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PONER CONTROLLER ASSEMBLY AND METHOD FIELD 5 [0001]
The present invention relates to power control systens,
and nore specifically, the invention relates to a
power controller for a control system having a
housi ng. BACKGROUND 10 [0002] The statenents in this
sect i on PAVERYCPNIWQId Bira AotddibBldY AND MERIODON rel at ed
to the present disclosure and nay not constitute prior
art. [0003] GCenerally, typical power contro
Fq%gﬁ;allations require a selection of the discrete
onents, custom zed nounting and wiring for each

Nt ame ;ﬁ@@émrmemeﬁ rélH R 18 oweP ROl YB8fems, and
Add| ti onal I ﬁﬁi tl changes, additions, nodifications,
nYen

mREPeeiiralye @@Jﬁlaée%t% BANeEEeplleniad a control
sygtgﬁpné\ﬁ s% %Hgﬁ]gvan ous wire |l eads, yet again

I ncreasi pportunity for w [ ng m stakes. As
such, exi stl ng power control installations are often

d costly to install. Such conplexity and
BP@@Q@?@Q@@ l[imt their application or often limt the
f unggdoyal imhe stat@hmlwlnl thusaselrmbh lnwél@rpru\ﬁeé baBkground

alimt contr

|
'nfevgﬁtll%%elﬂ%g% fo &e Fb'@ﬁ%’"rt dfﬁﬁ'\‘?st%? 2Ad m"i‘:)’o’i’ﬁfd%‘?@ﬁ?tuﬁ?r prior art.
funggdgmyal 'Gé’nﬁ%nﬂﬁﬁcﬁ%o%? kHﬁt‘?{g |hé1al§a‘¥|6ﬁf e ire a

appl't cat’i ons required a regu on due to
seteegon ot thendiserate canpdrstits, ;cuatocnmz%moupm@apd @ien@fcanpl e

t
cag) PHfHnBAPAERAERE: 4R nlEdls Bhefidrs, AdERBhER any
ch}anggs _mm\d&loﬁs emedrﬁcanlgan%ah@aﬁbla\Mnmtb hequiediscoreretivn ng
oad IS eater su eat to a ratur
angJAEr e e CLfiou r e, e dgain g Bane R AR b
forﬂﬁ/mﬁ@f‘rﬁlstd%@t@é §u&ﬁ%xisﬂﬁ% BeRef cbMes| TtalfdioRs bhabftepens
power connecti on heat er under excessi ve

Ofrmi@eaacﬂ gesllydpdnsial. @J@df@cﬂnnlewtrysand epsteplpopimitieeti ng
apﬁangit%%aé eC{f}}@%M%lF@quﬁCt otﬁ%h@;lﬁélgé%% Ir? 3 E?'Iz%éﬁraé rrbg u;’:{ y I
applieatton. €ovexanpiens am|tot@gﬂtra>da1veomo|ta‘get bepoWasmonﬁ@mg al

me, and ther

over t sure to hi er at ure
cofiinesh SE ARG Al e oL ngt BE iRk Sa: vhed hopiHEr
WHERBRS rbﬂun?ecﬁ@ﬁhc?@glﬂéiﬁdrpﬁue [Hifh'éflﬁ@rbld’felntw c@ﬁﬁiﬁ@@’@)and cost.
tenmporarily exposi n% the fuse to tenperatures above

t he [B@%]ce’ Gne QF@'ﬁ@ FayshRPawRr qondel instagpéan is a control
sySRMEpbAtibRfoRALBIInY $6E BSRer provided to a power-receiving

load where the power receiving load is a heater supplying heat to a
temperature controlled manufacturing process. Incumbent installed process
heaters can include a thermal fuse that opens the power connection to the
heater under excessive temperature operating conditions, thereby protecting
the heater system and the process it heats. However, it is known that a
thermal fuse can fail prematurely due to environmental degradation of the
fuse material over time and thermal fuse exposure to high temperature
process transients (e.g., high temperature exhaust gases in a semiconductor
manufacturing process) temporarily exposing the fuse to temperatures above

the device's ratings causing the fuse to open, rendering the heater useless.
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1 Additionally, the premature failure of relay

contacts, used as power switching devices, can also

occur. [0005] Further, any changes, additions,

nmodi fications, and replacenents require di sconnection

and reconnection of various wire leads, 5 yet again
Additionallys thegpremeatorspaiitrerdf relay contactshLised as Addet switchiny ,

ditions, nodifications, and replacenents
de\?‘g%suf%rgg |S%%$1Lﬁecti on and rempunt i ng of the electronic

devj00e5] n Fhehepengichagges) wbarRionehodibdtihscand al so be
ortunities for m stakes. For

re RIS TS e GURTERH S CaNDB ST LRt aT B et ARGS,
yetVbigfa'nﬂ&c@%ﬁ?ih@%p@ﬂqn&y‘?fe’ﬂbf@éléﬂs' AdWitioBiah? a‘ﬁ9'?:'?l§ﬁé@§ S.

hese connectors often include a retalnln I
additions, meditigations, amﬁb@wmmﬂnﬁmquﬁardlmnge@;mnct 0

rerﬁémglﬁf%é @lecgf)ﬁlc%@ﬁew?* e@fSeergtﬁhieP ur ] g‘yhxcn can

connect1 ons and di'sconnec
also duermxmhzﬁrsonnetamt ¢reatecpppsunitias lfc&smistalces f treexangaelctheon

. S mha ng beh ted.and the .fail dco ents
wi Yeadcarg Wl ehsfair e e e fesetnis SRR Wit
corﬁcwctdry dweé icBRN&Ers| IRM ihElud 8GERMING @hpisr §tﬂ6r FeaidlIng

fromsuch premature conponent failures.

meghanisahat @aﬁ BE SHbigsk te Rrempbie fikire w@en@a}m@m@m to
re;}%ra?éﬁaédHn%cflﬁhé Hﬁ@%rsc&ﬂ%lan?e‘?ﬁé% [W¥e oflednABEGr

devi ces such as power cont r ol systens require
retertioncelips canfrestibindhe pradustion spstaemiaying teslhe halkestiand the

, nt | 20 for each commonent and feature,
failfR Ol Ee e bierl By opR P T 6 fRRS T RN B 1
Cobiyoddwantitae iadldyoss mcbrscersetyeel@@ aR0 Feltsfraan du B P RirRatuRs

vari ous 03| i.ons V\nb&?nh a cabi net or sfg\gxatl onal
CORRYTEH iR dereesra tocﬂmaf\?@rcqr@wne@.t f 580 shcameb
to ‘gpégpcﬁweqamegl gh heat and other hostile environnental

conditions. Oten these el ectronic devices can fail
pr el9808} el Cangealyoelzstrenioidevicae sueh agpgweadaentoel systemse

t S
AR o e DR REE b0 AR SR frhel BpgPhg o o
forieach edhmpynkinphnd featgres atdinemerdususinngeiiets. o he snpyatemy
exposure. to te res, above th devi ce' s ratings.
mush S BT v s BECIB ol eapdanants and (nalingd eb¥asBHan: s
powléﬁg RithiRe BMIRE &prtefaiiohsrenwr@ﬁméﬂﬁ NbniebAYhieR RFfaF lotv
that are often used as 30 power switching devices.
circulation and exposure to high heat and other hostile environmental
conditions. Often these electronic devices can fail prematurely due to
environmental degradation of the controller due to thermal exposure to the
high temperature of the heater and/or the thermal process including high
temperature exhaust gases or temporary exposure to temperatures above the
device’s ratings. This is often caused by premature failure of components
within the power controller, including relay contacts that are often used as
power switching devices.
[0007] In such instances, the production system is halted and the
affected heater components must be replaced by operating system
maintenance personnel or the heater system vendor. Costly downtime and

loss in process yields can result from such premature component failures. It is



10

15

20

[0007] In such instances, the production systemis

halted and the affected heater conponents nust be

repl aced by operating system nmaintenance personnel or

the heater system vendor. Costly downtine and 1oss in
depirade $s eymiplats componersts thatfoao susciahb po preatatues conponent

fail Ures, . h i S 2 desirable to elimnate conponents
envimeigl @llEeSny t o premature environnental failures.

[ 00@&iosy nClﬂrﬁélﬁﬁberﬁ'tQﬁaltlﬁg syteing Miay Bl o Meschdbgcterized by a
char act er| zed requi renment to shut themdown to

reqUIEIBRTE top Ariciogi doup & ERPIRCEIOT GBFAJGFRAIR SENSOLERTBPINEATS o
spicifit Y& gﬁfeﬂﬁﬁééess’: ®or %%@rﬂﬁ!&ﬁf a Fﬁro@u&feﬂ%&éﬁ‘ls%%@@%f

I'S capa produci n e prod w th" each
prmm@mu&mﬂ poaitets, vmth\eang paoqﬁssfeeweminmen’am@mg)a different

t|n erat re.limts s of
o REAd s LS ikl 8. ffrefting e BF ROSAES
prsdftw”s gheey), itheas 6 hesesyry & sl down th@%?étehh@pé‘t@&brﬁfto
ensor é)ar ameters or regl ace standard sensorm%?rts

re%ﬁtttw'? RCQIET BRRSH LA AMELSfS PRIAPIRCCIBRIATE FRNEC PRI WEND e
thé ReRePYIbnaB dRIHMEIRS e cha@@bﬁr‘i thqu%Yéﬁ REGUi S,

provide any flexibility associated h production

Exittiaggesterns d@@ptranovw@aanyrf@xwm ae$ocsqft§demth ot hetian
ot 258851 BYraFM o Rondl ST HudHRLGPRBHeRly e
pr]?dluailpersgéumnoperand:li prhogr ammbicl ity and d_o not provide
or eni ent ser chan ng, of, a set, ol nt .
t ob0RT L EXing SstsTh PHa Blsp hae JMitaGH M RpEHONET on
pr@@r@nﬁﬁéﬁfﬁtv'a%ltdd/notf;ﬂbwﬁb%ﬂbﬁﬂ%n@ﬁ?@&r%‘h@h?ﬁ‘g dhésdet be
It froma vari et Yy of discrete conponents and

pqwmﬁméaraéw revia @ thaemplanplication d/urtnlqueaa@bamfé@or@@mently
d
oSl Tiee R ERIBTE: pERTRue b e o

circu eat an

coemrpaneommrd aiouotawattvam[nss ppoifdy witthe aadabisstertdpersibnal

{ at f. th Ll
St 3B Ui 386 by TrbaRDAEEreahar e aine Bt U8 e
erfViron@khtdtohdigses.| i m tati ons have been addressed by

vari ous enbodi nents of the current invention. 3
suvi®@do]  The aforementioned limitations of the existing power and

thermal control systems are recognized by the inventors hereof and some or
all of these limitations have been addressed by various embodiments of the

current invention.
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[0011] The inventors hereof have succeeded at designing
power control systens capable of integrating within a
conmpact housing, a power switch and limter adapted
for controlling the power provided to a power load. 5
The housing is configured for placenent in the
SL&N@ARﬁ’ng/processing envi ronnment of the power | oad. The

LI b ted t b t
P o0 or TBR AissS B e egH e Shettete i eSiontia aowe
cohlt@@ltslyﬁlgrr&%daﬁle §f5’ ﬁ ﬁétmﬁhﬁntfﬁ@@%ﬁipé&?ﬁb@é’ln@fa bb\ﬁer

housi ng can or efficient packa
i

Switeh B Banitpr @M@Mordmny@u@g tos RRW revie oo e taneov_@ load.
I'h@%héﬁwg@c&ﬂ uf 8 B Bia et PR drd iy OREL .J@ad The

ower control” system can Inc o be
enttlmnmeﬂtelﬁtheypmmlt IaBﬂe’ﬂhe&dg’J\&emuntrtodjeft ten pe adapisad teyst em

t.ors nd controls le facilitat.in the
enpble R arbraRcy B iiaRogs iBlgT e biforalsinddur syt
heeli®Etarmiml sEstemn Tﬁ@mm’é@@dei@rﬁlbﬁtheawdmu@t¢d?9pro@l$i%€fﬁb| y
and a nethod for nounting an electronic device in an

effigiaat Rechagingsanchimprovee ﬁiacgwﬁ akrowesrcosdelies ip the
op@Fattlﬁgtéholgoaﬁrﬁgnt%r%%l&@é‘i&th@ 8 1443, THe Hdwer 2dh r¥| | syster

oper ttachi ng and detachi ng nmounting brac
cag mth@rthe apﬂm/uz:] bwawmmmmwwalmcﬁam tcp trta/pucd:e:eSsnr

sy GETRERRRAR 7 B, WP SRR el AR G aBitierta e
to bmltcbatr@tmyetenmgle@srsambl y Inrsotﬁmeemb@mhgeﬁgcgeugggmg@

Addtlo aIIy Othelnvent? hav
asﬂ"é’é‘ Y @n @'HGBEW?PF EYNHIBY AR e Gglﬁfgevé%'“r?ét%a 9
enPRSHAEM QPRoVilEY Rr RebhiR PRI brél’édtl%rnldqd’é\ﬁéé‘(]snﬁ%% In

the reduction and possibly the elimnation of
eapiy Wﬁfétesfatt@cb@srem dejachieg maantiag braskabandeovpahect ed

Thetdgg SBQEH\%odﬁ{\erﬂQ %ah g??\gcg’g\ﬁrr 889@%(:9%5’ S

ns ere can provi exposure of

marouting édr tbgete&:tmab'z ctdvﬁ:d Wbll'B also beinghmneenidut and aoheat i ng
i.nherent in the operatin

deSigniig fo 118 MoRnIT A TR tea e e rice Budtetaldr 1 s

thfnvéntoROWE/e SIRREESE §V§é§@’r‘nﬁ<{; | Jfoﬁ\ié‘?%hﬁf@l%r%utsh@ and
i nventors hereof and are inclTuded in sone of

metaed @U@peémﬂwh@fﬂl%tftﬁ POWRY @m@@&@ﬁhquﬁmﬂlﬂ@m theer eby 30
=AUEA S BOSEER PEURR RS RIRLEN o RID Btvecy
comnédtohenoeeteddo eh@pod/entor’ﬂ;oltEhenaﬂ ﬂteamcbvee# coulﬁem Bygiémon
The d%sngns ereqﬁ%ﬁ p%w&g?or regucecf exposure of control system
electronics to the conductive heating effects inherent in the operating
environment.

[0013] Some or all of the aforementioned features and benéefits of a
power control system are recognized by the inventors hereof and are included
in some of the various embodiments of the present invention thereby
overcoming the problems experienced by incumbent control systems, such as
thermal control systems, as will become more evident by the detailed
description and embodiments of the invention.

[0014]  According to one aspect of the invention, a power control

system has a controller housing with a power switch disposed within the
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[0014] According to one aspect of the invention, a
power control systemhas a controller housing wwth a
power switch disposed within the 4 controller housing
for selectively providing power froma power supply to
corgroligoweusing éat. sekdtwetheovudmgajmrcmoapa@ed/ewsuppm te be

pofiBhlopd it e P AP sk wiRiPabp SHEESKKs RouBRBanbRd ©
cohfigliréd foh prondingld ighit B@lt@ﬂlﬁg PR FeEbsPbh e tb & Rfeshold

control |l er housing and is configured for controlllng

imgnd contratprds éﬁérdéﬁzﬁ%ﬁg vthin e %ﬁrp&l@n hausieand [S0015]
coﬁf’@ﬁéé’?‘&%oﬁﬂom toh@ror mﬁtloﬁ'@%f 'tHéV@JHﬂo‘?@{/st@ ower

contro syste for a processing system has a
confQ0di5] er Ascorstingto mthefmapecmfvtlee invientier cecpower control

skl a0 R lncsbiibiy ol e ol tRutoR fnller
et ¥t e ot i, sl ko ke
i”té"z% éar%@ﬁg PPyet Wga pEYEr %agag POM/el SWHER &t éfﬁ@o%%jnsor

wﬂhfhtt%fc%ﬁﬁollér hotRINg fOHESE Ry pRSR measttaembﬁwﬂ%
al froma tenperature sensor, safety limter is

re@l\@@b@@uervtptth@ ROWRElog8nArtemperature ssnagr iatrifaceds udes a

. iefy | ter
ool forreQlinh & ERIE Ayl e BRERCANR telefdure Shser Al o
safetn trmltemlsmrspoes@mmm the domtrober nausengadnd ineluties egtiodatity

' t | .
of KrEg stasrahife niGo ae Brup  iceToweB oot maviito A58tk
limRnvitchirgORh L iBdedSdnseaB e lor nftde R the thedheld ve

provi di ng of power by the power switch. [0016]

te%@'@“ﬂﬁd@“ﬁcﬁfyﬂéﬁedﬂ@ﬁ‘h@? teprrature sighak A GRNGIRIPDE, a

dls% iF@RLdoR roﬁé’ﬁ%o@f&&d&‘&ﬂ&i@%nﬂ%&@ﬁ fcgpéorﬁr%lllﬁgtthgel y
rovi ding power receivedfrom a Wer source

sejpoties pfcnfacting n’émwerftnythprpnwejlsmgtch safety limt for

A | SRRyl RO L MBI 4 28

coRtracsRIh lrmﬁude@,ema@fw&rfs@recﬁ@émptdvmhg'oawewszljen@drfm@
and the nmeans for providi ng a safet t in close

POMIES BPHICEYO BPRIHO ¥, KB a9 Qg)wc&m%@ﬁ@@%#w.fﬁf ipiting

R et o Pe e R by p 6 b sl SRl
andaneaetr iplrgegieatohthei meansites selectively prpvising: poweoana

th$ ﬁrﬁe’eqrﬁlg a@rlo ;ﬁ v?}n&éﬁﬁfeﬂgwﬁ |tﬁne5r8§e %}o%rﬁn)fa tS Sé)é:c!haétﬁgr z\%é h

relative proximity to the power load.

