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RESI STANCE MEASUREMENTS METHODS FI ELD 10001] The

present disclosure relates to resistance

i nts. Mre particularly, the present

ggggﬁogﬁ$e rel ates to methods of mnaking in- SCE{yS2007/013093

resi stance neasurenents and nethods for nonitoring

equi pnent based on the neasurenents. For exanple, the

present disclosure can relate to nethods of

measurenents on a resistive heating elenent while

operating in a furnace and to real-tine diagnostics

and predictive failure nechani sms. BACKGROUND

1000211 n the discussion of the background that

follows, reference is nade. to certain structures

and/ or nethods. However, the follow ng references

shoul d not be construed as an adm ssion that these

IN-SEHBESISHANGE MEASTIREMENTS METHODS

Applicant expressly reserves the right to denonstrate

that such structures and/or nethods do not qualify as
FIELDhri or art 109031Conventi onal nethods of neasuring

resistance in resistive elenents typically use sone
10001} or fPhe prempms difclasutearlates HpreaivianesynerRsuEsTIenise dMase paiphlprly, the
presen@&‘isﬁﬁgdré’ ?eleﬁé&%%etﬁ@dstd?%aﬁc Uih %6u 6dsB @@%ﬁm#ﬁg&ﬁg\?&r z%ntrt]i(}nethods for

per orma neasurenent In e case O
monitqrngsgripment Basgd en i;lwafraisyfemam For ¢xaimpds, 8 iresentdieniesure can relate

to ot Y AR A it sy P Bkoeip i e AR 3 hfthce and o
real-time dipgiestics g privdictive eilmemescbanismas ur enent s tend to not

be very accurate with tinme-proportioned (such as in

the case of zero-cross synchronous control) contro
BACKGROKN®. In the case of the latter, the neasurenents

often .need to be taken when the power is not applied
[0802]( whirctye idiscigsiahi ofdbe backgronad that fmilbwssbftmmne #guadene nerain
structu%qg ttfb%weé‘io%v&plﬂl lﬁ?lﬂ)an Fefern ccs nu?cp Sot%telcggsu'ued as an

ondi t1on and can be a sour

admisstipypbaidhesy sumctuies asd/gnmbthaépmmdhltﬁ(pr@m attl é&mheﬂnt expressly reserves

o el B SR SR MOE LA BB YR

[0003]v ol Cagentinoal gurthaistof suwppiringiresitarice imrenisaseclements typically use
- t th di t .
some e‘lglg & cgﬁ)& rgg-avq:o %1 chglgcs or%gf)lgrrz]«xnlaf:él X nm%)rfag golr%lg ée&tlve

ric curren - cany

clementningr@&:r t¢perdorin Mamﬁqxﬂéiﬁ h38e amk of 2 HfBrrh3 Bthe infv@surements are
usuallyct9 nte Iy, eﬁ@ 23 gcfl to\Ar'heln'For\]re Abi5e ané: {ReRTdE ¢ ds gxothperg\%ldg theyrcsoiutlon or tracking

speed that the method of this invention provides. Furthermore, these measurements tend to not

be very accurate with time-proportioned (such as in the case of zero-cross synchronous control)
control methods. In the case of the latter, the measurements often need io be taken when the
power is not applied (which is in direct contrast to in-situ measurements made when power is
applied under normal operating conditions) and can be a source of system noise depending on the
signal applied to enable the measurement. In cases where the power supply is DC, it may not be
desirable or possible to interrupt the voltage and current supply to take a measurement.

- [00604] A method for monitoring the condition of an clectric current-carrying heating element
is disclosed in U.S, Patent Nos. 6,956,489 and 7,012,538, the contents of which are incorporated

herein by reference.



SUMVARY OF THE | NVENTI ON [ 0005] An exenpl ary

enbodi nent of a nethod to determ ne an instantaneous
resi stance value of an electric circuit conprises
measuring an in-situ instantaneous voltage of the
circuit, measuring an in-situ instantaneous current
of the circuit, and cal cul ati ng the instantaneous
resi stance based on the nmeasured in-situ

i nst ant aneous vol tage and the neasured in-situ

i nstant aneous current. [0006] Mot her exenpl ary

enbodi nent of a nethod to determ ne an instantaneous

' n electric circuit conprises
Stmﬂ&@éﬁ%?ﬁﬂ@ﬁgxﬁkﬁﬁgﬁiﬁﬁinstantaneous vol tage of the
ircyit, asuring.an in-situ.jnstantaneous current .
10005} ' (B chemRIt MRS ohg iR {0 OF Eb PR SR YIS rosistance
value bEAPELAHN CRRf cdhifrideh ffelburing A Gn -G fidtaRtanB&listydBage of the circuit,
I nstantaneous resistance based on the neasured
meastiripgsintin-sitn gstntzarewusirngol afdhecizewt, avbcabadalingdhe instantaneous
tantan%Pus current and relathﬂgﬁthe

.. in-sity i . o
resisapg Biped B S ERIRE LRSS EPep el BeG M Be isisued ip-ite

€ neasure

instantRBPR @tene. [ 0007] An exenpl ary enbodi nent of a
measur enent system conprises a circuit to be .

[0006}re ashmashir capmBlaryrembedimerint arpeledlo detrmuncBHnpiaNpRToLS Tesistance
‘ erein . the E : [ ' ircui
e Y0 80 Ol s PR PR TR 4 S B BRRPED Bkt i
measttirgSintist-sith flsantaseausined dfagecieduit, easiring ah tin-aitdirdstantaneous
measure an in-situ_ instantaneous current of .th

tempegfinie AEihe SRR eI iIaEnE HASHABABTIS FiStAnge pased on the meesured in-
situ mgf?iﬁ{aﬁgdu\é QJOY[aé;eodHae[ﬁé fdadifed iﬂesitﬁqgtﬁlﬂéﬂegﬁ &fdrent and relating the
conmuni cat nmeasurenent to the controller, and
calculufied iigitantdneeusresistananerihe sipstuesth temberatuat.es an
instantagﬁgus resi.stance based on the neasur.e

d . .
[0007] - s gxqmplery Frdiod BUGT Ob R DGR ehER SHECHEREIFISE 2 circuit to be
measuré, Sh Y nl ASHBREAROM T, GHA 2 @BAtroll P QP& Ein e BEMeA A At module is
wth a first aspect of the present invention, there
operafie:lpravicded teathewitait i e Wedsereditp@easire A insittainsiguigneous voltage of

.resi stance val ue. of, an. el ectric circait,.th t ho
the cirgit b B eGP P ARt faft fiie rbhf IR the ki
measE&h et Gh RS N @p@ﬂﬁﬂély @bnRtedto fRlogRoN@\E toniuniateta Measurement to
del ay. period, the delay period based on a frequency

a £3

the copfrol¢reandGvhaseindhe maoaranent Syiter calawalss N nstratrgPSTgSIStance based
an_in-si.tu..i | . Clof GUI

on gl SRS el B BB curn.

