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 pha @mwgﬁﬁpﬁﬂlb@w@@mnable logic controller
examines a series of iNputprefRs e Siates Pharoppledprpeass and changes outputs affecting
control of the controlled process [Ogg@ﬂmt@gmlm@tlon 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 entfosRI LR tain components cooperate with other components to expand functionality.
For example, industrial controllers may provide for connection of additional 110 modules to add input
and outpufdontiiongtity itorshe worttaktergtncedd, raddinganl | oaodide mdycaliow Hysténduistrial

controller ts%lgterfact ovs\éslthufé1 %p%glflgn%ﬁj ?na{ gnnal roclo%%néjrmeﬁ tsattmgs More particularly,

embodiments of the present invention relate to techniques for interlocking modules of

such systems.

[0062] 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 controliers, semiconductor power electronic circuits, power
supplies, motor starters, relays etc. that are utilized to monitor and control &
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

controiled process.

[6003] 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 moduies to add input and output functionality to the controller. Indeed,
adding an I/0 module may aliow 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 interiocking

systems can be cumbersome, delicate, and expensive. Furthermore, the compiex nature



[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 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. [00051 Accordingly, it is now
recognized that it is desirable to develop an interlocking system for securing modules that can provide
a rigid conridciish sEtwaenhsaip defwerovhilatdtilivatmenthelaigh e at wies dehrativdigle S BRIEF

DESCRIPTIQM 0061 ACLordIng {RiR06 R8RS 65 QSRS RHERE BE INVGRHANy AR NIRLPRKIRG SyStem for

connecting a programmable logic controller and a power supply of an industrial control and automation

system is pYSVIdBEETHE e FRs iR gss5stein M dhsdeenepphgpatitgreh vs rikaing dbs saanReRRel disposed

on a side sur@g&iOhting PAYaL aURRM: ThelatchdnelHdes 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 into the .opening. The interlockin stem also includes a plurality of haaks and a
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programma‘%}ighj:q%%ﬁgt%ro&%ra%ngntl@reﬁ% _\év‘%hsi%ig)‘%glre held together horizontally and the second
attachment teature is con%igureogto couple with the first attachment feature to resist disengagement of

the plurality of hooks and the plurality of vertical slots.
BRIEF DESCRIPTION

[0006]  According to one aspect of the present invention, an interlocking system
for connecting a programmable Jogic 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 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 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.

[0007]



[00071 [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; 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. DRAWINGS [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 feigpent ke RattsdoroHg hasihe dranings.MheIsin AL AlR! G philustigies an exemplary
industrial automation and control system in accordance with aspects of the present technique.
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;
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 shidably disengaging.

DRAWINGS

[0609]  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.

[0021] FIG. 2 1s 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 FI(i. 2 in accordance with aspects of the present technique.

[06613] 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.



[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 programmable logic controller of
the assembly of FIG. 2 in accordance with aspects of the present technique. [0014]FIG.5is 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

perspectivegygyy of the: assemabs Qfdclang Wilh 118w 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.

10016} 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

[0617]  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 inciude 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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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, 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-lockinggneghiaris)dhasiaeliiaiaonsrnRlY Rhadah MadWles Ion-ainale ASRRMAYAHION.

[0018]References in the specification to "one embodiment”, "an embodiment”, "an exemplary
embodimelRelUfiE RS tHIioR & s Fo diith EFIRBE e Inwy fBlRIER: (R toulTeafiberstructure, or
characteristic, but every embodiment may not necessarily include the particular feature, structure, or
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when a paioular festure. struciyre. of sharacterislic s, feseribed in gonnection uith, an embodiment, it
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now to the draings ndieferripalrabip Fi- L% e MRANIL st aiamaten Al ggntrol system

10 is illustrated. The'system 10 includes an
individual compartments or other structures that support the electrical components.

{0021} In the illustrated 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.

00221  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. Accordingiy, 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.

