WO 2006/ 029312 PCT/ US2005/ 032150 POAER CONTROL SYSTEM FI ELD OF THE

| NVENTI ON 5 [ 0001] The invention relates generally to a control system and,
nore particularly, to a control systemfor controlling power to a
power - r eceiwg ngs/b0ed. BACKGROUND [ 0002] A control syst egvii9feose3is0! |1 ng
the power provided to a power- 10 receiving load is traditionally produced
and depl oyed on a discrete conponent basis. Discrete conponents are

sel ected and conbi ned for t hBOP&R CONIROLaPYSTEMt i on or receiving | oad.
[0003] Fig. 1 illustrates a typical exenplary power control arrangenent
conposed of a variety of discrete conponents. These can include a control

system -15 Lt jated control sensor 104, an input 106 for
recei vi ng B@@&rﬁﬂﬁ@ﬁ%ﬁ%@ource 108, a contactor 110 for receiving the
pover fgomthe m@MAY SqQUEGRent@frelapts bbdbrdilykd 2 cBhitdl s§lleSACHREed |1 mt
sensor 114, a fuse 116, a power svvit(l%h_llg (shown Sgégea’ soI];nd state rel ay),
and a powepatigderiyl 202 ¢cetitohey sten for leertralling reiventod powekgeceivihgibad.at ed, each of
t he various discrete conponents is conbined and hard-wired to 20 neet the
needs of a particular user process control application constituting a power

control syBA@KAROUNSs indicated in Fig. 1, for this typical thermal |oop

power contr ol | | cati on, f7he conbi natjon of discrete conponents for a
si ngl e power Io@&%? quiy gatrobsygiendpreqireing dhrapper proyideddoa pawer: 112, 114,

116, a 118 Wit : ( i KNG i wo for each
of 16 \T\ngr eg& il%%-lﬁd]ignﬁgmpgﬁ%@?& odr @?eﬁl@g%?%@%g@@%}i&%h@&fgﬁ , for the
two wires DiRrcte ¢domyonents atshlected asteoptténeddontbe pantitslacappliedtion obe i ncl uded

such as a tiner, .a pressure sensing conponent, a power nonitor, etc. (none
of which afESH§MAe% n Fig. 1). The addition of each of these components

will often requio0on3f WFIELY iflestaREE tRRREERIDIAY BOROCOhIONSadgdndn® terninate
both ends of each wre and can require the rewmring of previous wires in 30
order to r&emPAsEdFeVaricly off disciic prrangaenist Reesq g# ingeide s gproredpstem [ 0004] Fi g.

2 i11ugsr atlﬁfwﬁﬂ% Qs%ci?ﬁé&@&ﬁﬁ%%séﬁ fo\iPéxﬁﬁgut%lé’%r rEQéNiﬁgéowﬁrrﬂo%{‘Qe”e“t 200
for controll'ing power tor a thernmal | 00op appli cation. shown, "the control
102 can i npbwelesoarced68, a cohtactfoadH) 0 R ceinnhgcloapavek lfiem A6 powadsotiaee 6
connection 24, to B wires 122. A limt contactor 110 can b itioned
betveon a 10 b1 094h 85 aoas ekl PisgS f o s ise 116, apower swiilf {13

(shown as a solid state relay), and a power load 120 (shown as a heating element). As

illustrated, each of the various discrete components is combined and hard-wired to
- 20 meet the needs of a particular user process control application constituting a power

control system 100. As indicated in Fig. 1, for this typical thermal loop power control
application, the combination of discrete compo‘nents for a single power loop requires
7 discrete components 102, 104, 110, 112, 114, 116, and 1 18, with 16 wires 122A-H
and 24 wiring connections, two for each of 16 wires 122A-H, and labeled, for

25  example as 124A and 124B, for the two wires 122A. However, other discrete
components can also be included such as a timer, a pressure sensing component, a
power monitor, etc. (none of which are shown in Fig. 1). The addition of each of
these components will often require 2 wires 122 and possibly 4 connections 124 to
terminate both ends of each wire and can require the rewiring of previous wires in

30  order to reconfigure the wiring between the various components. |

[0004] Fig. 2 illustrates another example of a typical power control

arrangemeﬁt 200 for controlling power for a thermal loop application. As shown, the
control 102 can include a user interface 202 and controller 204 and have 6

connections 124 to 6 wires 122. A limit contactor 110 can be positioned between a



power supply bus 206 that is coupled to a power supply 108 (not shown in
Fig. . 2) and then wired to a sem conductor fuse 116 such as a fast bl ow
fuse. The fuse 116 provides a fusible connection to a power switch 118 that

can be anyypypgoshipower switch, but is often a sem cppg§igoPpsed switch
such as solid state relay (SSR), a 5 TRIAC, or a silicon controller

rectifier (SCR), by way of exanple. The power switch 118 provides power to
a power | qasvet 2ppbuinis 266 that Reatpded foarposeasupply @8 Ysarshowppl Figal)iaaéh. A process
or applic nsor 104.sen enper a ter 120 in the

| on, f the h
user appl ﬁh‘%’i’?‘irvlﬁs Tﬁﬁ&eWBWW&%‘?%éégg‘&‘i‘aF&%Sltnéll‘j)r&’gﬁ%o% jhengSé@é for feedback

control of i . ; ; )
pr&¥18esRONEhle %gm%tuadﬂr% aROVRF siRAd 1%%19? gmm%cﬁg&% 0 ¢ ecei ves

Additionally, as i. | scussed above, the lIimt c

i nput f r orswatch,ibvt is oftonrp sereinondugtor-bargt swich wdk gs solidistate relbgi88R), 414. The limt

sensor 114, | so .l.ocat ed i n_pr.axi @ty to t heater, 120. The limt system
compri Se BRAGaTF b LEmPR Fra SR iy st BBl G AT e E9 TG ¢ ne

limt senslas pichAdes powetto apovaEload E208duck Bs Dheatdd GorliRafira dsdP to protect the
heati ng el enent, of the heater,k 120 fromdestruction, failure or inpairnment.

15 The | i rAPPlcasMyofdRCess10s apRlicationessnsns i@t sqnsesthe iepstites obilis head®r t hr ough a

set of del‘Qb‘ﬁ?tﬂeﬁé?%g@%ﬁoﬂr ﬂg éJrJ.)\miés f@%ﬁ?&% fite chhaolii Bk %rrf@efdﬁé@ﬁen the Timt

sensor 114 has ed a ter condition and signals to imt
cont act or cbi@olefdre mvwsEpoiahepowerdoad 120, such s aheatear. Widditionaty, aon in the linit

cont agtor 110 er eb reventin ower. fro assing to the pnawer swtch
178t i Bisgs %G e B SR SRR R ) BRI Lalernas A F oo 2. each
~ discrete GRARRIMRIRE a irfitbeRsot MBS, PTMEIMIE Sdberal1 4 Sy HLt R in pR6KIiPSo Separate
Wi ring 122 and nunerous_ connections, 124. Additionall such wring 122 and

di screte W@ﬁzo-ingtlﬁmrréXSIe@h@or%nr@e@)pi@ﬁIi@éiwpnt@vtﬁgﬁ%_themihl lers and
W ring - Meghi ?gc ¢ P12 Gt ﬂl@ﬁﬁhttsensgt;? %Q%Jmtﬁfs%ﬁeeépe%gﬁ ogﬂlre'h@?(eﬂ fplg! I ation

i ncl ude inco termnation S to termnals resulting In circuit
shorti ng qrotegelsheatigmeleriént obtheheater 20 fofm testrottival filte drémpmrmensul ting in

pot enti.al .high .tenperatyres at termnals el ectr] magneti c. interference
bt dBhe hedtb e £ Befies ti e e e S A hrqg8sT o shown | n
Fig. 3, otdagice GRBIMUY. dihs it RnipoRRANeL ESerdlivn® widS kiedan# Wnsent14thagnsf or ner s
302 or sensors or other neasurenment devices for measuring one or nore

char act er idstecied agieater qoadidipn ewhaignsls to sherliraib pontactarildf ovexs sepasela WigD i n Fi gs.

3A and 3B, . S R it . r ] ¢l oned in the
power supﬁ éﬁﬁ ﬁ?tﬁéhg;g{f%? romtﬁﬂgn%gﬁégtgv&qptﬁé%%p I%g&in%gp%%{%érlﬂpomr | oad 120
to sense papsingtotthespomyet sweitcht id 8tahé theesfbrie ngthe heatemni20. Badbalsaindizatedt r ansf or mer

302 sur.es, current 306 in the power supply.line 4 which is provided
to a &urréft& a‘f?ﬁu}llglts%tre CoORBRT™ Wfﬂélg ‘ erﬂﬂﬁW%E%V%’J SWﬁnﬁﬁé)q@qW anot Iﬁer :

di screte GopRABLYMingd 1M2tand GGMblo8Sconnections 124. Additionally, such wiring 122
and discrete component installations are often confusing to installers and wiring
mistakes often result. Commeon mistakes made during installation include incorrect
termination of leads to terminals resulting in circuit shorting or opens, poor

25  compression of terminals to leads resulting in potential high temperétures at terminals,
electrical magnetic interference with other components, or electromagnetic emissions.

[0005]  As shown in Fig, 3, other common discrete components also

include current transformers 302 or sensors or other measurement devices for
measuring one or more characteristics of a power control user application. As shown

3Q in Figs. 3A and 3B, one or more current transformers 302 can be positioned in the
power supply line 304 from the power switch 118 to the heater power load 120 to
sense current supplied to the heating element. Each current transformer 302 measures
a current 306 in the power supply line 304 which is provided to a current transformer

controller (not shown) which is yet another discrete component that requires




2 WD 2006/ 029312 PCT/ US2005/ 032150 installation, wring and connections for
installation into the user application. In sonme applications, this wiring
requires the breaking of the power line 304 to introduce the current

t ransf or mewo30@/02¢awl ti ng in anot her opportunity for wrdmgsoesiBaises. [ 0006]
Simlarly, Fig. 4 illustrates another discrete conponent control 5 system
400, having a control switch 118, such as a relay, is electrically |ocated
bet ween t hénsipblaon, Méme apiFoarrgtionsdforinaelationrinte tie usehapplieationolln sasheay 118
receives a - Ql .81 O ver .a arately
wired contf %ﬁf%ﬁ%chg, %%4%%' ﬁeégﬁ%gntp ?g]}e&?g ggﬂ%%glvgrg@reizt% éég}nﬁmfi%s? ggérolse to a
control si gaidnt 48B30 hesaang incinbther opbdRtuhity for oMfibaniatakey. to the
contactor 110 a erefore to the power |gad 120, 10 Again, additional

di screte corrponﬁﬂ)_(@?an@%@k}i’ Hig 4 dlpsizptes ?Rj’ﬂ}flrélsfﬂ‘ﬂi‘ﬁcé’ﬁpp’i}emé%fmqled for

anot her 5 usgrqaRBho, m&mgacoﬁmg&hc@%?lg&hlayaréné)fe'isfegéécng& fiodaAt I ol

installations require Specialized selection I sCrete conponents,

cust om zed betwigen thagowadlond i 2hapdfthe cantaster 18dnPomemtrobetayfld8receives and nul ti pl e
connections, Additi |l any changes 15 additions difi | ons, and

r epl acemenf&H% glﬁfl?lg"agif’é%%ﬁé%ﬁ" i gﬁa“?’é%ﬁﬁ?ﬁ%@h B’He%fonl}%’i?ﬁefi‘g%@w re | eads,
yet again iThe cqakl Rdayt 1B PR ivftshonsé O a WntroNGgr®l $02H68 thd AR8IlerAs such,

exi sting power control inplenentations and installations are often conplex
and cost | y 19310 pyeyide powes e Frecomigstes | 10and teerefora te the paveer taadil20. appl i cation or
limt e f tional ity 1ncl ' ' . j Lan. For 20
excarpl &0 {HRE bRl Sl E cibhen] ofa Bl Bl eyl ST onent
are not i fiadandiher usar apphigatippl | cat i ons when not required by a regul ation due

to the required ed co exit.y and/or jnstalled cost. 3 \WQ. 2Q06/ 029312
PCT/ t 752005/ 032188 suﬁm%{lém@ppmwh&%n%fs Pﬁﬂ‘é“epsrpsggﬁiegi nventi on
general |y kgbaio@df iR BscRANEImPoRBIE, VustddiSAed Mouhthdd arddRGikiHE € eadh | Nt egr at ed

operational design. The follow ng presents a sunmar f~ the power control

system aceomaenegt ad foanss, @éﬁ@@iﬁﬁbﬁ@%ﬂ%ﬁorﬁhéddﬁimaﬂ%@gy chepgesr der 5 to
provi dgga Q&‘cﬁp&ns”&%&&ﬁ&@d}ﬂj 4 rQladdEntl TediE isBaEtoh Al réc%g%égﬂ%ﬁ@f' on. This

summary i s not an extenslive overview, and IS n rinten 0 identify
key or cr ivifies|wied leadnyes agdin inereasing thetopporfunity ifort wiridg Imistelese t he scope
ther ool . Rather yoddif U B0 Y. U RIS S Ol iSSR0 nd BRASSGY SO

~ are often complex and costly to install. Such complexity and costs limit their

application or limit the functionality included in a particular user application. For
20  example, a limit control for over-voltage or a power monitoring component are not
included in many applications when not required by a regulation due to the required

added complexity and/or installed cost.



sinplified formas a prelude to the nore detail ed description presented

| ater. 10 [0010] One enbodi nent of the invention is a power control system
havi ng an povver control unit that includes a plurality of power control
units. @k,@{% J ncludes a unit integration coupling-fBehadissityf or
nechanlcal an ectrical coupling of a plurality of conponents into a
power control unit. The systemal so includes a comunication |ink

conf i gur e(SUMMNTOY OFTHE QOWENTIONt i on anmong a plurality of 15 power control
system conponent s utilizing the caoupling nechanism The system further

i ncl udes apovvew[ Q% tcﬁ“’@@ﬁﬁéﬁéﬁ‘tmﬁ%ﬁnﬁ@l ¥ slatesig s nomgr esntioheysight t |

i ntegrati E%ﬁ? o HRARG egtively
provi des e ect r| ca %‘?p&@go%%%ﬁ&ﬁhgﬂ%@ 6§Wer érslggtmﬁgjyncl udes a
loowgr sgppt?eypowanbentﬁﬂs:estdrmracc(n'dlﬁgw smglemmh@t dinfentmf dhepiaventios, uppfdpr_ a gower I
oad interface east a por recei ved supply
pover o 'R BrO bapggﬁcierqtandgpggqona ﬂ%@ﬂ@@épeﬁ% 5&\%1“‘%%%9’6 Jil@Bn’rmni cation
interface sﬁaﬁfabgismeﬁad&t@am%ﬁ@wemmaﬁelm@ﬁnm&wﬂaI&aﬁnﬁolwdrnk The power:
sw tch conponent is adapted to the coup Ilﬁég nmechani sm f or nechani cal ,

el ect ri calcrisigd e lﬁmﬂfﬁﬁm‘tﬂﬁtl%@pﬂoﬁgmﬁﬁ %‘;@P@FhemoffoRﬁlth@thes a power

controller 25 The
power contr%ﬁ?yﬁﬂ@{})&eﬁﬁgﬁ%n%@ fetrng% %Cﬁfr#&ﬁ%gl‘t %@%H?'E erface for |
conmuni catslrﬂglﬁedébnﬂ mlnellmmthambw‘detanlad(désonpthm poeserted fdrt ch conponent .
[0011] Anot her nt Qf fhe ipyention includes a power ontrol system
havi nd% pl ur al['ﬁ@) r&'@r?ﬁ'g’r?éﬁeélt Oﬂﬁ%P’ﬁ'ﬁ‘i‘tW& 152 E?/‘g‘?ré’ﬁi’-%‘ﬁﬁﬁtgp gBR%onent for
provi ding 4 QQIE'EJoﬁholsdxﬁlﬂﬁitan&ﬁsﬁlSﬁﬁﬁiﬂ%Mér@@dﬁéﬂiﬁﬁxt@ THRPRgh cation |ink 30
configured for providing a comunication between two of the plurality of
power coringledes g yistt émegratinneupling. merhanisny Sarangchariedh end ¢lpestical esupdingower
contr ol Uk oAk SEABALRL MFSL her Y RRWRE, EROLERL, SOTRAREALS and & uni !
integratio e Flan I'sm § ectrica coupl i ng of
t he corrporcemhmntc‘ambmmﬂmnﬁgure@mirmﬂemmrhmuﬂibalomn@hg@ htralisy ofini t i ncl'udes a
power %uppl y mter{ace for recei v1n VYD 200 /02931 PCT/ U82005/ 032150
power 1Pr orfeFehenREp! sysism sempaaents wiizne ﬂll%‘a’é‘ piipg WEEHFRISTF Je SYHRM di ng, at | east
a portion fy@fer u{chﬁie£§ @\héé%%t%h‘@ oneft\¥ahp t&d)foi‘c Eb&%%ltA power switch
conponent sel ectivel provi des electri ca ener gy to a load responsive to
t he cont r ghtegratioragoun; %@gmddpwm tlbe ph@er st Lomppnesicieleatiely providepower swi t ch
conmponent n fa configured to
COMUNi Categec%caﬁenf%% t@ %rlsl\(éﬁ%lci {(Tg%{}:'lﬁnctiﬁcféga 0&’811’ supﬁl? /

interface for receiving power from a power supply, a power load interface for

20 providing, at least a portion, of the received supply power to the power load. It also
includes a power switch communication interface configured to communicate over the
communication link. The power switch aomponent is adapted to the coupling
mechanism for mechanical, electrical and communication coupling. The system also
includes a power controller component for controlling the power switch component.

25  The power controller component has a controller communication interface for
communicating over the communication link to the power switch component.

[0011]  Another embodiment of the invention includes a power control
' syétem having a plurality of components, including a system control component for
providing a control signal. The system also includes a communication link

30  configured for providing a communication between two of the plurality of poWer
control system components. The system further includes a power contro] unit
including a plurality of power control components and a unit integration coupling
mechanism for mechanical and electrical coupling of the components of the power

“control unit. The power control unit includes a power supply interface for receiving




and a limt conponent for controlling the delivery of the supply power to
the power switch conponent. The limt conponent includes a limt sensor for
sensing a limt operating characteristic. The delivery of the supply power
to the powsyo s0bb0ki2 conponent being responsive to the sengsshodbirio
operating characteristic. 10 [0012] In yet another enbodi nent, the invention
I ncl udes a power control systemincluding an systemintegration coupling
mechani sm Pevenfeuna ppwerl supplyiaad & poweal loadinttrisemion nfayading at leatiplporiignof a
plurality ' C tem Th tem al so

] udes’ a b SRR btk Bb Pt 3 BREE oad "R Bbhe iR SlRbgr S LER, U1 o1

sel f - conf i grovideg clectripdreats to 4 vad sabbnstend thguwontag sivhabadhdifiednRonent bei ng
responsive to_a receiyed self-identificati on,obdanot her one_of the

plurality SPunkiggprAnism. Thyoppsjer PYteh SoPIPOoRFH LA ABOWFTRACD t he i nvention
i ncl udes  a cpAWBhicHRIMihRHace O RHBIRA Ebcéo‘rlﬁﬁtﬂﬂcage Wit &%@Mﬂa@ﬂﬂﬁ@nem havi ng

a plurality of,.f I rst conponent ™ versions and a second contr conponent
havi ng a pld aliimitcomponsst fm gontoniiiegba telp@rvefithe spsly paiveotd theboslard i s a

system i ntegration coupking mechani smfor. meghani cal el ectrical, and
conmmuni cat i%‘%ﬁa%%)u olnér)\%' tfhgﬁﬁm'fcﬁppgg?%g}?&qfs %\ﬁlaﬁtsﬁ%soggo&s)ﬂﬁmg@ nent,
wher ei n eaoperaingschbficetisti! Theriplnen bf the Egipbnsoviae itdithe ppREASIIRRWM t h each  of

sai d second component versions when coupled with_said systemintegration
coupl i ng mEPMBGHICELReINBTeSNONIING toAAe seneed Lapth SPgr A charcier&iq. nvent i on i ncl udes a

power ggntr ol F?O?Itgﬁ]maﬁﬂ‘ ot '4db g e"i‘ntfoﬁﬁﬁ&?}tﬂé in%ﬁ‘éi%[a gzc‘clj\ﬂn&egﬁ gf)%r dakGCt! vely

provi di ng power ower supply to ‘a power systemal so
i ncl udes a system inchidinganepstemiintbgrationt doupBipninechianinmtfof mechanioel, ding a limt

swtching functi.on as a function of the threshold limt. The |limt

conponent gﬁe_ﬁmfﬂe PG IB%W?@W %Hluﬁaﬁlg' (E}O&Hmpamn Jﬁﬂ"% i ntegrated
swi t ch and chitffl byseMP PR bte aldo 1BCIRGNRI PG BIY 0@ bel £330 A1EFing LaMpSNEatsem further
i ncludes a Sést em integration coupling nmechani smfor nmechanical, electrical,

and communide@e PErRligoeelirrgnbguringcomporagisatldg selbrenfiguong efwackh and i nit

componaat REPEb BB SeR P e ST s TR IRk BETTS) ° onal &

to the sw tphiraldpndf dampoherdanponent for controlling an operation of the switch
and limt conpo [ Q01 I et . anot her, enbodi nent,. the invention is a
ot hod of oot R ng thgibamtiet Srbamems e ERGRISS SOGHR R Sl or al | ty of

power cont fs@dtem including a first control component having a plurality of first component

versions and a second control component having a plurality of second component

20  versions. Also included is a system integration coupling mechanism for mechanical,
electrical, and communication coupling the first component and the second
component, wherein each of said first component versions béing operable with each
of said second component versions when coupled with said system integration
coupling mechanism.

25 [0014] Another embodiment of the invention includes a power control
system including a contactor power switch for selectively proViding power from a
power supply to a power load. The system also includés a limit component with a
threshold limit for providing a limit switching finction as a function of the threshold
limit. The limit component and the contactor power switch are configured as an

30 integrated switch and limit component of the power control system. The system
further includes a system integration coupling mechanism for mechanical, electrical,
and communication coupling of the integrated contactor switch and limit component

into the power control system. The system also includes a control component that



5 conponent. The nethod includes generating self-identification of each ,
conponent w thin a power control system The nmethod al so includes conparing
the identity of each conponent as self-identified to a at |east one of a
predet er mvp@goog/g?,fshgur ation and a profile and reconfi ggfipefedes21s0
characteristic of one or nore conponents responsive to the conparing. 10
[0016] In still another aspect of the invention, a power control system

i ncl udes ardvads chavol Bignals twotis swigchcadlingticcdehoheit foralogasliibg yn r ecei vi ng a

control unit  and tE‘hcavi ty \ﬁn thin the housing for receiving a power swtch.

The base OREPHEY hnswiichsgd B%R/@FHPPE‘?% nal for coupling to an input power
source, an oul py81810"Gs yhiahiBHmboithed SHPhivfioh & AnB@pELs recei vi ng | oad,
and coupling fi'xtures for fixedly and 15 electrically coupling to input and
out put powentralingypoveer 0 @paver oottradisysten hivied splfalityhef powereanioll power switch.

B corsBon SRt FR R S S s he P BB B e Borst "o
terninal tythih® pewdrRuiitrd) 9ym t EhdtinBRbd alth Bichaey dodlpating thehdstiey dfousi ng
adapted to he rel easa%hglﬂcoi{gl ed to the base housing and the control unit.

and base &peh amency ag ek ideniied tq o atdpast org fAImISetepnisrd comigbionr ol unit to
th t i i vad.: i i.on of th
cont rol - uind b BiRIORdefntihe { BEREARIP IR oTHble i BSndhel MIRROP O | 1o

i nvent i onto thepomparimgont r ol system i ncl udes a base having a housing for

rel eaggbly receiving cantrgl unit d .defi.nes a firs cavity for
recei 3ﬁng a po&(ﬂsjw ?%ﬁtﬁpﬂlogﬁﬁﬁ?adé’g&ﬁ?vqn P ARCEEYS ohsﬁslfemt switch, an
25 i nput peYMRTes h BAIHARINg 2 ABusHE Rt geWVBIT rélBdsablp MceFRiy @Rtrbludiecei ve

swi tched power froman output termnal a received power switch, and control

coupl er s fapd a &Nty Wighin the hoaging fepraceiying anewstswirh. doabassiingledesienal of the

recei ved ] I ' ¢ tr ' O Alinmit
i ten i s Epo ol Aol ¢ B Ll poler PR BA (o GRURPEIERE, Dot tion
of the el dotoonplidg toapoeet iecsiging tvad canidesuplingifixtdres fonfixddlypawer 30 term nal, an
I nput ,termnal of the received, power switch recejved wthin t first

coui tJ5° sl crpind oy LR w SHeGBAES Gi el FEDEEAP O ed 1o
generate rRVedpbRér k! BlcoftrdlM@lt$s doRfiziied bd dBntroSthé h&heraRstcByért ch contr ol
signals to the power switch for selectively providing, at least a portion
of , the podlestivelqupvidiagt leastea nortpumtoL, thepewertreqeiried gt the SPUhROWAIt put  power

termnal. T | i ' 12
PCT/ US20057 Us"f%g‘gﬁjé ?Jétpﬁ°$”§?%§%§‘%]|‘ %%89%?‘2@05& %@0“%@559%’2%‘%%3’3 and the
control um¢ltasabig cogsel tarle basoindusipgaed tHeaortra ahit andbdsy acagh e t he control

uni t the control terninals of the . .
t28 coni%c,,ru:reciC to electnrc y couple tﬂe confrol unit to the control terminals of the

received power switch as a function of the control unit being coupled to the base.

[0017] In another aspect of the invention, a power control system includes
a baSe having a housing for releasably receiving a control unit and defines a first
cavity for receiving a power switch, a second cavify for receiving a limit switch, an
25  input power terminal, an output power terminal coupled to receive switched power
from an output terminal a received power switch, and control couplers for coupling to
an input and an output control ferminal of the received power switch, and a plurality
of electrical connections. A limit switch is'bositioned within the second cavity and is

coupled by a portion of the electrical connections in series with the input power

30  terminal, an input terminal of the received power switch received within the first

cavity, and the output power terminal. A control unit is configured to generate

|
contactor control signals to the limit switch and switch control signals to the power i
switch for selectively providing, at least a portion of, the power received at the input |

poWer terminal to the output power terminal. The control unit has a housing adapted

6




recei ved power switch as a function of the control unit being rel easably
coupled to the base. The control unit includes a |limt conmponent having a
threshold Iimt function 5 and the contactor control signals are generated
as a funct wgnoodokhe threshold Iimt function. [0018] por/gsiobsdozaiset her
aspect .of the invention, a control assenbly for use .in an integrated power
control system has a base with a housing that defines a cavity adapted for
recei vi ng & powteasably ¢asipled Ththe baset houbing grdbilib cgntiol ghit dedbbase exsnt r ol 10° nodul e

confi gured eneratin { signal s f controlli e power switch
for sel ectclgr\?ﬁ y-dr;;tgg\%cg}‘:%%}; goorh\?/[éﬁh‘f %Ongm?%%&o%? %%WP%SWW%S%% houses t he
control nodedeRed podled svitt aph Ghctiéh Hthé edredbalit YeitOrRasdlt eubleg thase housi ng
and is configured for electrjcally coupling to control caouplers on the base
housi ng f o355 Je 4PTHEP! LAk Inclidses hmwowﬁ%%ﬁa@sﬁﬁnr@h@lé LnHEI8eli@y  swi t ch

w thin ghe i | ' . ii to the base
ousi ng [ G010y o eliEt kol MR R ld 52 SR thre IMEIRA ' O

assenbl i ng fanctippwer control unit includes inserting a power switch into a

cavity defined base ..havi.ng housi .couplin n, i nput power term nal
to an input ter Wq{%] oﬁ“fwzarﬁ)&éﬁsmgwf%ﬁ“@giﬂﬁﬁ‘%ﬂgﬁ S@%"t‘%ﬂﬁ Or8%er t erni nal
to an out pig ar REdraAed pdver tbifird SY¥RIm B o Kabe wRR a BOlhg A8t Rfthbd Slavipnt r Ol
attachment fixture to a first control termnal of the power swtch and
coupl i ng a adatesH@r respiving|a newernewitaln (The icsatipl essembly ineledasad contielr ol t er mi nal

of the4po | [ ' ' uni t

havi ng1g V\@%Oﬁitﬁ woﬁ%ﬁ'ﬁ%lﬁg?ﬁoé %%e?%ﬂlg%éﬁ%%g%ﬁ%%%@?c%ﬂ%ﬁ% ngg% ﬁglelg%ﬂic?lo%ﬂ housi ng
and t he baseetidabiprgvidmgeowarcto adomi i Aycomc] harsingdoases dlid controlipbdulg t he
inserted control, unif to the base. The, 2 thod pr.qvides that the inserting
a control @Rt qdﬁ@F%fﬁ’et? r@ﬁ’f‘ﬁﬁ]’&s@ﬁ%ﬂ“@%ﬁ‘ﬁ%ﬂﬂf”ﬂ%ﬁ’d I%B(Hﬁgmegg‘?ﬁt to the :
first cont eRktrRbNPERFRA tof ot BuflBd oh iR 86 ROiEADE prolidaflBe hment  fixture
and conpleting an el ectrical connection between the control unit and each of
t he cont r olgenaated eeiteol signalsite theopever switel withinglplyjusing cavity upopeewrliog t he

i nvent i1gn, tl?e&%%{ho%&ﬂg‘ioo{he%&%th%ﬂ}ih cludes a 30 base having a housing
configured Tor releasabBly receiving a control unit and a cavity wthin the
housi ng for rec§0049}g dnsedandthet &pect bethaynveanem)g niethvdaif aysemibliig a
configuration. The Pase_ ingl udes. an input power termn f%r %oupl'i ng to an
i nput  powdPWERIANEE, UHHNEHEGSIRSCHIgEPOMEF FVHER oy ca¥iby, AR bY 8 Paspower

recei ving |h9€iﬁg h@ﬁkﬂlg, QM%HQinﬁahféﬁdﬁe?fenﬁnﬁfal ‘fo@fﬁ%@ftﬁﬁﬂmﬁbﬁﬁé f)@)@é}l l'y coupling
to i nput and oUt put power WO 20061029312 PCT/ US2005/ 032150
switch, coupling an output power terminal to an output terminal of the power switch,

20  coupling a first control attachment fixture to a first control terminal of the power
switch and coupling a second control attachment fixture to a second control terminal
of the power switch. The method also includes inserting a control unit having a |
control housing onto the base housing where the control housing and the base housing

-~ are each configured for releasably coupling the inserted control unit to the base. The

25 .method provides that thé inserting a control unit includes compressively coupling the
control unit to the first control attachment fixture and the second control aitachment
fixture and completing an electrical connection between the control unit and each of

- the control terminals of the power switch.
[0020] In one aspect of the invention, a power control system includes a

30 base having a housing configured for releasably receiving a control unit and a cavity
within the housing for receiving a solid state relay having a hockey puck
configuration. The base includes an input power terminal for coupling to an input
power source, an output power terminal for coupling to a power receiving load, and

coupling fixtures for fixedly and electrically coupling to input and output power



terminals and control terninals of the received solid state relay. A control |

unit is configured to control the solid state relay for selectively
providing, at |least a portion of, the power received at the input power

t erm nal t‘,p%%ag/o?ghput power terminal. The control unpérBagedosRRYSi N9
adapted to be releasably coupled to the base housing. The 5 control unit
and base are each configured to electrically couple the control unit to the

control t etifdé sndonirbieermeings ¥eitle sobivel sllidisitd Rlagty AdgongofuhitGs i on of the
control unit _ being coupled to the base. [0021] In, another aspect of the

d ] . n,
i nvent i on, coafigagkio conkeliths solidstatgrelay dorsglestively Bravidingastilenst apAERi ng f or

rel easabl yo¢ tglgggv\fé-rqgce?ve%%g%%%&mggé)&er ée-;ﬁ]x?rlapﬁastﬁ? g@%{'ru C%veijte}rg nbi, Mg Cavity for

receiving a r swtc cond cavity e|V|ng1aI|mt sSwi t ch,
an i nput pouneol unghes abdusinpradaftad® tienelkasdidy cawplalitophs bgseheusiige Mienal coupl ed

to receive sw.tched,.power from oyt put term nal, of the power ,switch. The
base al%lso COHS‘%I g B‘Fse@f)%eﬁf’g f@?aégéﬁ?mf@{ﬁ%u@ﬁ%feﬁﬁﬁ?dﬁﬁ W feout put o
control tedofirflabmBhald fathe FeREiQbY RHd BAWRELS Wh § BlcARoRhOEMHR] idiy of el ectri cal
connections. Alimt switch is 15 |ocated within the second cavity and is

coupl ed bybeingrorplpdie the baske el ectrical connections in series with the input

power term nal, in ] ‘ 1 ‘ Y ithin the
first cavity, &%@Jhe%ﬁ%ﬁ%ﬂ%?ﬁ ee}rngl&}lt%ﬁy\@ % V(V:%\r%lrrl%({i S&%ﬁhc@e%wonfi gur ed
for provi dibage havirigraohousing fiad reletsablylreceiving 4 comwwol witit. ahd basendefiaks i gnal s to

t he regcei vfgd power switch for sele tié(glg provi,difn]?, at, | east, a portion of,
the power B8 PEEIYEGCNISAROWChPHCIIBHRE S Go8d fAvilfor 15e9iHBE 3HEPLL  power

term nal . shh@hGaRAERbowe thrmibAS Te HE HcNAePHPRIHE pbRePRrhiBhIRBSALY Y coupl ed
to the base housing. The control unit and base béing configured to

el ect ri caltbyeceiye pwiched @owenireran guipet ternind of therpowet switchy hhabss absb t he

recei ved ] o) tr it .bei rel easabl y
coupl ed tgj%%gen é\%&eu%ﬁ?ﬁ%r g%l{r?;lll:ﬂgio a&ﬁ?ﬁjt#lgﬁge utﬁ%?"rﬁ?#%%ﬁrﬁ@%%nt havi ng a 25
“threshol d regefiet pbwacswitth anth e pRirality btelédirital c@medtivhs.cAMntipéwitchdhal s are a
functign of the  threshold limt functi ggy?[ 0022] _I.n yet anot her aspect of

B ,

t he i vent!Peied vttin thesgrond sawfyang is ouplg ortigh of theelscicdly power control

syst em hasoAndiss th 8Gted WithdhinBRURWeB ARl 8 inBEStefninARY tepoWet hi N the
housing for receiving a power swtch. The control assenbly 30 includes a

cont rol -noiifck raseined yithiadhe st eparitnread thegutnshpowsr teringmedd 4 coafrolgwiit rol 1 i ng t he

power sw t.ch for ecti.vel 4 d] F I control
housi ng i 32 U6 |e§§ér@§5¥lé1?g%8@£°?%1§g %1%% t@%ﬁe%%#%ﬁ%ggf%&a%ﬁ@glasﬁ ed to be
r el easabl yheruglelbower twitch foasdtteckioels progidiny] ai 18ast a@ pbitigh o€ dhd mrweel ectrical |y

coupl inbg trgce(l;\% tétr Ie irfp?lgcjgév%rsfelgnri]naﬁ ?oethe8 output power terminal. The control unit
has a housing adapted to be releaSably coupled to the base housing. The control unit
and base being configured to elecfrically couple the control unit-to the control
terminals of the received power switch as a function of the conirol unit being
releasably coupled to the base. The control unit includes a limit component having a
25 thréshold limit function wherein the limit switch control signals are a function of the
threshold limit function. | '
[0022] In yet another aspect of the invention, a control assembly for use in
an integrated power control system has a base including a housing and defines a
cavity within the housing for receiving a power switch. The control assembly |
30 includes a control module configured for geﬁerating control signals for controiling the
power switch for selectively providing power to a power load. -A control housing is

configured for housing the control module and adapted to be releasably coupled to the

base housing and is configured for electrically coupling to control couplers on the




WD 2006/ 029312 PCT/ US2005/ 032150 base housing for providing the generated
control signals to the power switch within the housing cavity upon coupling
the control housing to the base housing. [0023] In still another aspect of
t he i nvent w@moocw®ehod of assenbling a power control pgt/ysioodsedes
inserting a solid state relay having a hockey puck 5 configuration into a
cavity defined by a base housing, coupling an input power termnal to an
i nput " t er nbasglhowting fee prowiding the aenerated epptrobsighalsda P peyveaswiteh within power
termnal t | The met hod al so

i ncl udes glggl%}lﬁﬁ%%hyhg&@d&gn?gﬁﬁetct}?@% ﬁsang&’?ﬁ etfaﬁ‘rﬂé Sin B2 first control
term nal of the[0d@B]d Mailleanothef aspectod thelinvegtion, aem]li’tdidf(hliemﬂhnght achnent
fixture to a secon cpnt t erm nal the 10 solid s{ate relay, and

i nserting BOVEITOREP .uec Pﬁaﬁl&geéﬂﬁmterﬁé%haﬁ@ig&h%@wcbase housi ng.
The cong r obodipusiing iAsE ¢ m&ﬁﬁ@dwﬁasggo@;fg s&@im% { fsh I]ssze&el easabl y

coupling the inserted control unit” to the base suc nserting a control
unit incl ummabwmpﬂmtemhyl ofdthp balidestateslaypandraobipling an quiput pewési r st cont r ol

attachnent f| e an ch i xt and conpl eting
an el ectri Eéﬁm ﬁ’%gﬂg gqgel%‘ﬁ@l’?{?terglr?ﬁiﬁ %83178 uéci%‘ﬁ of the control
termnals eéupulh%amit cohnifl] alithirehelyxtule9 2 fil st botitioh REMBBPELHhS sdlfd stde pr esent

invention will be in part _apparent_and _in part pojnted out below It should

be under st &, eorpling 8 second cerdyod attaghment fydure oy, eaepndyepning t B‘émplrﬁflﬂéﬁ'rent ed
i ndi vi gyal ?eg.éér%ga aﬁ’z{h% I

unders?%odgé[dhd;s{tat%%é&gg?a@ e eggﬁl{ab@@}] a &%&%%Hﬁsglﬁgvﬁoq%@% ndi catl ng 20
certain exh(mlmy ﬁhercbmctilhewilgmfdthmbasbhmiugimcorﬁtgeredrfbmtﬁeshbfyor pur poses of
iIIustration andsould nat. b ( as limti e scppe of the
i nvent i on. 0% ft£ B&%’?‘)@E‘?% ‘ﬁf%g%génse@ﬁgélfo ql*’“l‘ﬁ'ﬁ%gaz THE
DRAW NGS [@&aﬁk kaywugﬁ@g\ﬂlebam&hmbﬁheﬁkstb@ﬁl@mamﬁlentfﬁﬂwahwdﬁrstood from
the detailed description and the acconpanyi n? drawi ngs. [0026] Fig. 1is a

€

bl ock di agpeeend penieol sttachmentdiveure gpd eamplefing@pelestrics] coprgsinr RetYseier cont r ol
SYSte”‘iéort}?ectop%l'IBhah&’Q or BRaOhtr tgnn bﬁh@sqfdrs‘falféxtelaqﬂpagram of anot her

typi cal discrete co onen contro reqgul at i n ower switch. [0028]
Fig. 2Bis a bI pm24y| a@‘ualmr(afspet:ts@fthmrpmsenmmenebmwdhbemanartappgtmt(aadl power
gg\?\:&; OL loﬁ{ I1rbpart Igomtec? !)ut '. Ifq)spﬁo%f'd%e?)u%dg'rst%o %:hra’? xl/Je{nIoug Ias%%(r:tggls ! lustrating a

invention may be implemented individually or in combination with one another. It
should also be understood that the detailed description and drawings, while indicating
20  certain exemplary embodiments of the invention, are intended for purposes of

illustration only and should not be construed as limiting the scope of the invention.



system for providing power to a heater that includes a current transforner

for neasuring the current of the provided power to the heater. [0030] Fig.

