PROGRAMMABLE CONTROLLER COMPONENT WITH ASSEMBLY ALIGNMENT FEATURES
BACKGROUND 10001]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 providing a programmable controller assembly with features
that facilitate alignment of components of the programmable controller during assembly.
[0002]Industrial automation and control systems are known and are in use for controlling factory
automation and the like. Such systems typically include various components that cooperate to monitor
and control a process and/or system (e.g., a manufacturing process or a machine). A programmable

controller is typically alteRfrAdMndbELEINIB Eylskeni. GYPERARbIeYd Hbical control system
includes one or more programmabiMGHic cohtfaNdERaE Edorbikte with sensors, semiconductor
power electronic circuits, power supplies, motor starters, relays, and so forth to control features and
actions throgglhoutamasgeciated system or process. In operation, a typical programmable logic
controller examines a series of inputs reflecting the status of a controlled process and changes outputs

affecting C(;{b% Hj)f thicontroll[ed Rrocess. For Xamplgﬂsﬁr% ogrammable Ig c controller may receive
Ctu

an analog from & sensor and a Tl ?J & oult put oa o M S R R u%’o?rﬁ?e signal and

associated kagh: proghamemestdn & medmen;‘rabf tng comtrokerial settings.  More particularly,
embodiments of the present invention relate to techniques for providing a programmable
controller assembly with features that facilitate alignment of components of the

programmable controller during assembly.

[6002]  Industrial automation and control systems arc known and are in use for
controlling factory automation and the like. Such systems typically include various
components that cooperate to monitor and control a process and/or system (e.g., a
manufacturing process or a machine). A programmable controller is typically a central
feature of a control system. For example, a typical control system includes one or more
programmable logic controllers that coordinate with sensors, semiconductor power
electronic circuits, power supplies, motor starters, relays, and so forth to control features
and actions throughout an associated system or process. In operation, a typical
programmable logic controller examines a series of inputs reflecting the status of a
controlled process and changes outputs affecting control of the controlled process. For
example, a programmable logic controller may receive an analog signal from a sensor
and adjust an output to an actuator based on a value of the signal and associated logic

programmed in a memory of the controller.

[6003] A typical programmable controller includes several major components that are
separately manufactured and then assembled together. For example, a typical
programmable controller includes housing components and at least one circuit board.
These components are typically manually aligned during assembly so that screws can be

passed through openings in one or more of the components to hold the assembly together.



10003]A typical programmable controller includes several major components that are separately
manufactured and then assembled together.For example, a typical programmable controller includes
housing components and at least one circuit board. These components are typically manually aligned
during assembly so that screws can be passed through openings in one or more of the components to
hold the assembly together. BRIEF DESCRIPTION [0004]In accordance with one embodiment, a
programmable logic controller

BRIEF DESCRIPTION

{6004] In accordance with one embodiment, a programmable logic controller
assembly for facilitating assembly of a programmable logic controller is provided. The
programmable logic controlier assembly includes a bottom housing that has a base, a first
plurality of elongate alignment features extending from the bottom housing in a direction
transverse to the base, and a first connection feature. The programmable logic controller
assembly also includes a central processing unit that has a circuit board and at least two
receptacles through the circuit board configured to engage and slide along at teast two of
the first plurality of alignment features, wherein the at least two of the first plurality of
alignment features are positioned asymmetrically with respect to the base. Further, the
programmable logic controller assembly includes an upper housing with a second
connection feature configured to slidably couple with the first connection feature and a
second plurality of elongate alignment features configured to slidably engage at least two
of the first plurality of alignment features, wherein the at least two of the first plurality of

alignment features are positioned asymmetrically with respect to the base.

[0005] ~ In another embodiment, a programmable logic controller is provided. The
programmable logic controller includes a bottom housing comprising a base, a first
plurality of alignment features, and a first plurality of attachment features. Additionally,
the programmable logic controller includes an upper housing comprising a second
plurality of alignment features and a second plurality of attachment features, wherein a
first pair of the second plurality of alignment features are slidably engaged with a first
pair of the first plurality of alignment features and wherein the first pair of the first
plurality of alignment features are asymmetrically positioned relative to the base, and
wherein a first pair of the first plurality of attachment features s coupled with a first pair
of the second plurality of attachment features. Further, the programmable logic controller
includes a central processing unit board positioned between the lower housing-and the

upper housing, the central processing unit board comprising a first pair of receptacles



assembly for facilitating assembly of a programmable logic controller is provided. The programmable
logic controller assembly includes a bottom housing that has a base, a first plurality of elongate
alignment features extending from the bottom housing in a direction transverse to the base, and a first
connection feature. The programmable logic controller assembly also includes a central processing
unit that has a circuit board and at least two receptacles through the circuit board configured to engage
and slide along at least two of the first plurality of alignment features, wherein the at least two of the
first plurality of alignment features are positioned asymmetrically with respect to the base. Further, the
programmable logic controller assembly includes an upper housing with a second connection feature
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wherein the at least two of the first plurality of alignment features are positioned asymmetrically with
respect to tRaabxsdo [@B@Sifh another embodiment, a programmable logic controller is provided. The
programmable logic controller includes a bottom housing comprising a base, a first plurality of
alignment fé@ao6gs, ehdsanfirahphdialitytofshitachnentfeattres.ohdditondihy, therpsegrambiable logic
controller includes an er housing comprising a second plurality, of alignment features and a second
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comprising a first'pair of receptacles coupled about a second pair of the first plurality of alignment
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programmable controller. The method includes aligning at least two receptacles in an input/output
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bottom housing, and directing the upper housing slidably along the at least two alignment features of
the bottom étistageligimgiotptinesieatihe ufttha topeinbcusingymmelberE vipsiiebttblingifeature of
the bottom haysipg, yybegedn the at least to alignment features of the bottom housing are
asymmetrically positioned with respect to the base. DRAWINGS

DRAWINGS

[0007]  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:

{6068] FIG. 1 illustrates a schematic view of an industrial automation and control

system in accordance with aspects of the present technique.



100071These 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: 100081FIG. 1
illustrates a schematic view of an industrial automation and control system in accordance with aspects
of the present technique. [0009]FIG. 2 is a perspective view of a programmable controller including
assembly features in accordance with present embodiments. [0010]FIG. 3 is a perspective view of a
programmable controller including assembly

[6009]  FIG. 2 is a perspective view of a programmable controller including assembly

features in accordance with present embodiments.

[6010]  FIG. 3 is a perspective view of a programmable controller including assembly

features in accordance with present embodiments.

{0011] FIG. 4 is an exploded perspective view of the programmable controller

illustrated in FIG. 2 in accordance with present embodiments.

[6012] FIG. 5 is an exploded perspective view of the programmable controller

illustrated in F1G. 3 in accordance with present embodiments.

[6613]  FIG. 6 is a perspective view of an I/O board positioned above and in alignment
with a bottom housing of the programmable controller of FIG. 2 in accordance with

present embodiments.

[0014]  FIG. 7 is a perspective view of an /O board positioned above and in alignment
with a bottom housing of the programmable controlier of FIG. 3 in accordance with

present embodiments.

[0015] FIG. 8 is a perspective view of a CPU board positioned above and aligned with
an I/O board and a bottom housing of the programmable controller of FIG. 2 in

accordance with present embodiments.

[06¥6] FIG. 9 is a perspective view of a CPU board positioned above and aligned with
an 1/O board and a bottom housing of the programmable controller of FIG. 3 in

accordance with present embodiments.