[0623]  Further, the process/system 16 may comprise control and monitoring
equipment for regulating process variables through automation and/or observation. For
example, the illustraied process/system 16 comprises sensors 20 and actuators 22. The

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



enclosure 12, such as an electrical cabinet, in which electrical components such as monitoring and/or
control components are housed. Example components in the unit may include relays, motor starters,
and programmable logic controllers (PLC), among others. [0020]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. 100211In the illustrated

embodiment {ag sYsterast Lingides, a meniatngiconirohRogiladiassammiied #r aseredance with

present techniques and adapted to interface with components of a machine system/process 16. It
should be BRI HPETRALR TMEHAILIAHEBIRESIRYHE? SMBBHIHER of the present techniques
may be facilitated by the use of certain network strategies. Indeed, an industry standard network may

be employidzdlich as Meviceddethtsecralbies AdtanttansierS dehandtwanksipeaitthe/ g change of data
in accordance.with a predefined.protqcol, and may pravide power for operation. of netwgrked elements.
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[0022]The processfsystem 16 may ta S Include devices tor accomplishing many
different anthbediegipurpbseserarexafhpidhaprooess/sistensyl 6 snanngorptisevaticotisressor

station, a”&éinﬁ?{mf%%nﬁ&ﬁt%&ﬁ%a@”&r making R items. A mechanzed gasemblyine, and so
forth. Accordingly, the process/system 16 may comprise a variety of operational components generally

representetidnjivengensadi uredras 18, Jhet/Ssneodelts Hotomstroaiiesdnaetapdorstnerisapture

elements, PLRSSL 8. SGASOIS: AL ASHYHAL QfuRANUIAS ARG RINRRASHNGMGRLAlfaandling and other
applications. [0023]Further, the process/system 16 may comprise control and monitoring

[0025) 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 YO 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 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 controlier
and may be located proximate or remote from the controller including remote network

interfaces to associated systems.

[0027]  The /O moduies 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 /O 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 +35-volt DC logic

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



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 regarding process conditions. The actuators 22
may include any number of devices adapted to perform a mechanical action in response to an input
signal. [0024]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 monitoring/control module 14 via one or more 1/O

modules 24 soRRIEAIR e manRIneleRkmad e )4y e Q:0eRes AGIRY dansler input and
output signafs between the monitoring/control module 14 and the controlled process/system 16.

[0025]In cé%@_atihﬁeniw@mfeﬁmb@ﬁé@mm@&@émé%e@o?én@ﬁcmtmdzm ReaFBlerafili#ad to operate
process equipmen: desd diavomay Resullized MHuNREPGRRSJOARF IR Bipmaniaedand

controlled by the process/system 16. Such a process loop may be activated based on process inputs
(e.g., inputlébm Wensor 20) or direct operator input received through a user interface device 26.
[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 confroller.
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 (H! and Fast Ethernet)

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

[0629]  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 inciudes features
on mating surfaces of the modules for securing the modules together as will be described

below with reference to FIGS. 2-7.

[0631]  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 controlier and the module 34 includes a power
supply. Specifically, in the illustrated embodiment, the power supply 34 15 a 24 volts AC
power supply configured to power the programmable logic controller 32. As illustrated,

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



[0026]The 1/0 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 I/O modules 24 may be added, such as if new sensors 20
or actuators 22 are added to control the process/system 16. These 1J0 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. [0027]The 1/0O modules 24 may include input modules that
receive signals from input devices such as photo-sensors and proximity switches, output modules that

use outpui:3igpaieiR SRETEHELEIANS RLIRRH:RRINNS sre RN 1O Blad Uigs:cileeh as motion

control modules which can direct motion devices and receive positign or speed feedback. In some
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Modbus TCP, Profibus) and also communicate to higher level computing systems [0029]In the
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configured to display output parameters such as operatirég parameters of the process/system 10,
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forth. controlter 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
illustraied 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 siots (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



