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wd bs7aliesent disclosure relates to resistance pcr/us2007/013093

nmeasurenents. Myre particularly, the present

di scl osure relates to nmethods of meking in-situ

resi stance nmeasurenents 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-tinme diagnostics

and predictive failure nechani sms. BACKGROUND [ 0002]

In the discussion of the background that foll ows,

reference is made to certain structures and/or

nmet hods. However, the follow ng references shoul d not

FRIGHSCCIRACY EN-SIZUNRESISHANCE MBASYREMENTS MBEETHODS

and/ or met hods constitute prior art. Applicant

expressly reserves the right to denonstrate that such
FIELDst ructures and/ or nmethods do not qualify as prior art.

[ 0003] Conventional nethods of neasuring resistance in
[0001) eSiTHeipréscat @REIBEEe rolples &) teyistahbe measterhents) Mor&phtidilarly, the

ot her tinme-averaging s henes,or,appLg an active signa
present disghpguredglafes &o r@ﬂa%é ﬁ% makggphi registaRaeseaspements and methods for

monitSFRESEHUSIR Ot babdll d'Gie RS SurRnehRe FoPERBhple! € present disclosure can relate
nmeasurenents are wusually heavily filtered to renove

to methedssef measuranesnts on erasistive hegging\alerpenttyehileconsratingdn adprnace and to
real-titnk & g%ics%%rﬁﬁ)ge&i&?&e fgﬁﬁe'ﬁécﬂgﬁs&g this invention ’

provi ernore, these neasurenents tend to not
be very accurate with tinme-proportioned (such as in

of zero-cross synchronous control) contro
BAC*%S?QE@@S In the case of the latter, the neasurenents

often need to be taken when_the ower js not applied .
10002 yhil s Seusolam A KBRS U Iy fefematists e Gerain

structdFBISh dNYER e RBUE ' Hbweved PBE FSItb wing @ fe RAICEPIhoBRE G e RBnstrued as an
condi tions) and can be a source of system noi se

admisgjep thad thege struatiiss asd/graethedp corsgityty pg'ﬁgbqt.eA‘pp]écant expr.essly reserves
the i g?rgg)s%égn?dlﬁggte {h} <687 SiRuchiEL find/ BEmBANRE a5 Hepé%éi;fy?' agfrior drt.

possible to Inter
[0003)vol tGoypeentichat oretlenis of uppsurintgresistescainmesistivecgiements typically use

some %)?%Otff] srret qu if - vrtr:oni.t orci nf%iet hxe cqndi ti:t?\pe s?f a1 to the restive

s Fac #F@ é)_ﬁrolt S EMERYARNE HESTICR §F BRENER peteSien

elemefits $1¢ bz €b péifdsmS measuethe¥OIn tHe, A6 o B farntkr,/the hkabd8ments are
the contents of which are_ incorporated . ) )

usually heavily filtered to remove noise and therefore do not provide the resolution 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 to 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.

[0004] A method for monitoring the condition of an electric 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.



herein by reference. -1 WO 2007/149205
PCT/ US2007/ 013093 SUWMMARY OF THE | NVENTI ON [ 0005] An
wEIRIRkany enbodi ment of a nethod to determ nep@fus2007/013093
i nst ant aneous resistance value of an electric circuit
conprises neasuring an in-situ instantaneous voltage
of the circuit, neasuring an in-situ instantaneous
current of the circuit, and calculating the
i nst ant aneous resi stance based on the neasured
in-situ instantaneous voltage and the neasured in-situ
i nst ant aneous current. [0006] Another exenplary
enbodi mrent 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, nmeasuring an in-situ instantaneous current
SUMMARYORTHEUNVENEKINIr i ng an i n-situ instantaneous
tenperature of the circuit, and calculating the
[0005] NSt AntRdRpldsy énisddiinentst ashod andéttienine as isethtirous resistance

si.tu instantaneous voltage and the neasured in-situ

value phan glgetHASHOUIt COMPEFRS MIRTUHRE 47 Iyt ingrantanequs veftage of the circuit,
measdrﬂ%taﬁrﬂi ANE MRadtitoil Ae&it b tﬂeh:@rcﬁﬁ aa?idﬁﬁfi:uia@ﬁ@&ﬁ@fﬂéfaﬁtaneous
07] An exenpl ary enbodi nent of a nmeasurenent system
resnstamqpaaed@g the gieagred in-ginbiastanaaeensegdltagmard thempasredimsitu
(mn%gp a controller, wherein the El neasurenent
IS "operatively connected to the circuit to be
[0006]Te asAnidtHert exempa y embadiment of & mathmltaniemnmmmumbthmgewus resistance
the circuit and to neasure an.in-s

value Bhan ST EUEL COMPAS BTSCREE B PGt M BRERETY Yelfaeepf the circuit

measufiR2 Wi SR0 instifiatelué Surddift bR tHeRckit ABARAEhE dn iR sith thstantaneous
controller to communi cate a neasurenent to the

tempegsperaf|thepircuity andyprlewpting the indasnconeresisapse baged on the measured in-
sitm inSAhEHEALSHIAR. AP R ARER In LAD LRIANERAIR Lot A fefing the
asured Itu I nstantaneous voltage and the

calculmdsmatzadanqous resistangs tatheanceasursd dempezature. (0008] It is

000711 undnelr : OOd? at n P ah Eez?%ref Orn? Oslten gen%ses a circuit to be

I esc Bf‘fo% d"P9e ?ovvlmngs dea GETEHP Bt Bh

measuéd; afBI ﬁiaéaaﬁmmﬁdnﬁuﬂleamai DEohtwilier, aﬂﬁrélﬁl tt&:nl@lhﬂeiwrement module is
provide further explanation of the inventiagn as

operaté‘feiy sumectgte-fherginspbtobe amgasgyred [ompepsag {gdn-situ instantaneous voltage of

the circuit and to measure an in-situ instantaneous current of the circuit, wherein the EI

mstan{TD 80111

measurement module is operatively connected to the controller to communicate a measurement to
the controller, and wherein the measurement system calculates an instantaneous resistance based
on the measured in-situ instantaneous voltage and the measured in-situ instantaneous 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 description 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.
-2-



[0009] The follow ng detail ed description can be read
in connection with the acconpanying draw ngs in which
wo bdoe/1imgper al s designate |i ke elements and i n whi/e8io07/013093

[0010] FIG 1 depicts an exenpl ary neasurenent

techni que applied to a phase angle fired |oad. [0011]

