INTERLOCKING SYSTEM FOR CONNECTING A PROGRAMMABLE LOGIC CONTROLLER AND A
POWER SUPPLY BACKGROUND [0001]The invention relates generally to industrial automation and
control systems, such as those used in industrial and commercial settings.More patrticularly,
embodiments of the present invention relate to techniques for interlocking modules of such systems.
[0002]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 cOVIIORAOGEISHsHAEFEN HERI{ EItodEMmable logic controller

examines a series of inpWPROCRANNEATLEL S G XG RINTROBEER and changes outputs affecting

control of the controlled process. [0808N A R{ANIBHAISEShAtion and control systems, various
components, such as

BACKGROUND

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

such systems.

[6002] Industrial automation and control systems are known and are in use for
controliing 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

controlied process.

[0063] In traditional automation and control systems, various components, such as
confrollers 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 te
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/O module may allow the industrial controller to interface with a specific type

of control equipment.

[0004] In traditional automation and controi 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



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 110 modules to add input and output functionality
to the controller. Indeed, adding an 1/0O 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 lockingdheunhoshsemtogetheilylréguicw senoiprzedithapthainmebhanicat partstofasuctFmterlocking

systems can be gumbersgme, gélgate %pcgn gg)ge(r? |v8ﬂe|§,1 srtck)l_ 5@9{{%@?&&%@9%%] t%eato_f such

examﬁ: .atb 1cal m 1? 1%%’751
systems typically fequires significan nipu a user to activate. For exa , a typical

interlockinépsytstiene fartivom fontxatssetrabtp nfr dis petoppnsays rewplires slikingt thereensptivmssfor the
assembly %é?%éggﬁggori ﬁss&%&ﬁtqggm%%&%ﬂ%%ggnts and activating various different locking

mechanisms. ingly, 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 alignm8M051 suchRIBRIRY; BRIEPDRGERASTIGN! s desirable to develap an interlocking

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

facilitating the alignment of such modules.

BRIEF DESCRIPTION

10006]  According to one embodiment of the present invention, an interiocking 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 cantileversd
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
slots 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 slots.

[6007]  In accordance with another aspect, an industrial automation and control system
is provided. The industrial automation and control system includes an enclosure and a
plurality of monitoring and/or conirol 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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[0006]According to one embodiment of the present invention, an interlocking 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 controller. The plurality of
hooks are géjafiguneddolalide aleogansengagehwith theegivaliylof veticatslatssauthdhat the
programm?[%e Ioagéi controller and the power supply are held together horizontally and the second
attachment feilr ef§'configured to couple with the first attachment feature to resist disengagement of
the plurality of hooks and the plurality of vertical slots. [0007]In accordance with another aspect, an
industrial d@¥¥atiornasdcedenes sybrarmtisprerided. THEMAGS FRINGHISH AROH BheBBYLS] system
includes an epclosyre, BRdiaRIuLalib: ALMORGrRGaNd/RL Gantrol mediles sisnased withip the

enclosure. The modules are config?l}ued to perform a monitoring and/or control function for a process.
The adjaceéttisrifosPErERSHBENE AP EHOERNES T BHhASBRNE L g SIL PGB SR SERR 4N

corresponging é{ﬁﬂ&;' siotear natingisyriroesel haadiagenbmedules.(riihendhar@diacent

modules are secured using a fatch and a receiving slot of the mating surfaces of the modules. [0008]In

accordanc® WitFosiTerRBrAgHEEtca! FlathBamSH b Afe AR SIPBH/BAULS SRS pldgraviftdble logic
controller igipsamidedts Thedprihad4dneludesaligainganmatingsutfacenadithe pidgammable logic

controller and a mating surface qof the power . supply.and slidahly engaging.a plurality, of hooks
extending ﬁ%?ﬁhg??é‘tolgfﬁ%é:l?n D HRE c%&l/fggﬁosr‘i‘(? ?%érﬂ@a&‘f&%gt?gﬁﬁz’é%ﬁh@%ther of the
mating surfagesal Ehasmaethoskaladihclucesteddaging ddalekicantiemered 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 [0009]These and
other featufBR AAEPeCS, and advantages of the present invention will

[0009] 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:

[0010] FIG. 1 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 interfocking system in accordance with aspects of the present technique.

