latch 66 of the power supply 34 slidably engages with the second attachment structure 96 of
the programmable logic controller 32 in response to the same sliding movement of the power supply
34 relative to the programmable logic controller 32 that facilitates engagement of the hooks 92 and 94

with the slots 62 and 64. [00441 As described pefore, the first attachment feature 70 is disposed along
a flexible tciﬁ%‘tﬁé thaﬁlﬁixisl%%aﬁﬁfa?@ enigagetRertorefe firdt e Yedtine T the

second attacgeientsteatiyeh9 ool theuprigrnnablepegiceonitid &2 dattbieexeatrary 2embodiment,
a sound is generate engagement of the_ latch 66 with the second  attachment structure 96, which
e o 1 T e e S R A A
attachment rieaittr es9ath eoVettticgisiats 6D@ind 6hand: thempiks Inbndiddfacilitatpeatignment and

securing togefher.of s, Pregragaivale jogic onollel 82 andihg powsy suoply 34 ina ginale

r%mge vl tiese (rjnogu &S :
assembly action thereby eliminating the "need of multiple assembly operations tor alignment and
locking fungtiogtsmadbintagsoustyreher asasértiisiynosing themindts adtiory desthibedaboveieliminates

separate logking machaiism TR0y, WGeniing JRarddar SisieDav s alvate hagionalslechniques

and cost savings. 12 [00451 FIG. 7 illustrates an exemplary method 120 for connetting two modules
together such as the power supply 34 and the programmable logic controller 32 of FIG. 2. At block

122, a matiny $0kacE BHHe UG SHFRABR OGICEs At ik Fa RfonEtSHitATS Shiahhoeasgneide of the
power supplyitin @regampianeapsodiniento@oparater other of the mating surfaces, as

represented by block 124. In this exemplary embodiment, the hooks extend from the
mating surface of the programmable logic controlier. At block 126, a latch cantilevered
from the one of the mating surfaces is engaged with an attachment feature of the other
mating surface such that the hooks and the vertical slots are substantially prevented from
shidably disengaging and such that an audible snap is generated by engagement.
Moreover, the assembled controller and the power supply are mounted on a support (e.g.,

an electrical panel) using suitable coupling techniques, as represented by block 128.

[6047]  The various aspects of the structures described hereinabove may be used for
connecting adjacent monitoring/control modules, such as those typically found in
industrial automation and control systems. As described above, the technique utilizes
features on mating surfaces of the adjacent modules that facilitate alignment and securing

of modules in a single assembly action.

10048]  Advantageously, the modules can be easily assembled before mounting them
within an enclosure or racks of industrial systems. Further, the technique also facilitates
independent removal of such modules from the enclosure in a single action without
disturbing the adjacent modules. For example, if maintenance or replacement of a
module is required, the module can be independently removed from the enclosure by
selectively disengaging the latch from the receiving slot and vertically sliding each

module,



performing the assembly of these modules determines the mating surfaces of the programmable logic
controller and the power supply by observing the attachment features and then aligns them such that
one mating surface abuts the other mating surface. [0046] Further, hooks extending from one of the
mating surfaces are slidably engaged with corresponding vertical slots formed in the other of the
mating surfaces, as represented by block 124. In this exemplary embodiment, the hooks extend from
the mating surface of the programmable logic controller. At block 126, a latch cantilevered from the
one of the mating surfaces is engaged with an attachment feature of the other mating surface such
that the hoq d the vertical slots are sybstantially prevented from slidably disengaging, and such
that an audiéﬁe‘%%ap% g‘@ﬁt%ﬁeﬁaBV%ﬁ&ggg%gh .SQIN%I@%%/eP?t aSe i8I %%%t?gfﬁll%?%d the power
supply are mgtiatedoticasupport {epeopriclectiichhpdneisinged hitabda:son gling e okidigues, as
represented by hlock 128. ]Q047] The varjous aspects of the structures described hereinabove may
e oed o ARGt AR ot L ATer ROGLASE SIS o W A Tou m
industrial autemetiog ancdotastrohsigstenmeding debstined! aboesthage chrdiguedutiizasdeatures on

mating surf f ' | ili ali .and securing of modules in a single
assembly a%%%%%%?8%%@§rf?§§%@%‘%ﬁ%%%ﬁ§ﬁggﬁ %éeﬁ %&%ﬁy assembled before mounting them
within an enclosure or racks of industrial systems. Further, the technique also facilitates independent
removal of P hodliibiderrah trEadn&gatrs M heinyratintibrvameout wisaistinr eddistent