FIG 2 illustrates an exanpl e phase angl e neasur enent

pattern over a set of cycles. -2 W) 2007/149205

PCT/ US2007/ 013093 [0012] FIG 3 depicts an exenplary

measur enent technique applied to a zero-cross (tine

proportioned) load [00131 FIG 4 illustrates an

exanpl e zero-cross fired neasurenent pattern over a

set of «cycles. [0014] FIG 5 is a block functiona

di agram representing an exenpl ary enbodi nent of a

nmeasur enent system DETAILED DESCRI PTION [0015] In AC
[0012]s Up[FIG. A dppictaini cxampldrf encavirérage tpaingqitel apiplibd toveeeroichess (time

sug&iy u{nes cyclically increases fromzero to the
proporighgdiled age with one iine being nore positive than
[0013]t he FAGNEEInkstiafes anleRERPRELFLERESfiRAGKedsAreaRin® pAtYeRh 0S€ Eset of
) time. The voltage then increases again to the Peak
cycles\ol tage with the opposite |ine being nore positive
(0014f, 201678 L0k Bk AU Bn Ao G AG hrink ALk BURHEY Ymfodifhent ofa
measuiihhbntsystgonme ot her countries. The point in tinme at

whi ch the AC potential between the supply |ines

becones zero is referred to as the Zero Crossing
DETAIDEDIDESCRTION)e is typically a circular function

where the instantaneous voltage is approxinmately the
[0015Peakn Yt ity applicafibnss thebjoltaepstenti{] Getwdrartke Supply fimes cyclically
increalsgdICPh girodn ARG TP AT SyrdIEdIe T RDLF Bowgeriiap the ot lne,

then dP&EAsRE bRk 8Eef AN R REME tintO OritadIRES thehQdBAseé\Bgain to the Peak
exenpl ary nmethod to determ ne an I'nstantaneous

Voltageewitls therappositd line bfingimors pasitivecthar thecather. dawpeycicrspeats
contimcqlglr?si)zl&tit anr%%ea néedglszz i;o:i' n%gésﬁ%t?ﬂ%&ﬂﬁ@s‘%ﬂ%hé’ @StAagﬁi aRfSOH%n some other
countries. The point in time at which the AC potential between the supply lines becomes zero is
referred to as the Zero Crossing point. AC voltage is typically a circular function where the
instantaneous voltage is approximately the Peak Voltage multiplied by the sine(0) where 0 is in
radians and a complete AC cycle (encompassing both the positive and negative half cycles)
occurs over a period of 2x radians or 360 degrees.

[0016] An exemplary method to determine an instantaneous resistance value of an electric
circuit comprises measuring an in-situ instantaneous voltage of the circuit and measuring an in-
situ instantaneous current of the circuit. Based on the measured in-situ instantaneous voltage and
the measured in-situ instantaneous current, the instantaneous resistance is calculated. The
measured in-situ instantaneous voltage and the measured in-situ instantaneous current are
measured simultaneously.

[0017] An exemplary embodiment of an in-situ measurement -is a measurement of a
parameter in a circuit while the circuit is electrically connected and operating and, preferably,

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

conditions.



situ instantaneous current of the circuit. Based on
the nmeasured in-situ instantaneous voltage and the
worR@suieos i n-situ i nstantaneous current, the PCT/US2007/013093

i nst ant aneous resistance is calculated. The neasured

in-situ instantaneous voltage and the neasured in-situ

I nst ant aneous current are neasured sinultaneously.

[0017] An exenplary enbodi nent of an in-situ

nmeasurenent is a nmeasurenent of a paraneter in a

circuit while the circuit is electrically connected

and operating and, preferably, when the circuit is

operating normally and wi thout interrupting or

nodi fying the operating conditions. -3 WO 2007/ 149205

PCT/ US2007/ 013093 [0018] A neasurenent point of the

i nst ant aneous voltage in the circuit is periodic and
[0018ht aA mmemntrpmiedoﬁ thmmmous:mdtm émthepuixicntt if parindic and at a
of the volta

predels i A5 51 € roms st POt PPl ehastians o asaplg of the volage. For

exampléQaYitige paidd r,efetﬂidea@@tlﬁ%lb crofdih@P6int]ivaitagipeak, voltage minimum,
m ni mrum or nmaxi nym rate of change, or tine periodicity
mininug, ohmayaRim rate 9f chaneferdiipe a@mdwlsbmbca*se@ hAlso, a measurement

point b {Bk MMANERYTs MR M tHetidcOR iShdrfddhd addat ra%;re&eéérﬁumme and a

at a predetermned tine and a consistent "poi nt
consistens pot irefrementserpaterniointrin a cyglelof thyf curteat. cEmrematnpleF@ny time period
referex?%%ggg !ttﬁegzegg Ich sklﬂg gBSlrt ' %ngre aﬁéa‘fc{) (Slg'?egng {‘%‘%"I}Hh n’t,lrfrhlenrh?lnuﬂ} ?rru rPnaximum rate
ofchaﬂge rom timma periodicity cah bel‘maage or time periodicity can be

[0019 glp é’l['?g g)]ib\]aph(y g%cfi gg t (v?geggr?%dpbgrﬁﬁ% a 5froSﬁgo§§@g point of an AC
waveﬁﬁﬂﬁ efanBthdriexampldie EmBE@EMna tNe gﬂ?ﬁ&@hﬂi‘ﬁ@& tinel1€ about 6,250 usec
ﬁqowpredetern1ned time is about 6,2 sec 10%9. In a

ok ilp p still furlgr cxgmpisna egbedimsat. ﬁbmpredetn@mppé tigtedp gt preafter a peak
V°“agh‘{gﬁ12‘%§% ‘Rfedq%@%jﬁ Jeak voltage val ue has occurred .

exenpl ary nethod to determ ne
[0020hn imemnplamuethoém détemmdiac ua inseantdneans &Isfstzinr:e @alue of an electric

mrcmtC I \%%Iptpg -0t IH?%Q glFllll ini on&gﬁ%}%@ log e{)jéz{%' i i cru?tsp%rl)g%o measuring.
VenﬁMeg IhE)pkdE!;@néJ@f tRE QRAPE oBEribulfed tY Abvbidpsy &ﬂﬁkwaﬁbﬁsﬁr&ﬂmt which
avoi di ng erroneous neasurenent which would occur by

would;qeepr oy mgludingnmeasimementirics the eireyit is idle to thejayeraging process.
VerifyidlEcAMY dfHlety, RIr@k&RPle, a comparator circuit, either a separate circuit or

incorporated into the voltage input section of the EI measurement module or into another module.