[0012] FIG. 3 illustrates an exemplary configuration of the power supply of the

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

j0013]  FIG. 4 illustrates an exemplary configuration of the programmable logic

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



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: [0010]FIG. 1 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.
[0012]FIG. 3 illustrates an exemplary configuration of the power supply of the assembly of FIG. 2 in
accordance with aspects of the present technique. [0013]FIG. 4 illustrates an exemplary configuration

of the progfitdhablElddidcentrstersidhd abgevidl ftEseirbhcebfdancewitiitiigsprstes of the
present te%&&%‘%ﬂd the programmable logic controller secured using hooks and vertical slots of
FIGS. 5 and 4.

[0615]  FIG. 6 is a cross-sectional perspective view of the assembly of FIG. 2 with the

power supply and the programmabie logic controller secured using latch and attachment
feature of FIGS. 3 and 4.

[0016] FIG. 7 illustrates a process flow diagram representing an exemplary method
for connecting two modules such as the power supply and the programmable logic

contraller of FIG. 2 in accordance with aspects of the present technique.

DETAILED DESCRIPTION

[0017]  As discussed in detail below, embodiments of the present technique function to
provide an interlocking system for connecting modules such as a programmable logic
controlier 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 elecirical cabinet, in which electrical components such as
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[0014]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. [0015]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.
[0016]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 the present technique. DETAILED DESCRIPTION [0017]As discussed in detail below,
embodimentfiing pé'sepenach sRIMBORATESBTE P predidexamn e RIBRIMG ISy St fH EBWMecting

modules spch as 2o amMable-logif copiralies And B RO HRRLEE an iRdistialsontrol and

automation system. In particular, the present technique provides features with slide and auto-locking
mechanism that facilitate assembly of suc mOdLgTS i?&? sin Ieias%emblg/ a%'on. OOlStheferences in
the specifit Mt to 1BheBABYRmen 3 e fb8aife ',5;5?%19 €, 1or assemply of & 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.

[0021] In the iliustrated embodiment, the system 10 includes a monitoring/control
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.

[0022] The process/system 16 may take many forms and include devices for
accomplishing many different and varied purposes. For example, the process/sysiem 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 eclements, pressure

sensors, or a myriad of manufacturing, processing, material handiing and other

applications.

{0023]  Further, the process/system 16 may comprise control and monitoring
equipment for reguiating 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
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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
automatioregmdiogntrotsypstemd kdis.il BtratethaThe $ysteny lochdrides anebelosudsvigessuch as an

electrical capined [auhich Slgciicalcamarnents: suchas, mopligriggana/or control components are
ple

housed. Exa components in the unit may include relays, motor Starters, and programmable logic
controllers éPLC), among others. [0020]The enclosure 12 may be suitable, for example, for assembly

of a motor883tlol céstBlartisd FRtsGAERISNIAC BRI ratlRdn SPOTRLPSRIGRMEI ems. The

enclosure L2mayhe-made ohanysuiable gaterigl sishnasheavyigagensiaietmetad, refiaforced
plastics, and so forth. In certain embodimigés, the enclosgég 12 includes individual .c:%rpr%artments or
other structiTEEESugport TSRk ctrical RS mBEHEIE (0021 T hITIEIPHEG e mbSdintBht, the

system 105ingliees-aconanitoningldentrol modide 1t assembled incdaderdahcsougibdpreseist techniques
and adapted tq interface with comp ts of a machin stem/process 16. It should.be noted that
such an in@%&@ﬁ%ggggﬁéﬁ%&%ﬁﬁ&%e it asl‘(;’{:)efst?ﬁ45 fe Tmgt ch oA S

0 sie 1 51213
odimen e present techniques ma‘}ube facilitated by the
use of certaswneinbeksinategiesonddedodndnidustytistandardisreprodsssayidie Bmployed, such as

DeviceNet, to enable data transfer. Such networks permit the exchange of data in accordance with a

predefinedgggatgeol, and.maY PIRHSRAVERIL QREALIONLIBRIWOTKRA RIBHSAIS2) 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 inpuis (e.g., input from a sensor 20) or direct operator input

received through a user interface device 26.

[0026]  The VO 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
exampie, to add functionality to the control/monitoring device 14, additional I/O modules
24 may be added, such as if new sensors 20 or actuators 22 are added to contro! the
process/system 16. These I/O modules serve as an electrical interface to the controller
and may be located proximate or remote from the controller inciuding remote network

interfaces to associated systems.