4 is a wring diagramof a typical discrete conponent heater power control
system 18/dHd3ddosfzi 9. SA is a block wiring di agram of P@r,bg%%gﬁhlsgomer

control system [0032] Fig. 5Bis a block wiring diagramof a power control
system according to one exenplary enbodi nent of the invention. [0033] Fig.

6 i s a bl GMEEIDESGCRIPFIGN OFTIE DR AIWWEGS control system having a 20 single

control nodul e rolling a plurality of power ntrol assenbl ies according
to one exenpl éﬁ@%nbc;éﬁerﬂ‘gﬁ?mé‘?veflﬁ@ Wﬁ?ﬁ%ﬁ?"“’[%@%&?‘?ﬁtﬁ‘? éorpéhea bl ock

di agram Ofdeféﬂwaesﬁfi’%ﬂdh%m%ﬁé%h&iﬁ@ﬁ?iﬁ@@ia%és@_ anot her exenpl ary enbodi ment
of the invention. 035] Fig. 8 'is a block wiring diagram of another power
control syst eml0026]acdig. diingblogk diagramsitlugiseting beg typiesisiatiatent of t he

i nvent gon. 6l Fig. 9 is an explpded view of a thermal power control
systemb sr?8%\5g%ger4H%W‘%ﬁ?‘étﬁollg}ls?%%?o&atgen&l%l??%l conponent w thin a power
control systemfoegror diin@Alie aaitelit dingremTRhdher tEik0 disteftcofipohdi i nventi on.
[0037] Fig. 1Q is a block diagramof a power control system showi ng the 30
i nt egr at e GOREHSLFAr degHABAE 3 POVEEWISht he conponents of the power control
system accor di o] HRGE 5 BISRR : i 23] Fig. 11 is
a graphic i nagéﬁ%%é]a gﬁ'%ral F?g o?gig%%ma%l’ee Euggcﬁdnlgl\rﬁeﬁégﬁlg%%fsa[@?%% scal abl e
control ofpowkecqntrelder. control system according to various exenplary

enbodi,gent s of i nyent i on. WD. 2006/ 0293 / US2005/ 032150 [ 0039]
o 18T T uet MO0 b?@e&skg‘gia%agﬁ? %‘Fu\gg’ra%ﬁ’é%ﬁliggﬁ%ﬁ%‘%"f%88%ﬂ nd scal abl e
control  sysiteiBorg6adidy PewérQo ¥ Aedteribatexchidek abwréiibaekfemiet forof the
invention. [0040] Figs. 13A and 13B are block diagrams illustrating a -
conpr essi gifaswingdhgeuriest ofsbnpravided poyerfo heheatercont rol system according to
one exenpl ary aﬂogdi . 3 i i . i and 14B are
si de perspecti \I;.es f arﬁé]trdftlg%ra I odﬁé%%gtok%%b |%g&}§t§§{)%ﬁr?l}eé€ﬁé€ge?mressi on
coupl i ng tpowar cmirobsystemt € rel ay havi ng a hockey puck:

15 [0031] Fig. 5A is a block wiring diagram of a typical power-control
system. ; ; '
[0032] Fig.5Bisa biock wiring diagram of a power control system
according to one exempléry embodiment of the invention.
[0033] Fig.6isa block circuit diagram of a power control system having a
20  single control module ckOntrolling a plurality of power control assemblies according to
one exemplary embodiment of the invention. _
-[0034]  Fig. 7is a block diagram of power control system according to
another exemplary embodiment of the invention.
[0035] Fig. 8 is a block wiring diagram of another power control system
25  according to another exemplary embodiment of the invention. _
~ [0036] Fig. 9 is an exploded view of a thermal power control system
showing the integration of a control component within a power control system
according to another exemplary embodiment of the invention.
[0037] Fig. 10is a block diagram of a power coﬁtrol system showing the
30 integrated communication system in the components of the power conirol system
according to another embodiment of the invention. |
[0038] Fig. 11 is a graphic image of a plurality of scalable user interfaces
for scalable control of the power control system according to various exemplary

embodiments of the invention.
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configuration according to anot her exenplary enbodi nrent of the invention. 10
[0042] Fig, 15 is a block diagramof a hockey puck solid state rel ay
contactor according to one exenplary enbodi nent of the invention. [0043]

Fig. 16 iswod hbokswi ri ng di agram of a power control systpoy20bddi2ego power
bus and a communi cation bus for providing single phase or do power according
to anot her exenpl ary enbodi nent of the invention. 15 [0044] Fig. 17 is a

bl ock Wi ring dlnﬁl‘%ai] offiga 19 tlustratevbloelodiagryms efivasiovkuser igjerfases ods and a

conmuni cat u cprdin anot her

exenpl ary g‘%’gabp cson{r? 83/?{ ?1%39‘%02%% Vaﬁg&f%ﬁ%ﬁeﬁ&#@emg g%tftl?gexpl oded si de
per spect i venventéon. of a power control nodul e according to one exenplary
enbodi ment of t ventio 046 19 | a side perspective view of
a power contr ol Ebj‘é@i %gso& 3%1%‘3%%%#8{3 Waté%@wrﬁ@ewna base
housnngsacewpﬁhg&eew%%r o%ﬁéﬂﬂhéféysteﬁ@&gﬂﬁg@% Olgéaseﬂlﬁl vention. [0047]

Fig. 20A is an exploded side perspective view o sing adapted to
receive a hmbkfbylepmfkhmmnt@m ed solid state relay according to another 25

exenpl ary enbodj 0048 20B is a top view of the
base housi ng of t@a 2 ﬁ%?‘?ﬁf@??ﬁ)m RESHS BW%JWI‘%%%‘H}WM of the

i nventi on. c&l@ﬂ’iﬂgkydt_dwfor%&nip&sﬂoﬁb(ﬂ@h@gi‘fo?a%ﬁﬂ stafe r\é]ag\h/aﬁﬁghhﬁck%?pﬁél@' uni t of
Fig. 18 coupling to a base housing configured with a contactor and hockey
%10

puck sol i degtiignetionacsopfing tornerereisaplesy ebedimenteal dhpimeanfioanbodi ment of the
| nvent g@” [005@045 9. F&2 155 28 %&L@%@%gxw&&g@{@ﬁ%m@& ng as shown in

Fig. 1 accord o orfe exenp ary I ment |nven on. [ 0051] Fig.
23 is a bl omﬁactﬂoxeugccadmgfto encexemphiry eobodimentaf ileinentiene for a povver control

system accordin one,. exenpl errbo ment f t he invention.

2006/ 029312 PCT%%!) %&ﬁsé%%ﬁﬁ %Pém?ﬁ ?EO‘%GY&%‘T‘Kj SKeER g1t |31 ustratl ng
a comuni Cabk&bud %ﬂ@@@&nﬁhﬁl‘é’aﬁ&lrbuﬁ Ed%@)r&mln@bl%%l g;ﬁé)s%% ke Fb\@& a@rdidgPover
control syStem according to one exenplary odi ment of the |nvent| on.

[ 0053] Figto @@these@nmlwlcmbpé@eamfdhe fawenitioput / out put data table for a power
0054] "Ror  sapoload T EhEH i Ca BBALNEeBNEH B £ RSk B oil® LY S O
power bus and a communication bus for prov1d1ng two phase power according to
another exemplary embodiment of the invention.
[0045] Fig. 18 is an exploded side perspective view of a power control
module accofdi'ng to one exemplary embodiment of the invention.
20 [0046] Fig. 19 is a side perspective view 6f a power control assembly of
Fig. 18 configured for coupling to a base housing according to another exemplary
embodiment of the invention. ' | L
[0047] Fig. 20A is an exploded side perspective view of a base housing
adapted to receive a hockey puck configured solid state relay according to another
25  exemplary embodiment of the invention.
[0048] Fig. 20B is a top view of the base housing of Fig. 20A accordmg to
one exemplary embodiment of the invention.
[0049] Fig. 21 is a side perspective view of the control unit of Fig. 18
coupling to a base housing configured with a contactor and hockey puck solid state
30 relay according fo another exemplary embodiment of the invention.
[0050] Fig. 22 is an exploded view of a base housing as shown in Fig. 18
according to one exemplary embodiment of the invention.
[0051] Fig. 23 is a block diagram of a control communication scheme for

- a power control system according to one exemplary embodiment of the invention,

11



t hroughout the several views of the drawings. it 12 WO 2006/ 029312

PCT/ US2005/ 032150 DETAI LED DESCRI PTI ON OF EXEMPLARY EMBODI MENTS [ 0055] The
followi ng description is nmerely exenplary in nature and is in no way

i nt ended Rﬂo%b@bbsﬁhe invention, its applications, or HepgsrbdBafh One
enbodi ment of the invention is a power control systemhaving 5 a power
control unit that includes a plurality of power control conponents. The
system i ncl udeq0@52]ni tFis.rMags sioiyobbatbillpdtiakigg Aeahanhisaiidndirodsecheni cal - and
electrical_  coupling of a plurality of cqonponents jnto a power control unit.
The syst erfPEpla®and nlay capaliliesiohanioe sonteM systek a¢oriing torang SkInpPigyi de a
communi catd,an sanm . lity of power control system conponents
utiIizingf%ﬁg cougg?ﬂ%uﬁggﬁghisnl The 10 system further includes a power -
swi t ch conponelf@0&8]aptiigl 25ds a blok Hiapgmnf ah beputioitput datu telle riagroweoupl i ng
mechani,sm _Th ower swi.tch copponent  sel ectjvely pravides electrical

ener gy 2t o %ﬂ%@ﬁ%fema%ﬁ&%% %‘8%? e}gemp{%erpﬁqduaggé)fﬂledgwﬁo%upm y interface
for receiving gooss] frchespdAi reRiBS dharaBteRANEICatk Q@:‘i‘esb@ﬂcﬁﬁglf’a%@ for
providing, at l'east a portion, of the received supply power to the power

| oad. |t dhrogghiont thas¢vieed gieavspdtherdrawingeh comuni cation interface configured
to conmuni cate over the comunication |link. The power switch conponent is
~adapted to the coupling nmechanismfor nmechanical, electrical and

communi cati on coupling. The systemalso includes a power controller
conponent for controlling the power switch conponent. The power controller
conponent has a controller conmmunication interface for 20 comruni cati ng over
t he communi cation Iink to the power sw tch conponent [0057] Another

enbodi nent of the invention includes a power control system having a
plurality of components, including a systemcontrol conponent for providing
a control signal. The systemal so includes a comunication link configured
for providing a communication between at | east two of the plurality of 25
power control system conponents. The system further includes a power control
unit including a plurality of power control conponents and a unit

i ntegration coupling mnechanismfor nechanical and electrical coupling of
the conponents of the power control unit. The power control unit includes a
power supply interface for receiving power froma power supply and a power

| oad interface for providing, at |east a portion 30 of, the received supply

power to a power |oad. A power switch conponent selectively

12




provides electrical energy to a power |oad responsive to the control signal
and adapted to the coupling nechanism The power sw tch conponent includes
a power switch comunication interface configured to communicate with the

communi cat pwanzooésszizand a limt conponent for controllipgrigbRodehissery of
the supply power to the power 13 WO 2006/ 029312 PCT/ 1JS2005/032150. switch

conponent. The limt conponent includes a limt sensor for sensing a limt
oper at i ng PHIAICER DESGRIPTION QFFEXEMPLARY EMBGRIDIENTPower to t he power

switch conpone i ng, r nSi to the sensed limt operati.n
characteristic. @85@8] qpen%élg&n&ac/???{gﬁogﬁso%%fff#g%??lpl?ﬁaminﬁ eh?'r}ddﬁﬁ} ncl udes a
power cont h®lvay ntéded etirhid telahongon i8upplesation] @dfsad.i on coupl i ng mechani sm
for mechanical, _electrical,.  and communication coupling of a plurality of
conponent s i nt ol40RE] pokes embediment ofdhesngeption fea Royer sonteal SYStembriaRs a
pluraligy <] I Y E Em ' o]

sel f - coéhf i g ??ﬁjgéoggﬂpq%g%g&%ggg%%? i gﬁ??nr?gh g§rﬂféé§:e tsbgrﬁ%onent -~ being

r esponsi vesys@mainckdes anadt isepfation eoriplifip amthanisnofor arechidnim] ankecladridahe pl urality

of 10 conponents. 05 In still another enbodinent. . the invention includes
a power co?ﬂulpﬁfg og%gl{s@ﬂy; ‘?’fné’Pﬂ’QP‘?\e@tsaJP%I eRpEYer ﬁori(‘%'o:l E‘Elt'aﬂ_EP YeeBtcont r ol
conponent , inghided $éornsiiétlon li6R CRENRAA tb?wvm,aacomn%ﬁéaﬁbﬂ afbnd 4 I St component
versions and a second control ~conmponent having a plurality of second

conponent Praditheipowsr etiohystpaeepmpongnts gtilizing Baroypling mechanisnz ol | ng

mechanjgm | _ |cal ' ' .ag the first
compontht dierf RERGRcs (518t ELRA copfDen: SO B e SR LAY D onent
ver si ons -btepgatopevailing nvéchinigachopoveaisditslecomnmbnentaaisciveiit preeidss ons when
coupled with said systemi nt? ration coupl,i £9 chani sm [0060] Anot her
embodi ment cl§FTEFEns B’rﬂ?%’i‘f’ri‘g’@i Qo‘é{erp%w‘s NCOIFET BPOVSFUBRIEt em i ncl uding a

cont act or peWRKke BMrdcelVirdgQiow efl d Yol sRIpBY aGoRer BN BRerfcOora  pover supply
to a power |load. The systemalso includes a I'imt conponent with a

t hr eshol d Ploniding afrleast & portiongpfahd teedivedsupply pyer to thequowsnlaad. & alsanct j on of

t he thyeshgql | M Lt - an he, .can tor. power switch are
confi g‘lijéraedglz(iis%ldzeiinJl @x’%ﬁrggrgf% Jédé&slﬁvﬁl?%}%gﬁg%ﬁeﬁogﬁ%%§ﬁ8%‘% ;aﬁ?g erp%\e/ver control
sysL em Th]?orﬁmahie:ﬁioaﬁinkr Hhélpdswérrspﬁwliﬂeanpongyﬁh edhap'te!dtt&@‘_feabhﬂﬁhgcolupl i ngf )
mechani sm for, mechani cal , . e] ectrical, and copmunicatiqns coupljng of the

i nt egr at ed™MEBHANEEY br ap}?ﬁi sleatricaland corgrAyBigaNan coppifng. Hhe spgaelsEont r ol

system Theg,f¥sd £povkre6nttdliel blESor@niGetdnfblIme MRARRE sWi@ cono¥itdes control
signals to the switch and Iimt conponent for controlling an .
The power controller component has a controller communication interface for
20 communicating over the communication link to the power switch component
[00567]  Another embodiment of the invention includes a power control
system having a plurality of cdmponents, including a system control component for
providing a conﬁol signal. The system also inclﬁdes a communication link
‘configured for providing a communication between at least two of the plurality of
25  power control system componerits. The system further includes a power control unit
including a plurality of power control components and a unit ihtegration coupling
mechanism for mechanical and electrical coupling of the components of the power
control unit. The power control unit includes a power supply interface for receiving
power from a power supply and a power load interface for providing, at least a portion
30  of, the received supply power to a power load. A power switch component selectively
provides electrical energy to a power load responsive to the control signal énd adapted
to the coupling mechanism. The power switch component includes a power switch
communication interface configured to communicate with the communication link

and a limit component for controlling the delivery of the supply power to the power
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operation of the switch and linit conponent. 30 [0061] In yet another .
enbodi nent, the invention is a nethod of controlling power in a power
control systemhaving a plurality of power control conponent. The nethod
i ncl udes ggpeh@lokdlsr sel f-identification of each conmpongpiusWobdased Power
control system The nmethod al so includes conparing the identity of each
conponent as self-identified to at | east one of a predeterm ned

conf i gur atswwdtoh aordpdinéniND T2 Q6 dRHdheht RCTUJLS2 G/ 83Dl fd sersingradfmite and

reconfiguring.a characterigtic,.of o or re c onents responsive to the
conpar i ng.°Pf B%@?haﬁéfe&s?‘?'ngleﬁ%&y%‘)?ﬁ@ S'f‘f?pggl’%"%‘?r?‘gﬁ’ﬁé’?w%%“&wg‘ 5B illustrate a
conpari S0fbo&fpoﬁéh@béiﬁgfééﬁdﬂs%\fﬂhﬁg&@&dH&ﬁt%ﬁéﬁﬁﬂ@ aifhcRripgyer control system

ar

according. 5 to one exenplary enbodi ment of the invention. Simlar to the
power control $088&8m Togetohotiprembodimentdheinverionindludey s pewes®omobf Fig. 5A

B T L ek LR T N N
second di s@adetimpoicRioncconbling of aphesttty yf Sdddfdneite ifd the poseingnitopower 109B from

power supply 108B. Fuses 116A _and 116B (or,.any .10 sinilar fuse |link such as
a circuit SyieRkdRe SYFMaO @Pﬁéﬁi@é‘rﬁ%wébltyr"gé"éfﬂfgmﬂ%@giCHEHRPHW 2 109A and
1098, = r espmehiity ok Yol AhRLME Gapoliéntd, SRR 0PedchomBbitlyed pover

swi tches 118A tgnd 61188.1 Th.eg povggr SWi tqkfes (1)1 A aﬁd ?L18BoaPe di scretely
coupl ed tbeinghesponsive tolalregeived elividentifidation of dinofhetions affthesplumiityradl conponent,
such gﬁ aco%%g)ortional I ntegral and derivative (PID) control algorithm The
control’l er e\‘f%g'provi des control signals 511A and 511B to the power

swi tches | -1 8A[cg8D]118Bstill itiRe einby@¥nt, fieineali@CintMeds)a gowet e&lttdi ng t he
swi tching operation thereof, The <controller 102 is coupled to sensors 104A

and 104B #hyemn decdydigatdensiclirsiang segond comtol campanent. £ fsvhcedfdor s 104A and 104B
as an inp : a1 | . L . gﬂﬁlo@ The first
power IoagBng%&gﬁﬁﬁ%eéc@ﬁ%h Omﬁﬁ%ﬁ%ﬁo@é%@%?@a@é%%@@ﬂf to their

associ at ed:o:pnﬁmnt hwmnglsraliﬂy cB"Aecamq cd:ﬂﬁ?eggvemfd)rsctfgmeihylud@ideﬁvef t hﬁ provi ded
power .from the.associ at ed. power sw t.c \_an : each of the

P omoran: SRt ieteai et St iRelitetiehond o iy w red or
connect ed ch@gfinht@fion dJUBlindBWEFst dreht 234 eI AQOIpasent, Whesth S Of di screte
power contraol assenblies 501A and 501B for providing (gower to two power

| oads 120/&a¢hef saiddEstempprsyl verdienseingpperhler wittoeagh pEsaiseqpitht | ons 124, each
of whi ch TEHULARE virfibhd Rhen B3EH1BE WRth s48 s ARGLIE colHnB L ARARNG S,

[0060] Another embodiment of the invention includes a power control

20  system including a contactor power switch for selectively providing power from a
power supply to a power load. The system also includes a limit component with a
threshold limit for providing a limit switching function as a f\mctioﬁ of the threshold -
limit. The limit component and the contactor power switch are configured as an

. integrated switch and limit component of the power control system. The system

25  further includes a system integration coupling mechanism for mechanical, electrical,
and communicatiohs coupling of the integrated contactor switch and limit component
into the power control system. The systém also includes a control component that
provides control signals to the switch and limit component for controlling an
operation of the switch and limit component.

30.  [0061] Inyetanother embodiment, the invention is a method of
controlling power in a power control system having a plurélity;of power control
component. The method includes generating self-identification of each component
within a power control system. The method also includes comparing the identity of

each component as self-identified to at least one of a predetermined configuration and
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[0063] In contrast, Fig. 5B illustrates a power control system 500B
according to sone enbodi nents of the invention that includes a controller
501 and two integrated power control assenblies 502A and 502B for providing

power to 3qgRveses@ads 120A and 120B, respectively. Eapdppeaedosagtr ol
assenbly 502 ‘includes a unit integration coupling nmechanismfor nechani cal

and electrical coupling of the various conponents into an integrated power
control assagmifileangaeconEgutinga charrcteristit efgma br morc@nglonegs respduaiveson can t ake

many for s oL ex nple, in one enbodinent, a unit integration coupling

mechani sm ¢S 1 Reltfde one or nore housi ngs 15 WO 2006/ 029312

PCT/ 11S20051032[0962] c oREfegtiigeitbwdotthe figirey, Fipg ki A and sRilUkeseand couplers for
mechani cal | y engagi hg the  various conponents and for establishing and
mai nt ai ni nEPHRRAEIEALf e Bipiat pewcprirol syt aRd &PQWer canfepl syfiem accgeding ed,

conmuni gat | ' : @fgﬂo £ QR L nd
connect?vi ‘,Eo;d}rl'éseﬁﬁél(ﬂjﬂ Igéax?%?@%n?op Egé/g e'?rugggirtgﬂae?s{)g%fg co&%{%%rrlrg such as
t hrough snifl cfdigllen @{chmqntreﬁgrbtpm 5@?Atoé€i§ SAdhdudds radfﬂkthﬁﬁcr@afm;eﬁr ment Is , the
unit integration coupl.l chani sm for an egrated power F_.contro ‘
Rssenbly SETBLTRARBY LB PTG SPPHAeee YA BHAISUFERIP OBANGE | ocki ng
and i nt er cgRRB&EI RPplyahpd 100AERNa FRBAT difdets PeePdontol RsdmiBly 5015 € -

il
specifically, a DIN rai nounting system In various enbodi nents, the

i nt egr at edreseivessupplN PPHEr HiPSehier power sppRly d 08Bc Fuge 1564 avd BYAR (pr eyt coupl es/
verticahly.ar i . Ml . j d wth

f ewer zé(t Z?Inzli %%e F@g%@?%g&mﬁ%ﬁn%é%g{ﬁwﬁgg& gﬁg%aﬁﬁégg%“{eggésﬁ%%“%gr t\,NI to the
i nt egr at i oh0Poaml 1098, respdrtinely amdvprokide feagechtod hoawtltontad exhpbddeotvet cal
connections., [00 As t he power cqntrol enbl.i es 502A and 502B
have a 155 ?iﬂ%%f@%\% pBWF&%V&eSégﬁtA‘r%‘filligﬁ%AIW?FIX08%? ol link or

communi cat {Pfe BitEroleC102 vaReRis@huibpel WiV EEortBNEdRponeaS QFRls §S has a control
bus interface 505A and 505B for interfacing with the comrunication bus 507

and to t hepopettiondlietegrsbmd detietive (PN eontpdwkgorithant Tl coatrelleril2 es 502A and
502B i pgl uﬁ%%i%@cdn%o?ﬂ%%ﬁl{)g%@[s’l%Iﬁ"rt](% ‘glg ngﬁr?ﬁ%%‘(l}&?ﬁ@é}rﬁ ﬁgﬁ 504B that are

shown as i aAcluding a p erivative D control
conponent , rddpectivaly dbr stetiptle contrudlinpae swisohirigtdperatioh tl@keof.uThd | on can be PID

control but can be _i.n any method qr  sys for controlling the i operation
of the powentolifs gise @&Pﬁﬁnsﬁ‘iﬁﬁoﬁgﬁné f@%@rpeFl\afaamspwgwfﬁnebntro|,

propor ti ongl,viy RohNensds PEQOMH 1083k b RO Pen&G A 1S cofroP5igRAS t 1 onal ,
integral, two “derivatives (the second being for accel eration) (PlDD)
control, fé&blA fustdBd,The first power load 120A and second power load 120B are coupled
20  to their associated power switches 118A and 118B to selectively receive the provided
power from the associated power switch 118A and 118B. As each of the components
are separate components, each ‘much be separately wired or connected together. The
power control system SO0A has two sets of discrete power control assemblies 501A
and 501B for providing power to two power loads 120A and 120B and requires at
25  least 28 wire terminations 124, each of which requires initial installation and ongoing
maintenance. / |
[0063] In contrast, Fig. 5B illustrates a power control system 500B
according to some embodiments of the invention that includes a controller 501 and
two integrated power control assemblies 502A and 502B for providing power to
30 power loads 120A and 120B, respectively. Each power control assembly 502
includes a unit integration coupling mechanism for mechanical and electrical coupling
of the various components into an integrated power control assembly 502. Such a
unit integration coupling mechanism can take many forms. For example, in one

embodiment, a unit integration coupling mechanism can include one or more housings
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25 feedback, by way of exanple. Each power switch controller 504A and 504B
Is coupled within the power control assenbly 502 by an internal integrated
interface 506A and 506B. The internal integrated controller to power swtch
i nterface g6y aks1Rrovide for a mechanical and el eC”bE@/’UsgﬁHﬁz's'ﬂg of the
power switch'controller 504 to the power swtch 119 |ocated wthin the
power control assenbly 502. Simlarly, a 30 fusible link 516A and 516B, such
as a fuse m@nfigirecwith irerkrking fedtyresay cofiplers @rphechaiedily dagaghhd then t he power

control assenbly 502 in | ch se a fusible link to power switch interface
508A and SEBBUTREPERGS ?ﬂl\gn HPB?St{Bﬁ%@WEW%ﬁHF%H&G@EWP | coupling of

the fusi b'&@#ﬂkf&é%ﬁ%@&é&ﬁ&é C6h A E R ANES S S ldkfler Add1 1 ONally, the

power control asse 5028 can e an I ntegrated sensor 104B via
an i nt egr aangebdibGents, WCh 20q6ing 203 ¢connp@ivitySP@0E @8 fG®luggableonal i nterface 512.

I n ot her enbodient an.external sensor 104A can be coupled. to the

it eor 2 e RGP Bl g netc PRI 8 BRI o RS Rt ot tbrEale. 510! [ 0065]
Gener al | y,otnéivemibadiﬁ@ﬁta,tmdMOWgraﬁquﬂing&&emﬁsynEﬁanﬁﬂé%rﬂad/ wée or nore
conmponent's such as _the power switch cantroller 504, the tusible |ink 516,

the 5 poviorirehgsseaply a0, coyldrhesyplurglity of hepsings senfipuesd fonintariegking mrdr f aces 506,

508, and : i sl eY=To| oAt ; ssenbly 502
~that pr oviqé%rsco?%érc UQI ﬁoglgﬁc@gghﬁ%dg? {61?% gnu?ﬁ gﬂ#@eﬁe@@ﬁ%@%@ﬁh@ ir%%s. Wi | e
not shown mounfing systehB, Inoagowsrenthodanentsnthe gutegratedd powerrconeitassembs senbl i es can

al so i,ncl ude .ot her, inteqrated conponent such.as a second .power switch (for
exanpl1@ a ¥ 5’8@8? mb?“%ﬂ@ﬁil?ﬁt 8%”[[}5?95393&‘7@3' @%6%8?2%’@%&9&@@8%% conponent ,
a limt coupRBeRotprint S Withfewee BRbiel of HHABERiringofineclibRs Bue Ahsl SO be
included in a simlar manner as the illustrated power switch controller
504, the DR taileinperation qoypbngmechaniswyyithintegrated and majed ebsstrical and f usi bl e
link 516 Jniuand within a conbined or single operating unit for
controlling ang providing powering to one or nore power |oads 120. 15

[ 0066] Additi orje064)], oxeshownnthe powawentra assembliesssR2Andndi5@2B58%; a such as

shown ,as 502A and. 502B, can include . an internal. integrate oportional,
i nt egr@l , S%“‘f&fﬁ?e\/tglair%mﬂgf’ﬁdfébﬁq]rﬂ?aF?fMﬁBlﬁorf _W’.t‘%f’%ﬂgﬁugperat i onal
control angh7f Ghch FIRSPUVE AR adsLmBliGNAS & Boritdl biGhtePhc¥0sA HAG0sBt her over
t he common communi cation bus 507. The controller 501 can communi cate with

bot h powerforiptetipeing wiith sheseomynynientisn bys WHdné tptbe genteoller HH . disekeotBaponent s
ther eof, omgg{{nvqgg%%@leggof&% A8 RhudSdh GRS %eE QORNESWRRS oF wire

term nati ons
controller 504A and 504B that are shown as including a proportional, integral,

20  derivative PID control component, by way of example. The power switch control
function can be PID control but can be in any method or system for cohtrolling the
-operation of the power switch, including but not limited to adaptive PID control,
proportional control, a proportional/integral control, a proportional, integral, two
derivatives (the second being for acceleration) (PIDD) control, feed forward,

25  feedback, by way of example. Each power switch controller S504A and 504B is
coupled within the power control assembly 502 by an internal integrated interface
506A and 506B. The internal integrated controller to power switch interface 506 can
provide for a mechanical and electrical coupling of the power switch controller 504 to
the power switch 118 located within the power control assembly 502. Similarly, a

30 fusible link 516A and 516B, such as a fuse or circuit breaker, by way of example, can

‘ be within the power control assembly 502 in which case a fusible link to power switch
- interface 508A and 508B can provide for the mechanical and/or electrical coupling of
the fusible link 516 to the associated power switch 118. Additionally, the power

-control assembly 502B can also include an integrated sensor 104B via an integrated
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conponents of each power control assenbly 502. As such, the power control
system 500B requires 13 wiring term nations 124 for each control assenbly,
which is a beneficial reduction fromthe 28 for each discrete control
arrangeneniyg shsihdoed i n 25 power control system S00A of pFigs200993218067] As
wi |l be discussed, the controller 501 and/or the control conponent 504 can
include a user interface (U) nodule, an input/output nodule, and a
conmmuni cat intemaibderfce Gh2t InsttimmembndiBiegts, H&Bxterta dértsooBIA gan bereumled nor e

nodul es i thin a power control assemdly 502 or an integrated power control
system 50\(1)%06[ %n%rﬁﬁmés‘gﬂ%?@@@%%égVbﬁ’%ﬁ?@%%i ﬁrf‘?‘Fﬁﬁape (not shown) for
one or nore opejodBBPNS GehdiAlyS tHe intehrated hoWer @n@bl 489y BOPELIMVOEndOdUl es can
. : y

i nclude a processor, nenory, firmvare, hardware, and/or software. The

pr ocessi ngOliBerdicemperantsauetbas the pemrs sHifch egnirotlpn 104, the fusthle ink Ak, fisr k|

enpi ri gal i cal f i 1 61029312
PCTNS2005/ ‘8@%"?@8&%@% §&é?‘?1?3?%“,d éé&:céé‘%dgg‘!gﬁm} @fegﬁg‘%?gpi { %S\ré\]glcgﬁﬁaf}l? ificial

i nt el | i gencfewhitd adedntegrated ded & pgwertodttblesscartdy S02sthat providestor 4 tedaéddon. [ 0068]
Each nmenory can ggggn t.%{e of menory_ for storinpg.data and/or software

i ncl udi ng BRER SRR PREERS. sV BISHY SO TR Bh OB REBRBT k, a 5 memory
device, a GRIFPIMESoWSEGRR] BssBRBTidsBan alss HIFRIE Stheflinidgratdlhribort A age devi ce
operabl e to comminicate information. [0069] As one or nore conponents is
conf i gur edsusheha scoondpeserispifch (forerampleragontasisr arimechanieal iglayl, agower onponent s

provi for _new and inproved. functionalit ithin each conpongnt and anong
P ompontht sl RAC e TR ¢ it DERLBAE & el bk SRS e LSl or
control sy&neds,bedscludedlin b eintias glasse ds fheillidaated Powed swvikhdomsollet | | becone
enabled to thaose skilled in the art after conprehending the.  invention as

descri bed ¥ &iepovieswidshaidp (dovags p selishpgn &ty (Fefk pnthisibla ke 16conponent
conf i gur at {gNsq wiYikh § TbMbREd bSngds %ﬁe?ﬁfngglﬂft[%ﬂ J,gﬂﬁolliﬂ% Wﬁi‘giﬂgd at a,

di agnosti c operations, and other  operationa ta. Al y, operating
15 char act pewsingds oneereners powerdpads, 120ai | ures, nodes, and states, by way of

exanpl can b req .related to _one or nore gperati.on f the conponent,
a nodul'e, or aﬁ@to Eéf g‘gdrrl&ﬁaéﬁtovﬁ?rﬁ?oﬁe P%‘gerp%%@ a%sgﬁtbplg? §%7§§'fcérﬁs As just one
exanpl e, asHakuiraslsoRX aod 5028, earcthcido f Gitsrad] inaemated plpesiohdlgingggdonent to
reconfigure to adapt to newly or, changed conponents wthiin the power

D!
control ~sy3tdderivativedRED)eeniseli freqtion for inigmabersertione] ceatolimifirat e or activate a
feature not, prevkatbaly a SHRRAET /A INidNAEDSther over the common

communication bus 507. The controller 501 can communicate with both power

20  control assemblies 502A and 502B or one or more components thereof, without
requiring separate or dedicated connections or wire terminations between the
components of each power control assembly 502. As such, the power control system
500B requires 13 wiring terminations 124 for each control assembly, which is a

, beneficial reduction from the 28 for each discrete control arrangement required in

25  power control system 500A of Fig. 5A.

[0067] As will be discussed, the controller 501 and/or the control
component 504 can include a user interface (UI) module, an input/output module, and
a communication module (not shown in Fig. 5B). Additionally, one or more modules
| within a power control assembly 502 or an integrated power control systeﬁ 500 can

30  include a processor or processing module (not shown) for one or more operations
thereof. One or more of these processing inodules can include a processor, memory,
firmwate, hardware, and/or software. The processing modules can also include an

algorithm, a neural network, empirical data, numerical data, fuzzy logic, a neural
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conponent or w thin the assenbly, but which is now avai | abl e due to a change
within the power operating system Such a change can include a software
update or a change out or addition of a conponent. [0070] Referring now to

Fig. 6, a wowssoelrol system 600 includes many 25 ofpclrhRa®apRi&oMponent s
and power control assenbly features and functions, which are not repeated

here. However, the power control system 600 furt her illustrates enbodinents

of the i n\fez'z(ywcrnulv;/laecadual lifeal godtii, @h lagificid int¢lhgdnce modareambdedingo t he
comuni catnllgin% ?Jhdz 07 an %@ t hereby coupled to power control assenblies 502A
‘and 502B"¥Y 3 Yefsbgel (eHOR-nt e face 602 for receiving or providing

i nformation angog¥B]i nmabhh@nﬁfyﬂbaﬁ%ahsttybé@ﬂm&nu@%r stJMnga@@éhdhﬁ any type of
user interface, incl UdErBlg@ but not limted to yboard, a nouse, a

control panBwaredrcduding M, GEPRAY], adlm@béthragglqcetm ormmt‘aorkoa ce input. A

fgmgpg?%%ﬂgﬁ%ﬁaggrg&%{’r‘é&%ﬁl{% e(raam%ra op era P?lggft Mlatsytl%m%g&lge for controlz

reporti ng,opembleto camduniodte indpeaatdi.| ity for coordi nated control of one or 18
WO 2006/ 029312 WUSZOOS/ 032150 nore 8 oce ses o, 0 eratjons, An
i nput / out put mERRY 615 WLOT BOEFORPERS Firgdefh 2 ProgessiBged i nput's or

out put s “iﬁédul@%ﬁat@ﬁcl@&%&ﬂeﬂﬁrﬁ&he&@@ﬂfﬁﬂoﬁ%ﬁ?f ovRlcRaY onlatldampitved  appl i cati on.