[0017] According to still another aspect of the invention, a method of
providing power to a heating element includes receiving power from a power
source, sensing a temperature associated with the heating element, and
selectively providing at least a portion of the received power to the heating
element in response to the sensed temperature. The method also includes
comparing the sensed temperature to a plurality of safety thresholds, and
limiting the selective providing of the received power to the heating element in
response to the comparing.
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selectively providing at |east a portion of the

recei ved power to the heating 30 elenent in response to
the sensed tenperature. The nethod al so incl udes
conmparing the sensed tenperature to a plurality of
safety thresholds, and limting the selective

pr olf0dBhg diccotaing ocasiotieal gseaelrofithe iMventioatd heusingnent

asé&n?lkic?rp% \?/e{ Sont Fﬁ%ﬁ?ﬂg@grcbgg de% [18 %%Spe’ﬁ‘%cgo%%%g to

ano nven enbl y
cofiper ;aosphmmd wmhnh ttiog bmmh@andzcoafsgureleformom:ghmgltco@enu ng,

and Ier ositioned within the opening and
O g T IR A SR509 ROMBrRestiogRa PromALR o the
op&hg @ﬂa (@Céﬁ‘fg}ﬁ é@&)r&@b&m@a PO RIoh sTIRSl cofMdtd@bgerd 0 t he

5 openin is configured for securing a portion of

CO‘@FH@d ¥irriBecekpighen coupl ed with the coupler. [0019]

ACCRIAB]T Bl |ARAABENGF SBEEL find [Eehe Y beer @

em has a
coustecblesq*.sueme hys prpmwem ismictaforl sem(uvdy p»m\udmg at tﬁ‘aspemmon
Wwer sour

of p&ESEEEveH HBri 5 HRNRY sEES Ak eal o teS8thas o,

costeslielr intgudiag arcogsle faradoup iy@Ccdroéxtefh i eushetdor. e bosiag
thec ntr ol t he power svvltch and defines a

englgept rr‘Pi(ﬁﬁE;;f"”‘;j He Roves SHAich 2pdsdingy atQ‘Pé‘Pk%lSP;BPEWQ
for@?@erﬁ@%&é@s W@%@c&ﬂpﬁ’eﬁ' 'T%eﬁﬁu"sln%rhés%ﬁfa%ﬁ\g R [Rbed O

the co er openi ng provi d biasing force to an
praxiryatg laghe gotpleo np@mngtfcvcmwedrngra bineing forse do mneanoagings

pogg)ﬁﬂfgau?c\m&et%tor eﬁﬁggltcﬁén c;wr lg%?g?f&%%lpﬁth@c%)ﬁ]lg%? d"l‘?\e

bigzg) portion ny\ccbd“ﬁgui’ai moaembaafthe[dbaaea:toAmmecbongletdqoqsﬁton
t%nOt her aspect of the invention, a housing assenbly
dhe §0 B'\%r controll er has a case defining an opening,

mo?r ARokdihg B fetHnbHen a%EéctQﬁ@‘rﬁlé MeAfich, GORBUsiRY ed
for coupling to a connector. e 20 assenbly includes

asperahly foba powen cpnigollenbas ermasedsiining arepestiglacsoupler
oob b8, 58RI £ HAGERRIGE LIRS Ao o
assemblytincdodesnpansifor ssentingthesyminectdnds tee pauyper fstowiob
col Bl SR Lo P ey | 25t 3, porthon of pover
respeoEg t Actofding ensticder Aipeeudr the invenaonfa poned
co];tor(ral sCy%ltJeprlw Ihgg at p?ov?ercs%tgﬁcfct)ro sfelecﬁ’uvgﬁ/upsrlowgmg at least a portion
of power received from a power source to a power load in response to a
controller. A coupler is configured for coupling to a connector. A housing is
configured for enclosing the controller and the power switch and defining an
opening. The coupler is positioned within the opening. The system includes
means for securing the connector to the coupler following insertion of the
connector within the opening and coupling of the connector with the coupler.
[0022] According to still another aspect of the invention, a method of
operating a power controller having a housing enclosing a power switch for
receiving power from a power source and selectively providing at least a
partion of the received power to a power load includes inserting a connector

into an opening defined by the housing enclosing the power switch and the
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configured for enclosing the controller and the power
switch and defining an opening. The coupler is
positioned within the opening. The system i ncl udes
means for securing the connector to the coupler

corﬁttdllleﬁz\ﬂeﬂm\gl aﬁsararln@rpcﬂflori bfthe ¢ROBIRG PO it tartHeh@ening
e [i of the connector wth the coupl er.

duzﬂ%sF 2 Eb e gtestogﬂrrtmt hexaRRHRg: ansheruPlipg thee

conrBegdtitb %"bou@lé"f%&ﬂ%n@fi wnﬂ"nﬂ?trh@tdp'éﬁlrﬁ pﬂﬁ’@he@r%rbt &8b1 er

havi ng a housing enclosing a power 'swtch
inchugiesiseruinphReteLripmpartpovalithe bawsieg againsta deckingepgrtion
of fﬁres(b\()'nﬂé&?rﬂ)tlomﬁé%@ﬁng%ﬂr{eo&n%fecfowo fheecfét}’pefgr power to
a power lToad i ncludés Fnserting a connec into an
opef0iodd] deficnemling/ta dtrmthmwpagt afrioé osiengon hen pssesnbly
swi t¢ch _and ,t he control fl.exin ortion
o AP REoe S8V R b o Goeta ™ SR duReRt e REBr
brddk&€4and 8¢oaplet. MEnLCIOMARRE T s d menﬁrigi‘flamﬁﬂd:Mngu?étﬁfor
coupling the, connector to a coupler positioned within

attaﬂm%éa PrigirarRaviin Hioraraing em\enoaa@t dercueumiya the
o REOHESAAGRCHSERIRY 1R, DR ITRaR0 0 o B B
tahsoriiset trom the suhface @uplm(tiope)@aaqaut/a:p@nm”uem of theastotacer

Th%l ec%%%fso "E@w Sﬁﬁ)hgﬁr p%@?’ﬁ?"?@g‘p‘l@ﬁ(‘ﬁ E‘gorﬂ@ﬁgl%hggudl ng

theasedmlnag Iserf?e@ dnd g&;ﬁu Plgedn offsee tHerelsk@teh a'Sh@chplét usﬂg
conti gure or att rrace wtnin
cop Pﬂé"%‘g éqrmuﬁgn%mhemwg %ﬁ‘g%%gdh? %ﬁ e{%secur'“g

ﬂaﬁb@ 6t ﬂh@rﬂrﬁc@\é'nGQhe fobifle Hér‘eﬂﬂ)nﬁ%éﬁé@%ﬂ&él@a@ab%“&&ﬂﬂlﬁg
a plurality of securin fset fromth

Wlt@deé‘rsa?iﬂén@nfdlllrﬁkﬂ@l relaive do ab@v@thérperl phery of the

SUVL({’%]%% tl%%ﬁgcﬁ E‘oetetaaln%%er%%éé’& ?ti?é‘m‘?/feﬁﬁc?r‘i dp \{y

cou € securing sur

coatfnol ad;eé mbnwlgasaa p@We$ atvittin mresbmcms@yl profiding popleeto as
con

red f t hy fl

pofiRaie: The pescmBlHHyaSs S Polae S FoumEr sndch Biackhy e

hoti8iHB lieEorflgRiré® iricidiRbthd EortRlIieasAdthe SONE! switch adddted
|l ess than a full turn relative to each other. [002

forsreydnarige Pewpsto Hirorower laaghdie eripiaids aﬁwtpewthélve
hoBQWQ atnd%'ﬁ?l EQledB? ﬁmﬁlnYngEﬂ% %ﬁ%&hé"ﬂréfﬁé&&?&% igured

Irvely“providi ng po ower
foraretsbbly donplingledth dhé casplemgandcafoc atlpd:mnentatnda sufaceck et .

o o PR e R B! P8 BOP T By oL ©
cotiplet BAd pvBrackepske ddth ABPlel tb So@sie epidadeduplel ith lees
than a full turn of the coupler relative to the bracket.

[0025] According to still another aspect of the invention, an
assembly for mounting a power control unit within an operating environment
includes a housing configured for enclosing a controller, a power switch, and
a limiter, means for attachment to a surface within the operating environment
of the power control unit, and means for releasably coupling the housing to
the means for attachment with less than a full turn of the housing relative to
the bracket.
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housi ng and configured for nmounting the housing. The
bracket is configured for releasably coupling with the
coupler and for attachment to a surface in proximty
to the power | oad receiving power fromthe power

switch. The 25 coupler and the bracket are each

corlPP2Rir ecAeeording e ¥eharptaeicaspsrkofihe inveasisn, @ mathed of
mojle o BB on AR R el ffirh mklinGl A taching
a bravkehtoi sosyrfae wittds drebbgerbtng aoviraninment aambredeasadht r ol
unit within an operati envi ronnent,, incl ud a
codplng pip B Pirolesiis dicst bratBehel bratkshner
theFeleb§4bly 80h|i3Q iAclubimgterotatiBRadishd REuShY petBiENto the a
surface within the operating environnment of the power
attaggﬁfi,b@qsc@ﬁp{ |?S§H?F%§-H%tufrbr rel easably coupling the
hougi to Atk an a
{ ol POFA, [ O EpREr RS bOheR e TRRh S kI peRtpdter,
aprjaseanddo pertdiainted @ uy beloan dtsherlddsprrdersfooditbat various

i nv.e . : 0 [ . roni G ce
s a8 e e B MO R B Ry
witﬂvbge IaalbthteQ |t3|sl$¢tﬂ<ﬂ atsel b tlrlide’lshtbbe_tlmlelﬁ@ti}afa@j_eélﬂi\ebﬁmhmnt :

rel ea .Y,. coupling a housing enclosin e
a”iﬂ@c‘!‘f”ﬂ%i@%é’%ﬁ'%'ﬁ“ﬁ“ﬂ?& §XeraRRBEBPALIRIAN!S gf Ethﬁe
invERE SR BADINteriRARbE PrpbBES BFliifisalioh FInRf 4 sRéyIl Rt Beusi ng
relative to the attached bracket of" less than a ful
consifiugd aEdiptng theraaepe ddfpetventd. t he present invention
wll be in part apparent and in part pointed out

bel ow. It should be understood that various aspects of

the invention may be inplenented individually or in

conbi nation 10 with one another. It should al so be
understood that the detailed description and draw ngs,
while indicating certain exenplary enbodi nents of the

i nvention, are intended for purposes of illustration

only and should not be construed as limting the scope

of the invention. 8 BRI EF DESCRI PTI ON OF THE DRAW NGS

[0028] FIG 1 is a block diagramillustrating an

i ndustrial process operating environnent having a

heat er under the control of a power control systemfor

nmoni toring and nmai ntaining a tenperature of the process
accordi ng
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5 to one exenplary operating environnent for sone
enbodi nents of the invention as described herein.
[0029] FIG 2 is an isonetric view of a nounting
assenbly for nounting an electrical device in an
BRjfe D& G PIIONrOF Tkttt DRAVEINGSg to one exenplary

S oBePT o Gltend Bre BIOHEHlacfily ibuees Sh sicSiiel efdeiion

opdlatihg endtstRnghthaving PREatex enddrany ceAteIdif BEREwe canfrel
invention, [0031] FIG 4 is a front view of a nounting

sysfpradREmMoRRREILRRh MR ek IR RHE RiBFARSSHACAORINg
to &V%maagyn(%&&é@rlg E¢ﬁonﬁ1érﬁf doPie ¥ 3merﬂsﬁpwét' ng

racket c Igured for 15 electronic device nounting
invastior @ dgserbediereirenpl ary enbodi ment of the

or o0b0t 1 Fltecs Mo isohneld ePle ool Siseefl? ' "

molntiei ah ectidcarddviceirpan boerdtiagensoment aicogding toore
exen‘%l \éﬂgn‘oodl nt, of the invention. 20 [0034] FIG 7
exgrapla fment of ¥ENUAR- el ectroni ¢ devi ce housi ng

i1 109B0Rt | PYG 2R g 41 I%an%ftrﬁtdwgwmta' rﬂgurﬁmgpér%ké"t'fbhar@
coupling interface configured or nountin

eleétr@@p,d@mcg &F@Orcb@ foonmexgieplaty mb@(iﬂmernbﬁf‘rg\@tmﬁ@ﬁ&ndl ng
U%Qq; exg sya ﬁgpﬂaé\ﬁ‘%{qta rﬂguﬁtn@ Brgc\f@tﬁceardlﬁggoﬂe

VI eW O ousi ectr
exejvapiaqeembﬁdhnaantrm@trmmvelmtem ated nounting coupler for

| ti bracket di
onelt3ain! £15- S i Bt &3 A nVAT e U SET o &

eledtrbAicadvRROHBUMIER) @dc@ﬁdmg Yo fd eRerRpMBy erﬁh@BHM&Ht%‘f the
housing illustrating a connector cavity fo

invgeE@modat i ng a qui ck connect/ di sconnect connector for

acc@“?r‘”i‘:“"‘%% 201 W of B fthi Wtk fifisHfling the

to one exerrp ary enbo | nventl on.
offf€tag the mo@ntm@ brackehbagedand eouing tetemeataeccomsing tol ora

o SR R SSRGS, pormector cavity for

a p{ou34]comiGor isabisenatdovidivng dnoelactediiedeviex @opsiagy
|Hu§¥aot(|)r$g gﬁmtegrfatédhr?"loherYr?gn&IM?pqer V%I)Ith a coupling interface configured
for mounting the electronic device in an operating environment according to
one exemplary embodiment of the invention.

[0035] FIG. 8 is a top view of a housing for an electronic device
having an integrated mounting coupler for releasably receiving a mounting
bracket according to one exemplary embodiment of the invention.

[0036] FIG. 9is a lengthwise side view of a power controller
housing illustrating a connector cavity for accommodating a quick
connect/disconnect connector for a power/control cable and ventilation ports
according to one exemplary embodiment of the invention.

[0037] FIG. 10 is an end view of the power controller housing
illustrating another connector cavity for accommodating a quick
connect/disconnect connector for a power/control cable according to another

exemplary embodiment of the invention.



10

15

20

25

30

[0038] FIG 11 is a side viewof a DINrail electronic
device nounting coupler and bracket according to

anot her exenpl ary enbodi nrent of the invention. [0039]
FIG 12 is a side view of a panel nounted el ectronic
device 5 nmounting coupler and bracket according to

and®®8] exllép!ldris acssidropweie RIN railipdegtiapigqde\dee [ 0040]

% . . ri . ¢ _
mofiFo otpheh Y hRBRR b iKY ot R et &
the goveatibnng control s, the asynchronous conmuni cati ons

i nt j . I d th ' 10 1

L R R T AR e e
moeniigRdAUpier ddpdKkaHccoidirigte dnovasitdxempld) @hidodiment di

IS another isonetric view of a power control system
thejinvendiePat i ng a bott om housi ng section connected to a

mgﬁgmg deNs o i8R s ik bR Ee%ﬁlsént?cﬂ%?&t%h{‘g to
_andt her exenﬁl ary enbodi ment of the 15 invention.
lugtegiag the-Hgitall ®mperatrd displey mith agreingtoriralsghpal f
ooy Blf2h08 R 0rs FREECY B PR NS 4 A0
coneeeniseoynectyowereabledfitetfaees aswmntiingrio oh6@48npkdr. 16

emé%’piﬁa%,w@\?ﬁb?%?m c view of a top half housing of a

O8ystemillustrating the three

conoesd] NoFf@Ebm sanbiter isdwRitrid@ielv of 4 Pewsesdrtol system
communi cations interface jack receptacles and the

llug@ting i ttarp doupipg seeliPreednnerieddo £ MoHBYERG fgviesand
is: . ' ' . |
e B o R A £ Rl R hef Sy o 2
invérgmmet ri ¢ vi ew of anot her enbodi ment of the 25 power
i th. er . Pt tral
Co B El G B LA P B B BT e
coritidl sydtamal@steningiangldaeableaisex tngiffdeymot Dlecbicoritg & oidie
i nvention. [0045} FIG 18 is a side view of the user

exqmﬁ'ém%me?%mt 8T RGNt he conmuni cations jacks and
A R e R e

power dasdieksystemvilluatrading sheiirek connacdiog taemiedbe dower half,

the serial communications interface jack receptacles and the bottom of the

printed circuit board hosting the display control electronics according to one

exemplary embodiment of the invention.

[0044] FIG. 17 is an isometric view of another embodiment of the
power control system with a cover positioned on a control system housing in
the absence of a pluggable user interface according to one exemplary
embodiment of the invention.

[0045] FIG. 18 is a side view of the user interface module showing
the communications jacks and the plug interface to a lower half housing
according to one embodiment of the invention.

[0046] FIG. 19 is an isometric view of a quick-connect connector
and the quick-connect receptacle that interfaces the power and control signals
between a power load and the power controller according to one exemplary
embodiment of the invention.

10
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and the qui ck-connect receptacle that interfaces the
power and control signals between a power |oad and the
power controller according to one exenplary enbodi nent
of the invention. 10 [0047] FIG 20 is an isonetric

vi €j@8047] t hElGhdkis evoisdbmetricsyest efithequoweraddnénol system

| | uj ck t th a | ocki

conig P UG Tfiek ZoofeR e eriedr b Eiefkoera amAa it am

its 8s80CRAEd bohabradsiél desinidg CORPIRRRE \(fat 6@0@1@5 taOcoanpresswe
connector | ever arm accordi ng to one exen‘p

foregrioori ComRCt T leYgfearsacqording toane Fme]aw@boﬁm%t of the

inveéR@mher isometric view and enbodi ment of a conpressive
retal ni ng cam surface according to one exenpl ary
enbi®@#dEnt FIGf21 seariotiverisdroetric Veo4a)d Bmbodimentofa bl ock

oA By BB L, B LR A o e

of therimyemtiand as in accordance with one exenplary

|soﬁgf"gf 5F(tévé£e B ia%gqu?g%%]ﬁgbﬁ%wg’%%na its

vaifeRNRBLYrip S Bt d @ov@é}tﬂ@inﬁbﬁeraersdde%%%é@%ebéﬁn &nd as in
securing portlon of the <controller housing according

aceqsdanne Wie APE £X9MRIASH @IMReRimeITt of e investien.on. 15 | 0051]
FI S f
"o 100801 £ £FS. A5 R Rl of 8 pHAlGR Ehrplertlit fue’t
cormatt@ecatpléddy cohplecoand s¢dused bp assercgrmg podtroridbgice

ith sone_e lary, enbodi ments of, t

ol 8 Fed S8 o R e Ty atbd B PRt B bntien .o,
cougiocd] t OFEG. 24 (Parelsofffetrit ORI aQRolek® Migifit Wi.% Borthelct
haI of the case renoved in 20 accordance with one

répyp@}a)wahﬁwsowlertw 9ot Pine SQBENET hPesing
| ed
aoatzﬁgé%c;éupﬁré S8 RIE= o M R EABRISATRE FvBRgSRUR! ed Lo

e pover contro er o 25 show ng
t hel0088] haFiGo25 ishe sislegsometiic vigivt of @ hennester coigligd to a

e L R T
actordaned with ioke exeaipay eniiodireattufelse inventioighout t he

dr a\llgor)s%?. HG. 26 is a side isometric view of the connector coupled to
the coupler of the power controller of FIG. 25 showing the top half of the case
but with the lower half removed in accordance with one exemplary
embodiment of the invention.