In one exemplary method, a delay is implemented between verifying and measuring to avoid
noise in the measurement. An example of a suitable delay is about 1,000 psec (£10%).

[0021] As used herein, all measurements are taken during normal operating conditions by
simultaneously sampling the instantaneous voltage and current values. Since the voltage and
current measurements are taken simultaneously, accurate resistance measurements may be
calculated by dividing the instantaneous voltage by the instantaneous current measurements.
[0022] Optionally, the temperature of the circuit can be measured. For example, an
exemplary method to determine an instantaneous resistance value of an electric circuit comprises
measuring an in-situ instantaneous voltage of the circuit, measuring an in-situ instantaneous
current of the circuit, and measuring an in-situ instantaneous temperature of the circuit. The

instantaneous resistance based on the measured in-situ instantaneous voltage and the measured
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Verifying can be done by, for exanple, a conparator
circuit, either a separate circuit or incorporated
wo Bs09/1kd2es vol t age i nput section of the El neaspreoeinh7/013093

nodul e or into another nodule. [In one exenplary

met hod, a delay is inplemented between verifying and

measuring to avoid noise in the neasurenent. An

exanpl e of a suitable delay is about 1,000 sec (109%.

[0021] As used herein, all neasurenents are taken

during normal operating conditions by sinultaneously

sanpling the instantaneous vol tage and current val ues.

Since the voltage and current nmeasurenents are taken

si mul t aneously, accurate resistance neasurenents mnay

be calculated by dividing the instantaneous voltage

by the instantaneous current nmeasurenents. [0022]
in-situtGobtantaaédug cutrent is ealjoelaaddiand thé cdltwdated limstrritareans fistance is related to

measyred. For exapple, an ex lary nethod to .
the megspiEf irRberars. By ik esrmRlgey TREEPRy B B opIPd - ifgantancous voltage,
the m;ﬁisﬁféti lih-GitE idsCdhtdneb O Vrténe Sand TESidhduiéll Mbsituteshipbrature are measured

i nstant aneous vol tage of the circuit, neasuring an

simulppeayistyy Wi respeshie sipmersyredsingsityfingtpriangous ypitagea thy measured in-situ
instanfHRASH duB@nf thd MefblYs sl AREQLSHbEIREEiR YL Ge. oﬁfiltht}gspect to the
circuit. The 1 nstantaneous resistance based on the
measungchidoti@idnstantgnequstersperatuse: dameasvramens camte taken at by a thermocouple
positi&l%ﬁﬁ)%)?glaied'thg\l&rg\gwl 149205 PCT/ US2007/ 013093 in-situ
I nstantaneous current is calculated and the cal cul at ed
[0023] nstEXAMRIGS Arciuit fane Beatifg lebingdne ¢ dlectritdls doaaedtEded a power
tenperatuyre. In e exenpl ary nethod, the nmeasured
supply 2pp 1 Ssal sfro s TPUlelt SYRREYHRE Setnetrtqdatdhg AC zero-
crossihg!péiANARI VAL wieaSureRAt is takd aflefa P@M&&Miﬂe@ b%ﬂn adjustable time
tenperature are neasured sinultaneously. Wth respect
delay. t ‘Bhif frsuras shattheimepsusements azeradweysakersatibe sameepoinhia time during the
r -
AC oy oidys Bpfibhél au kBl B BB lldeClitve PRI, e
measurgnériiavindma sudesigned +6 be weryrsataiine.gn dess shanclp pfimbhe exemplary

.he asur enent can ken at a therpoc | e .
embodiien R RUTPREBI? ik aACTRITFIESGire 1 pibisnite R apppiot s varying AC
voltage idufibg theféasardntsnk pagod | RirRRbmble, 8h E‘lzérﬁﬂilggl érﬁbodirtnent has a 50 psec

suppl v vac a

connect ed tg?a power sugpl to 60Hz
measufenqil FRFqVE dptian ACpHecye B e &rR08tr and hana Rasec
measuféhidiit wih@W £1hnPRECHal fA3€1e!dTa 00RO HEE FB BoHLS  aken

after a period determ ned by an adjustable tine
[0024)5e| &pr zamerasossing gymehnoniped donds myeanieapplied imcemplepelyalf-cycles or

whole%%gpax?& ponBSrti%ﬂgc? 0981 tmle.i §m¥:é ﬁ?vglwécsl gnci P&urrent) are periodic and the
resultant power does not vary when examined over the control resolution (individual full or half-

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

t

f zce (ton ’ taﬂ’ ) = =

ton +oﬂ'

[0025] In most cases the cycle time (ta,, + tw) 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:



AC cycle and all ows optional averaging over time of

consecutive neasurenents. The neasurenent w ndow is
woleghgpees to be very small, e.g., less than 1 pgr/kmo7/013093

one exenplary enbodinent) as conpared to the AC

hal f-cycle so as to mnimze the effects of the

varying AC voltage during the neasurenent period. For

exanpl e, an exenplary enbodi mrent has a 50 sec

measur enent wi ndow for an AC half-cycle of 8,333 sec

for 60Hz and has a 50 sec neasurenment w ndow for an

AC hal f-cycle of 10,000 sec for 50Hz. [0024] For

zer o-crossing synchroni zed | oads, power is applied in

conpl ete half-cycles or whole cycles and proportioned

over time. Since E (voltage) and | (current) are

periodic and the resultant power does not vary when

dxag;ned ovef, the control tesol ution (iindi vi dual (ull o

e Vi o) Tyches), per@e‘nt6 potuer= g o deflnfe«d‘&ax/of) 5%
t he functloﬁ 7 (ton, )= ton ton +off [0025] In
nnst cases the cycle tine (ton + toff) is equal to 20

ycles or 333 nsec. The mninmum applied power in this
l00261: aseAnsappication ofipawerdp thsvgenistivaload crestesd mensurqble (at least half-
cycle)chEx}tB %8)71' %%gg’éegghrgxggnt\%n%qu L %%)slé ﬁred 81r<]:mfntf 1s at tPc peak of the
AC halfBcycld wbishtagaurs 1‘67) psec aﬁexltbe izcm Cfd:isfevﬁm—@r E@B&Iz[m Eﬁ}rce Another
way to °%é3‘33*’f§%ﬁ%té‘“ ?sgfe?z}tgnggi tohrgfh‘ang glg:gl E E %’@ o?ﬁge gcr:cexgst 'gtsnl2 radians
(90 depfRbPAddES/MRaRAHsqIPOHe Qédszhfeﬂf suKﬁBﬁaqreﬁﬁs—lf kdsPéktively. At these

elenents is at the pea t he | f cyc e whi.ch
ogLU
pinsQBEUEL, (b GSRIBE i R TEA: RS Vi e iUl

relating it to radians such that the peak voltage
measugIRes at 7t/2 radians (90 degrees) and 3n/2 radi ans