[00078] I CWiabcorasifte athcafint hgpgctidiehd msicaninastons thessis pranidel a method
for the electric circuit atoﬁ portion of the A

to deigBiipe e nEpBRBFGHSJeTivRIEaalyy of AR cleeiris Pirpaits Gmsiod gowrising

- 1.N-S] i, Ast t e Al
sl TBREIERC, S SOLGIFRA o3 Ol g
delay perd@t, thendpliyopesiod dasmichnasfeptencyf of the ASH ssest waveform; simultaneously

meas YAy nitilg-rg% HIS%%%%FIBI% ‘%ﬁtt%"é ggtglﬁgggﬁ? %ﬁr rgga%{lltﬁlgs Xlﬂn?srﬂu instantaneous
cmeﬂ%?ﬁiércﬁgﬁi@;tanmglélufaﬁng HeShQathQDes RSisHALE &rAke ele@flc dircuit at a

control ler, wherein The El measurenent nodule is o
portion pé that A¢ edyree panefore deleaged he thei delayiperipd bbsed padbemeapured in-situ
instanfReTEATL S A L SLLMd SLANLARGaYS v oldage of the
InstanfaneQyys Yol e AR MR e & B PO t R aneous

current of the circuit, wherein the El measurenent

nodul e i s operatively connected to the controller to

communi cate a measurenent to the controller, wherein

the zero crossing detector synchroni zes the

measurenents of the El nmeasurenment nodule to a source

waveform of the circuit to be neasured, and wherein

t he nmeasurenent system cal cul ates an i nstantaneous

resi stance based on the neasured in-situ

i nst ant aneous vol tage and the neasured in-situ

i nstant aneous current. [0007c] According to a third



[ 0009] The follow ng detail ed description can be read

in connection with the acconpanyi ng drawi ngs i n which

i ke nuneral s designate like elenments and in which:

[0010] FIG 1 depicts an exenpl ary neasurenent

techni que applied to a phase angle fired | oad.

[O011]FIG 2 illustrates an exanpl e phase angle

nmeasurenent pattern over a set of cycles WO

2007/ 149205PCT1LTS2007/ 013093 [00121FI G 3 depicts an
[0007b e npta@rdingias swcond atpettadiihe g:@eerm ppleniech, therais provided a

ero-cross (tinme.proporti 0013]FIG 4
meas o g s PP B BT U RO Pe RS Rl PR T Hsad PR fpodules a zero
crosmﬁgﬂﬁt%ﬁtﬂr %ﬁra Bn@6lerOfh& ¥l t8S EI hBskddndbmdaluleSis p&affdly

functional diagram representing an exenpl ary
connegiet dol theemitcuis to be meagitedtoumgaseiggnannsitu instantaneous voltage of the

circuit and to measure an in-situ instantaneous current of the circuit, wherein the EI
measurement module is operatively connected to the controller to communicate a measurement
to the controller, wherein the zero crossing detector synchronizes the measurements of the EI
"mea-surement module to a source waveform of the circuit to be measured, and wherein the
measurement system calculates an instantaneous resistance based on the measured in-situ
instantaneous voltage and the measured in-situ instantaneous current.

[0007¢] According to a third aspecf of the present invention, there is provided a method to
determine an instantanedus resistance value of an electric circuit, the method comprising:
detecting an event in a cycle of an AC power supply of the electric circuit; waiting a period of
time, the périod of time based on a length of time to cycle; generating a signal outside the
electric circuit; in response to the generated signal, simultaneously measuring an in-situ
instantaneous voltage of the electric circuit and measuring an in-situ instantaneous current of
the electric circuit, the measuring occurring during a portion of the cycle determined by the
period of time; and calculating the resistance of the electric circuit based on the measured
voltage and the measured current.

[0008] It is to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory and are intended to provide further

explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWING

[0009] The following detailed descriptibn can be read in connection with the accompanying
drawings in which like numerals designate like elements and in which:

[0010] FIG. 1 depicts an exemplary measurement technique applied to a phase angle fired
load.

[0011] FIG. 2 illustrates an example phase angle measurement pattern over a set of cycles
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DETAI LED DESCRI PTI ON [ 0015] I n AC supply applications,
the voltage potential between the supply lines
cyclically increases fromzero to the Peak Voltage
i | ine being nore positive than the qther
szgr'lole;’,'l%{lﬁsen decr easgs backpto zero over sorre%FFﬁ{?.m“‘?H]@””
vol tage then increases again to the Peak Voltage wth
the opposite |line being nore positive than the other.
This cycle repeats continuously at a rate of 601z
for nost AC supplies in the USA and at 50Hz in sone
ot her countries. The point in tine at which the AC
potential between the supply |ines beconmes zero is
referred to as the Zero Crossing point. AC voltage is
typically a circular function where the instantaneous
voltage is approximtely the Peak Voltage nultiplied
by the sine(0) where 0 is in radians and a conplete
[0012]AC ¢JG] 2dépicts ampecssplany rhesireinbe tenbsiquis wppliaddo ragmitdress (time
o o@g'éﬁ&%‘ es) occurs over a period of 27c radians or
prop B aegrees. [ 0016] An exenplary nethod to determ ne
[0013ANn iFIG! Adiluatsted i examipdd Zonc-erosailited nfaswramehtaattennover a set of
circuit conprises neasuring an in-situ instantaneous
vVoltage of the circuit and nmeasuring an in-situ
[0014] nstFAGT Hizechisckcunetinmil dibghincrepresenting an Saagdarg embbdiment of a
measulBaSYr egmiI n-situ instantaneous voltage and the
EAduP e n- situ i nstantaneous current, the
I nst ant aneous resistance is cal cul ated. The neasured

'inﬂE' i #lﬂ@{rg@t]aneous vol tage and the neasured
DET élé% aneous current are measured

i myl eously...[0017 enpl.ary aodi pent  of ..an .
o01sP’"dh T B el A6 HRECH i) BB BE Bhoyly R evctcally

increasen fimncCzare ti the Woak Voltdpe veitlr angl lineib@ingl rewt: positivd than the other line,

e oEARRE S o BT Tep P BAS ah We
Voltage Wi thel |/ap;img.e fihe B} oro godide thpethabiieg Thisdidié apsats
. WO 2007/ 149 AJS2007/ 013093 [.0 A a enent
continyiseat 4 aie AL SO 1A AR AL S PBOT I S o AR SES A Sorpg other
countrR€/ Thel ?ﬁnﬂiﬂdirﬁ& ?tav!ﬂéledﬁtﬁl_t fbtanihl b&ﬂ%‘&ellﬁlﬂfé ?pﬁl?ﬂi‘aéssﬁee&hes Zero is
ol nt rom reference polnt 1.n a.cycle. of, the .
“’fcmgé? tes .Zeff’oemé%ﬁ%ﬁ?‘é‘?- %ﬁ)?"’?? s G@’F"T%H ar"é‘f"é‘?"e&?&‘é‘l:?”t"&hm the
instanfal@dug CbRage iOSprematiihe Pédt ValfeRRakipliddbyl 88 Sine(0) where © is in
m nj mum _m ni ftum or maxi numrate of change, or ti

radiangand feqmnlel AGHYYPe(-ReURPasHng Bob AheROsIINCHRE REBAHYP H?nl? gycles)

occurstd%ér&?é{cﬂmféﬂ%&ﬁ%s?d%@ﬁ@%gﬂe&.t he circuit is periodic
and at a predetermned tine and a consistent point in

10016}t ; oexemplaremethod & detcimng ag psiaptapgous jresiiance apie ofagy electric
circuit SSAPRER m&Rridg HPin A& iRGhrt{eBiLRI8Ee bOhE Bfciid measuring an in-

crossing point, current peak, currént m nimum
situ ingprianegRs orTanhed the sirewit- cBased eoh fhsgacasered in-pign instantaneous voltage and
the me@ﬁ%&pgli-s‘?tiutﬂstﬁﬁﬁwgﬁ Hﬁ-?a%t, tLQQLQ&LtLIHeo%Q FestetdrllP ksacraiéulated. The

enbodi ment, the rel er ence pornt I's a zero crossing
measuygdiinisitg fnstaptanedusaredthgs and themeamyrddan-sén dpstAntangous current are

[ he predeterm ned tinme is about 6,250

measu%gg%l%%gm{'n a still further exenplary enbodi nent,
[0017]t he Aprexdmpbryembdiitnenteofiag imsitomeasfuranend igroakaswriieatef a

parama\alt@ G cli]l%ﬁit A &{eecqrcw i£ Qgctﬁx&‘dy%bnnected and operating and, preferably,

when the circuit is operating normally and without interrupting or modifying the operating

“cycles

—~

conditions.