modules. Fasekampley ibanienancear sealaeemanteba magdule iskreaviredhshgimogule can be
independengl}gér%moved from the en(ilosure by seel\%%%/gky,disengaging the latch from the receiving slot

and vertical | &Titfify Ea26 Wadaieoq 3hhohe)eRE APPS U RERTth S8 LKAl iR art, the

above describéfications and changes as fall within the true spirit of the invention.
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implementations may be appropriately scaled and/or reinforced based upon the size of the modules.
The techniques described above provides a simple assembly process for connecting modules while
providing substantial cost savings achieved by reduced number of mechanical parts required for the
locking mechanism. 100501 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 appended claims are intended to cover all such modifications and
changes as fall within the true spirit of the invention. 14 CLAIMS: 1. An interlocking system for
connecting éh%%%{?mmable logic controller and a power supply of an industrial control and automation
system, the- king system comprising: a plurality of vertical slots and a latch disposed on a side
surface of the power supply, wherein the latch comprises a first attachment feature disposed along a
flexible tongue cahtilevefed ipiskinking arissperfingconachousingofdtipuiier ogpplosucHethat the

tongue can flgx énf[;%x%‘? oRsNNg; ancRlEalityRLBPokS anR ARRFCOM AACHINGRLIGAIKS formed on

a side surface of ‘the programmable logic controller, wherein the plurality of hooks are configured to
slide alongS3Fi§ e gaGE A the plurality of vertical slots such that the programmable logic controller

and the power supppnaigdeld tegrihenhorizantiallrrpdpubarein thesesamstadaghmenifeature is
configured to couple with the first attachment feature to resist disenaagement of the plurality of hooks

and the plufsRR bf VBFHIEI Bfofalch cpRPEyetentibl AlirimepnEre tHERY SR AU 5E8iat least two
vertical sloisdenmnesadjasenpio-edgrsaiihasidesuracemofshepewessupply. 3cl igsitem of claim
| or 2, wherein the first and se%ond attachment

tongue can flex nto the opening; an

a plurality of hooks and a second attachment feature formed on a side surface of

the programmable logic controller, wherein the piurality of hooks are configured to slide

along and engage with the plurality of vertical slots such that the programmable logic

controller and the power supply are held together horizontally, and wherein the second

attachment feature is configured to couple with the first attachment feature to resist

disengagement of the plurality of hooks and the plurality of vertical slots.

2. The system of claim 1, wherein the system comprises at least two vertical

slots formed adjacent to edges of the side surface of the power supply.

3. The system of claim 1 or 2, wherein the first and second attachment

features comprise a detent and lug, respectively.

4. The system of claim 1, 2 or 3, wherein the power supply comprises a 24

Volts AC power supply configured to power the programmable logic controller,
5. The system of any one of the preceding claims, wherein the programmable

logic controiler comprises a port configured to receive a programmable module adapted

to manage aspects of the programmable logic controller.
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features comprise a detent and lug, respectively. 4. The system of claim 1, 2 or 3, wherein the power
supply comprises a 24 Volts AC power supply configured to power the programmable logic controller.
5. The system of any one of the preceding claims, wherein the programmable logic controller
comprises a port configured to receive a programmable module adapted to manage aspects of the
programmable logic controller. 15 6. The system of any one of the preceding claims, wherein each of
the plurality of hooks and the latch comprises plastic. 7. The system of any one of the preceding
claims, wherein the latch, the second attachment feature, the plurality of vertical slots and the plurality
of hooks facilitate alignment and securing together of the programmable |ogic controller and. the
power supply in a&ingle g%%éﬁ%??a‘&%i@ﬁ?@%é’ RGelheer g S%é“bsl’tw %Fé%e?ﬁ?‘[b Walffis, wherein
the first attahhaientvienbiedsdobofiguiedipakdaplysgagage with the second attachment feature in
response to sliding movement of the power supply relative to the programmable logic controller. 9.
The system of any one of the preceding claims, wherein the latch is coupled to the side surface of the
power supply throlgh aniadhesiee; of througk abditedrecodplgnglaks, Tinbesyistehe ditahytbae of the

preceding clgimsy cAMRIRNG supRert ARRRMEN!EAIIES dishesedon ea AT NG PRy supply and
the programmag e?oglc controﬁer, heréin the support at achment featurss are configured to facilitate
coupling wildciisemelignmailt 20d Aevindgsividthentomtdkopregidromabisl logsterpnicorepdsihte an

enclosure; power supply in a single assembly action.