These may include an interface for controfling a -power svmtch that i s not
conpat i bl duntiphality withinsiaelticaneponéns andamens mepomntmfsth6mer@pntude or nore

h
FemSOD. S 857 VR 5 i Pr R B PO R e, 000 Py s
comuni catheRh adtad will BecdincBplded tokdg rsmlecdmnﬁm atarbmetchasihgnBei es 502 and

possi bly ot her conponents, such as ens way of exanple, that can be
coupl ed tén‘teHEOIb%?%é‘iﬂ%GQ?‘FrSW gseusmple, %m%%mmeaﬂaeﬁw& otocol of the

expansi on dBiBe ARG oy 6A0s5RM HERMaNRANehAiOS dseIRR A0 i th any type.

of conmuni ca 507 wt'hin the power control system 600, or nodul es
Wi t hi n t heliagoestic operations amlsgl@nmpgratmal dar%r@ddmomﬁy,m@dnabove t he

cormu cation .bu 0 n aI VI de.for cemuni,cati pn between two
mabe” khitertiine Ppth sebi. Bt BOYREs ph iy RESRRE A B0 OFt veen LI
502A and sfb5ed1@l&%’dt6@ﬁlédSIQhOIﬁSP@ﬂﬁIJnyoﬁ@laBompdineﬁQmmm or amdthefiodul es t her eof .

The conmuni cation |jnk and int erface can be any communi_cation system
i ncl udi ng camnarreatwvaéhppmpmo Biste- r‘%ﬁlé“g‘sor*f:ﬁ@iml? ¢y PIyBEY 95 nmuni cat i on

link and AH1G3hd MpoRbRid fé@@x&ig%?é‘to%aﬁ%%l&%e with a

Wat BusTM as m conduct or
changed components within the power control system. In one embodlment a

20  component can initiate or activate a feature not previously supported by another
component or within the assembly, but which is now available due to a change within
the power operating system. Such a change can include a software update ora change
out or addition of a component. |

[0070] Referring now to Fig. 6, a power control system 600 includes many

25  of the same components and power control assembly features and functions, which
are not repeated here. However, the power control system 600 further illustrates
embodiments of the invention wherein the controller 501 that is connected to the
communications bus 507 and thereby coupled to power control assemblies 502A and
502B, can include a user interface 602 for receiving or providing information and

30 input to and output from a user. This can be any type of user interface, including, but
not limited to, a keyboard, a mouse, a control panel, one or more buttons, a touch
screen, and a voice input. A communication module 604 provides for
interconnectivity and interoperability via a remote network or operational system 606

for control reporting, input, and interoperability for coordinated control of one or
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one-wire protocol, Seriplex, sensorbus, DeviceNef M bus, FM5 Lon Wrks,
Control 20 Area Network (CAN), Interbus S, SDLC, AS-Interface (AS-i), Local
I nt erconnect bus (LIN-bus), TEEE-111S bus, Profibus, Mdbus RTU, an

ent er pri sewaPfogiédbs@t i on bus including an Et hernet TCPp¢PusdobGoszhizper net, a
token ring LAN, an Ethernet LAN, an FDD network, a private data network,

an I SDN, and a VPN, by way of exanple. [0072] The commrunication bus 507 can
be a two- wapraasesses ontparationss Anangut/vetputtrhedulef id\dad elso fpoaviderfor dizstd

integration and centralized contro nd_.confi.quration .of. the conponents
wht hent hoop BB BrpaEShe B e e 2ked SERMLIA B RO et at o,
comands, gpplicaton. TheieaadOmsludeRsHaaRse fob Odrtiling, a Sowwdr SWiteH Bt ib 86t
configurations,, paranmeters, and characteristics associated with the

oper at i on, cERAps withserronplgd tasthe gorapgHpis#tioBdUS AL OF BRASOIGROTE KRNSBRIAS or  nor e
corrponesitsd%[cﬁbeﬁqle Jul es of the power control system By way of exanple and
as will be discussed bel ow, the comuni cati on bus 507 provides for

comuni cat i on of00Z8] t wAnexpaisionl busdeduls 603 poeides frangesomrdtivioeith | ng. of a
stored profil e or conpaone configuration. In sone. enbodi nents, the

comuni cat ﬁ°’618§m1§6%0‘?ﬂsg.5? g%recgu%gigﬁn SPERBLICAIOR WL ORGQF MRt ai ned i n one
or nore COf éﬂoﬁov@r cOntRN WEemBREY J02lan@ pSBIND dthdroMPoREHIE 3QAX3 12

PCTI US2005/ 03215 502 for operational Integration and conbi nati on of power

control | odfpsepdyavaverfiestnpls, thatpap herequpled to thetcamanitpicatien bed W9, Thed can

enabl eqd NP . 1.N| | ' wer |oop to

tho cont r opfLRALBAmh G AbedbE R PR LAt Al 88 Rl CO RO PR

Addiht i onal tompdtible widvnaty tgpandfroomnamsatitn yusS02 witkihthie hswer dontrelgyystemon coupl i ng

" mechani sns din rated comuni cation b 7 pr.ovides fo application
specific cé&ﬂPbP"é‘@%\% 0 e RaYYY SOntEpl AspIR f,S%ggFFF‘?]ﬁ-uf*éPPfﬁﬂ§{,;°V§n’££oper ations

so that t hgoREWREatfAMS 9D7 g%l%fdigg@@pﬁﬁme% ComhamABH bARReRRARIEd to one or

nore user applications. w || be discussed bel ow, an integrated

power cont moke postse aextiol assomblics 502, er bebyvaem theinemsy centrotiassombly §A2Aundn or
asse”b‘rl%nfg%é‘r'c%t?& aSeeRIbY 8DE ¥: S’fn%ﬁr%g%é‘ﬁé E(I:Ib(.f];%g&l{lgsl th&dSE &fecomponents.  In nmany

enbodi one or nore “power con onents aré not integrated within
the power canintmtatadiekiahy ifi@act bat bd Miyicomatunicagar sy iusledingppbidcat i on, but

is renotely, |l gcateq for easy access by a user. However, in many
enbodi nent ¥ire ’rP@“FngOB?’VFrWS 0133@16&8 calgrkink ANdSRPBRRAE s are 15

fﬁgt ‘SLC\:? \édg%l%%uﬁlg fog?ﬁbéﬁ%%e?(g%ﬂ%éé\égn{baﬁﬂg WRAYWEK a8, Pangy St Al&oLr - one of

one-wire protocol, Seriplex, sensorbus, DeviceNet™ bus, FMS, Lon Works, Control

20  Area Network (CAN), Interbus S, SDLC, AS-Interface (AS-i), Local Interconnect bus
(LIN-bus), IEEE-1118 bus, Profibus, Modbus RTU, an enterprise communication bus
including an Ethernet TCP/IP, the Internet, a token ring LAN, an Ethernet LAN, an
FDDI network, a private data network, an ISDN, and a VPN, by way of example.

[0072]  The communication bus 507 can be a two-way communication

25 facility that provides for increased integration and centralized control and
configuration of the components within the power control system. The
communication can include status, commands, alarms, indicators, messages, software,
system profiles, configurations, parameters, and characteristics associated with the
operation, control, sensing, or diagnostics func_tions of the one or more components or

30  modules of the power control system. By way of example and as will be discussed
below, the communication bus 507 provides for communication of software
downloads, storage, changes and recalling of a stored profile or component

configuration. In some embodiments, the communication bus 507 interfaces with

processing systems contained in one or motre components of a power control assembly
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[ 0074] As noted ébove, t he power control assenbly 502 can include any
conponent associated with providing power to a power load in a variety of
user applications. As one exanple of a power control assenbly 502 or system

600 for 2Gy@hvbsisiyg power to a heater application, thg-pewRhs et ol
assenblies 502 can include a plurality of conponents in a thermal control

| oop. These can include conponents for a process sensor, a t enper at ur e/ over
t enper at urs82 cfmmpemtibmi intengnfrtioamhd sembiasationrof pbwmhﬁolrieop character1st1cs
switch/rel 2¥ a |l | t sensor, and a power | oad.

As il ust PR %Var@; ﬁ’pﬂﬂgcﬁlhe tflmﬁmvf’ PoiEriHdr ol assembly 502A
i ncl udes %‘éeﬁu&mﬁa %mttﬁ@p&ﬁe% 166Y tBiheAontOllct 284 t%ti%eae aﬁﬁﬁhstf%nbe a solid

state rel ay, licon controlled rectifier, a nechanical relay, or contactor
(by way ofanémnﬁﬂe@en%ﬁyaemsl Addlitionallynthe pewer coniaoliansembinGR with k& i nt egr at ed

power gon / nbly 502A in
Fig. 6§| n(t%lllit(8 gf;ilér;anﬁ gacegﬁg%%{’flagzﬂ%ﬁfgﬁg’é‘%%é&{ P%cht'bhﬁové(%srgm cation bus
507 and a appheation geeific Icﬁlgrdl stheires aretldds Aorbfiles, kenfidufationd Gné opaaivast 614 for

i nterfaci ng wi th the power Su@,@ 108A. In the alternative or in addition,
as with t 8 tbismowsionbp! syseefidyam bopstomizedandpdantedip 09 6T BEF be i ncl uded.
The fuse |yl gk@ug&n be a fast blow fuse or'a circuit breaker, by way of
exanpl e, for rotecting the power control switch 612B. The power control
assenbly 502A #0731 i rclwitlds dtmassgbbéowmmtcgaﬁim\weﬂmntmbassdmhm to include

an i ntegr d P1D cont ol O 2006/ 02931 2005%{?%@,15 function. In
the allDor ARE FACTE QLI o PR B AR BREN, BB R BT SRPEE N 612 can
be incl Ud%dnt@cﬂ sszsaémb@np@ﬁhusnﬁdmm}aexﬂbbdinﬁmbaémﬁoﬁguwlaﬂmwpcham sm such as
a housing. In the power switch control assenbl a power switch

control f FABPPRFALS ar%n%%wataéwghmtbﬁ ewrﬁemﬁqlaﬁse@bmioaﬁmthbmpﬁe power switch
6124 and bBgHON Seﬁa RIS 16 i AN ReADPrPONFhaleas) 4806 [ishans, as a

resi stive heater e power switch 612A can Include, as in this
exanpl e, an praoy esbodimergs)ithd majenfyauf@oﬁmoo@ntrbkﬂystemtcenﬂpamntﬁgarw th the sensor

104A (sh t f d -
coupl I'Rg APearalpH G “FhinEa ST oBuRe peiens iR of 53R aai 11 onal

power contchptrolaserbhitd 3. 502 can al so be coupled to the 10 communi cation bus
507 and coordinated by the contragller 501. LaOO75 As illustrated in Fig. 7,
in sone enbodi MMM aAsgwiadsb P\éer,thé‘/G’PW@é‘PPnth é@h‘ﬁﬂﬁ%‘éﬁl@}l@e%upl ed to one

O SR SR s (G i ot 101G w1 11
does not iapplicatiensamsiont expnatle df pover csndrdi essembiyt502 Ior system 600 for
20  providing power to a heater application, the power conirol assemblies 502 can include
.a plurality of components in a thermal control loop. These can include components
-for a process sensor, a temperature/over temperature controller, current sensor or
transformer, switch/relay/contactor, a fuse, a limiter, a limit sensor, and a power load.
As illustrated by way of example in Fig. 6, the power control assembly 502A includes
25  apower switch 612 (similar td 118 above) that may be a solid state relay, silicon
controlled rectifier, a mechanical relay, or contactor (by way ‘of example, and a limit
component 614 in a tower-like integrated power control assembly 502A and/or 502B.
The power control assembly 502A in Fig. 6 includes an interface 505A for interfacing
to the communication bus 507 and a power receiving interface 106A to the limit
30 component 614 for interfacing with the power supply 108A. In the alternative or in
addition, as with the power control assembly 502B, a fusible link 516 can be included.
The fuse link 516 can be a fast blow fuse or a circuit breaker, by way of example, for
protecting the power control switch 612B. The power control asserribly 502A also

- includes the power switch 612A that is shown to include an integrated PID control
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15 conponent but includes a power switch 118A with two power swi tch control
termnals 119A and 119B. The i nput/output nodule 610 of the controller 501
provi des a power switch control signal 706 for controlling the power swtch
118A.  ThewdpuédBsizput nodul e 610 al so includes an int get@asRd@HhiFecei vi ng
a sensor signal 708 fromthe sensor 104A associated with the heater or
power | oad 120A. The power 20 control assenbly 701A al so includes a power
measur enmenfuneiinmp dndstaltemailve o separatasnmiiohepnioacy $0é anppoverdwiich 61% r om t he

power cont .ol | y BO2A. The .power. . neasurenent ¢ onent. 702A can
i ncl ude onéeagcl))lg ﬁrr%lr?c{él’gfgﬁagg?escogl;gufefl&has J%tgg%a%ﬁ%p 13%?8@? TR AR an i nt er nal
power bus lgfusinge PheRbwesHifcR ot agseinily A2 Al BWerGfitch BRAL giched | ouS
el ectrical, characteristics for determining a neasurenent of power as 25 are

known to tifsReVIEAs 3 FliEhcongol fleecopirolling the pavier switehe @l 24y andithsreby orponent
conbi naf i a: ' I Waley j ' it sensor .
ERYRR A L e e R S S L P
systens. [60kB]61RA cahfurihemincludeg s inothisessepls) aprotdBsansd idRifacedf10Ri g. 7, an
I nt egr at ed, power. swi t.ch. contral conponent or nodul e 710B.and 710C are
coupl ed tofop%er&(?%rm 'F STy féés YA % £ IEEPCTP U RO %1 qaxf or controlling
the associ fhfbsiwefaceWhd G&plﬁ?{%glg@ﬁylﬁ tCiRBkécehd PER&@TEBhYol 48kBbIyCl udes a

Wi

power neasurenment conponent one or nobre power neasurenent

t r ansducer 2P0 #Blditienal pavisn apnitp] agspmbliescifie car alfe botoupledethent 710B i ncl udes

t he i rfac ) | Wi ng. i fg O nsor 104B for controlling
power nfso\?m t%ﬁ%&“‘%&g %‘gﬁ%}ﬁ °§‘g‘ﬁtnrq{6%ﬁtbé{sﬂéee%§ﬁeﬁ?fc 21 WO 2006/ 029312

PCTI US201) 5/ 032708@5] di Ak dlustrated infFig. 7, in sonel enthedingentss¢dntrelldrisok ¢l 6C but does

not include a power reasur nt conponent 702 or a Iinlt conponent 614.
Hovever, p YHeatgely cg RORE OFHOFSAENtegratag POWET FREOL FSIRRIS de an

| nt egr at ed7¢12TPO1 B 440 §0 TE IRURERAhuni SRR BAEFY7. ALshbRa! infedPitddSHosenf i gured for
determ ning the tenperature of the power 5 |oad 120C by Reasuring one or
nor e el ect ¢angral ass¢rablind O kA degsinosinghude e inteprried prwer fwitcloeanet of t he power

switc 18C. 7 Ll d : | 1y Ane: em 700 havi ng
thr eeh15<13x e‘%’p“i‘flé’?‘gmgb}%&@?lugéﬁ %Wegé@g%ﬁ%&g\s%%ﬁo%e? %‘,&'{t(glncd)%}%fl C, each can

i ncl ude adtebtﬁirnhleng?{9ﬁfaxéd:brhmnﬁﬁtiﬁpué/buﬂp;ﬁﬂﬁcscﬂulélém ofathe t@@stler ﬂﬁ)lsgme manner, an
i ntegrated assenbly 10 that provides r interconnectivity an

i nt er oper aPiOVides;2 BRWH SHITRR FRRITO §§‘?£ V%_@arae%tr i gﬂgaew%rss“ﬁfahgl%ri ng

connect | Onfhé]-i%gutf(ﬁﬁp\ﬁ BRI 830 ﬁséﬂ?éidde%{ iﬁ{e?fa%ffp,re%eilvin'g%)sens%ﬁﬁ Af the

conponent s of each ‘power control asse | es I's operationally and
physi cal | y708 from the sensor 104A associated with the heater or power load 120A. The power

20  control assembly 701 A also includes a power measurement component 702A for
measuring the power provided to/from the power control assembly 502A. The power
measurement component 702A can include one or more sensors or transducers 704A
associated with an internal power bus of the power control assembly 701 A and can
measure various electrical characteristics for determining a measurement of power as

25  are known to those skilled in the art. A limit switch or limit component combination
614A is also included and is responsive to thé limit sensor 114A for providing an
operational limit as is known in power control systems.

[0076] In the power control assembly 701B and 701C of Fig. 7, an
integrated power switch control component or module 710B and 710C are coupled to

30 . power switches 118B and 118C, respectively, for controlling the associated power
switch. The power control assembly 701B includes a power measurement component

702B with one or more power measurement transducers 704B. Additionally, the
power control component 710B includes the interface 510 for receiving input from the

sensor 104B for controlling power switch 118B. The power control assembly 701C
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coupl ed by a power control assenbly mechanical and electrical coupling
mechanism wth interfaces as will be discussed in nore detail below Also,
t he conmuni cation 15 bus 507 is configured for comuni cati on between each
power contwelw@sseidly 701 and the power controller SQEr RbshsRNer
control assenblies 701 and other coupled conponents 714 that are coupled to
t he conmuni cation bus 507. [0078] Fig. 8 illustrates another enbodi nent of a
power contdifidrs antbatetintludGeOukibleiling 586 € buttdoes hatindh@it aqoweect ed to three power

o LSRRI e o S R P ) 00
mar ked sysbf mwmmiatcsw%sn&m\mmde aﬁw@grate@eﬁiﬁefdmsﬁeh@mn%h% of Fig. 5B,
power control system 600 Fi ,. and power control ¥stem 700 of Fig. 7,

and t her efcgmponeng kthatoan bpc g@eérford#eteméw 188 tRmenseaturs of e PPWelot  be

repeat gd es 25
addi ti gnaﬁﬁgﬁggﬁm%émw#&e Bir)]}éxflgt e&gﬁcr%%:%aga\rﬁe%gﬁe&gﬁaf %)ég&g‘gl%t he power
swi t ch i n oufpatefithe poweraivitals $E8¢hl y 801A, and a current transforner 806B as a

power savi ng nent ﬁf thﬁﬂgﬁlwer control ass 801B. The current

Ly
transforner 80 e PBWFL ORITA VSR 198 HeyYing 818 ved from t he
power Soureﬁén%lbﬁ%%rM@Ehtds&'ﬁﬁhké’mlﬁ\nwm @ha 301 CRaLH &h iR4sde304 (shown as
804A, 804B 0 and 8040 rovided i n each of the power control
assenbl i eya8eY Af caupements,hut 11388@@: afilepst inssome aannergeristagsated dssenadymuni cat i on
bus 5 w4 04C via the
com"ruﬂlac a?llIm gﬁf&fﬁ? i ﬁatgré%%%gﬁwﬂﬂf%gg gltergﬁ%%@g% %é}nérg%gué? 1\?}‘{%?3391‘.’:{01} or providing

and recei \suﬂgsdﬁfmwhlnga:bmmﬁorsuah (BShewnby Démalbdirtle wilda 1ind)o Bagl oon.  However ,
as illustrated each o he ontr enblies 801 A .22
2006/ 029318 9oEPORIYY Bsse%ﬁl iaesg@i l%ﬁ’r?faéleﬁ?lfyg%lfi@é}ywﬂlﬂ an int er nal

conmmuni ¢ atcb%}ile@l%a Sifer c@ﬁtrol%%HiBBr' rﬁ&:‘hhxﬁgal%& Beriedldotistin gﬁgeeh&ﬁk@n various

conponents t He power control “assenbly 801. The inte communi cation
bus 804 cawithietetfacesgs will bedisdussed in mgreadeiapirbelayo uplsprthe eathamication such as

o ot B8 SRR AL B BBt B g o

assenbly &ﬁdthe @Weemmlla, 501 Jthdr po@erm@htroloRvamtlieard oamdatiser 88upleonnect i vi ty
can be autonatically connecte (g g%n the rele Ie coupling of a housing
cont ai ni ngomﬁ%nenﬁééﬁéhﬁtewowp t %"n&ﬂ'&“%‘i’é’nglﬁ swi tch control conponent

504A of power WSA Fig 33 80R%s %%&r eﬁlﬁo&ﬁeﬁt Jﬁ%gsfer céﬂﬁ%l ytepOr at ed

operational featurés and functionality .10 as provided between the
control | er806®a_v1eg1@|cmmﬂemsm/comeb@d\i@@memmr @fnﬁph@smbl@s 801A, 801B,

20 and 801C, shown as functional blocks. The power control system 800 is similar to

many of the same and similarly marked system components as shown in power
control system 500B of Fig. 5B, power control system 600 of Fig. 6, and power
control system 700 of F1g 7, and therefore a description of each of these cemponents
will not be repeated here. However, the power control system 800 illustrates

25 additional embodiments that include a mechanical relay 802 as the power switch in
power control assembly 801A, and a current transformer 806B as a power saving
component of the power control assembly 801B. Thé current transformer 806B can
provide for monitoring the poWer received from the power source. ‘

[0079] Additionally, an internal control bus 804 (shown as 804A, 804B,

30 and 804C) is provided in each of the power control assemblies 801A, 801B, and
801C. In these arrangements, the communication bus 507 interfaces with the control
modules 504A, 504B, and 504C via the communications interface 505A, 5 OSB, and
505C, respectively, for providing and receiving communications such as contro\l data

and information. However, as illustrated each of the power control assemblies 801A,
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control assenblies, can be further integrated as an internal conmunication
and control facility between conponents within a single or between one or
nore power control assenblies 801. In such enbodi nents of a power control

syst em andwapmes/o0ont rol  assenblies, any communi cati onpgegsiovess Xy t he
power switch control nodul e 504 can 15 be relayed or conmunicated internally
within the power control assenbly 801. [0080] Fromthis, it can be seen
t hat additB&nﬁ’alaanBﬁ/lé}iscomﬁmdwiﬂmmimm%commhicaﬁmSQé)sﬁﬁr control assenbly

801 can be_easj|. ded.and v and still nspre connectivity and
i nt er oper a%ﬂ’"i“?‘?“lﬁllﬁganégs @“rb%%a&%ﬁ%dmﬁl %?coénp}’f)’ F?@%f’ f%‘ﬁ POYHLO %‘OI nore power
sW t ch conigsehblg GOP.OTEnSeri) 2ompanietti@iviul 804 sanlbeSntegRN®HARS intdpfatidfnd 20 114,

power |oads 120, alarps (not shown), events (not shown) and auxiliary
functions cwﬁtlg WREhRRISI, B3¢ @é%gak\g'@ocoa%e%wMW%%m withig @i hopsiBe Qubst ant i al

rew ri O%ia TBRNG | | e[ TRVA gt hin the
I nt egr ;!tg ed{llgower %tgﬁﬁ%ﬂ&gggg%? 8; gg%q%‘.auﬁ[ogg%eﬁsgé@%??ﬁﬂgggﬁgltw&? {(gMFi g. 9, in

some enbodassembly 80 heFaomample) the igerhal c@inumications busid4diconmgtivtecnde at | east

mated to th ower, contr.ol assenbl 1 by.. in rated mating, contacts 902.
The mat | nga'gﬁ’ﬁ?té{:@[l% CWCtg‘iHQ%’etE% Wé%sﬁabg%?oum%o’i HSe8 r‘f?li‘tﬁllmrng?‘h%ol i s mount ed
adj acent t thebHaRicRIMRY S0DBAd Bk paWEswRlcH c&lol cémPBiechNSN4ANGK powRHEIntdD | S

acconpl i shed wi thout requiring manual user connection activity. In the

i |1 ust r at edssenbii$0tA ofn thisgnarger, thepptegteted opprstionad fratvaesrad fenstienadint r ol | er 501
oper abj q 305 Jmtifsd M&: {REcHRMRL: 57 %{1& %h%ﬁ&/éﬁt’é%%%fﬂ bﬁhﬁ@&%&l«g contacts
or man I nteg n . n so

902 to rated power control system enbodi nent s,
t he mat i ngcarol assémblBe Xan e furtler onepraed asendantpinabgminhenicaionand cortrol [ 0082]

Fig. 10 is_.a. bl pock di agram of power control system 1000 havin an
T egr at batn R s OYoRR iR Al & bebtren S SERBE FOREHRBIRE ¢ ha 23 VIO
2006/ 029313ssR601dISB00R/ D3R &bbddimbrtd 614 hsiher cBAtEO1 RGN abOPEWlcof¥sit em 1000

i ncl udes one or nore communi cations buses 507 that provide for conmunication
connect i vi asgerpblisgeasty comyuBipstien receisied birde pewversiwiich genteod mednies04 cand power

cont r o} aSBe LRl LES: AR SRURLI A WINE GEREAL o8 QLliPgyPOwer I a power
control” operatron such as a processing opéfation, by way 5 of exanple. This
exenpl ary enbodj0d80} i Bronothis, ittcemblesteh ¢hat hdditiinabpever cpmtdl iconpatents| ayout or

ol GOTRONGRLS o UL of LR poter Soptiphpystem e
((3 &n;m gbgat bi¥ired RRhdctivi¥y AintcPopRRBiIRY ABHEE on h JedrelbbBuUppidatitn, ba6br | Nterface
more power switch control components 502, power switches 118, sensors 104 and
20 114, power loads 120, alarms (not shown), events (not shown) and auxiliary functions
(not shown) can be added as needed without requiring substantial rewiring or manual
manipulation of the individual compbnents within the integrated power control
assembly 801. »
[0081] Referring now to Fig. 9, in some embodiments the controller 501
25 canalso be integrated or at least mated to the power control assembly 801 by
integrated mating contacts 902. The mating contacts 902 can be such that when the
controller 501 is mounted adjacent to‘the power control assembly 801, a mating and
coupling is accomplished without requiring manual user connection activity. In the
illustrated example of Fig. 9, a DIN rail mounted temperature controller 501 operably
30  mates with the power control assembly 801 via mating contacts 902 to form an
integrated power contro! system 901. In some embodiments, the mating contacts 902
may be one or more pluggable connectors.
[0082] Fig. 10 is a block diagram of a power control system 1060 having

an integrated communication system according to some embodiments of the
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can be included and can comruni cate via-the comunication bus 507 or can 10
communi cate via a fieldbus comunication facility (not shown). The user
interface 602A is shown, by way of this exanple, as a touch screen 1002,
but can bewenyosfogssm of interface receiving a user comis@@ﬁllsgf%,bﬁpﬁt O her
exanpl es include a keyboard, a nouse, a touchpad, a voice input, and a data
input and is illustrated by way of exanple as user interface 602B. One or
nor e powernwuiier; HE pbd8r mmtrel/\iy'stctmi 1960 ilﬁhrd@srwwrmmnme canmahis@ione connected to

t he conmu |ca 0 is shown a state, rel.a uch as ones
nown a5 2R Eibapbitds e Sman AR solie i el tumioh SEYR 48 aseenbl | es
1005, and dﬁéﬁinl%rMﬂ]ﬁiﬁ%@@tﬁﬁW@onﬂtﬂﬁ@ss@hbﬁ&%@%ﬁﬁnﬁﬁ?ﬁk @wnefdr for coupling
to a DONrail 1008. A control conponent such as a DIN controller 1010 can

al so be c&predlingpayyesin hpowes aonitol Rt Syelsassorocessing epirationnbyiwPe can

providg 2 wer contr ol
syst emg O%gg%a!rdﬁ)%r%ﬂlg &e\%lepr SW ?@ﬁhﬁ%ﬁ%}%ﬁ%gﬁ%@ ??(?‘?%%a@% é%%%‘ggu N rail

mount ed ¢ d:aybundra}rraagbﬂleat foﬁﬁmwm'pmtsmn muddlel; of the fowarcoatrsiaystemconnect ed to
t he conmmu @n@s{gon bu @{eso as g Dé(g rail nmo nt ed_power control
assenblie Si g’ﬁ apgﬁn{ﬂg}mc ko bys pbe Ay %%Pf es such as

i nt egr at edoRANRIcaf R YhtiRly 288 LR dx@Spie0ih o WiBudY, @P%eggﬂerﬂc@ U1 gb£gr at ed
conmponents and nmodul es. [ 0083] Each conponent with he powef control
system i sc@tobﬁmgluercan aum)mdatmuaﬂpﬁ @gﬁr@mcapbvabuWernan he power control
systemy l.s onfigured for
pl ug- and pg Qﬂe I.v}/al |ﬁﬂ1 ém%agd%e§01ﬁ§gg &I%g%n)s ZI?IC(;%F er%t%gr %hangeabl e
contr ol mmmns%ﬁbwmsmmﬂ@ ag @ fdugh BSesh 18)02l1ﬁ£baﬂbﬂmffm havi ng

di fferent UI’]CLIOI’la|It or none at alJl as. jn the case factory
pr ogr ammed % riace E’ﬁ%‘ﬁm}éﬁuﬁ?{é’oﬁ‘w Py Wutofo%%ﬁf‘?lﬁple%’&ﬁlb‘gﬁég?@oﬁdt fin the

power COEHthé aSARESD & a5kbd ¢ %Wﬁﬁﬁﬁnﬁ%ﬂﬁ%&éﬂ'ﬁ} r?mb ferent nodul es or
functionality. Each of the user I nterfaces of 501A-N"can be adaptable for
opti onal cmhplsas)msermteofaceaéﬁiad@mrmmomewwmsw;tshe@ﬂﬂwssm@bm t he user
inter can .sSi be, statu hts_ or 029 12 PCT/,LJS2005/ 032150
LEns, 18 anciPornlial aSheiolhtded oMK Sptbwi e b TR Btp P a5 el cct on
and i nput stateGalayd @ﬁdhl&d@nesrmtmlaeu&od@y pﬁﬁ{‘SSRIG}lS),dBII\ardLlGﬁblﬂlltédqio&&r The
particul ar selection of each is at the,user di scretlon based. on t he

appl i cat i 6°ntpdaspsmbliesd B, apd QW@%W% BPTHERS 006 er qagastar eonfievifd h each of
the other g (g:qgeac t@Q@NQﬁP?@@ntﬁcmmdﬁ FoentREMESs aDIRCEYnFBlerSYi3h €M As

i1 lustrat can be o different 'size and require a different nunber
of connectaraso browenested vidithy cammugicatidn by APAL Allisplaginddule dahprqyideer cont r ol

20  auser with displayed information regarding the power control system. One or more

power switch components (illustrated as DIN rail mounted controls) and a
communication module 604 can also be connected to the communication bus. Also as
shown, the DIN rail mounted power control assemblies 1005A-N can be fully
integrated control assemblies such as integrated power control assemblies 701, 801
25  and 901 with integrated components and modules.
[0083] Each component within the power control system is configured or
- adapted for plué—and—play within the power control system. Additionally, modules
within a component can also Be- configured for plug-and-play. Fig. 11 illusirates one
exemplary set of interchangeable control modules 501A-N wherein each contains a
30  user interface having different functionality or none at all as in the case of a factory
programmed unit. Each\ of the plurality of control components within the power
control system family of components can contain different modules or functionality.
Each of the user interfaces of 501A-N can be adaptable for optional inclusion into

embodiments of the system. As noted, the user interface can simply be status lights or
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systemin a plug-and-play manner. [0084] However, each and every one of the
control conponents is conpatible with each and every ot her conponent and
each and every other nenber of 10 a conponent fam |y within the power

control sysi®hoso®3uch, as illustrated in Fig. 11, em?@bﬁ%%ﬁ?sot he
i nvention provide for scal able configuration of the control nodule 501 so

as to adapt to the user environnment. Additionally, each can be replaced by
anot her, theb8&oanpbeasevinsgghan dsplap withdi btacpknobrfonundr stepivmtndiaptty t he

user. 15 [0085 not her aspect. of . variqus exenpl ary. enbodi nent f the
i nvent i on g™ Ié_ellﬁﬁ]‘ﬁﬁel{syPPE‘BFP@&%@‘;}?%{SIR@YC%B#E f“iSSE?CPrWH‘EﬁS 504 can
include a ilathhshisdrdiRfetiof 84568 Bh GRlpPhcatith 8618 688ach B tRsd i Rlrhdrts Of
conmruni cat i on buses 507 or | oop con |Igurat| ons. As such, the control

C

conponent Boampaitie withsech of theratkar madsles prdieqrronewts Wihintthep@art i cul ar user
appl ! o | bt Bolk, [RALLLRG, SR ERREALE BlredhidRRALe R CRALLE! COTPONENt.

S suc articular conmuni catron i nterface card can be
adapt ed t onudlieer pednneetbiay haheseg thep areagtifilcomphfitde withinltbeipowe @ontedlng &
repl acenent or substitution of the control conponent or nodul e 501. [0086]
Fi gs. 12A- YL eiitgsanfsplph ienngr s angenent s of  a power control system

according to vapbeup CHBRElRALFuRf evkleoo Y Bidlcofflol dofhpBifsYerpl ary 25

embodi nent, a power’ cont system 1202 is a predeterm ne m ni num
conf i gur at ¢aompatiMe)withSuach amd evierppdther samipguantendogach 20Pevegothérauenter afed i n

' i i th i nol interf 02 in 1204 ' i tch
cont rofd et caitipied AR AR b RonRT R R A vy AR Gl or
flag (not shewdpdimRatsiof theFentidfiovidd EorsyalbigerddR@rdiian of e cofitrdtor € N ni mal

configurations 1202 that are 30 I nplenmented with a_comon user interface. In.
Fig. 12D, HWodylspphse asdnpaptiodhe uier envitpnuent. Axdfiqrally.pelcas biser interface

602 and a FOREMYFAIRR HRLH Fo e 1 AOT BbdificAkRlAhdeMionb) ofd 0. 128 a

plurality of mni'mal configurations 1202 are combi ne si ngl e user
interface @2 and a single comunication nodul e 604. 25 WD 20061029312

PCTI USZ0051032 0087]..As di scussed abov varipus e di.nments of the
i nventﬁgn i ncl ﬁgsgi po&%)thﬁroaﬁ}??cii) ‘é?é@&?r?fe{}‘lpfw 85‘%%%“8%5 %@ﬁgh‘fegﬁ?ns uch as a
housi ng f ofs seatilityN Got HQmpEY He@bMERNRAAGISdESE 684 cdnTh@eded FBtraBssagDl Y. As
al so nmentioned, in some enbodi ments the conponents or nodul es of the power

system or ePHFBWRieationitedrec andaplmalily efcemenmication Bises ) Rsdenini cal |y connect
Wi th snap- &&ﬁ%ﬁraﬁbﬁ@ gﬁ?sbslu@h, the control component 501 is scalable to meet the

requirement of the particular user application without requiring a separate or different

20  control component. The control modules such as a particular communication
interface card can be adapted to the particular design or application without requiring

_ areplacement or substitution of the control component 61' module 501.
[0086] Figs. 12A-E illustrate various arrangements of a power control

system according to various embodiments of the invention. In one exemplary

25 embodiment, a power control system 1202 is a predetermined or minimum
configuration (MC). Such minimal configuration 1202 can also be used in
conjunction with a simple user interface 602 as in 1204, a power switch controller
504, and can include an alarm indicator such as a light or a flag (not shown). Asin
Fig. 12C, the system 1206 has two or more minimal configurations 1202 that are

30 implemented with a common user interface. In Fig. 12D, a minimal configuration
1202 is combined with a user interface 602 and a communication module 604 to form
a system 1208. In Fig. 12E, a plurality of minimal configurations 1202 are combined

with a single user interface 602 and a single communication module 604,
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connectors, or housings that are adapted to nechanically and electrically
couple the conponents into a single integrated assenbly. In sone ,
enbodi ments, each conponent within a power control assenbly can conprise a

separ at e | wpehos0@9318 portion of a layer, such that the®Ralshé8dsiis
configurable with another portion and the 10 conbi nation of the one or nore

portions substantially conprise one of the pluralities of layers. O
course, | ayers[@87]1be Asaliscugsatl abveroriogoemlizddimentpofbe inventicanuclndey be

conmbi ned in_a _singdle enbgdinent.. stem and,net hods for operat,onally
conbi i ng  HoREL e pEHERY Lol P ok o e B PRI e erol 3 wi 1)
now be desgstérdesmpéeeisiak bt ditegdidtedlassebibly 08 8lso hienti®¥g, iakb@di nents, a unit

i ntegration_coupling mechanism provides for nmechanical, electrical, and

comuni caterbadigsoisthaepryronerEs or reedles o& Hhe PORIEE RIS ¢Fe Roovee EOB®ht r ol assenbl y.
The unigt i L o4} @%&9' | %&Qgﬂ Vi hani cal

connec!tsi via'?stfﬁ%gfta&vr\ggn (;dr) H%glre C &%ﬁgﬁ?@mtgﬁga?mc%@)%gﬁ%m units together
in a fixedomeciors, ar hivamesithat ara adpptadnd methmnimaly endogietitrieily cowpldihased 20
coupling can be pr.ovided,by a cam | ocki system qr neans, one exenplary
rbodi mantoBPORAR RO e iR Sohe SROUIHS AT "Shown 1 n B 3.
13A, a f%ﬂhg@&ﬁp@ﬂﬁﬁta mww&onﬁ@nésﬁahb@@mzmsé39&&1@&1@&}[@xea | ayers 1302A,
1302B, and 302C, with the first |ayer 130ZA having a conmponent 1304, the

second | ayertiondd2 Bryeh sudhribatithepasidenis AenficyrabBosithanethes pertion aed e third | ayer

1302C.havi ' I_NQ:.oechani snms
13144 Sna oL e G G ATROASbos oy AIGHLe ohi B b8 Bl T OO Som of
t he power of taytsolDf aseed)idyyrs campevateat bladtizantdl inlpeatiogd) and bay bom or uni t
mounting plate 1311.. Two cam devices 1312A gnd 1312B are att.ached to the
two | ocki ﬁ@n’ii@&‘illmg‘rﬁ §%§e &) %Eg“ﬁ‘ﬁd SZ??&%Bn‘iFethPa%gf gperatiqally, edmbiRIng, r angenent ,
the four GRIIPEALIYNENE o Q:?inrt&?@él’tgq)zv{fe& %Htfo'l‘@ss&%ﬁrwiﬁ%oﬁz%td%@,ribééi Sgb' y 1300

when the can devices 1312A and B are unl ockéd. [0089] Fig. ,
i |l ustrat @sd 8hwstated. t he cans 1312A and 1312B in a | ocked position about the

cam 1912 andl00Fbe At SvRecpiaABs oot Mlr R bdoRE ekl oct f on: hen

the two | @edsideg forendvhaiisaipeldcBichl) andebnidiniEtian eoupling of eakiedmposdnt i on, the 26
L WO 2006/ 029312 PCT/ US2005/ 032150 fouyr conponeni's 13(‘8}4,,1306, 1308 and 1310
are mechariithi 9P%WEFQ9BE?16&S$ES§’§’I-I@C‘E‘HLWP@3“ coypingmechapisReAt cont r ol

assenmbly 13004e  MedhihiBal®sRigRt il bRWRAGH B mord ddponents that couples two
units together in a fixed or in a biased arrangement. In one embodiment, a biased
20  coupling can be provided by a cam locking system or means, one exemplary
embodiment of which is illustrated in Figs. 13A and 13B. As shown in Fig. 13A,a
four component power control assembly 1300 has three layers 1302A, 1302B, and
1302C, with the first layer 1302A having a compdnent 1304, the second layer 1302B
having two components 1306 and 1308, and the third layer(1302C having a single
25  component 1310. As shown, two locking mechanisms 1314A and 1314B are
/ pbsitioned to couple all three layers top and bottom of the power control asseinbly
laYered-stack and through a bottom or unit mounting plate 1311. Two cam devices
1312A and 1312B are attached to the two locking mechanisms 1314A and 1314B at
the top. In such an arrangement, the four components can be removed from the power
30  control assembly 1300 when the can devices 1312A and 1312B are unlocked.