[ 0020] An exenplary nmethod to determ ne an
I nst ant aneous resi stance value of an electric circuit
can optionally conprises verifying a presence of
wﬁgﬁ&ﬂgﬁoé n the circuit prior to neasuring. Yerlje98is003
the préesence of the voltage contributes to av0|glng
erroneous neasurenent whi ch woul d occur by incl uding
a neasurenent when the circuit is idle to the
avengi ng process. Verifying can be done by, for
exanpl e, a conparator circuit, either a separate
circuit or incorporated into the voltage input
section of the El neasurenent nodul e or into another
nodul e. I n one exenplary nethod, a delay is
i npl enment ed between verifying and nmeasuring to avoid
noi se in the neasurenent. An exanple of a suitable
del ay is about 1,000 gsec (10% . [0021] As used
10018} o eKﬁ}eaaFPmﬁﬁmt@ﬁﬁ@ﬁnmI@tlﬁk@m irthe girgwifrigperiodic and at a
predefRRfimal tiff 208 A%ohdiQBs: i geoﬂw L ALERSokht m%cisrk&‘tfl{']soltagc. For
I an S. e

I nst an_t aneo_us VO tag currer]t \' _| ue I nce t o
cxample) any giencaraiiod gefeesneed e sn gecorerossingpeint, ¥eltage peak, voltage minimum,

s e at e.. ' ‘
minin Y DSt UL 4 RLALAON TS LS o
point pfthe frstantmtous cuneoiUs tia Firceiitis parasin adens predetermined time and a
consi 30 BEBER ke B BRSA B Uy bHE 51 LS89 e peio
referendde termeragrossieg Ianmanms prakstwtan geninain, suminuanor maximum rate

ectric cireuit ¢ rises measuring an in-situ

0fé”§%§?5% §ﬁ§3u§£§%F?§%§10' the circuit, neasuring an
[0019] n- dn bue exsiplatyEmbodsnant therferedcetpomt 8 2 B Erpssimgipoint of an AC

asyr.i an_in-situ.instantaneouys te rat ure of
et o e B el oA 0 AL BB BB B st 6.2 e
(+10%)e &s &l kil fiirthes Etanplag eAbbAINEAY She/ pleli@ermingidihdi at or afier a peak
lw»”ﬁﬁﬁuhﬁg vmggoo 1149205PCT/ US20071013093 in-situ
vollage YRS AP PEBUE BUF &¥P%i s cal cul ated and the
[0020F al AH Sdefbliri Hicttitidab doifinine h SistitMens: re@itadce dalue off B electric
. _.heasured tenperature, .In the exenplary, nethod, the )
circuit can opfienplly FOmPiSes VEE{YIRE 2 PRESIISS POYIAGE in PR GIrcHiLRART dg measuring.
Verifyling th presédts o HeARRapScontituldiito adbidingREroARAS teBirement which
in-situy te&gerature are neasured simultaneously. Wth

wouldeedyin¢igdipg e meEsuEmery Yhrmdht Gres il wiboareraging process.

Verifyittl dad @@ dohd By, TEREHAiEL, b Rombhrdtor REHAE AN QUSpAAE RO or
the nmethod is simlar to that described herein above.

incorpgpaisd! iPadpe Kpltaes IR ssrtian of kg HlameerprampRidnodicnrdpiggmother module.
In ond SiERPIAY Wethod, HAcHP Aﬁﬁyg%m&emm& veAk@ll @ld ddasfring to avoid

. thernocoupl e positioned proximate the circuit.
noise InEROWEESYRAWRTE: AR cxpmplgiof apyitable delar isabow 1R mseq §10%).
0021! € QlshsERhdinC ANRRELBIN s &e BAYE GuiHPRonhal Spe By bnditi

[_ ]TZO \?ag at 6161f-|z to the cir cuit. A sync event is buditions by

simultapequsly seEPlng tha dsmetanesus voltagsindrupept HaluspdSipRe the voltage and

currenfRERNMFEREI ark faklef %ﬁﬁh!ﬁﬁé&%ly@a&ﬁfﬂt@ﬁs%&r lﬂ%]d‘s‘ﬁn@m@}{ts%y be
adjustable tinme delay. This insures that the

calculatedy dizing e apstanignganscvoltareby the intiantangons quoent measurements.
ti ' |

o022, "0y AU gl Ay 00 0N L o o o

exemplegy mgthaddn deigimigo wn instaitaneopsadsistandgovalng of am elgttric circuit comprises

. S 0 odi.

measuffnfan inGfialeiicbtl xéhe8 39 W SRl ok RO 150 hyerancous
currenedfithe ciscuif, andmessaring Ay inAGwvinbtasigeecis tampgrahkre of the circuit. The
. ,od.. F le. . xeml '
nstan RS kIR 8ol Sl REarATR o i BEHEER s B ang oo greasured

hal f-cycl e of 8,333 psec for, 60Hz and has a 50 psec

measur ement wi ndow for an AC hal f-cycle of 10, 000

psec for 50Hz. [0024] For zero-crossing synchronized

| oads, power is applied in conplete half-cycles or

whol e cycles and proportioned over tine. Since E

(voltage) and I (current) are periodic and the




I.ft 2clcm of -t of f [0025]In nost cases the cycle

time (I,", +) is equal to 20 cycles or 333 nsec. The

m ni mum applied power in this case is usually 1/20 or
@6a can be seen in the follow ng equation:

§ P4%8505PCT/ US2007/ 013093 1 i on 4e-ton —Pf@’USZ"“W‘”-""”?’

60Hz60Hz La(t"",t,,r). 5% [0026] Any application of
power to the resistive |load creates a neasurable (at
| east hal f-

in-situ instantaneous current is calculated and the calculated instantaneous resistance is related to
the measured temperature. In the exempiary method, the measured in-situ instantanecus voltage,
the measured in-situ instantaneous cwrent, and the measured in-situ temperature are measured
simultaneously. With respect to the measured in-situ instantaneous voltage, the measured in-situ
instantaneous current, the method is similar to that described herein above. With respect to the
measured in-situ instantaneous temperature, the measurement can be taken at by a thermocouple
positioned proximate the circuit.

[0023} EXAMPLE: A circuit for a heating element is electrically connected to a power
supply to supply 120 vac at 60Hz to the circuit. A sync event is generated at the AC zero-
crossing point and the measurement is taken after a period determined by an adjustable time
delay. This insures that the measurements are always taken at the same point in time during the
AC cycle and allows optional averaging over time of consecutive measurements. The
measurement window is designed to be very small, e.g., less than 1%, (in one exemplary
embodiment) as compared to the AC half-cycle so as to minimize the effects of the varying AC
voltage during the measurement period. For example, an ‘exemplary embodimcnf has a 50 psec
measurement window for an AC half-cycle of 8,333 psec for 60Hz and has a 50 psec
measurement window for an AC half-cycle of 10,000 psec for 50Hz.