[0027]  The /O modules 24 may include input modules that receive signals from input
devices such as photo-sensors and proximity switches, output moduies that use output
signals to energize relays or to start motors, and bidirectional O modules, such as
motion control modules which can direct motion devices and receive position or speed
feedback. In some embodiments, the 'O modules 24 may convert between AC and DC
analog signals used by devices on a controlled machine or process and +5-volt DC logic

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



[0022]The process/system 16 may take many fool's 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 regulatigigiprosiensivarisigies hoodigivautathadieived digitabsenuatibombdigexalip s hesillustrated
process/system 16.comprises sensors Z%a ctuato sgﬁ. he sensor c2§0 may comprise any
umber of HESBs HOBHRE ) BrOUTER b mdioR s Brocsee AR the B Rntors 22
may includésatygnuinpreteef denice siedagptenkto penfidari@ahechaxivabaitigrripaEsponsalto an input
signal. 10();61As iIIsttra'ted, these sensors 20 and actuators 22 are in communication with the

. . OQULE. .
monitoring corﬁlroﬁ“ module 16 (e.g., a programmable logic controller).In one

{0028] In some embodiments, the /O modules 24 may be located in close proximity
to a portion of the contro! equipment, and away from the remainder of the controller.
Data is communicated with remote modules over a common communication link, or
network, wherein modules on the network communicate via a standard communications
protocol. Many industrial controllers can communicate via network technologies such as
Ethernet (e.g., IEEE802.3, TCP/IP, UDP, EtherNet/IP, and so forth), ControlNet,
DeviceNet. or other network protocols (Foundation Fieldbus (H1 and Fast Ethemet)

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

[6029]  In the illustrated embodiment, the system 10 also includes a display 28 such as
an LCD or other dispiay 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 interiocking
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 FI1GS. 2-7.

f0631] FIG. 2 is a perspective view of an assembly 30 having two modules 32 and 34
coupled together using an interfocking 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 controlier 32 and the power supply 34 each include a variety of



embodiment, the sensors 20 and actuators 22 may communicate with the monitoring/control module
14 via one or more I/O modules 24 coupled to the monitoring/control module 14. The 1/0 modules 24
may transfer input and output signals between the monitoring/control module 14 and the controlled
process/system 16. 10025]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.c060R6¢TRanDfeatued shap fagilipisceinesgh bt diith aprssismuadi AR IR REPESYRIe 14, or may

be added g5 ig 9}5%V§9pﬁ?sp§ﬂst% slolspRAYS-0lseLhe) sYiiahls MeshanismuRieexaample, to add

functionality to the control/monitoring device 14, additional I/O modules 24 may be added, such as if
new SsensorNZ0 BHESIMMIE P2 a ATRSIIRCESRE STTHE BRoce SYRY SIBIAMGS ThBsdariBFHodules serve

as an electyical interiace.1ahe6Rno e MeyRe acate BroXimAeeR teTBossifiemihe controller

including remote network interfaces to associated systems. 100271 The 1/Q modules 24 may include
input mod AT RERVESHHE- sTgRRS HMARHOT ARFARHS BAEH G EPABRsEhs ST UHUFHORRHRY switches,
output moglesthaliseOutRY! SgRAlSIEA qeergizarelaysOrdametationotesss andipidireatienal 1/0
modules, such as motign control module%{VéHich can direct m tiongd vices and rec?iv.e %)sition or

I

speed fee MBAREH Yoy BHERRIET Fribinss 245 85°EBHRVEH BetbBER"A ¢ akd DC analog
signals usegkbyetisvicesignralcappialitdnaghipmoidpracessandafrudlsRE:ogic aighdisused by the
controller. Additionall%(, some of %h%I/O modull1 gr%g ma ﬁr{tgva{gf QJ%%%{'aﬁésqnaldss%oggi ital I/0O devices
and receivBPHERR G HESHE CH Rt S MRIRARER, TR e srmbodinants. the 110 modules
24 that are used to control motion devices or process control devices may include local
microcompi#idicaphbiiity oremrlarDambadimeuo e nssnekEr sosRneAts RRBEECHEHMes 24 may

be located %@aﬁp&esﬂ&)ngmoks, 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 illusirated in
FIG. 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 controlier 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 13
configured to engage a corresponding feature of the programmable logic controller 32 1o
resist or prevent slidi'ng 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