[0054] Like reference symbols indicate like elements or features
throughout the drawings.

11
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DETAI LED DESCRI PTI ON [ 0055] The foll owi ng description
is nmerely exenplary in nature and is in no way
intended to Iimt the invention, this disclosure or its
applications or wuses. 5 Power Controller QOperating
nV|ronnent %9056] Figure 1 illustrates, by way of
DE@Q WPNcont r ol systen1enV|ronnent 100

apr{obG | eTHE H?lg%lg @ésdﬁgﬁ@n %frEEFé‘Fy %%m&%iﬁ/e ﬁrﬁiﬁr‘é’ dFt s

resent process
is in nolwaygstended it Bmitphe twestien, mai(oﬁscchulémr b dpicetiensvot h
usddf ocess B 104 requiring the heating of materials prior
O proceeding to process C 106. Such an exenpl ary
manuf acturi ng process 100 can include, by way of

exanpl e, a plastics or sem conductor manufacturing
LHE%@EM{@Q—'&MMWM tenperature of process B
104[00§GITD”F%;9¥6?‘11 ||@étr§te‘éeﬁ§ Way(dﬂ@kamatéwa)poam dohgol

noni tored 1 enperature 1s provid in a sensor signal
syat%ﬂ@nywweebmq applisablerwigoore or m@fﬂ %ﬂhesgaﬁpém 108. The

empBWen‘ffo 11?18 réé’e?ﬁ%f@cﬁo%%?é MG Ei gfeqea %jcess mclﬂ%s

erature gener at es hea r con
thraﬁprdmeams Ad OlZnBt1Iﬁ)é arfdo(rszGﬁNItbuwecess B 1@éneq0|lr|ng theat er
11 t.o prav L erat ure erature
negtiig B b Giia 10" 60eb80na & Batsass ot fH sule At
main0faRfdrimgero tds) 1 Cy SdreimcRIde VibEeay boexaraple, armé@ttc@rdrng
and user intervention to the control stem 108. Thi s
Se'@tﬁ?ﬁ”ﬂw@%’a‘é”U@F%!”Q)ﬂrﬁ@e%n@ this xanep! 6péﬁé?mﬁ§r ature of

prtRas Bqtﬁrxhﬁdrﬁt%réﬁ b%g%eﬁg&t (et sifRi)eRdlB8 m@rﬂ%ré‘@er

I nput mechani sns as keys or buttons,
tereperatlre js prphldeémya;seosmrolslg@alttm nomeelcbatrelletr@rtplm@/er

0 f '
coRSEREEREE Binchl SRRALSEIOH AR E g,
tentferatuee apd geas&tesalseabowntrdh s@ngls 1,0, ww@h ?ay berin lthisle
inputting te ures qQr  set i nt,s i sp] ayi ng or
forpsy GRSt G0NAL S HRBEST 4113 BTavie ote T
terhSETRRIrE FaH, foa Qicbsé gd{gg@tion. 30 El ectronic Device
Mount i nﬁ [0058] In sone enbodi nents, a bracket
t |

f or (4054 l&ﬂa%ﬁh@@hmrint@rfaG%WM@ Syistedn Pepades fongser
mdTRtSHA P A8 Dhe AR rie ARG 109 b A1 96 s e 6 8 Wiib cd Qinclude

displaying one or more operating characteristics of the control system 108
and user input mechanisms, such as keys or buttons, by way example,
thereby providing the interface to the process operator for monitoring and
modifying temperature control parameters. For example, in a thermal process
as shown in Fig. 1, this can include inputting temperatures or set points and
displaying or producing an in-range indication or a high or low temperature
alert indication.

Electronic Device Mounting Assembly

[0058] In some embodiments, a bracket for mounting an electronic
device in an operating environment has a mounting flange configured for
attachment to a surface within the operating environment and a securing

flange having a surface and one or more securing tabs offset from the surface

12
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attachnment to a surface wthin the operating

envi ronnent and a securing flange having a surface and

one or nore securing tabs offset fromthe surface 12

and positioned about a periphery of the surface. The
andspasitio mey éﬂ)@n@q:emhegmffthguuﬁdcé dhecsagatingfiahge &

coriRUETE BhTeuaihe B Satop B o he aSraapler aHAChd fafoe

eleBPOHIE idBYicE W (88s fHahat fu¥8uintof thé ﬁho‘iﬁhﬁHQ icBaprel AR tON
of fset portion couples the nounting Ian%e to the 5

thesS@@HF'D%Qa%ﬁ Alceifset @odion; qwgle&ﬁh@mcwtmg lanae &e teen.
secgfﬁgkér#e?ft%g?tagg%géﬂgfsaaﬁBﬂgétngér%%e eéeh lTrH'ef r?&(déi%gﬁ paade

stic or nma froma
conﬂglural as 9 ufifigolerady. mades o ha oetairy a‘;blaﬂtg:eoraaay be

rel e curved sha
asdefded MY a P bl 8EpSE e Rt Bng® 2R e RRRDMat
or @W@@%&Wedwr%ﬁdpé@&p&iémlto BpaRtiguleg ty;@e af mbﬂﬁtlnglﬁurf%%
nounting fl ange can be confi g[ured to be attached to
suq h%ﬁgﬂal Cr?gﬁ‘v?,’&F ed Shara frdPPitinddP aaRiP@chnent or

nouoissy f %b%wrﬁmem%gé caﬁ®§tc%ﬂh§@reert5 %gaqfé%ﬂééto fhe

nmounting flange can for~attachnent
mosinting sudacsaby e variety of aﬁecferwentaprwhwmtmg fagtenets a@dvldr a

| I n
faspig, atndettie s, T R fine TRheSEAT RS Suab o) Adnsty
by a smtpnhldagle?w faaswe\w a Dirnsil Mbunpraadfaalsdlemrwsaysmfchhas a

SCrew_ a 0 r arivet t her | nts e
exg PRy Bor eiamplcMediacket fah MaE Bouals Rops racaiaie o
thelmekétrte asﬁbérﬁ’tmgastfr@ééQVltl'PdSneaoFt%BFéefatstéheré Qucrpé@sr

nbodi nents, the bracket can be configured for bondi ng

scr@w adelis oA rivet. In pkieremboriee s tha dsackeh coe inchidesa

f
moBfiHAG s BE0 Tor B MO MELG sln, SCeAH0E o it R D
otheaeeibodimeisNhediracket oah ihercoafigarteddoar bortbvg oea@h&s@d;mg;

BB, Pt RGOSR K b Ske i ont i ng

cohficANee as ah iRRgrelad beioht a MBUMAgELfateadcHaS hipadBl, a
vertical, horizontal, upright, or upside down, or any

DIt gail; Arosersheatioaicedsgvice mumm PiRg SHAP LTt PEAME aemoae
of 5,1’,10@& g?&rmlg d%QMgtl ng position adapted for the
a

particul ar requirenents of the application of the
el e[066hi c Atiltionally, The smaeating #ange ganibsiadaptesl fas it can
e the nmo theeectr

megPSRe s o0V pERlRae R nasePafdl S0l o B a Fouernent
variation thereof, for mounting an electronic device in a flexible mounting
position adapted for the particular requirements of the application of the
electronic device. This can be very desirable as it can enable the mounting of
the electronic device in proximity to another electronic device or an operation
or associated process or function. For example, a power controller providing
power to a power load such as a heater, can have the bracket configured for
mounting in close proximity to the heater such that the power controller can
be coupled thereto and also in close proximity. Such a power controller can

be configured with a housing enclosing one or more of a power switch, a
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or associ ated process or function. For exanple, a power
controller providing 30 power to a power |oad such as a
heater, can have the bracket configured for nounting
in close proximty to the heater such that the power
controller can be coupled thereto and also in close
coptraier rndya limiteh canfigovest for selectivalye praviding peweotd thgur ed

osi ng one or nore of a power switch,
heﬁfeﬁgr Qngtiﬂ &e?f&%ﬁ

d alimter configured for
sel oGy el )Omsr ovindrengequeng taisooftthe seb@driellarife @amoibder

or ST UF Porased i St Bk Sopiath I tPindfet ne

dirgstionesispoeing the rﬁ@@rﬁ-tfn? Tangé AREehs Bﬁ@etap% rlidh. 1R 8the?
direction opposin e nounting flange and the offset

enPeEiMeYHS, Phe o MeFe mlagﬁ@bﬁ @ay&ﬁaeof&et ifothe dirgetien ng
tov@eﬂ%tﬁ@bﬁo fntlﬁgfﬂﬁﬁ e lIf okn'%? eﬂ‘lrggﬁgﬁérﬂg thte bH@ Cél}l‘%i cap be

nts,
fommldsorcarm obter pfenpheny fo 1] canububeotmawlsprmgped)fsuaam batihar
or ot hfrvvl se shag_%d surface but |

: t _pl
T AR PGS BBt SrERedante (e SEraTi Bape dnd
thel €edufifgSeefdEe Rge UEH adiffighrel Lasiyaget potibe&f b@ecengRpe a
portion of a securing surface of the nounting coupler

sua%a efthe prowying; wp&a apd cappedicafiguisst toicantue a payton of
thé@édthrn'ng%uﬁ‘ébé PeRvdis] AR 6 ARBh fabwhb%{ﬁaeg t@nd the

surfac provi de a securing e gagenment o
praMidepd eecedig e ngagenuent iobtheafoupkes sesuumg poadiooad theer . 15

T nunber of securing tabs can be of any nunber
m#u%gﬁﬁkﬁggl%g nore dependi ng on the particul ar design

confiob] at lmndmbera)feeumirigmbwaah beaoframlyntu.inm@rcfmmpbae
in less than a Bull n. For exa a.sin

or 8104p IdePending QN thg PaticH'ay auHeF'Snr?QHF‘ggraé'opélf‘Pr | ?H‘P\'”g W'th {id
a M‘G@ﬁtﬁgscdd&érﬁﬁws'tﬁ& é@@ﬁturﬂ\mﬂr‘éxﬁﬁ% & ﬁn%l@q% Wy turn

degrees or less. In one pref erred 20 enbodi nent ,
en@hbraecwpémgﬁu@eurst@cnmrlu@ &Jamynawbe@aﬁﬂwms@cnam@tab@n is

wo%?djerl\aﬁlg goéorli;glhﬁ ?urﬁ%@W?@ngltee%?oquéjs%gﬁr?gﬁe H?eﬁ@ t her

preferreé nent are four sec abs and
entdwelimeniptheng ar@tratée eacuringegbsbnd coophdgemsattdmaa egbaittb 0

o500 80 bl 2CUTBRi I groV e BrY oriod EATHSmE A org are fou

segl@rﬁ}fget%%s ahidi the lcatipiefy refetRdiisB b al té @R léysqnmgbémrgoa 25
desired or inproved coupling and decoup 9 of an
or

degrasst Apradditipaal prefetrast &mpodiment, would provnde a coupling
rotation of less than 45 degrees. This latter embodiment, can provide for a

desired or improved coupling and decoupling of an electronic device wherein
the electronic device is connected to one or more wires or is mounted in a
relatively tight operating space. Of course additional securing tabs can reduce
the coupling rotation and are still considered to be within the scope of the
present disclosure.

[0063] In some embodiments, an assembly for mounting an
electronic device in an operating environment including a bracket and a
coupler. The bracket has a mounting flange configured for attachment to a
surface within the operating environment for mounting the electronic device, a

securing flange with a surface, and a plurality of securing tabs offset from the
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the electronic device is connected to one or nore wres
or is nounted in a relatively tight operating space.
O course additional securing tabs can reduce the
coupling rotation and are still considered to be within

seduniag Slenge soffatdhand posisendd ahaitlaosarippenddr theQeptce Mmisone

epbodi nents, an assenbly for mounting an electronic

bragketialeo inclusks dpeatiset Rertien weHplingEiie MelIting iRqos teithr ket
secﬁﬁ?ﬂ?%urf‘a‘@é‘ @h@rdeflﬂ_’ﬂ %%‘é?fhe*ﬂé}%t@e URd e&lﬁaélalgge

configured for att to a ace W t
configairest fon goepimgrtorthe secdring framgetaf tite braskel. ddersecidng

[ I itk f d .
i 4(3fe phosERNE N e Uphiufed Hr RidasaBl tellelng o
witth@Bamaﬁﬁl&ﬂ.&gaﬂdEmBﬁéia'\chrtghleylabgut a pe;ifphery of the
sur racket SO j.nc es an of fset portion
cou{ga%ﬁb EBeﬁBHH'?Tﬁ@“ F&RY u(rggﬂrhgny §'é%9ﬁ?ﬂ%°§“ Face
oriéted 88fd MbRWwEBmd é@&méﬂlsreﬁﬁs@%ﬁrappmﬁ.aq@wahslé dr$na|e
configured for coupling to the securing flange of the

origintad Kmunting dracketrf Qf@@rrtpﬂem@eerrwntln@bm%@k@an Bad the

th
corftiRecPhe fé g bR e iy R SBHRL a0 sy
codher wmulglbercomagutmi wrbmfé |cguFambnmngafwn$h wen@mioblmamr be
t ed. as mal e .or fenal e_cou r to en e an
caffygbisieni fehpEriio et Tis chuder s RERAS sidvcer
mdr® Fe RXANPLRanidIe coMHEY td8adt arakieteseming @alifles et | gur ed
as having a male oriented circular securing surface and

chameling eug10é therpeguingdabo af thguneuntinotiagkeat olirsesiondi ng
enfb%Hm'\e%tefdbrPen&erﬂoFé qﬁ%elvﬂ{g rfa%lalsycafnq{a\fee%%@e& shifSce
I n e one or nor e

t1ng bracket er can
comf@wed/fqn@ngbgmgedre mfdh@ be@rm tebs lwvhef indertademmd wotatgd

tﬁ h esfordcan %Zﬁﬂf t he securlnétabstf

WA ﬁ@ﬁﬁ?‘r"ﬁ&j HP&%‘K'@Q Cav S MR NERH SRV 9CBIFE" 8

theBraekétenei the ROup RAARE |aSrogADN AR esupedlertliveus trce
configured for enq%ég)rg% one of the securi nghtabs when

brgaKG bk ATSRPUERG FRop eﬁﬁaherﬁﬁét%%@ivmge Fuebald ng
; t
enGRis e dnicd L irdBRNB ol B IRAAYHIR o fgacdift RIS

the seaunieg tay aoH ¢heretors e sedurng thabraoketttbethe) cagplet.

oL, M S B Ra R L Rt TGHE g
plaBEE OF MetdIRQ S anitdry WO dl ahd e ptdaeo ehtachrhontseangagénent
W|ttr)1raancglgétr(§n?c tdg\?lcg%lfl%l\eehousmg enclosing an electronic device. In
other embodiments, the coupler can be defined or integrated within an
electronic device housing such as molded into an outer surface of a plastic
case or housing.

[0066] In some embodiments, a method of mounting an electronic
device in an operating environment includes attaching a bracket to a surface
within the operating environment, and releasably coupling a housing
enclosing the electronic device to the attached bracket, the releasably
coupling including a rotation of the housing relative to the attached bracket of
less than a full turn. This can also include attaching the bracket with a cable

tie through a mounting sleeve of the bracket and securing the cable tie about

15



10

15

20

25

30

[0065] In sonme enbodi nents, the coupler is configured
froma plastic or netal as a unitary body and adapted
for attachnment or engagenent wth an el ectronic device
or the housing enclosing an electronic device. In 25
ot her enbodi nents, the coupler can be defined or

a mqmrﬁglga&twtum tsAIIﬁhrtharmpeEdtmgterrwmbnmelatvchefmir‘rg)m@ Jwfagacin as
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. environnment includes attaching a bracket to a surface

rve$s- wi t hin the operating enV| ronment, and rel easably

cou a I ceto
theEda(tjt ?gchel#&%{b?ggggt@}%ﬁ easaﬁIO%B!:%Vl}p %\d

lllusﬁaleamnﬁge@mmrmanmdumenh@ aioelectnenic device maourrmnghe

as S hBH R nd e tol BhnsbBzhz UPla Bt b KOUMer 8PA° T2
cohfigured forackmsatly eguplirgeioea mbuhiiey bragkée206amd trgecur i ng
the cable tje about 15 a nounti structure with th

exgpRlasy PAEOLINAT S RAERPURIE; GAUR r@ﬂé g (itegraed intp aBPH%PQ
ba@@bwm éontrtohﬁoﬂ'ﬁﬁ@QQZ GAR Ha@csI iR itdartDng férheh

bracket via a DIN rail attachnment or attaching t
regsi\iag &tPofianhoidhe mnunting dracieé wls. Ibshawd be undevsiosd tiet
R E r I stem
in BRP EhpPafere e BRKirt e cofolef 208 s MR ccghred asd
sepamdd nmmniegietedcfe(ttmrewttaichgbleae s:emellgctdma\d cumporeantbor ol

hou 202 with ) f d,f
deyge SRSt napI NG e i AT ap e Bk en BNk ee.
elé?:)&%ﬁw&rvlbee'm@%dmﬂﬁw &Q@(éﬁ?%ﬁé 2&9@% Bioud®th & Portion

integrated into a housbtr;gﬁlo base 214 of the control

of H@J@IPEHQUI"EQJQ”\&W@”I%% ipw heelegtionicydeyivg is desirg@éxb&i ng

J tT*h?sn%éI'[ %Itt{f?bg%%r%ﬁ‘ Gr Qﬁﬁc‘frﬁﬁq rr%%ﬁtmé %n§u%%?ntﬁcg

er st 00 er enbo
posdmp,l and Behabked yethedleikibgily efithasnauntegdaadiat 206 and its

d f b I '
B AnE M R s bbbl At e uPiia SoFShT 204 a0 ce
maéuhting UBM@@ED@@r@BNmfIggﬁﬂé@f&r nh@fiple Reugingeaeet tineiigling with
devi ce he nmountin racket 206 is ada?t ed to nmount to

siraplgiser IB‘ltIera@tfortWB"%&@I%S%@QWW%W ing ofiHieceiestrrnic
de%!(cg%ﬁ%'ﬂé ﬂ&]\/I ce is desired to be nounted. This can
of ten be ar

sh or abnormal nounting environnent or
[0068] In the exemplary embodiment of Fig. 2, the mounting coupler

204 is configured with the coupler cavity 218 having a plurality of receiving
cavities 220 positioned about the perimeter of the coupler cavity 218. Each
receiving cavity 220 is configured for receiving a tab 306 of the mounting
bracket 206. The mounting coupler 204 includes a securing channel 222
defined by a securing structure 228. Additionally, the securing channel 222
can include a beveled or angled portion 224 to aid in receiving the tab 306
into the securing channel 222. A securing portion is defined by the securing
channel 222 and an outer securing surface 229 on the exterior of the coupler
204 opposite to the securing channel 222.