[0089]  Fig. 13B illustrates each of the cams 1312A and 1312B in a locked
position about the locking mechanisms 1314A and 1314B. In this arrangement, the
two locking cams 1312A and 1312B at the top have been rotated to a locked position.
When the two locking mechanisms 1314A and 1314B are in a locked position, the
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| ocki ng mechani snms 1314A and 1314B and/or the cam devi ces 1312A and 1312B
can be conprised of a solid constructed material or can be conprised of an
elastic 5 material. Wien an elastic nmaterial is used, the | ocking nmechani sns

1314 provi §eg2@eoRisds or conpression force such that theqk nents
1304, 1306, 1308 and 1310 are conpressed together. The go@%é%@@%ﬁ) force

provi des for continuous coupling wthout requiring user intervention or
adj ust ment fawcompprepenad4, dA0&E1A08 eI 0 arcxpeshatiodllyamidpendonetly 10 [ 0090]

Anot her type of, power. control assenb i,ntegration coupling. mechani sm

"ol udes. 2 OIPS Ac el GG S S RaRNi G0 Fofs sRouIRY etelite, o
threaded deiékg ntaNiniehsA 3308uha @81 4Pard/dFilke dabS@Ride® 13 OfA ddae13i b e@dled device
and a spring. In operation, one or nore threaded devices can be utilized as

a unit i nbeepmaprisedokminhificapstiveled atasial exrapbevonipriselof evelastituous bi as or
i f | . | nbly. Each
Chr ondes ot yikeh AAHE B RRPRERNE 0 ool AOMERSBE R o MG Ve

shoul der abils ou¢ongiression iforse suchdhat thet fomr condpboaemt)304| 1306} 1308 s @810 i ght eni ng
by a user during installation. The device can, be_configured such that when
Che devi ceRieGOMRIEsIeRdopeitist TSR foreqproxides fog coningpus eoaBkingar t i al I y

COMr e5 it 90 iE1A ERAenib6: SRSkAG 5N roiRh bhldsiodgoTPr essed. s

such, 20 the spring applies the conpression force to operably couple the
conponent sopdrathi maintehancpower control assenbly. The conti nuous conpression

force ghimnate Obﬁf m R%Bth?r-rtgﬁés:gﬁﬁ*%%Eon'ﬁgggﬁ%%ﬁlg}&ffﬁgﬁﬂﬁ?@?d by connection

resi stance or | bose® connecti u?ﬁegrati on

coupl i ng neebignissnnviddse tesd b fetbreRbnToIRERIAGSEOWE ot Ext@hpl@laso provi des
el ectrical _coupling between two or_ nore onents of a power control

Jore 25 conp

assenbl y. theadeq deviceihaying @ shonlderdo bimy ipsginniof thedhsendrd dewise BB cal coupl i ng
and bias a e it } : i g gﬂniﬁ The el ectri cal
coupl i ng o?ﬁkﬁé%%eﬁd;ﬁb%{%e&rrP&q?%ggéag%%\g%l&ggmér}%g%?on |{r?ks, and unit
oper at i onaintggpation cogpling anvictigdstyo provide eaopimens basapdoarsessionfforgeir ed i nt o
each it,c onent su t hat when t he .coupl i i tuat ed, .t he, necessar
oot rT8h! BT Raneen OF e RpEor PSR B e FoVR R O ot
utilizing suchGRRHRSRVIOP s iferted Sths Bhdulded heDERAhbIDR iRRHBd iRt/ BERANI SM  the

connections are biased to ensure_continuous connectivity of_the
connect i onkmiting ayerdghteningby #iver uringastallation, Thadevicesan be comiggredr e made

copane oY singBath o Byt IpEEAThe s SRUEL B S0 RS, | 0"
2006/ 02931 2o Esseib20me 8RDddithent, the spring is only partially compressed. As such,
20  the spring applies the compreséion force to operably couple the components within
the power control assembly. The continuous compression force eliminates terminal or
conﬁection heating often caused by connection resistance or loose connections.
[0091] As noted, the unit integration coupling mechanism while described
as a mechanical coupling, also provides electrical coupling between two or more
25  components of a power control assembly. The electrical coupling can result from the
mechanical coupling and bias applied by the unit integration coupling mechanism.

- The electrical coupling of the supply power, load power, communication links, and
unit operational power is provided by inter-component couplers configured into each
unit component such that when the coupling is actuated, the necessary electrical

30  comnections are completed. Additionally, in the embodiment utilizing a compression
or bias unit integration coupling mechanism, the connections are biased to ensure
continuous connectivity of the connections. In other embodiments, the electrical
connections are made separately but enabled by the mechanical coupling. For

example, in one embodiment, an electrical termination assembly or mechanism
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bet ween conponents within a power control assenbly can include a conpression
contact of a surface that can be nmade with a clip receptacle having a
spring-type acting on a blade portion of an adapted connector. Such an
arrangene provi de for nmechanical self-alig vari ous
conponent gil(d)gﬁa/r(\)g%?r)\stal lation. 5 [0092] As noted abogg?)%lg%\da%gzltﬁﬁcul ar
enbodi nents, two or nore housings can be adapted for providing the

mechani calbemzaeﬁchmgo@htstvhmirp@p@vercwﬁ&m@kseﬁﬁagﬁmzIir)cluderatcegipeets'sieﬂﬂ coupl i ng.
Additionally, the housings can be configured to include electrical

connect i orfSTRRRL 2 Pdagedhal garhe %@ﬂ%ﬁ@é}% aelinfseRptackavivgaaRTREYPE oupl i ng of the
two or norgs: j I | | nt er - conponent
connecti o na%%ugg)&?éll P%g? ?%?%%%%%E?ﬁg%y Co%ﬁ%&%}h ?u%{ﬂf%?&f%‘g%ﬂ?{g %%Eéel?%)l ary

enbodi nentproadgpibwmeciznivel wlf-aligasentivf thev400us compomdnitdiriad istallatied. ude a sol i d

state relay (S 402, such.,as a wel.l . known. one havi ng a, hockey puck

confi gdrati on. L\E@?/él | -4 .qt?%q(érypaﬁﬁ@ﬂare RREMERS AYOSH PEMEF| ustrated in
Fig. 14A haybéedagtedensieviding Rl ébhBgica cdupling bBthe pdFeLeontbPaskehigy puck SSR
1402 has four screw seats 1404 for receiving a screw and wire clanping

devi ce (ndttegmBURIouPing Additionallydhelpusiags eanieganfigsed torindetet rol | eads for
receiving gt Jo%ec?i'gﬂmlat a‘}é’dflhaﬁﬁ%f Erabled %n%?éﬁg%cﬁx%g?lfco%é&&cr} and two

are for recelving and providing supply power s 1408 are
posi t i onedhd two arangzt Rousimgb.he four screw seats 1404 of the SSR 1402. The

posts 1408 can le to a 20 |im 0 nent 1406 providing a limt '
swi t cH’ng funct[‘i?@#it 0 (ﬁ’?fé’x@éﬂe ﬁﬁ%“i’ ail HF%‘“?‘?%’HWBIHH ?onfﬁ‘ff‘@ng%rrponent. is
coupl ed t qiridp@tel ifFigs.CAARRASABR,. 1AHAE drbRPRBYerbdah&it MpovepBiR) functions to
the operation of the SSR 1402. As shown, t'he PID controller 1410 and limt

conmponent asodli 408iincanfigutef faiselude @ spldsRipwlay(SERNt403] sugk seadEl 1400 are

~ proportional dj AS] i d R I ngagenent and 25
coupl i ng @oﬁgn%@@@ﬁ%ﬁ%@%ﬁ%ﬁ%oﬁ h%u eElc 8%%@@% Pﬁ %lg SSR

compongNt S ol Lho poner. Con Lol Basenbl v 1400 do. not [ equl e, connect i ons or

Wiri na ot HayaTe-nkhe @’ﬁgﬁey w@@%&é&%@‘as BUYS ei%%j"“éflg‘g"hgffﬁ}?re' Edotidhent s :

toget her Winh ki ¢ { @ ndt Sh&Weh) P TG F eIk dewt dagts 1404 BE 1GRURIING
arrangenents. 30 [0094] To acconplish this, the screw and wire clanp are

removed ( deads ifdriressiving @ebniral signgl for operafing the BERI14¢hasersvitshiand gBaref the |imit

conponent £1406.].s | ased. e t 404.,... il lustrated, the
limt congérnrg%tw%%@]gd %fﬁ‘c’llﬁ gl%%u%p\?\f ? %ﬁert gﬁ?rf% lep\gts)t?rggénge%? 8 %ﬂ@igﬁ t he power
control assepbly/thd 400 sérewaeits pjodcdeSER 1402. Tak bogtoBI08 L4 Bovpleato,a when bi ased

as a part of the unit integration couplin
%0 limit component 1406 progllrd?ng a lh’c sw1'?chinggflmction to the SSR 1408. A PID

controller 1410 component is coupled to the limit component 1406 thereby providing
control functions to the operation of the SSR 1402. As shown, the PID controller
1410 and limit component 1406 within the illustrated SSR power control assembly
1400 are proportionally dimensioned and configured for a stackable engagement and

25  coupling to the hockey puck SSR 1402 without changes to the SSR configuration or
design. Additionally, the SSR 1402 and the other components of the power control
assembly 1400 do not require connections or wiring other than that provided by
coupling of the three components together with a compression force provided by the
inter-coupling arrangements.

30 [0094] To accomplish this, the screw and wire clamp are removed (as
illustrated in Fig. 14) and a ball-ended post 1408 of the limit component 1406 is
biased to engage the screw seat 1404. As illustrated, the limit component 1406 and/or
switch control component 1410 of the power control assembly 1400 is equipped w1th
the ball post 1408 that, when biased as a part of the unit integration coupling

28




28 WO 2006/ 029312 PCT/ US2005/ 032150 nechanism is conpressed into the screw
seat 1404 of the SSR 1402, thereby conpleting an electrical power or ,
el ectrical control connection with the SSR 1402. The power control assenbly

1400 provi gap2dobero6@NPressi on force such as to apply a PE?/%EEO@%&%E%O
el ectrical coupling to the SSR 1402 consistent wth standard SSR 5 pressure

pl acenent and arrangenments and specifications. These can be to just the
control i npathenism, iskemB8Rse40? thy scomrnsaatl 404 of He SSRe402] thatebpower i nput and

out put | eads f th R 1402, 095] Fig. ;14 illustrate ower control
assenbl y l%wlé\}ﬁléragi%}\eéﬁﬁéﬂpqwe%o{ 8803?*%)% ﬁ%r&{()l Forgsctan ‘@Hbﬁ’ﬁ%ﬁw% pled to and
posi t i onedTiefome Bortive aSsSRbAAB0 pAoYides thelddmMpeaskib s For€feh 8d tokppga I N this
exenpl ary enbodi gnt, dhe limt corégonent 1406 includes a supply power

connect or $APTEERGLEIGTER] compliagpihy SeBuIEPZ ponsisieat piheiendsé8PRe. The switch
cont rg::? i‘j%rgss %l%ﬁnﬁnﬁ%@a@%&%@ﬁ%ﬂ@kﬁéﬁﬁ nsp&hggé%%hg Ito Sitlg’crthe control I ing

the S as ‘a power swt tch contro operably coupl ed
to the twocantmt inplits keethd SSBf140her GERe 1d B2 elechrizalgmwee tpubandasitpuy leadde in this
15 enbodi rref% gﬁgw the limt conponent 1406. |In another enbodi nent, the
confi gurat g 8P~ sWt'ch control 1410 and the linit controller 1406 can

provide for thepobs t FigOMPIRGHieskHOfo WS c6RFNaSsenBly RObWheteth fhBe two supply
power screw seats 1404 of the SSR 1402 and the swi'tch control 1410 can

connect di {m#wcpypensnt HO8tigepesahiy eaipledde pedipasitioned hetwaendthe SRR 148R 1402. 20

[ 0096] 4Ty P . r | . | he 1y coupled
to a h1eoat ésﬁlara{ké %\ﬁﬁl&ﬁf@v&ﬁ gmhfngtglﬁt% #%M%}leé{b\%d%ﬁ%%dég?ﬁ&?%{%ﬁ?s positioned
and coupl etdObandiindes 3Shply P@warivohndctoa tortrbeivtingthe eupplyppdvesr foed £poweat s 1404
are electrically coupled. t e jtc ontrol 1410 fqr controlling the SSR
1402 swi thurceOﬁ‘e awﬁbwtrﬁf }%Bé’%&‘v\ﬁeﬁégﬂﬁ a&Pn&ﬂﬂ%ﬁd"aﬁf@gF’éﬁlﬁlﬁ@@r couples to
the suppl yeda@¥iing Bt SR 20258 @lowfthicll ThE ewintheohftd?1406: §Rrddl0gabl e cage

cl anp connectors for providing supply power to a power |oad (‘not shown). A

y
conbi ned | ¢avpleddnmthedwd comtirad 19sds pithe SSI dA2 theon o) beingpedeintthisnot  shown)

Cout - EpprySaliitet BEHRLw R SpBRNE L e A R B Component can
be ar r ange¢bnifiguatibovf fvdtchicbiiral 04 p) arighefimitiebhirdlfee 1404 dad pra3fdectortheol 1410 and

the limt-DPC conponent directly to the SSR 1402 in an inter|aocking
ar r angementit £oRpaRaRh 1 108 tp Sorssciteatliorthe o PRIy POREBHIF GUFRLS ]&qﬁ by way of

exanpl e, CgNnOSSRNGGNARTIE Qv Rhi&19ARD Barf HnRAE dRERS bhe@lvoLBfrsiW t Ch
screw-seats 1404 of the SSR 1402.
20 [00961 Typically, a power switch such as the SSR 1402 is thermally
coupled to a heat sink 1412. A switch control 1410 with PID algorithm is positioned
and coupled to the SSR 1402 such that the two controller screw-seats 1404 are
electrically coupled to the switch control 1410 for controlling the SSR 1402 switch.

One or more printed circuit or wiring board (PCB) couples to the supply power screw-

25  seats 1404 of the SSR 1402 and to pluggable cage clamp connectors for providing
supply power to a power load (not shown). A combined limit and definite purpose
contactor (DPC) component (not shown) can receive supply power from a power
source and provides power to the input supply power connection of the SSR. The
switch control component can be arranged to allow for the coupling of both the switch

30 control 1410 and the limit-DPC component directly to the SSR 1402 in an
interlocking arrangement. A communication module with a WatBus™ configuration,
by way of example, can be arranged to be pluggable to one or both of the switch
control 1410 and limit-DPC components. The communication module can be

pluggable to one or both of the switch control 1410 and limit-DPC components and
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control 1410 and |limt-DPC conponents. The conmuni cati on nodul e can be

pl uggabl e to one or both of the swtch control 1410 and |limt-DPC conponents
and 29 WD 20061029312 PCTI US20051032150 includes an interface to the
comuni caty@BodgsspP7. Additionally, one or nore senso[,CT/Ugiogg,ﬁﬁ%s (not
shown) can be included to one or nore of the conponents wth

illustrated power control assenbly 1400. [0097] These enbodi nents of a power
control assdudssyn Mﬁthcpt(obhbdemfrmnicatﬁmjbmrpﬁ@?(zeﬁddiﬁmwyj cistoaboad seosis where t he
SSR conponent ate on & and the installs.the control
conponent ﬁtr"’i’éfacteﬁgml?ﬁfﬂ gﬁ? J[‘fBOP%?I}H’%re;S’ﬁB CoOppRRsIty Wit o |y or
system acqgﬁﬂafég bﬂels&ﬁﬁommmm@mos of the invention. Such connection
assenbl i es can alp provide for a factory assenbly where the SSR is

attached to the[OQ:QYdtr&heeﬁﬁnpimdémntwfd/mwermmol@s@mwmdﬁeomomcfqro shi pnent .
10 [0098] n i.cal co LOns can al so
be. nmade b&npro%@ﬁ%%?a?ﬂh%ﬁ%%@e tglr g'ﬁgr eggélﬁeﬁlglﬁzﬁ%a‘ged °6/A B3 é corrponent s of
t he |00Werus&dﬁitﬂﬁlﬂm@&ﬁmﬁﬁb&dﬁ:poﬁﬂnah&theIh@ﬁtbonﬁt@demmm&rﬁomﬁmmtonnect i ons

can be nade pin and receptacle or hiased connectlons one exanpl e being
as di scus<eym i)b‘H @Ste@&ﬁ?%glpg mnfe&rnhoawp ts Of thsREREion SEdht er - modul e
conmmuni catdoQRtiGPikséthBifs Qén élgb PRFRe (5312 T8ktry F8deibly Whédk tRAIIRCA! !

i nterconnection such as wwth a pin and recéptacl e arrangenent, or a bias
pl at e and agtached i e caﬂrﬂéngemmanﬁl@@%l}tcpmpgnﬁnépmmgdhlpmnms connections to

ext er conpo evi c m t he power control ssenbl i ncl ude
connegﬁ ons thi@d&osﬁl y W@%ﬁf ?IE&’ q?h?ﬁ? Brsrg?re eLetcé'r Cc[oingﬁz YR8t and
provi de f @ nfds bétenmopeles of 0hs batnbf dofipohents? Or Bit@sdn @mpdhédicofithe i ndustry
generally utilizes a sinple screw and clanp arrangenent . for attaching

pover supployeaffatpbimesmblyagunnba dead, M@@@pemnénows@g@wcwwa@ bere causi ng

i ncreased rﬁ@? I i I&llﬁﬁ{lam dons are often
the focus o tb'lyggl?ﬁergd ?ﬁkﬁ’ﬁﬁﬁ%@#’%‘éﬁ?ﬁg t he %@%ﬁ%ﬁ?gﬁ%ten t he screw,
such as a abpve. diongtions for névaommmanHnMdpbrqomhunmdonsc@malsb Y¢ external

connegt.d ons to .t he r control 25 assenpl al so t|||z sel f-bi asi ng
oo ot ot Rl Al o SRR SRR e o SuR G focshiBie S L O\ e
can be Conasieattnfofla blae pRe G CbhtaNIG afafigeh@t.i nuously  biased to ensure

secure connecti vit over time, Simlar as di scussed above, these external

connections caf04f8]carkn sp7ae amboflingnth sammestions o FEEMAlFRMPORITIHY bi ased or
el asti _MRhRR BUFRtheYoulePEorRPhALRLIF iRRIdk QB A har bR ARG cevi ce such as
minimum user interaction and input and provide for contmuous post-installation

20  biasing. While the industry generally utilizes a simple screw and clamp arrangement
for attaching power supply and power load leads, these often loosen over time causing
increased heating, arcing, and failure. As such, these connectiéns are often the focus
of routine maintenance requiring the user to retighten the screw, such as a % or % turn
every maintenance period. Add»itionally, external connections to the power control

25  assembly can also utilize self-biasing or compression connections such that various
sizes or diameters of wiring can be connected and the connections are continuously
biased to ensure secure connectivity over time. Similar as discussed above, these
external connections can be cam-operated mechanical connection, can be biased or
elastic mechanisms, or can include a spring-biased, threaded device such as a spring-

30  biased plunger, by way of example. In such embodiment, a spring-biased or elastic
material-biased force is applied to the connection over the life of connection, thereby |
providing a continuous compression force to the connected wire even in view of aging

and movement of the wire.
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30 biased plunger, by way of exanple. In such enbodi nent, a spring-biased or
elastic material -biased force is applied to the connection over the life of
connection, thereby I providing a continuous conpression force to the

connect ed wg fogy®s2i N view of aging and novenment of thecWkRios 31500

2006/ 029312 PCT/ US2005/ 032150 [00100] Fig. 15 illustrates one exenpl ary
enbodi ment of the power control assenbly system 1502 in a user application
1500. As shown, [(180hndig &5 JhisirgesengtexempletysgmiogBmint pfithamowankontrol st andar d

confi gurat| | regd. t p " Wil he. f ol.| ow ng

descri bes %ég%g\b\gr&%%ﬁtlﬁo msa;./%st e?ﬁiélgﬁg’%pk}ﬁ?%dx ?%ioggh%s%n%ﬁiﬁoglld A s, it should
be under st oay (SSR) int dui isduisay jstandard nenfipestioh &y g feerath e Moclasythuciappl i cat i on of
vari ous asw{qs@ﬁ the invention. [00101] As shown in Fig. 15, the power
control sw thofellewing describey PRYFT cPpTel systers agrRPECd i 8% ower  suppl y i nput
1504 a a : r; . hatfRis i | ynput in

t he fop% Ome ’Og@l%gﬂvg’rlt élh%gg l%?%%lgﬁg?g&i C (l:sol%ﬁ[rgtg?l{e?%&gir‘ l‘?@yoéhcl)t ng{rl ; C%)ower

sour ce 151@pplitatpmvedivagoustaspectsaritheoinventidnl e 1512 is coupled to the SSR 1402.

The power switc Riral dul e..151.2 .i ncl.udes, a co ion.for control
sensor 1514 thatboﬁgﬁ)og‘lstsgoo?%@%éﬁi%cg]ﬁfppgﬁrr(i?&trf?]osrm{éﬁggkcl@a\kﬁa‘?ou%gd 1506.
Addi t i onal knyseriadiwith &€ ACYdner ﬁﬂp@lgdinﬁlﬂrlSOJl akDABA S @BRESIohd 85(R, eheiSBRRgNEt i C
field output generated by the SSR 1402. 15 [00102] Figs. 16 and 17

i |1 ustrat e 14Q%sicesivsal contsel denviinths form fPGpmverdies fromphliogisiconzellendt y. Fig. 16

|11 UStIG! Cau BLOBLEr JARRY AT AYRE: m%rceh?aﬁmgysglgﬁézgﬁﬂe wgekey puck

configured as one o e power sw tches. strates a
t wo- phase BSRAd0&r Tlmoputweo kwitelr contrehmodulel 55 12gndlindes SSBhiledfién fopr swi t chi ng t wo-

hase AC current. In Fig. 16, a power, contro) _ assenbly inclu an SSR power
D0 owi toh S EaTrh et onBp R B spmaE o AR i by eraoatb5Bas i o known
in the i nduaitiorally Ve¥&fonid M8d KABorlHI sirtedBE H@&&dﬁ@%@n&ﬁ@ﬁ'&d le@@{uabl y coupl ed

to one or nore ofher components of the power control assenbly 1600. As
shown, t hegenseated i haBPBA4BUs 507, such as a WatBus TM provi des for

communygat i ons ﬁh;&’lQg]”pg%g.n@ga{]}aﬁr'}Eiﬁﬁ&rQ%”a‘glﬂféﬁg&%in%&ide@{s q?%ﬂ%@ﬁl%}x@ﬂ the

operations of t wthin ower control asse y 1600. In
- thi s exanpkentrol heemblyniiig. ¢4 ilistratbus sihflé-phase A0 poveatoedtrdlastchdly uging conponent

1604, to a power sw tch contraql 4 (denoted as a, .P1D.b of exanpl e
ool and’ ABSHiRg PadkEoRRE el R DA APl e RE Ao ST TS0y 1o ol so
connect ed B‘f:‘wéﬁ%ﬁas@ QEeHoWER SIS AR Al geRAPRNRhe SOR 1468for SRIEHRY ok he

phase AC current. In Fig. 16, a power control assembly includes an SSR power

20  switch 1402 component thermally coupled to a heat sink 1602 as is known in the
industry. However, the SSR 1402 is mechanically and operably coupled to one or
more other components of the power control assembly 1600. As shown, the
communication bus 507, such as a WatBus™, provides for communications among
the components and therefore for controlling the operations of the components within

25  the power control assembly 1600. In this example, the communication bus 507 is
connected to the limit component 1604, to a power switch control 504 (denoted as a
PID by way of example only) and to the SSR 1402. Additionally, the communication
bus 507 is also connected to the power measurement component 702 that monitors the
power provided to the power load 120. A temperature sensor (not shown) can sense

30  the temperature of the power load 120 and provide the temperature sensor signal (not
shown) to the power switch control 504. The supply power 109 provides single phase
AC power to the limit contactor 614. The limit contactor 614 receives a control signal
(not shown) from the limit contactor controller 1604, The limit contactor 614 is
connected to the fusible link 516 which can be a fast-blow semiconductor fusible link
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power provided to the power |oad 120. A tenperature sensor (not shown) can
sense 30 the tenperature of the power |oad 120 and provide the tenperature
sensor signal (not shown) to the power switch control 504. The supply power
109 provi 4§ ¢baske Phase AC power to the limt contagépisRddesabpe |imt
contactor 614 receives a control signal (not shown) fromthe limt
contactor controller 1604. The Iimt contactor 614 is connected to the

fusi bl e | ionk c5@i8t bakehfor arotdeting thesSSR- IVhen santed bydhecpower witelbl e |ink 31 WO

2006/ 029312 PCT/ 05/ 03 t. breaker f t ect the SSR
hen act uSOREPTEG oty L Lprenies Bbes BPPBIonsb e PR BREri IR or ovi des. at
| east a pand pdwer Rladtibg. Ab HmSﬂat&pﬂm sl@@aﬁm E&h%@wco@aﬂeni@&thés

R of

illustrated in Figs. 16 and eac t he ‘conponents of the povvér control
assenbl y DOBEX gogtrplassemtdy 600 lﬁu@e@at@%mcqm@gm@gwede@mmw suchisgh as 5 a

"tower g buyiy S%Sﬁ 4 yarious, conponent s of the
power gon'té t ggglglrtt%f)?/n@g%&¥¥§ﬁlcoup eﬁugi%ﬁg‘g’ éoglslﬂl?lg‘én QYSlg “uni t coupling
mechani smpas;elct&m&bi dzeeinhijad)m atrél@duplﬂdm\gmgaﬁ uftegrathmtlhutmaﬁlblml cal and -
el ectrical oyplin t he n .. [.00103] Slmlarly, Fig. 17
i | lustrat é%ecgal‘bgﬂ\éi’g% ﬁﬁéﬁ #&%%O%Pec epicd\ind elsptrigalt wo- phase AC
power proxébgiﬁg,glgyegdg%fmo gﬁﬁtsAC power source 108. The other conponents
of the power control assenbly 1700 are simlar to those described above

W L hr eggr d to[MH0S1 Similarty, Figs $2ithistyatasO® veen dordrodassanblydjéefed here for
4], I
ooty ot ohate AP BEVRE R TR Badh Ao 0B R 2 bace ©

i ncl udi ng Tae bes EdigpcnBeats dﬂﬂhbpesser&on@a\asiembw t#onrd imilaosholg for receiving a
power switch. The control assenbly includes a control nodul e configured for

generat i ndecsihed dhove Mithasgsrd ‘iQrPOE’Sh%Or“gP] asprymbly d600medere Ratrereptedor selectivel y

©provi di ng 1RQYES ok 2r load. A control housing is  configured for
housi ng t he constro? £\§§ﬁe and adapted to be rel easably coupled to the 20

base housing amﬂ104]cdmﬁdxgm¢mbbdﬁmcntmfdb¢inivcm‘lohya@mupl assgbly farase r ol coupl ers
on th base h u5| for pro t ed, cont r ol nals to the
power 12w t01 WrEr pavite R PRE A RSRELE RSP E PHSEEEA o1 housi ng to
t he base h@«d@dmamumaﬁh Ret@etvindt poar §witdh. The £8utrd assemblyol nodul e 1800 i's
illustrated in an expl oded and unassenbl ed view., The contrgl npdul e 1800

i ncl udes anchusies p spntpol moguls icagfignemiion gaperating pantiol sigeplelor pentioling theit i ng |
e el QRGO ing DA 8% Rlvel 60 CARbRG) HBRYSE RO 802 A pait

of flexiblFe matin
configured for housing the control module and adapted to be releasably coupled to the

:
20  base housing and is configured for electrically coupling to control couplers on the . , \:
base housing for providing the generated control signals to the power switch within
the housing cavity upon coupling the control housing to the base housing.
[00105] Referring now to Fig. 18, a control module 1800 is illustrated in an
exploded and unassembled view. The control module 1800 includes a control
25  housing 1802 having one or more flexible mating members 1804 formed on the outer
' portion of the control housing1802. A pair of flexible mating members 1804A are on
opposing sides of the control housing 1802 and a pair of flexible mating memberé
1804B are on different opposing sides of the control housing 1802. As shown, the
control housing 1802 defines a lower portion 1806 that may also be adapted by keying
30  or other formations, to couple to or seat within a receiving or coupling portion of the
' base housing. ' ‘ S f
[00106] The control housing 1802, its lower portion 1806 and one or more
sets of flexible mating members 1804A and 1804B are configured to be received and

releasably coupled to a power control assémbly base housing by interconnectiﬁg with
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opposi ng sides of the control housing 1802 and a pair of flexible mating
menbers 1804B are on different opposing sides of the control housing 1802.
As shown, the control housing 1802 defines a |l ower portion 1806 that nay
al so be ads@ sds/M3keyi ng 30 or other formations, to co eat
within a receiving or coupling portion of the base houg?%§8&?%§%8%] The
control housing 1802, its |lower portion 1806 and one or nore sets of

fl exible nte ﬂnyblmnﬁmg@elﬂmsﬁle I ®0 dBistrated cmbcbdlglanedvd pauiseafr ecei ved and

releasably |.e ssenh e,.housj,n

i nt er connes %ﬁg ﬁgP%ngﬁgﬁéggﬁ n@%@@?@ ﬁkﬂ*%%& %%Qﬁ%ﬁm%?ﬂéﬂflexible
mati ng nenhekihg180Zmal be h&@tddltb s trioed tBsh eEASIRRIng shiPasRaefiabldthe f | exi bl e
mat i ng nenbers, 1804 are illustrated. In_such an enbodi nent, the control

housi ng 18ePRtRblousiag 80N tode mepntedin morether ghe wiratatianee. fioesithey such as to

enable he, t h one orientation,
tII) elntgﬁ%éﬁgﬁg%ﬁé@% ;%%cglt%%n%#ﬁ 1§%I1IIAIH [Ilﬁglglhatl ng nenbers
1804B I n mnbn&imnerﬂmmg‘tﬁernaMgmemlbangBMmybmglap'&db@co@%té ataye be adapted to
couple to base USi Addi ti onal t he | ortion 1806 can include
one or @uﬁ]é’% MH?@B?I‘IIYgBI?rlg‘IV?rcH’?H&n IISIIQP%IIIQEIH %%%e P SEYR8 to engage a
base hOUSI figthaRbesk ﬁ)&ure§$826360hﬁ§ﬁr¥dfo%ﬁghgé%lﬁaﬁ&ﬂodﬁﬁ]g'aﬂ%téd%t ures 1826. 10
[00107] The_control housing 1802 includes a cavity 1808 for encl osing one
or more cofflachvelyingaive suchdeyingiituressl$26e PCB boards contai ni ng one or nore

I I I PI D
o oLriF COMBBRONE 1t ARRSIAREAL RO el O AN Bl AP 1

switch control* com he con ule 1810 can
be reta|nedunmmmhmnﬂmhduhaﬂBnym&ﬁﬁﬁbePCB&mmm@bmﬂamk@khyoﬁﬁ&ﬂA or vertically
1810B. A c ver }814 15 can ,be |gure%ﬁaé rele sabl% %EIIH to the
control ho¥EqHga! ¢ %Eone%saﬁfl?ﬁﬁg b@?ﬁ sughas, BoWay ofixampleas Pl one or

more el ect gjngal ccﬁﬁiﬁﬂ@@ct&*ﬁnﬁ@%&nﬁ&fen@%@'cbﬁ%lhﬂﬁulecl%% t&l beediegs 1810B to
external wires, sensors, or a conmunication bus 507 (not  shown). As shown,

t he cover wgllmﬂmavmwlﬁd%thehhpr@pntﬁ%y B3 10dmreertisally £81OBy &k covenl$ldi es 1818

t hat Vi far ej n t e tr onnect or 20
1816 a 58 f (gar% bg N Iﬁgq%%d II) e%a]@ec rC?ui)IlIlgl Eogﬁ%éé: ol ﬁ?usmgo r§ ﬁ Il usﬁﬁ%& ’PCB board
connect or sthe e6vepil 854 daidclode drs@r OE: dicwrchd cd;ﬁléa&sncssos ferBQﬂm‘glﬂiehl n the

cavity 1808. |IIu rated, the electrical conneciors 181 y be female
connect or sCWHRIREIET R fi18'¢ pisemaovig %@nﬁqrﬁsorﬁs&@wmﬁw%é% ik

connect or Syl SRIRCRIH R TR 14 LMSRCIRRNIRG Hord BHAEUGH o6 Y 1818 can

i ncl ude individual hol és thereth rough
cavities 1818 that provide for receiving at least a portion of the electrical connector

20 1816 and for enabling the electrical connector to connect to the PCB board connectors
or pins 1812 of the PCB boards 1810B positioned within the cavity 1808. As
illustrated, the electrical connectors 1816 may be female connectors configured to
receive male pins 1812 of the PCB board connectors. In some embodiments, the
connector receiver cavity 1818 can include individual holes therethrough for

25  individually receiving one of the male pins 1812. The control housing 1802 and/or
the cover 1814 can also include a flexible connector retainer 1820 configured for
fixedly retaining a connector 1816 once it is inserted into the connector receiver
cavities 1818. In some embodiments, each PCB 1810B can include an integrated F-
terminal set of pins 1812 that can be individually mounted to the board such that the