to a portion of the control equipment, and away from the remainder of the controller. Data is
communicated with remote modules over a common communication link, or network, wherein modules
on the network communicate via a standard communications protocol. Many industrial controllers can
communicate via network technologies such as Ethernet (e.g., 1IEEE802.3, TCP/IP, LTDP,
EtherNet/IP, and so forth), ControlNet. DeviceNet. or other network protocols (Foundation Fieldbus
(H1 and Fast Ethernet) Modbus TOP, 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 disptayfoonfiggagdnomisplayioathatusarantdidabls i sengeep draty paramnbtéls Bfithe

process/syste n{ﬁmﬁgrﬁ Le.and pressures sensed by the sensors 20, position information of the
@gﬁbogc%o orth. [10

actuators 30]In the illustrated embodiment, adjacent modules of the system 10,
such as coﬂ%onents of the mor_litorir;%/control module 14, are connecé)ed usin Fgg interlocking system

in accordaliB4lith PréserrRRAmeRidlusrien R odking B AR Tde R Sl FREhg surfaces
of the modstigs deresaeuriogithe megtissaiogetheraswilbedesarihephely withwsiesenge to FIGS.
2-7. [0031]FIG. 2 is a perspective view n.assembly 30 having.two modules 32 and 34 coupled
together ubIRG A ATk P Sy GG i B B BB b A CATB 50 Hetudes &
programmaiiedegia centidller and tedispaite @dtirchidesampabieiippbniSeciicaty, trethe
illustrated embodiment, the power. supply.34 is a 24 volts ower su configured ower the
programmgg}gefoa]fg%gn%rol e?@fﬁﬁ%ﬁ)ﬂuss{?g"e g%ﬁgl%?ggrfgélrg%sb%ﬁo%{:ry%uﬁ%%%r %ﬁlg%§ the power
supply 34 eachiimchitkeapragainoibbonponentsobind jéaudebs matfaciitnty sdsentbly pavdlor operation
of the logic controller 32.and power supply: 34. For.ex S nc any number
of slots, ve?ﬁs% Eﬁ%g r{o%g}ﬁ%\évg ()r\g:%r %%%%ﬁ%té?f%?éﬁl%%ﬁ%@%ﬁ%h%sﬁgfr%gﬁ?%gﬁé%%a@%?ate operation
of the assemizip, @u@ﬁn@lbelw&é@hsassbfnﬂﬂimmﬁbﬁ@w@cﬁupﬂr@ﬂﬁmﬁ%tﬁﬁiﬁémwg (e.g., aDIN
rai), a”d.’%a%&%a%'%f))bt&g?a assemi: . Cereln featesef e assamalnad BakPecaupled (0.

via plug-in connections ackplane that provides for distribution of power and data signals. Such
backplaneskegicalrabifein drethro agmedimsaisearapprclmsnsfereyiis atd GrheredAtiol signals to

and from programmable logiciconirgliers, sRMBHERNSAMRBONRIE andPesiRbsTale: A3t orforth.
[0032]In thgitle;femplary embodiment, the interlocking system 36 includes coupling
[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 outside of a cabinet and then install them

together within the cabinet as a single assembly 30.

[0036] In certain embodiments, the programmable logic controller 32 and the power
supply 34 may include expansion and communication features. Tor example, the
aséembly 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 programmabie logic
controlier 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 wili be appreciated by those
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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 FIG. 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 withisdoits roashowmicn tieysbvrerdelgspiyB4bT heupirgageliepragaaneEithid86oks 42 and
the slots may B actised by alginadbediadknaaant siaindoaptier oddbepeldng giem in place
relative to one another with another attachment feature: [0033]For example, the power supply 34
includes a4lmriimtcivg@®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, whegudhe talyrfi. is Bngages «i maymsevesh thehoekscd 2 and platsfappheboang disengaged
by preventing them from slidi(ég rel }‘lée to on ariﬁther. Ad? caE e seentin FIG. 2, theltag 44 is easily
accessible?5 P l5er YIALLHE U8 r%sir%p‘ie?/ep REE SRR tHEF PSS By From
engagemeniiadievipgitaBruseratRiitably siskngagerthenpdvtersippatyduarntath € paodradmmable logic
controller 32. 100341In the embodiment illustrated by FIG. 2. the mbly 30 also incluydes features
configured t fAGMALe 3t%%%h0rlﬁgaﬁ%lor?§fes S888R5bIy 30 t%%ss&é%?)?t e. mé%é}é Wgﬂ%%gi]%ﬁ%ﬁical
cabinet). Speeificay)Fié. Tircedes!altchihent featmbthslckiasfdititwd Hyaptdyarfcbenumerals 38
and 40 dis o%eg on the programmable logic cantraller 32 and,the-powes supply;34 respecfively. Such
attachment features are con igured to facilitate coupling of the programmable logic controller 32 and
the power soppistidd Witveepahelporarrsippdhawnth Foroaxampiblidegetaimemisodimelits, the
p“?gramm%%%ﬂ@%%%?@&%%g%&ﬂﬁ e BRI RARCGA MR PRSP IR RN elReigal cabinet