[0069] The mounting bracket 206 includes an interlocking portion
305 that includes the tabs 306 and an engaging surface 302. The tabs 306
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position, and is enabled by the flexibility of the
mounti ng bracket 206 and its inter-coupling with the
nmounting coupl er 204. The nounting coupler 204 and 20
nmounti ng bracket 206 are configured for nultiple

and:ttweréngagur@rwrfaeé@aalar@gdwteh sughp4tehd $alis 30& €4rppéi on
ile still ensurin secure nmounting of th
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IS con ur ed he coupler cavity 2 havi ng
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oy SRR TS o I SLRLET RN Habo2 s BB e beturen,
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204 es a securi nnel 222 defined by a
braglé%tLérq%r{alJt& |mtﬂi'W P%CQ%@gfzg‘g. tional ly, the securing
?nwb] 22f Figap, the%téﬂ@cm@smbﬁ@ogns Q'&b@l@r Eﬁ’ﬁéthﬂaﬂ
to aldlnrecelwng he tab 306 30 into

but§@@!ﬂ haws diferenthares. in Atheyambpormenis: Adﬁlltlpaaldjeﬂtu shedldy
be Eggeé%‘drthﬁgwp%“ﬁ%ﬂﬂ ?a?%deér%oé‘ ‘r%ﬁ&%%{ige face

he exterior O cou oSl o the

coupdenit(4nieioh armate @2 the él@elﬁ}rnd' Idevme ant |breg"ngoa &rkaele 06

i ncl des an |gh%rlock|n *I@‘ 305. t hat .i ncl ugesdthe
the HBUNgs0 A e%’b%i“r‘? 19 1508 opssatingRNrRRdIeE5aNd 1 6
be|ﬁ§dnéléaneﬂmrﬁl&ocﬁrhd\éﬁ@qae?vﬁéf'urﬂmg breledet 2d6 eHAMbet hat the

tabs 306 can_ be received the receiving cavit 218
corﬁwre%wsh_th%fea@al%ecasaﬂwwéawg/ q thg Mewilgetoupts ng
; : r&ih
be oAU IO RERSBLBRL naI LESFINFha oI e
prSeUUdlscalgssmer e@t uhe irﬁe@od«afg petios obthet meusmbnanget 206
ann t [i urfac 229 | s,.secur

car 38 Wik of fem AP dnt e AR ee kI, SR S el RS tep,
20$egu|berfgmblworrm§|@§| ng bracket 206 to the nmounting

cou Ier 204, 007095 n Kﬁﬂ? , the interl ocki ng ortion
305604 1% ciThemeintiagbiee 8066’99 beJnPUNtNGEILRIN thesr ent

opﬁgﬁﬁg%nwﬂo%sﬁrm %rm@w@mgnn&g (anﬁlmﬁé Liriety of pRIAtiFg

_ Under st ood that ‘whi | e the | 11Ustrated enbodi ment
fixtuesfs. dbesneuwrdingduacket g08 dugitidas 20ubtnggase 3ot dwtin t he

unti ng
o ShSF R A 5 AR, RSB G e BRI o0
manting lbethegeledttanic daviod had te oleadk aﬁroffSettetmcmmmmthe

bracket 206 gan bg .

engaging structure 305 and the mounting base 301, and therefore between
the electronic device and the surface or structure on which the mounting
bracket 206 is attached. The mounting bracket 206 can be adapted for
mounting using screws, bolts, rivets, or similar attachment fixtures by one or
more mounting holes 210 defined by the mounting bracket 208. In other
embodiments, the mounting bracket 206 can include one or more mounting
sleeves 212 for receiving and securing a mounting cable or cable tie (not
shown). In various other embodiments, as illustrated by way of additional
example in Figs. 11 and 12, the mounting bracket 206 can be adapted for

mounting via a DIN Rail fixture as in Fig. 11 or to an electronic panel as in Fig.
12.
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configured with the femal e receiving cavity and the
mounti ng coupl er 204 can 15 be configured with the nale
portions and still be within the scope of the present
disclosure e.g., the interlocking portion of the

cket 2 b | f | dt
ot B SSHR e BO0DIRED roiien S04 eelpIBR N bieish
20Beark eBBfigurat tmtéﬁwofkq@%bagé‘%nmh%ﬁﬂtrﬂge BreafkSit déYRecan

be mounting within the 20 operating environment in a
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base 3 rom the noun ruc ure
fo3®@niple a’naofei@dlmemttham'mgttbraﬁ Bbs 1306end thmmrtecegurng t he

' t f.fset b
cafigs 22flolncp e wPPodRints s6:haua i Fi 7 i sy Oa<ORUBT
ca@@ ddwen %ﬁ@éﬁo@ﬂ%&ﬁa@%bélﬁ@ gh&edrram 6r @teaé%reeeum\ewe

surface or structure on which the nountin acket 206

the mosnting RErrkeTREO6 Ags U faPLP Mt red trmmoaatﬂﬂgaeotmﬁma@d
fourq‘ecelhng F%sl@'on@f EGur@l@’Sas ?r%vtn*?to frloug ?rlle@ ﬁ‘ﬁ'ergr{ ar

tac xtures by nore nmoun es '210
maolefarress rm;mbeue afdatrst 3G‘Egamﬂ E&ﬂeMngZC)ﬁ/ltlemZZﬁ hzm be utlllzed

PO E S sveh g b B Bat 2o R i B A B

of Scdisciogur@. mounti ng cable or cable tie (not shovvn) In
vari er en‘oogJ nents, as il]us rahed by way

add.[&%}m \eWaef Birthgr gxenapless Figsqd-bol ustti@ée ﬁiﬁf@mntng
v@ﬁ@@#@ho@:@iﬁn%%’ﬂa&%t o6 Mg drd %paH@Hf‘h‘oﬂﬁthd én@sQELh‘mBa' |

fixture as | or to an electronic pane
elggtepnic deviceisy spolmaspowehe@rarollyrs tirepeiating |englr<miu©mtersug04

as%}gceg%, é c}ffémqﬁ%?mg %&gesg Ws‘fﬁgg dooé Hé]t%g R k

t'o " enga elec iC dev
thselmnsmwsr mcﬂadmawdnstdsfehmfngmés bﬁenltyhsanwa Hyukdy ofur n.
about equ

by | |
Al 3d SBOGE gL Re Eomsit S et fo Sobesami amedaton oS
otﬁ&*&ﬁih%nsﬁﬂ!* P&qﬁu‘éﬁﬁﬁeﬂd’;ﬁf&n&%ﬁsand three receiving

cavities 220 n ot her enbodi nents, as shown in Fig. 2,

t he [0QHA]r i g Figs. £+-6.dhis exemmary svthadimgnkef the mguntieg s
ok IR e Bl 8L P SR BER e ot on
a srtguec302haith affastenerc@et stiaven)c e memtiag Gradkiet QO@IIIrBJiinG@S
engg?;% stuorfatcg%%‘i 'dswktI ||s|oﬁ‘set fn or% rg\emc‘%ltrmﬂng base 301 by an offset
portion 303 to provide a keying element. The engaging surface 302, shown as
a circle but that can be of any shape, can have sector extensions by the
engaging surface 302, each defining a sector gap 304 therebetween.
Attached to the engaging surface 302 are four securing tabs 306 dimensioned
that can have a greater, equal to or lesser radial size than the sector gaps
304. The combination of the tabs 306 that are offset from the engaging
surface 302 and the surface 302 serve as a keying lock for the coupler 214
such that when the keying interfaces of the coupler 214 are aligned with the
securing tabs 306 and pressed against the engaging surface 302, the
controller 200 or the housing 202 can be rotated relative to the bracket 206 to
lock the controller 200 to the mounting bracket 206. In this particular
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10 nore or |ess nunbers of tabs 306 and receiving
cavities 220 can be utilized and provide a different
securing rotational anount and still be within the
scope of the disclosure. [0073] By way of further

enodiidra Sthe mh&gntingr &nd lokkiag FéthBortlidduires Mo myieethana a
nmount i % bracket 206 that are capabl e of nounting and

degreea of yatiamag the:tabs M08 ale sraead afs%fkﬁe%@emwns
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di mensi on

IS exenpl ar
oA 2611 RS ANA gaciRy LEkEeT RS SaTseq %@%%Ra
sggounting holes 210 for nounting the bracket 206 on
surface 302 wth a fastener (not shown). The nountlng

br al90d®] 20619 dl ansks areatgghgewg of an feirairopirde vieg heusing
o8 ig¥fiy ot BRfaBR RbL Mg MRBIE R cRaEuRIC Ry BT 1108

iscBiric sieovef the I@berchali ofcthe hbusing AR forcam blectrbniameviebape,
can have sector extensiqns by t| ' sugf

su§03s ST GenT I, TRdbodes ten ion TR ey Bh e tte

anmléraca\ecﬂrcmtbheo'emggm@e ﬁ§u§e%0@e§t%léé gnd edhn&@sur i ng
tabs 306 di nensi oned hat can have a greater, equal to

cayifie$ a5 sMECHi C@Vlt§§z7é)6tthatrﬁct0ﬁ€ﬂ%@&t% poga@@orsa’oncoww@g

to SRR Ruch 18, 408 HGHRE BFFuTICaRly CIRLLRE |
anklesgnagr qumigmeﬂ @eonhéetoro lpthéy emnplasjtmhbodhatemt\hbe mdumting
cofif 284 il et ADoBe N8 8V ot IR Uy ol BoSYRRA ng

on&néfbaﬁ@mm&facteiw the RN Bblisihg 2@@ Phe Hlﬁm'ﬂﬁg%b[] le29@4 fan
be rotated relative to the bracket 206 t | oc

copBigiree feregouptng méthtaotafinngt inkryjloskiag wétterfze% 7OBﬁh@tH$ s
adlag efd'fBH &%Mﬁ 5fm&mtmgorbtrr%cl{e'ﬂ%uﬁﬁbé%gaﬂtugdégracgéﬁdwor_

ation re res no Han 9 egr rotation
30asaStMV\trabsth8@8amp@sscp‘fd@cB -at 90 degree positions.

e RIS T N S A R
fixB06 3opavAfigur2d degteascapiai b baby ké@hg @flerhesdfarmoeiviidne
mgﬁnﬁﬁéw c}%@,%o'sogrk a r;])%rtlro%ttﬁ(tarlegp Frlrgaure QelsdaI I];RStrh(\aNrn]ste Side view
of the lower housing 702 illustrating its compact dimensions, the ventilation
ports 704 and the side connector cavity 706 configured to accommodate a
mini-jack connector on a printed circuit board. Figure 10 is a side end view
further illustrating the ventilation ports 704.

[0077] Figures 11 and 12 are side views of two other
implementations for mounting brackets. Fig. 11 illustrates an electronic device
mounting assembly 1100 configured with a DIN rail 1102 implementation of
the mounting bracket 206 and the mounting of the power control system 202
on a DIN rail 1102 according to another embodiment of the invention. FIG. 12

illustrates an electronic device mounting assembly 1200 showing a side view
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such arrangenents. O course, the nounting and | ocking
rotation can be in fewer degrees than the actua
radi al spaci ng between two consecutive tabs 306.
[0075] Figs. 7 and 8 are two views of an electronic
devi ce housing 10 700 having an integrated nounting
l"uewmgea pargl erouied supleaention. of Higgmonpnting aracketsa%fqru C
t he [
mofin i e fer PR e 02 A BRUS R82 Gerd] “Thi s
arrangdmeletaceenting aiarm“th@roembo&%nt bthefimsntionat e anbi ent
air circulation for cooling the housed el ectronics and
connector cavities or connector cavities 706 that

PoRef CBRRaadt&annectors for coupling 15 to external
Systens. such as power conductors, conmmunication

conk®9¢8br sA poxyal coatebsysiem sicgerdingdemie@mnplann t hi s
erBOBIMRRILY tf%%gém%géel?ém h%g%bh %sygga RS %(/er%%% ﬁ?\e

Integrally fo y Tower housin S centr
prepaatiite faiere of @thetrealfose oumfsmeﬂamwlmfa l‘telaﬁarlamdethemblym ng

. 700,. fi f
eliBging Hs Rachion StpEidtite. Firdmafrs SRt Hisednb Seeapos
océUrathdrshigld pasteis esmberatiireGeqirdierits BRpodd fhe fasaedket ,

such a mpunting bracket 206 or, 301 as shown in the

ter@&%{ﬁ&f@%th@f degigdedbe intpnay BRtariakieidhe fise avarding ixihe
poink { rﬁiﬂeaﬁ Sr ﬁrﬂ?oﬁéwa"[ ;Békneln%fgl 'rﬁgiggﬂg thd héét‘é"r r@%t%\ble

con gure as a co w th eying ele Tor
and eitsabtrmg@eanalmnfanmunng plno@aﬁseHmaemperatarqomocesm

rahggnR igudloh g Gadst el FaY e SRu TR BN ke
fugerfgnu/rgm.ﬂhhraﬂqieqreat@orts 704 and t he side connector
cavity 706 confi %ured to accommpdate a mni -

contf@¢Bbr Bhore BRIbRHEReRY reewer BefFQl sypieguRes agorsoler
roB 5RO Rl syl BEosed WA B Quie Hegiog o0
selentvedy hr@gv;otm.g pweefn@mapc:)werssupm tecupewergobd a kistiter,
L US I. A .
o8 ety VB OE B RGBS BerhiEfer ARlEMd B i
Cohﬁl‘gllrtemtm?\'n?mg@fl(mg rbwgghm{l?tﬂimmmﬂracrﬁsgggé’@&) amh#[e)lblglealgal I
i EoRBEH i ASOESRARSCHUIT oca erer BAUSIHRaRAiRent | on.

coﬁﬁ&lre&?or doh{réﬁih%%héfbr@ﬁbr%'cﬁ}éﬁ‘ét%‘s%f ﬂﬁé’b&ﬁrd@&‘@tbhﬂ This is
assenb owng a side view 19 illustrating a

in penfest tm@mtm smtﬂreﬁwﬂem therlingiter isdeployed pag snapasketand
dls%%t éo‘?ﬁponent from the power switch and controller. Additionally, in some

embodiments, a user interface module can be mounted on or within the
controller housing for displaying parameters or messages to a user and to
receiving inputs from the user, such as user specified threshold limits,
selection of a sensor type, or selection of a power switch control profile.

[0080] The controller housing includes a case with an internal cavity
for receiving and enclosing the power switch, the limiter and the controller
therein. The controlier housing generally can include thermal venting ports
positioned about the periphery of the controller housing to enable ambient
airflow through the thermal venting ports and about the limiter and power
switch within the controller housing.

20



10

15

20

25

30

nmounting the power control system 202 on a panel 1202
or panel arrangenent accordi ng to another enbodi nent
of the invention. 5 Power Control System[0078] A power
control system according to one exenplary enbodi nent

of [nbe1pr eR@fetm@@ ﬁ@\vatS Fﬁgf 1f3a§n@%§am€%€¢f@@&nm SOMERTEE
renat ure | ure a thernmal fuse contai ned
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enbodi nent, ower contr system has a controller
theraed riagniiot wmeqotw\@ﬁowm iaddduspascaliheateni entitagion ports

o SRR IR0 5 A GLTE T R o R
fac&i$at'ﬁngStaé eirgulation beambient air $® coolthe erdtronhichinoutde within

contr éQ(EOUSi ng and is 20 configured for providing a
qqqﬂt&o ing function in response to a threshold

n{otosz cmarti@hw th éldahfrﬁolmtmg%?% wtmner 4B60 | in the
er ou3|n and i s confiqured for controll |ng

OD@rﬁﬁn@ﬁnmr@ﬂ@rﬂetf@mﬁﬁ@H@rh@trsé'lg:a) 4 ean inghiderar MEYEs i s
ter is
aitchet8 hichling BofPtricl Snowf RGIRE! Br BAINGT 151 e
mqmmvag bsamket tnoaatiown)wbmtcdsl awscribed abowniy ivay of exammes. 25
fgw interfa rmdu e can@{%e rmunt%
HS COE "rfd]quéfngh & RGAMSPT HIIACEASTEMPTY
139@%@@@&@@8 tREreWRA SGHESIsh %cﬁhd@@rﬁe aNdhotdvisliBCRatysNg
Inputs fromthe user, such as user specified threshold

lndlqawrtss1 308sesnéiguiedrio provdde ariitarentoneratignal slades potheof a

poRBI'E0n el 4306 A Ranfield it viEOARMud DRICAB ﬁég{we
ousing 1 nc Udes a case Wt I nternal cavi or

indiextiee \df ag mntht@rﬁﬁia)mmg)IfehéWib\msewmwm,al Bﬂaeusl indicatar

d_the h Th
1938i5ah der GEBAR oo FS PP AR e N TR 180
anakomird Wiiapstatueliaaitak 18b8 canmirindibatvelsiusi gebacgnabl e

anbient airflow through the thermal venting ports and
rangsoel ORaation of the contiellgiohdP. In another embodiment, an active

red colored LED can be used to visually indicate a high or low temperature
alert or may be a flashing red LED signal. A second steady state active amber
LED can serve as a visual indication of an in-range temperature operation.
The third LED can be of a green color o indicate that the controller 1300 is
actively supplying input power to its associated heater. Thus, when the power
controller 1300 is not providing power to the heater, the green LED is inactive.
[0084] More or fewer visual status indicators 1308, such as lights or
LEDs, can have one or more colors indicative of a different status of the
power controller 1300. The visual indicators 1308 can be programmed or

wired to be indicative of any desired controller functionality or status. In
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switch within the controller housing. 20 [0081]
Referring nowto Fig. 13, one exanple of a contro
systemor controller 1300 is illustrated and includes
a user interface assenbly 1302 having a user interface
housi ng 1303 connected to a controller housing 1304.
andther émbedimnt,1tteSoatidller 3ipldyuvisyal omdicatops:, stiele 85 LEDs,