30 PCB board 1810B and the connector pins 1812 create an ambidextrous PCB board.
This is different than many PCB connections that are configured for a single right or
left orientation. In this manner, one or more control printed circuit boards (P CB)
placed within the cavity 1808 can universally couple through the connector recéiver

cavity 1818. Additionally, in some embodiments, the connector receiver cavity 1818
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25 individually receiving one of the male pins 1812. The control housing
1802 and/or the cover 1814 can also include a flexible connector retainer
1820 configured for fixedly retaining a connector 1816 once it is inserted
into the svmegdosiarecei ver cavities 1818. In sone enegiysmidsziseach PCB
1810E can include an integrated F- term nal set of pins 1812 that can be

i ndi vidually nounted to the board such that the 30 PCB board 1810B and the
connect or @ neludgkeying te selectiyslyaesiveenorissrondicglyisonfighred femiale i s di f f er ent

t han many Ctl QF r ' . single £ight or left
or  ent at | oerSP18E ) Bfempril o8 GuORL kML 1 ARSI Boar as
(PCB) pl aedetemhibéd dridntation afithe Yerl8€ Sortiadtorimithie theadohiece? Wederet hr ough t he

connector receiver _cavity 1818. Additionally, in_some enhodjnments, the
ponnectorc?%@éﬁ@%?“U@?PhygﬁﬁTgm?ﬁ%W?%ﬂﬁgfU%@?f@gﬁéﬂnﬁmﬁﬂﬁﬁEﬁ%lSO can
i ncl ude ke ia%hoh, ShE 8GhbiGHioh JFeGSEL Ye%uﬁes,g@ggﬁém%&gwo Rohgur ed femal e

connector 1816. In this manner the conne recelver cavity 1818 provides
for the prdkdsigoflekibdity foritegparer contl whihandftheredndrot modeles B810Wi t hi n t he

connect or greceiyer cavidty .1 nd therefor 0 _an .ambi dext.r o PCB 1810B
and F-ter Fr]ﬁlegeg?‘ %}l‘encson%@lh?)ﬁs%g i%oﬁ%g °5H’§r°8Yer+§£‘E %%?lﬁgéto? glﬁrai#y Phese feat ur es,
provi de f oents BNaaseblOphenhal vamiddtionanaecdgatygn flexibility for the power -

control unit and . .the control nmodul es 1810B _therein. The control housing
1802 and or t ht90d8Gk  Imspme chodiments, a orizoptally moupted gpnirel&rndsle1822 t o enabl e

t her A atd | : ﬁt&ﬁg ' a

hor i ggdr)]t ;F?{/dAn%{JS%ﬂ?gad%%gE??%ﬁﬁnﬁgﬁfoéQQ%@{&%}@@%S| m gkﬂgg%'/]?n(,ge can provide
for el ect A823xdr vaithremeeddciridat gontaet bR Hpositiomdeaitingdghe 0828patiomi 806 sach el ect ri cal
contact 1824 positioned .along.th ower port.ian 180 ch on the bottom
(ot - howfts s Bepytort B sfovi sAEd s b EbraRt it AR alioe o itron 8800, | "Such
openi ngs $8chopRhingd ESBI0r eRLtricalonattS 19824e adifigard ffoauslenls fledricmki ng

el ectrical contact with a correspondi ng portion of the base housi ng when
t he cont r 6pntaghpith agouespondiag pestipn atthe base hausingwhenthe conteph nif §800; he

hor | 2981 atd by BLERNUioRRLILG HRIRAI SARIACUHER DRIOISITRT o sensor s

(not gured and posi t'ione | ower portion 1806 to sense
a char act ean istlude @0 mca¢ sahsors (ot thoevnd perfgutedrand poditimed @mngthel assenbl y or

t he base on which control . unit.1800 i.s positjoned..[0Q109] In sone
enbodi rren?qé"%f’o’%‘ﬂ'éﬁg&ﬁ/@ﬁ?@Sﬁ,ChgaﬁW\éF aHE Blm@‘_ﬂ%i ‘é‘?ﬁrat’é’% O?%P& udes a base
havi ng a Benl BeemBlior eHértask dPwhice iR a5akI] Yintt €860 M pbdticne@ont rol unit and a
cavity within the housing for receiving a solid state rel ay having a hockey

puck ~confi gur D188 Thewmseapebodiveaniznt shednvantiputa ROSKEE poRtEOl RIstEA f or coupl i ng

t0 ansh NPYfciudes a base having a housing configured for releasably receiving a control unit

and a cavity within the housing for receiving a solid state relay having a hockey puck
configuration. The base includes an input power terminal for coupling to an input
power source, an output power terminal for coupling to a pdwer receiving load, and
coupling fixtures fo; fixedly and electrically coupling to input and output power
25  terminals and control terminals of the received solid state relay. A control unit is
configured to control the solid state relay for selectively providing, at least a portion
of, the power received at the input power terminal to the output power terminal, The
control unit has a housing adapted to be releasably coupled to the base housing. The
control unit and base are each configured to electrically couple the control unit to the
30  control terminals of the received solid state relay as a function of the control unit
being coupled to the base.
[00110] In some embodiments of the invention, a control assembly for use
in an integrated powet control system has a base including a housing and defines a

cavity within the housing for receiving a power switch. The control assembly
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power source, an output power termnal for coupling to a-power receiving

| oad, and coupling fixtures for fixedly and electrically coupling to input

and output power 25 terminals and control termnals of the received solid

state rel awo dog@aiirol unit is configured to control theresdighssisate rel ay

for selectively providing, at |least a portion of, the power received at the

i nput power termnal to the out puet@égower termnal. The control unit has a
gt

housi ng ad#istides # erniviel mefele ser pedaratipg eonérobgigealnu spitpllingihe contr ol
uni t_and basRedfiticf Ao aRIhOI0 ik QoRbL6 ol Lofd CRUBhFIHEERI T Ol uni ¢t o

t
the 30 control termna recéived s State relay as function of
t he cont r okonfiguted fhehauging theplostiot roodubeandeasiepted @0k Ielkadablysonpledtuthei nent s of

the invention, a.contr.ol se for use in an integrated wer contr ol
syst em has h?fel'lﬁlgg%ng ?’PglIEIﬁ?ngswqﬁjf%%ﬁ%@cagﬁ80%1952%%0“50?8‘5'\?}6@01\%%? hin the

housi ngs f Obade@BRiiNg o8 pRovRENEhe SWdr@bd coblit] SARLY 1B khARvRI B iBditi 2006/ 029312
PCT/ US2005/ 032156 gi ngl udes a‘egont r ol 0m)dul %&confi gur ed fo? glenerati ng

control si §igdloysingeavily mpeequprhag theeonty fievsingfothsbasehousitigect i vel y provi di ng
power to a powe . . i | . i qured.for, houskng the
control nodul e [aprégqgﬂa&égegl%g%{obég'?gr@gggﬁoiu%%gp de %F%%tbﬁ‘gabqggg‘éehhousi ng and
i s confi gurepdrdtoFige18 i itlustentddyassembidd wigh the cowmtlB bl attohyd e @atrbhe 5 base
housing fo rovjding. th nerated, caontr ignals to the power switch

W thin 1 neotutist i aisuit s SRS cEtimrrgeu RS Aot S BN base
housi ngg [ Qfkhiblthe RHBEH: ggeﬁiigg E&Vg,t_-ieslj(got sh®n)CRAR L Rhed'HY the _l;é@%ﬁ% descri bed

above wth regard to Fi is illustrated assenbl ed wt e cover 1814
attached t eetainers ¢330 rIdie asdembiidregnir@omitd 800 isipokitiangd) for eduplipg tofa aehinect or s

1816A, 181 and 1816C i4igned 10 withip £he.connector .receiving

cavi t] s (a0 EGRanieaR 7% R Rk 5t B TR i €% 0 e
assenbl ed ¢t 4dapted tu fecciBdBe lGve @6ition ABEEIoff e caitoPhoudthet 1802 Daser 1901
havi ng a housi hg 1902. The base,housigg 1902 incluydes a control unit cavity

1904 adapt 8¢ ef¢ S¥Rresd SPhareponEPngdoind pdapterdopeaplingio Qisior pore ofdhisi ng 1802:
One or 15 MORExBR Ratin ioARA: FEOOR 161 12108 oBPIRch AOELABRAIPHRA0GH yroUP! I Ng Lo

one or nore o exi bl e mati ng ers 1804A for releasably coupling
t he cont r obasgousingtiP2t d\strioted abavee thedasd ysing 0202 ol theocandrobbasing t he base

ol eot 11 cal NVEBEAIERAE meL Ry b Per oS S e A AR s aR R o of tho base
housi ng. SyedousebiRboriRetsf R tassEssigWSLith dephel drthgeardew! woskilay referring
to Figs. 20A and 20B. 20 [00112£0As shown in Fig. 20A, the base housing 1902

i ncl udes avagwstepdshygeferring to Figs. 20A and 20B.
20 [00112] As shown in Fig. 20A, the base housing 1902 includes a solid state

relay or power switch cavity 2002 for receiving the SSR 1402. In this embodiment,

the base housing 1902 and the power switch cavity 2002 are dimensioned and adapted
to completely receive the SSR 1402, and have substantially the same footprint as the
SSR 1402, As noted above, the SSR 1402 is well known in the art to have a hockey -

25  puck configuration. The SSR 1402 includes screw seats 1404 for connectiﬁg to power
and control leads. Also, the SSR 1402 includes a thermal conducting base 2004 and
one or more connection fixtures 2006 for fixedly coupling the SSR 1402 and its
thermal conducting base 2004 to a heat sink 1602. The base housing 1902 is
configured to surround and encompass the SSR 1402 while it is attached to the heat

30 sink 1602. The base housing is configured to receive a Variety of SSRs 1402 each
having a different height from the electrical terminal to the thermal conducting base
2004 while still ensuring appropriate contact by the thermal conducting base 2004
with the heat sink 1602 and the required electrical connectivity to the screw seats
1404, This can be aécomplished by the power switch cavity 2002 and the base

35



relay or power switch cavity 2002 for receiving the SSR 1402. In this
enbodi nent, the base housing 1902 and the power sw tch cavity 2002 are

di rensi oned and adapted to conpletely receive the SSR 1402, and have
subst ant i avd yookb®spane footprint as the SSR 1402. As poiechoad@¥ssy t he SSR
1402 is well known in the art to have a hockey 25 puck configuration. The
SSR 1402 i ncludes screw seats 1404 for connecting to power and control

| eads. Al Soysinghase d@Rngiooal tomevaaisandard datummilr elegindalconnestivids or #8804 and  one

i Lxt 22006 for. fi | i h 02 di
Cher i o SASTHleRls 5k a0 BRI o b ink e YR R bR RnE g 5002 1 <
conf i gur e@hdreescheigh® 8RH 1302 toaendpRsmtdchithe &R sibtQBomhi l e it is attached to

t he heat 30 si 2.. The base hqusing is confjgured to receive a variety
of SSRs 1402 eﬁ"ﬁ”]"?”ia\ﬂe 1BE AV o &rf0Bn2 faprtiey P %Fbﬁféh@}l@é% F®al ternminal to

t he ther 4 4l i i Lat e cont act
byt hoot sl AREUALLG ehAS fro KA 10 o Bl et RO p AP REREEE P,

requi red ebwdingipoatideddyrileachase haugingd 90 eA peir of\switcht ®ntrdl4unindh2@)8can be
acconplished by. th ower. switch cavity 20 d.t as 2006/ 029312
ner] Uspoorpesight R ERBling e b ek EAR 4O R S S P Gat i f o

el ectri cakece®Bd@athinthé Yo swithiecavitd RDES tin figh elibodbRbht14PaAr ¥hictesvsal SO :
providing for the SSR cavity depth to enable the shortest height SSR 1402

to ext end2fQ ¥esewuded torke seeat seais k04 6B pajrod switth qairel termigaladdd% o Fi g. 208,
atop yhew | i 4 : it al t cont rol

cavi t;b198%{%%1‘2)%{1%‘2‘%2F%?P@%}&?gglpﬁ?dgsﬂlﬁgﬁg% Ogﬁ@%g%{hég%glspﬁsé provi ded by
t he base Ré4 bnigeah B 2onfgupeslito fimédly vaupidihe basehobisibget d2niatie SSROBI02ar e

iti f ling to.th t t 04 _of.. an_SSR swi t ch
D900 - ocdnuBir it hir iy et stLis o o858t Beithd kbR inpoct nent - a
pai r of Sep@SeleckRRcApRr 20MPIRHgIed i BechidaBWcE R & tHdQhirolagt pai r of switch

control termnals 2008 10 can be configured to not onlé electrically and
nechani caklegtricgh porplersd 82hendsane opmershossing goupling fixtuzes20Be cerdighregur ed t o
fixed c t § . "%‘éﬁ in Fig. 20A
each gg\ﬁ tgcﬁ&lél glﬁh'ttgglp %ﬁg)(rﬁn%? ﬁ%ﬁ%&%gpgﬁ%&g%}whﬁgc@ﬁle orﬁhq\é%ri ng

el ect ri caffixedtoghescr&0 2t t40dftiygisceesv.t 0 el ectrically couple to the control

unit electric plers 24 and .one nor sing coupling fixtures

2026 confi gur egd“ﬂﬁa_foAg%fp?]fg’ovsrﬁ“%%}f?@@%Tﬂﬁ?@%&%&ﬂﬁ%‘g%@i@gm when t he
swi tch coRbdifénet $6: 800 pling 16 theffoRetelRinhNRrevedeaty 196041 th¢ O3R Bwitgh screw. [00114]
A pair of power term nhals 20I0A and 2010B are configured and positioned for

coupl i ng 1802 bea panelscresismlheabass bpesipgsP4e inclursga bes bard0ESRr swi t ch
' 20  coupling power terminal 2010A to an external power terminal 2014. As will be

discussed, the bus bar 2012 can be configured to not only provide electrical
connectively, but also provide for fixedly coupling the base housing 1902 to the SSR
1402. A second bus bar 2016 coupling the power terminal 2010B to a second external
power terminal 2018. The second bus bar 2016 can also be configured to fixedly
25  couple the base housing 1902 to the SSR 1402. The second bus bar 2016 can also
include a current sensing portion 2020 and is configured and positioned for providing
a current for sensing by a current sensor associated with the control unit 1800 when
the control housing 1802 is positioned with the control cavity 1904. A power
terminal cover 2022 can provide for covering the external p&wer terminals 2014 and
30 2018 to provide additional safety in the presence of unsafe power loads. As shown in

Fig. 20A, the first and second external power terminals 2014 and 2018 can include a

- coupling fixture for fixedly coupling to a wire or electrical conductor. Additionally,

the base housing 1902 can also include an external connection cavity 2028 configured
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1402 by a pair of screws. The base housing 1902 includes a bus bar 2012 for
20 coupling power termnal 201 OA to an external power term nal 2014. As
will be discussed, the bus bar 2012 can be configured to not only provide
el ectri cal weaogeosizvel y, but also provide for fixedly peppkigigdohiyg base
housi ng 1902 to the SSR 1402. A second bus bar 2016 coupling the power
termnal 2010B to a second external power term nal 2018. The second bus bar
2016 can ablwt the exighTal pawedermandls 20dlapd 261 &foupsiceivingentd e Wwisusi ng 1902 to

t he SSR 1402 I include a current sensing

- portion 2Og%mgﬁggfgﬁggﬁﬁvgg?%gégﬁég%%gﬁﬁggﬁg28?%r providing a current for
sensing by a cuj00dn§] sanaotheaasgectiodtlednveéntibn, ta@wed Bédtel systn indBA& when the

control housing 1802.is .position wi th the control cavity 1904. A power

t er mi nal cagw%%?éaéaw%%w%?&&' reG‘?J‘V’é‘lgiar?@n?q_r’lé“%@fléﬂ?f&Pnﬁ)%ﬁEF ternminals

2014 angl 3&&%&&&1@5@%9@_%5'%@&&@%1 fbrkéaeltvt}g aoaegﬁﬂygﬁpesfe unsaf e
F second exte

power | oads. shown Tn ig. 20A, the first and nal power
term nal s ¢@dattaanah ipputowgnterminhl gpouiputpoupt fermingl coupled td wreivd xedl y coupl i ng

to awre Qr..electrical tor. Additiagnal] . he. base hpusing 1902 can
a1 so 1 net ugeBrE BviRom SR BSMG Prind it G Bt it S Bt 988 Mo

2006/ 0293 1&ortol EddpRpOfol 03upling to &biapt abfién 6xthey doairolaemihaltof i@ nal s 2014 and
2018 for receiving on of the wire conductors cqupled to the power termnals

2014 and 2teegived payier syitehangdroplyrehity-of slectricalicopngetipps, ¢k deldnite PHTR9BEr cont r ol
systemyg ncldk . wﬁﬁ%i ' ' i Lving a control
uni t zTrll% dg Ini ﬁéégg%?fst t@%@eﬁﬂ)}ﬂ%ﬁiﬁ%&%@%ﬂ%@%ﬁp (%/\rg(r)ﬂgﬁtmﬁ%ch, a second
cavity f or eleededl vomgctomied series avithuhegiopw powentersinal; an topuf tapuibalpdther t er ni nal |
an out put power termnal,c led.tpo recei swi t ched power, from an out put
term nal aB?%%Fé?"\l}g}amﬁS'\XE‘i wﬁm@%ﬁrs%gﬁ%ggﬁ% ogﬁ'm%ggwer&%mlp% Acoupl ers for
coupling t eordl iuitpistcodfchréd fod plovidingCRatrbFigraBrtotRalefiffte fuifoser ecei ved power

swtch and a plurality of electrical connections., A definite purpose 10
cont act or Feptacrand gonfrol pigaals krthe eeeined RAVAT sYitelnipr pelectiyely| pEerigipe.&t por ti on of

the ekectyigal NECh. ' [ i BeTCTEN ermj.nal , an
i nput }tlgr n‘lleh%% pgft R][tﬁhe’ !E)gg\/\%?ljrgﬁgﬁ?@g\({:ﬂ&ﬁl gg%%t%rn n %cﬁ@@??tp&tfﬁo?ggl ty, and
t he out put temnimal. Trercohtmellunithas g bousingladapied toi te releasblywoepled torthgbasei di ng

control signals t he defini r.pose . contactor. and control signals to
the recei vgﬂlsﬁ’&v\é[?f%ﬁﬁ‘ghm’ft@?‘s E@EE@B% S‘E}f&gufﬁgéﬂ’/f]ﬂf'ﬁﬁfapya“touﬁg ool horti on
of , the pows to'tBE SdntRHteRhinbl3Rf (HRREIEIRA PBWer S¥ifth Aah filiRtibMES tAsl bkl POwer
termnal. The control unit has a housing adapted to be releasably coupled to

the base Hetibsingrelepprblyenvpledito theibesearide samteol wait i ludsp p g comporent
el ectrpgal hé/vir?g%'ﬂ!nﬁ Mol QA @Lristic wherein the definite purpose contactor control

signals are a function of the limit function characteristic.

[00116] Referring now to Figs. 21 and 22, 2 power control assembly 2100
similar to the power control assembly 1900 of Figs. 19 and 20 is illustrated.
However, the power control assembly 2100 includes a contactor within the base
25  housing as an added power switching function. A base housing 2102 is configured to
releasably couple to the same power control unit 1800 within a control cavity 2103
and as generally described above to include keying, coupling, and interoperability.
However, in this arrangement, the power control unit 1800 and the base housing 2102
are configured to orient the power control housing 1800 at a ninety degree orientation
30  with regard to the received SSR 1402 and the power switch cavity within the base
housing 2102. In some embodiments, the coupling between the control housing 1802
and the base housing 2102 utilizes a different set of opposing ﬂexible members |
1804B (as compared to the flexible members 1804A of Fig. 19). Additionally, in the
power control assembly 2100 an integrated heat sink 2104 and the base housing 2102
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unit to the control termnals of the received power switch as a function of
the control wunit being rel easably coupled to the base. The control unit
includes a limt conponent 20 having a |limt function characteristic wherein
t he defi niwe 2opes3e contactor control signals are a fpgfiaish@8ohsg he 1imt
function characteristic. [00116] Referring nowto Figs. 21 and 22, a power
control assenbly 2100 simlar to the power control assenbly 1900 of Figs.
19 and 20 arecanfipured tahayd substagiialiycthe sankeefopipriets. ddditionallyagsbeddd Ye 2100 i ncl udes
a cont act iihin.the i n d power swi tching function.
A base hoﬁ{solie\#gtﬁag fgﬁatlﬁs?f@%ﬁa% feélgoru g@gg%c{]@‘reg aéglsnla(%ﬁg‘?%&ﬁﬁmf’%sqnﬁét% ame power
control urbetsubsk@aly thbisimawidinof 4l SSRaVA0R et k@3 withiitkha powenevih| y descri bed
above to incl|ude keying, _co%ﬁki na,_ and interoperability. However, in this
ar r angenerfeVitt ¢fdhebrize housing 7182 (fditionaliyon ’é‘ﬁﬂnt%%é’l%%%@gr/ﬁ%hﬁ%@rﬂw are

configgre Q,h%r' . i | degree
ori ent gti %ﬁlt%o v&hf@ﬁévégg?ﬁq;ggge{nﬁg%lggg ?/glgﬁllls%% Sﬁ%% (gzrj]t ?ﬁh pO\Sl‘igl’ switch
cavity w tattached boeanbaslerside ofi therhgatzit2104.nInsome cenfiguativastthe mplsingoupl i ng

bet ween the . .c rol _housi 02 nd th se housing 2102 utilizes a

di f f erent piaé?gg#G C%Sg%Fﬁﬁ&%reég?rb@gg]%@ﬁ)ﬁarﬁMB (as conpared to the

fl exi bl e menbe[G0HFP4Fi@ 22 brdides I exphodbidipeRpedtivy of The pbWer cop@yter contr ol
assenbly 2100 an int egr%te, heat sink 2104 and 't he bgse housi ng_ 2102 37 WO

2006/ 0293 Bosepibhy 2189 0 dogrowptingronpecior 2804 pagheauovidedfayeoupling e giound| |y t he sane
f : 1 : il
oot prpnt §, tli%‘%géttshﬁ%% bh .y'ﬁhézlaegzgﬂybfbggée%?nﬁgﬁl%g td ﬁgédtl}?ccﬁfgﬂ:t tg tl‘Ref S§I{' € base

housi ng and the heat sin can nsi one substantially the
same W dt H464 pawer SBRcH 4@to tirmaNyeniateivtithi the thhenad ouvface 2004 ofthe 88Ri ty of t he

base housi 02. ..Addi tiopall.y, nount j | at e. 2106, such . for 5

screw ng tl?}g“-é«%\kﬁlﬁ ﬂﬁﬁﬁ?t?o&lr H’§§§X{n]b4ﬂf‘/mﬂ§5 eﬁgmgs_ Wﬁ’f@?ﬁhgﬁ?ﬂfﬁ (not shown)
can be atfig4£.h&6sich, 1BObA BEHSAEIE 00findliiRs B pawerSwitch 2@ 220/ (WikEnot .
configurations, the npunting plate 2106 can al so be adapted for coupling to

a DI N rai IshoymomFig)22rthg power syitshicandty iashomadysamew 0 s preteiupdergifie t he power
contr : I rovided for

coupl ﬁgg gogﬁg?r%%ﬁyhoﬁégg%l@]%{d%g%% gﬁ@%@%&ﬁé%ﬁ%ﬁqa@?ﬁ@gfgﬁwﬂ configured
to fixedl westolfeftle SR 483Rrel ctiphtedmivety dagtdes fromrthattod basedwonsihg y mate with
the thermgl surface 2004 of t SR. 1404 nthis ilJustratio t he SSR
Lh0a 1e. oon? B aRnBe e sy e Bro im0 dries simile S AGRRY { he base
housi ng 2% ihdkc) (08 ¢at BoupRBIhSIBHE TA04CAY itd the Bahoivibg b BONBI thathown in Fig.
22, the power switch cavity is shown by arrow 2204) on the underside 15 of

the base Heghedersgring orAflexitde eanneedersi2f24 fr elesirisallyreonpiing to Mee ddesfricebl and power

SCreWog  connections 1824 of the control unit 1800;

[00118] However, the power control terminations differ in the power

control assembly 2100 since a second power switch cavity 2210 is configured to
receive a second power switch, such as contactor 2212. The second power switch
cavity 2210 can be open at the top or bottom to receive the contactor 2212. As

25  illustrated, the second power switch cavity 2210 is open at the top and includes a
plurality of flexible latching members 2214 configured to couple and engage an
engagement portion 2216 of the contactor 2212. The base housing 2102 includes a
power receiving portion 2218 that is aligned and configured for receiving wiring
connections from a power supply to couple to power input terminals 2220 of the

30  contactor 2212. The power control'assembly 2100 includes, at least one, bus bar 2222
configured on the output portion of the contactor 2212 for directly establishing one
leg of an electrical connection with the output terminal 2014. A second bus bar 2224
is coupled to the other output leg of the contactor 2212 for coupling the contactor to
the input power terminal of the SSR 1402. An auxiliary tap 2226 can also be
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seats 1404 of the SSR 1402 are oriented ninety degrees fromthat of base
housing 1902 as previously discussed. The base housing 2102 incl udes
simlar switch control termnals 2008 that couple to the SSR 1404 and to

t he base haugh@goddp2 and that include spring or flexi g 1&9R8e5s4e% s 2024
for electrically coupling to the electrical 20 connections 1824 of the
control unit 1800, [00118] However, the power control termnations differ in
t he power pwonriedoh tisagidbfth? totagdomrzle2 do emblerthe fappwagp ofmpdrtion ofithet y 2210 i s
configured to receive second r,switch, such as contactor 2212. The
second pomg?wgr\ﬁl“?tgﬁed lZ:yatS? f@}&afﬂ@aﬁﬁﬂddgogggg the tapped ROFST B2 88 om to receive
t he cont act@emdPdodver fsad 9P switdhu Sitheatigitlarylthies 126 @ﬁ%e‘%@iﬂﬁ-&ta%ﬂn?&ﬁbn%aw ty 2210
is open at the top and includes a_plurality of flexible |atching nmenbers
2214 conf i gueadderpiegtsiep into AutbasndRgandA224sglgenent portion 2216 of the
contactgr 2212. ase ' [ . r..receiving portion
2218 th%t is al F%ZQP an%dc %%E?’?g‘%%@é%%?ﬂgeﬁ?@?‘%& t‘\?\ﬁg‘rvéﬁﬂlaacglgj‘ra]crlt}ér(:ti ons from a
power suppkyupling Ciatipd 2230dop@apling topLiontralrteintiadl 222220 opératidpeth80 cont act or

2N o ccCoHin T ARSI Tt SR DR ISRh of bSS ey ) 72
est abl i shi Bg; d Wil bae hel8rd 21 SRPESH | ; : term nal
2014. A segorﬁ%&%ughbglrmﬁ% IS co]uoglqiéla to %?%?ﬁﬁ#ﬁ u‘%qgﬁ?sg eég%%)f t he

cont act or poriml feads efdhetdntrgl wiel #0mper therinsedionto therpoutroldoweing 18021 nal of t he

SSR 1402. An,auxiliary t 6 so.be . 38 WO, 20064 029312

oot U 05)”6*193’2‘[1%6%113%%@23%%0‘{‘ﬁgg%sgk‘ﬁﬁ?n%%w?hé" RSV KEPGRL 75t o enabl e
the tappi nQ0ZY cad he@kdd t0RoRr thdwwep GiainaBVI0Y £ Al (18, tiditaslyat or 2212 and
provi ding the tapped power to another external power |oad or switch. The

auxi | i ary FHpactormoBeraAt pn Resorriaed (s spurisatlhe sspondasvitsh caviidgilt ed into bus
bars 2222 gpg,q ge BohtfRVB12 ﬁc&i@@dltingx%eiﬁ.a‘ &dﬂ?ﬁcﬁ:ﬁflﬁﬁh&%ﬁ%ﬁr cb@eéé%?@% IS

provided to 1ncl'ude a contactor coupling fixture 22 or coupling to a
control tecm malud@2BRdicgmtedipput poivagterrhinal covert2236 for ppiding protdetizm sl e cont r ol

unit ceoupler .2234 can al.s canfigured an 0sid4.gned. w-t.hi n t he base
nousi nd o1 8 115¥ beBReRY Ry 203" b TG CaRPlon QUL R mEbE RS eadeof
t he cont r ohytiRary tabS5Rt 2208 Bonfli@rddis allbw abcesy tottheakilidy @bs 2IR6SIARul 802 10

within the control cavity 2103 of the base housing 2102. A power term nal

cover 202XRyHNgEe GAHFIPCOrH @4t he power terninals 2014 and 2018.
Addi ti [y, i | th
Itionally, a O(ﬁ??j gg&%gﬁdﬁ ﬁié%o“%?go%ﬁ%ﬁ%sé]ﬁblg%‘ﬁd leéé%ggi-r&{ to.‘b?ée’\g&é ng the

~second switch cavi I'ncl'udi ng the contactor recerv t herein.
Addi t i onal kyyllyt integratedtpaetencontrol ever BaiB4 SSR 1402 and a contactor 2212, which
20 can be connected in series. Additionally, the power control unit 1800 can include

contro] modules 1810 for controlling the SSR 1402 via control terminals 2008 and a

limit or contactor control module 1810 for controlling the contactor 2212 via the
contactor control coupler 2234. In this embodiment, the power control assembly 2100
is fully integrated within a platform having a optimal footprint for operating a SSR
25 1402 and contactor 2212, while providing for the necessary heat dissipation.
~ However, within the power control assembly 2100 no manual wiring conﬁections are
required once the SSR 1404 is coupled to the heat sink 2104 and the base housing
2102.
[00121] Similarly to noted above, the base housing 2102 and power switch
| 30  cavity 2204 are configured to receive a plurality of heights of SSR 1402, However, in
this arrangement, the base housing 2102 also includes a base housing pivot portion
2240 to enable the base housing 2102 to pivot during secondary coupling by a coupler
2242 at the contactor end of the housing 2102, e.g., the end away from the SSR 1402
and its coupling to the heat sink 2104,
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can include an integrated i nput power term nal cover 2236 for providing
protection to 15 the input power term nals 2220. Further, the contactor
cover 2234 can include an auxiliary tap port 2238 configured to all ow
access to wbeoddxzid ary taps 2226 without renoving th@cﬁ,@gi@g{,ﬁ{wcover
2234. [00120]° As such, the power control assenbly 2100 is configured to
provide a fully integrated power control over both a S SR 1402 and a

contactor 2212J004223h In 2flc embodheent aniliesitata inFig @) ths curdddsenb@ridR4 y, t he

power control unit 1800 .can includ t.r dul es 1810 for controlling the
SSR 1402 GBS FETent ger WﬁY’ge‘lz%b@e §ﬁ§ lé% fq thp putght ROBHE ?EP’&P[CSCOM rol nodul e
1810 for gomM 5f/d/iD008.t AQinGiPEYna6t A6kt rétdivdshBense® BhdChalacteq@Her Ol coupl er
2234. In this enbodinent, the power control assenbly 2100 is fully

i nt egr at e@sspriptedvith the mWQsﬂ%dHQO carpalep eoptrphihe consenterr22h? af ofuneliasr ati ng a SSR
25 1402 a%@th%%%(ﬁ)s%& Eﬁ’ﬂien% 2"3‘%& éﬁﬂ{ %}ﬁdé’&?&’ddﬂioﬂ&#&ﬂﬁ'@y Flird gtg S@% heat

di ssipatio power con asse no nmanual

W ring coramaml|amaﬁ1bbyr£00rsmqwheSSquoz’atyq:hallﬁﬁﬂs 19 dlotesl oeeotpiueﬁhg o the heat
sink 2104 and _the base housin 2102 121 I m to not ed above, the
base housFRE: ﬂ’G?W&ﬁ}H"%ﬁRﬂt @'ﬁﬁhéhpm@égsctg?/?‘frbm;m grt% H®ed to receive
a plurali b, alicdehoithiQbniiRali0 2n opRYR and Ubtermbift &at’i&ﬁﬁﬁﬁe”em the base

housi ng 2102 al so 1 ncludes a base housing pivot portion 2240 to enable the
base housicomfineD® hegronidastbyde SRy 148c dwsdaely teetypichegntin} neodolewph er 2242 at

the cqpta r_£en 210 he end away,fromthe SSR 1402
and i 10 c@gtp qlg&?ﬁgﬁhﬂgﬁiﬂﬁﬁ éRr"Q’é‘%"’{Rﬁ&*’é’é‘d’éFﬁﬁb% 831 871 Us2005/ 032150
[00122] Ime@:ﬁl@eeﬂfb@ﬁhhﬁbﬁbomwrlcbntﬁﬂ nRideld chirebtige the BSR hitwe Wighglir sensor 1824

F can sense a current being provided hy the SSR 1402 to the output power
t er mi nal s TESSAgE.ARE PBFN th geRtacion|t terpinatsHRRY POYEdiATe beipg Provided {88 a sensed

limt charaptianh 8f 6m b%&%%ncﬂrliegﬁo }Meth ﬂ%acPPZ’(’?;TeHéﬁﬁ %%bﬁﬁi}rﬁ%s‘io control

the contactor 2212 as a the sen I's can provide
an addi t i onafeaiad mdyﬁm@mmahmﬂlablsteh@lq:ﬁiwﬁhe frahresaind figwtmid obtAddddbysi nce t he

SSR 1402 |caI fails in a cl ©r conducting state. The switch
contrig rr%%:p poﬁ'reﬁ?ﬁngggasf%bq%gﬂhol s signals to the SSR 1402 can
determ ne t hat [oaﬂsgtorlﬁbmbreiﬁmﬁndnss cftheOipGéhtioh ded with raderederth Pipst hat current
continues to be provided by the SSR 1402, As such, the switch control nodul e

can 10 det §T2|3ﬂ1i'6111‘4%@0ntlﬁ%1u R meflepsl of gssembligpower %?@Q}laéﬁ?m&li’ alarmor error
signal or cﬁﬁﬁ%ﬂfwnﬂg‘@s&h‘d@ca&e Rlay §96% B 2 HoRRLY Rick TRiEhueatoA b §Cel ve the

SSR failure si
cavity 1904 or 2103 defined by a base having housing 1902 or 2102, coupling an

20  input power terminal to an input terminal of the solid state relay 1402, and coupling
an output power terminal to an output terminal of the solid state relay 1402. The
method also includes coupling a first control attachment fixture 2008A to a first
control terfninal 1404 of the solid state relay 1402, coupling a second control
attachment fixture 2008B to a second contro] terminal 1404 of the solid state relay

25 1402, and inserting a control unit 1800 having a control housing 1802 onto the base
housing 1902 or 2102. The control housing 1802 and the base housing 1902 or 2102
are configured for releasably coupling the inserted control unit 1800 to the base such
that inserting a control unit 1800 includes compressively coupling the control unit
1800 to the first control attachment fixture 2008 A and the second control attachment

30  fixture 2008B and completing an electrical connection between the control unit 1800

and each of the control terminals 1404 of the solid state relay 1402.
[00124] Similar processes and steps of assembly of the power control

assembly, according to various embodiment of the invention, such as power control
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SRR

message, and open the contactor to terminate input power from being provided
to the SSR 1402 or from being provided to the power |oad 120. This ‘
interoperability is just one feature and functionality that is enabled by

t he feat ur &so anelofonct i ons obtai ned by 15 the integrat pdrRQysas et r ol
assenbly 2100. [00123] In other enbodiments of the invention and with
reference to Figs. 18-22, the invention includes a nethod of assenbling a
power cont pssemblyd 8 rnd 2508 aradtiseriped nbevetand y Figsol 8-22,s it lmommltathodt 02 havi ng
a hockey p ' ' LN a cavity 1904 or 2103 defined by a base
havi ng hou%ﬁ%ﬁﬁ%ﬁéﬁg%g?é%@gpI ing an 20 i nput power termnal to an input

term nal of the[08dRSH &t whe entbodimehikDhe cam@om@dtiting Mebduil oPHbWEr power
term nal to an_output ,tcir(gi nal of the solid state relay 1402. The nethod
al so i ncl utRRErobgseInbly dnchude; arpusdgatures dug et lgash Huprrt: 19 the abavezomgihed 0 a fi rst

control 5t ettt #dn 9fd & Qi Lrub : | second
control at}{tﬁgchrr%er%t f}lxtur%}ﬁ%ogl%ég(t)%gsgﬂ sec%%%gc%ﬁ}%fgwggg&nqdﬁg E@51404 of the
sol i d st at thepeeycongolasembly inglidas @ sansorgmdtiplexdr tigit camintlud80 utigle ng a

control hoysing 1802 ontqg.the e housing 1902 or .2102, The contr ol
housi ng 18@5‘“%%5“%%@%%’8% Hf’?&’ﬁg]lgﬁ% STRFGIRY'S %ﬁ)ﬁng%ﬁlméal%éﬁ‘ﬁftﬁlﬂ @d f or

rel easabl yclgangl i06nd ARmpasaH Liksamtiplekerdaiéduple8 G pialld hatAR omauch  t hat
inserting a control unit 1800 includes conpre55|ver coupling the control

unit 1800mulirigxer. fThesy muliploxens repeivs cpmtea) sigpals fromangengpdent plinnéle second
controfpat tach E‘i?&ﬁtﬁ.?’?hé fn)[&%tg %g&%%gﬁﬁgg@gerg ?1@5’%@ ﬂgé’l%@g}n%glg iid é;ﬁﬁl)n connection