[0024] For zero-crossing synchronized loads, power is applied in complete half-cycles or
whoie cycles and proportioned over time. Since E (voltage) and I (current) are periodic and the
resultant power does not vary when examined over the control resolution (individuatl full or half-

cycles), percent of power may be defined by the function:

fm(tm’tqﬂ')z taa

., tor

[0025] In most cases the cycle time.(tm + taﬁ) is equal to 20 cycles or 333 msec. The

minimum applied power in this case is usually 1/20 or 5% as can be seen in the following

equation:



cycle) event. The preferred nmeasurenent point for

zero-cross fired elenents is at the peak of the AC

hal f-cycl e which occurs 4,167 psec after the

‘Négngicrgss_event for a 60Hz AC source. Another way to
Be&e¢% his point is relating it to radi andS(fRH7/013093

that the peak voltage occurs at 7c/2 radians (90

degrees) and 3nl12 radi ans (270 degrees) where sine(0)

= | andrespectively. At these or, points, the -

(change in voltage over tine) is at a m ni num

yi el ding the nost stable ay' neasurenents. 100271ln

the case of phase-angle controlled | oads, del aying

the point at which the voltage is applied to the |oad

proportions each AC half cycle. The portion of the AC

cycle during which voltage is applied to the load is

commonly referred to as the conduction angle. while

t hey poing thgt the conduction angle begins is

r’g(’éﬂt@?})'—t 0 as the phaseggmpl e’ ThE gpduct i ohetngloe)=5%

enconpasse§"tﬂ% portion of the AC cycle fromthe

phase angle to the next zero-crossing event. Since R

Is constant with respeci to. E and. . land! is a .
0026} 5, A3 Bratboicl pRSEE G he sy Flane PR e misndable (e teas hate
cycleteleerst. Eh2 peoferngl measunan) poibhfor Pab et AgR MmEdyRht f8Peak of the
ACHm@?ceﬁprgﬁﬁed as, E? this case, Since the Ei 2 waveform

YHUSE PLUES T40T FEgliraiPe 2EromBpes SXert dpi @PHz AC source. Another

way td €4S it poinoR réthridd® tPRMRGs SR R Rk RERaddYbccurs at n/2 radians

integrating the voltage over tinme. The percentage of.
(90 dﬁﬁff\ﬁ,@raﬂflﬁ BdeBHES0 dggrep@,w}a(egg gine(0) = 1 and 1, respectively. At these

. oV . . . .. o
points, the ar (change in voltage over time) is at a minimum, yielding the most stable

measurements. ,

[06627] In the case of phase-angle controlled loads, delaying the point at which the voltage is
applied to the load proportions each AC half cycle. The portion of the AC cycle during which
voltage 1s applied to the load is commonly referred to as the conduction angle while the point that
the conduction angle begins is referred to as the phase angle. The conduction angle encompasses
the portion of the AC cycle from the phase angle to the next zero-crossing event. Since R is
constant with respecttc Eand IandIisa ﬁ1nf:tion of E (the load is primarily resistive in this

‘ 2
exemplary case), the percentage of power can be expressed as E%— - In this case, since the
1

waveform of the voltage is irregular, a more accurate representation of the power can be obtained

by integrating the voltage over time. The percentage of power then becomes:

‘]'sin(é’)2
£ pac (91 ) = '?;_""“'—
[sin(o)?

[0028] Examining a typical half-cycle, where the cycle begins with 9 = 0 (t = 0) and ending at
8 =n (= 8,333 usec for 60Hz), one finds that 50% power is applied where 8 = 7/2 (the phase
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4=AB/ - Sr isin(0)2 0 100281Exam ning a typica
hal f-cycl e, where the cycle begins with 0 = 0 (t =0)
and ending at 0 = 7C (r= 8,333 psec for 60Hz), one
flngf t hat 50% power is applied where 0 =7c/2 %}he
WRRNCEY 2Ry 200 7/ 49205PCT/ US2007/ 013093 anglF&F/USeppa/e13093
can al so express the phase angle in degrees where e=
27t is the same as 4) = 360 degrees. This neans that
4) = 90 degrees is the 50% power point. The
calculations are as follows: isin®Y
fpac(0:)=9,i,9,.571rad4,0(9, ) = 50A fsin(6)2
[ 0029] Sync pul ses can be generated by nonitoring the
AC supply before the energy regul ati on devices in the
circuit. For exanple, this nonitoring point can be a
pair of SCRs connected in parallel opposition. After
eriod of time determ ned by an adjustabl e del ay,
angle}. rﬁgﬂq qﬁ@@hﬁpﬁgp%ﬂ thg phaseqngledn depreas wherd 9 7 2poswhe shime as ¢ = 360
e I_n Yo od| t
dogrogh? AR B o 2o Begl S TP S RN D Thssfelsoiore as ottows:
usec (10% vyielding a phase angle of approxi mately 4)
= 135 degrees. Exami ning the power at this phase

angl e we fifgg}i(g)z 7
P () P — 6, =1;-=}.571ma’ Fouel8,) = 50%

[sin(g)*

[G029] Sync pulses can be generated by monitoring the AC supply before the encrgy
reguiation devices in the circuit. For example, this monitoring point can be a pair of SCRs
connected in parallel opposition. Afier a period of time determined by an adjustaﬁls delay, the
incoming voltage is tested to verify power has been applied. In an exempiary embociimcﬁt, the
delay from sync to measurement is adjusted to about 6,250 psec (+10%) yielding a phase angie of
approximately ¢ = 135 degrees. Examining the power at this phase angie we find:

ax

sin(@)
?sm(ﬂ)z

)

fmc(é:)“'

8, =135deg = 2.356rad Jac{B.)=9.085%

[6G30] This configuration allows measurements to easily be taken at power levels of 10% or
bigher. This covers the majority of applications since the power output during operation is
usually much higher than 10%. Of course, the measurement point can be adjusted to measure at
even lower percentage of outputs, if necessary, by adjusting the delay appropriately.

[0031] After an adjustable delay (set to 1,000 psec in on exempiary embodiment) the voltage
1s tested again to verify it is still present. This delay functions as both a mechanism to avoid
triggering on a noise impulse, and to allow some time to pass after the voltage is initially applied
to allow any voltage spike upon initial voltage application to settle before measuring. If the

voltage is still present, the measurement is taken. In the exemplary embodiment, the phase angie
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isin(602 f (4) =isin(0)2 0, = 135 deg = 2. 356r adf
par (9,) = 9.085% [0030]This configuration allows
nmeasurenents to easily be taken at power |evels of
‘Vé W7ﬁy9higher. This covers the mpjority of
ﬁf &3 ons since the power output during SPerariidiI30es
is usually nmuch higher than 10% O course, the
measur enent point can be adjusted to neasure at even
| ower percentage of outputs, if necessary, by
adjusting the delay appropriately. [0031] After an
adj ustabl e delay (set to 1,000 gsec in on exenplary
enbodi ment) the voltage is tested again to verify it
is still present. This delay functions as both a
mechanismto avoid triggering on a noise inpulse, and
to allow sone tine to pass after the voltage is
initially applied to allow any voltage spi ke upon
that theyhedsutemgnt is daken apli6.22dipsesrt 1.00Gter]) /8,533 jonee] x 180 degrees = 156.6

r.ing. lf the volfage.is still,. prgsent. the

degrepy T ihlatinepus YoliakR ot iR e gl il B Bt

t he phase angle WD 2007/ 149205PCT/11S2007/ 013093

that the surenent is taken is [(6,250 usec + 1,000

usec) / fa:@swpe{e) x 180=8%Gbdess = 156,.400e@9HS% The

i nst ant aneous vol tage at this phase angle, 44(0), is

defined by: fvo 09)= sin (0)4 = 156.6 degfv,*(9,)=
Therefifle thtSf6tantaneous voltage is equal to approximately 40% of the peak voltage.