using fasteners that pass the attachment features 38 and 40 into a back panel of the electrical

cabinet. In othersist ot datendihefoamad i ers SOt Ha s A EEESt 68 Dy hefepdifée numerals
39 and 41 gre sonfigured 4. CaUPIBHHESR-COMPARERHL With QWY wmile,JOR3RIMVithkeaard te attachment

of the assembly 30 to a support, the interlocking system 36 facilitates coupling of the programmable

logic controiafigprath s peveer ety 94 SsparAE I BRPIRS4upb ST IFEI Rb & deht

attachment.gfthaassembiy30 dRiDesURROFLASA Uiitad Oh SXAMNE ndsehtaN GOBIRIHE
programmable logic controller 32 together with the power S$P§p|¥ 34 outside of a cabinet and then

install theni%egREHEr iithirHe BabifERss B ShgIRREEe Y B0 fo B3 6t €LY P BT ibBdients, the
programmahie:iegie £aotieter A @sikie powerever, in some embodiments, such slots may be

formed in the programmable logic controller 32 with corresponding hooks on the power

supply 34.

[0038] 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 suitabie materials may be employed for the latch 66 as
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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
skilled in the art, a variety of such modules may be coupled to the programmable logic controller 32 for
performingwihie. chintrolihbaitetingthanctichaof aspecified proeess, dhellotch Machinegystam. [0037]FIG.
3 illustrates an exemplary.configuration 60 of the powe l)( 34 fﬂ'ﬁe bly. 'I% trated in
FIG. 2. In t?wtg I Fus?r%st%g Z%CBOI |mg%%eﬁwséu8§\%e%r8éu%¥é‘§y§§$n% ﬁ zété% ap urﬁéfﬁ)%go]fu%%{%g lﬂjots such as
representefilisycasié mcempinktats Gddentddcer i thbtima dves sang Béowsiae h 86tiddisgassecton a side

urtace 08 {matGRUETAGRIA" RRAWET bt B atige flof2.ana B8 afcinadatch 00

facilitate assembly of the power supply 34 and the programmable logic controller 32 while providing a
rigid connevverebaBenogie powielisuppin3vaadimeopiogramm mtbievegisedsirae3aich should be

noted that while ,in shisexamipiary sikedipsnt. thepRuersupply 34 dnclidesin.urrticakslots 62 and

64 formed adjacent to edges of the side surface 68 of the power supply 34, in other embodiments, the
number angP8iFllst fle 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 tegbgégues BIGE maphbedameddr:theipeowen uprii @420 cotiserve spaneatictiegic

programmable lggic gontroller 32. However, in some diments, such slots may be formed in the
programmé’ﬁfgrfg |%%bﬁg§|Fe?s§?HW| V%’:%Eré‘issgg%ne ing E%%p% oﬁ%ﬁ@ﬁ%@&é%’éﬁb ?gf%’&% The latch
66 includedafirstoattatihmaht fedudee 20 plispbsedlbngka flaxiblestonpeeci2dhby isdtarstitevered
proximate an opening 74.ig a hqusing 7 t ) tthe t e n flex into
the openiné1 T4 rIgﬁpstrk;;.u“‘s aerlfer%n‘?pﬁg%yaes% Oggi%ggﬁn%%ﬁﬁiﬁ%%ﬁ?&%%ﬁ% ga%%?aeg%ei%g%esg %‘?ﬁtem.
However, ithethegsmbodinérgs tmfisdicatdchisenitietitineTBahslptinelutie poreeptmiie 68 pin, a

snap, or e ikgs 0afl, Insie.gh st alaciment eatie A9 maxbe defapninad hased upon the