[6017]  FIG. 10 illustrates an upper housing positioned over and aligned with the CPU
board, 1/O board, and bottom housing of the programmable controller of FIG. 2 in

accordance with present embodiments.



features in accordance with present embodiments. [0011]FIG. 4 is an exploded perspective view of the
programmable controller illustrated in FIG. 2 in accordance with present embodiments. [0012]FIG. 5 is
an exploded perspective view of the programmable controller illustrated in FIG. 3 in accordance with
present embodiments. [0013]FIG. 6 is a perspective view of an I/O board positioned above and in
alignment with a bottom housing of the programmable controller of FIG. 2 in accordance with present
embodiments. [0014]FIG. 7 is a perspective view of an I/O board positioned above and in alignment

[6018] FIG. 11 illustrates an upper housing positioned over and aligned with the CPU
board, /O board, and bottom housing of the programmable controller of FIG. 3 in

accordance with present embodiments.

[06619] FIG. 12 is a process flow diagram of a method in accordance with present

embodiments.

DETAILED DESCRIPTION

[6020] Tt is now recognized that it is desirable to provide a programmable controller
assembly that includes features that facilitate alignment and coupling of assembly
components. As discussed in detail below, embodiments of the present technique
function to provide an interlocking system for assembling and connecting components of
a programmable logic controller of an industrial control and automation system. In
particular, the present technique provides features or components of a programmable
logic controller that include alignment and/or auto-locking mechanisms that facilitate

assembly of such modules without the use of tools.

2 &

[0621] References in the specification to “one embodiment”, “an embodiment”, “an
exemplary embodiment”, indicate that the embodiment described may include a
particular feature, siructure, 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 connectton with other embodiments whether or not explicitly described.

[0022] Turning now to the drawings and referring first to FIG. 1 an exemplary
industrial automation and control system 10 is iliustrated. The system 10 includes an
enclosure 12, such as an electrical cabinet, in which electrical components such as

monitoring and/or control components are housed. Example components in the unit may



with a bottom housing of the programmable controller of FIG. 3 in accordance with present
embodiments. [0015]FIG. 8 is a perspective view of a CPU board positioned above and aligned with _
an 1/0 board and a bottom housing of the programmable controller of FIG. 2 in accordance with
present embodiments. [0016]FIG. 9 is a perspective view of a CPU board positioned above and
aligned with an 1/0 board and a bottom housing of the programmable controller of FIG. 3 in
accordance with present embodiments. [0017]FIG. 10 illustrates an upper housing positioned over and
aligned with the CPU board, 1/0 board, and bottom housing of the programmable controller of FIG. 2 in

accordance with present embodiments.
include relays, motor starters, and programmable logic controllers (PLC), among others.

The enclosure 12 may be suitable, for example, for assembly of a motor control center or
use with industrial, commercial, marine, or other clectrical 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.

[6023] In the illustrated embodiment, the system 10 includes a programmable
controller 14 including assembly features that have been assembled in accordance with
present techniques. . The programmable controller 14 may be configured to monitor
and/or control a machine or system, as represented by process 16, via an interface with
components of the 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.

[0024]  The process 16 may take many forms and include devices for accomplishing
many different and varied purposes. For example, the process 16 may comprise a
compressor station, an oil refinery, a batch operation for making food items, a
mechanized assembly line, and so forth. Accordingly, the process 16 may comprise a
variety of operational components generally represented by reference numeral 18, such as
electric motors, valves, actuators, temperature elements, pressure components, ot a
myriad of manufacturing, processing, material handling and other applications. Further,
the process 16 may comprise control and monitoring equipment for regulating process
variables through automation and/or observation. For example, the illustrated process 16
comprises sensors 20 and actuators 22. The sensors 20 may comprise any number of
devices adapted to provide information regarding process conditions, such as pressure

and temperature sensors or discrete indicators. The actuators 22 may include any number



[0018]FIG. Il illustrates an upper housing positioned over and aligned with the CPU board, 1/0 board,
and bottom housing of the programmable controller of FIG. 3 in accordance with present
embodiments. 100191FIG. 12 is a process flow diagram of a method in accordance with present
embodiments. DETAILED DESCRIPTION 1002011t is now recognized that it is desirable to provide a
programmable controller assembly that includes features that facilitate alignment and coupling of
assembly components. As discussed in detail below, embodiments of the present technique function
to provide an interlocking system for assembling and connecting components of a programmable logic
controller of an industrial control and automation system. In particular, the present technique provides
features or EbfsHIEE AESRIEG tPraRyiarfntabRENeieat sptiesl By iraeel i anaighhieraidfbrauto-locking
mechanismg thal.fagiliiaiesassembly of such modules without the use of tools. 100211References in
the specification to "one embodiment”, "an embodiment”, "an

{00625]  As illustrated, these sensors 20 and actuators 22 are in communication with the
programmable controller 14 (e.g., a PLC or monitoring station). In one embodiment, the
sensors 20 and actuators 22 may communicate with the programmable controller 14 via
one or more 1/0 modules 24 integral with or coupled to the programmable controller 14,
The /O modules 24 may be features of an /O board and may transfer input and output
signals between the programmable controller 14 and the process 16. In some
embodiments, the /0 modules 24 are integral with the programmable controller 14 and
facilitate communication of external devices with a central processing unit of the
programmable controller 14, In certain embodiménts, these devices (sensors 20 and
actuators 22) may be utiliied along with the programmable controller 14 to operate
process equipment. Indeed, they may be utilized within process loops that are monitored
and controlled by aspects of the process 16. Such a process loop may be activated based
on process inputs (e.g., input from a sensor 20) or direct operator input received through a

user interface device 26.

[0026] The I/O modules 24 may be integrated with the programmable controller 14, or
may be added or removed via expansion slots, bays or other suitable mechanism. For
example, to add functionality to the programmable controller 14, additional /O modules
24 may be added, such as if new sensors 20 or actuators 22 are added to control the
machine, system, or process 16. These YO modules 24 serve as an elecirical interface to
the programmable controller 14 and may be located proximate or remote from the
programmable controller 14 including in remote network interfaces to associated
systems. The I/O modules 24 may include input modules that receive signals from input
devices such as photo-sensors and proximity switches, output modules that use output
signals to energize relays or to start motors, and bidirectional I/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



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. [00221Turning now to the drawings and referring first to FIG. | an exemplary industrial
automation and control system 10 is illustrated. The system 10 includes an enclosure 12, such as an

electrical catsitles, $&gm*ﬁdr$@émﬂ@aics;@)mp@ﬁ@m@k}g@:m@iﬁ@@n@m@ﬁr@%ﬁém@&m@nents are.
housed. EX%%%JE GRIRONED S I e Hifeay e rg@a@w@%@%ﬁh@nmmmable logic

controllers ), among others. The enclosure 12 may be suitable, for example, for assembly of a
motor contréf CBRYEP'OF Yschigithl ipignakyiat, Sisitrhdidide isatined spoiner dieditlcHragstéing. The

enclosure 1gmayis geadesofamnsuitablpnatesialistol ashea\varee shaahmetalsdginforced
plastics, and so forth. |In certain embodiments, the enclosure 12 includes individual compartments or

other structti?BEhRUPHARY IS SleBIRESTICEMPEhEECTDERY I AINLRABHERBBaRRAL, the
system 10 inglusiéisyeoprpgponmadie:. In some embodiments, data is communicated with remote

modules over a commeon 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 (¢.g., IEEE802.3,
TCP/IP, UDP, EtherNet/IP, and so forth), ControlNet, DeviceNet, or other network
protocols (Foundation Fieldbus (H1 and Fast Ethernet) Modbus TCP, Profibus) and also

communicate to higher level computing systems

[0627]  In the illustrated embodiment, the system 10 also includes a display 28 such as
a liquid crystal display (LCD) or other display. The display 28 may be configured to
dispiay o.utput parameters such as operating parameters of the process/system 16,
temperature and pressures sensed by the sensors 20, position information of the actuators

22, alarm information, and so forth.