[0027] 27 0nAROERE DY pm%fﬁﬁﬁ:' dafrOlediohds r&élayi]ng the §8§1@ hi \Wﬁlcﬁ the voltage is
At these points, e av schange in voltage over tine)

appliegd 4o the laachpmpﬁgmns yadt 4CHwif qyslepidie portign 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 respect to E and I and I is a function of E (the load is primarily resistive in this

2
2 . In this case, since the
1

exemplary case), the percentage of power can be expressed as

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 6)
f pac (91 ) = %_—
Jsin(oy

[0028] Examining a typical half-cycle, where the cycle begins with 6 = 0 (t = 0) and ending at
0 = n (= 8,333 psec for 60Hz), one finds that 50% power is applied where 8 = 7t/2 (the phase

-6-



measurenents. [0027] In the case of phase-angle

control l ed | oads, delaying the point at which the
woera@gRes s applied to the I oad proportions epchuéfeor/o13093

hal f cycle. The portion of the AC cycle during which

voltage is applied to the load is conmonly referred to

as the conduction angle while the point that the

conduction angle begins is referred to as the phase

angl e. The conduction angl e enconpasses the portion

of the AC cycle fromthe phase angle to the next

zero-crossing event. Since Ris constant with respect

to Eand | and I is a function of E (the load is
primarily resistive in this 2 exenplary case), the
percentage of power can be expressed as 2 . In this

case, since the waveformof the voltage is irregular,
angle)a QRsr ¢an ASOUEXBIESS thephase ngle nroﬁegmbestwmr@ewe?n isahe brame as ¢ = 360

degreeﬁe‘r;]?xésn %nesmé?tl ¢B%\?g:d%t | n%lst}g% gﬁ% 0 ? pgi/ r E‘E‘A@@culﬁtlons are as follows:

sin(B)2 0 [0028] Exam ning a typical half cycl e,

where the cycle begins with 0 = 0 (t = 0) and endi ng

at 0 = 7c g&k 8,333 sec for 60Hz), one finds that

50% power. i lied where =n/2 (the phase -6 WO
2007f,146,65PEFH-US2007/ o&g%—lawgmq e caf},489e 50%
expr ess thejgﬁ@gé angle in grees where 0 = 271 is

the sane as, 360 degrees. This neans that 4) = 90
degrees is the 50% power point. The cal cul ations are

as follows: X f sin(92zf,, (9,9,=2=1.571rad "

[0029‘ 9, %1'%& pﬁllsgg mggé}\erated by monitoring the AC supply before the energy
regulation devices in the circuit. For example, this monitoring point can be a pair of SCRs
connected in parallel opposition. After a period of time determined by an adjustable delay, the
incoming voltage is tested to verify power has been applied. In an exemplary embodiment, the
delay from sync to measurement is adjusted to about 6,250 psec (+10%) yielding a phase angle of

approximately ¢ = 135 degrees. Examining the power at this phase angle we find:

J'sm(¢9)2
froe(6,) = &— 6, =135deg = 2.356rad

I31n(9)2

£ (6,)=9.085%

pac

[0030] This configuration allows measurements to easily be taken at power levels of 10% or
higher. 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 exemplary embodiment) the voltage
is 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 angle

-7 -



[ 00291 Sync pul ses can be generated by nonitoring the
AC supply before the energy regulation devices in the
WG Rd0eMidhes FOr exanpl e, this nonitoring point Cafr/0087/013093
pair of SCRs connected in parallel opposition. After
a period of tine determ ned by an adj ustabl e del ay,
the incomng voltage is tested to verify power has
been applied. In an exenplary enbodi ment, the delay
fromsync to neasurenent is adjusted to about 6, 250
sec (10% vyielding a phase angle of approximtely 4)
= 135 degrees. Exam ning the power at this phase angle
we find: Jr f sin(9)2 fp.(9,) ~ 9, =135 deg=2. 356rad
fpac(9,)=9.085% f sin(g)s O [00301 This
configuration allows neasurements to easily be taken
at power levels of 10% or higher. This covers the
that themjeasurement isdpisni is H6i25091s8¢ hds0AOheseppi®;B3 duseolix 180rdegges = 156.6
operation is usually ch, hi gher thap,10% O  course,
aegrecth A iubiatnont vpiherat THR Phese BEies f ad@o iledets Bvat
even | ower percentage of outputs, if necessary, by
adjusting the delay appropriately. [00311 After an
adj ust abf, e(@)e sig(d)set ta) 15FMXegec in gp, @RIBH.AU%
enbodi nent) the voltage is tested again to verify it
is still present. This delay functions as both a
iere 5 Rkt Phfoe  BABE A AP BB bR v
[0032) ni tThahd gasaPPDICEbItage, the bdthiEay syolehrpii@erfidll K endid@sd it’s own period
initial voltage application to_ settle before ) )
sync pisss t9r sample the voltase nd quigrat pultiple fimes apd aygragq the readings. There is
no issuE AR bAkEE DO Bedeifents &h ICoRUBITNGS ¥ cSEROM bk qurds}eak vatues
anywayhe neasurenent is taken is [(6,250 sec + 1,000 sec) /
[0033].8’ 3§§GS ?%L%fétslagoqp?)ﬁggu%%sof EP, ﬂégg%ﬁlgggg%rﬁsgﬁgmcrﬁggwﬁe applied to a

I nst ant anedus vortage at t

phase asglel ifédniedd bExarhitihd P)G=9, af Q)C PowerlsuppBAy hivpk aQink frequency of
=39. 715% . Therefore the instantaneous voltage Is_ equal )
60Hz that 'ﬁﬁkﬂ“é?‘id nShgpes has 3 mean gobwl?v%q’ Q &?}és_ 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 usec 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 16a, 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. ‘