size of each of the power supply 34 and the programmable Togic controller 32 and the material of the
latch 66. InrsPErEREHpFalgEEEBBdIENt2 thed [ RosBeissTditiedtof a plastic material. However, other
suitable materials may be employed for the latch 66 as well. It should be noted that, in the illustrated

embodimernbgd® latah 66 isempxiensitddahtbe hbusings 60iheponae supphnbatitovever, the latch
66 may be indivi%uallﬁfabricatgg anfﬁ couy led. to the §1ide surfachGS of the Qogsing.?iu%trgg a suitable
adhesive, SIfHFAUGN 4 BEItRPESHEThE, AT the siteR B LARTENpBEe T BT the
programmailextdgie coriieaierdipsiorhié ertbodinientsottamesbdis ielicding thidetdz AGbilns a
component of the power, su qA conserves s inr{?e rogrammable.logic.contraller 32.
(0030110, RIS e BreIe s BT A0 A A g el

96 is configured to couple with the first attachment feature 70 of the power supply 34 to

resist disengagement of the hooks 92 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 Jug

configured to receive the detent 70 of the power supply 34. However, in other

embodiments, the second attachment feature 96 may inciude different physical

characteristics.
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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 prografpoadble lagic eeniptier 3énhdndrthpod@raudpply 87 thee preldtcyetier Horzdritally.
Moreover, the second attachment feature,96.is configured.to couple with the fi nt feature
70 of the p%‘i?/%rra%nl?f)ap% 1o croe%{}s I%fs%é}alggﬁgﬁ{nc# %h%r%oo%zs %%Vé&?ih%%ﬁttﬁ%{v%%g?g slots 62
and 64. In aifiebdvaidspscethpradeksBheahd@ttresengadee withehessiaty 624aridG4iththe
engagement of the first attach f r I t r vertical
movement? ?ﬁa?%%as[ﬁ% %%gnﬁgagﬁ:lg%?#n%%% ﬁ\ﬁ g %&%E%%%?d%@%%@é&?é&%@%ﬁ. In this
exemplary featirodinrerits tmepiasdrid egrsshieidat fatofegBincludes a lug configured to receive the
detent 70 of the power supply 34. However, in other embodiments, the second attachment feature 96

may includggifierent oy sical chagaciatistisse:iias Lithe exemplary ronfigurationsiotend 90 of the
power supply 34 and the programmable logic controller 32 {llystrate sin {1? first and saecong attachment
features 76 i dBtheBo SR CHRBIc AL PORBERE B RE SRBP oty S48 HheTe

programmakleiegimeantiaicimantaspecty elcitmderen:a pluidliyrafduthataghment faatures may

be employed in certai ot(? r embodiments. Ogd‘f’ FIGS. 5 and 6.are cross-sectional views 110 and
112 of the H%B?ﬁ%ﬂ/%é]o‘?‘% gf@?ﬁ BRAREBRRY L85y %ergrrﬂmlglr the %Fo%t}%%ﬁerﬁaﬁ}teﬂ%&gl ontroller 32
secured usfgilkies¢od dinposratiagiimeht 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 wmy 3414%%%@&%&%@%&;%@ hogks 22.and, H.areicenfigireshie slideaiong and

engage with the’slots 62 and 64 respectively during the assembly operation. Moreover, the first

attachmentféhtthe stosof inadtriesaestiiedy FHwae $hpBryesabliioRsry iy afseRie the SEtond
attachment giiuctire 96.9fihe Rrogammaile logic crRitplensR inureshansetedhe samersliding

movement of the power supply 34 relative to the programmable logic controller 32 that facilitates

engagemeREETYhAREHRE STEIHTA NI theRRFEDIRRI ke controller 32 in response to the

same sliding movement of the power supply 34 relative to the programmable logic

controller 32 that faciiitates 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 laich 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
controlier 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

technigues and cost savings.



[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
eliminatingifshee & F. mMuliiplerasseanbbxepetationsefbedlipRinbnt eprhftRingHanBHRsHEes

e agsRyshe U RS ARSI e Sale Aclonsesribes a0 @ slminales peRarate locking
mechanism %ﬁereby resulting in a efficiency relative to traditional techniques and cost savings.
100451FIGt bitiokstidte s anatnermpitase mbthe PTROHBRESHN kin F oGNS ds | eEoRsethid? duch as the
power supply.34 ane:he programmable lagic coptrelier 301G 2nbdlask:122, apealing surface of

the programmable logic controller is aligned with a mating surface of the power supply. In one

exemplaryrsritsatitaetic Bssepbisic plEsnMagHe AL oiiie TR RsdSEEHS I mifes the mating

surfaces ofthe pragammakie dogicrantpierangdhehovp supplytiv-ohse g thehaitachment
features and then aligns them such that one mating surface abugs th&other mating surface.