[0030]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. [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 suppl 34risPeR faoiis MG IRAMAE SOpi-GeNiiFed AR hower thenarogr arppiable dagic controller
32. As illustrated, the programmable logic controller 32 and the power supply 34 each include a variety
of compof¥npEosFITEAR QYK SORESHER&ssembly and/or operation of the logic controller 32 and
power supply 34. For example, the assembly 30 may include any number of slots, vents, plugs,
connectorgf@d4itheirnntertate strumttibsst@techbstii Gt ethemgdadilitdteabpearaticte ofdadterassembly 30,
coupling betwegen embly.c e o i ith.other feat é‘i A DIN ki d/or
operation of ﬁﬂ%uargagseﬁ%g%yé %&%‘?M&%ﬂ@?ﬁg % t%%gelgnﬁbﬁ?/ %O% rﬁgy ge é’d’ugplg}(? i?egé .%ia plug-in

connectior@?mieabmikp%hesmmm@é@oﬁ_@sﬁﬂmmdﬁrpm&é?ﬁmmﬁg hﬁﬁ@'@déﬁ backplanes
are currenthipeee {ianabag ipdusiin aRplicaiansio piuitie data and aanitelsiangl sl and from

programmable logic controllers, computer components and peripherals, and so forth. [0032]In this

exemplaryRaimpodipilt Sthassmesidabing Systeatapmi deatess pisgeradiewed siecpalifiboks, slots,
and other gigucf geéffa{e%gfmrﬁeamega@mmaml@gim@?!ﬁ@%@wa@ ROar saRply 34

together. It should be noted that when the 1power supply 34 and the programmable logic controller 32
are couplefrtdgeth&ohsisatEarFIaaple, KerelitAspRbrd Branesd s RiRARBMARISHRES are hidden

from view. AsgRIdingly #ese-atachmepbieatures ane: descrildes indmaseideindelew it reference to
FIGS. 3 and 4, wherein the programmable logic cantroller 32 and the powz)égﬁ%glrélm a%e illustrated

separate friHicORE HH6tARS EEbetehcareahmathdRftant RA M SLdADe s

MEor example,
the progragisalel legimeoniroligiea 2itteldiles:Ro oksed 2ihainere: engagedwihisieiedmatsahown) on the

power supply 34. The engagement between the hooks 42 and the slots may be achiev y sliding the
hooks 42 ahd'§ 8f§%€gaﬁgéﬁ?§ﬁ§ %@%gh%llo%egc %ﬁ‘iﬁ%ﬁ&%"?&%ﬂ 5o Of § %‘fﬁe‘r"’\i/%thﬁg%bother
attachmentdédature [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 sligipg.af theyhapks,42 AP ag.he-alater motheemadsowhendhp dab 44 inengadsd. it may
prevent the hooks 42 and slots from becoming dlsengage by preventing them from sliding relative to

one anothefysincah Feidissesisrbing ehdhgapraar I§ dpRiEsBectra s @R kb8 user can
simply presg,ihg, tab 4sHehibat i dlexsort 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 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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away from engagement, allowing the user to slidably disengage the power supply 34 and the
programmable logic controller 32. [0034]In the embodiment illustrated by FIG. 2, the assembly 30 also -
includes features configured to facilitate attachment of the assembly 30 to a support (e.g., a wall of an
electrical cabinet). Specifically, FIG. 2 includes attachment features such as indicated by reference
numerals 38 and 40 disposed on the programmable logic controller 32 and the power supply 34
respectively. Such attachment features are configured to facilitate coupling of the programmable logic
controller 32 and the power supply 34 with a panel or a rail (not shown). For example, in certain

embodimegts;dhe,Piosammaiia;) odic LANtogE 32,27 b ihe ROWE IS URPH MMawhe fegured to an

electrical cabinet using fasteners that pass through the attachment features 38 and 40 into a back
panel of thePBIEdIFAE dahisBOIBE1EF PG MRS IBEBInstier AhfeterdBtdrarostisrad Yepresented
by referenggumesaladhand 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 o rog le logic controller 32 and the power ly 34 separate from. the support
and then sijérgis‘:;;‘gzuerﬁ,T g':'{gcl Pﬁgﬁ%&a{h%xgglé%%ﬁ/o@ %%r?ﬁ%nsé%gorﬁ gg R QE%? g)é{a?npé‘llg, a user can
couple thegssemptsimnAtallestoged goritioller. 3htdgettestwitid thra ipoimesTs U pelyp 84 aUtepgéy of4a cabinet

dthen i Il .th ' t | ingl I , I |
cmbotmeR S B ot Catioles S5 b e Sevear et T ovpansion