S
bet ween the control unit rmmal’s 1404 of the
sol i d st at ef a lah#gorhg@ent. 10 hdR24¥wo Siultiflaxersprocensasd anictoatrelps] inthinssenbl y of

t he power contr ol ssenbl accordi ng .to .yarious odi nent , of the

nvent ! on, SEterazs. G5 RETE ApEORert Ao e Sb B DU b e BB 32 150

assenbl y 19&@)@&% dHRE YA TE HER RSN PRIECARDME uftS fre PYrfbindSg cdiBscly, th@ts 1S known

to those skilled in the art of such assean%‘EN 00125] "I n sone enbodi nents,
a

t he conponeselinginguitodha A4 effangel yallproduesm @ ensengsingitionc Fregethisar i ous
features, gHﬁﬂ%k hERskt d H%r&acrohpoﬁe%t ‘15432‘139 ﬁﬁ%{iﬁﬁﬁ&rﬂ%cg%n 5 systemintegration

and conpon ‘ocessi n8 unctrons. er °e I'ments, the power
control assenbl [pON26] ude slisaussed) derintepated meekatical had elerical oednectéviig nul ti pl e

~channel sw fch to conbi he | tiple sensor inputs to si.ngl e anal og/ di gital

A/D chann%f’?‘efPﬂwﬁrfen‘é?lraé?fgg%]ﬁé d befaen cap Si%%éaﬁsmthgn&m‘@a_ in parall el
W th a secgdifiol agdéth?lg,ea«ﬁdes fINEPEvaH brnRbBNS by @R ReGARELAIn &legnal s from
i ndependent channel select circuits. The'inputs of these nmultiplexers are

used to deinaertitpe r¢dugiien ingherumben &f connections or connection points, and
20  improving the reliability of the remaining connections. The inter-component

—

connectivity provides for improved communication that enables internal system
diégnostics, configuration management, system and component adminisfration,
advanced functionality, mechanical alignment, and custom designs, as some
examples. Additionally, the inclusion of component or module processing systems
25  within components provides for higher level functionality with each component and
within the unit or system. These include, among other features, data mocieling,
system modeling, and system configuration management. |
| [00127] In another embodiment, connections or terminals for connection to
external devices, such as Sensors, can utilize a gang connection. A gang connection
30  provides for ganging of a plurality of devices with minimal user involvement and
within minimal space. In such arrangements, the ganging of devices such as sensors
onto common terminals or connection points reduces the overall number of

connection points and possible points of failure.
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of alimt conponent. Where two nultiplexers are connected and controlled in
this arrangenent, the limting conponent determnes if the channel
selection circuits are performng correctly. If the channel selection

circuits aye2000i®iam ng correctly, the resulting inpupct@sidigoaMdy channel
wi || produce an OPEN sensor condition. Fromthis 15 signaling, the limt

control conponent can apply the limting function. [00126] As discussed, the
i ntegrated necl¥i28hl Imanptlher embedimant, & oustraizéd artpyoprstary B8Rpower cont r ol

assenbly an tween conpo I du. e b1 hin a.pawer control assenbly
provi des 8&5%?1%19 g\ggﬁon@%ﬁgg?eﬁﬂd?cfn %“ﬁ%ﬁﬁ%%@&?divﬂﬁ% PEYIPGue in part

to a reduembodimientsohthe powbesonrdl seumitty.t InansbodimeneyuTekd SSRpHArnt s, and 20
improving the reliagbility of the remaining connecti.ons. e i nter-conmponent
connect i vicP§roh pssERIBkY soneHit MRGYR FOMRAMCRIS R LS AbFlettrieal semwapoetie] nt er nal

t 4 . FHpFo) t
systeny diagR@sld it HORE BGURR SRR m@'ﬁ? rﬁ%’éif sdgf@ﬂgss&ﬂwone“

adm ni stration, advanced functionality, gnnent; and custom
desi gns, amvilesmultezanpinest. codplitighinderajohijnuonheonpredsiomisach thht onponent  or
nodul e processi ng systens 25 w.thin conponent r.ovi des for, higher |evel
funct i onamoﬁﬁl%\ﬂr 8%'%’5@@%%6691‘3?{:?“5’%” %u{]ﬁinﬂa‘teﬁlé‘r ‘F’ﬁ“@garé;%t m These

I ncl ude, qaRRE cohlRClionsSréa/b@Geendat a nodel i ng, system nodeling, and system
configuration man%gement. [00127]. I n anot her enbodi ment, connections or

termnals for E¥HRELt fwenothst embediment) thyeombipationsafdhe poyves ewiidrand can utilize
a_9ango CORRIhABor én%%aﬁ&a%%al't%linﬁpsvﬂfcg‘éh&i?ﬁwér%%tgﬁ‘g@ ng of a plurality
of devices wth mninal usetf invol venent and w In mnimal space. In such

ar r angenendmbinehin agmrajichgjronit tolthe ipowsr lsa Hnaschsmmrendrogimanntthe govaron t er mi nal s

or connectip ints reduces th veral | nunper of, connectjon points and
poss bl e, ot B apufigy Bod it Ge BinsoBaet b e ditses o080 b P80 [ 001267 I n
anot her epbREH AR to e ga@&qaacg erhiPEmBYARRE BArPPrsviaSRnE AR feliuFeatiihgn Or
connection method can be utilized and configured within one or nore

enbodi nenesbedimepidngiudas thesame eitibyeseneduged wWiring#pd viinigmistakes ithe SSR power
contr a 1 re.conponents can provide an electrical ground or
t he Sq)groé%g@at\éﬂﬁo%g?ﬁ{qfn%t cé&%ci)escri bed SSR enbodi nents, the power control
assenbly pr ov[0d80hulCompomsmome miodales pf tha goweardniralasteanmblypes conpr essi on

such that, per- nodul e or per-conponent user interaction or, input is not
equi red HAHHe PBESHTORGOTIRG SUPLE UL GhNGET BRSY IR 2 Baken. [00129] I n

anot her egbae powRking ! Bsucl BARk4) 8kVie poWerih ForREMMRA $5¥WetiCpefibns can
be obtained parasitically from the supply power received from the power supply, can

20  bereceived from a dedicated power supply input, or can be powered from the

" communication link such as a WatBus™. In many embodiments, these device powér
requirements are often very low and require very low currents. In another
embodiment, the same low current for operating or actuating the power switch relay
to drive the high current contactor can be used for device poWering.

25 [00131] In some embodiments, one or more of these internal and external
connections can include a sensor, monitoring, or feedback mechanism to provide the |
powef control assembly or system, a remote monitoring system, or an operator of the
assembly with feedback relative to connection integrity pursuant to a predetermined
standard or characteristic such as torque. One or more connection characteristics can

30  be identified and one or more operational operations such as an alarm indication can
be initiated in response to the connection characteristic. In another embodiment,
system or component diagnostic operations or processes utilize one or more of the
characteristic to provide intra-power control assembly connection diagnostics for

trouble shooting, trouble isolation, configuration management, and maintenance.
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10 Iimt contactor can be arranged so that the limt switch and power swtch
are conbined in a parallel circuit to the power load. In such an

enbodi ment, the power switch acts as a prinmary load switch during the
connecti onwo 2@sspennecti on of the power supply to theppongsiookondso Thi s
enbodi nent can provide a no-arc feature. This enbodi nent includes the sanme
attributes of reduced wiring and wiring mstakes in 15 addition to the
benefit of no ald1dg] Poevswprewmpenenit kavandenteal esconimutieatippwer cont r ol
assenbly c e devi ch.as .a Circui pr processi ng
system t haﬁltae'rﬁecQSC%O%"lg mlﬁlé@c%%gq%&heort?% coglﬁ?\“%ﬁsc“ﬁlt L e POWSECATER poweri ng for

i nt ernal sysbmbilympélswtemnanh&nmpbﬁen@barﬂianed phedlag bf vesabhgorhicdelst he supply

power recejved fromthe power supply, can 20 be received from a dedi cated
pover suppd¥iggifferenteombinatigas & frnctions ad %ﬁ%ﬁwa%r@mthnnk such as a
Vet Bus 5 | NiighiakerOhing] Gaktly, diieiBadl Sy LGsioRRYelcn o ngﬁgyﬁeql@wﬁm&m@ae often very
| ow and require very |l ow currents. |In anot Iment, the sane | ow
current foWltbped aperd@ympﬁ:ipuwmmbalt tmedqimmdvesamnofranyeﬂmycompnndnt ve the high

current co tac an be useg 03: evi ce E 1%1 M 0131] In sone

enbodi ment §° 5% ee VRES1oR op ProfR Al gag ‘Eog}pﬁﬁnﬁ?fbl ERHEP CBO¥Hect i ons can
include a s&n@@assem@lah@emmne@m Jm&m&m@m&m}fe%@fu@%ﬂ@ ofRe power
control assenbly or [b%stem a renote nopnitoring system or an operator of

the assenBiey applicatiq a@a@RWPmoaﬁpwsq@lxoﬁﬁ@mn > ftherdgwee §f thtur suant to a
pr edet £5 M Bitfhoorth@ WO hoFHABAGHISMIF cbtEboRb R nd MGl O ©
connection characteristicS can be T dentl f| e one or nore operational
oper at i ons campdtiblesin @onjahdionwithdhe mtdr@nmpament blmnemvlityan@dompbnemsplfnse to the
connect i on, h@cﬁft eristic. In another enbodinment, system or conponent

di agnosti c* %¥ns or processes utilize one or nore of the

characteristic [0R1BBPY Lifl@meBniRuRANE, tH‘e%WeP&on@%E&B&hMy@@ﬂék@ﬁEddon
di agnostics for _trouble shooting, trouble i solation, conf |gurat| on

managenent hergingvitenshlenave & casty ilentiyowtividual somporpnissad 0B doRs Wibin [ 00132]
One or4gor operational or comrunication interfaces for
com"runlsggt ﬁﬁg’%%fﬁﬁ% asQ&qu onents wi thin the power control assenbly and
system Each co[gddB4ht hcamﬂhamb@dimlemﬂ]bimtygra&dvmbnhwpom comtetd| s havi ng

di fferent conbjpnations of f eat ur es uncti ons and nodu . However, within 5
Che mounr SBREPBIUSES b ryeeraut o bh Gran g B B pito Boct cmBREnt w | |

connect  Whifhe ?We%ﬁfr@lbds%nﬁﬂw&k&désoa E’é&i/tr&ﬁﬂarﬂés'em dglBwREHhs¥@hBEPLN Of any
ot her conponen As such, each version or nodel of each conponent can be

utilized i withiethepoayaponents conducts heat to one or more heat sinks. In one embodiment,

20  aunit can utilize the power switch component as a unit heat sink, as the power switch
component can include an integrated heat sink or configuration in conjunction with a
mounting of the power switch component. In another émbodiment, one or more
components of the unit can include or be comprised of a thermally directional |
material that can act as a unit or component heat sink. Such a material can thermally

25  operate similar to a diode’s electrical operation by blocking thé transfer of heat in one
direction and allowing heat to transfer in another direction. In one embodiment, the
thermaﬂy-directional material can act like a funnel and transfer heat from a
component within the unit to a component having a larger surface with superior heat
transfer thereby improving heat transfer and minimizing heat build-up within the unit

30 overall.

[00135] Insome embodiments, the inter-component and/or inter-module
connections within the power control assembly include integrated Electromagnetic
Force (EMF), Electromagnetic Interference (EMI), and thermal shielding for each of

the components and the power control assembly as a whole. In one such embodiment,
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control assenbly and conbined in a flexible manner to address the

requi rements of a user application for the power control assenbly.-
Additionally, all or fewer of the 10 conponents within the power control
assenbly oo 28800810 backward and forward conpatible pargSibiessisoon W th
the inter-conponent connectivity and conponent self- identification. [00133]
In sonme enbodi nents, the power control assenbly as described herein wll
enabl e a wugewet congakassgmbly dousirfgoricovkireambintegatgbin®riash eomponetul es wi t hi n

15 the power, control assenbly. 0134]. I n_anpt her enbodi.nent, the integrated
conbi ned potE atcvg??PrCSﬁTlglnﬁg%%ﬁ%ﬁ%dﬁﬁqu&&%?m h‘%is ﬂP"e%rr‘ﬁ?rgﬂfgﬁﬁer mal heat
transfer nhRRgE@AMtonkaARdiIEERINOBOhousiiz cah 81sP @Mt &R drQhtedSERRED! Y 1 ncl udes
a heat transfer assenmbly, that when assenbled wth other conponents

conduct s [988@ntach WAhVIERE, wenreCtens: orsriHRal componshts. dpesimhodimentGhey unit can

utilize t L Nj . ower switch
Compongnt SuRR e fi tn SRR BBty REBE uih BoonBndd a0

conj unct i auhibit the paysicab movement of the ndrefendethat batdnads disengugadfibm a N anot her
enbodi nent, one o nore %gtr On%?qtbi}f of the unit can include or be conprised

of a therﬁﬁﬁ“}e?toﬂf’#@ﬁ??\??i‘aq ONALIMPORTE Hhef0%s a unit or component

heat sink. Suclogy3spt bt &m@@ﬂ%ﬁe@ﬂoﬁh&t&ﬁ%ﬁhﬁg&i&@ﬂo@h {d@) di ode’ s
el ectrical operation by blocCcking the transfer of heat in one direction and

al | owi ng laesgmblyp ong enisére hovsings potviderforithe arechasiral and adevricahbodi ment, the

t her | y-di A fer] I f n heat from
" o Bon SR e RS gkl Mlcn notifind) i RO EomBlido bEARGIEA 101 11O
superi or heaiachih¢dnsterdl shdtedselngtic, by ey iofigxdngae, that arwides tend i ni mi zi ng heat

buil d-up within the unit 30 overal]. [00135% | n sone enbodi nents, the

i nt er - conpeiAEamEhin baisen thegspmetren oTdhe PQYYR SFHFLWEOWR 8 SSE¥ power contr ol
assenbly i | ' I Wl ectromagnetic
Interfer eﬁggh%{%ﬁﬂt??éﬁﬁgﬁﬁdﬁ&elgﬁéﬁg 0?@% ?ﬁ% olgﬁg%&cﬁr ((i)l#‘%%/g%oﬁlnee@gonponent s and
t he power suitable fot canysaivnlajr flosy. alhekoodombined honsingswherersbaubledgan 43 WO

2006/ Q29312 PCT/ 1152005/ 0321, 50 . a power ..cqniral .asse , sing or cover

can b gi nlpéod?éaf:traélcfmﬁlzﬁ%cga%ta € %ﬂ?ﬁ%%ﬂ?%ﬂ@ﬁﬁ@h%vﬁ%ﬁiwsﬁﬁ%ﬁ?@ an integrated

hﬁusihng pqaewbxc@ﬁtclﬁmsmp%e!ﬁg ['EheQir fldvestpinady ﬁa(?ﬁl iflgs foamed vartically Adtdivt i ﬁna! ly,

t he housing can al sqQ i nhibit operatqr.interference or contacf wth wring,

connect i oﬁ]%‘ipoé’Ye_réWt‘EhlP?_&T ge@ﬁﬁ%@h@%ﬂg%@%‘%ﬁ@@%ﬁ@fﬁ@@%@‘%ﬁ%ousi ng or

means for 0GR JoRdt dol Q2SR A BiF vkt $eBmbh§ fothkd wRthinkREgPONENt can
plastic part geometry. The orientation of the ribbing and corresponding inlet and

20 outlet vent‘openings promote an increase in air flow velocity due to the greater
volumetric expanse in the duct area directly (vertically) above the power switch heat
producing area. The natural convection is enhanced by the component geometries
and promotes an increase in air speed as the air passes from the constricted area at the
power switch upward to an ever increasing open area (the rib area) to the outlet vent

25 points. The plastic embodiments and the adjacent power switch module provide the
duct geometry necessary to enable this thermal management mechanism. This
particular embodiment enables improved power switch cooling as compared to
conventional assemblies.

[00137] In one embodiment, the power switch component can be a

30  contactor module having an integrated integral line voltage and/or load current
sensing module and functionality. In another embodiment, the power switch
component can include an integrated limit switch module. In one or more
embodiments, the power switch or contactor component provides for selectively

providing power from a power supply to a power load. The contactor component
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i nhibit the physical novenent of the wire |ead that becones di sengaged from
a connector of the power control assenbly or a conponent thereof. [00136]
For exanple, in sone enbodiments of the integrated power control assenbly,
one or nor ydgu&Pee provide for the nechanical and el epé&figabsdRis0
connectivity of the various conponents. Such housings can be. conprised of a
nol ded or machined material such as plastic, by way of exanple, that

provi des twih the dilhat inoddhivpuldedsapeoviddwelige ewithingfimotiort dse foostien ofai t ch (shown

ot gasirab RO bRkl ok B DangtE ruiapstogd SleiotRRRE RO ned |
housi ngs, fiheion@ss@t ©ehltagatr dbrept RMicde A8 fustbie ckdfiplel Ml hbdgbannel air

flow verti cal I_é over the top . surface' of the power_sw tch conponent. The air
f1 ow ori gi FauBEZE ¢ Gisenhnariior ierludingia qurent Easfaymet Hell ffest $58%B0r swi t ch heat
gener atg onGRRI tice TRbScdddit B LSt f A4 is ertically I through

t he power cjg%tdr%g]lceagg%ﬁblf/ \f%ag%%a%tfle’f#g\}/vﬁﬁoga ggt&)}?relel?@%‘rybrned within the

pl astic part gd00%t38]y.Sothecrobidinemts inoludednd drenoere isdrisogintentdcasdor espondi ng
inlet and 20 outl.et vent openjings propote an increase in air flow velocity
due 1ot heOGIBIGHng Yo aiheRITIal ehhpr e A R CPeTah st PP

(verti cal | 4} uspamsichiith RQPBIatioN kGRoMEAmboAIAGHGhEnddrean bd Ne nat ur al
convection i s enhanced by the conponent (geonetrl es and pronotes an increase
in air speatgeed; ddcast in nadsitosthe powertchatrel@assmbi t lagome easeatthe $sasorpower

Sswtc p V. I i p [ i rea) to the outl et
vent 2\\'91 p\(,)\}%ﬁ g&?dr'ha%t% ii%#ggéﬁ%%?%%ﬁ’fgﬂg%&&? ﬁé{hg%cogﬁ nSprovver ‘'switch nodul e
provi de t haterfiecing withdlnepower need aseyblyo Ienahlacatd) il polver comtronanagenent
mechani sm _Thi articul ar odi ment enabl es i nproved power switch cooling
e Conpar STy CBREBI PR HSGARET BT (RSTs PAPIeios SROGHOTENt . t he
power swi t GRAECRIRANAH fuf@dnkE R sedBr GBI AS §IRF o RAtBlN A% B dntHl €9r at ed
integral line voltage and/or load curient ~sensing nodul g and functionality.
| n anot herasssriddy canedetermitecthe tyme of sonbar@hd optamize admtctiomnr infecfacriio oag i nt egr at ed
limt itch nodule. .|n _one or nore odinents, .t ower..sw tch or
cont actor %%Sg“gmerwsgfaéeess&f%}gess]&Oégﬁ%ﬁth%ﬁ&ﬂe%gﬁ%nﬁ%% “froma power
supply to @mperakie meadringd ABcandrakd gowet 0smed GlictidrftaskéiA0D GitD 2R3 12
PCT/ US2005/ 032150 with the limt nodule would also provide a limt
swi t chi ng PEREPIETMESUHRE BREL i on of a predefined threshold linit. Such a
limt nmodule Cqﬂoi%uﬂé‘ch%oh%%{ 8f tHE Bow&'tohindl asieHM}bx%@id% can be a voltage
or current sensor. j ust one exanple, the imt nodule

interconnecting components with component data for self-identification such that the

20 interconnecting components are provided component identification data related to all
interconnecting components. Such component data can be communicated via the
communication link, via a proximity switch or recognition device, or via another
interface including a user input interface.

[00140] The component data can include the type of component, the model

25 number, manufacturer, software version, features, functions, serial number, profile,

| configuration data, component module data, customer application data. Additionally,
one or more components of the power control assembly can provide component data
and data associated with itself and all interconnected components to a third -
component thereby providing for the dissemination of component data throughout the

30  components of the power control assembly. As such, each component detects and
identifies every other component within the power control assembly. Such »
information can be stored in a memory of each component and can be used to update

a profile or configuration of the power control assembly. Additionally, previous or
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can utilize a current nonitor including a current transformer, Hall Effect
sensor or 5 GVS device - non-circuit breaker style, as are known in the

i ndustry. [00138] Sone enbodi nents include one or nore sensor interfaces for
conmuni catwogooghidizan external sensor sensing an exter pal/usnesabhisen
associated wth the user application or operation. In another enbodi nent,
the sensor can be integrated, at least in part, into the power control
assenbl y. Pradeisaninedeomponentfataseanigpration ¢aim op Fxstantprobles corealpober cont r ol
assenbly ) t | 0 ' [ ing with the power
control ag@gergbqﬁ{,&ﬁrfﬂ%ﬂ goﬁléﬁ)?éé%%gﬁ’ %Otrﬁgg%%\%b?ﬁagtgﬁf fagﬁ. assenbly can adjust or
reconfi gure onf00dd1}olesoapesmatiddients ilepoivet Sontral @sahbll @nd/6f sytemconf i gur ati on
as a function of the sensqor type,. As just one_exanple, the power control
assenbl y é?fﬁ-‘d&%@ é“rlgﬁdﬁ%u CRidon %ﬁngl 204 s gegpied Bpetionaliy. Dsrillpgtiefedn or

i nterfgcef ip@BPark0h pBRERhFORBLALIY S30992V28 a¥PU HBSS of der to

optim ze tlhegperform’ange of 0t he ter%&farat_ure gTélaSPUI’I ngqg%ég%t?%n or the power
control f aemeciodteismumutpubnodile:230H4-C havimeeaamentivityrgatsu2306g-Ctiptit . [ 00139]

Each conpgnent of th wer. control assenbl.y. pr.ovi des interconnecting
conponent evﬁ%lagegﬁ%ﬁh%ﬁwabgtog%f)%lporéeél Sfc-ofné’gﬁflg f}}e@gﬁeﬁﬁon@ﬁt?fgs‘?ﬁ@? the 20
I nt er conn@seo. "ot WRERR b Df tie@opeOdtndelassaitlpeac of tHe8drnbdtHiayigates dat a
related tqQ all -jnterconnecting conponents. Such conponent data can be
conmuni catdep pithe qomponetin#Fe APeat Y RMR NOPRRUP-Fhepoes coRToh 23492 rpndeasis or

recogrpt i ' Wrfurfdd ' i ' u I nput

I nter ;P gce.gqllteg%%lgfer{%{acocorrponghl?ﬁ%sastdgr{%gﬁhﬁ’ﬁge&hﬁ%ﬁgg%%%g ' g?‘recorrponent , the
nmodel 25 swrhessage wambd atteut mpde”sndssagar #he Srssploysicallpedmeeted I/Ounct i ons,

serial nunber ile onfiquratjon data, gconponent dul e data, custoner
appl i cat i 3}9%315936‘9 B‘?ﬁ?%v?%tﬁ%\me age %‘erexg?&ﬁﬁ QOC%&H&S'??EQ% TEE°power cont r ol
assenbly GRfesiing, TAEmEANPLIRIAL cl6Rb fs aRbddate@bae aRHAChaleBf cotinbtingtasel f and al |
i nt erconnected conmponents to a third conmponent thereby providing for the

d
di sseni nas¢cond sRrdels AReiretattherammenieation hut 07 and to the corFpd 33&ht Eheof t he power
contr ek asgENb : . t C i ifies every
ot her @éon%onenéd(wz@%ﬁ?éﬁﬁemgﬁc\%@?ﬁ%%% gg%éﬁg%im%%ﬂeﬁ%%f ormati on can be
st or ed i nneessugerarthe afntreh2302¢ dip HMemodwdes@304A clrethers eldsd icselffobat €  a profile or

configuration,of the power.control assenbly. Additio reyvious or 45 WO
2006/ 0293%‘E‘lﬁgéf?aé%aﬂﬁo%fggﬁffgﬁ°Peﬁ?tl?&éiséf’l?ﬁa+?é&m@?ﬂ$&?#é%?b%é‘?éf,ﬁ’s bt i guration
data, or ﬁéﬁ@f&ﬁnﬁﬂsk&%iv@@w?{e%@n@ﬁ 230D iedetyahdicARabifa@yr for reference,

for selection, or as a defau R
components 2304 are connected to the communication bus 507.

20 [00142] A power control assembly or components having component data
for each of the components within the power controlrassembly can access the data and
determine an operational or diagnostic operation in response. This can include
providing feedback, initiating instructions, initiating diagnostics, initiating
maintenance, initiating an alarm or a message consistent with best practices, optimal

25  profiles, or preferred configuration or setup.

[00143] The integrated power control assembly according to some
embodiments of the invention can generate an input/output configuration list during
power control assembly initialization. An input/output header can be generated and
1/O data obtained for a first component in table 1 and for a second component in table

30 2. Fig. 25 illustrates some embodiments of such an input/output data table 2500. As
‘shown, the component data table 2502 includes a data address for each component on
the communication bus 507. Additional data items can include an identification of the
number of associated devices having inputs and outputs, the input attributes, and the

output attributes, by way of eXample. For each output 2504A-N-and each input
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100141] In some enbodi nents, the power control assenbly and/or system
includes a self-identification capability and its integrated functionality.
As illustrated 5 in Figs 23 and 24, a power control assenbly 2300 having a

CPU 2302 i sweopesediy connected to input/output nodul es 28r/B¢AvSopavi Ng
connectivity gates 2306A-C that are associated with a plurality of
conponents conprising the power control assenbly 2300. Prior to power-up of

t he power &Y amaitdtsl oan inshisde agype; Aéistad shpnotted typys, datecand d280&its n t he
conmponent scar . - 0l 2302 broadcasts 10 a
message ovgo?egﬁ%lgﬂﬁgm%ﬂ%%gﬁ? ?%%Js%ﬁé{e%%gﬁtag%ﬁﬁ%ﬁgg&‘flﬁ‘éalﬁ(25 fodul es 2304. One
such nmessagsodatad bétha partexlar nsedefpliceti@aage.” The first physically connected UO

nodul e 2304A regel,V he. nessage and extracts its node address fromthe
message. Inr e@@éﬂgi th} TRIUEG @P%@ﬁ%ﬂ&@g@g@%@%@d‘@m@g@t gaffe 2306A

t her ebys CORBSRR4AN din ARGAN JFRAHbE ARSI HLATIUNCBREAN bus 507 and

to the control 2302. The”15 1/0 nodul e 2304A sen entified nessage"
i n r esponsesstmblytie exraxe thatediectiveesd affecidnd opdrations and interf28G2wre fitorided O nodul es
2304A can ﬁ}b nc%I pse itself from future lgr oadcast.s Eacg of the operations

i s repeate (P bIAfion ol COmPoREHS camprisg e pove) Ol pXemBNse is recei ved by

t he cont r olAddigidrallyl hRlceRponentltmakctinge Mdehetivatteatufed BRPAAMs 2304 ar e
connected to the comruni cation bus 507. 20 é00142] A power control assenbly

or conponefRensistal Wb tesrpriiiios ofithednterconnegigd ROHPORERES OF BiRSTHEREANTRL t hin t he
power gont 5&&6@%@@‘%&%&9%&&3&&%@1@%%3@ assg&w é%?&gﬁaﬁgﬁf ational or

di agnostic operation 1 n response. can 1 nclude “provi eedback,

i ni ti ati ngmarstivaiht fordonality ¢fi the povgerdbatepl @sdembly; baisend dri the caygbilinies of enance,
initiating ap al.larmor a nes e consistent with eit ractices, optiml 25
profiles, SICOGPAPYTY SMRUIRE JoHEATDIe EomRODERS oan HUsha PAHmEtel:nt egr at ed power

control asggirhioh, aCERIHELIYS alflndRARS (HRTRRMARIERoRiected SorhpotRAL @) can
generate an input/output configuration list during power control assenbly

initialization. [0846hpddddiengln vhiliziegthe commyaicaiions bas &7 anddnterfaces.dat a
bt ai f ' i : f ti
ODLALNER | Bl Ryl SRR b kBB bRl e SEBARMER T 1

dat a tabl eoptifiZzed éSpredeitamined tidtercommepiiore riuch atgotintdrsea bO2 finotidruefes a dat a

address for. each coHlponth .on _the cgonmmuni cation bus 507. Additional data
itens can Agel t3Rles, P AeGIFOR QWS BIARE  number of associ ated devi ces

Bavi ng inputs apﬁnag} PUls%il cbiBoenPiidta BinBel il b toRAch Ma%velgut put attributes,
y way of exanple. For each output 2504A-Nand each input 46 WO 2006/ 029312
PCT/ US2005t@8pasat within the power control assembly, each component and the power conirol
20  assembly or power control system (having multiple power control assemblies) as a
whole can self-configure as a function of the available component data. Such self-
configuration can be initiated at initial system setup, upon installation of an additional
or replacément component, upon occurrence of an event such as an error, or reboot, or
as a function of receiving a re-configuration input from a user or a remote systerh.
25  For example, a second component can be replaced by a second component of a later
version having additional functionality. As such, upon insertion of the replacement
second component, the other components within the power control assembly can
recognize that the replacement second component has the new capabilities and as a
, result activate dormant capabilities within their own components.
30 [00147] Additionally, as each component within the power control
assembly can have knowledge of interconnected components, the component can
include operational data related to those interconnected components such that if can
determine, estimate, or infer the status or activity occurring in the interconnected

components or within the power control assembly as a whole, without actually
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2506A-N, an attribute can include a type, a list of supported types, data,
and data units for each input. These can be associated with an initial or
defaul t val ue or be associated with a particular user application. [00144]
In this maRo8sesodPN recei pt of the interconnected conpepgiodihise 5 a
conponent can analyze its operations and the operations of the power control
assenbly to ensure that effective and efficient operations and interfaces
are provi dedivilgyantihdicationtor metsagn By utdonnethe ndrspanentpiatas oimgortthere power cont r ol
assenbly. Additjonall t.h coqﬁonen ..can, acti vate% or deactivate features
and funct i“GHEORE ﬁﬁg&oéﬂ?e]};\ﬁﬂﬁv‘? REAONHE RIS RETACRTRA nt o connect ed

conponent ghhctéiEicPOeRby BRI fol PrhREwamiiierst contiI8f §stehilebdli S manner, the
power control assenbly can reconfigure to nmnaximze the functionality of the
power contiaghostiss@dipgraigrted on the capabilities of each and every
conpongnt. One r . adl, 3 raneter, .operation, or
interfgce as a[%'r‘]lc iglhg%;@{?ﬁlgmr‘}z%@?o@gce [ﬁf%erl%gg%%foéldaetgﬁlpcggent dat a.

[ 00145] Agebixirhivnef dng.contipbhent torgothbecondpanen ndihtn the powetobol asienbint er f aces,

15 two interconnected c nent s n negqQtiate with each other in
est abl i shPh§S&m C@ﬁ?ﬁ'ﬂgg‘ggé‘ﬂﬂeﬁﬁﬁ‘g&“@??ﬁ%ﬁ@d vt Aswrraele; ophysisac h
negoti at i gpsiBaNRichdah BBG laphetfswitdh. ORdriekiBle, 4 B %oﬁént%?' sion flows or

di agrams. 7[ 00146] As all conponent data can be avai e to each and. every
conponent ingludeianmaghetiqabyveperatothswitth nesisiondsl tg recoguine ¢ pyapuessociaied t he power

cosem? oS ATEN] rondRNER P b B MO LSRRI 08, R avar 1 abre

conponent cekbided BULovee bontrol Aémbly) ditcdlt i e g chimbéncat Bdompletedi ti al system
setup, upon installation of an additional _or replacenment conponent, upon
occur r enc &by Provading for peeximity dicafiomin thefirst eqzepopentdhat thesegpndynct i on of

recei vi ng - ! i w]_&gt : Of: 3 s em 25 For
exanpl e, g sgﬁlgﬁﬁggé&%ﬁ%ﬁ?ﬁban esuéﬂe%ﬁgg’gﬂ%dlg&sogé% cgr(ﬁﬁ)%ﬁltent of a later
ver si on hamorefpatcdiin thedfabt niadulstdan habiabled oAdisableh, upon insertion of the

repl aggnent s cgnponent , -t h t her components. W thin t power control
asserrggy can f@gggh Qpﬁg‘.‘aqu%%()fresél %%@F‘B%rgt% tegl?ﬁ?&lﬁ]é?f{%ﬁﬂas t he new
capabi | i t iRSpowetlcarobassédblyicin By isstatlBnitspontive CappdtibiliriRatetypdi n t hei r own

conponents. 30 [00147}. Additionally, as each conponent within the power
control  &sisgpentiplledn nﬁasp@nwnt%wce@@%lebwthﬁtﬂ@rmé%@é apgnpyfelies, the

component GAlepbAFHe AARRHAL SNALe 420R: Gl ARG I BAE IR LARGENNeCt ed

conponent s suc it can ermne, estimate, or 1nfer the status or
activity déacchengedeiweehhaeipointandaringt setithg snolnpotoeminies onvdlintinate tte power
contr 86 a%xsieergﬁ)()lo%/tll%’? wgulgg?oldﬁée or rés%ﬁlilrtla u%tltgjnagl alc on.

[00150] In yet another embodiment, when the power control assembly,

=
-
-

system or a component cannot self-configure or has an error, a component can utilize
the stored data to one or more components having the stored component data for
reconfiguration. In such a case, one or more components can access one or more
25  default or prior configurations, information or profiles, to provide a recovery of the
componeht by replacing the current configuration, information or profile with a
default or previous profile or configuration.
[001561] In another embodiment, the power control assembly can identify
the type of heater or operation of the heater and recommend or determine a preferred
30  or desired startup or operationai feature to an operator or another components, system
or power control assembly, such as recommending a soft start or slower ramp rate or
to initiate another operation such as a bake out. As another example, a temperature
range or power level can be determined as a function of a sensor type to provide for

improved control.
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47 WD 2006/ 029312 PCT/ 02005/ 032150 receiving an indication or nessage. By

utilizing the conponent data, one or nore conponents can produce high |evel
di agnostic, analysis, paranmeters, and characteristics thereby providing for
i nmproved hwgreopeazesizcontrol of system | evel di agnosti cRCEHUSROGSLEEDI ons. 5

[00148] In one exenplary enbodi nent of self-recognition, a physical

proximty of o onent .t o apot.her, conponent wthin the power control
assenmbly or S@Pg%a @’é’#’fer E‘B‘?"é‘e‘?te EBKE“‘:&’HHO At Ilﬁﬁ%ﬂ ity. By way of
exanpl e, aaRbMSHERY recBAMNIréd Wptithkd Setfofifdhcd & @nSRIRLdrGpsrthidLt-to ROr exanpl e,

a first conponent can include a nmagnetically operated swtch positioned to
recogni ze Barieidardemperatyes seele @r 1a00far |b SERSSLRIGRESOE BipoAsone sushh t hat when the

first and ' |0 cont.r ol senbly, a
ciroui i noPRN P OeERBba by SallD Einld o RS BRRHREN WBRRE

proxi miy Inmshecathgement) thdpufalitysif seopoaeicludb diffekdie sGR6 aeliigzonent i s
coupl ed the[Fet When sucﬁfa 1roxisrril,é indi.cation | ’ relggﬂis,s one or nore
features it ?’H’F(e)Kﬁ?f}sg’EaW[ﬂj p@lég%sq;e _%/IEHP SW"%H@&E? Eﬂ?eESe“P@G@&Q] As one
exanpl e of béa%g@dwinm}. R contfolliddBre ogmkéweka%{on%f@g pOﬁéﬁ&n@&%r control

assenmbly can have set a limt responsive to a particu eater type being
cont r ol | edass¢mbly @s pempanents terendrthe epstesy caniutitizerthe signpleiom thodypk assenbl y

sets a high_setpoin m.t. As anot het anpl f _ane.e dinment, a PID

control | ergeélﬁ?rL?é’Frsﬂle%Lgiréﬁaé]raéﬂggﬁ%e’gbéﬁﬂﬁlﬁ%ée %&agso‘ff)?ﬁ‘%b%?@’lﬁgﬁoﬁem? setting such
as to i ni ovet e coitrailed Manga tep@dRide Zapoveal ehgedhtukdidbntiudtich #{dadistgioar result in
alimting acti 00150] In yet another enhodjnent, when the power control

n.
assenbly, syst !911_51[3] a¢é GREEHENE Meahedtsr clswent leadaplicationgt has an err or, a
conponent &éﬂnd&h@b%&lgé&ﬁiz%&% &?trglatteﬁ ér%.'%&v&ev@ﬁ&f‘e HWPORGERE S having the
stored conponent data for recon |guraP|on. I'n such a ‘case, one or nore
conponent sassemblacerstilizere switcinorapoths sdrfoant fensor typeito imponé sygtenat i ons,

information or profiles, .to provide a recovery of the .conponent,. by

Fepl ac no. PEEEIRb ke DarkePBEN Beiror ety HHHERPSy e DOM BHAE et aul
Or preys ougpdadtidhior ool &9 el fiiwerbdRid]l ass@RBID khe byteOdnRTliz€ ABRAIMENt , the
power control assenbly can identify the type of heater or operation of the
heat er andoyeypeareeigatber then tedemprerguigsefsel-red 30 or desired startup or
operational fe o] ' : em or power
control assenb?(?,mgﬁjchhgés}w?{eég% %%%\egﬁggggﬁuog?%%%?% c?\;\ﬁll\ggtdrarrp rate or
to initiat plusahityt dfsensopeandtsensor ipeh A gassitaketwesh ondseraoaypeto aexthepl e, a

tenperatur gensor type can be controlled using a control method, by way of example‘, a

20  proportional allocation method or algorithm, so as to manage, reduce, mitigate or
smooth over sensor and switch disturbances. For example, the switch over from 100
percent from sensor A to 100 from sensor B would be ramped or variably controlled
through ranges from 0 to 100 percent at various incremental amounts.