I he el
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visual status indicator 1308 can be indicative of an

coppiypiration inteEadNt rol | er 1300, a second visual status
dj
in O@QS r #ét fr@ﬂerkh%uHﬁg @?%oa\c’gﬁ/ irlt 94 HASusHY tem

ope ati e contro athirdvis
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range of oglerat,[ of tg trol.ler 1300, glher
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a flashing red LED signal. A second steady state

In ﬁl&)ﬁ %GWF‘OH,LEBD'BH?\C@@PQ@% PQWW eQroliendPeAERrBN of

AR AR ATR S R EERY) O, EREbLAALED o
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138G 285 Ivat e 'inegron El!—‘l lbc'dwev?'{?]%r]vegrk)?egt?l\/@’nents as is known to
those skilled in the art, in one exemplary embodiment, the controller housing
1304 has a total externally defined shape defining an external maximum
dimensions defining a volume of less than or equal to about 24 cubic inches.
For example, in one implemented embodiment, an exemplary power controller
1300, as shown in Fig. 2, has the dimension in inches of 3.496 x 1.582 x
2.196 without a mounting bracket. As will also be discussed, the power
controller 1300 can also include a user interface assembly 1302 having a user
interface housing 1303. In such embodiments, one exemplary embodiment

can have dimensions in inches of 3.496 x 2.503 x 2.196. Of course, it should
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30 controller 1300 is not providing power to the
heater, the green LED is inactive. [0084] More or
fewer visual status indicators 1308, such as lights or
LEDs, can have one or nore colors indicative of a
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I N opera rocessin ower
to PR @ RO LPIE It hTRE OBSTAIRS SOMESRTEE; This s SaRerbed in

gré4tevd&lei Berky, @uk 88n mrwefe 4 Sprind & ldxitle PEIHRRY micBhahism
processing system In such an application, a conpact

thatrenggges adopiiatcef thersonoester whgnmserdad intad crulerrof the

cohPBl?eq %b@qo shggfeﬁ{ent%c&rﬁ%cﬁﬁﬁeﬁé %‘%WFEW?] i§ %U s)f?er

very a hea e re ative

use @mmamlsmessblefto tt tinee hamhmpecmrmgreﬁvl renmehB8G0chas higir y
g ndi ng on the power delivery requirenents, as is
te@ﬂ RS 25 those skilled in the art, in one exenplary

embeshgBgnt , THSoWwS K Witdh! (Bbt SHOWE) REin be any type of switch
capable of selectively providing a portion of the received power to a power
load. This can include a contactor, a relay, a solid state device, a knife switch,
a mercury switch, and a cam switch, by way of example. Additionally, in some
embodiments additional circuitry or functionality can be included to aid in the
switching function. For example, where the power switch includes a relay, the
power control unit or the controller therein can include an arc reduction relay
control circuit or function for controlling arcing across contact points of the
relay.
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1304 has a total externally defined shape defining an
external maxi num di nensi ons defining a volune of |ess
than or equal to about 24 cubic inches. For exanple,
in one inplemented enbodi nent, an exenpl ary power
controller 1300, as shown in Fig. 2, has the di nension
in [Dﬂ&!h]es \bhhils tiae gontrdlle 8 30& cad be cofigwiet Horutordrolling a

varBhBE ST Ghe bl bt Pl B TuhE i Bfler sl S
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i ndicative of an alarm condition of the system an /or
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sei%oﬁggﬁw% hé{tlgr’esrjteﬁgl% b Gt t\ﬁ?@ﬁl@%% % R?ﬁgéar‘reg:&cllr@rofstﬂge

second cou IS CO
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paéﬁqé tofGQUR GF% In one enbodi ment, the first
couple é) | ac

colore k and is configured as an 15
[ np[thOBﬂ} omTlae power ceoiiolee.13T0eas bemodfiganegl terstore and

col or white and is onf i n out put __
onfiait Wi e ok R e Ip R rsrouhimBustiih i bEndim
an€ W teediRld hitsbnsukipdhigRanaliee threshsl@mhiguatiér titan a

facilitate the retention of any attached or coupl ed

singlerisrper oF lowes ligHiethsrshald @ttu?)rr@.nget @ aretnaf difetent
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BB 5 LA TR BRI EP N g
prcny‘ramma\bwpmflmstfoaétpejrahty of operating processes and functions.
The limit thresholds can be preprogrammed or can be input by a local or
remote user interface. As will be discussed, in one embodiment, a detachable
user interface module may be coupled to the control unit that enables a user
to input or select one or more of the controller functions, as well as selecting
one or more limit thresholds. In other embodiments, the limiter can be
configured to be operative in response to a signal received from the controller
or from a remote operational system via a communication facility or link.

[0092] A user interface or user interface module can be configured
as described in more detail below. But can be configured to inter-work with
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use or is susceptible to the harsh operating
environnent, such as high tenperatures. 25 [0088] The
power switch (not shown) can be any type of switch
capabl e of selectively providing a portion of the
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[0094] Another exemplary parameter re-setting facilitated by the
controller 1300 and user interface assembly 1302 of various embodiments of
the present disclosure includes a low ternperature alarm (LTA) value limit
function. A low temperature alarm may be required within a process system to
provide freeze protection or notification to operators that process conditions
are below a limit value where condensation of fluid material may occur,
resulting in clogging of media transfer devices (e.g., pipes). The power
controller can be configured to permit the re-setting of a LTA value via push
button keys of the user interface by controller software. The programmed
inputs being reset in this example include the lower and upper temperature

bounds for the process under control. These limits can be reset by the user
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20 and low threshold limt, or multiple high add | ow
threshold limts rather than a single upper or | ower
l[imt threshold. In this manner, a variety of different
safety limt functions or operations can be perforned
by the single limter based upon operational or
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have redundant inputs for one or more temperature signals, thereby providing
increased operations of the power control unit. In other embodiments, more
than two temperature or other signals can also be received and utilized in a
similar manner for controller and limiter operations. For example, one or both
of the temperature signals from the temperature sensors associated with a
heater can be utilized by both the controller and the limiter to ensure proper
temperature control of the operation as well as to ensure the safety of the

process, the heater, the power control unit and system.
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par anmet er such as an over-tenperature value for a
control systemhaving a built-in nechanical relay
safety limt. The controller 1300 can be configured to
provi de this function by controlling the limter or the
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a power control unit or controller
anm:amotttputt nﬂvgerdhtsecﬂacs dereprovitiagpower te emavarilead. A power

switch is disposed within the controller housing for selectively providing, at

least a portion of, the received power to the power load. A temperature sensor
interface is configured for receiving a temperature signal from a temperature
sensor. A safety limiter is disposed within the controller housing and includes
a plurality of threshold temperature limits. The limiter is configured for
providing a safety limit switching function in response to two or more of the
threshold temperature limits and the received temperature signal. A controller
is disposed within the controller housing and is configured for controlling the

selective providing of power by the power switch.
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1300 can be configured for selectively providing power
to a heater as the power |oad. In sone such

enbodi ments, the power control unit can include a
sensor input for receiving a tenperature signal froma
tenperature sensor 15 associated with the heater
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aIBig GBS HEREESPRG YL ToPOTREMbCAmEnts, the
no-arc relay control includes a solid state switching device coupled in parallel
with the relay.

[00102] In some embodiments, a no-arc circuit can be incorporated
into the thermal control system by having the contacts of a relay type power
switch in parallel with a solid state switching device. Such a no-arc circuit and
method provides for the extended life of the relay. For instance, most
manufacturers rate the life cycle of relays at 100,000 cycles. However, a no-
arc circuit having a solid state switching device in parallel with the relay
contacts has been demonstrated as extending the life of the relay to greater

than 3,000,000 cycles, a thirty-fold improvement. In addition, in some
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production process. 10 [0098] As noted, the controller
1300 can include a processor and a nenory and/or
conmput er readabl e nedi um havi ng conput er execut abl e
instructions for performng a controlling function of
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controller 1300 can be a power controller for
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coff i3 1 S B HraBO Wi R B S PR PaR B

reiaqr mntdctsgha:tomey btid @ posws tHeoammné’ncmemata@l aminge IThus
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con ured for receiving aten‘ﬁerature signal from a
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and is configured for controlli sel ective
orswawsjmge ermgeinerto e fetay m{;@@t%w Q’fhﬁf embodipent®]a | n
cir &E?{‘%é coﬂfﬁéé‘ﬁfjel%|nafe é(r’cﬁ’%; nﬁ? fy. 19 0fe or
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also i ncludes conparing the sensed
the on (conducting) duration of the solid state device to minimize the on-time
conducting duration of the solid state device, that can produces an

embodiment that requires no heat sinking of the solid state device.

Power Controller User Interface

[00104] In some embodiments, a user interface assembly for a power
controller has a housing adapted for mechanically coupling to a controller
housing of the power controller and a display visible on an outer surface of the
housing for providing a visual presentation to a user. The user interface
housing can be a compact case for enclosing the user interface assembly.

The housing can include one or more engaging features, such as locking
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tenperature to a plurality of safety thresholds, and
limting the selective providing of the received power
to the heating elenment in response to the conparing.
As noted above, the nmethod can include receiving two or
nore wuser defined safety thresholds. In such cases,

tabtshe!ipsoauges rﬂgngam bymwdfaammpimrfpamengamhalmcvmlpdlng thhogr e
user de fety threshql ds for rov
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swwtch with a relay can include a no-arc relay control

howmgs upen ge m@ﬁB@m@ai capeingwitthe Rousiagde the epntedlenousi ng.
rgz%no arc relay control 15 circuit can include an
au clean nodule with a relay contact cycle counter
f or[00d06ht iThg didpdayncarbiecludé angltype o@/cdnspzlay capability such
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resPRBSRIt RS USER EdNiR Watingcths USsBHIMPH! BYeSRRRISTM: ReUSEI N
meRREAEH é*&%nf.@@}ﬁ fbr”re@&?ﬁ‘ﬂg qﬁ]elﬁéyt f?&n%&ul&& & %@@S to

provi de for eani n ontacts. [n anot
corfighioeti fozreontroling antoq»emt@amf telpbweceonteniabivbet ivoupladdo

across the rel ay, duri ng initial powerin f the stem
theiee? Tletlpte peTenblv. i Fer Tyt dosqhaliam Sra de dsipralde

cofigtiréd ta e ivieh mp@mm@stafcubh érofreh Agepdhd tatddmttinioate
arcing during the closing of the relay. In sone

theaiReBYF MW orm%éruz@om@ taﬁ&omépuﬁr eaﬁvt@monaﬁ\mqﬂws a
co.%gbh@ht%ra& R Je G P&N@'feé’drﬁr% ngpgm@%e'rn«mmchshlsmaw

e rel ay 00102] Tn sone e no-arc
incidecarniyt typaof ngput mmdmmee@r mbre buttdres, khelbsrkeys oigeo|

ek o Rp R Bt B, BTN ) wBel SR G e ce.

Suc[noaoap & gsariimtetfate eiralit iSdispetd dithinothiedhesisiharanidhie

Hé‘g |fe anthe rel % For |nstancs nmost

copplRtlia e digplayr HiUsadnterTpee eycUitca coarfingle Betwegd, 000

dls‘b)é“yhrﬁ%oné"@?"ﬁ\‘é% ch@ra@i‘énstﬂfscor%éé?é&gbsfFéWt'i@QJs@r sebdidingted e
SW't device in parall the relay contaCts

lnmfr@@ethed@aﬁrﬁwut meehamsn@m@w@nmgwunmtmg the foroadion to
o oh®oPRb Syt s 3 ARG, GRS, The! B blghle
cwémtJd:am tickele'a semvityermaddlerr dirostioh thatck wdafigaed tmtexgtire
theCPIe%Ieﬁ/ing of a security code such as a password by a user prior to
enabling the user interface or prior to receiving a user input or to
communicating a user input to another power controller component. The
security code is typically a predetermined code. The user interface circuit can
be configured to display a prompt to the user on the display, receive an input
from the user input mechanism, and compare the user input to a
predetermined security code.

[00107] The user interface assembly can include a connector
adapted for electrically connecting the user interface circuit to an electrical
connector associated with the power controller. This connector can include a

mechanical coupling as well as an electrical coupling. In some embodiments,
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counter for counting the nunber of relay contacts and

provides for the allowed arcing at predeterm ned cycle

counts to allow for self-cleaning of the relay

contacts. For instance, in one enbodi nent the cycles

[
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sone enbodi nents, a user interface assenbly for a power
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facility. In other embodiments, the data communication interface can be a

wireless interface including a wireless transceiver. The user interface circuit
can include a system identification module for generating a system
identification signal over the data communication interface to provide for
identifying the particular control unit from among a plurality of control units in a
communication facility or in an operational environment. This can be
automatically provided upon connection to the communication facility or can

be in response to a ping or a request via a data communication protocol.
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The housi ng can include one or nore engagi ng features,
such as | ocking 29 tabs, clips, edges, flanges, by way
of exanple, for nechanically coupling the user
interface housing to a receiving portion of the
control | er housing. The housing can al so be
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ysS, Vvoice ouc a’scro
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d t hi | ed
oA d T SEnd isPofed WIS sPit Ry nplsing ' ©
cart B cehfiiired b@trwae.am@Qa s BvAhiAgG feMerMinali®g the providing

characteristics or nessages for the user, receiving the

of pewrIthy thegentreunitierthe .ﬁ»,@wer laseta fesranse 4a@ threshold it
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i S confl ured to r the r ce|V|n a security
rece iR R E L eeTlP S o bR Bt Bl g
corﬁthﬂs ﬂ@ﬁ‘fth'erlis%frflﬂ%%n@erﬁbbdlmeh@s tIQE BdMIGIUin@t caRe | nput

communi cating a user |nput to anot her power

coréfwed;fqr@el%n% rpéwdmeru@@weé Beuya pQWeLSPR!StQ g POWEr 1y a
loakdj ﬁd@g[‘@fjth mTé}?adéSa%fsehq%ﬁ;ﬁsé ﬁg%oﬁbkeggﬁﬁgéhtr&?e

configure ay a pronp
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assembly being coupled to the controller housing and the controller.

[00112] Additionally, in some embodiments, a cover can be adapted
for coupling to the controller housing in the absence of the user interface
housing being coupled to the controller housing.

[00113] According to still another aspect of the invention, a method
for operating a power controller includes connecting an input of the power
controller to a power source, connecting a power load to an output of the
power controller and coupling a user interface assembly to a housing of the
power controller. The power controller housing encloses a power switch, a

limiter, and a controller. The method aiso includes inputting a limit threshold
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30 predetern1ned security code. [00107] The user
interface assenbly can include a connector adapted for
el ectrically connecting the user interface circuit to
an electrical connector associated with the power
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respehée Gierefo.t he user interface assenbly for providing a

visual indication of the received visual signal. For
exal@01d5] a Byoway ot is onemperatiinuefdhe weeniotestacaor e

g o, 8 usBfhfihbiorteldhe At S AR Loy O
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Adjll%ﬁn@hts'f@fs%t PapEd ¥dh e gmvnde@wmmgtdpwawdwmﬁé Zohtislieras
plastic or fiber optic material such that the 15

wartée sispeintefang asf%emhht wiheutmeayriag plasts 1bg qoptraler in an
off%%‘?ﬁ@ IH?ﬁuk'nﬁ’éhr%f tﬁrgg%%éf&%Pngtc%fb@Qﬁp?e?ﬁ@rﬂE{ﬁor

thout requiri an active clrcul
dlffememittempera(tﬁresc elhemetlvei rrmediaheharegﬁsddlsmsolsor sensoulyees,
terface asse i ncl ude an actlve circuit or

ang Ghiah oBRY BT BV SReRE SOH B RECTHAER ROy st em or
CONpEEIB]  |AlsahitSerRbodiPenhat haRer ir@é}feﬁ&oééb%}nb'f%ﬁ)rtasﬁwer

interface assenbly can al so include a data
coplspifiniasa hosing adantad fordvesiasically Cﬂhlé“flﬂs@ra Fontedieace

0 H
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cofpefy €arcBé by richPot différeflefnachamBaINiotdlih® hechanisms
including tabs, clips, flanges, cam surfaces, magnets, by way of example.

[00117] A user interface circuit is disposed within the housing and
coupled to the display and the user input mechanism for controlling an
operation the power controller when coupled to the user interface assembly. A
connector is coupled to the user interface circuit and is adapted for electrically
connecting the user interface circuit to an electrical connector associated with
the power controller upon the mechanical coupling of the housing to the
controller housing and electrically disconnecting upon mechanical decoupling
of the housing from the controller housing.

[00118] Additionally, the user interface assembly can include one or

more connectors or interfaces for coupling to an external communication
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facility. In other enbodi nents, the data conmunication
interface can be a wreless interface including a
Wi rel ess transceiver. The user interface circuit can
include a systemidentification nodule for generating a
systemidentification signal over the data
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configured for control ing the selective providing by
t he[49d@61 4withe hiserinteriaca sssemhtyds fadepteddoniaieaseble A
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fors:mupmirg mgmbczr thtaarcmlenmhtmmeﬁﬂmmg)amddthregefo:ﬁtopnmmrthby
load in re ponse
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control "unit
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improved looks of the controller. Additionally, the cover can be configured to
include an active or passive visual indicator or other features or functions that
may be desired of a less than full featured user interface module.

[00121] In some embodiments, a power control system includes a
control unit having a controller housing, a power switch disposed within the
controller housing for selectively providing power from a power supply to a
power load. A controller is disposed within the controller housing and is
configured for controlling the selective providing of power by the power switch.
The controller includes a user interface connector. The control unit can also
include a limiter disposed within the controller housing configured for
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unit. In other enbodi nents, one or both of the
controller and the limter can be independently
configured for operating i ndependent of the user
interface 25 assenbly being coupled to the controller
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[00116] I'n some enbod nts, a user interface assenbly
coﬁﬁnuracgi@wélne controller parameter value to the at least one of the
controller and the limiter. The method further includes providing at least a
portion of the power received at the input from the power source to the power
load connected to the output in response to the input controller parameter
value and decoupling the releasable user interface assembly from the power
controller body.