and commﬁgmmmmwmm@ﬁpléim@sgem@iﬁ@@umf@@eiﬁ&l@@eﬂn@ﬁmw@l@t‘érm
Commun'c%%lp%giﬁﬁ'ﬂ. rRGERIGIST GORMGHIG K TRREINS I9RG BE MRfacreWs,H Pter fasteners to

secure them to the panel. Specifically, for example, in the illustrated embodiment, the programmable
logic controier3supBiides podtdhe rEeEivBBAb defitasrdEnIE3 StltlicaBrANBSeAtEWByY reference

numerals 5Q.a04:% E&%@M&g&mm?@mmﬁa B0 R BAREAL RIS ARRGe agpects of the

programmable Io%ic controller 32. As will be appreciated by those skilled in the art, a variety of such

modules m¥PWE Bsupfet trthdProdt AT BIRNBETCEATENSRIS SR DEFFAMY HeSEMFSI/monitoring
function of gvsResified acesarANT b mpSheRYBe des 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,

[0638]  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



[0037]FIG. 3 illustrates an exemplary configuration 60 of the power supply 34 of the assembly 30
illustrated in FIG. 2. In the illustrated embodiment, the power supply 34 includes a plurality of vertical
slots such as represented by reference numerals 62 and 64. Furthermore, a tab or latch 66 is disposed .
on a side surface 68 (mating surface) of the power supply 34. The vertical slots 62 and 64 and the
latch 66 facilitate assembly of the power supply 34 and the programmable logic controller 32 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 fﬂrms&@géaﬁ%@mﬁ?&e&ghﬁk}aﬁa@ §1‘H‘6§8§n@§t9&%‘?af&%?i%ﬂ@%%i&ﬂ other

embodiments, the number and size of the vertical slots may be configured based upon the size of the

power suppfytBa eisittee 16r 6§ tarpeatsie Serpty cohirdliey8zr SheHaibtd hriapbadsordisgding any
suitable maghiningarmeltingdechiaussand gy bedermadie fReRpYersuRRly Ahiggonserve

space in the programmable logic cantroller 32. However, in some embodiments, such slots may be

formed in tAe BrogEmmbpiedotitribiroldAdBignt vofhssMIAG KeBKES HIIRESEWEY Sifoply 34.
[0038]The |atehfémiasivdes adistatiachmenbigaters /@ disposethalons aftexdble tapgaen’2 that is

cantilevered proximate an opening 74 in a housing 76 of the power supply 34 such that the tongue 72
can flex intB&AE BFERAGYE Eh?spé’%ﬁ‘l‘aﬂ}ye%‘?o‘é‘&?ﬁ%ﬁ? HREH S SABFAERTEREFE includes a
detent. Howewmesigr ®ther 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 a8 f thagowe sarly & anskhe-ragrammable dodie GAPHIEL A a0d fhg material of

the latch 6 ne exemplary embodiment, thelat ormed of a plastic material. However,

other suitalsrnirsdierizlsoimidy besanbhyoyediosimied drchles as Avellurtsislithbemeereamtwbicin the
illustrated egbodimeni;dhe taigh 6815 A, EXERSINT 9lhe NRKEING 4 ?@s‘é]ﬁa%o\ﬁfrréfb?&%(so-

However, the latch 66 may be individually fabricated and coupled to the side surface 68 of the housing
76 using a BURSHE &ar?@éi%,aaﬁmwagmff/&wtéﬂ%&ﬂm@ Hodisrsnatdypiseidechdere s BE disposed

on the programmabigieshie %%l@%%&@ﬁeiﬁﬁ?”)@sW%W%%&W@M?Eh%ﬂgu@ﬂ)‘mh 66 as a

component of the power supply 34 conserves space in the pror%géa?mmable logic controller 32.