[0034] 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

-8-



[00321 In the case of DC voltage, the exenplary system
internally generates it's own period sync pulses to
womwph e voltage and current rultiple timesp@Nds2007/013093
average the readings. There is no issue with taking
DC neasurenents on this systemsince it essentially
nmeasures peak values anyway. [00331 FIG 1 depicts an
application of an exenplary measurenent techni que
applied to a phase angle fired |oad. Exam ning FlG
1, an AC power supply 10, having a |ine frequency of
60Hz that is sinusoidal in shape, has a nean vol tage
12 of O volts with recurring zero-crossing points
l4a, 14b, 14c. The AC power supply 10 consists of
hal f-cycl e portions 16a, 16b that are 180 degrees or
8,333 sec in length and having a peak voltage 18
that thednsxamthln@uawal%s gredalensat dtie safhelfmontsacinad. t Rividibe of the woltage
SS|®% go nts. The half- cy. cIe %Prtlons 16a, 16b are
measuSEERy R e hestiaient WENS thy BSiGRiaBEoNsSET taRee spgastrement.
(0035200 PN AUREstautsten dxamphibiudé aﬂé]Weasﬁ%eﬁtWhﬁovér R&et of cycles.
desired output power can be at |east 10% of the

Turning,attentien jo HlG- 2, mpltipe sopseaniy @ AG qyeles pp described imBlG 1 are shown.
The nitif{5E cb&emt c?@l%g l@da q@b@yl'O@g h‘él{;@mflﬂt{glélgera% sgm%%)omts 102a,

0 approxi mately dégre€s or
102b,d82¢ 10Rd.102epB¥M) 1 g andimultiplescondnetinn anglecdveotsi wdtaJ Kb, 104c,
ur romthe zero crossing points 14a, 14b, 1l4c.
lomigpﬁ liéésired out put power can be sel ected, such as '
[0036]2% Bﬁﬁngﬁﬁﬁ: firdtT%o 3ok, thO Hrinp AligleA0Ba, 196H0iaN3B.Adegrees or 6,176 psec
0031 resence of ggl ge ig tested after del ay
yieldingiangles o sonfiiptiond Odactoaby 194eal 04d thapprogyee %outa\neg%t
appro®itha2dg i1 b%ocgﬁhe ﬁﬁ&ﬁﬁuﬁ@vhﬁaﬁl@ﬁb@@ﬁ Thekkesk Qadels) &M’ta%@ is present at the test
noi se i npul ses that conmonly occur at the initial

pointsgh§p; HOgbiand tmrem pfigredelays d|1 93,i118b @ spbseanentaneaspyementy112a, 112b is
taken.t N€ vol tage during sanpling period 28. Here, the

delay 24 is 6,250 sec, the additional delay is 1,000
[0037kec, Daning tdlhehlshwmm}vigry qyele; te fitihg angh0l G6eds 143. 8tdagrees or 6,657 psec

time, of n sured voltage 30 is still . o
vieailg JeASH BB Ryt O ) B BB Do eispigately 5% of
the miﬂmhhﬁa%ﬂhlblagﬂmﬁﬁﬁi theg:, cabére velagedhot p‘reieaasme tess péilit 108c and

-8 WD 2007/ 149205 PCT/ US2007/ 013093 that .th
therefore o ReasHERrnt isAtsawted o Thegesyt of thisyaethgdhis ﬁ%? ¥Rltagg and current
measurédBnts e\thRdr¥imAltatddRislytl boSstedtPREHE SIFRY thB ¢ Bfcles allowing

current nmeasurenent yiélds the instantaneous
subsequegt meagEeMeRts tq peaveraged over time to reduce noise since the instantaneous

voltage is consistent at the point of measurement.
[0038] It should be noted that each of the delay parameters may be adjusted and therefore
power levels of less than 10% could be accommodated if desired. Conversely, a higher minimum

measurable power level could be selected or a shorter noise delay implemented to take

' ov . . .
measurements where the rate of change (5]7 ) is at a lower value, which could also increase

overall accuracy. In addition, in cases where the line frequency is different, such as 50Hz, the
time delays can be adjusted appropriately.

[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 with recurring zero-crossing points 202a, 202b 202c with half-
-9.



[0035] FIG 2 illustrates an exanpl e phase angle
nmeasurenent pattern over a set of cycles. Turning

werdoeiden to FIG 2, nultiple consecutive AC myguSH0BE3093
described in FIG | are shown. The nultiple

consecutive AC cycles 100a, 100b, 100c have multiple
zero crossing points 102a, 102b, 102c, 102d, 102e,
102f, 102g and multi pl e conduction angle events 104a,
104b, 104c, 104d, 104e, 104f. [00361 During the first
two cycles, the firing angle 106a, 106b is 133.4
degrees or 6,176 sec yielding angles of conduction
104a, 104b, 104c, 104d that produce an out put power of
approxi mately 10% of the maxi num avail abl e power. In
these cases, voltage is present at the test points
108a, 108b and therefore after delays 1 | Oa, 110b a
cycle portiops2@4®, 20@athat aned80 degreas orl8,383 jisec maa@nh aﬂcDmSHﬂg a peak voltage
Dur i.n e, third cle, the fi
206 ocpymit a sk op FBEHoR Al Sise CrGrne Pl A Biopetioning of
powerCiaahs Uyl selecfi 0l applgiHg vidliage oii OFdfiste aycleybxpwlf-@yawox@f time.
approxi mately 5% of the naxi num avall abl e

Measyrgrnent synehaenization gerurs Gom dhe grra §§W§matp°t%2$ ?0%}2)?19?0 The
present8®¢ v@ﬂ%e it PRI R R 2200 %@ﬁﬂ% ﬁfﬁﬁ%Oias Akt 1§}d208ﬂﬂ§‘e voltage is

resul t this nethod 1s that voltage and curren
sampleddwringsasrnlngaresiod 21 8n Heraraldelayd98sif ¢, 166 1sonanda eaxUphng period 210 -

of 50 &e'c Q}ésr%%{ S&tt t&lg% %%gggg, é i m:)d t%gltea}%gy g{gpﬁ)rommately 100%

sur enent o be aver a over uce

ce,the ins eoys vol t éV ansi st ent at
of its SR Enisr & whigh PRink e | oras sehSrey R
each of the delay paraneters may be adj usted and :
Simultapepusite the voliage sampling, hepurreas is mmnreﬂjwr&b that éhedesmntaneous values

v S0 SR PO S el U, e en
measunernerd ymtédiaa&le |mqmmmmonecbststnncamasuraasm emant s vvher e