[0032] In the case of DC voltage, the exermplary system internally generates it’s own period
sync pulses to sample the voltage and current multiple times and average the readings. There is
no issue with taking DC measurements on this system since it essentially measures peak values
anyway.
[0033] FIG. 1 depicts an application of an exemplary measurement technique applied to a
phase angle fired load. Examining FIG. 1, an AC power supply 10, having a line frequency of
60Hz that is sinuscidal in shape, has a mean voltage 12 of 0 volts with recurring zero-crossing
points 14a, 14b, 14c. The AC power supply 10 consists of half-cycle portions 16a, 16b that are
180 degrees or 8,333 psec in length and having a peak voltage 18 occurring at 90 degrees or
4,166 usec after the zero crossing points. The half-cycle portions 162, 16b are proportioned such
that the angle of conduction 20a, 20b produce a desired output power. For example, the desired
output power can be at least 10% of the maximum power. In this example, the proportioning of
power is accomplished by delaying the firing angle 22 to approximately 133.4 degrees or 6176

- psec in the case of 10% power output. Measurement synchronization occurs from the zero
crossing points 14a, 14b, 14c. Other desired output power can be selected, such as 2%, 3%, 8%,
15%, 25%, 30%, 50%, 60%, 80% and more. '
[0834] The presence of voltage is tested after delay 24. If, as in the case of FIG. 1, voltage is
present, an additional delay 26 is implemented to allow for noise impulses that commonly occur
at the initial application of voltage to dissipate prior to sampling the voltage during sampling
period 28. Here, the delay 24 is 6,250 psec, the additional delay is 1,000 psec, and the sampling
period 28 is 50 psec. At the time of sampling, the measured voltage 30 is still approximately

40% of its peak value 18. Simultaneous to the voltage sampling, the current is measured such
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Therefore the instantaneous voltage is equal to
approxi mately 40% of the peak voltage. [0032)In the
case of DC voltage the exenplary systeminternally
s it's own period sync pul ses to sanp| h
‘nggﬁégégand current nultiple tinmes and avergggﬁFﬁg%“BmB
readi ngs. There is no issue with taking DC
nmeasurenents on this systemsince it essentially
nmeasur es peak val ues anyway. [00331FIG 1 depicts an
application of an exenplary neasurenent techni que
applied to a phase angle fired | oad. Exam ning FI G
1, an AC power supply 10, having a line frequency of
60Hz that is sinusoidal in shape, has a nean voltage
12 of O volts with recurring zero-crossing points
1l4a, 14b, 14c. The AC power supply 10 consists of
hal f-cycl e portions 16a, 16b that are 180 degrees or
that t#; iB@8ntaswos Valudsemgtakematdhe aa.nim@int ipgaie. \ivisegef 11 voltage

0 g$ﬂ; o1 ec after the Zer o
meas%r%%gﬁsti & pol r?? Pm é?ﬁ sﬁt 3‘ cy c e%%?tfm%’ﬁ] g rfbga ©q Blsagrgnent.
[0035pr opRIR. IZ Olhestrates) ain etdngile phascangje meaﬁummeni patiern ev&Qeset of cycles.

Turm%é)gﬁ%rggg g(ﬁflr(jva tZdesitl le %ogrlx%ct: u%tve ?\%‘% Ies as %ﬁﬁ?%t?@% Z«‘IGt lha%e shown,

The nraliiplaconspaitive AG oycldsi lQOEQdfi)ObJ W0c hive: pultiplr deicodtosiihgqfoints 102a,

1020, (88511 008, BAe1005 1 §ASne Shufadtiron Paas el 1Ok, fodt 104,

1044 qase, 108£.10% power output. Measurenent synchronization

[0o36f | P f ¢ Bty the £ S sgﬁ\%gﬁ'}x{ég:ﬁ Iégéaellég?gcﬁ%%4m§or6176psec

yieldingangdés ofa%dul:ﬁ% 10472 044) 4048 A% d BROpro&ktiaa il pewer of

0034] The presence of voltage is tested after del ay
appm%&la“fﬂ 105 i FREMEELE bl pewery I st e ivgffiﬁ':é%ment at the test
pomtsamsa,dmsb lafid HereibleaftePfelays 1108/ 190B B sebednenbireairdmdnt 1122, 112b is
taken noi se i npul ses that conmmonly occur at the initial

“Mapplication of voltage to dissipate prior to sanpling

[00371 he pairdgafethitdrexBgpBaPdd) theRingtaig 280658 ©13.8 dbprees or 6 657 usec
éﬂ%ls 6ﬁ25 usec _the additional delay is 1,000
yieldggles 4 goRHEEGL S K Egmatingeausgan quipes RewieE of sgerpjimately 5% of
the mixifRmQdvaBaIPhdvig. I HRsIBRSE VERagsQd ﬁ&%@es@l@t dt $heStbdt bbint 108¢ and
proxi mately 40% of its peak val ue Si mul t aneous

thercfgi IeHRCATHPISHdS aepptpthg Tht FRSUlE of thispethed indhat yplagegnd qurrent
meast¥h @Ok LARR OBRMa% 5520804 LOA3AR pbided dd-Ag the AC cycles allowing

i nst ant aneous val ues are taken at the sane point in
subseqUeRpMeFSUAMEE 0 5 sy HassrutHeh o fp sdutectnithsiny thegstantancous

volmgswéﬁaisteﬁeawwufryéa@hﬂﬁwme i nst ant aneous
esi st ance neasur enent. &12035 JFIG 2 illustrates an

l0033bx arfpieulgbraoted fhateank ot the delek papmetesy Havbediestadand gherefore

powerQ¥$diEST leskYhdl 11846 @&Il@ BE O niRodRldd i desid t CQﬁ@ersely, a higher minimum
consecuti ve AC cgc es as described in FIG are

meas werevehequld by seteqipr e shopter mww@pmtedm%e
100c have nultiple zero g+ 0ssi n poi nts 102a, 102b,
measurgypents wherg therrate: of charge (g%zblsaha s valpe.evhienemtd plspincrease
angl e events 104; 104b 04; 104d, 104e, 104f.
overal| @@:B@Euhi anigitioneinf gapsst whare ﬂ:i::}luﬂeé@quemh}e if differegt, sund)l as SOHz, the

time b6 80l 33ppdsglees or 6,176 usec

[0039] FIG. 3 depicts an exemplary measurement technique applied to a zero-cross (time
proportioned) load. In the FIG. 3 example, the voltage is zero cross fired. An AC power supply
200 having a line frequency of 60Hz that is sinusoidal in shape is shown. The AC power supply

200 has a mean voltage of Ov wath recurring zero-crossing points 202a, 202b 202c with half-
-9.



yi el di ng angl es of conduction 104; 104b, 104; 104d
t hat produce an out put power of approximtely 10% of
the maxi num avail abl e power. I n these cases, voltage

\vi§(§f$§§$t at the test points 108; 108b and the%Ff |
QAHEPEY ays 110a, 110b a subsequent neasur ﬁgﬂ{mm7mmm3
112a, 112b is taken. [0037]During the third exenplary
cycle, the firing angle 106c is 143.8 degrees or
6, 657 pee yielding angles of conduction 104e, 104f
that produce an output power of approxi mately 5% of
t he maxi num avail abl e power. In these cases, voltage
is not present at the test point 108c and therefore
no neasurenent is attenpted. The result of this
method is that voltage and current neasurenents are
taken sinmultaneously at consistent points during the
AC cycl es all owi ng subsequent neasurenents to be

cycle gontipas)2@apR@4b thatare 1 80 desrhes or 8,383 gswiin dengthhand having a peak voltage

206 of AT RADRUREY B TR e a5 0k Hosfbe il 38 pegPortoning of

powet M@Iyaylcpmve&ym;&ylsg melyagh en atiprsteegicienat Halfaryeles beer time.