[0039]FIG. % ifiliStratdReprERS A o Afiti ARSH D8 SPITE BRI AFABROTOYIE BBAIPSIRF 32 of the
assembly 3@dbustiatadd obiésodudBdHustiategietpevRiogisyriniable logic controller 32 includes a

plurality of hooks such as represented by reference numerals 92 and 94 and a second attachment

feature 96 dli ed on.a side surface 98 of the. programmable logic eantroller 32. ith. the vertical
rots o the D o B B et AL o

the size of ﬂwtmtigrétiﬁmam@fé@i@ddntséinbr@@ar@dr@mewiﬁmpp@%ﬂ@%@hﬂt&ﬁé @&@mp!ary
embodimeny, they %Qcﬂﬁl%%ggg{)grs‘% ey REQaramnable Jogie CORILGUET.3% ALB IReFoMIed Lo slide

along and engage with ¢ Ing vertical slots 62"and 64 of the power supply 34 such that the
programmaie s §hPEbntfofierziddperther perlernsaibplyMarsechdlg teertA G RaHReMARUMoreover,

the secondaftachimentfertyte S8dseaniiguied 1o camrls: withdherfirst altachneest featured0 of the

power supply 34 to resist disenga‘iggment of the hooks 92 and 94 and the vertical slots 62 and 64. In
other word$eHcEitRRIAGBRE9THE Ba0kieo2ngilyet Hifhtis ey eTBteledo%h 8% erdgRiBshent of the

first attachrepifeatveanéhuili thessecandattachmentdealyseRreyanisoeticahnevament; and, thus,
prevents decoupling of the hooks 92 and 94 from the slots 62 and 64, in this exemplary embodiment,

the second &t T‘ﬁtn@ﬁi‘?}é‘ﬁﬁ?ﬁef%‘ffﬁzlaae‘é’itahlJaecéﬁ?@ﬁe%{%k?@%‘ivgﬁﬁgedQfgﬁ?“ﬁ) SEpower
supply 34. hipweaveritiathausphedimenisodpingesdnd atiachatenideatrend hdytineiugel different
physical chgra eriﬁtics. . .
4. 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.

11



[0041]The exemplary configurations 60 and 90 of the power supply 34 and the programmable logic
controller 32 illustrate single first and second attachment features 70 and 96 disposed at
pre-determined locations on the power supply 34 and the programmable logic controller 32
respectively. However, a plurality of such attachment features may be employed in certain other
embodiments. [0042]FIGS. 5 and 6 are cross-sectional views 110 and 112 of the assembly 30 of FIG.
2 with the power supply 34 and the programmable logic controller 32 secured using the coupling or
attachment features described above. As illustrated, in configuration 110 the hooks 92 and 94 of the

programmagje h0gigLONNONGH 2 @Bﬁﬁglgm Wishe stpisraaand.e4 ghﬂzﬁyp@x%&umely 34.

[0043]In operation, the hooks. 92"and 94 are configured to slide along and engage with the slots 62

and 64 respeetvEpanfinghecagedaisly BlyskatonngledsyandipreendadineknerertFaatsrd 70 of the
latch 66 of fhe @@W@fsﬁyﬁalya%i%%@d@@aﬁﬁae@g?&M&mhs&e&engﬁ@cmﬁw syaIctiee 96 of the

programmable logic controller 32 in response to the same sliding movement of the power supply 34

relative to PTBZBERARFIaBIe (8Bt o MEIPSLivRlY fAimPRsY eh g hRiRe A sYth&RBREY2 and 94

with the slgtsf2andHde gggﬂgg,e@ weseribesiheforedfienirst attachment feature 70 is disposed along a
flexible tongue that flexes to facilitate engagement of the first attachment feature 70 with the second

attachmen re the programmable logic controller.32, In thi mplar bodiment, a sound
is generatééﬁb%}:ang%%(gmgn odft E'Tatch 66 Wi n(ievée&%egé%aﬁ%%éaieﬁfi?ﬁu%ttsjér(rene%r%, %vgh?gﬁ alerts a
user to sudH@nlenghgerpemteiramthbr 3it stbtitd ro grotedahist ivgiclstetirebetie sseoediusitgchment

feature 9. (e gl lia i vk O A M ROl 22k Ol clmentand speuring

together of e logic controller 32 and the power supply 34 in a single assembly action
thereby elithinhaivies the adetitotirheltisterasyanbbiege ravrmdles o3l ya rergazad s ikt ctions.
Advantageghigly; §1g,a Rly-usingthe single action described above eliminates separate Locking
mechanism thereby resulfing in added efficiency relative to traditional techniques and cost savings.