000} 0 38,  fieat2 i abmplrel Froad B BGRs T RaFRar ver et of

cyclesC &5 €fe IW(BEEl%xhﬁgld nfigtiple cankeBEve AECdﬂyf:IE@ he8dscribeCih FG. 3 are shown.
50Hz, the tinme delays can be adjusted appropriatel

The n[n{;ge]g fFopgegutive ﬁ@p‘?yﬂ% 300a, é@@hﬂp? )]aaﬁg ARl ggsRo crossmyg points 302a,
302b, Pé‘%‘ Rogd! e.soéQPidz?dsdz% @@@1;1&@5 rpﬁcﬁﬁ)r& AeioveP HRRO fﬁmﬂflgecﬂé first two

oad. In'the . exa € voltage 1s zero 0SS
cyclesf yoltage hanbexg ngm,lwels @pplllgd to2lp0loady Imthese tasas sibsequenayeasurements

304a, g%%b\g%%%g ?‘; tﬂespeﬁi( 3¢ ﬁﬁ:i lﬂﬂ*—c)jcﬂts 5«1{1 ﬁx%%eiaﬁ vﬁngé@bOGTt}%réQhe peak
voltage is 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
mcasuremént is 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 line 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 in a similar fashion.
-10 -



200 has a nmean voltage of Ovr with recurring
zero-crossing points 202a, 202b, 202c with half -9 WO
w@ 071499205 PCT/ US2007/ 013093 cycl e portions ROA8s2007/013093
204b that are 180 degrees or 8,333 sec in length and
havi ng a peak voltage 206 occurring at 90 degrees or
4,166 sec after the zero crossing points. The
proportioning of power occurs by selectively applying
vol tage on alternate cycles or half-cycles over tine.
Measur enent synchroni zation occurs fromthe zero
crossing 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 sec
and a sanpling period 210 of 50 sec are shown. At the
{0043} | rre‘\lmﬁxmm measutdmeentrsystem edmpaikésag@rdust tatbe measured, an EI

measu?c C.‘en‘% o'Hatlee a1¥d 1g$1§{roll§r (Jgfls EP%%E%?%%%&Y%\I?1slzo?€?E£R/|ef}tconnected to
the cirGhigtd béiﬂﬁﬁsiﬁed 10 ﬁ‘lb&uh&dﬂ iagRtuSAsththibus VORagd 6B Lirérfit and to
neasured such that the instantaneous values are taken

measugg a} HssiBLIRSARBRARUS HTETRE et oRheEl megsuyesneni gepdule is also

operatfRASEITRBRBH tdbhelBRtrE et RbmniEASHY BT asiieRleds th I?ﬁ‘e controller for
i nst ant aneous resi stance neasurenent. [0040] FI G

furthey anafjsis: afhesmessuesmens Systerm calculates anfinstentanaous mseqmw based on the
e I
s 50 BB ol MG ealled Dol By e
[0044]ar e Ashoptimnal Tingpenatiitei rpéasummemmﬁuleecaA(Beayﬂheal ﬁﬁﬂaexemplary
oints

N T ENT N O

circuitfto m&ﬁx‘emw&hs tdnfigeratlhy, | A optidhal téminuhi@tiofyBls&an also be
vol t age has been sel ectively applied to the load. In

includgd, pBe exe8 lary msawieraent syEe@y FoRermEplegthe £1 nypagremept module

and/orttﬁql;‘ %&hﬁ%%ﬁﬁnﬁgm H?ﬁuﬁaéa‘;fb‘é Lelea%lv@lé/ dolReRGPES the controller
tage 306. Here, the age 1S 169.7 volts

hfoughrtble cmn@nmgena busito Ifafalgete(taﬂlrlpiqszmpp pﬁmonumeﬂlgz zero.

10045 o1 F36, P YLk BfEsk eSS SR Blelenb8 RontBplafRbpgment o o

measusdrhenrpyseen zﬂ)be 'Ilheslui;ltedmzﬁmtﬁbh&ltﬁEOi'LOthL 806,388 av©Opireigethe circuit
ureme are taken_ si t anequsl y at

veing Pl B s e Sl et e G St & e

procesS g%?ﬁéh(ﬁn IThetRSEdd RMEFYnents Q0D LAY B0GIRY 2P RipréseABtiv@in nature, are
uce noi se since the instantaneous vol t age

not inglshes oF 4 {MEAFURCHENHYISIM, PET $he 484, preriBpiuded § in 1R 3ita shaw the interface
of the Hh&eBAl sys@nfA5FS HOsFenh IRadriniGshleRRUENCY

[0046] In the FIG. 5 exemplary embodiment, 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 (voltage — 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 obtained 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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is different, such as 50Hz, the tinme delays could be
adj usted appropriately. [0042] In the previously cited
wEXRMlees (as illustrated in FIGS. 1 to 4), 16%1Tu§2007/013093

peak and 60Hz were chosen to illustrate a typica

exanpl e. However, these paraneters are for

illustrative purposes only and other voltages and

configurations, such as 60Hz or DC voltage, could be

accommodated in a simlar fashion. -10 WO 2007/ 149205

PCT/ US2007/ 013093 [0043] An exenpl ary neasur enent

system conprises a circuit to be neasured, an E

nmeasur enent nodul e and a controller. The El

measur enent nodul e is operatively connected to the

circuit to be nmeasured to nmeasure an in-situ

i nst ant aneous voltage of the circuit and to neasure
simultaneduslysineasuiessheimstantboesuscunitage andfurtént signals and profides its output to

the A/E c%nnﬁgﬁgrgﬁfe " ngr% c8ng8ﬁ%a4ﬁ§ gpfflé%f‘ﬁ g;érf\ésée{lgtépcgero@?@atp& as well as all

measulrétaernainkihg) dcﬁl’mé ﬁid cdmimuiRatieisab Yisd SainldoatroHaSAB0EATRHNs a galvanic
tem cal cul ates an i nstantapeous resi stance based on
1solat19% ég