[00155] In yet another embodiment, a control component is configured to

25  monitor an independent temperature sensor and a limit component is configured to
monitor a second independent temperature sensor. The limit component compares
temperature information of its sensor with that of the control component’s sensor. If
the difference is determined to vary more than a predetermined amount, the Limit
component initiates an action such as a corrective or notification action. This

30 embodiment provides a redundant method of insuring the thermal system remains in a
safe temperature condition.

[001566] In another embodiment, a component within the power control
assembly can include a wiring auto-correction capability. The component can have

one or more wiring connections that are wired during installation by a user. However,
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range or power |evel can be determ ned as a function of a sensor type to
provide for inproved control. 48 WD 2006/ 029312 PCT/ US2005/ 032150 [00152]
I n anot her enbodi nent, the power control assenbly can automatically
reconf i gungo bes@BBi2M ze performance to sensor type or pEpuMobHss2 0 a
particul ar tenperature scale or range for a sensor or sensor type. As one
such exanple, a power control assenbly can have a plurality of sensors
associ at edomg wiring conBectionsotas requirg agerieniar wirlng opden onpoltujtyofln sehsor s can

i nclude different sensor types su as ,a _Type K senso d a Type E sensor.
The. Type. keeehE BmBTRR hn e BeseRillc Bipd fonfddn S RERGk B anba 4 F el “For
cont rol | i ighro6fthe il ternsifioat kefitcodect! The BOMBINeB sy Rbm caASHeMaky or

conmponents thereof, the systemcan utilize the signals fromthe Type K
sensor ov@p indigationfoithe;pssr fichag a fighicps messge.uln qthez embpdimentgnthe s from t he Type

E sensegr : V] L ure

I dentifi c%??lg%ﬁg%%n?‘gésagﬁgér!s g%.lﬁ | Egglcg%]t% dgﬁ&é}gg%pq?gg%q Cni’ agﬁ'%gcgtaa tgr el enent

| oad appl itestappexchange; draevarsedhpings-waed danedtiohs withbut ases dmviotvenehemper at ur e,
However, the power .control ssemhly cgan . utilize or swtch to anot her sensor
or sensor “S\BE SYARle3SERARE W&agﬁ?na?%ﬁgi?aéﬁe ‘e%ﬁ‘eé?risf’%ﬁ‘fs &dntrol points or
ranges. FebnR¥RdBh & cotectorCemtihAdf (RYoWer ¢dhtrbBschiblP BEEGhPARABAtOhecONt Ol by
the power control assenbly, the systemcan utilize a pressure’ or flow
sensor r ach@ponchtgansensor Giapweredpelassrand swap ho 1sdy aptamaticsllii¢r exanpl e, the
power169”%58&%@*%%%%&@tbgfolvﬂfé%oxaccm”%&rd%k%rtaﬁcjnoévitﬁ&ﬂﬁgrrs and sensor types.
A transSition between orfe sensor type to another Sensor type can be

cont rol | ednvebiengnta control nethod, by way of exanple, a 20 proportional ’
al | ocation rretgooﬂ %? orith 0 as to rTEna e, reduce, mtigate or snooth
over sensor antPERT c ASEiSIFP SAdeomPeRFnt ek RFpPwer aSHENIVPE RV Sver from 100
percent f oMo SRRRN o ihQudPPprbERRrSRBRGY, BIMREbAnRRichASHRErQEe. Mar | abl y
controlled through ranges fromO to 100’ percent at various I ncremental
amount s.” po0d eBbodimentstong permpaneiicgab adi enbnmonitor oo identify aooepwresnt i s

R N e e LA

The |im t og@oMANE Bthet CoEINests chrpiistigthe pewértbakdrabicoblyof THebsScapensor with
t hat of the_control congo,nent'.s sensor. -the difference, is determned to
tO

| f
vary nor e 1ol ogcysreBers o8 Aiaerestic RRBMAETS surkasid drge o gfheshanefioti ates an
act| on SughhddR, AaREd RGNS, Q5iRRL b LhaRL bPRAAE phidfhetel M harll SAROC! Ment
ndant nethod o therma

provi des a redu I nsuring the systemremains in a
field operating characteristic, a value of a field parameter crossing a threshold, an

20  alarm, an alert, and a value of the field operating characteristic crossing a threshold.
[00158] As such, a component of the power control assembly can include
one or more system or component diagnostic modules for diagnosis of an operaﬁon or
status of the system or component. In one exemplary embodiment, the diagnostic can
include a parameter associated with a calibration, a prdﬁle, a configuration, a system
25  administration, and a system operation.
[00159] The diagnostic module can include an algorithm, a program, an
artificial intelligence module, a modeling module, a mapping, a graphical analysis, a
rule, a comparator, and a look-up table, by way of example, for diagnosing the system
or component. In one such embodiment, the diagnostic module can include a neural
30  network, an empirical data, a numerical data, a fuzzy logic circuit, a neural fuzzy
circuit, a polynomial algorithm, a residual life algorithm, an artificial intelligence
module, a modeling module, and a statistical function.
[00160] In another embodiment, the power éontrol assembly or component

can similarly provide other internal functions including a trouble shooting method, a
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safe tenperature condition. [00156] In another enbodi ment, a conponent
within the power control assenbly can include a wiring auto-correction
capability. The conponent can have one or nbre wiring connections that are
wi red duri mwp popsdmebikati on by a user. However, 49 WO 2008dD28m8:032150

PCT/ US2005/ 032150 sonme w ring connections can require a particular wring
order or polarity. In such a case, the conponent can test or sense the
wired conn&tdsiEcHem aifadiiselatjon, A sgot gaise.cy settingy aliit, 2 theeshpldisng t er ni nat i ons
are incorr eghyraiibiie . Qr S i 1 ndi ' to the user
such as a Iiﬁg}’ﬁ% oiafr?glgségggﬁ&}o%’ %t gltrt en‘%gﬂé?%%g%tlﬁgt I%Dgggr%%%aglﬁ?’ can

r econf i gur e tiabeability, enfaaoeconfigiratiery, aabrchitachee tlignnentn fingegripeinpat h such as to
swap, exchapge r reyerse the.ms-w connections W thout yser

vl venen it tnes thsarreL o, A Sl R B S B ES.  When ¢ he
sensor eads ar o169 NeGLAGheN@mpRIYTREhE &Bb&cﬁﬁ@ht@@fa?éwér%nﬁ’cﬁ""er control
assenbly or conponent, the conponent can sensor the Tncorrect polarity and
swap the | essamblydiagnasticsah¢ gontiol a9embly cawinchude ond er-mire itengpeaatdret 0 pr ovi de for

conti nued i it hout. user i Y . [ 00157 di scussed, each
conponent %&g{u?éem%gﬁf maessélgﬁgﬁlf heat “3%‘3%? Eg%g}:ﬁ }?Jovfer SVE%IE uk %\?lss?‘ﬁ%fcﬁd e a
pr ocessor , hea®inkythe &ntfetiturs 0fiied abrinettion) bcthé &@erdiite oS aMBtEABAMI ments, one

conmponent can n y _monitor or identify an occurrence 15 within its own
operation, but g(foélga a@%%ﬂe@g@wﬁﬁ&e@@@ﬁc%&l?)gé%‘?blﬁeéﬁ?er@ﬁ’é‘geof one or

mor & OYer GARRRARMhSedTRAPfcShflird AFnRRAUES, paaibfePlor gl%gé‘éédbh%- These can

i ncl ude occurrences of diagnostic paraneters such a change of a state, a
change of tempdey basictogiage nofdukes.stoatpassntsorfpmivenicantrobasséralrlips imd teat fi el d
par aneter, .chanﬁe of the I j

a field operating characterjstic, .a value of a
field par afbtiagiosHE BTImgEmEnt, KPLIRERGE, O nor%)r%\?%ﬁl neatﬁ odf bg Rlaced iy 2 val ue of

the field gapsa isoltechandkitBioush h proceRes tR@inatiél ' £56HRl tample0BL58] As such, a
conmponent of the gower control _assenmbly can include one or nore system or
conponent @PueEROBEPlassamhly embedimer); b gowenpywitch, bplswittlbandr  status of the

systemygr gﬁﬁ&%ﬁﬁévicé &n%@?la%éc?ﬂi@e 5symm9g$lﬂgﬂolta§9§1&jﬂ1?gn05t ic can
a calib a pro

I ncl ude a paraneter associated wt ration, ile, a

confi gur at imgercomestjsit pomts BEweagindach ef tha toroponeats destedsy sdeetifyoptdctat i on. [ 00159]
The di agnosti c rmfi lle can include an algorithm a program an artificial

i ntel | i genC¥RFFA B1°d nodel ing nodul e, a mapping, a graphical analysis, a
rule, a conpar afg0163pNOne ehdohimept sh fowd? ol abmBKaITBYiges foPs di agnosi ng

the system

: connection or assembly of components that includes a signal or indication that the

20  assembly was coﬁectly and completely assembled and that all required terminatioﬁs
and connections have been made and are suijtable for operation. The indication can be
an electrical signal, a message, a beep or audible indication, a light, or a flag.

[00164] In some embodiments, the power control assembly can include
initial and ongoing power loop system verification, for example, verification of the

25  thermal loop when powering a heating element. ,

[00165] After components of the power control assembly and/or its
components are assembled, the power control assembly can automatically or upon
user hﬁtiation,/self-verify component coupling and proper functionality prior to
activation of application power or providing of power to a power load. For example,

30  when a power control assembly is first assembled, each of the components self-
verifies proper internal operations and configurations and also verifies proper
connection and characterization alignment with the other components such that the
combination of components provides the required system level profile and

characterization, Each component, the power control asse.mbly, or the power control
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or conponent. In one such enbodi nent, the diagnostic nodul e can include a
neural 30 network, an enpirical data, a nunerical data, a fuzzy logic
circuit, a neural fuzzy circuit, a polynomal algorithm a residual life
al gori t hmwa@hnooekidsid ci al intelligence nodule, a nodel pagudRgsiBispand a
statistical function. [00160] In another enbodi nent, the power control
assenbly or conponent can simlarly provide other internal functions

i ncl udi ng sgst¢m oarbdlsp whifp thahepchrendhedry @nné&dioyindodifg 0Rr$3E2r REPIYUS2005/ 032150
fault detection 18 fault .isolation, r.ﬁgﬁg caésea a setting, limt, a

t hr eshol d 2P ?atﬁircgfql?fﬁ?nsaarf:é?q“ﬁer@%dw i REreHed SPSeHi At a B! pr ocedure, a
val i dat i ORhes@vitfiichfioiakd Qtaplde, thAeRR R ddite ¥ind/BRhd YbReCORfch gk at i on, an
architecture alignnment, a fingerprint, an identification, a theoretical
nodel i ng, aBthgared-osgnabladsto initiate A poweringameds) fr praviding supply powg tp80161] As

anot hee XANR Bl EIRATL IR o Rl BRIRls SOLGIaSRRRD v o agnostics,

the contr asse € one or npet a measur ements for
measur i ng coiiteol ssambly: Sushh eeriffcations tchiebparwesters Wistatlation sydien powadigat ed heat
sink, the tepperature of a wre _con%ctioq, or the terrperatgére of an

i nt er f ace 2t PHO Yt IniAghe YAl & MERR 2 RN BIORFEK OEHY: AbTPEW&Senbl y or one

or more  HuGARPRAMhSoUsREbe Ghy SAXARRRONAJHIEIR IH S RREcRr ameter , o

process on a tenporary bBasis to place nodul es,” conponents or power control
assenbl i eshe power cendtol assembly sgminshide amindigatge sushtas a Flag of Iight angignalone or nore

conpopgnts _ecan b lLlaced .i series to i.sol at.e .oubl tl}{ﬁ h a process
of el ﬁﬁn ngltlci%oa}si.a gi%eg(gﬁg{at@%ﬁ%qteel?m?% gnns {ﬁ rangéﬁst?%l% O%%I@Z?ft?l . odinment, a
fuse, powgfees Wightab indidate propamipbliity 1B BechchieMdEE tdqaitedia\wi fafticaRid be placed in
series with the source voltage and the interconnection points between each

of the cofpEItElis tested to identify which c_orrponent failed. [00163] One
enbodi ment of Frdgﬁm V‘@Idd&ﬂa?&l!ﬁknﬂﬁ%@&ﬁicﬁﬁ&{ﬂ ﬁl%?ﬁlﬂfﬁgﬂelﬁﬁp&fbﬂ% gtion or

assenbly of cofponents that i'ncludes a signa ication that the 20
assenbl y werfiition esstd, thepowerampbltsednbly sgempbacht therbof biod pavdr requi r ed

term patian nd _connections have.been made and. are sui.table for. operation.
The i AT c ST OE PR nL R o ik efent 1o B GBI e de D bl o
i ndi cat i 0Rr mainkdn@hde,roftinedo Httadhind A6 $6idde Vin sdpitidsdatibreRb&ing! e power
control assenbly can include _initial and on%oi ng. power | oop system

veri fi cat Some enbedimentytheassgably paalsq seondigureria climinateng isplatc theop when

poweri ng ?rd}féﬁ%ﬂ&lﬁésgi%m' [00165] After conponents of the power contr ol
assenbly and/or its '
[00167] As an example of one embodiment, the power control assembly

20  can verify that all power connections are secure to ensure proper connection. The
control can compare the recent reading with a previous reading and identify a
degradation of the connection as might be indicated by an increase in the temperature,
an incfease in the voltage differential across the connection, or detect an increase in
the deflection or strain of a power supply line or power load line. When a problem is

25  identified, the system can diagnose the potential power lead failure prior to failuré and
initiate a preventive maintenance action or routine or can provide an alarm, indication,
or message to prevent a failure that causes an out of service condition.

[00168] In some embodiments, the power control assembly can utilize the
integrated nature of the power control assembly to provide new and novel power

30  control functions and functionality. As one example, a power conirol assembly of the
power control system can provide a new limiting function not previously provided by
temperature-only power limiting devices. By leveraging the integrated nature of the
power control components within the power control assembly, power control

operating characteristics or operating events in addition to temperature can be sensed
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conponents are assenbl ed, the power control assenbly can automatically or
upon wuser initiation, self-verify conponent coupling and proper
functionality prior to activation of application power or providing of

powerto a powoebhad. For exanple, 30 when a power cont pet/ugnsoepdiy is first
assenbl ed, each of the conponents self- verifies proper internal operations

and configurations and also verifies proper connection and characterization
al i gnment  of identified. dhebimitinsrigostiontos thedisnt mpdule carebe bserbatienst iopanf conponent s

provi des t&?ﬂﬁeec%&&%f&%?et &@Xrﬁ%ﬁ@&éﬂng%h%@&en&ﬂ?r A trtecl)l:p:gf %Eggo\r;\o Each

conponent ower control asse OWET ¢
2006/ 029312ver§T/ usS2005/ 032150 system can also verify that each and every

connection, inc i e supply and r ad connections, are
secure and with Oﬁqbggdin?ﬁ' e%ﬁ??‘ﬁs ﬁ?%lﬁﬁm@fe i@y e B8 cati ons are
conpl etg, LleschidcbniRReud 8 sada¥Um dﬁe?ame%ahd %@5&1 1AW ARkged or

enabled to i'nitiate a power i ng node for prow ing supply’ power to a 5 power
| oad servetbm@yratthedgmv(R&@})tatdtlodawenﬂ@bgdmtorlsmds agesousmmeby the power

control Such veri f| ations e at em installation, system
poweri ng, %Q%I’ ]('%H%Fenﬁ? mggjf& iRed & ﬁ’dﬁ%@é S'%hen an alarmor error
occurs, at regujoan70] nTae yeer o@ﬁtr@lqséembwaﬁlalso iRludBYnsks RIS

Addi ti onaI ly, in sone_enbodinents the power control assenbly can include an
i ndi cat or g%éwha@%nﬁw@r&ldPliltgmhemcc@‘re@ﬁan af(FVeiie Mckding agiressvel i ght to

i ndi cage PEARGT 2 AGHT f\a's&rxﬁase ot BShdHon3LABR BCHIOR schsly A9ORAYG 0T een 11 ght
to indicate proper polarit éen achi eved required in particul ar
connect i onserns@0d 6§tenisklisor, @Halllei]‘fpct\sbrfsnr a megnétid in@hsityrsenses, 4 das sémsor, he
identificati n of a verl fication issue, the power control assenbly, a
conponent pﬁ%’é\% 45 control or operational systemcan initiate a

conponent | eveI [0@'1 7$ySHﬂ€bé@M%nﬁél%9&@§ﬁg harRteridBid SinS ARG, fefibthhde t O
determ ne the source via_ self-initiated trouble shooting. fi sone

enbodi ment & cunrend anpdiags yHadlphfesl itages e prargy p 1asH agiowef ingludingeni sol ate t he

Contr of® as ety P8 AN AnAR P IR Celec EREFAMMAEN ccoure to.

ensure pr oﬁequenc)jnlaemte a@modéeestatey atfailire, a positiompantert, irealame arstate, eadi n'g with a
previous readi n %nd i d ntlf degradati on of the connection as m ght be
i ndi cat ed BYPERFHC EQSété{s a'f“@ﬁ%%r ature, an increase in the voltage

glr f fs ﬂ : PL I g:c :C[msfz] herhs P@W&%h@él asééhlb(&eéﬁ‘}étgﬁlfbphﬁﬁﬁ%é@ﬁt ¢ m&hEt}é deflection

a changg ggvae gtat?a,u eP change :)in aemggle gg}ﬁ;e o? 2 statuls rltefazllure eancheal.ngercgf a emis

20 field parameter, a change of the field operating characteristic, a value of a field
parameter exceeding a threshold, an alarm, an alert, and a value of the field operating
characteristic exceeding a threshold.

[00173] Additionally, by utilizing the communication bus 507 of the power

control assembly, the limit function can receive an operating characteristic or event

25  occurrence indication from a field device that is external to the power control
assembly but that can be associated with the user application of the power control
assembly. The communication can be received, either directly or indirectly from an
actuator, an accelerometer, a valve positioner, a gauge including a pressure gauge, a
solenoid, a power supply, a heater, a valve including a solenoid valve, a meter, a

30 motor, a pump, a switch including a thermal switch, a fusible link, and a memory
device. Additionally, the communication can be received from a fabrication system, a
‘manufacturing system, an assembly system, a processing system, an operational
control system, an asset management system, a maintenance system including a

predictive maintenance system, and a supervisory control and data acquisition
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25 identified, the systemcan diagnose the potential power lead failure
prior to failure and initiate a preventive mai ntenance action or routine or
can provide an alarm indication, or nmessage to prevent a failure that
causes. an wolkooeh208r vi ce condition. [00168] I n sone enpefiutRM/sashhe power
control assenbly can utilize the integrated nature of the power control
assenbly t(é)@&govi de new and novel power 30 control functions and

functiona Ahsysteive lasaehpinebodimensthe limd functpn agw.atidast inpatie a power
control syst r oVl Jimting function not previously provided
by terrpe%%%cﬁ&e% fc?)“c’)%/@r%ﬂﬁl?@ng%ﬁﬁ% devices. By |everaging the integrated

nature of the [Q0dT&] @AcmithabmpaamaieRédlimit sibtdn, die oPRWRS ofeiier ol assenbl y,
power control operating characteristics or qperat ie{% events in addition to
t enper at uFRATRCAGTISHES, BRREEIGrS, GEVERSS Smbeeep g0 piable mizonibmy spater  or

i denti§i edeterfliRatloh® Eﬁsﬂ&fﬂo@ﬁ?&ér@t@l serhh)§ i%t@ﬁ%tf, Sg@?‘g"{iﬁ% gﬁégﬁtﬁﬁapased at | east

I n part on one or nore of these power cdntro aracteristics
and/ or opéategritngs well enprovidir@imegived bfictenerpardsafete sensor associated with the

limt nmodule c 5.any sensor nf i ed.to sense a tenperature, .

i ncluding a t,h@rbr;z ubrl%'?éeg%rp g?eélﬁgkheclggﬁm%%gpw:ags ?i’e?pé{ﬁtn]gg_ﬁ%D), a di ode,
a seni coneligt up thréughdfenadasle cheRPOH AN CommiaiRhtiorA'WhéH &nar ed sensor,
a thermstor, and a transistor, [00170] The power control assenbly can al so

i ncl ude s@PEBIg cherapiersigros opyRtng cvepdndieaierd lynit eecugendeostpigetristatys, t he

OCCUN §@NCHQimiBdh @g@iﬁhﬁ ot 8AhEhvikr RIASSH A ditdheRSASRErepd 1 OW sensor, a
stress sensor, a notl o sensor, position sensofr, a voltage sensor, a |
current sprseartingapéation a@fpt@dding porsarto e pongnietd.cThedystem hynitesnther , a gas |

sensor, and a chem cal . praperty sensor. .[Q0171] The power control operating
char act er POVEEOR AE b OEae e It Bty iend WOk Eh e, o Hol

ef fect VvoOkihm@i6n isphesete THIS cal bEWASD alBpdWirRbnttd] GésemblLotiporéntLARACt ri cal  power,
a capaci tance, an inductance, a reluctance, a phase, a timng, a frequency,

a tine, aPewereontzolsyyern ynitgorragsemblies arg opesafiqnpliyready, osMW@eRa an alarm a
stateqga féﬁ%gﬁ%ﬁhgdlhﬂittiﬁg§iitﬁaﬁon%acﬁe%xeda”d a paraneter. [00172] The power
aBse y Oor Sys p

contro em operating event can include a change of a state,
a change of a [08d&6] aThhipovge cofitral astmblyscan as $eakd dateandprovidnge of a 20 field

par anmet er change of .the _field operati characteristic, a.,yalue of a
PR par edeack MasomBirisey oL eqthal Se RAEHES Kfltksy B Rctapess ISR & vl ue- of
the fiel d;enffdtomsbnefts 85s86ibRA Withithe AXGARY baOdcfernMABOQifrence and

take an appropriate or determined action as a function of the determined difference. 1

20  This can include the determination that a material buildup is occurring on the limit
sensor or the control sensor which can impair the ability of the sensor.

[00177] In some embodiments, a component or operation of a component
or system can also utilize the component status data and information for improving
one or more operations. For eXample, if a limiting action occurs in the limit

25  component during a control function of the controller such as a PID, the controller
component can suspend the integral windup condition or another operation until the
limiting action in the limit component terminates. In such a manner, the status of one
component within a power control assembly can improve an operation within another
cbomponent, thereby improving the overall performance or operations of the entire

30  power control assembly,

[00178] These operations can include locking out or preventing an
operation of or by one component or sub-component or modules as a function of an f
occurrence, a status, an alarm, an operation, a process, an error, a current, or a [

voltage, by way of example. In one application of this, the controller can lock out a
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[00173] Additionally, by utilizing the comunication bus 507 of the power
control assenbly, the limt function can receive an operating characteristic
or event 25 occurrence indication froma field device that is external to

t he power wmyon@demasenbly but that can be associ at ed wehustes/assso
application of the power control assenbly. The comrunication can be

recei ved, gi%her ai rectly or, i.ndi rectl(\a/P froman, actuator, an accel eroneter,
a val ve poSFigshmere ononsktign dpring 3,eanHg! compoasnt heiwedn thganiddle of gt enoi d, a power
supply, a Bsah@lg précedateye i ncluding a sol enoid valve, a neter, a 30 notor, a
punp, a switch including a thermal switch, a fusible |ink, and a nenory

devi ce. Additi of179] fmpctothenombedimens acwser dpplicatiopicaentghirotietthé abr i cat i on

system a _manufacturing,syst an senbl ste a prqcessing system an
oper at i onaP®" %HP&%II a5y %ﬁﬁovgg]pgggrets %ﬁg@&éﬁgﬁi‘w?%@ Bﬂ‘ieergoar?éi enance

syst em % nckuthi a@sed a pRirSlety 6f poreer tBhtPd] @5 MbEe S48 e Braded i@la pop&T Vi sory contr ol
and data acqui sition 53 WO 2006/ 029312 PCT/US2005/032150 ( SCADA) system In
such enbodFofitM SYystemetq hae e compfpending elejionships|vatisthe phirghisy ef Pasera  function of
the recei Vﬁﬁdfﬁ%&iv&%ﬁrﬁm aJsQrﬁBlg/Aclm ﬁécd‘l‘fﬁ%&eh%'&%h?ettﬂét%aaﬁéﬁdevle mt system

one or nore of these characteristics, paraneters, or events can be conbi ned
in a tabl epoatryonirolingd eperatdshie p prefetdmpipedvinamter.olfhe povearsounteol spsisn  cont r ol

assenbly integrit | i cation.operational integrity, ags well as providing
"mproved e HOrES iR theg ety o PG Fer il Fessb Exoeaien the TORE | m ¢

functi om peentidi@mdatd QR@E tat Ber bpplchtiontBqiikeetsRR MetPOWer t hrough
inter-nodul e connectivity and conmmuni cation. When an operating
characteristic 0180k Aisiong cxamme of ancimhodisnens, 4 nlwalityod poweiioowol st ate, or
status, 1 JdJd ot ' i di r renains '

di sengaged ?SS%%glrléegbd;?aﬁj P g@’é‘g n?r\élgg)g%glrc%ﬂﬁg ﬁm}gj‘ﬁ’g'léérage Bg“.v% d;? 8\%&0 % %ﬁ%’ % e power

| oad. The sygepofimatihgelsmbitein paosethemadd tpplicatins ertel ugeraapglicanby cali sengages
the limt functi,on when, a. linm.t  sjtuation is present. Thjs can be when
al | power EHITF HRt e bertingo! Hhs ApBlieaiot be rpIsiBLEK BRAPERLLPRPSIPORI s or
assenbh§ es ;R ReRRe HivBR bidh Hedbelerint WhEhva a HETRER S @amifged |1 m ting
situation is cleared. [00176] The power control assenbly can as sense data
and provi deroppeedesiokhd age of hedwntingoreragnt grthe moundngspragenentyval ues. I n such a
case, the I I contyr o t S ' i t. he assenbly can
determ ne ?%g%gigf ¥(Saeglé?\rcagsc’§%ge d ‘ﬁgkeea%gﬁ&gfg)r%ro gitﬁ(?li agé)e%{by ga%‘e %él{r%r ?\hgd action as a
functi on otheisl et geheard by dadhflRatmcdeme addp®vidathd temberdrd duga det er m nat i on

that a material buildup is ggcurring on the limt )
the power control system. The power control system can determine that the power to

20  one or more heating elements can need adjustment up or down to ensure a uniform
and consistent heating application. 7

[00181] In another embodiment, the user application can have a staged
loading to minimize peak power and loading as a function of an efficiency or
optimization determination. In such an embodiment, the power control assembly can

25  include a program or algorithm such as to appropriate stage the powering of the power
load devices.

[00182] In one embodiment, two components or modules thereof of the
power control assenibly can be configured to share resources in defined
configurations or situations to provide for enhanced features and functionality and

30 reliability of the system. For example, in one embodiment of a power control
assembly within a power control system, the unit can include a limit sensor and a
control sensor. The system can determine during operation that the control sensor has
failed or is not functioning properly. In such an embodiment, the system can

disconnect or ignore the control sensor output and utilize the limit sensor as a control
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~sensor or the control sensor which can inpair the ability of the sensor.
[00177] In sonme enbodi nents, a conponent or operation of a conponent or
systemcan also utilize the conmponent status data and information for

| Mprovi Nng woBe03e3{0r € operations. For exanple, if a | pdiukigs@sispon occurs
inthe limt 25 conponent during a control function of the controller such
as a PID, the controller conponent can suspend the integral w ndup

condi t i on sensomn dnethengramepld, the pomer densdrean bé wtilized gs acdntobinpnt t he i mit
conponent termnates. |ln,such a nner, -t.he status of one  conponent within
a power c 8%?%@”&?23%?9” hé’ﬁﬁhe’l %&g\?gns%fagfre{“aﬁu%bﬁnw&‘???ﬂs’&'ﬁ%? conponent ,
t her eby i opst@Y bi8mblyorav@itak boRbathaeTeaRtoRings &l dpense Ald frdgdentire 30
power control assenbly, [00178] These operations can include |ocking out or
pr event i n§Ower coppelfupstignalsy cvm wien ga ethebripversentiabelemers vathipbaent or nodul es
as a fHnct Fan : My 0 | on, a

proc esg, ;R&é}rc‘rﬁg%@rlgo@%a;‘s lr%l!]et(a; ng? Séteﬁ%/%ltﬂ;é ggé)@%btl)@é %@%&é&%ﬁ%@’ %Fn -one

appl i cat i emesfagt hidsatihgthedamihire aid the fadare nhaieloperatiom 54 WO 2006/ 029312

PCT/ US2005/ 032 efrost, nod r operation during a control conponent
being in the r‘rﬁﬁﬁlsgfoi“%?‘?theéﬁ’é‘gﬁ‘ﬁ?lﬁ’&’mvﬁfﬁéﬂwoi?ssfﬁ'gb’@“PCﬁ’Pd?é‘t other
embodi MeNntRwalfy HEIweR BOitt ot 8dsb ARG T SRt dlGs, Ttﬂéeplurﬁﬁ’ééi%fp&@é}t rol assenbly
provi de power to ‘a &Iﬁurallty of associ ated power loads. I'n °5 such a case, a
pl ur al i t y coftrobassembliesreen bitvesaseoomyin costrelanoduie, a.gr, angpeivérgosrgdower cont r ol
systepxyto | ng relati hi ith th lurality of power
Ioads%Thg{b %ﬁﬁé ?oﬁgﬁné rg‘%ﬁ‘%ggg%%%ﬂsﬁ" %&ggggﬁeleggﬁ?lﬁ%ﬂfg%}w?gg%&lh%ure t hat each and
every powsemblidst Tobucheastsapecaimsn power corird eloduleipp@ddezdomer . The power
control system ., terg erates with the plurality of power, control assenblies
to moni t ofieARETRRIAN ENBESRP AT DRATET COPED PR RGtLOmREERE Bi5pl i cation
requi r emephgerdoftriBYsteth 0GhEQhn AR1AS BniCHARR! BrRfun®atisntadi ment, a plurality
of power control aSsenblies of a power control system can be configured to
provi de peswemunigatipngnatiagement,prefile sipring, dosliguratipnethering, storaga ofonessr t her mal

applicgatiqgn. Th ser Licatl G r | re that e_heating of the
appl i igt i (r)r}?reo%roﬁ%e sclogjé@r%?u%Ignﬁ%g\%gtﬁn%%rag%yﬁ%%ﬁg?ms Blcl}[} scaﬂgg%r e present.
However, arlidelagappligtial goBlkRior 6 aser paofide. aTtdi doheslisn calhslsd edablei@ftes property

due to the age of the heating elenment or_the nounting arrangenent. However,
a sensor Nk eenfigueationmanagsment g weticre sonficyratiqn 8¥RRIYIcELN noni tor t he

thermal heat gpjABaj eth RmERobIRRR, B PRIANFBE pARS Bt 8emblig t enperat ure

data to

can have a common user interface, e.g., one user interface providing user input and
20  feedback for controlling each of the plurality of power control assemblies.

[00185] In some embodiments, one of more of the plurality of power
control assemblies can be associated with a different and/or related portion of a user
application. Additionally, a plurality of power control assemblies can be associated
with a plurality of user applications, some of which can be associated user

25 applications.

[00186] By way of example, a first power control assembly provides power
control to a first zone, a second power control asSembly provides power control to a
second zone, and a third power control assembly provides power control to a third
zone. One or more of the Zones can be associated or have a relationship within the

30  wuser application.

[00187] A user application profile or configuration is defined to include one
or more power control assembly profiles and conﬁgurationé. The user application
profile defines a user application profile; however, one or more of the power control

assembly profiles can be configurable during operation as determined to ensure that

N
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t he power control system The power control system can determ ne that the
power to 20 one or nore heating el enents can need adjustnment up or down to
ensure a uniform and consistent heating application. [00181] In another
enbodi ment wd fvesepeenr applicati on can have a staged | oagéfgsionsdsaispm ze peak
power and | oading as a function of an efficiency or optimzation

determ nation. In such an _enbodi nent, the power control assenbly can 25

i ncl ude a b vepr applisation profiletippordingeushsmeto Egpfpﬁf)tm paver whaglassemblisower i ng of

t he power V| o I n e odiment., 1t conpopents or

nodul es thrélbn(eio S%ﬁ Oélﬁ'gtﬁelﬁé% g&%lc}'ﬁltpro gfgp‘é()sfl %gg%s%n%é r@%&@&ﬂ?’%ﬁﬁgﬁ’ to share
resour ces b caeilidmdnite @né opmbst fundtiong mcinies adriitaFaded agzoeinted @ithor enhanced
features and functétp ality and 30 reliabjlity of the system For exanple, in

one embodi MY mre of tBe QRIFT R comtrol gssemRligs,colmPriRng the yseRapplieagr ol syst em
the unig cap ;i Wy AR : . ADEsyst em can
det er m'gne %@r‘?ﬂg&egg@%tdis%ﬂr?pﬁ’%%?etﬁ ﬁé)f%%%ftglﬂfzgjégnlg?rmﬁg@&% %clla}[ed or is not

f unct i oni nie pseoppplication pro§lec i fissh pewdredinmd Rssembhjecapybetassocimtad with sconnect  or

0 ooep SIS e e S B, 0 2
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sensor canofd@cditiiahdl B8 aentblie® bdnl RIf-rbdbREfure dh bperatich) Hair RONE or'han t he
control sensor fails. In such enbodi nents, the power control assenbly or a

unit or coffpbswRton mapwepseda theclrtnomge candrobgrserably opergtipnseuehias topower cont r ol
functiqpal A W ' i thin.the 5 power
control | o%&gxﬁgl)s{a?pi 5}'}1@%@1@%@% Egéﬁ%ﬁrggﬁéa sg%hﬁpg)\%i;%pwc%@ncé% I on, an
al arm or achievedsrighatitheltetadibnship bditwednathé roves mraddtelbsedf ai | ure node oper.ati on.
[00183] In another anbodi ment, power control assenmbly can include a
plurality of po@g’l's@onfnr%e cxang ang’é’.‘cimﬁ’i‘t’ CE?E‘BBB}(W%WWW lurality of
power  CONisk@hblASSRANRIIRS a FaittibA¥Lthe rdAHABHp 6OMleEPthe PBAKL o2 assBeifited ONE power
control 10 nodul e prOV|d|n? control functions to each of the plurality of

ur

power cont ¥s§f applisanp pf e plurdlity aEpovess sergrol pssemblivedinopdedse eewkino| nodul e

o]
provi f L85 EF%E. it ] f ol
assenb |esﬁ)l(%cr)erlr%r| mﬁé t elsk%o%?ﬂ(gloér@?g@&%g{lgﬁer%%?%8%?%%& unit to
uni t conmmuissaablies rmmd adidstneatioone patveraontelrragatbintan Yerredpohsivestoar i ng,
configuration shar : ngé%stor‘gt e of one. o '

har gt er | SRTEENS ShAHESF H95 SGROMe! COPDLasBHbLS 05 EocF ARALGRRS IPSBA 1 cat | on
profile org gyidsakoddstod Witk andthé ot ERbBiss&Rblyal so enable unit to
[00189] Such power control assembly adjustments or reconfiguration can
20  be made without direct sensing or monitoring of one or more parameters or
characteristics of another power control assembly. This can include a failure in the
user application and not necessarily the associated power load device or the associated
power control assembly.
[00190] As discussed above, one or more aspects and features of the
25 invention provide for improvements in the operation and capabilities of a power
control switch. Some embodiments of the invention include monitoring a heat
transfer characteristic or electrical characteristic of the interface between components
of the power control assembly and between a component of the power control
assembly and an external application component. In one such embodiment, a junction |
30  temperature of a solid state device such as a power switch module or component is
measured to ensure proper performance within operating specifications and
performances. In other embodiments, the temperature of the heat sink can provide a
relative temperature that can be indicative of the temperature of the solid state device

and the heat sink junction. The measurement of the temperature of the solid state
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uni t . configuration managenent and system configuration nmanagenent. [00184]
In sonme enbodi nents, the plurality of power control assenblies can have a
common user interface, e.g., one user interface providing user input and 20

f eedback fyh 20004060 | 1 ng each of the plurality of powepcgpghHds2agsenblies.
[ 00185] In sone enbodi nents, one or nore of the plurality of power control

assenblies can be associated with a different and/or related portion of a
user appﬂéxdaetiisdeterrﬁkdeﬂatsiﬁuadtio;aofﬂaepémpmmtepfdieMMEHQMGSIDI assenblies can
be associ ated. th a | ur of user %%gl | ca i ons, .sone . of which can be

associ at eHJ‘H%Sé“r ‘i‘pctﬁgl atchig® 08 a7 ?5?”8)95?&1"&’16 a first power

control aaaemahmypﬂ@\ﬂhe@aal HRAURE of HRbEPStatk Aevicd foltR hehPHRL cdh srECONd power
control assenbly c%rtow des power control to a second zone, and a third power

control a¥9delpd 9r dntesmiingd gs péxﬁﬁerer@@nlfﬂ@ﬂ differencetiplarger theose. One or nore of the
d t h
; ggflscﬁa ?ngﬁeﬁﬁ%\fﬁ% 9 inBRUE é‘brre?ld%%‘?ﬁ' Rer ot {Hick aﬁdﬁl el .

user app I cat1on pro & grConr igara {508 i s defined
t o i ncl ude potestial eourcasfefaiawer contr ol assenbl y profiles and configurations.