[0628] FIGS. 2 and 3 are perspective views of a programmable controller 30 and a
programmable controller 32, respectively, each of which includes assembly features in
accordance with present embodiments. The various components of each of these
programmable controllers 30, 32 will be discussed in detail below. Indeed, a method of
aligning and assembling each of these programmable controllers 30, 32 will be discussed
along with the physical features of each component that facilitate such alignment and
assembly. The programmable controllers 30, 32 illustrated in FIGS. 2 and 3 are
representative embodiments of the programmable controller 14 described with respect to
FI1G. 1. Indeed, each of the programmable controliers 30, 32 illustrated in FIGS. 2 and 3
represents a specific embodiment of the programmable controller 14, which may be

configured to monitor and/or control the process 16, as described above with respect to



controller 14 including assembly features that have been assembled in accordance with present
technigues. The programmable controller 14 may be configured to monitor and/or control a machine or
system, as represented by process 16, via an interface with components of the 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.
[0024]The process 16 may take many forms and include devices for accomplishing many different and

varied purpb¥és! Féwesidiie, trenretesnadmeapicoiapAda b deregrassbr staifon, |arpeiitefinery, a
batch operafigh,fer.meiiogioadiicaiie 2dpeshanizedirssaRblY lin€, and $9 JsiinAgeatdingly, the
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to an input signal, such as automated valves. [0025]As illustrated, these sensors 20 and actuators 22
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via one or more 1/O modules 24 integral with or coupled to the programmable controller 14. The 1/0
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illustrated assembly components in FIGS. 4 and 5 includes one or more features that

facilitate alignment with respect to other components of the respective assembly.

Further, multiple components of the illustrated assemblies 40, 50 include coupling

features configured to hold the various components together once assembled. Specific

features of the components of each of the assemblies 40, 50 will be discussed in detail

below. It should be noted that, in some embodiments, different assortments of

components may be included in different assemblies, such as assemblies 40, 50. For

example, additional housing covers may be included and/or certain components, such as

the I/O boards 44, 54, may be external to the assemblies 40, 50, and, thus, not integrated

with the other assembly components.

{0030} FIG. 6 is a perspective view of the YO board 44 positioned above and in

alignment with the bottom housing 42 in accordance with present embodiments.



may be added or removed via expansion slots, bays or other suitable mechanism. For example, to add
. functionality to the programmable controller 14, additional I/O modules 24 may be added, such as if
new sensors 20 or actuators 22 are added to control the machine, system, or process 16. These 1/0
modules 24 serve as an electrical interface to the programmable controller 14 and may be located
proximate or remote from the programmable controller 14 including in remote network interfaces to
associated systems. The 1/0 modules 24 may include input modules that receive signals from input
devices such as photo-sensors and proximity switches, output modules that use output signals to
energize relays or to start motors, and bidirectional /O modules, such as motion control modules
which can direcienhotiolidévises paeprstisiveipositiohol $pdedrie édskionesonte emibbddiments, the
/0 moduleg;zd may GRAVEIL BEIGEAAGANOE 03100 IR Hses by AgYiRRsn agantrolled

machine or process and +5-volt DC logic signals used by the programmable controller 14. Additionally,
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signals fromligital YR devicas FHIBRT IMeamRRMbRRIRENS. had/@ madiles 24 thatare used to

control motion devices or process control devices may include local microcomputing capability on the
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controllers 30, 32 will be discussed in detail below. Indeed, a method of aligning and assembling each
of these prégFEaFPRHNE cyRgswamebl, sminiise dlbcdsedthtopipiith SHEHHYSICRIFERtuEs of each
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illustrated in FIGS. 2 and 3 are representative embodiments of the proarammable controller 14

described Vit PRSP e 2hrierekly, YdbA Birtres SRoRRanTiablaCoRtERGL e SR ated in

FIGS. 2 and 3 reprasesisia gReciinmembesdinnenbohdhe prognanymahtle comeiirndd owvigielr may be
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Further, the bottom housings 42, 52 each include various features that facilitate such a
process of assembly by facilitating alignment and engagement with other components, as

will be discussed further below.,

[0031]  Asillustrated in FIGS. 6 and 7, the bottom housings 42, 52 each include a base
72, walls 74, supports 76, coupling features 78, and alignment features 80. The base 72
is generally planar in nature, and the walls 74, supports 76, coupling features 78, and
alignment features 80 each generally extend away from the base 72 in a direction that is
transverse to the base 72. That is, for example, an axis of each of these features may be
arranged perpendicularly or substantially perpendicularly relative to the major plane .of
the base 72. It should be noted that terms such as transverse and perpendicularly are

intended to include slight variations in orientation that will occur during manufacturing,

10



FIG. I. Specifically, the programmable controller 30 illustrated in FIG. 2 is a 16-point module and the
programmable controller 32 illustrated in FIG. 3 is a 12-point module. However, in other embodiments,
it should be noted that different controller configurations and sizes may be employed in accordance
with present techniques. Further, it should be noted that each of the illustrated programmable
controllers 30, 32 has been constructed using various assembly components and procedural
techniques in accordance with present embodiments, as will be discussed in detail below.

100291 Turning first to the programmable controller 30 of FIG. 2, an exploded perspective view of an
assembly 40 that combines to form the programmable controller 30 is illustrated in FIG. 4. In the

illustrated e¥fitsotineardiiecabkembipdotmelades fotir irendebigpderssts Bpdesficaiimetiécassembly 40
includes a botomAMSING AR ALIARHY QUPYE (OXROAG A REGRY A ArRERSHING WHTLGRY) board 46,

and an upper housm%48. Similarly, an exploded perspective view of an assembly 50 is illustrated in

FIG. 5, whetBfsiAesad 98 SHsstRce A it B3I eUAs SRR ¥ 8 Rt HHe S rogrAHishehie sofiedlIRr 32 of FIG.

3. Much likedhe @ssely 4@, theuasse v RE&inHYdRsA RAHoparIRSING SBasry1/0 board 54, a CPU
board 56, and an upper housing 58. Each of the illustrated assembly components in FIGS. 4 and 5

includes on ore.features that facilitate alignment with respect tQ.pther components of the
respective Loty KRS ELIE bt BRaCt (1e IR Atz b oo ! o lude
coupling featurdemoahdidieredtty inoddttrenianidesicomponientstegetitedonoesagsembleduSpecific
features of fhe.s one a t embhli 50 wi IS %g' il below. It
should be note(? %@8& gé?ﬁ??m%%&?n%%i%%#ﬁgﬁ% a@s%r?rﬁ%%@%? t(?r};%on‘eﬁwtggﬁ%giﬂ} ﬁg included in
different asbempiissplsudhcasrassebabies ousoe Her aransldoatertidioal Hoskialg cookksomay be

included angiQr fRLIARLGOMBRRE URSEED @3 YR Paardsid erbo A RE SXiBiRAkIR e assemblies
40, 50, and, thus, not integrated with the other assembly components. 100301FIG. 6 is a perspective

view of the Y B5aienaidgieditiipeal asth @ mhapii g emxath B oBRess ety @2in%accordance
with presenfigmbedimentsy pinianYaiBahisne RRISREstMe viewiehthaliR-hoard RdRositioned
above and in alignment with the bottom housing 52 in accordance with present embodiments. The
bottom houBiig 84818 ERER AGHEHLHRROS i RIS ATARI e Eh SR AL BLBSHBREL D 880 in
accordanceryiittkpigseniscimpadine i s HRdredcdopl gt tontuRo 83iRgm# 2 2viTiay GRRIBIeAS base