MeasfiE it einn i ORI eyt PRl AR A The

preseqpewE voltapeas tested latithb ecivek@eing goint 2025 NoftdrardeR®i2ee, the voltage is

s BB TATBL 1, 58 g SRR, A5 S fgreroa 0

of 50 pteg@rd shomwaa sa thdl time of Ednhplﬁgpﬂhb atsuredivalthde is 40 ApproXimately 100%
cases where the line frequency is_gifferent, such as

of its pkiaalub) @ whitkepdalal thy shahge ilbeolade ds imj%:ﬁﬁlﬁteﬁl £y
[0039] FI G 3 depicts an exenpl ar y%freasur enent

SimulkREH1RIt6 W RNk Sn 1@1 Ahé Biirfert B 8astifeld Wch that the mstantaneous values
proportioned) | oa n the FIG 3 exanple, the

are ta‘%‘laf thgsame poplt it imgs Divisipnaf thAﬁOl&&sem\m@eﬁﬁwh?%wm

measip@Neod Yiclds! m@ﬁlstah%e&ﬁqym%oé%sﬁr%&ml s sinusoidal in
shape i s shown. The AC power supply 200 has a nean

100401/ ol tﬂﬁe‘* Jlustogteqpr pramuie Pero-REPsE Sred measursment padiemayer a set of
cycles?@ngthe%qép!i e%ﬁle%ﬁﬁpfé@oﬁsecunve AC cycles as described in FIG. 3 are shown.

The multipie consecutive' AC cycles 300a, 300b, 300c have multiple zero crossing points 302a,
302b, 302c, 302d, 302¢, 3021, 302g with voltage proportioned over time, During the first two

cycles, voltage has been selectively applied to the load. In these cases, subsequent measurements
304a, 304b are taken at the peak of the half-cycles at the peak voltage 306. Here, the peak

voltage 1s 169.7 volts and the change in voltage (g;— ) is approximately zero.

[0041] _ During the third exemplary cycle, voltage is not applied to the load therefore no
measurement 15 attempted. The result of this method is that voltage and current measurements
are taken simultaneously at consistent points during the AC cycles allowing subsequent
measurements to be averaged over time to reduce noise since the instantaneous voltage is
consistent at the point of measurement. It should be noted that in cases where the Iine frequency
is different, such as 50Hz, the time delays could be adjusted appropriately.

[0042) In the previously cited examples (as illustrated in FIGS. 1 to 4), 169.7 v peak and
60Hz were chosen to illustrate a typical example. However, these parameters are for illustrative
purposes only and other voltages and configurations, such as 60Hz or DC voltage, could be

accommeodated 1n a similar fashion,
-10-



WO 2007/ 149205PCT/ US20071013093 cycl e portions 204a,
204b that are 180 degrees or 8,333 usec in length and
having a peak voltage 206 occurring at 90 degrees or
4,1 sec after the zero crossing points.

WBF%“%%H‘DJPM ng of power occurs by selecti vel 3}"?36&2%7%3“93
vol tage on alternate cycles or half-cycles over tine.
Measur enment synchroni zati on occurs fromthe zero
crossi ng points 202a, 202b, 202c. The presence of
voltage is tested at the zero crossing point 202a.

After a delay 208, the voltage is sanpled during

sanpling period 210. Here, a delay 208 of 4,166 psec

and a sanpling period 210 of 50 p.sec are shown. At

the tinme of sanpling, the neasured voltage is at

approxi mately 100% of its peak val ue, at which point

the change in voltage (-art ) is approximtely zero.
{004387' /3 endmplary cueasremeisystet tcagprisampliicniy fo bdwaeasured, an EI

sduft S u tHhat t he inst aneous

meas‘ﬁ&%lgg are %ﬁg%eér%g?n%h gﬁg arr;éneﬁ%llr Apent g %%u{‘?és ORI e gpnnected to
the cirghit tches modsizegdo measue embrtinbiysthitencous veinige pEfB tireweaid to

measuft ) o ek 5 AR RERE B & QL iR TEPRSIERRER pedutgs i

0pcraﬁmas¢nnam topthe tmnmllemrcomxmﬁﬁca&f the yt&laﬁﬁemérﬂs tohite Eddfaoller for
Ve AC

furte yBIAE e niplcpfieds SRBS SR RIS £ iR e Ssisance based an tre
measuosiis Siu mmm@owmlege Bt nﬁﬁﬁmd 300 iMtarieohd dustent.

10044 o 3R PRy Bl S mi st iR s b el s cxcrmplary

measufmidnn grstdm Ther ®inpeisture M’&hﬁﬁcméﬁﬁ |ni(ﬁl@lé il 3ferR@@Iy connected to the

i 1§electivel&ﬂg§EI|ed to the4%€ these cases,

reutted BEge A HERTEMED °%fﬁ’$8 EiRaens pus 4@ also be

inclndpeakhe éxdxﬂi}ﬂaﬂj}%éasﬁ)ﬁﬁkﬂﬁsy&&mt h?g geﬁﬁ\‘(plé’ lQitlé E%g&ﬁﬁ:mcnt module
is volts an

h k I
anclor . iperiied Baiment modtle e bF GRFARYAY gorpirid iajhe ontroier

througﬁ@ﬁh‘l&)hﬂﬂﬁm&ﬁmhh Bud ol fasllienaaki ?rekoﬁysfdﬁmﬁl&hhgg et i's
ore nNnOo neasurenen is

not plie he | oad there
100451, + B3t CL%?\% éﬂ@%ﬂﬂﬂ?’ YRtpR; TEPTRENHBRIAR Sxemplary gatbpdigent of a

measufﬁ&énﬁéysfdﬁﬂﬂoﬁmﬁidﬂa@li@fﬂoinp%ﬁ&ti AkER08] 408! 4O Bk ¥f AL circuit
consi st ept poggts during the AC cycles al | owi hg
being BEAUE BRD S i RAFH A AR EioT WA geaibeteE clempt erfbermal

proces§ifg Bster OTEE d&hBE Corhipthehid FD2OANEEY) 0¥ Rletrdi€sehfative in nature, are
nS|stent at the point of neasurenent. |t shoul d be

ot inGlSvs PrRETeRSHoDIRE SYSYHTR DST 9 @nd 47 dncfycied R RIG 5 tg show the interface

of the fedsnRin@ik systdss o tﬁ@ ¥stent Bfdek BB i&haus coul d be

adj ust ed_appropri at el
[6046] J In the FIG péj exe%nplary )Lodlment, an AC voltage 402 is reduced to a desirable

voltage and isolated from the load by transformer 404. The reduced voltage is proportioned to

the resistive load 408 by the power-proportioning device 406. The measurement system 400
consists of an EI (voitage — current) measurement module 410 comprised of a sync input detector
412 that monitors the reduced voltage prior to the power-proportioning device 406. The sync
input detector detects the zero-crossing event to which all of the subsequent timing is related.

The voltage input section 414 both provides confirmation of the signal voltage being present via a
comparator and the actual signal conditioning for the voltage input measurement. Instantaneous
current input is ebtained by current input section 416 from the current transformer 418 (or

alternately a resistive shunt — not shown). The dual S & H circuit (sample and hold circuit) 420
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100421 n the previously cited exanples (as illustrated
in FIGS. 1 to 4), 169.7 v peak and 60Hz were chosen

toillustrate a typical exanple. However, these
Wﬁaramsters are for illustrative purposes on%§ a%d
e t ages and configurations, such as GOMESEP7PI3093

vol tage, could be accommpbdated in a simlar fashion.