[00124] The method can also include re-coupling the releasable user
interface assembly to the power controller body, inputting a replacement
parameter value, such as a safety threshold value for the limiter or/and a
power switch setting, into the releasable user interface, communicating the

replacement controller parameter value from the releasable user interface
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control |l er has a housing adapted for nechanically
coupling to a controller 20 housing of the power
controller in a rel easabl e nanner, a display visible on
an outer surface of the housing for providing a visua
presentation to a user, and a user input nechanismfor
assegubly 1o ayleast ompat thercontroler andlghe liftiter, remdheomitroding at
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dudng trenemdtadiingi of the S@Ibeimvet providéingusfarowantte tHeapewel loadi t

and atedf r.electricall connecting the user
s 28 AT Bp v e G e PR R S VB e at ed
coiirélier 3dapleel foPMREIVIYthE Xah®y usHraitetfbee BRSEMBIY Cidl such

coupling of the housing to the controller housing and
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sermf Mna jtfolelf (Ed?'me'é:ﬂ‘?q S%@E?r?& b@\ﬂ/elhlﬁn_g'tﬁgn o[u@&i]tjoﬂh

t he user ntertace asse can 1 nclu
secorsl poweneorirofenarectashseleasalvly eotipatss td me sooplusen t o

ne@a Sy RERRMOARS SPeceindfh el s RBERFGce canr

pr oj00426] oRafenmify Rigaat tIoCFFTgWIS hhopesrahicpfase nsydlieas or
interf ce assenb s or controllers wt

h
asgéf@g&p@rogtmﬁﬁd%@ iahdiaplaysl 3t1§é°rd89\1€?t'”9:6ﬂtopﬁfat@§'sq em
thés&s@&%wlcfﬂ Ba§ B@%oﬁf@ﬁgﬂ W@Bk%lay@@qrf&ﬂé'm"fgﬁmm&c{v@ﬂ :

and user interface Tircuit aré configured for
asisef paivhinfgrmasiopl Amigtacomnwinigagien nnieréacfeat@ 2 @s:s@wﬂeg fero
| bl e
cofy ARy tn SRtBE SR i GetererBuTrafin PeiaEe
1 3p2 aaade ernaﬂed:)fof cbmnmrﬁn‘atnnglvatmmdmplelfmther systemb eor With a
ontroll r can haYe an i nactive node when power is not

re@@ %O”HS’ IBF BLFURQ! 818N 0ad and an active mode when
POVEH012] beFH%%d%&‘@oﬂ?rgi S)Js'ﬂarﬁ f&ﬁﬁ@ncl@@é&ﬁ mté%&a?&ﬂ?‘mlter

enbodi nents, the user interface dul e can
thamﬁprcmnammabdy sefdydeans |pedelcnon¢mtso M\ﬁmdthfemngnah@mng

Ak k. A SO Bl B B A bR oy v
opbe&orpﬁhﬁmug)u&e m@gl’en'mhlhgrpsomd Tisecomntnslier ladesahynclude a
usgp%?lrlfanc aassléﬁ‘%ly %§O2C|fr]1 |rl]J anog scrolllﬁg? ’ arQc:roll increment
1314, scroll decrement 1316) for advancing through temperature set point
choices displayed to the operator on display. The embodiment illustrated in
Figure 13 is a three digit display 1310 but, in other embodiments, can be a
display of any number of digits as required by the process application and the
parameter limit being programmed. In some embadiments, the user interface
1302 can include an on/off control 1318 for activating the control display.

[00128] In another embodiment, e.g., for applications not requiring
frequent resetting of thermal set points, the programming module can be used
for the initial configuration and thereafter used as a portable programming

unit. In this embodiment, a cover 1702 is installed on the controller housing
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15 controller without interrupting a current process.
[00120] As the user interface assenbly is adapted for
rel easable coupling to the controller housing, the

user interface assenbly can be utilized for coupling
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nor e han one control l er at Separate I nst ances.
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Oné'tcbt\{rélﬁq 4@p individually interfacing a plurality of
con ers "inplenmented in an operating application.
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| Ca ot her ea

passi YE"Vi"ElaP 9 nd or ture unctirons
prdgnammethsvomea chagral edenaitora:dneeb pdsitionf ul | f eat ur ed user

con O3], SRk R oo . 12 4RE Fop HiRrecRagoduge & "

as§&NbROII0erfoNg BoivBe comrdliRVRicltisitRE udb SRR REeWMdUBING t he
30 controller housing for selectively providing power

138 dhatds p@watesfu@mtpe P@ntéO||@®\N@ﬂSln@é§04An§dh@tvlé |d|e&erch|able
|
froft SROST et it FodiPRhd B pIEBI iRt Eontraler 1300

Asmhmrn lbrye ti$er ipleviace bowsiog 1303hm:lurtmta dllsbkaly arudcusaadmua
interface connector r unit can al
SN 8¢ hEllee SRR ShE el bricR ot sio W s RpRedR for
colpig] emeRAfdags thddonPcRIrOVTHY Mkrantbifatd hovsi vﬁ Bang
function in response to a threshold Iimt and erein

inqlyde arePr Mere iabsc V2 &ipilgry fanetiral ghyserlcorringei vi ng
fedtBffs thAP4fe cdn‘ﬁgbr‘gé@'fﬁﬂpﬁ\/s‘r@dug?nc}e |?§1Mggsﬁl'él %%JP%Q#A

conmmuni cat e recel Firmt o the
holusimgtterthe BorftdieRBpuding 4864, enbodi nents, the invention

can . de, a_net hpd, of wer_ con roIIer

Can ISRt iy FADE Shi LSk B ORI asSRRblE! LS
13@%@@@%@@&% mu's«/ngdns\@xs m@m@stm tRisReRTplarpad

i ncl udes rel easapl cou user |nterface nmodul e
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cop BB R0 (U4, Vo SR8 0 550 461t o
theahsmbienof cdgsingeates Y0hmay hesreore opass thaol thokenddditionally,
other types of coupling fasteners or methods can also be utilized to releasably
couple the user interface housing 1303 to the controller housing 1304,
[00132] As noted above, the user interface assembly 1302 typically
includes electronics to support the display and user input mechanism
functionality. In Fig. 16, one example of such electronics includes a printed
circuit board 1504 that hosts the user interface control circuitry and
programming electronics. A human machine interface (HMI) or user interface
1602 is positioned on the under side of the user interface module/assembly
1302 for electrically coupling the user interface and the electronics therein to

the controller housing 1304. As shown, the circuit board 1504 can be
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user definable paranmeter value via the user interface
nodul e and communi cating the user definabl e paraneter
value fromthe user interface nodule to the
control l er. The nethod further i ncl udes decoupling the
user interface nodule fromthe controller housing and
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ofrg. N 88U REr 1B RUE oA WRRiINRAYRHehRB%nd configured for

coupling to a connector. The case can include, in some embodiments, a

biasing cavity such that the securing portion is defined by a portion of the
case between the biasing cavity and the opening. This can also include a
flexible portion of the case configured to flex away from the coupler upon
coupling of the connector with the coupler and to provide a biasing force
against the connector portion when the connector is coupled with the coupler.
The case and the securing portion thereof are configured for securing a
portion of the connector when coupled with the coupler.

[00137] The case can be configured as a single unitary case or

housing body or can have one or more case housings. In one embodiment,
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(00125] As noted above, there can be nore than one
power controller adapted for receiving the sane user
interface assenbly. In such cases, a first power
controller having a first power controller body and a
10 second power controller connecting a second power
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maaner the sane user interface assenbly 1302 can be
PaYEn Fgr nore than

[00139] In some embodiments, as noted above a first coupler can be
configured for receiving power from a power source and a second coupler can
be configured for providing power to a power load. In such cases, the first
coupler and the second coupler are color coded to indicate one as an input
coupler and one as an output coupler. For example, the first coupler can be
colored black and the second coupler can be colored white for easy user
identification. Of course other color or color designations are also considered
to be within the present disclosure.

[00140] In some applications, female/male or male/female standard

couplers and connectors can be used rather than customized versions
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one controller 1300. [00129] In another enbodi nent,

mul tiple power control systens 5 configured with

mul tiple user interface assenblies can be deployed in a

dai sy chain fashion using the comunications

interfaces 1312. In this configuration, a standard
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three coupling tabs 1502 configured to
bsﬁ€3| NFW% touple to the controller housing 1304. It

shoy0d141t] uindsnsd edbotinéntssepeked dandrol Bydtbm ladd a pbaver
nor e. or

th unber . of co i ng, tabs 502 may be
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coupl e the user interface housing 1303 to the
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Iec Fonics port the~di's user

fdnegfearmlamzeémothe @oabllet gnd havikg @. b|a§ng tpomoelxlw@ﬂed of
such el ectroni cs includes a\)o i nt 30.circuit board
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[00142] According to still another aspect of the invention, a method of
operating a power controller having a housing enclosing a power switch for
receiving power from a power source and selectively providing at least a
portion of the received power to a power load includes inserting a connector
into an opening defined by the housing enclosing the power switch and the
controller, flexing a securing portion of the housing proximate to the opening
during the inserting of the connector into the opening, and coupling the
connector to a coupler positioned within the opening. The method also
includes securing the securing portion of the housing against a locking portion

of the connector following coupling of the connector to the coupler. The
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the controller housing 1304. As shown, the circuit
board 1504 can be 37 protected with a protective shield
1505 that can include an EM shield. This electrica
mati ng can include coupling of power and conmmunications
meftradiesninciude apsepressing tcaoekiaggottion of dimé conmexntor, flexing3]
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Fig. 17 can be 15 provided to nount to the housing To
electpaheennandivitys upon eeupling ©f thepcnnecidide the eeupiefehe male

oo Bt 7% K SntuSheoho BFPR0 Qi BePRT 1880 e
security of Ibeking 341019 06atf the coaplef 11908 exlséaure teg edrnrisatprao
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arrh3robé- s1idBs 08t & AdrhS bf {HRUSREnY kA1 SEEWMRE HRY talRed RIA 6fARe
|oc£<§%él§% In some enbodi nents, a housing assenbl as a
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include a flexible portion of the case configured to
1908 exdaated torreeeive Be Sclprgiiast canmestord808! i ng of the

?g?i’@%ﬁﬁ V&éfgrrhlg;%ow{boll:iﬁr 25‘,”(8 ptrgvemt ?}Yérﬂgtu?e Bis@%ﬁ‘&tion
thereby lengthening the cycle life of the number of such connections and
disconnections, a retaining slot cam-like surface 2002 can provide a
compressive force on the male connector locking arm as illustrated in one
embodiment in Fig. 20 and a second compressive cam-surface 2102
embodiment in Fig. 21. Each embodiment of Figs. 20 and 21 include a biasing
cavity, 2006 and 21086, a biasing portion or element 2004 and 2104, and a
retaining compression cam surface 2002 and 2102, respectively for retaining
a coupler 1908.

[00145] Referring now to Fig. 23, one exemplary embodiment of a
power controller 2300 has two connectors 2302A and 2302B coupled with two
couplers (not shown in Fig. 23) and retained by securing portions 2004A and
2004B, respectively, of the housing 1302.

41



10

156

20

25

30

30 agai nst the connector portion when the connector is
coupled with the coupler. The case and the securing

portion thereof are configured for securing a portion
of the connector when coupléeéd with the coupler. [00137]
The case can be configured as a single unitary case or
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pobﬁoﬂ@ft’h@%n%ct%r Fathin@F Ro RHAP AR sHWR, tﬁ@@@ﬁ%c? 02 is

housi ng. The securing portion can Include a ange or
stiicatiplad to she taeplent o wﬁlmthﬁr@rmesﬁ@ommmm 2ﬁ0ﬁabavm@n

ek SRR 2008 EfidhdecTi e RuniT O TS Hikel o

sHowenthblhusibgy 13ﬂ2ﬁhdldé§mrb|§§mg bavityoruoscthat flexdd0bIBbwAs
is well known, the one or nore cases and/or housi ngs
the SANBRCIARIGEKHE anet 24064p Pass HHP‘%B‘P%‘HQCO ifae eppRgctor g%ﬁﬂ@

wiiSthd dRip y&@qu@@ﬂ@hsfetamgp ERSSulA @@oe‘»emﬂr%gqg bfa%rthe

encl osi n any electric conponent and can include, in
canngoige focking: aron R406 witplai asutriveand dorce ladter noeplinigdn segure

nBRHGhe 381 ERBImP1R SATHE UL Rl SREEEINEIdhg

bétmdwtren‘oddngm $906 vtheconplee190& rh tigs naatthes esushi afer
mgortlons ca

ow ded for separately, securin
IPRANeFar E’GEWQ&%‘( 4q5d?3539%trﬁﬂnée gﬁﬁ @'t'% Biesidheg
st itPAVEhE QB&ﬁﬁ{godorﬁcSH of tRE ‘Pm'o\ﬁé’ﬂ@ 1@@\29é'nsqué§Tﬂh§t fPféWer

source and an out power connector for providing
cqmmeﬁormktrmearmaég staaal compleduithel emplaryl 908rundesseuser
e [
PRSI S PSSk SorBPEbeBkhe
wh024mmhwdﬂﬂpumuM£nTmmm or output power but can al so
provi de one or nore sensor signals, such as
t enper at ure sensor signals froma tenperature sensor

P@ﬁmmm@r\mrbébés ankd B fliroRmdnP0139] I n sone
odi nents, as no e above a first coupler can be
[00147] Referrmg now to Fig. 22, a computer/processing system for

one or more exemplary embodiments of a controller, limiter, and/or user
interface module of the present disclosure can include a computer or
processing system 2200 having a computer 2202 that comprises at least one
high speed processing unit (CPU) 2204, in conjunction with a memory system
2206 interconnected with at least one bus structure 2208, an input device
2210, and an output device 2212. These elements are interconnected by at
least one bus structure 2208.

[00148] The illustrated CPU 2204 is of familiar design and includes
an arithmetic logic unit (ALU) 2214 for performing computations, a collection
of registers 22186 for temporary storage of data and instructions, and a control

unit 2218 for controlling operation of the system 2200. Any of a variety of
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configured for receiving power froma power source and
a second coupler can be configured for providi ng power
to a power load. In such cases, the first coupler and
the second coupler are col or coded to indicate one as
prms‘smp including pt Eastihdse fremaBigital E:quipmtent‘, upl, &P SEFor

exa the fi co Iored bl ack and
Freg AR Mot NESt. 1BRRnEX S0, 2P Anele R smed iy
pr%féﬁ_@ﬁ Ifcﬁﬂt thatG R 22@.I Tl lll&@tré?tg@ @mduz;@:rﬁéntcuf tﬁ? :lqrﬂfenttl%n

esi gnations are al so consi dere 0 pe within e

Opﬁfaéégﬂ’f‘ a&i%r%&ﬂ stempsieaigned o Q%H@“QE'&I toaqyi Pikese
pr& &R/ piRkSny. mal el femal e standard couplers and

connecCtors can be used rather than custom zed versions

39 {04801 . Theomemesy aystem 3296ganerallytinelLdes high-speed

e by B2eh B RIRTE mefi 85 SR Seieetin@iory
(RAM)(amd read st mren(d\?%l(m]gn)ﬁgﬁﬁbwh?iofr devides (dnd ss@ndary
SR 36 2R A Mbtha ARG 1o RISes MAshiTas S6a08s MABPLARES o
hatd e@w t%ﬂQZCDER@M”ﬂ%Eh Wen%rgpé’(%' At PBtHEP ABERE L isat 244

each aVI ng an el ect rical onductor. A connect or
dat@uwn@@lwrﬁﬁaizmegwttm opticad oupiheg rensating408diasThe main

SRl 204 S S0 DB BB AR il e
th malglb,addnb;ﬁla;z deumengh@selr $k'liumi icd:fthé het wzlamlogmz:c@othst thg can
i ncl ude, ha a camlike e imlar feature to
MEPPE YL CONASADOMRIISE oIR8 HIesNRy e (PP UIE
had/RfgUd l/é‘:%t?%'fbto%‘géi%;bm,&onnectl on and then to provide
a conti nui n1gr¢€b| as to the connector | ocki ngaarm 2406 to

secUp@18lie inpet device 831G ard aHipubdewce 22321a6@ RIS@ or
famﬂ%lfgﬂd%gﬁ'bte' Prﬁaﬁﬂgéﬂgght*aﬁs&&é‘t@h%hths 19c 1Iaz,‘d°rjé Jﬂg% he

securin e connec l'oc arm
m@rfases:laslwmh\mrajcodiﬁoﬂe@%mb}e bpera o | sybiedn ancmbseraalons

BB e 9P BatPl: g diouf e80FS 2243 P GAmeF sp ausyboard
a FrRRiE V2 Bhy it RN SBAYE efgournanerdpﬂoaep@waddqad in
response to a controller. The cou is configured

infegeonceaind tﬁgh@ SORWUEIt220RAIa 8 mﬁ)@g tnde rfaged222hdu @gu HdPYtor
h

d ous?%l;z1 %enf Stk g&paglzzoﬁJ pl’e aqj?)g(teérgi %é@%@?%e?\’{%@fers#g?ﬁer),

etacarebise tnterchenedap te theacunhasi 2202avibiaasiuigutpoieriaoe 2226.

SR e P AL Sl RaSBUR! S oS B {00 SY Lo
and/or output devices.