VEFommunicafiqnsbus 4plneous vol tage and t he
[0047]TEASWHtEShal RnipetdtuictRéANLARAR S Qyﬁdh%}{ousl&qgéaﬂhreﬁrby the temperature
opti onal tenperature neasurenent” nodul e Can
measuifﬁm%m] aeiul 4ot cThsemperatyre m%mmnémdgly#@ rmclwl\@ one or more TC
inpu AEREL 48 SAIASHART e A Byl PRSI Sl gy by e
thermommupler464urehe AMD opivertend 66cdigitizas dmttemp&ahms measurénsit after which it .
neasurene

s sy PREASS Borfo EHETRH it RS SH e e le t0he maie

control IENP3Y #drodse gvid BEREbn BRAidr Swkioh nmy &Rﬁé Sdrhey/ 84 or different from
connected to the controller through

galvanie, iatior Lprt448uda A gomamynications bug, I“tqlfd} way bade yme or different
from e@ﬁﬁhﬁrﬁﬁétﬂﬁs bh999¢] AR seCondlifiear ﬁmgm Wls%%%@ﬂ?#acxhtate cases where a

di agram repr esent| ng an exen'p
linear inpys sicbrasii-5 yde t:@nbeﬂ,p)@vxdfn @haimwes:ﬂmpmweslmt temperature, such

asa s,%af}%@&eﬁggﬁl gg'l%npe%r&r%fthqtrlgﬁnﬁér Uit being measured,

Ure
arger sy Ssfem such as a

[0048h eat‘]i‘he@lahmm disclosed eeéifvedan bp sedled & alb@oﬁl)/rﬁddet’e muHliple zones of
?ggonents 4q% 404, 406, 408
resist G BABEE RIS b BSnklednail SOnFPLT G Pl a5rmygle main

controlTeR Shile S toYSat e iMmetMik SPmadf thedfiteiBa poiRd in FIG 5
to show the interface of the nmeasurenent system 400

[0049) o Adthoyghdesaribed in conngstionyyithpreferred embodiments thereof, it will be
appreciated by those skilled in the art that additions, deletions, modifications, and substitutions

not specifically described may be made without department from the spirit and scope of the

invention as defined in the appended claims.
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[0046] In the FIG 5 exenplary enbodi nent, an AC
vol tage 402 is reduced to a desirable voltage and
wo sabalieds fromthe | oad by transforner 404. Thect/edwae6h3093
voltage is proportioned to the resistive |oad 408 by
t he power-proportioning device 406. The neasurenent
system 400 consists of an El (voltage - current)
nmeasur enent nodul e 410 conprised of a sync input
detector 412 that nonitors the reduced voltage prior
to the power-proportioning device 406. The sync i nput
detector detects the zero-crossing event to which al
of the subsequent timng is related. The voltage input
section 414 both provides confirmation of the signa
CLALY tage being present via a conparator and the actua
ghal conditioning for the voltage input neasurenent.
| nst.ant aneous current input is obtained by current
“nmtﬁﬁ%UFwQé%tion 416 fromthe current transfornmer 418 (or
alternately a resistive shunt - not shown). The dual S
1. &Ahnethdbd to Hdetésnimplag idstghtiebods tiststanicé yalte Of ard éle¥iic circuit, the method
2007/ 149205 PCT/ US2007/ 013093 simul t aneously measures
compridifg:i Nst ant aneous vol tage and current signals and
provides its output to the A/D converter 422. A mcro

contr oHeﬁgmﬁ%mﬁﬁrsfiﬁriﬂﬁaﬁt&feoﬁ@%ﬁag%rtﬁﬁh&a!r&fgd; ation as

well as all “neasurenent timng, scaling an

comu ”h{éaéxlrﬂg%nt iﬁ-sﬁz*&qn%t&l&gﬁ‘ 8&9&&%‘? A ARL 56 2
gal vanic isd0lation barrier 440 via conmuni cati ons bus
450. [ 9:9&171&?% %:gg%%%%ﬁ%gxg trr%séslf{nge S e %eszlsgrrég in-sity

synchr onous nper at ure neasur ement -

. dul e 460. The tenpergture measurenent nodul e 460
instanfIREGhs o 8gs, and e BB SIFR i i TS CAAREPYS SFERE62 whi oh
condi tion the tenperature neasurenent signal provided
by the thernocouple 464. The A/ D converter 466
digitizes t he tenperature nmeasurenent after which it .
2. i Themethod afielaimel .pyharein thpmeasuresyinsitg inHantangous ypliage and the
~conmuni cates the tenperature value to the main
measugeshinesptul instant3gequs cugsntare slegsuned simadtanedusly. bar ri er
whi ch may be the sane as or different from galvanic
i solation barrier 440, via a communications bus, which
may be the sane or different from conmunications bus
3. 4%Be mitldasivthim Nedtieréin Auheadil@mient poifivoftihe instantaneous voltage is
facilitate cases where a |inear input such as 0-5 vdc
periodiddhdoft afireddtétatinédfiine iafldia CohGRettiRiktEEdh air¥Rrélc€ PBiMt in a cycle of
tenperature, such as a signal froman optica

the voRYg RS Wherein PfBffuréthéfit p8int 8OtHeGRstantaneous current is periodic and at a

predetermined time and a consistent point from a reference point in a cycle of the current.

4, The method of claim 3, wherein the reference point is a zero crossing point of an AC
waveform.
5. The method of claim 3, wherein the predetermined time is about 6,250 psec.
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[0048] The el enents disclosed herein can be scaled to
accommodate nmultiple zones of resistive heating
wERmepkes connected to a single main controll efscEesEl/d13093

as nultiple main controllers integrated to create a

networ k of many neasurenent points. [0049] Although

described in connection with preferred enbodi nents

thereof, it will be appreciated by those skilled in

the art that additions, deletions, nodifications, and

substitutions not specifically described may be nade

W t hout departnent fromthe spirit and scope of the

invention as defined in the appended clainms. -12 WO

2007/ 149205 PCT/ US2007/ 013093 CLAI M5 What is cl ai ned

is; 1. A nethaod to determ ne_an instantaneous A ‘
6. The methadeelielaimed. gthesgin dheprerdstermpingd time s afier apaek@itage value has

conpri sing: neasuring an in-situ instantaneous voltage
occurrgd iR the CFFl€cui t; neasuring an in-situ instantaneous

current of the circuit; and calculating the

I nst ant aneous resi stance based on the neasured in-situ

i nst ant aneous vol tage and the nmeasured in-situ
7. i Tis¢ methodadictainuf, comprisidg vEhéyinga podende aflvaltagelin the circuit prior to

wherein the nmeasured in-situ instantaneous voltage and
measutihg. neasured in-situ instantaneous current are

nmeasur ed sinul taneously. 3. The method of claiml1,

wherei n a nmeasurenent point of the instantaneous

voltage is periodic and at a predeternmined tinme and a
e c . ; . o i , ) _

P ol e X ey and
measuhﬂgg@%ﬁﬁ%%g isf HefilisulefnddE | 0di € and at a

prédeterm ned tine and a consistent point froma

reference point in a cycle of the current. 4. The

nmet hod of claim 3, wherein the reference point is a

. ofhmeftianipr Hail Mnetsin B deror AP HEOq Risei o about -
6, 250 sec.