support features of their respegtive assembled programmable caoptrollers 30, 32, and as, the base
I Lo Laer e &b SBER 5

assembly pli W Whithai s &F 1&iafdy erta e Audst dOFHESCAIRSEHECHYh of the

programmaifccontrotgsER0fud2tikor Bxhoaplesl itk regat dia dperatpig asatdorRelatdnddssupport
feature, the bott qusings 42, 52 are.each. canfigure ouple with.an exterpal st support
(e.g.,a walﬁalgpgeg::]f#c%aﬁﬂ/e?maﬂe{?ﬁaesa?rgtlendae%rgg{(}:ﬁmgﬁgg,f%go&%o%s%hggﬁ%é% ?éﬁﬁeyagg include a
set of couplivigclefiresns 29 e.bediabiSthvittrrpbepticios) thatvimdcsigrbdtiorepeiventisuaers (e.g.,

screws) for,gaypling.the bﬁmmmﬂg%@é&%aﬁv RAQUSIUG IR 69 fh@%@ée%?r wall of an

electrical cabinet). Thus, the bottom housings 42, 52 enable coupling the corresponding
programmabietoptrsiers BensxtenthdistphoftatribubasEirherrag patpasillistenediig FIGS. 6 and

7, the resp%ﬁ%ﬁ‘ep@t@%B%%ﬂ%ﬁ%&&@@%fmi%ﬁwﬁwﬁ@lﬁéiczﬁ dwring@ssamply af th‘? various
components. Indeed, the bottom housings 42, 52 are each the foundational component on which other

componentPdP iR Pt s s Bigs 40, 50 are serially stacked in accordance with present
techniques. Further, the bottom housings 42, 52 each include various features that facilitate such a

process of HEE&hblyFbiSadlitating dlignihantanthengagemeéntivithdothiel corypangidsasiwill be

ior']‘ifu” dsjzdb%eu?és Wt IRRRER M BHRAIRAIN LGRS G ROUQM BPHRNYP star 2 each
44, 54 includes receptacles 92 that are configured to engage with projections 94 from the
respective bottom housings 42, 52. The projections 94 may include varying cross-
sectional shapes (e.g., round, square, and asymmetric) and may include features to
facilitate alignment or coupling. For example, in the illustrated embodiments, some

projections 94 include a tapered end to further guide the receptacles 92 into engagement
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72, walls 74, supports 76, coupling features 78, and alignment features 80. The base 72 is generally
planar in nature, and the walls 74, supports 76, coupling features 78, and alignment features 80 each
generally extend away from the base 72 in a direction that is transverse to the base 72. That is, for
example, an axis of each of these features may be arranged perpendicularly or substantially
perpendicularly relative to the major plane of the base 72. It should be noted that terms such as
transverse and perpendicularly are intended to include slight variations in orientation that will occur
during manufacturing, assembly, and the like. Such terms are not intended to describe perfect
geometric relationships. Further, certain aspects of the various features may extend in different

directions. PathelRarnislischons 8f a partietn ambedpriag fedifiveerstingy ehabaamanalensrasa®Body of the
coupling feafyie T2 siuectiomshizsianiall paallicyihe e 2ufR0BRIThe gy features of

the bottom housings 42, 52 may be arranged or configured dn"ferenty In different embodiments. In

some embatigHEHsEEHAR fRIRIGRESTST fife Bt RS L&TRGSs D, BRIRTEYHe Ihtabrhl With BRe another or

formed sepaigiaiivE guexainrlathe epting Dol hausing die eaydr dasesh fromiagingle mold or
assembled from varigus different corr%fonents In some embodiments, certai features may be

considered JAtegPAF A SN G ARG a5t ﬁggc@%BTH?&tfﬁ%tt?%ETél %@l’ﬁd?@rfé(ature may
perform an afigaument aadréomp|ng dunclie r\)/]ti}m@ﬁed),rthﬁnwaibtﬁél mﬁysbentﬁi@ﬁabpﬂth; certain

supports 76, coupling feat res 78, n_d lignment feat 0. For exam as |Ilus rat dinFIG.7,a
coupling fe l.lueréjgji (g”(m% ralefﬁ‘tpi S\W?‘E@ to%rthagsﬁ éoghsan %bf E%Z iSe 63%1 ?ﬁn rﬁ’nent feature
80 may inclicie: aeﬂetttsxmapperée@ﬁ aImdmrililag :iwmtinier ¢tashe‘wlnhalia_>ofb@ thetktthat ttfemoupllng

feature 82 includes I 35@ exte |rect|on aj&el tg the b ase 1y h|Ie the wall
84, which fur}lﬂg{lrgr?gtzfg ab \?g%e coup |n ]!r%r’St eéi‘%e <'in a ﬁper%send}%ular to the

base 72. Flﬂtnhegeée!&tmmtetatwé:s Fhoyt i chsec@tyveﬁtéhbbﬁrm%e%aas;é bzseﬁﬂr?etﬂarﬁpteierather than
extend d'reSP%J{zﬂmnth?}ﬁé‘?@s&?s £SLIAHLS! pr%%r@eP%Bﬂ@Qtf&%Hﬁﬁﬂ 8,70 aligamen features 80

may extend from one of the walls 74 tha |s coupled to or integral with the base 72. [0033]FIGS. 6 and
7 also illustthf@iehdl ienmesiafgatags 550 vt dntegraedligriniesit fedlure § Gthim, dbéorsavesiiith present

embodiments,AResifigAlY,SacH T theud LOBOBIGS Athoat iBGlides sesepinciRsi92hataye configured

to engage with projections 94 from the respective bottom housings 42, 52. The projections 94 may
include varfiigf NS A Hapes (e.g., round, square, and asymmetric) and may include
features to facilitate alignment or coupling. For example, in the illustrated embodiments, some
projections [@43drludiéla faperad enidutorftr ttrer igLidedtde 4dceptacienii2dmidtlerigagapeetite

bottom housings 42, 52. In this assembled condition, the 1/0 boards 44, 54 and bottom
housings 42, 52 may be coupled together or simply abutting one another. For example,
the /O board 44 includes coupling features 78 in the form of tabs 102 extending from
edges of the I/O board 44, as illustrated in FIG. 6. In FIG. 8, these tabs 102 are engaged
with snaps 104 of the bottom housing 42. When the receptacles 92 of the /O board 44
are engaged with the projections 94 and the /O board 44 is sliding into engagement with
the bottom housing, the tabs 102 push the snaps 104, which are cantilevered from a wall
106, away from the base 72 so that the tabs 102 slide past the snaps 104 and the snaps
104 can flex back into place over the tabs 102 once the I/0O board 44 is engaged with the
bottom housing 42. Lips of the snaps 104 then function to assist in holding the I/O board
44 in place relative to the bottom housing 42. Similarly, snaps 104 extending from the
base 72 of the bottom housing 42 pass through holes in the /O board 44 and flex such
that corresponding lips engage an upper surface of the 1/0 board 44 adjacent each hole.