WO 2007/ 149205PCT/ US2007/ 013093 [0043] An exenpl ary

nmeasur enent system conprises a circuit to be

measured, an El neasurenent nodul e and a controller.

The El nmeasurenent nodule is operatively connected to

the circuit to be nmeasured to neasure an in-situ

i nst ant aneous voltage of the circuit and to neasure

an in-situ instantaneous current of the circuit. The

El neasurenent nodule is al so operatively connected

to the controller to communi cate the neasurenents to
simultapeousbimeasieg thefipstaritameaociue voltaga land cisTenT ignale arslprovided its output to

ul ' .St ance, hased

the A BB e R20: O Sttt 294 AP o PRI RRS et as ot
measyremsittigeing, scaling and petramtrdeationstogy meintconfrol@4 43 Aacross a galvanic
: [ I ! te.. r nt nodul e can be
isotatBR kpfi 440 SHRBA MR BITT nont. System The
[0047] enpRptamal tempeabue sweswrementsiire syichopesy meesured by the temperature

ed, t ot ircuit to neasure inst aneoqus
measfi SRR HAEHd 0, Yoo Sorh tthbrd BATRAE b AR A0 HRESE one or more T
input eplificrs d6ethich cohditiex eryibapsratuenscusareritht syl efovidedby the

I t . .nodyl d/ th L
T A N T M TON T N

is scaled by €etreidrd @nbrbHerctBst that th @irn kbihftigitatel the temperature value to the main

0 ications bus to.facilitaje nultipl e zones of
contrfig F30F ek = Ko Bs I dionbaracer S ey b6 R gs or different rom
galvardé Bglasion bapiecs4) Maxg%cgiﬁnﬁﬁieméina Eys, BHRBChAERY the Ezgge or different
neasur.enent . s em 400. . The das conponent s, 402,
from dRg3FRtjEaRont i S40E A, ceping e Shut § (L1 PBAMETID Seskule cases where a
linear ‘#putc buchtas ieH vdcté‘caﬁ ak ?ﬁgﬁdﬁl thatfiSiCatEsthé %’isﬁ?@ Qﬁ%%ﬂemperature, such
.neqt.l ng el ene or er rQcessSi ng system e
as m&%@#@&%b?ﬁﬁw gEDOr 9'?59&5?%8%,80%8 are

[0048] epriReeintntd@sdldkel AbktirEeante@e A0 tol 236dHnbfte Alutddlzones of
syrenent syste per se, and are included in FIG

resistike hegting glgments oprp @ sigls main ceaEqlies Ap el ay multiplemain

controllersiegaiea i el dSHetWBR VI HR® ieasur@B4R bbihd, he FIG 5
Iaréneandlqent, an AC voltage 402 is reduced to

. exe : .
10049, Alitonh dos6rbaciy SompRFIPE Bt P T HA QR ERIn erspt, it will be

appredidtadby MoSRIkink¥in e\t (RO MeldR8s, inSodMfiHRBAS, KRR §fbstitutions
to_the resistive |oad 408 by the power-proportioning

not sperifjsally deergibedmay be sagde stithent department fomn theseirisand sfopg af the

inventfon 2 \IRHiA<HAR the dppehdalclaif@asur ement nodul e 410
conprised of a sync input detector 412 that nonitors
t he reduced voltage prior to the power-proportioning
devi ce 406. The sync input detector detects the
zero-crossing event to which all of the subsequent
timng is related. The voltage input section 414 both
provi des confirmati on of the signal voltage being
present via a conparator and the actual signa
conditioning for the voltage input neasurenent.
I nst ant aneous current input is obtained.by current
i nput section 416 fromthe current transformer 418
(or alternately a resistive shunt - not shown). The
dual S & Hcircuit (sanple and hold circuit) 420
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WD 2007/ 149205PCT/ US2007/ 013093 si nul t aneousl y
nmeasures the instantaneous voltage and current
signals and provides its output to the A/D converter
422. A mcro controller 424 perforns the resistance
calculation as well as all neasurenent tim ng,
CLARM& i ng and communi cations to the main controller 430
across a galvanic isolation barrier 440 via
Vth%gg@&ggdogtlons bus 450. [0047] Opti onal tenperature
measurengnts are synchronously neasured by the
t enper at ure neasurenent nodul e 460. The tenperature
nmeasur enent nodul e 460 i ncludes one or nore TC i nput
1. amleftof4S 462Nkl hl? hhseanabddsQ&sidthiRe VaINP Of ai élé@ric circuit, the method
measur enent signal provided by the thernocouple 464.
TLhe A/D converter 466 digitizes the tenperature
COMPREASUr enent after which it is scaled by the nicro
control ler 468 that in turn conmunicates.th .
{ EFREAGRA A FNCHPHEMESVE AL AZPR-ToSImEROE of a%gcaseww ayeform;
gal vani c isol ati on bather, which nmay be the sane as
Otwattirfof cededat pefiodnhg dblagpiniod asedon o freqeeney of tha AS sopireg waveform;
a comuni cati ons bus, which may be the sane or

disff 88 8usly ARG ARTBN i iadiantiitdudbiliagboS 8@ 0fituit and measuring an
linear input 470 is provided to facilitate cases

| i near h 0-5 vdc can be provided
in-sity Wﬁ{mﬁaﬁ%‘? 86?1"%%“@?@" r%gﬁﬁgt ve el enent tenperatur e

such as a _signal from an. opt roneter or ot.
s eAPylaing b ieantnsouierRens loh el hfebient aff nEHAR e the AC
can be scaled to accomopdate nultiple zones of

sourcé @aveoiny eelémat hyndeelckypatied basah en thedneasurgd &i-pit)l @staatapeous
controller as well as nmultiple main controllers

voltage%ﬁ HAheAutR ifRAR LAV kel Many nmeasurenment
poi nts. [0049] Al though described in connection with
preferred enbodi nents thereof, it will be
appreci ated by those skilled in the art that
addi tions, del etions di fjcations, . a

2. subemethad fskimds wdisesdn eéigia]y ye’a%‘g’é FP%@%:WB% made
wi t hout department fromthe spirit and scope of the
invention as defined in the appended clainms. CLAIM
What is claimed is: 1. A nethod to determ ne an
i nst ant aneous resistance value of an electric
circuit, the nethod conpri sing:

-13-



generating a synchroni zing event at a zero-crossing
poi nt of an AC source waveform waiting a del ay
period, the delay period based on a frequency of the
AC source waveforny sinultaneously neasuring an
in-situ instantaneous voltage of the circuit and
measuring an in-situ instantaneous current of the
circuit; and cal cul ating the instantaneous

resi st anc . the gl ri AT a3 ' :

5. e el & & TiEranbLEl be R R RQphRARE yotuse s after
based on the neasured_ in-situ instantaneous voltage

a pealgvel tagh alye Aaveesyredhinsthe A G F08FSEVAR current. 2.
The nethod of claim1, wherein the delay period is
about 6, 250 usec. a peak voltage val ue has occurred
in the AC source waveform 4. The nethod of claim 3,

4. T ot ek ROSTRIIS NGrURE ESdibiign@vRITEng A peeseice\vdvb R ih the circuit
the circuit prior to neasuring. 5. The nethod of

. claim4 further conprising inplenmenting a del ay

prior PJPRESUNG o1 i f yi ng' and measuring to avoid noise in the
neasurenent. 6. The nethod of claimb5, wherein the
delay is about 1,000 psec. 7. The nethod of clains 1

- or 2, wherein neasuring the in-situ instantaneous o

5. vaht agehddsofataimhie fptmk coroprismingpémenting atdetay Aetversn veslying and
waveform 8. The method of claim 1l conpri sing:

measlFBRIY A8 ndfe idtinkdsinBibAnt aneous tenperature of the
circuit; and relating the cal cul ated i nstantaneous
resi stance to the neasured tenperature.