The user appli gat,i rofile i'nes_a use |Qat n profile; however,
one or nore of éﬂ:o quothsh epie mﬁ?s@ﬁﬁ?@%?ﬁgﬂ’]@én‘é SBe configurabl e
during op

PCT/ US2005/ 32150%%’1%‘2&?5%1?%3%5?’?}5’2? B o fetfferamit g@(ﬁ%ﬁﬁ%ﬁ%gﬁmt Each of

the pover thegewenswitehssiehlas a5 SCRon SEB) anditbe haahsiyk adseciatedwithitht er nal  power

contr assenbl ul es an nt er.f aces tor one or nore
C omet M 2 B el &P o Shod b AERRr cottf nefHndl @ W& R e’ ot her
power ConhE:bﬁracﬂé‘ri‘sﬁﬂbftiheheat@ﬂmljmu&goﬁah@m@tﬁ)ﬁént@ﬂﬂiebﬁﬁhb@[bu& adiei ncl uded in
t he user E@%dcatlon profi| é SI'[I l'izing informati on assqciated with the

user appl alf; pf facgavies switchrqr PERBHTAES At hasly o4 dediedh sinke A associated
vith a fﬂfe%hma%teﬁs%%fﬁﬂa%aﬂ STUGREE) Sl BhAYS i Qhn BLHEE o Pr Ol oM. I n such

a case, one or both seco hird as I'es can self-reconfigure an
oper at i onpharetu@errstlptinfvdrm a:mﬁmbl?m'nrof thedrehi it Clowacianisties fdws@nt o the first
pover, Ontr&gl assenbl%/ atlons sy h as to 10 ensure that the overall
pI’OfI AP %sfﬁtaélf L G Hbr e user applications is achieved and

that the rel atjoo19R] pl@ﬁia&@ﬁﬁtﬁé\@nﬁ’d@lﬂﬁ&tltﬁe&d@éﬁﬁﬁ@dfthéﬁéhlgﬁk I'n one
exenpl ary_enbodi nrent, the operation of one power_ control assenbly is

adj ust ed HEICHOT S¢AN iRdiETtly Feasardly ssALing %C}B&%ﬁé’éﬂc PHEMpYARE 2 associ at ed
user app! pGatdMRAShA et BEmBlckER drine BhpRRMRY oftRdaPlinBRAEHHR. IHSwaynowl edge

regar di ng
of example, a sensor can sense a temperature of the heat sink relative to the

20  temperature of the junction temperature. In such a case, the system can estimate the
temperature of the junction between the SSR and the heat sink based on a model, an
algorithm, and a look-up table or otherwise. )

[00193] By determining the temperature of the heat sink junction, the
power control assembly can idéntify a potential or pending failure of the power switch

25  due to a breakdown in the thermal bonding or junction between the powér switch and
the heat sink. For example, the identification of a breakdown in the thenﬁal bonding
of an SSR to associated heat sink can be determined when a measured characteristic
such as temperature is greater than a predetermined threshold.

[00194] In another embodiment, the control assembly can include an

30 electrical monitoring apparatus or sensor monitoring an electrical characteristic of the
interface between the powef switch and a ground plane. Such an electrical monitoring
can provide a characteristic that is indicative of a failure or pending failure of one or
ﬁqore components of the power control assembly. In other embodiments, an electrical

connection to the heat sink and an electrical connection to another system component
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15 the rel ationship provides for detection of deviations in other zones or
power control assenblies, and adjustnent to one power control assenbly can
be responsive to deviations of one or nore other power control assenblies
or user apmomadna (such as a zone) associated with papubRos@ever control
assenbly. [00189] Such power control assenbly adjustnents or reconfiguration
can 20 be made wit hout direct sensing or nonitoring of one or nore

par anet er scarbe nEpdedasarrpisranessfopn digitat sommon wealogenmimen, onerathdsl y. This can

i ncl ude a ' | | i : e sari e

associ at edf)%%ﬂ\'/\gl;hglngd;l&[ eﬁ%\??cg&%%i erécfaeg}seggélla edSIE[%%Smée}rng%gur{? IP8+t¥£rEs)glenbl y.

[ 00190] Asthdsesmusestidnsdmd\determines the volbage basyren tise cantkctieapoinss Taé the 25

i nvention provjde.for ipprovenents in the operatiqn and capabilities of a
bover  contangi! SRRE fan SBHEIRE AR BIFiOTHEC) HIHREAR PREMAE. moni ¢ or | ng
a heat 5tradighfie £NRhGARE 6f leddab€ cRFenPloRbidC AthisCRMAGE5A Sabfes Bl T he
interface between conponents “of the power control assenbly and between a
conponent #fi-idprifisatien bycthe corponenisefarfhilyre thatireswltsdn adealage aipphtitoat i on
conponent .%gogmpne such enbodi nent, a junction 30 tenperature of a solid
state devitTe such as a power switch nodul e or conponent is neasured to
ensure proper pid0fl85haRcexainple] the ppweradontrol Sfmehly canhtlofsa Allgre per f or mances.

I n ot her ephodi.nents, the tenperature qof .{he heat sink can provide a
relative tga’ﬁé?%’ﬂP‘z‘ﬂ?ﬁ‘&fh%éh opg one elpgtEeal Sl?ff‘{’lﬂéoﬂe&ﬁ‘&f%ﬁ%@'e of the solid

state Vi St ] | ' )

terrper?taurg&%%r% %Iﬁgg?a Eslttsé'zrgg %y%%%%?g%g%ﬁgﬁ@pﬁg%%gﬁgﬁgo devi ce
i s det er m tvedcoaspoaeritsinithe systeof ortdap incdude@rcatductivospringerdtamtonshatis based on
intrinsic gata, a l.ook- table, .a natchin or _an.a rithm by way of
exanpl o, 1 O PargfA T orte il S og or At mdtdBY 101 ac e devi ce to
the heat spikugianbdify preskel aghity a deidtitdWemas odti@ifritebmpeent. | Thet he |
difference is larger than a 5 predeterm ned value, this_indicates a

br eakdown §$OMRORENtFRYIEE thesigigl kot pasy kerasy compongst withindhe ROV ce of

failures [ QRMRAHsbyRRRIRGS: GEBARINENrmd B RlboL. 6o aRPlomidiEludes a_
tenperature nonitori hg sensor for nonitoring the tenperature of the junction
bet ween t thet ipbekag kisvdd azh bé suctongwneant oBQR contrd3enddartdie streat si nk
associated wth the 1Q.power switch.. In such an enbodi,nent, a,sensor can be
posi t i onede‘f\q%o‘ﬁ?@gmegﬁﬁﬁ‘ﬁ% neny C%B?%]&?agﬁlingt OGt° ng’r‘i‘éeélfs’g%enk junction
Or a CcoNnpokig§hg &hsdriten indREk k@ Bleltsibal RoMectifitsuch astolemded Witagd6F thower switch

or SSR) or a surface or_body of the heat sink. Wile
ground reference. The ground reference voltage can be indicative of a Ieakage current

20  through a faulty power load such as a heater element or an electric motor. The sensed
electrical characteristic can also be indicative of a breakdown or impairment of
another component of the power control assembly. By way of example, this can
include an indication of a grounded sensor such as a thermocouple.

[00196] As discussed, one or more components of power control assembly

25  can include an operating environment that can include a processing system that
includes at least one microprocessor and a memory. These elements are typically
interconnected by at least one bus structure. The processor can be of familiar design
and include an arithmetic logic unit (ALU) for perfonﬁing computations, a collection
of registers for temporary storage of data and instructions, and a control unit for

30  controlling operation of the system. Any of a variety of processors, including at least
those from Digital Equipment, Sun, MIPS, Analog Devices, Silicon Laboratories,
NEC, Intel, Texas Instruments, Cyrix, AMD, HP, and Nexgen, is equally preferred for -

the processor. - Embodiments of the invention can operate on an operating system
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t he characteristic of the heat sink junction can be tenperature, it can also
be a characteristic that varies as a function of the heat transfer
characteristics. This can 15 include a resistance, a voltage, or a current.
[00192] | Ry@Rooghisginati ve enbodi ment, the tenperature pfribRedeaisosi nk
junction sensor is indirectly neasured by sensing a characteristic or
tenperature of a conponent that can be indicative of the tenperature of the
heat si nk desipetlitobhe p@jableaty any bf thaseppdoessing FHaEfisms ot e epiGEictary per at ur e of
~the heat sink relative.to ttt]e 20 tenperature of the junction tenperature. In

such a cadBe O AYCNACINECRIFINLSi rate the tenperature of the junction

bet ween the SSEOoamF]t e A@Morp tdikoch@aRFinBRdehiFRLBLed Aiin n2h@8) inthin  and a

| ook-up table or otherwise. [00193] By determining the tenperature of the
heat si nk fpramefts mediumisuch @Gmﬁb@msﬁmemgswymﬁgﬂqadddmmeﬁwm potential or
endi ng f g} ) [.SW breakdown i n, tthe thermal
Bondi ng o?kjbg/ﬁgf" @%ﬂh‘g@{%é\ﬁc?h\gﬂ%%vg\g rrr% g%mg#%ﬁal éi%rgg% %aél a[lk]sggote 1%‘“]1‘%1‘1??“ or exanpl e,
t he i dent isbine adrhponentk ircludigedecsndary storadedn theebmabf lbag tirMGtorse an SSR to

associ ated heat sink can be determ ned when nmeasured characteristic such
as tenper GBS Sé“’lbi"‘sefgqu}’ dtsk%tgla-‘él %%&%PR-%@M,M%@%P@.%F@@EM] | n anot her
enbodi Nnentyey: e ' - ..nmoni toring
appar at ustdS?Eéég%atéqg?}%rﬁ? ?Sglf?g ﬂ‘gd“g"r?ﬁ Z!thgt %: g%?cagﬂa&f%é? éecr%lﬁsu!ti% %@(I(l)l? t he

i nt er f ace Thenwewny ofithe psnenteréane tanralwridcladeydisplaydmpinarydor Ssddying el ectri cal

noni t Qri N ca [ QVi a characteripstig that.is. indicative of a failure or
pendi ﬂg f & gu;ggg o%(ggp(%?y FEFPE” §8%eﬁ?°§e§?”?‘ﬁ‘é“€% Wlt{gﬁ?gﬂ%ﬁe assenbly. In
ot her enbelght fRM&GnorfBaretd@eirist 6 dhrietf oMM AatidNIcdniponbits hsaig sVaretyestd an
el ectrical connectjon to another system conmponent 58 WO 2006/ 029312
PCT/ US2005/0089 £88Cli€&n be provided as a reference for a digital common,
anal og conmmon, 1987 Otie | SR BfpRSTBP Sah eive
el ectrical sig %qsgggr neggéa?g%aﬁte-sg&??omgp‘%aﬁecsep{goﬁneg? g%s arﬁ)([f?geterm nes
t he vol t adreytivetdye bnttdnh e swiich) e ¢undrwheel] mtomchphiea mowgset 2 pliysivaldul e can t hen
conparg themito Z gredeterm’ eg. val ue that. c?n .be zero, to 5 determ ne an
amount Sof RERESEe By 7 FISOPRCY PIOTRHICS R R ARV SRUBPEE t he
sel f - i dentah irteddck @fsobiitell REthGATBANGIhese lise? idpat Héli®s! Ratitibesly] dweri N a | eakage
current to gl%rouncl,. [00195] For exanple, the power control assenbly can
i ncl ude a iiteitacqdevic ernabsripdvdernpduipidacerian reprisng dath suchia comanvaication i cal |
ki ss-0f T WelolriPRferibe RAn0] RS wh oBOWES~HS ARIGOTRRER The Kiss-of f can
be a contact at 1s conpressed between

[00199] As is familiar to those skilled in the art, one of the component

20  processing systems can further include an operating system and at least one
application program. The application program can perform one or more of the
monitoring, determining, or controlling functions described above. The operating
system is the set of software which controls the processing system's operation and the
allocation of resources. The application program is the set of software that performs

25  one or more of the task or features described or enabled above, by using processing
system resources made available through the operating system. Both are typically
resident in the described memory.

[00200] In accordance with the practices of persons skilled in the art of
computer programming, embodiments of the power control assembly or components

30  thereof described above with reference to symbolic representations of operations can
be performed by the processing system. Such operations are sometimes referred to as
being computer-executed or computer executable instructions. It will be appreciated
that the dperations which are symbolically represented include the manipulation by

the processing system of electrical signals representing data bits and the maintenance
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two conponents of the systemor can include a conductive spring protrusion
that is biased towards a first conponent when the second conponent with the
spring protrusion being pressed against a conducting el enent of the first
conponent . wmos/e0smonent providing the el ectrical kisspefiismagnidsoany
conponent within the power 15 control assenbly including the controller or
moni toring nodule. The first conponent that is being kissed can be any
conponent ©ofdatatits@bmemory lasdionpinthememory system, aswelbel otbertpsodebringaifssed
conponent i I 0 i . th ki ssing _sensor can

i ncl ude anggpdé%?[rh %c??ﬁ%%%?ldﬁg% I}Sc‘){\h egeu(?:gﬁa %ﬁ%ﬁg@g@gedaa%ﬁl}yts%@o%ﬁ%e gr ound

r ef erence. thIﬂ&V paﬁtia@l?xfeifcﬁﬂcmhmgmet{id, ag@tica]rr]prb@rﬂmd:b&aéﬂoﬁ@iﬁ@ fo thel eakage
current 20_thyou a fault ower |oad such as a heater elenent or an

el ectric nBABPILS: %ﬁ"éb%dgﬂ%’éﬁgft ¢ BYERtoRgAn BrHimRlepeNe ki aPregAMAso be i ndi cati ve

of a br@ak%s%r@fcohﬁﬁﬁfnéql%gﬁesﬁfg_inﬁﬂ%dﬁg%to?é&@ﬂ%%pu@é%réﬂﬁbl@%{unpOnt rol

assenbl y. way of “exanple, this can include an’indication o a grounded
sensor suchhaenmputdrecadoblo msidamm 036} ofthe devicess eaicongisation ofithiee conponent s

of power control. assembly .25 can.incl.ude an operating environnent that can
i ncl ude a g?vbcc?@’sdgi;%%e@%%'&%’f%c PreFudeEeay s@'ﬁgfn'one ni croprocessor and a
nmenory. These ej0oRe1} SA&hGughypvetdlpower éontBl Seenitieh a8l Bomptnehteasd one bus
structure. The processor can be_of famliar desi and i ncl ude an

ari t hmet i cebgicofipppratipmbpaye bees ﬂlﬁétfqt%iriﬁfipﬁ@iclﬂ}]éhﬁﬁgfgﬁmeﬁ§ as the Bokerct i on  of

regi stays Al I control unit
for 3015110&%'0%' ﬁ% %%ge"?ﬁgﬁ fa%:]é%? (ﬁ%ﬂ%@ﬁ@%ﬂﬁkﬁ@&@#ﬁ%%h@?} F%%%’?Dypr ocessors,
i ncl udi ng ahy bbexatple) hmkie ndtriotendidyo ta limfgd topsweh tmb&limenty] P8er Anal og Devi ces,
Silicon Laboratories NEC, . I ntel, .Texas Instrunments, .Cyrix,..AMD, HP, and
Nexgen, | <SGEAY THIHERR PRI (g AP SRt M GIBIRL Bt ¢ he

i nventi on FRhtRAYAISD @itedipl AREWRRInTEE coyfekeiAdR8pddR FIOIVSH3A 2 .

PCT/ US2005/ 032150 designed to be portable to any of these processing
platforms or calf0882br Ope pemareembodispatsnt thaipawep conteod 85sablyl at f or ms. [ 00197]
The mespry ] : Lpelyde hi gh- 'thﬁ [ al ormof a
medi um@ucﬁ&gxgbe?g%%%rﬁﬂgﬁgggcgr drfrég%tc)ﬂr}‘%/eg (gn rtea %%né tﬂr%gﬁetg?% t]gé (ROM

sen conduchanbel f wire sonretiiers, éuertle moterdial for stirngeayeors; acduad te nombemc| uded i n

sonme conpongnt.s ipcl udi pg..seconda orage, in the formof |ong term storage
medi uns su&ﬁpoé%tsf’ﬂipﬁwl R@za‘ﬁa’f?_ ca'%zrsf,eg’c%f;f,m@ﬂ n_qnflash menory and
ot her devhﬁﬁ%nraﬁ&tof%eq{o%veg%lﬁﬁpl‘?}‘ﬁ% glaaktbinpdhentdTagneti ¢, optical or other

recording media. The nenory o e user-interface can al so include display
nmenory for di spl08¢P8L Additionally, the integrated nature of some embodiments also

20  provides for the reduction in the number of components required for one or more
power control applications.
[00204] In some embodiments, these reductions can provide for improved
reliability, improved ease of installation, reduced installation costs, reduced A
maintenance requirements and cost, improved ease of component or system
25  replacements and upgrades.

[00205] Additionally, some embodiments of the power control assembly
provide for improved granularity and scalability for power control system
installations. Such improved granularity and scalability will provide users with
reduced costs for power control applications.

30 . [00206] When introducing aspects of the invention or embodiments thereof,
the articles "a", "an", "the", and "said" are intended to mean that there are one or more
of the elements. The terms "comprising", "including", and "having" are intended to

be inclusive and mean that there can be additional elements other than the listed

elements.
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10 images through a display device or interface. Those skilled in the
artwill recognize that the nenory can conprise a variety of alternative
conponents having a variety of storage capacities. [00198] The user

i nterfacewoneeRR, can conprise, byway of exanple, a pkEy&Rfd s button, "a
switch, a thunbwheel, a touchpad, a nouse, a physical 15 transducer (e.g. a
m crophone), bionetrics neasuring devices, bar code scanner, or an
interface assof0GR0ZH W vibwaftheahevepft wil ds seandhat sevepalnddmtageesme Addi tional ly,.

user interface device can also inclyde an interfgace for receiving data such
. communi B4 6 S ShecrtlaPary il gltped i Ao tegs fenld ik A on or @
W rel ess &PMBaBdvieRRemplAN B trubSorisanf Bk odd tvithGut UBRs@n Sk Rcbpe t he art, one
of the conPonent 20 processing systens can further include an operating

syst em an@! te inveniian, §rsinteaged thetalliregitep etigingd in thecabappddserintiondr pr ogr am can

perforgmo : ' [ : 1.0 0l11ng

Ponct 1 one o dlim TR oSiyphifhe FRALEAATE LALEIT Dy le IR 1T e o

whi ch contimitiig; dehee. pr ocessi ng system s operation and the allocation of -
resources. The | cation program,is t set of software that perforns 25
one or nore of [qa@ghia s g%’th?re‘éltﬁp@ erﬁg%f@&ﬁfﬁﬁﬁﬂ@?%@%&aw&h%m! by usi ng
processi ngescﬁﬁi%lfe?/%iﬁ Gt o2 cBHéi‘l%e@Xs?ﬁécééaéz@y’é%u%@m r’d;éipf%g)g% liig system

Both are typic resident in the describé O] I'n accordance
with the prgetticolss owler gissusssdor histrdted) unless diherwise nofed. Basget wrbepr ogr anmi ng,
enbodj gent s, of, t p r_control .assenbly or nent s, 30 .t her eof

descr :“ggd u%%e(ﬁ}%o#ﬁ%?tﬁ%&@f’%aﬁ gﬁéléen%agvg FWSﬁsgscor%egﬁoggsgeﬁts &1 %%%rn]g?ye perations can
be per f or aidisthybd wighip tecesRiofithediednéioh. Such operations are sonetines
referred to as being computer-executed or conputer executable instructions.
It wll be appreciated that the operations which are synbolically
represented include the mani pulation by the processing systemof electrical
signals representing data bits and the mai ntenance 60 f WO 2006/ 029312

PCT/ US2005/ 032150 of data bits at menory |ocations in the menory system as
wel | as other processing of signals. The nenory | ocations where data bits
are mai ntained are physical |ocations that have particular electrical,
magnetic, or optical properties corresponding to the data bits. Enbodi nents
of the invention can be inplenmented in a programor 5 prograns, conprising a
series of instructions stored on a conputer-readable nmedium The

conput er -r eadabl e medi um can be any of the devices, or a conbination of the
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devi ces, described above in connection with the nenory system [00201]
Al t hough several power control assenblies and conponents and nethods of
operation have been illustrated in particular enbodi nents as the hockey 10
puck configured solid state relay (SSR), such an illustration has only been
shown by way of exanple, and is not intended to be limted to such
enbodi nents. Ot her systens and nethods consistent wth the various aspects
and enbodi nents of the invention are also contenplated within the context
and aspelcAim®f the invention. [00202] One or nore enbodi nents of the power
control assenbly 15 described herein provide for the reduced nunber of wire
terninqN%g?@cmnﬁkdquuce the nunber of w re connections, reduce the
potential for wiring errors, reduce the nunber of points of potential
failure, and reduce labor required for installation and nmaintenance of the
power control systemand its conponents. [00203] Additionally, the
i ntegrated nature of sone gnEodinents also 20 fro¥ides for tqﬁ reduction in
the nunmber of codh®RYIET CAUQLISYEEM SaVEge RIUMRNPe O FARMONEStR (e system
applications. [00204] In sone enbodi nents, these reductions can provide for
i nproveMREINGDbi lity, inproved ease of installation, reduced installation
costs, reduced nmintenance requirenents and cost, inproved ease of
conponent or systaesysiin coptracememrendgdnenatingdesvitdhC@2@®] sigddi; t i onal |y, sone
enbodi ments of the power control assenbly provide for inproved granularity
and scal abi l ity fpoimip@osirolCsuthpeiert ¥steing iansdrelalrhio BperaBing lthiargutesie
granularity and scalability will provide users with reduced costs for power
cont rol | inANg. |j 6d: Mbiene i At Trey p fimti i tion
o erbol ey S ETE A RN NC s 8. AR 8, (e SER ot ink R PARY
intendggwﬁ&ﬁgﬁag.that there are one or nore of the elenents. The terns
"conprising®, Ti1hcluding", and "having" are intended to be inclusive and
mean that there can be additional elenents other .than the listed elenments.
61 WO 2006/ 029317 6@?)%’2‘66%%9%5@0‘[%690?Tmmlr”\'/‘?aé‘@ﬁo evh%e"aﬁgée,syﬁt%mm |
be seen that several advantages are achi eved and ot her advantageous results
at t ai ne@PNtRECYAPPBRAY adWAhg digiceant®! pempadent; apdt he above exenpl ary
constructions and net hods wi thout departing fromthe scope of the
invention, it is aptwedezhtidhanitandludrg Bepludity efi poyder contioé cammporemtesodi pti on
or

a unit integration coupling mechanism for mechanical and electrical coupling of the

components of the power control unit, the power control unit including:

a power supply interface for receiving power from a power supply,

a power load interface for providing, at least a portion of, the received supply power to a
power load,

a power switch component selectively providing electrical energy to a load
responsive to the switch control signal, the power switch component including a power
switch communication interface configured to communicate with the communication link,
wherein the power switch component is a solid state device, and

a limit component selectively providing the electrical energy to the load

responsive to the limit control signal, the limit component being in electrical series with
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5 shown in the acconpanyi ng drawi ngs shall be interpreted as illustrative
and not ina limting sense. [00208] It is further to be understood that
the processes or nethod steps described herein are not to be construed as
necessarily requiring their performance in the particul ar order discussed

or illustrated, unless otherwise noted. It is also to be 10 understood that
additional or alternative processes or nethod steps can be enployed and
still be within the scope of the invention. 62 CLAIMS Wat is clained is:

1. A PQﬁ@rpoQ\%?té\M'tchsléﬁféE{h@rﬁtVElﬁk% Al e A ibLtvicAf e agestbiidel® fysian

conprising: a systemcontrol conponent generating d switch control signal; a

(i | . o . ' sy
and genrouef il TRE e it t QAR e Mok SRR BRRLEG iR, ©
operatin characteri,stic; a conmnj c?ti on |ink providing comuni cation

bet weerf WL{S&FO taﬁ{tomf ”@&ﬁﬁeﬁahﬁ Wnd the limt control component; and a

power control unit including a plurality of power control conponents and a
unit integration coupling mechanismfor nechanical and electrical coupling
of the conponents of the power control unit, the power control unit

i ncl udi ng: &.powdhessppiey iaft elafracé wherairectibievipnyepoewmitrdiieoneampawst isuppl vy,
a power |load interface for providing, at |east a portion of, the received

suppl y quonigtireldaassan preswratddoassensblpantai thaiponler santppreriposehect i vel y
providing electrical energy to a load responsive to the switch control
signal, the power sw tch conponent including a power sw tch conmmunication
interface configured to comrunicate with the comrunication |link, wherein

the power S@.tCh.ﬁQ%ﬁﬁ%fkﬁai 1.5\%%%ir§fh%;r§0\/?%rvcitcﬁ@roll gg@pénéﬁt%fqog%ﬁ%@em

sel ectively providi el"ectrical "ener responsive to the

limt control .signal, the limt conponent being in electrical, series with
55"t he DB IR 1BE AAMEr IR AT PR e T BRI aes BN, Be A Tded ¢ o
the load . through both the power switch conmponent and the limt conponent,
wher ei SWitsd |GomRonepbnpwRierdt leash eBat gkt ar dedicaieghangal fasilily . and the

communication link.

4. The system of claim 1, further comprising a field device associated with
the power control system, the field device being selected from the group consisting of
an actuator, an accelerometer, a valve positioner, a gauge including a pressure gauge,
a solenoid, a power supply, a heater, a valve including a solenoid valve, a meter, a

motor, a pump, a switch including a thermal switch, a fusible link, and a memory device.

5. A power control system having a plurality of components, the system
comprising:
a system control component for generating a switch control signal;
a limit control component for receiving a sensed limit operating

characteristic and generating a limit control signal as a function of the sensed limit
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2. The systemof claim1l wherein the power controller conponent is
configured as an integrated assenbly within the power sw tch conponent. 3.
The system of claim| wherein the power control conponent is position as a
separate unit fromthe power swi tch conponent and comruni cates with the
power swi tch conponent over at |east one of a dedicated control facility
and the communication link. 4. The systemof claim1, further conprising a
field device associated with the power control system the field device
bei ng sleegtirgcHarastefiste; gr oup consi sting of an actuator, an accel eroneter

a val ve positioner, a gauge including a pressure gauge, a solenoid, a power
supply, @ heater q dokfthficattil URkNBrobiciRg CEhMuNRaNEn BefiREH indt syBRIAI . 2

punp, a switch including a thermal switch, a fusible IIn a menory

devi Ce'co%trofbb&ﬂp@ﬁe_nq(yﬁﬁrt% Iiﬂ?&o%@oh?ﬁ/ﬁw@gn&t%ﬁﬁ ality of conponents, the
system conprising: a sysiem control cofponent for generating a switch
control signal; alimt control . .c onent for receiving,a sensed limt
oper ating char actRAVGAEVRN UG, MY A uraf AP GoDN 0L PHap e AN
function of the sensed Ilimt 64 operating characteristic; a comunication
li nk prdWnHi iR ocianu AP eRitndo MasansBh farh@eshanieah ard wledrical ospblieatofaha t he
limt control conponent; and a power control unit including a plurality of
power camparlentoofibagonerandtrolunihithe poweneatiobanit owghidimgs nechani sm f or
mechani cal and el ectrical coupling of the conponents of the power control
unit, the power eqsdwesupplytinterfacedomgceiringoy@versigmlaypdwdresuppte for

recei ving power froma power supply, a power |oad interface for providing,

at | easf pawbPobt Melbee HtHro@aRgY 8HIcasPRbYrtRABI theQeBeivB@WBpply QRer &0 ROVET
swi tch conmponent [[for]] selectively providing electrical enefgy to a |oad

responsbo\(,@ertlgéhe switch control signal and adapted to the coupling
mechani’'sm e power switch conponent including a power switch

conmmruni cation interface nfigqured t icate with the comunication
Tk and a1 m e eoRgonule cafgeisuidto bR RyeR ity il FhEiEty, °F o
the load responsive to the limt control signal, the imt conponent being
in el ec? fAagiespensies tanfhenswittiecoip signal eaf asdantrshiontheserupling arechgaism,
el ectrical energy is provided to the load through both the power swtch
conponethe anget havitdhmcompomeohencluding a power switch communication interface
configured to communicate with the communication link, and
a limit component selectively providing the electrical energy to the load
responsive to the limit control signal, the limit component being in electrical series with

the power switch component such that the electrical energy is provided to the load

through both the power switch component and the limit component.

6. The system of claim 5 wherein a plurality of the power control components
within the power control unit generates one or more power control operating

characteristics.

7. The system of claim 6 wherein the one or more power control operating
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6. The systemof claim5 wherein a plurality of the power control conponents
within the power control unit generates one or nore power control operating
characteristics. 7. The systemof claim®6 wherein the one or nore power
control operating 65 characteristics are selected fromthe group consisting
of a resistance, a current, a voltage, a Hall effect voltage, an energy, a
mass, a power including an electrical power, a capacitance, an inductance,
a reluctance, a phase, atimng, a frequency, a tine, a node, a status, a

fai | ur ehaad?@sdtickOdre 381edle@! fromAtheAGAIUP canSSIPL of B NBISEBIES, NG BRIIL! ¥,
data, and a paraneter, 8. The systemof claim5 wherein a plurality of the

S0, 0P ITRISRLL a0l S Pl SR DAL M 0, o
imb5s ! i si i - i, i .10, T
21 % AR R AT PR LA RRTE. SURHIRSA et g S

for diagnosi n% an operating event of the power control system_ 11. The

syst em'9Pde| ZSHES, 4 fRiter 2 ROFHINs AR s9R PeafHi h §iAbt @ MINRLCNENaY. udi ng
a system di agnostic paraneter selected fromthe group consisting of a

di agnosddte, and 2 aprasneter.on, a profile, a configuration, a system

adm ni stration, a system operation, an operating characteristic, an event,

a status, a failure, a node, and a state. 12, The systemof claimb5, further
conprising a systemdiagnostic nodule including a diagnostic function

sel ected fragn t hanhgrgigiers @R SiawhiNGheleirtd plrafty idf B pawe FEoMFNEbAPonafits
artificial intelligence nodule, a nodeling nodule, a mapping, a graphical

anal ysiginigt el GovferCRBRALAL Rt é;l%’ﬁ@reﬁe% o9k s&iideRfiGati 3@%%&%§%Y%R/@F“ @f claim

5, further conprising a system diagnostic nodule 1nclu di agnostic
function sel ected fromthe group consisting of a neural network, an
enpiriéﬁVnWQPQ?ﬁgwhmﬁerical data, a fuzzy logic circuit, a neural fuzzy
circuit, a polynomal algorithm a residual |ife algorithm an artificial
intelligence nodule, a nodeling nodule, and a statistical function. 14. The
systemof claim5, further conprising an operational nnnitoring, system

moni toring &h ochermé@na@Mmaﬁ,efurtgmmmn@sm anon#aces@nentydiaganstics
selected fromthe group consisting of a change of a state, a change of a
node, amodule.

10.  The system of claim 5, further comprising an inter-component diagnostics

module for diagnosing an operating event of the power control system.

11.  The system of claim 5, further comprising a system diagnostic module
including a system diagnostic parameter selected from the group consisting of a
diagnostic, a calibration, a profile, a configuration, a system administration, a system

operation, an operating characteristic, an event, a status, a failure, a mode, and a state.

12.  The system of claim 5, further comprising a system diagnostic module

including a diagnostic function selected from the group consisting of an algorithm, a
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change of a status, a failure, a change of a field paraneter, a change of
the field operating characteristic, a value of a field paraneter exceeding
a threshold, an alarm an alert, and a value of the field operating
characteristic exceeding a threshold. 15. The systemof claim5 wherein the
power control wunit further conprises a |oad sensor for sensing an operating
characteristic of the power |oad. 16. The systemof claim5 wherein the
power control unit further conprises a power neasurenent conponent and

sensor 5Ffr m%rasrew agtifidfal lif@figeAcd IRGE ARFHRIINGWhd@NE, a Iappi hﬁ 8 Yphsieaf
claim erein the power switch conponent includes.a swtch device

sel ect eg,f r i itactor, a relay, a solid state
67 dev%ﬁ:#]el)rS %ég SW tccﬁg{bzl %iadr ggord}fléﬁvi\nt , and a camswi tch. 18. The
system of cl al m 5 wherein the systemincl udes a plurality of power control
units, each of which communicates with the system control conponent and
betvveen each ot her over the comunication |ink. 19. The system of claimS5,
further conprisi NgeaS¥emudi ERiMoh URDBF LAEWEHE a YA iagnasycyeediden a
plurality of power control systems and with a power control management or
adni ni soeladingre diggnestic Roctighselppiacefiowf thel group Sonsistinhef acoersal setwgrian
communi cation interface for comunicating with an external system sel ected
from t hen enquigicat adeda shi ngmefical gatapra fuzzgt loglc pemagesmasural fuaby i dguiton
system a nmanufacturing system an assembly system a processing system an

oper at lWon@@ﬂtaﬂgﬁrltﬁmst#%s@ﬂaﬁ?ﬂ&etalg’@ﬂmer@?ﬂtartlﬁo{ﬂt fitklligentRl MiGNASICE
system i ncl ud| ng predi ctive maintenance system and a supervisory control

and data.ag &ul@narﬁcﬁ‘é@%stlﬁéﬂ%ﬁ&ﬂonﬂ The system of claimb5 wherein the

|ntegrated o up I ng' mechani sm provides at |east one of inter-conponent
associ ation and inter-conponent alignnment. 22, The systemof claim5 wherein
one or nore conponents of the power control unit includes a processing

system for perform ng an sy tem or.u operat i process sel ected fromthe
group consi st ng-Im gyﬂ?ﬁ’g stiREs S, PLﬂthS bq%n%rfﬁy?gﬂ iy apsfaial neaniteringy ¢
detection, a fault isolation, a root cause, a setting, alimt, a threshold,
a  cal i 9ystam omongoring i @CQH@@N,Q iassociatashiwithe 9amc er gn@teemmeeatm eaentgat i on,
a verification, a traceability, an auto-configuration, an architecture
al i gnnesdlected ff'rdmgethqargrnth amsistidg ndfi 4 iochahgerf aasttdrteplaethamje pbdeimodg, aa
self-adm nistration, and a self-tuning rule.
change of a status, a failure, a change of a field parameter, a change of the field
operating characteristic, a value of a field parameter exceeding a threshold, an alarm,

an alert, and a value of the field operating characteristic exceeding a threshold.

15.  The system of claim 5 wherein the power control unit further comprises a

load sensor for sensing an operating characteristic of the power load.

16.  The system of claim 5 wherein the power control unit further comprises a
power measurement component and sensor for sensing at least a voltage and a
current.

17.  The system of claim 5 wherein the power switch component includes a
switch device selected from the group consisting of a contactor, a relay, a solid state
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23. The systemof claim5 wherein the power control unit includes a function
sel ected fromthe group consisting of a thermal protection, status
i ndication, and zero <cross detection. 24. The systemof claimb5 wherein the
power switch conmponent is a solid state device. 25. The system of claim 24,
wherein the limt conponent is a contactor or mechanical relay. 69

device, a knife switch, a mercury switch, and a cam switch.

18.  The system of claim 5 wherein the system includes a plurality of power
control units, each of which communicates with the system control component and

between each other over the communication link.

19.  The system of claim 5, further comprising a communication interface for
communicating between a plurality of power control systems and with a power control

management or administration system.

20.  The system of claim 5, further comprising an communication interface for
communicating with an external system selected from the group consisting of a power
control management a fabrication system, a manufacturing system, an assembly
system, a processing system, an operational control system, an asset management
system, a maintenance system including a predictive maintenance system, and a

supervisory control and data acquisition (SCADA) system.

21. The system of claim 5 wherein the integrated coupling mechanism

provides at least one of inter-component association and inter-component alignment.

22. The system of claim 5 wherein one or more components of the power
control unit includes a processing system for performing an system or unit operating

process selected from the group consisting of a diagnostics, a trouble shooting method,
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a fault detection, a fault isolation, a root cause, a setting, a limit, a threshold, a
calibration, a failure prediction, a maintenance procedure, a validation, a verification, a
traceability, an auto-configuration, an architecture alignment, a fingerprint, an

identification, a theoretical modeling, a self-administration, and a self-tuning rule.
23.  The system of claim 5 wherein the power control unit includes a function
selected from the group consisting of a thermal protection, status indication, and zero

cross detection.

24. The system of claim 5 wherein the power switch component is a solid

state device.

25. The system of claim 24, wherein the limit component is a contactor or

mechanical relay.
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