[00151] As is familiar to those skilled in the art, the computer system
2200 further includes an operating system and at least one application
program. The operating system is the set of software which controls the
computer system's operation and the allocation of resources. The application
program is the set of software that performs a task desired by the user, using
computer resources made available through the operating system. Both are
resident in the illustrated memory system 2206. As known to those skilled in
the art, some of the methods, processes, and/or functions described herein

can be implemented as software and stored on various types of computer
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portion of a connector when the connector is coupled

Wi th the coupler. The biasing portion is configured to
secure the connector in the coupled position wth the
coupler. 25 [00142] According to still another aspect

of the invention, a nmethod of operatl ng a power
reagdahierBedium afsarRUiST BRI e E1sdEEINRy MV switch

emBS imdrfS 6f tﬁbgﬁg@?gﬁﬂtr&;&@}e@l g?gﬁfbeggﬁlﬁ{%n%lg heﬁein the

ectlvely I on of
commﬂer ozdinphbwera tobust preseting amﬂapmtﬂaUdepromemham the

corfiRRE ErettatE R RENSRERY B didRE RrblE IR
corftoiist gviees.oxdHitidrgliposid onmofe bittte hsuas and r@ﬁotel ﬁ@dre_ to
t he openin durln the inserting of the connector into
intgriae eép@ﬁrﬁ@onsaﬁa/at @priragoteerera M N ANCBRI er
am?ﬁ@io&ﬁdéés gnaatioh's%ftm'#e E%érﬂgwnﬁ%nﬁﬂﬂté‘ro&éﬂu%le

_ ecuring the rin ortion of the housing
instigetionst a &hih @b&mtmg)pﬂ:oattqncfnr ocnmtrhmlqacng @odantefastivelyi ng

ongial iR 5o e G RB RS A5 o ar HELE g 138 o Boamge
t he[OOQBZI]ECIrMGcodee&?dethh mbmrSGtWeSIdﬁ@emmrntslsknledfm theeart

housi ng upon the conpressjng, W thdrawng the
of GIREE Brpgfarrﬁ'ﬂﬂ”lgméh% ESERGNVeRiPNds SEHI'Q‘?%gb?qﬂ\é{ with

refa%e@% VmbsIRMMeb e eh 4B lof ob&%@féﬁ’é tHAR QFJ‘SéﬁWbmt

he pr esent I nvention can provi de for
comnu@nr spRNe? 0o SPck Speiations aeesemnetimes mfysred ato age&xsingn
corﬁEuf P—%xgﬁﬂ&?qg fi becgﬁféﬂehafed?tﬂgt @ngoo:b%réltkb%sﬁwﬁeh %E'e?‘ 1306
I’TB?| e connector an emal € coupl e accordin
syrakeligalarepresdrek nmhldeometdm“pmmn bptheaCP U IQOAsmfr at ed

be.ynder st t
eleghical B TepERSng date S Snd e MEUIRRaTE Srdan banah: s
me@ﬁcﬂy%@«ﬂoﬁ@ﬁsﬂhelrﬁemamwseém v268CHs WBE b%ﬁﬁerapré@essmg of

correspondi ng nunbe conduct or positions 1901, each

sigpatsvil be ﬁgerraorwéeqaﬁ@ns é\mf@ drieditscarn maaipiainad argpaysical

sl B nAle, bR QAP BRELRa badfio e prdRERRR, .y

cosésmtemngytolthé tiataalvltsr Tae lmmmlon rmgndue |h1pdﬁme1rgetjam)a1906 of
pp tQ secure, 02 ? ctor to

pr%&sam %r Kl 65‘3 %'@H“F'H%%%@% {ptHGHoRS B 0'1908 t he

comPOReGEAall @ HRIIUR. PHidtdBPdtebtd ARDIOMREHIUM CafBedinytdie
securing tab 1906 with the tab edge of the | ocking

thg ¢epdpesaPip POOWinationraf e 9vees WeseiebabavednLOBNLEIHRY
wuthghe ?T%?ﬁorg% sBEFY¥SE5.t he connection. In Fig. 19, a
n connector 1902 and coupl er

[00153] It should be understood to those skilled in the art, that some
embodiments of systems or components described herein may have more or
fewer computer processing system components and still be within the scope
of the present invention.

[00154] When describing elements or features of the present
invention or embodiments thereof, the articles "a", "an", "the", and "said" are
intended to mean that there are one or more of the elements or features. The
terms "cornprising", "including”, and "having" are intended to be inclusive and
mean that there may be additional elements or features beyond those

specifically described.
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1908 are illustrated. However, it should be noted other
guantities of positions 1901 in the connector 1902 and
coupler 1908 are also within the scope of the 20
present invention. In one enbodinent, the coupler is an
8- p{B0155pn Thoslskilled irPHS awlﬁmtredog]rﬁ)zer t?!@e'vamhomhanges
8-position connector 1902, [00144] Referring now t.
capt Mage i S GhETEIRTY STRHITPRS AN BRI TBIPS dRAcEBs0
abb@&UitAE M dupatity fFoffltke Stope 6f the R/eRUIREACREdiRYFNall
connect i ons an di sconnections, a retaining Slot
mattahcontainestin the abogndessiiption ovshrwmintbe asepmeasying
; [ As. 1 rat ed
dr§GE sROulBS (TR e R L Sl S be HL A s 7 Ve
cam[GAA5Bicét ig irtherdobedinderstoodhthit the s2éps &esdribed herein

embodi nent of Figs, 20 and 21.inc|lude g biasin

arg DY EE S8 Ua aS 3 psRssa o et ing BeF praRTHNGE e

patdaraiderdisthssad dr Austratedl Ridals6 BITPE BREéRPbbAMas U f ace
2002 and 2102, respectively for retaining 30 a coupler

adddignal prltensitivestensimay bagmrleyed. g. 23, one exenpl ary
enbodi mrent of a power controller 2300 has two
connectors 2302A and 2302B coupled with two couplers
(not shown in Fig. 23) and retai ned by securing
portions 2004A and 2004B, respectively, of the housing
1302. 41 [00146] As another exanple, where the case can
i nclude two housing portions, Figs. 25 and 26 show a
di sconnected two. housing case as shown in Fig. 23,
but with a single connector 2302. Fig. 25 illustrates
the connector 2302 coupled with the coupler 1908 such
that the connector |ocking 5 arm 2406 has the securing
hook 2408 engaged with the securing or |ocking tab
1906 of the coupler 1908. Fig. 26 illustrates the
operation of the securing portion of the connector
retai ner housing. As shown, the connector 2302 is
still coupled to the coupler 1908 with the connector
| ocki ng arm 2406 having the securing hook 2408 engaged
with the securing tab 1906. However, as 10 shown the
housi ng 1302 i ncludes the biasing cavity 2006 t hat
flexed to allow the connector |ocking arm 2406 to pass
during coupling of the connector 2302 wth the coupler
1908. The retaining cam surface 2006 continues to bias
the connector |ocking arm 2406 with a downward force
after coupling to secure
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t he connector | ocking arm 2406 and the securing hook
2408 agai nst and 15 behind the | ocking tab 1906 of the
coupler 1908. In this manner, even after the connector
| ocki ng arm 2406 has | ost sone of its initial bias or
has | ost some of its flex, the securing portion of the
housi ng 1302 ensures that the connector |ocking arm
2406 stays coupled to the coupler 1908 unl ess user
i nteraction forces the securing portion to flex away
€kOWP he connector |ocking 20 arm 2406 and the coupl er

g?m(ﬁg i ontroll er Processing System and

nvi ronnen 00147] Referring nowto Fig. 22, a .
conmput er/ processi ng systemfor one or nore exenplary
enbodj nents of a controller, limter, and/or user 25
i nterface nodul e of the %P%@%ﬁ?orﬂﬁoié}’%gm@rﬁ%ﬁ'ﬁ”ﬂ%cI ude
a co ssing system 2200 havi ng a conput er
2202”?ﬁ§?“€@%ﬂ??§@§fat | east one high speed processing
uni t @QGrRW)er220ith disposedjwithir thencomittolie ahoneximg gnd genkgured for
%%qg.ig}erconnected Mﬁth at | east ope bus sfr cture

BEIVENPTOMITRY BRYF oM PR TSP PN, PRUET 18801 ce 2212.
These aanaitR HisH RER Withiretheosureoliedhdsiad cord u#&ﬁdr?@xﬂding a
bus structure 2208. [00148] The illustrated CPU 2204 is
lonit pwitthinafurgdiondgn regrpnisa de adereshald lapititamet i ¢ | ogi ¢

unit f 2p £ Of i tatio .

col | defralo Ehoagta BERLGS BRnEPE SR jansed iy
cattl Yo st hoed bpaatioandf theadntrobdystemi theZebhdrofler controlling
controlling operation of the system 2200. Any of a

, , Yy
YIgrmoutsy syAtch 4o ﬁ?@@%&%bﬁ%'%t@oﬁ%réfom SBPOVALSPHY hd
R B Y BTl Ryl st (TETAER: Siorhbane ) ler
ecefving @de¢ard tehepeCPUr 2igdal, Dhth of thadirstaneldsesobddémpatature
of the invention operates on_an operat| syste ,
0915 Bl EopdSpRe b b ongs e Atge buh Tae ppeLlbad,the first
P asdnasten]2PAhR siGhelsmRmYy Mtilgka bepoiR e estadial to/ensure
i ncl udes hi gh-speed nmain nmenory 2220 in the formof a
PROBEURNRATAIUAS Cpaleigththe pewsr tpaamang the RaNier imenswadhe safety
mhgs %y (ROM sem conductor devices, and secondary
storagg\ 22 in the formof long term storage nedi uns
such as floppy disks, 10 hard disks, tape, CD ROV

A ashz‘rrem)ry, etce. %Hg gy}sl?e% Slfe\éﬁa?rﬁsﬂmtere?rﬁ Oh& controller housing

includes a cavity for receiving the power switch, the limiter and the controller therein and

defines external maximum dimensions defining a volume of less than or equal to about

24 cubic inches.

3. The system of claim 1 wherein the power switch and limiter

are each configured to selectively provide power to the load independent of the

controller.
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data using electrical, magnetic, optical or other
recordi ng nedia. The main nenory 2220 al so can i ncl ude
vi deo di splay nmenory for displaying i mages through a
di spl ay device. Those skilled in the art will recognize
that the nmenory system 2206 can conprise a variety of
al ternative conponents 15 having a variety of storage
capacities. [00150] The input device 2210 and out put
device 2212 are also famliar and can be inpl enented
associated with the |ocal and renote user interfaces
as %ell as a cont dbelsgstenr@mbaie bpbesin tiedimitey stabrdesradplurality
operations system by way of exanple. The input device

of 28&0 defimald® ipresBeld ainkiesy boarisl,confdlrad rfouseceivingployis i araimore user
transducer (e.g. a mcrophone), etc. and is

defindted coesetd Bditd fotnemepetpfiralti? 02usdralefifabl@ fiteshold limits.
interface 2224. The out put device 2212 can conprise a
di splay, a printer, a transducer (e.g. a speaker),
etc, and be interconnected to the conputer 2202 via an

outpgut interface %ggQgste@mléjﬁW %éﬁelﬁﬂﬁhlﬁ%r%ﬁlﬁéw Klurality

adapter or a nodem be used as i nput

of ?%Q%Id q‘fﬁ" Qéﬁngi QR&Ef&]coA‘f\%/dr§em nﬂé(%ggrnigté’ Ilh—hosc\ﬁtc%m bfidtion in

, the”computer urt I ncl udes
%:!%n%@% i Ev% o?r¥ﬁc§r8'6‘f ﬁ{bdm% ! eo??r’ire ﬁ'sb@ﬁgé on
operat1 ng sys dm i's e se of t war e
whi ch controls the conputer systenis operation and the
al location of resources. The application 30 programis
t he _set of softmar t ha erf rnB a task de i red
usef: using conp Sr P §‘g gnrga%erﬁ\fh @ert'ﬁr%h&fﬂured for
e oper atln stem Both are resi dent in
prwf 08 t& %ﬁfr\%wu%?@f‘éw?mse,&% AHTBNGT Q%‘”Ph%'@@a' and wherein
skill ed |n the art, sone of the nethods, processes,
theysantspller ish sonfisivsed) & ganseatingdheilimiteg ANty S9f7l émEpRsgse to the
as software and stored on various types of conputer 43
thiegheledimdt. medi um as conput er executabl e instructions. In
various enbodi nents of the power control system
descri bed by exanple herein, the controller can
i nclude a robust operating and application program
havirng the conputlée spsesutcldlami hstheoeihitbadinfiter is a safety limit
controlling the controller and the 5 controlled
cirdeivi ces. Additionally, one or nore of the |ocal and
renote user interfaces, operations systemand renote
operati ons system can i ncl ude,

8. The system of claim 1 wherein the limiter includes at least

one of a high limit threshold and a low limit threshold.

9. The system of claim 1 wherein the power load is a heater,
further comprising a first sensor input for receiving a first temperature signal from a first
temperature sensor associated with the heater and a second sensor input for receiving

a second temperature signal from a second temperature sensor associated with the
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anong ot her application software prograns with conputer
executable instructions, a thin client application for
communi cating and interactively operating with one or
nore controllers as descri bed above by way of exanple.
10 [00152] In accordance with the practices of persons
skilled in the art of conputer progranmm ng, the
present invention is described belowwith reference to
synbolic representations of operations that are
performed by the conputer system 2200. Such operations
are sonetinmes referred to as being conputer-executed.
hegter,whereipdhameneelieatasd inter eepl regRiveathieohst iRAIRERAtEFaesigmr! and
synbolically represented include the mani pul ati on by
thet RecappUEZRBAalvfe sédnettandcwhersingindl §mitepiresdasi g Hattaswitching
bits and the mai ntenance of data bits at nenory
furlcberatim gespanset toetheretirer pnd yascemd 2a0p6¢raaise vignalasndt ther controller
processing of signals. The nenory |ocations where data
comirdls thaer mowai siitah ivecksporsepibyise st and seainddas petedtretségnals.
particul ar electrical, magnetic, or optical properties
20 corresponding to the data bits. The invention can be
i npl enmented in a program or prograns, conprising a
seri@s of instructrh@rgstehO6Reaih 1avhdromPHk oW adabliea heater,
medi um The conputer-readabl e nedi um can be any of the

furlRY iC@RIin®a fere8iplatdr QBcéNing RetePElA6% sig88 Grdrh @temperature
above i n connection wth the nenory system 2206. 25
i I d Sk | [
sshOF bobloc bk PELERCANIALS, LAY LAl ener
wHAFS S PR ALl it (Eaé’tefﬂrg)ve‘?atUFH fniP randfvﬁ%%in%ﬂé’ﬂr‘#ﬁt@( proyides a limit
processi ng system compon i1 n the

ents and st e vvlth'l

s BE8RT sl B R b U190 b coemt 30

i nvention or enbodi nents thereof, the articles "a"
"an", "the", and "said" are intended to nean that
there are one or re of the elenments or features. The ,
terns "conprisi ng%e"ﬁyﬁ@l"’béfﬁ@"m 1 nwﬁerﬁg\,f%serbspé input s a first
intended to be inclusive and mean that there nmay be

SeRRRli PPenir TeFeNBAtS Tint IPEREIAYS HERDNEPT HodEst temperature sensor
specifically described. 44 [00155] Those skilled in the

asgpgiatg |withy gopariel WHBEr CRIPRIEIRG ehwasged seaapr Heuhiiaeeyving a
t he exenpl ary enbodi ments and i npl enent ati ons descri bed

second temperature signal from a second temperature sensor associated with the

heater, wherein the limiter receives the first temperature signal and the second
temperature signal and provides the limit switching function in response to the first and

second temperature signals.

12. The system of claim 10 wherein the controller includes a low

temperature alarm module configured for receiving a low temperature threshold,

receiving a measured temperature from a temperature sensor, and generating an alarm
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above w thout departing fromthe scope of the

i nvention. Accordingly, all matter contained in the
above description or shown in the acconpanying 5
drawi ngs should be interpreted as illustrative and not

inalimting sense. [00156] It is further to be
understood that the steps described herein are not to
be construed as necessarily requiring their performance
in the particular order discussed or illustrated. It
Is also to be understood that additional or
in gispensealoi the recedyest magsused éemppergide baisg Gsaltvan thahlew tesperature
claimed is: 1. A power control systemconprising: a
threghmtid.ol | er housi ng; a power switch di sposed within the
control I er housing and configured for selectively
provi di ng power froma power supply to a power |oad; a
limter disposed within the controller housing
conf3 gured for promeédsygera of igdifh IWwhehdimgthBunegiiteonndlides a
response to a threshold Iimt; and a controller

methamesied|ay ¢dnfigutcdentapiirial reSforReus iR imitn ERABIHIAHED close in
for controlling one or nore operations of the contro

respERLEM theheniCPRishBd Sa G4 @cwhg oftfiEirRauer switch to
sel ectively provide the power fromthe power supply to
a power load, the controller receiving a first
tenperature signal and a limter receiving a second
tempgrature si gnae ROLBAOL A { Whate®R BAEARGNOL is selected
tenperature signals berng fromtenperature sensors
associated wth the power |oad, the first. .an and
o g et R S BTG RIS prsatiy ity Bne S 870N
controller to ensure proper tenperature control of the
power load and the Iimter to ensure the safety of the
system 2. The sy%gen1of claim 1 wh rehn the controller _
housPng i ncl udes '88cAVSIEY ©96r CREE el vIVAFESI e BoRewer switch is
switch, the |imter and the controller therein and.
copligyrfe Or Setastinely PFRVG RUIRPYEHBTSPRANSE de AiSHiteh CoN@) Sign#! and the
of less than or equal to about 24 cubic inches. 3. The
coglyeltesin eAnfigluegdiPn denrsr@ntheswitpheertradwigngh and i miter
are each configured to selectively provide power to the
| oad i ndependent of the

16. The system of claim 15 wherein the controller includes a
processor and memory, and wherein the controller is configured for generating the
switch control signal in response to a control function selected from the group consisting
of a proportional, integral, derivative (PID) function, an adaptive PID function, a
proportional function, a proportional/integral function, a proportional, integral, and two

derivative control (PIDD) function, a feed forward function, and a feedback function.
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controller. 46 4. The systemof claim1l wherein the
l[imter includes a plurality of user definable
threshold Iimts and is configured for receiving one or
nore user definable threshold Iimts from anong the
plurality of user definable threshold Iimts. 5. The
systemof claim1l wherein the limter includes a
plurality of threshold [imt settings and is
configured for providing a limt switching function in
response to the two or nore of the plurality of
threshol d inmit sEe byRjem &.clame! sstedmifef pewer switch includes a
wherein the limter is configured for providing a
switdhrmil¢visavselehied grdnuriog igooupi consessipgse camtactdrn, m@i tebay, a solid state
control signal and wherein the controller is
devios)fal iglifeedvittby a genamatwitch, tthe al dam $witchcontrol signal in
response to the threshold limt. 7. The system of
claim1l wherein the limter is a safety limt <circuit.
8. The systemof claim 1l wherein the Iimter includes

at {gast one of ahdikgheh ¢ridaithr asBRliE tnPoRel SWItdH Atludes a
threshold. 9. The systemof claim 1l wherein the power

reIéPaﬂth'h?r ANNERRE an écré”rte'agéﬂo‘ho'ﬂ@éy SIRGoR cfrl:u@tdnsspﬁi%t%@rwnhln the

recefving a first tenperature signal froma

corﬁtHl B3 hoﬁs@rg@@rr RbES m?gle ! pup a??c?sgcdo%%fjp%t%rbf ttﬁleerehaﬁ/at er

a sec sensor receivin a sec
tenperature signal froma second tenperature sensor
associated with the 47 heater, mherein the controller

and,limter each receive th erature signal .
and Egt he second téﬂ%é@?[ﬂ 8?%\86?] Lﬂ'ﬁ'@pmg}p&swgt%gjser interface
ter provide imt s

moguEoin b S5 ETeriate ouRaS BB g P Bife PGPS 6P hinesconfioured
and the controller controls the power switch in

to proy s BUmaN fMaehine igterapg t%%@cﬁ?@”?'éer’fﬁ%rr @P%‘W@géﬁﬁﬁéﬂ%‘t including
10. The systemof claim 1l wherein the power load is a

a \eeg efr the thigsheldrimih élqipeignigrisemsweulien fig caniolleretsingngnd the
a tenperature signal froma tenperature sensor

contsd et ibatrgocanifigredHer rrieasable empling obthepuger finterfpeeipdlingto the
power to the heater, wherein the threshold Iimt is a

cobleotige hatsing ahil tfhe ysexriotevihes giodulerand thericoeirolfar deingesnéigured for
limt switching function in response to the

eldorivply adndr eclsaggbyl coddingTihe s¥st ietariate cihadue 110 thieecentroller for
the sensor input is a first

communicating between the user interface and the controller.