[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. 1in 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
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 traditionai

techniques and cost savings.

12



[0045]FIG. 7 illustrates an exemplary method 120 for connecting two modules together such as the
power supply 34 and the programmable logic controller 32 of FIG. 2. At block 122, a mating surface of
the programmable logic controller is aligned with a mating surface of the power supply. In one
exemplary embodiment, an operator 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.
100461Further, hooks extending from one of the mating surfaces are slidably engaged with

correspongipgsjertigabslois fatnadnihe AhenAl heaingsudRcesnesRpiseRiRY block 124. In

this exemplary embodiment, the hooks extend from the mating surface of the programmable logic

controller. IWeBRsEIS PGS RAVA IR E REURRS M EasHITBRERE Mgiiepatieliite’? igfdi§aged with an
attachmenj fegiise pithe pigl-matagrtace,shdhaidhe boeks anadihe veriicalisiphs are

substantially prevented from slidably disengaging and such that an audible snap is generated by

engagemeREB 88T (AE ResANBRESEBM Yol P aRBEFEHBRIEN s SBRNOARS ThofhtASHY support

(e.g., an elpgirigatNane usiv@isvitablerequplibguieshmiguasnas mpresantediyblackilad [0047]The
various aspects of the structures de,?cribed hereinabove may be used for connecting, adjacent
monitoringPBHRBIRABH 198 S RS W{ogﬂdty'g'f%aﬂ?/%ﬁ R st SR o AT BB itrol systems.
As describediahewdtherdetinioherhlize shie atly esadAdnatiagesitifachs ehthenadigcantanodules that
facilitate alignment and securing of modules in a single assembly action. [0048]Advantageously, the

modules ¢ easi i ithi osure: C ipdustrial
cyeteme. TR e
enclosure iffig shogespetidingvivhoisalistarbife e adjatdientatigdwésthromesampleieaintenance or

replacemeptof & madied sequiied; the modile can HRrpAsRERIERUNFMaYRA framnthgenclosure by

selectively disengaging the latch from the receiving slot and vertically sliding each module. [0049]As
will be apprediagsipaneEdsmeg Fnmebliiogie enwirdlgesdiderk 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
slidably disengaging and such that an audible snap 1s 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/controi 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.

[0048]  Advantageously, the modules can be easily assembied 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 exampie, 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,



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 pans 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 fall within the true spirit of the invention. CLAIMS: I.An interlocking system for connecting a

programmggggoaic,conlialkanha ARUETRLRA O AMIAYSUR cantralanskavimfipgesystem, the

interlocking system comprising: a plurality of vertical slots and a latch disposed on a side surface

of the powBFRSPIRI AP BIAVRR IRREAREBEAPRsaked Mmdtoaraioharss: rerdirodpesig afdhy a flexible
tongue canfjlengsed prexiaigiaioneRnGdn ahirusingalitiepowssS R BNCRiatihgtongue can

flex into the opening; and a plurality of hooks and a second attachment feature formed on a side

surface of FRBNSFOGEMIALHRS IS IREGHEE WHESLAR e (RS TR BFh OIS L B3nfRANEY to slide

along and gngaeeoitiedha sl efoericalsios sitehsthrtHagiprogrammable logic controller and the
power supply are held together horizontally, and wherein the second attachment feature is configured

to couple "@Hs e firghafaghy %Jﬁ%‘é‘é&&% Eﬁ%%t i%&?%%%%%eﬁe‘e%fiWu%tPA%‘e@Q% 9L09gKs and the
plurality of vertical slots. S he system of claim 1, wherein the system comprises at?east two

vertical slobsiinnadridimodificationyasditiregsisiovaliricaroictiibopowidtiedpplyhe art. It is,
therefore, to be understood that the appended claims are intended to cover all such