8. The system of any one of the preceding claims, wherein the first
attachment feature is configured to slidably engage with the second attachment feature in
response to sliding movement of the power supply relative to the programmable logic

controller.

9. The system of any one of the preceding claims, wherein the latch is
coupled to the side surface of the power supply through an adhesive, or through a bolted

coupling.

10.  The system of any one of the preceding claims, comprising support
attachment features disposed on each of the power supply and the programmable logic
controller, wherein the support attachment features are configured to facilitate coupling

with a panel or rail.

11, Anindustrial automation and control system, comprising:

an enclosure;

a plurality of monitoring and/or control modules disposed within the enclosure
and configured to perform a monitoring and/or control function, wherein adjacent
monitoring and/or control modules are connected using a plurality of hooks and
corresponding vertical slots on mating surfaces of the adjacent modules and wherein the

hooks and corresponding vertical slots are maintained in position relative to one another
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a plurality of monitoring and/or control modules disposed within the enclosure and configured to
perform a monitoring and/or control function, wherein adjacent monitoring and/or control modules are
connected using a plurality of hooks and corresponding vertical slots on mating surfaces of the
adjacent modules and wherein the hooks and corresponding vertical slots are maintained in position
relative to one another 16 by a latch coupled with a corresponding receiving slot of the mating
surfaces of the modules. 12. The industrial automation system of claim 11, wherein the plurality of
monitoring and/or control modules comprise a power supply and a programmable logic controller. 13.

The industrjal aytomation system of claim |1 1 gr 12, wherein the plyrality of hooks and corresponding
vertical slotfAC Al SHGICH S ZCR ARO[ o ed to
slidably engag®:aith the corresponding receiving slot in a single assembly action. 14. The industrial
automation system of claim 11, 12 or 13, wherein the latch comprises plastic. 15. The industrial
automation system of any one of claims 11 to 14, wherein each of the plurality of monitoring and/or
control modules até.independehtiiricé raawakieofronstine eficlesuré hydelectitbly gisehgaging the latch

f th lving.sl ically slidi h. itori / t | A method f
comnesing K By 5 B b R e e T e

e fogic method Comprising: ggutting a
mating surfeeritotitie programmable logic controller with a mating surface of the power supply;
slidably engaging a plurality of hooks extending from one of the mating surfaces

13, The industrial automation system of claim 11 or 12, wherein the plurality
of hooks and corresponding vertical slots facilitate alignment of the adjacent modules and
wherein the latch is configured to slidably engage with the corresponding receiving slot

in a single assembly action.

I4.  The industrial automation system of claim 11, 12 or 13, wherein the latch

comprises plastic.

15. The industrial automation system of any one of claims 11 to 14, wherein
each of the plurality of monitoring and/or control modules are independently removable
from the enclosure by selectively disengaging the latch from the receiving slot and

vertically sliding each monitoring and/or control module.

16. A method for connecting a power supply to a programmable logic
controller, the method comprising:

abutting a mating surface of the programmable logic controller with a mating
surface of the power supply;

slidably engaging a plurality of hooks extending from one of the mating surfaces
with corresponding vertical slots formed in the other of the mating surfaces; and

engaging a latch cantilevered from the one of the mating surfaces with an
attachment feature of the other mating surface such that the plurality of hooks and

vertical slots are substantially prevented from slidably disengaging.
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with corresponding vertical slots formed in the other of the mating surfaces; and engaging a latch
cantilevered from the one of the mating surfaces with an attachment feature of the other mating
surface such that the plurality of hooks and vertical slots are substantially prevented from slidably
disengaging. 17 17. The method of claim 16, comprising mounting the assembled power supply and
programmable logic controller on a panel. 18. The method of claim 16 or 17, comprising generating a
sound by engagement of the latch with the attachment feature. 19. The method of claim 16, 17 or 18,
wherein a number and/or size of the plurality of hooks and corresponding vertical slots is configurable
based upon the size of the first and second modules. 20. The method of any one of claims 16 to 19,
wherein the plurality of hooks extend from the mating surface of the programmable logic controller. 18

17. The method of claim 16, comprising mounting the assembled power

supply and programmable logic controller on a panel.

[8.  The method of claim 16 or 17, comprising generating a sound by

engagement of the latch with the attachment feature.

19, The method of claim 16, 17 or 18, wherein a number and/or size of the
plurality of hooks and corresponding vertical slots is configurable based upon the size of

the first and second modules.

20.  The method of any one of claims 16 to 19, wherein the piurality of hooks

extend from the mating surface of the programmable logic controller.

18