10. The method of claim 3, wherein the predetermined time is at the peak voltage point in the

cycle.

11. A method to determine an instantaneous resistance value of an electric circuit, the method
comprising: |

measuring an in-situ instantaneous voltage of the circuit;

measuring an in-situ instantaneous current of the circuit;

rﬁeasuring an in-situ instantaneous temperature of the circuit; and

calculating the instantaneous resistance based on the measured in-situ
instantaneous voltage and the measured in-situ instantaneous current and relating the calculated

instantaneous resistance to the measured temperature.
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-13 WD 2007/ 149205 PCT/ US2007/ 013093 6. The met hod of

claim3, wherein the predetermned tine is after a
woeak/1¥2hi age val ue has occurred in the cycl epcFuso€o13093

met hod of claim 6, conprising verifying a presence of

voltage in the circuit prior to neasuring. 8. The

nmet hod of claim 7, conprising inplenenting a del ay

bet ween verifying and nmeasuring to avoid noise in the

measurenent. 9. The nethod of claim8, wherein the

delay is about 1,000 sec. 10. The nethod of claim 3,

wherein the predetermned tine is at the peak vol tage

point in the cycle. 11. A nethod to determ ne an

I nst ant aneous resi stance value of an electric circuit,

the netho o] j Si.ng:. measuring, an in-situ

12 ; dbe a?ﬁﬂafﬁg%&éal H,ag&%fl thyweasured ingsitu ipgantangany valiage, the
in-situ instantaneous current of the circuit;

measypd Hififhigstantapenusicuirent, and thegneasueedtipgid temparatues are fjeeasured
circuit; and calculating the instantaneous resistance

simulignemslyon t he measured in-situ instantaneous voltage
and the nmeasured in-situ instantaneous current and
relating the cal cul ated instantaneous resistance to
the neasured tenperature. - 14 WO 2007/ 149205

13. PChé WRi/dfE1aR08], wihtreid AtnimBhianOpoiat &f the IdstantdiRo8s Yoltage is
the neasdred in-situ instantaneous vol tage, the

periodi®asdi4t@CpredetérntiHed Afleant ANRALISteAHPdif from@eferéiRe point in a cycle of
nmeasured In-situ tenperature are neasur ed

the vobth oA PRREER &/medsdreniélft poRitRE thelhstah@hdBul LurrbhiSE BeRodic and at a

nmeasur enent point of the instantaneous voltage 1S

predetefthin@d titeAdMd aaéofngir'sgszlgg&'h? ngé&ﬂ;e ﬁg&q oi? aC9OR ot burrent.

point froma re point inac

14. The method of claim 13, wherein the reference point is a zero crossing poiht ofan AC
waveform.

15. The method of claim 13, wherein the predetermined time is about 6,250 psec.

16. The method of claim 13, wherein the predefermined time is after a peak voltage value has

occurred in the cycle.

17. The method of claim 16, comprising verifying a presence of voltage in the circuit prior to

measuring.

18. The method of claim 17, comprising implementing a delay between verifying and

measuring to avoid noise in the measurement.
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19.

20.

t he vol tage and wherein a neasurenent point of the
i nst ant aneous current is periodic and at a
weob®dalessm ned tinme and a consi stent point fropeBuUS2007/013093
reference point in a cycle of the current. 14. The
met hod of claim 13, wherein the reference point is a
zero crossing point of an AC waveform 15. The net hod
of claim 13, wherein the predetermned tine is about
6, 250 sec. 16. The nethod of claim 13, wherein the
predetermned tine is after a peak voltage val ue has
occurred in the cycle. 17. The nethod of claim 16,
conprising verifying a presence of voltage in the
circuit prior to neasuring. 18. The nmethod of claim
17, conprising inplenmenting a delay between verifying
2 He meihiod kel 15 Perein fhsicslaviin abans 100G Peant . - 15
WO 2007/ 149205 PCT/ US2007/013093 19. The net hod of
claim 18, wherein the delay is about 1,000 gsec. 20.
The nmet hod of claim 13, wherein the predetermned tine
i Theamethiod of glatm\i3), whgreiptherpredetermtite time lissat2le poak voltage point in
nmeasur enent system conprising: a circuit to be

the cyeteasured; an El neasurenent nodule; and a controller,

21.

wherein the El neasurenent nodule is operatively
connected to the circuit to be neasured to neasure an
in-situ instantaneous voltage of the circuit and to

MR afdHsGreaient Systdnh, bonippsingnt aneous current of the
circuit, wherein the El neasurenment nodule is

oper at } ¥gbut foB¥YRELsRFEdt © the controller to
conmuni cate a nmeasurenent to the controller, and

mhereiQ}EpgwgggéH&ﬁqE&Lﬂ§¥ﬁhen1calcuIates an

i nst ant aneous resi stance 'based on the

a controller,

wherein the EI measurement module is operatively connected to the circuit to be

measured to measure an in-situ 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, and

wherein the measurement system calculates an instantaneous resistance based on the

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

22.

The measurement system of claim 21, 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.

23.

The measurement system of claim 21, comprising a temperature measurement module,

wherein the temperature measurement module is operatively connected to the circuit to measure
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measured in-situ instantaneous voltage and the
measured in-situ instantaneous current. 22. The
woB@sHiReNnt system of claim21, conprising a pcr/us2007/013093
communi cations bus, wherein the EIl neasurenent nodul e
is operatively connected to the controller through the
comruni cations bus to facilitate nultiple zones of
nonitoring. 23. The neasurenent system of claim 21,
conprising a tenperature neasurenent nodule, wherein
the tenperature nmeasurenent nodul e is operatively
connected to the circuit to neasure -16 WO
2007/ 149205 PCT/ US2007/ 013093 i nst ant aneous
tenperature and is operatively connected to the
controller to co nicate a mneasurenent to the
instan G e ot SR e L RAPEA) 4 e o ommunicate
conprising a comuni cati ons bus, wherein the
measyrempal tathe eonolstr enent nodul e is operatively
connected to the controller through the
comruni cations bus to facilitate multiple zones of
nonitoring. -17
24, The measurement system of claim 23, comprising a communications bus, wherein the

temperature measurement module is operatively connected to the controller through the

communications bus to facilitate multiple zones of monitoring.
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