modifications and changes as fall within the true spirit of the invention.
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3. The system of claim 1, wherein the first and second attachment features comprise a detent and lug,
respectively. 4. The system of claim 1, wherein the power supply comprises a 24 Volts AC power
supply configured to power the programmable logic controller. 5. The system of claim 1, wherein
the pr rgwﬁable logic controller comprises a port configured to receive a programmable module
adapted to manage aspects of the programmable logic controller. .~ 6. The system of claim 1,
wherein each of the plurality of hooks and the latch comprises plastic. 7. The system of claim 1,
wherein the latch, the second attachment feature, the. plurality of vertical slots and the, plurality of
hooks facilita?é aliglr%‘n%ér?(t%eglno(f %3 uri Sge fgg% &ro %%e&) r%gﬁzla)lérﬁ_rr%%ﬁg?f?)eg?g %lgn%rocﬂfé?%aér)ﬁoa fﬁsegpower
supplyinvarsisigiplnsséniply iadtistnial  co8trtheasystarivoholemsiswwinerdin the dilstbittachysent feature
is com;igl%r%dsitg slidably engage with the second attachment feature in response to sliding movement
of the povx?er SLﬁijy relative to the programmable logic controller. 9. The system of claim 1,
wherein the latdhigitpupledtothelstdesliddebiiifeopaiven suppty simaoug b bthaghesiveyarthrough a

Polted GOHRINGh 1df). IRESXE Ghelaim.tncomPisingouprort atagoment [rafes dispased on
each of the power supply and the programmable logic controller, wherein the support attachiment
featuresnstteveonfipurach toefacifitei@ mpuplihgwitly aiphneberaailipply sithAhatebleadrigrcoommideting a
powerirﬁ%qgglotlgegigéogﬁgmmable logic controller, the method comprising:

a plurality of hooks and a second attachment feature formed on a side surface of the
programmable logic controlier, wherein the plurality 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, wherein the first and second attachment features comprise

a detent and lug, respectively.

4. The system of claim [, wherein the power supply comprises a 24 Volts AC

power supply configured to power the programmable logic controller.

5. The system of claim 1, wherein the programmable logic controller comprises a
port configured to receive a programmable module adapted to manage aspects of the

programmable logic controller.

6. The system of claim 1, wherein each of the plurality of hooks and the latch

comprises plastic.

15



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’.  1JTeheyatesthed ofactairh mheemphsittjanothetisertnd askehibtat atves, siisply and
progr 'E%E’Aﬂ@eoko‘%ﬁi%%{8&e&%‘tﬁev\%ﬁﬂﬁilﬁy ot Ho MG REAIRAM Ta %85989(?'&9%&%@95%“”9 a
sound by engagement of the latch with the ‘attachment feature. 14. The method of claim I,
whereireprograbenaidlogisizedtaier pudalirofi sksranchoosregisoraimpieritanslots is configurable
based upon the size of the first and second modules. 15. The method of claim 11, wherein the
plurality of hooks extend from the mating surface of the programmable logic controller.
INTERLOCKING SYi$TpvrEoRCONNEGCTMIGEeIn 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 claim 1, 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 claim 1, 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 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.

12. The method of claim 11, comprising mounting the assembled power supply and

programmable logic controller on a panel.

13. The method of claim 11, comprising generating a sound by engagement of the

latch with the attachment feature.
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A PROGRAMMABLE LOGIC CONTROLLER AND A POWER SUPPLY ABSTRACT 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 features configured to facilitate
coupling with a panel or rail and 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 ptoximdtecametipehirfgelpiz Hdusihgreinthenpmver sujiptyssuchitiet thedbnguthoakslex into
the opening. The interlocking system.also iaclud lurality of hooks and a second attachment
reatu o B D o e B oE B R S S
configenatiitesslide along and engage with the plurality of vertical slots such that the programmable
logic controller 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 thESpluralityeohvtinicaifsibten Flgurberein the plurality of hooks extend from the mating

surface of the programmable logic controller.
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INTERLOCKING SYSTEM FOR CONNECTING
A PROGRAMMABLE LOGIC CONTROLLER AND A POWER
SUPPLY

ABSTRACT

An interlocking system for connecting 2 programmuable logic controlier and 2 power
supply of an industrial control and automation system is provided. The interlocking
system inchudes features configured to facilitate coupling with a panel or rail and a
pluraiity 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 plerality of hooks and a second
attachment feature formed on a side surface of the programmable logic controller. The
plurality 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 heid 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.

Figure |
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