Thus, FIG. § illustrates the YO board 44 coupled in various ways to the bottom housing
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with the projections 94. In other embodiments, different types of alignment features 80 may be
employed. The receptacles 92 include holes and/or gaps that are capable of aligning with the
projections 94 and sliding down the projections 94 such that the respective 1/0 boards 44, 54 are
positioned adjacent the respective bottom housings 42, 52. Specifically, the receptacles 92 slide along
the projections 94 until a bottom portion of each 1/0 board 44. 54 engages with one or more of the
corresponding supports 76. The projections 94 extend such that an assembler (e.g., a technician) can
easily align them with the receptacles 92. Indeed, an assembler can essentially feel the location of the
alignment features 80 without looking. Further, the receptacles 92 and projections 94 are arranged

asymmetrichly Hodauifdeasyediie ponscapbedimena 5ay Hrdede 22w B das Baeiftdfién. This resists

assembly ing,reviRrBe QNGRS Sk ANIBRIRH M WAIGR &RMId oeeUr d thadionmentieatims 80 were
arranged symmetrically. Further, this asymmetrmnables a blind assembly or an assembly without

requiring a W%d?%%é%%ﬂ‘b?%g'f‘%r@at%‘f%’naé Slignie it G0b3 4 eiess e3 badirerifastiate the 110
boards 44, Hé asaemialachyvih Bicncesnestive botam hapsingseddrd2dntbisassgmbied apndition, the
110 boards 44, 54 and bottom housir(}gs 42. 52 may be coupled together or simply abutting one
another. Fol"8%a ﬁﬁ@t‘iﬁg"%énb%él?a WAHSRtludes coupling features 78 in the form of tabs 102 extending
from edges of the 1/0 board 44, as illustrated in FIG. 6. In FIG. 8, these tabs 102 are engaged with
snaps 104 #84R8] botidmShdusing U214V hdurtiaée reesptaties O2vof tHethOBYarbaanlaréderigaged with
the projections, 94,0 the.I 1 LRt InRlidingdgieca09aas meRtavith the bptiom hgysing the tabs
102 push the snaps 104, which aré cantilevered from a wall 106, away from the base 72 so that the
tabs 102 slibupiass the SAapSTOmar thels REGISH Gmbaginenthadle iptepiage dirsrirrsltais 102 once
the 1/O boaigd4ish8ng _@2‘,”&@ {hahatiamhousing Al RS OfiHhe 2 iO4stag funation to assist

in holding the 1/0 board 44 in place relative to the bottom housing 42. Similarly, snaps 104 extending
from the bad® 7Ddahe SRS BaLIRES Fpats 3 Sigh TR st YBRrE 4 Aty HER such that
correspondiigeipsengags 2o nRsk skidpsei o thadibhgauh b adipcentrashdigedl hus FIG. 8
illustrates the 1/0 board 44 coupled in various ways to the bottom housing, 42. It should be noted that
some embdtifABRES iy B ST TERtr8s ?ésfg%%‘.?léﬁ%éjﬂbﬁ‘jgé EndfiSg"BEER H¥om a bottom
portion of thes@Heards AT dal @pgageitl:recapteale siintiteoboisaufidgsuehiasfoed112 in FIG.

7. In other embodiments, the /0 board.44 may not be held in place by such coupling features 78. For
example. IS S A BUOR Lo T60T e a A e T ST pBrapective
views of ther@Rtidimdanesedérs6 Positionadalbavel avdaligredblyithrivesseSpactinvg2irddeds 44, 54
and the bot [ 521 ' enk.embodi t lously: gliscussed,
the bottom FaL e T e o L B S
Indeed, theltsoteoaibodingstd mastagrelesatchathéSferndational component on which other components
of their respective assemblies 40, 50 are serially stacked. In accordance with present embodiments,

an assemblgyogan putiogeih@e hpwesneelive assaphlies A0 Hhiwithawioingattusamgater moving
the bottom housings 42, 52 around during the assembly process. This simplifies.and improves the
assombly A EVECHS FATSNN BOREAEHRe R A B iyl SESSTAB pfotBss for
programmabieheonPol lemrdaydake iappdesirnadelyc200 Sk dandse whif:assembhginaetdrdance with
present embodiments Ay lake joss than 43 speonds90361Eash gbthe GRL) Roards 46, 56 includes
alignment f8atlifes 80 that cooperate

embodiments, the receptacles 122 may engage with alignment features 80 of the

respective 1/0 boards 44, 54. Further, in some embodiments, different types of alignment

features 80 may be employed. It shouid also be noted that some alignment features 80

that were previously used to align the botlom housings 42, 52 with the respective /O

boards 44, 54 may be used as supports 76 for the respective CPU boards 46, 56.

[0037]  In the illustrated embodiments, the receptacles 122 include holes and/or gaps

that are capable of aligning with the projections 94 and sliding down the projections 94
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with alignment features 80 of the respective bottom housings 42, 52. Specifically, each of the CPU
boards 46, 56 includes receptacles 122 that are configured to engage with the projections 94 from the
respective bottom housings 42, 52. However, in other embodiments, the receptacles 122 may engage
with alignment features 80 of the respective 1/0 boards 44, 54. Further, in some embodiments,
different types of alignment features 80 may be employed. It should also be noted that some alignment
features 80 that were previously used to align the bottom housings 42, 52 with the respective 1/0
boards 44, 54 may be used as supports 76 for the respective CPU boards 46, 56. [0037]In the
illustrated embodiments, the receptacles 122 include holes and/or gaps that are capable of aligning
with the projectiotistotharidbdlidingrdovi.ttié progegtionsnheutssperitithd/OPiidardd. 48156 engage

with the respectiyei0 bRardisdd.iad, Spesificallyis 18sRiacies.d 22 g alonaitie argjections 94

t
until a mating feature or connector 124 of each CPU board 46, 56 couples with a respective mating
feature on cOMAEBT EAecbaali-HO beaid 42, BuaoraiRilinate elertpsaicy eontitnfeaitish Between

them. Once gREaeRd: 15& CORERIOSuher4d 284ProYAdE: GALBIRERENBEH G FRRREBENR-LPU boards
46, 56 and 1/O boards 44, 54. However, in some embodiments, additional coupling features 78 may be

employed. BexAHHENHEEPOLRISIE 55 miap iRAtide £au8!IBRAEVFERBEIORS B the like that
coordinate with) aiieERANGING. {8 aturesHiithet reapegtive ), heatmscAdn Setirneiar battasmhousings 42,
52. [0038]The projections 94 extend such that gn assembler can easily align the projections 94 with
the receptalfd®4%D KAWSI RS r%@ﬁé??fﬁge BY ?}@8}8?»4%}%@%&86 %gd 845?%’4 are

properly aligngddeefbresigaspaativiescontectiestia4odRbrangagd onecgnoitier Ehisrpyeliminary
alignment of components may resi nding or %ealiin .of ¢ tor features, such as pins of the
connector 1%8,1%31193?1‘:19‘]%%%@}/35{‘? %h%’c%n%%&g or&’s0 H] %%.Hl%%lgg’ , by employing the alignment features
80, the pins will be aligned with ‘corresponding pin receptacles of the connector 124 and horizontal
movement $94A81 conHectbraiecpions 2Hremsivue tsushetbiiotie BiRan bl Fea s Bamide thethe pins

during couplipg:0fihe SPNIRCINLSL2AndRE WiH beresistambthe plgnaent featires &). further, as

discussed above, the alignment features 80 enable blind assembly and are arranged asymmetrically
about the ré¥idebft/BMtnerteiv PiRate alisrsdebdrentatisratatys prastieEd 240 hd 11
illustrate the:ypRErINCUSINGS48THIS PRSIFANEGY ANSRABE of components may resist bending or

breaking of connector features, such as pins of the connector 126, during mating of the
connectors 124, 126. Indeed, by employing the alignment features 80, the pins will be
aligned with corresponding pin receptacles of the connector 124 and horizontal
movement of the connectors 124, 126 relative to one another that could cause damage to
the pins during coupling of the comnnectors 124, 126 will be resisted by the alignment
features 80, [Further, as discussed above, the alignment'features 80 enable blind assembly
and are arranged asymmetrically about the respective components to provide a proper

orientation guide.