6. The method of claim 5, wherein the delay is about 1,000 psec.

7. The method of claims 1 or 2, wherein measuring the in-situ instantaneous voltage is at the

peak voltage point in the AC source waveforn.
8. The method of claim 1 comprising:

measuring an in-situ instantaneous temperature of the circuit;

and relating the calculated instantaneous resistance to the measured temperature.
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in-situ instantaneous current, and the neasured
in-situ tenperature are neasured sinultaneously.

10. A neasurenent system conprising: a circuit to be
nmeasur ed; an El neasurenent nodul e; a zero crossing
detector; and a controller, wherein the E
nmeasurenent nodul e is operatively connected to the
circuit to be neasured to nmeasure an in-situ

9. | N§k a}nétﬁ{:}f gf'cﬁeu Ok LAGE 0 thelGshilel G %&u ﬁ@ﬁn‘[ﬁﬂeoﬁ? IS8, the measured
an 1n-si ant aneous current o CIrCUIt
wherein the EI r enent duI is operative ]%

in-sith GHFHENANERUY T Abib e PRAARAE S BRRBRPILL e eastfed simultaneously.

nmeasurenent to the controller, wherein the zero
crossi ng detector synchroni zes the neasurenents of
the El nmeasurenent nodule to a source waveform of the
circuit to be neasured, -and wherein the

nmeasur enent system cal cul at es an i nstant aneous

resi stance based on the nmeasured in-situ

i nst ant aneous voltage and the neasured in-situ

i nstantaneous current. 11. The neasurenment system of
clai m 10, further conprising a comuni cations bus,
wherein the El neasurenent nodule is operatively
connected to the controller through the

comuni cations bus to facilitate multiple zones of
nmoni t ori ng.
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12. The nmeasurenent system of claim 10, further
conprising a tenperature neasurenent nodul e, wherein
the tenperature measurenent nodule is operatively
connected to the circuit to neasure instantaneous
tenperature and is operatively connected to the
controller to conmunicate a neasurenent to the
controller. 13. The neasurenment system of claim 12,
co risigﬁ a c%nnunica%%ons bus, wherein the
t AHPE RS S odul e is operatively
connected to the controller through the '
conmuni adtcus isbhgasgek aci | i tate mul tiple zones of
nmonitoring. 14. A nethod to determ ne an
I nst antaarklonsisiresestrandde;val ue of an el ectric
circuit, the nethod conprising: detecting an event in
a cycl e of, ahsffe RAVRS; aaPpl y of the electric
circuit; walting a period of tinme, the period of tine
based on a length of tine to cycle; generating a
'signalzﬁﬁ?gPﬁg’the electric circuit; in response
to the generated signal, sinultaneously neasuring an
i rwheirein %hq@,&meﬂsmwagmvéqﬂﬁ agepeFively coppested iy thegircpis g be
and nmeasuring an in-situ instantaneous current of the
meastle@ 6 fieasued #iCini ity ihientaeasuvoltge of thacircuigardup inmgsere an in-situ
portion of the cycle determ ned by the period of

instardth{®us &R¢knt of the ERbEHI ating the resistance of the
electric circuit based on the neasured vol tage and

thefl .nea ed current. ., .15 The. neth f [ ’

it Cioe st il PP o f R e o

conprising: a zero_crossing point, a voltage peak, a
commpigaigpmRpTIeAT thhaicARFNA ate of change, and a

maxi mum rate of change. -
wherein the zero crossing detector synchronizes the measurements of the EI measurement

10.

module to a source waveform of the circuit to be measured, and
wherein the measurement system calculates an instantaneous resistance based on the

measured in-situ instantaneous voltage and the measured in-situ instantaneous current.

11.  The measurement system of claim 10, further comprising a communications bus, wherein
the EI measurement module is operatively connected to the controller through the

communications bus to facilitate multiple zones of monitoring.

12.  The measurement system of claim 10, further comprising a temperature measurement

module, wherein the temperature measurement module is operatively connected to the circuit to

measure
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16. The nmethod of clains 14 or 15, wherein

si mul taneousl y neasuring and cal cul ati ng conpri se:
testing if there is a voltage in the electric
circuit; if there is a voltage in the electric
circuit, then wai ti ng anot her period of tine,
the another period of tine permtting voltage spikes
to settle down in a case where the AC power ‘was j ust

. swi t ched on .. simul taneous asuri n .
instantincoliy [smpsEtugR Pah s RErUST Y Samicared i e ap bl R eqmmppipate o
and neasuring an in-situ instantaneous current of the

measwiegenttodhe¢anggller. t he neasuring occurring during a
smal|l portion of the cycle determ ned by the period
of tinme and the another period of tine; and
calculating the resistance of the electric circuit

13. b%%%&gm%@@ntggg%w&@zamlﬂz?&ﬁnmlg h@rRaSEHREs bus, wherein the

current. e nethod of claimI4, wherein

si mul t aneousl SUring . .conprises:
tempepiR mERBETERY THELE it REGRYR GonBRe fo s onira i dhrgueh the
voltage of the electric circuit and neasuring an
commjunicstions husde Saeilinie sustipla zerastol FOMRAEIR| ectri ¢
: circuit, the neasuring occurring during a snal
portion of the cycle, the small portion being | ess
t han one percent of the cycle. 18. The nethod of

14. C lﬁ?hl@}h%ﬂ o 3@[@1&1%@ att BlstattaAtdul Fe SARRE VARS of an electric circuit, the method
calculating the resistance of the electric circuit

based on the neasured voltage and the neasured
COMPEP¥ent and based on-the period of tinme. 19. The

met hod of claim 16, further conprising: r?peatlng_the

mdeeeiingsansenl intg gygls-of ap A C power supply of the electric circtit;

waiting a period of time, the period of time based on a length of time to cycle;

generating a signal outside the electric circuit;

in response to the generated signal, simultanéously measuring an in-situ instantaneous
voltage of the electric circuit and measuring an in-situ instantaneous current of the electric circuit,
the measuring occurring during a portion of the cycle determined by the period of time; and

calculating the resistance of the electric circuit based on the measured voltage and the _

measured current.

15.  The method of claim 14, wherein the event is selected from the group comprising: a zero

crossing point, a voltage peak, a voltage minimum, a minimum rate of change, and a2 maximum

rate of change.
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averagi ng the cal cul ated resi stance to cal culate an
average resi stance. -18-

16.  The method of claims 14 or 15, wherein simultaneously measuring and calculatihg
comprise:

teéting if there is a voltage Iin the electric circuit;

if there is a voltage in the electric circuit, then

waiting another period of time, the another period of time permitting voltage spikes to
settle down in a case where the AC pdwer was just switched on, -

simultaneously measuring an in-situ instantaneous voltage of the electrie circuit and
measuring an in-situ instantaneous current of the electric circuit, the measuring occurring during
a small portion of the cycle determined by the r-period of time and the another period of time; and

calculating the resistance of the electric circuit based on the measured voltage and the

measured current.

17.  The method of claim 14, wherein simultaneously measuring COmpriées:
simultaneously measuring an in-situ instantaneous voltage of the electric circuit and
measuring an in-situ instantaneous current of the electric circuit, the measuring occurring during

a small portion of the cycle, the small portion being less than one percent of the cycle.

18.  The method of claim 14, wherein calculating comprises:

calculating the resistance of the electric circuit based on the measured voltage and the

measured current and based on the period of time.

19.  The method of claim 16, further comprising:
repeating the method several times; and
averaging the calculated resistance to calculate an average resistance.
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