20. The system of claim 19 wherein the user input includes a
display for displaying an operation of the system and a user input device for receiving

manually entered user commands.

21, The system of claim 19 wherein the user interface module

includes a data communication interface for communication with a secondary system.
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sensor input for receiving a first tenperature signal
froma first tenperature sensor associated with the
heater, further conprising a second sensor input for
receiving a second tenperature signal froma second
tenperature sensor associated with the heater, wherein
the limter receives the first tenperature signal and
the second tenperature signal and provides the |imt )
swi tching function in response to the first and second
tenperature signals. 12. The system of claim 10 wherein
the2zontrol | er i nThadegstem! oW clhienpet atfuttiesraliddindingdel eystem
configured for receiving a |ow tenperature threshol d,
iden@ficitivh MEbc TRAYEhEGh G BRY Sk entificalidriol @ Pe Hatadotnmunication
sensor, and generating an alarm 48 in response to the
mté,%‘c%i,ved measured tenperature being | ess than the | ow
tenperature threshold. 13. The systemof claiml
wherein the limter includes a nechanical relay
configured to open in response to the limt threshold

and,to close in ﬁé%&%ﬁ BPFIEWZ m#ﬁﬁwh{hgs%%qurggﬂgce module

upon a recycling o

4 5t g B MR BB TR 40 v
mdity em of clalml

th% ﬁ’é BoRhe? ”es\%gtacl’{‘sué‘ Ot!Elb?H d&uF%?@%P”s@i’%t‘?%@l‘t aeVice are being
prowdlng%%ﬁ in res onse to a swtch control C?{Bm
CogiRTEh e ?treoq b nodl %‘ﬁf‘uog’ﬁﬁuéa” %Poﬁ%?n@rtﬂ?u Atf ¢munication

~switch control signal. 16. The system of claim 15

IntRFateeiTPCaHRG cHRIVET| BN CTHTHRER igentdicatis gepueshgsignal from the
menory, and wherein the controller is configured for

segem@ragyyignt he switch control signal in response to a
control function selected fromthe group consisting of
a proportional, integral, derivative (PID) function, an
adaptive PID function, a proportional function, a
progértional /i nt edihal sysientof olajm & Spwbereirt thenader interface module
integral, and two derivative control (PIDD) function,

inAudesed skoumarmoduld eohfigurednsl provideeskhaek acogsst ioothe 4Rr interface
17. The systemof claim1 wherein the power swtch

modifé bdesisar. switch device selected fromthe group
consisting of a contactor, a relay, a solid state
device, a knife switch, a mercury switch, and a cam
switch. 18. The systemof claim1l wherein the power

sw bgh includes arhe gystem of claim 1, further comprising a first interface
having a first connector for coupling to an input connector for receiving power from a
power source and a second interface having a second connector for coupling to an
output connector for providing power to the power load, wherein the controller housing
is configured to at least partially secure a portion of the input connector to the housing
when the input connector is coupled with the first connector and is configured to at least
partially secure a portion of the output connector to the housing when the output

connector is coupled with the second connector.
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relay, further including an arc reduction relay contro
circuit disposed within the controller housing for
controlling arcing across contact points of the relay.
19. The systemof claim1l, further conprising a user
interface nodule having a user Interface housing and a
controller interface and being configured to provide a
human machine interface to the controller for receiving
user input including a value of the threshold limt,
the user interface nodule, the controller housing and

theyg control |l er behdgseRRf igugigth fy wirk@as®al eontroller housing
coupling of the user interface housing to the

incft @8t raoéérﬁ—ﬁir%‘gr'&é%%nﬁélﬁeé he p%cf %(’ﬁ&ﬁﬁf&?cé@ﬁ'p%ﬂ%?ﬂof at leas’

the contro el ng configure el ectrically and
. . ¢
ont B B3 Lo R L8 R ol R BB o Dt
interface and the controller. 20. The system of claim
19 wherein the user input includes a display for

di spl ayi ng an operation of the system and user i nput
devf%e f or receivﬁ%@ SW%W@a??ﬁ“@ﬁtér e&g&&hgoﬁwgﬁﬂgfrmu&ng
21, The systemof claim 19 wherein the user interface
INCHGES | % mc?%@ﬂaofé)élpﬁrd%& 4" RTIRT BU{ACEn THTHIGE rqosEREISfNgr @ mounting
communi cation with a secondary system 50 22. The
braggt eanfigured dpmfizadly fieYHBe ionél eiifasg @ gyRweh control operating
identification nodule for generating a system '
enyicment 8@ MawnEvercovnigr didatheo mouniiratiraket ingingr torfigured for
23. The systemof claim 21 wherein the user interface
relaashileemuiuat bogRgeraant] east one of a visual output device
and an audi o out put device and wherein the at | east
one of a visual output device and an audi o out put
device are being configured to generate a user
not p§.i cati on out pUihe isysteespooaien 23 wingethathga mounting coupler and
conmuni cation interface receiving a power contro

th&yolietng ilaokédtfdre abhfjuré® iy esdunshgirdd cdrvened tigusing at a predefined
secondary system 24. The system of claim 19 wherein

distdIReURRN thdbSsrbass eAMbthRnt EMeadedes eﬂa@mﬁwaiyntrmm@weabout the
configured to provide secure access to the user

co?ﬁélﬁﬁé&ﬁngmgﬁ@i%fé%tiﬁg a?hé*%%ﬂ sepatatioSetR¥eh §18 &fntrf%!lléri t uting and

er conprising Irst interface havi ng aftirs

th&8&9§ﬁﬁ£%“&%5n%grg&hng_to an i nput connector for

recer vi owe roma power source and a second
i nterface having a second connector for coupling to an

29. The system of claim 27 wherein the mounting bracket is
configured for mounting to the operating environment surface by one or more different
types of mounting fasteners selected from the group consisting of a cable tie, a screw, a

bolt, and a DIN rail.

30. The system of claim 1, further including a plurality of visual

status indicators each configured to provide a different operational status of the system.
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out put connector for providing power to the power | oad,
wherein the controller housing is configured to at

| east partially secure a portion of the input connector
to the housing when the input connector is coupled
with the first connector and is configured to at | east
partially secure a portion of the output connector to

t he housi ng when the output connector is coupled with
t he second connector. 51 26. The system of claim 25
wherein the controller housing includes a camlike

edgg confi gured t@hé)é%\(érﬁ%f@la%%@ivﬂ%réiﬂrepﬁ?rst Gis@alR@4ths Miicator
of at least one of the input connector and the output

is i@@@é}%&% nCRKpkeH tﬂé’cén'f‘r%l\&r‘?ﬁtsl(eﬁénosy SiL Nt indiFBfr VR RIve of

I
claim1 wherein the controller housing includes a

an W—Véﬁg{enlg%%gﬂgp{)g%a Sh 39 (X 65 SHd 8%Rirg f\?'sg%arl‘%'fatus indicator is

conpri’s nting bracket configured xedl'y

RS Bl koSt Rl o e e R PR I SRy, ot i ng

bracket being configured for releasable nutual
engagenent. 28. The system of claim 27 wherein the
nmoupt i ng coupl er d the nounting, bracket are ,
conjf?é'gur ed for rroﬁﬁ?iﬂ@tefrﬂec’f:;G "ol é’%emsHﬁﬁgC%@tr%\'er housing
~ predefined distance fromthe operating environnent
incyigep o 'yYrality epfaBISTRE ¥ABinenPorts PPiEARashabeut e peripheral of the
controller housing and creating a thernal separation
confealige wusig aamhtoooligwed Heugnalinanambiehk agpew athraugh the thermal
envi ronnent surface. 29. The system of claim 27 wherein
venting paoisranicnapdut deklanitar end powkr guitddwitfon theocontioher haystnige
operating environnment surface by one or nore different
types of nmounting fasteners selected fromthe group
consisting of a cable tie, a screw, a bolt, and a DIN
rai 3. 30. The system of cl & mpdwef ucditer ispstendi fog @ thermal
plurality of visual status indicators each configured
prdcesPhgsistlema il §fsesreabmopen@t i onal status of the
system 52 31. The systemof claim 30 wherein a first

vi sual sf abmrollePHbGatpr s indicative of an output of
the controller, a second visual status indicator is

i ndi catiyeinght péier ifeFaRIRr PHRIVHY SRR 3P pBlvet BSurce;

controller, and a third visual status indicator is
cont 1 ol 1 570 RbyPPR SEEAGE, fP BT dHq ARRIAD oJbeR G
control lfrte(ﬂsé‘%kur}g sensor interface for receiving a temperature signal from a
temperature sensor;
a power switch disposed within the controller housing for selectively
providing, at least a portion of, the received power to the power load in response
to a power switch temperature limit based on the temperature signal;

a safety limiter disposed within the controller housing including a plurality

of threshold temperature limits, the limiter being configured for providing a safety limit
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includes a plurality of thermal venting ports
posi ti oned about the peripheral of the controller
housi ng and configured for enabling anbient airflow
through the thermal venting ports and about the
limter and power switch within the controller housing.
33. A power control systemfor a thermal processing
system the systemconprising: a controller housing; an
i nput power interface for receiving power froma power
source; an output power interface for providi ng power
switehiag favesibn livagsporsé etpes alr imeesE s thriebh@d ftampefature limits and
receiving a tenperature signal froma tenperature

theSRIRENEY t@np@‘éﬁfre%bglnbpbn@il sposed wthin the controller
housi ng for selectively providing, at |least a portion

of , the #egpiryRd SoY&Ied Qnth|hetrﬁ°w{trd”@ra¢wob§‘m§e§rﬂp%§ﬁflgured for
to a power switch tenperature Iimt based on the

SR BeWefoctil & BRlvid drfef bl e b&kevaRpsed wi thin

COBﬁe conIer o% elr Eodgllr@géﬁlclélﬁg?n@%b ur ality of
threshold tenperature limts, the | | mter being
configured for providing a safety limt 53 switching

Lomdrature |t aERSehg Py JauRrahfe sphFae contgured
orlpipodha BT phruiop & Bl eédv”qr#avﬁ“?@ﬁﬁﬂkéé’wse o the
ofiveg %Im'}ageg%ﬁwﬁéﬁ'é%l@ es °%'§[tw§”ﬂr?w§o"re&§ﬁ%§?§£o¥$ fsmperaiure

~controlling the selective providin ower by the
limigWed Udssi @ 8!@“ limitthegsbaldand® ipwdimiy Eeélh(?@d t enper at ur e
signal and wherein the two or nore of the threshold
tenperature limts includes a high [imt threshold and
alowlimt threshold. 35. The system of claim 33,
furBBer conpri si ngha systeam phtlemnf 88e furtmed abmphising riguser interface
user interface housing and a controller interface and
mbailegaciogfa grer éderface poueingdendaa loontesilemarddifave amd eeihgcenfigured
to the controller for receiving user input including a
to\paduiee @thuatanl rmastine® meertdcettbehgptaontaliet for edceiiigead@!idbut including
safety limts, the user interface nodule, the

a Gankr& hereaboust ng taa i va&nﬂwFé%lhb@jf s&relynimeoNthie duee dnterface
for releasable coupling of the user interface housing

m@)&léhﬁlec%ﬁhtrr@ﬂérelﬁod%ﬂﬂgls'aﬂg @@dcém%lléﬁ%ldgn%%]‘fg@ﬁ@d for releasable
nmodul e and the control ler being configured for

cotbfifd bt GRl Lserandh&d RESAR Yo FRUNN B fSusing and the user interface

module and the controller being configured for electrically and releasably coupling the
user interface module to the controller for communicating between the user interface

and the controller.
36. The system of claim 33 wherein the input power interface

includes a first connector for coupling to an input connector for receiving the power from

the power source and a second connector for coupling to an output connector for
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user interface nodule to the controller for
communi cati ng between the user interface and the
controller. 36. The system of claim 33 wherein the
i nput power interface includes a first connector for
coupling to an input connector for receiving the power
from the power source and a second connector for
coupling to an output connector for 54 providing the
power to the power |oad, wherein the controller housing
is configured to at |least partially secure a portion
prooidinightee ipp@et toctd s Peated foddp wh birhibiesiongovdrenuting i$ Benflgured to at
connector is coupled with the first connector and is

leaSOPAtiGHr e8buk® aaportieATr tRENAPdRIdoMnSREUIEthean®@itd Whedfthe input
t he out put connector to the housi ng when the out put

corfflebie & éUup!e% WPk afst dhhECctbNghdSi8 CORtLFEN REST 83t pAttially secure
The system of claim 33 wherein the controller housing

a pPH%ln%’fEfﬁe %n'{pﬁ@%'@Mr'i&t&ro[HRhgrthQn@Q/h%ﬁttﬁé r%u?gbﬁrgé&??ra? coupled

her conprising a nmounting rac ur
Wnﬁ R$¥¥ %nggﬁﬁéé&g to a surface in a thermal power
operating environnment, the nounting coupl er
and the nount i ng bracket being conflgured for
rel easabl e nutual engagenent. 38 A net hod of providing
0 to a heating el enent th d onpri si .
p i'ving power f sys tﬁw §%| 233 W, S nfge con %Iler housing
erature associated with the heatln elenent and
mc@@%@@m%g“% {CeHPIEr RNuf'e exfeghall Sur?é?’ef}ﬁh\‘?éIC?”W'évnigd? fgounting
at least a portion of, the received power to the
Drafiselt Poyiger et foieelhy EEOHES 1© P sHEAGE et Ataifal siogieal controller
conparing the tenperature signal to a plurality of
opgrafieg yenviipekol déte raeunt®s Icbuplel raydt Hee selogoting ebracket being
provi ding of the received power to the heating el enent
configuressiporeseaskoletrhetuabengagemgnt. pl aci ng a power contr ol
systemin proximty to the heating elenment, the power
control system having a controller housing, a power
switch disposed wiwthin the controller housing for

sebgctively provi di ngmetod §33bvidinB Yot o %fheattilﬂs

recei ved power to
element, the method comprising:

receiving power from a power source;

sensing a temperature associated with the heating element and
generating a temperature signal;

selectively providing, at least a portion of, the received power to the
heating element in response to the temperature signal:

comparing the temperature signal to a plurality of safety thresholds;

and
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the heating elenent in response to the tenperature
signal, alimter disposed within the controller
housing, the Iimter being configured for linmting the
selective providing of the received power to the
heating el enent in response to the conparing, and a
controll er disposed within the controller housing and
configured for controlling an operation of the power
switch 39. The nethod of claim 38, further conprising
receiving two or nore user defined safety thresholds

wher ei n hegyer d he heati
or e uséﬁhﬁ“gfffﬁgéﬁ‘%?&?ﬁ FAER e R e e g neat

eIeFAeﬁ'tﬁﬁ‘é? s‘ért &rﬂﬁ%’r\' ing fixedly nmounting a
£

nmount Brac S facein proximty with the

h

hgﬁts: Rg %c‘leﬁgt%gv{}ag cir% rgﬁg %( in Cp(?ﬁwn%%n? ﬁg%trrﬁiobﬁhent the
AR C&P&%‘Fﬁ‘& W?ag@ﬁteggo&@itsai}ah AsPBLE Yitnin e
co@t{oﬁ\éhﬁé& %g}rg%)arc{nﬂ y?pg%@(ﬁ]én\,@ttltlg%t Bor{uﬂré o}”%ﬁqa ?%Stlvfﬁrgegower to

in electrical series connection between the power

theshggiing edemiethio rpepmrsed todte tet@perBhee sygtatna bhited dispos33,
wherein the power switch and the limter are in .
witeinether reatroliseMogsing otte difriteh bisegweenigured fiywdnitisguingeselective
and the power |oad. 43 The system of claim 38, wherein
pravitingoinire regeivet pawdr tthehd hertingreleragrt inrespassertp dbg comparing,
series connection between the power source and the
antheatanirglle] disyesed withh the controller housing and configured for controlling an

operation of the power switch.

39. The method of claim 38, further comprising receiving two or
more user defined safety thresholds wherein the comparing includes the received two or

more user defined safety thresholds.

40. The method of claim 38, further comprising fixedly mounting
a mounting bracket to a surface in proximity with the heating element and releasably
coupling a controller housing to the mounting bracket, the controller housing containing
a power switch, a controller and a safety limit configured for providing the selective

providing, comparing and limiting.
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41. The system of claim 1, wherein the power switch and the limiter are

in electrical series connection between the power supply and the power load.

42. ‘ The system of claim 33, wherein the power switch and the limiter

are in electrical series connection between the power source and the power load.

43. The system of claim 38, wherein the power switch and the limiter

are in electrical series connection between the power source and the heating element.
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