[6039] FIGS. 10 and 11 illustrate the upper housings 48, 58 positioned over and
aligned with the respective CPU boards 46, 56, I/O boards 44, 54, and bottom housings
42, 52 for each assembly 40, 50. Once the components of FIGS. 10 and 11 are
assembled, the completed programmable controllers 30, 32 may be provided,
respectively. In the ilustrated embodiments, the /O boards 44, 54 have been engaged
with the respective bottom housings 42, 52 using the alignment features 80 and the

coupling features 78 as previously discussed, and the CPU boards 46, 56 have then been
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aligned with the respective CPU boards 46, 56, I/O boards 44, 54, and bottom housings 42, 52 for
each assembly 40, 50. Once the components of FIGS. 10 and 11 are assembled, the completed
programmable controllers 30, 32 may be provided, respectively. In the illustrated embodiments, the 1/0
boards 44, 54 have been engaged with the respective bottom housings 42, 52 using the alignment
features 80 and the coupling features 78 as previously discussed, and the CPU boards 46. 56 have
then been engaged to the respective 1/O boards 44, 54 using the alignment features 80 and coupling
features 78 as previously discussed. Further, as illustrated by FIGS. 10 and 11, the upper housings
48, 58 of each assembly 40, 50 are about to be attached to the other components to essentially
complete thragesestiaclionceastivedsbhelings frogramimalie abgnrotisrsaoraXB0sing @lighnent features

80 and coupling-featire$£3;d09¢ Ao lusraleAln BGR.dAANG, Frdhe BRRATROHRINGS 48, 58 each

include alignment features 80 arid coupling features 78. Specifically, in FIG. 10, the upper housing 48

includes préjettines*E525taheae wermglirad: & ey abprclp hy attadnindhe PHEOEIRMPHEEM housing

42. In contrasbstiprdRPRLRYMSINGSB dustiater i Eéedbinsludsssipndate.chanals 162 configured
to engage projections 164 of the bottom housing 52. The elongate channels 154, 162 may be

]

symmetrical réCE ARG bIes 8¢ A9ey PP a 8RR Tids) that are positioned asymmetrically
relative to one another and/or asymmetrically shaped receptacles (e.g., a single lip extending along a
length of a WiéiHGiear ascohmen)tefihe piigjectidhsntc2] 164 mayebashapsdidnddesitioinethitie correspond

to the resp ﬁ;t'\{l%nl e channels 154.,162 By arranging.su ignm eatures 80 asymmetrically
and/or pI‘O\%dLI%g agslglrn]fgr%ggﬁ% gﬁfggs??ﬁglgﬁ%gﬁ?%eﬁ?sfﬁuregg eggi%ﬁllﬁltaf eeg]fti(édqggs%r%ﬁgp and proper
orientation, ey dixctS sedudos veo fR0413THE tpperctomsioysd8) 58 atsokachtindiatikeebolidling features

8. Speciicalihdnblidm folifdpaer Tousing. 5 incluies NARML S alaRcRAfleNs!ad from

bottom portion of the upper housing 48. These snaps 182 flex upon contact with an upper edge of
openings 18¥vlaswiAineal shiedbtidrm PO 205838 felepaers witdnad ipeobeih of the

snaps 182 gpiRis.estespretivg one BhHRionsAings 3¢ te snEAGEithe.eRsias 184 ajpgkhold the
upper housing 4§g?(5)gether witf?ﬁw@e bottom housing 42§.}It S%I;O}lg.ﬂd b(la notcf(ﬁ]hat di#iéent coupling

features m&JB¥ GitilFedtincgitclien abathinmemiiones: sxamsiEically uskERdasivg 384lEtrated in

FIG. 11 includes: asieseptaclel 20Rgispesestdnle side, Walh2Q4 ipsert6aURlingoiaatue 8. oFhe receptacle
202 is positioned to engage a snap 206 extendinf; from a side wall 208 qf the bottom housing 52. The
side wall 205 ThdlHeR VHAELS ovePane QKA B0 Al P HeRaS HACRTRE pb LIRS dhap 206

engages theoresgpteicte 22rtspholiddhdoupperdiansing158,inqosiionalative tadhalbsitom housing 52.
While not 2%%\;‘_\% ageorres rger}ldirla% snallg/and rec(fh)tacle may be 'hnclud%gl on.the o tppsitte side of the
assembly 50. ur?her, ishoult Be hoted that the' vart 1Ismc}:offp i%gaggsatur%sa of ee&ptgg? housings
48, 58 and #iddsditatn Hodsingsdd; 521 maypdepositionedsabymssatidbalty. to facilitate proper
orientation of the components. :

[0041] The upper housings 48, 58 also each include coupling features 78.
Specifically, in FIG. 12, the upper housing 48 includes snaps 182 that are cantilevered
from a bottom portion of the upper housing 48. These snaps 182 flex upon contact with
an upper edge of openings 184 in a wall 186 of the bottom housing 42 and then flex back
when a lip of each of the snaps 182 enters a respective one of the openings 184 to engage
the openings 184 and hold the upper housing 48 together with the botiom housing 42. It
should be noted that different coupling features may be utilized in different embodiments.
For example, the upper housing 58 illustrated in FIG. 11 includes a receptacle 202
disposed in a side wall 204 as a coupling feature 78. The receptacle 202 is positioned to
engage a snap 206 extending from a side wall 208 of the bottom housing 52. The side

wall 204 may flex to pass over the snap 206 untif it flexes back into place when the snap

5



[0042]FIG. 2 is a block diagram of a method or process 300 for assembling a programmable logic
controller in accordance with present embodiments. The process 300 begins with block 302, which
represents aligning at least two receptacles in an input/output board with at least two projections
extending in a transverse (e.g., perpendicular) direction from a base of a bottom housing and guiding
the input/output board slidably along the at least two projections until it is engaged with the bottom
housing. This may be performed by alignment features of components in accordance with present
embodiments. Next, block 304 represents aligning at least two receptacles in a circuit board of a
central processing unit with at least two alignment projections extending from the bottom housing in a
direction trad®vergesss the tsasptaThidhay belpdrtornmsd byualignmdnt fesititesdalatascrdbce with

present empadimentssikhestvogigmentpsaisctions Milizeain Rlogk 304ayRg.theasame

projections used in block 302. It should be noted that the alignment projections are positioned

asymmetricafpdath vedpeeprotie Baze tdhea® brdPer BHBktatomer kobspepiehiddtitherespect to
one anothe( Qe alignadsdhe-al igastiwealianpeh araectivns M steabhs guide shescentral

processing unit until a connector of the input/output board couples with a connector of the central
processing TAY B8 PReiticRs S mmTAIESEON BRTEEHERE RO BISRIO M AN CBIRKSHE represents

aligning at least two alignment features of an upper housing with at least two alignment features of the
bottom houHifi¢Z landiditecting thélugpelidwusing slidedhedlongptioecat (86t iwmsligririeatfeatures of
the bottom housin il @ coupli eature of { Lé[gp\%”p lt‘élnxgti !) 'xlﬁ% gth 50 Igagsfeature of
the bottom ﬂlggglng.%éé%f’% egésng?ﬁﬁeegli%‘{n?n&é{%t é}atureéﬁ r%ay %e S’tﬁﬁz;&g an‘Y(s/ the a%igﬁ’%nent features
may be asyiithéngdailypbsitiotted Withvisshaeptesent basmimthas leegomplaasqiiggeinmmable controller

may be assembled Blindly,And.aithautthe Use,obiaals: hshouldaise be noted thatghaise of integral

coupling features limits the number of required partS, which reduces costs relative to traditional

assembliesPtoragjadani FBectippréemta P thbad SRmBpH e fid 1gRidne B ButHisutput
implementagions BN aRRORRRIY-56aI84 andiQisinfereedibasadiRanthe sizeiihe

programmable controllers and components, The techniques described above provide an assembly

process fortBHHEctidG e IR0 RESBIRRE Uil el SRR o GrRIHIRR 151 SLBAASIE: WPHAF At ing

substantial gest sRViRgSAhiavestdy WeduceccRBDbemimachapical pantsiseauiresdpratie coupling
features or Jocking mechanisms. 100441Whi|e,on|§ certaj eattures of the invention .have been

hanis f
illustrated acPddLeHbGFR i AR RETRARR E%r’fﬂtghfgnﬁg‘g WP L5 thBSESER Y in the art.
It is, therefargetdibe Godetstopdthathiheiappendédciivmsareintendehktbaovellal suchtmodifications

and changepsé 33 all dm%thlgl.the true éggnt of the |nv%nt|on.