[0046]Furthetursowed diar Aty Fem B8 BEIDHRTRESIHACe oS YIRRIBR BRYEEEY Wit
corresponding vertical slots formed in the other of the mating surfaces, as represented by block 124. In
this exempledyambadithentdbies kacksi mgténd: fromdhtheratifigesunfircesoirthdi prbigrargasable logic
controller. At block 126, a.latch cantilevered-from,the o ing siufpcesissengaged with an
attachmenF"{‘]‘égattt(j(r)é:r eosfpt?’wne% %‘ﬁ‘nevrerlﬁalg |ingg{sggsrfc;fglé%gjicﬁ%hgﬁtgtr?it&%oggﬁ% the vérticalpslot’s are
substantialtyrpessreadedyfidneisliddblyidigengaging) ardesisd inanaibguaible s FEndhsted by

engagement, Mareoyer a J r g.p Ph alepunteaLog.& support
(e.g., an e|‘é*o%‘r’f‘o%ﬁ%§??°§)%§?n3§§%u%§b g‘f@ﬁgﬁkg tcgc?r%ﬁgﬁes?&gﬁr%gfesented by block 128. 100471The

various asyfeuts tbf thes stfibeunestioe seilsees e Bigeessl & i gnrsteduncis  ean clintr fifistent
monitoring/ganrolmadules,suchias these Hpigalv-feundkis isestirkamamationard gepfrol systems.

As described ab‘?)ve,_the technique utilizes features on mating surfaces of the adjacent modules that
facilitate aligiteant Anersesinangnst MEHulEatra SHEIRASIEMLE SERTRD0RS AR T ously, the
modules caj} hefasiliansemhied baiRig-MmadntiegdRMsupply are mounted on a support (e.g.,

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

[0047)  The various aspects of the structures described hereinabove may be used for
connecting adjacent monitoring/control modules, such as those typically found
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.

[0048]  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 siot and vertically sliding each

module.

13



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. [0049]As will be appreciated by those skilled in the art, the above
described 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 wiikdirovidingrilbistaatizkcastdsapinge schikiled by réduesd themiimvef deeuhladical parts
required far the locking mechani JA i [ r HE i ' e been
illustrated é“ﬁ%% e%%rln%asrll%? ?r)\esflﬁg?\@%%g %?&ﬁ%%%ﬁ%%@%g%ﬁw%ﬁc ?%gﬁggg%rgﬁﬁﬁl%d in the art.
It is, therefmsiuisshe Thdersivugugsatitseriapperived aavidesra intenttedssabiiemaicsscHdhodifications
and changgs,as fal withip,ibe tne.snirkealine invenlian Gl M ds-ABHRdUStIR! auigeaation and

control system, comiprising: an enclosure; . .
number of mechanical parts required for the locking mechanism.
[0050]  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 fali within the true spirit of the invention.
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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 by a latch coupled with a corresponding receiving slot of the mating surfaces of
the modules. 2. The industrial automation system of claim 1, wherein the plurality of monitoring
and/or ral nodules comprise a power supply and a programmable logic controller. 3. The
industri%?%utbmétion system of claim 1, 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 corresponging reggiving £1of in.a single éﬁ:ﬁ@&ﬁ%ﬂ 1OR: comfridiflg: industrial automation system

of claim 3, wherein the latch comprises plastic. e industrial automation system of claim 1,
wherein each &# ##6!pfality of monitoring and/or control modules are independently removable from

the enclosure by sglagtively disgreadinddhe @shdromtheteanivinaisiotandivertisaliystiding each
monitoring and/or control module.
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 by a latch coupled with a corresponding

receiving slot of the mating surfaces of the modules.

2. The industrial automation system of claim 1, wherein the plurality of monitoring

and/or control modules comprise a power supply and a programmable logic controller.

3. The industrial automation system of claim 1, 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.
4. The industrial automation system of claim 3, wherein the latch comprises plastic.
5. The industrial automation system of claim 1, 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.
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