r];ne y alignment ures in accordance with present embodiments. The two
alignment projections utilized in block 304 may be the same projections used in bloek
302. It should be noted that the alignment projections are positioned asymmetrically with
respect to the base to facilitate proper orientation of components with respect to one
another. Once aligned, the at least two alignment projections may slidably guide the
central processing unit until a connector of the input/output board couples with a
connector of the central processing unit to provide communication between the two
boards. Finally, block 306 represents aligning at least two alignment features of an upper
housing with at least two alignment features of the bottom housing, and directing the
upper housing slidably along the at least two alignment features of the bottom housing
until a coupling feature of the upper housing interlocks with a coupling feature of the
bottom housing. Again, the same alignment features may be utilized and the alignment
features may be asymmetrically positioned with respect to the base. Thus, a complete

programmable controller may be assembled blindly and without the use of tools. It
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CLAIMS: 1. A programmable logic controller assembly, comprising: a bottom housing
comprising a base, a first plurality of elongate alignment features extending from the bottom housing in
a direction transverse to the base, and a first connection feature; a central processing unit
comprising a circuit board and at least two receptacles through the circuit board configured to engage
and slide along at least two of the first plurality of alignment features, wherein the at least two of the
first plurality of alignment features are positioned asymmetrically with respect to the base; and an
upper housing comprising a second connection feature configured to slidably couple with the first

connection feature and a second plurality of elongate alignment features configured to slidably engage
at least twosbpHhe firsst pluriied ghaligiment séanicgslvhurdinetHeatrps alsmiiotinf thenfhet pfurality of

alignment feaflreg giaOQHIHaNed A3y IIREIUCAlX YihuIespRatiadnghase. 2. The programmable

logic controller assembly of claim I, comprising a input/output board including at least two receptacles

through a pgrtion of the input/output board configured to engage and slige along at least two of the first
plurality of fﬁéﬁ%enﬁéa %té)%%‘?%eﬂ% aktil‘fle'gé’t“ BitheHirdtpRitality of Wi dfefit Bsdtures are

positioned asyemeaiticaliy with be speeiricathl baded and/a3. régopraprasinalde legic-cantialler

assembly of clai 3, wherein e Inputloutput baard comprises & first conpegtor configired to
communica%vgiry couple With 8 second ConnEEidr of the Eent processing unit eartinet

transmissiossgihdiaivetasdintherinpubigutpupboard andhthicentfal progessinglanidnirolied. The
programmabie oGt ALk Aneatly o AR A Uhete AN R GRINSFIRL R AllARGA I the

second connect he at least two receptacles of the central processing unlf]and%esat least two
receptacles@tutiedifipubioaguatinp deelers emlelsking mechanisms.

[0644]  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.
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properly engaged with corresponding alignment features of the first plurality of alignment features.

5. The programmable logic controller assembly of claim 3, wherein the first connector comprises a pin
and the second connector comprises a socket. 6. The programmable logic controller assembly of
claim 1, wherein the first plurality of alignment features comprises at least one alignment feature that
includes an elongate receptacle configured to engage with a one of the second plurality of alignment
features including a projection. 7. The programmable logic controller assembly of claim 1, wherein
the first plurality of alignment features comprises at least one alignment feature that includes a
projection configured to engage with a one of the second plurality of alignment features including an
elongate retéptidie: 8. The programmable logic controller assembly of claim I, wherein the first
connection feature comprises a tab cantilevered from a body of the bottom housing and the second
connection featurg compsisesgamepsiingdic aoval 1ok theeiner oysiatgthe tab being configured to
flex away from the opening as a lip of the.tab sllqges ast glﬁgfper edge.of the %)%ﬂmrgn%ng then flex

into the opening sticH HoAT tﬂ%‘ﬁ?bn bt rsnrt)ﬁlglﬁ%paer &t geaarllr %a%ﬁ% BotfomFiouding and the upper
housing togietiars exteddihhdiprogharhmabichlogiocintraliercassambily afclaimd, hatersid the second

connection #\ea{ture com r%ses a tab cantilevered from a body of the upper housing and the first
. TSt cConnection reature L . . .
connection feature comprises an opening in a wall of the bottom housing, the tab being configured to

flex away from the: spenigasadipsoftietastitesapastuat ibvzsd edd atoftse erierytandthen flex into

the opening;aHeR: iRl e RBMIP dosrianel %dggggggdgaelqﬁég%ﬁgg%m&gyw Angldhgpper

housing together. _ programmable logic controller assembly of claim 1, comprising a tab
extending fiduiakify e gé ot dieurenodberaindhy shigsdearare Sxdhslind sbRoeA WalBethe bottom

housing, wheggin dhe SRR fealIS RrantigmyecdiexpuayfIaELiRe; el as the tab slidably engages

with the snap feature and then flex over the tab such that a lip of the snap feature is Positioned over
the tab and holds ?Héﬁﬁﬁhwqw&é@g a second connection featore configured to slidably

couple with the first connection feature and a second plurality of elongate alignment
features configured to slidably engage at least two of the first plurality of alignment
features, wherein the at least two of the first plurality of alignment features are positioned

asymmetrically with respect to the base.

2. The programmable logic controller assembly of claim 1, comprising a
input/output board including at least two receptacles through a portion of the input/output
board configured to engage and slide along at least two of the first plurality of alignment
features, wherein the at least two of the first plurality of alignment features are positioned
asymmetrically with respect to the base.

3. The programmable logic controller assembly of claim 2, wherein the
input/output board comprises a first connector configured to communicatively couple
with a second connector of the central processing unit to facilitate transmission of data

between the input/output board and the central processing unit.
4. The programmable logic controller assembly of claim 3, wherein the first

connector is aligned with the second connector when the at least two receptacles of the

central processing unit and the at least two receptacles of the input/output board are each
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11. The programmable logic controller assembly of claim 1, comprising a plurality of tabs extending
asymmetrically from edges of the circuit board and a plurality of snap features extending along walls of
the bottom housing, wherein each of the plurality of snap features is configured to flex away from a
corresponding one of the plurality of tabs when slidably engaged with the corresponding tab and then
flex back into position such that the corresponding one of the plurality of tabs is secured beneath the
snap feature. 12. The programmable logic controller assembly of claim 1, wherein at least one of
the first plurality of alignment features or the second plurality of alignment features comprises a
receptacle with an asymmetric cross-section. 13. The programmable logic controller assembly of
claim 1, wharenstht |eagissAe Bitbhedissprufingy oisiineielvefemtures grthBreeddwalplurafity of
alignment fegatihias.camprises a protrusion with an asymmetric cross-section. 14. The
programmable logic controller assembly of claim 1, wherein at least two of the first plurality of
alignment features or the second plurality of alignment features comprise different cross-sections.

15. A programmaBle logitheantioiRinEOmRIsingontrollcd RAEAIR NOBSIRGCOMIESINgBRSsE, a first
plurality of aIi%nment features, and a first plurality of attachment feature an upper housing

comprising S SReHHCBIRREAT HP ik Eﬁ?%%&ﬁrfé’é’%‘?%oé@é‘&%%?spﬁﬁ%‘iﬁ%f attachment features,

wherein a first pair of the second plurality of alignment features are slidably engaged with a first pair of
the first plurality oféallgnni]ﬁnt features pdiwhereln tt}%ﬂrst Dair of Ehcg flrstlpwﬁg}g%(% allggnment

features are asymmetrica ;B/Bré)s%fﬁ)%néla%rgla & 18R Ezslsesﬁ and'wheréifi'a firs pair o the irst plurality

of attachmentfaaiuné siigooem debwiths adirgtrpeirofithe secaotigipherdlifyabfratizehméntefeatures; and
elongate receptacle configured to engage with a one of the second plurality of alignment

features including a projection.

7. The programmable logic controller assembly of claim 1, wherein the first
plurality of alignment features comprises at least one alignment feature that includes a
projection configured to engage with a one of the second plurality of alignment features

including an elongate receptacle.

8. The programmable logic controller assembly of claim 1, wherein the first
connection feature comprises a tab cantilevered from a body of the bottom housing and
the second connection feature comprises an opening in a wall of the upper housing, the
tab being configured to flex away from the opening as a lip of the tab slides past an upper
edge of the opening and then flex into the opening such that the lip abuts the upper edge

and holds the bottom housing and the upper housing together.

9. The programmable logic controller assembly of claim [, wherein the
second connection feature comprises a tab cantilevered from a body of the upper housing
and the first connection feature comprises an opening in a wall of the bottom housing, the
tab being configured to flex away from the opening as a lip of the tap slides past a lower
edge of the opening and then flex into the opening such that the lip abuts the lower edge

and holds the bottom housing and the upper housing together.
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a central processing unit board positioned between the lower housing and the upper housing, the
central processing unit board comprising a first pair of receptacles coupled about a second pair of the
first plurality of alignment features, wherein the second pair of the first plurality of alignment features
are asymmetrically positioned relative to the base. 16. The programmable logic controller of claim
15, comprising an input/output board positioned between the lower housing and the upper housing, the
input/output board comprising a second pair of receptacles coupled about a third pair of the first
plurality of alignment features, wherein the third pair of the first plurality of alignment features are
asymmetrically positioned relative to the base. 17. The programmable logic controller of claim 16,
wherein the central processing unit board or the input/output board comprises a pair of tabs extending

asymmetrically fropy edgeg.tBalenaansia RrEOBEhAIR eSS Rluwality of aftasiument faatures.
18. The programmable logic controller of claim 17, wherein the second pair of the first plurality of

attachmentFI&Hdia8 oM RS shabthe-tiiral Bmshamb amy e srirulipaaliopsasivgl of  19. The
programmalledogisnoenispiieiakealainhd tnxpherinthe-frstand sreondspaishofibeirss parality of
alignment featuyes are the same aljgnment, features. 0. A method of assembling a programmable
logic contrdfi rf{b%ﬁﬁr?&gﬁes Wlﬁ]ié\‘fiﬁ@agt raLE R fae Pé’§ﬁﬁh§ﬁ%%ﬁﬂﬁ;b%ﬁti%8f§%ith at least
two alignmemipfejactionscsiiendingdramn albase oflé boitcndiobsinginpdacirection transverse to the
base, wherein the at least two alignment projections are positioned asymmetrically with respect to the
base; '

11.  The programmable logic controller assembly of claim 1, comprising a

plurality of tabs extending asymmetrically from edges of the circuit board and a plurality
of snap features extending along walls of the bottom housing, wherein each of the
plurality of snap features is configured to flex away from a corresponding one of the
plurality of tabs when slidably engaged with the corresponding tab and then flex back
into position such that the corresponding one of the plurality of tabs is secured beneath

the snap feature.

12. The programmable logic controlier assembly of claim 1, wherein at least
one of the first plurality of alignment features or the second plurality of alignment

features comprises a receptacle with an asymmetric cross-section.

13, The programmable logic controller assembly of claim I, wherein at least
one of the first plurality of alignment features or the second plurality of alignment

features comprises a profrusion with an asymmetric cross-section.
14.  The programmable logic controller assembly of claim 1, wherein at least

two of the first plurality of alignment features or the second plurality of alignment

features comprise different cross-sections.
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directing the input/output board slidably along the at least two alignment projections until components
of the input/output board engage with abutment or coupling features of the bottom housing;

aligning at least two receptacles in a central processing unit board with at least two projections
extending from the base and directing the central processing unit board slidably along the at least two
projections until a connector of the input/output board couples with a connector of the central
processing unit board,; aligning at least two alignment features of an upper housing with at least
two alignment features of the bottom housing; directing the upper housing slidably along the at
least two alignment features of the bottom housing until a coupling feature of the upper housing
interlocks with a chtplind: feeiRnETape e orRMBULH §ONPRETEIS the at least to alignment features of

the bottom housing @fe.asybuielicalyRARItORed With-fepREE InRIRASRNt feaktikesT ARAAEthOd OF
claim 20, comprising, receiving a pair of tabs of the circuit board or the input/output board into

engagementitHSICoPEHRAP R AGAREE xtending along a wall of the bottom housing and
asymmetrically pogitioped Withsresnesifedine basecond plurality of alignment features and a

second plurality of attachment features, wherein a first pair of the second plurality of

alignment features are slidably engaged with a first pair of the first plurality of alignment
features and wherein the first pair of the first plurality of alignment features are
asymmetrically positioned relative to the base, and wherein a first pair of the first
plurality of attachment features is coupled with a first pair of the second plurality of
attachment features; and

a central processing unit board positioned between the lower housing and the
upper housing, the central processing unit board comprising a first pair of receptacles
coupled about a second pair of the first plurality of alignment features, wherein the
second pair of the first plurality of alignment features are asymmetrically positioned

relative to the base.

16.  The programmable logic controller of claim 15, comprising an
input/output board positioned between the lower housing and the upper housing, the
input/output board comprising a second pair of receptacles coupled about a third pair of
the first plurality of alignment features, wherein the third pair of the first plurality of

alignment features are asymmetrically positioned relative to the base.

17. The programmable logic controller of claim 16, wherein the central
processing unit board or the input/output board comprises a pair of tabs extending
asymmetrically from edges that engage a second pair of the first plurality of attachment

features.
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18.  The programmable logic controlier of claim 17, wherein the second pair of
the first plurality of attachment features comprise snap features extending along walls of

the lower housing.

19.  The programmable logic controller of claim 15, wherein the first and

second pairs of the first plurality of alignment features are the same alignment features.

20. A method of assembling a programmable logic controller, comprising:

aligning at least two receptacles in an input/output board with at least two
alignment projections extending from a base of a bottom housing in a direction transverse
to the base, wherein the at least two alignment projections are positioned asymmetrically
with respect to the base;

directing the input/output board slidably along the at least two alignment
projections until components of the input/output board engage with abutment or coupling
features of the bottom housing;

aligning at least two receptacles in a central processing unit board with at least
two projections extending from the base and directing the central processing unit board
slidably along the at least two projections until a connector of the input/output board
couples with a connector of the central processing unit board;

aligning at feast two alignment features of an upper housing with at least two
alignment features of the bottom housing;

directing the upper housing slidably along the at least two alignment features of
the bottom housing until a coupling feature of the upper housing interlocks with a
coupling feature of the bottom housing, wherein the at least to alignment features of the

bottom housing are asymmetrically positioned with respect to the base.,

21.  The method of claim 20, comprising receiving a pair of tabs of the circuit

board or the input/output board into engagement with a pair of snap features extending
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along a wall of the bottom housing and asymmetrically positioned with respect to the

base.
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