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WD 2004/ 019143 PCT/ US2003/ 026224 VARI ABLE WATTAGE
CONTROL SYSTEM CROSS REFERENCE TO RELATED APPLI CATI ON
5 This application is based upon U. S. Provisiona

wol plication, Serial No. 60/404, 997, i
95%2691@ Watt age Heater Control Systeni, eﬂgy‘ﬁ’%z6224
August 21, 2002, the contents of which are
i ncorporated herein by reference in 10 their entirety
and continued preservation of which is requested.
BACKGROUND OF THERIAMBNWANYAcE cBiNekRdL ofyddmy | nventi on
15 The present invention relates to a control system
and particularly to a variable wattage contro
system Nbrecmmequfmﬁ@hbﬁ é %ﬂﬁ%ﬁﬁbpm&ﬁﬂ?
relates to a variable wattage control systemfor a
power -recei ving device, such as the heating el enent.
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BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a control system, and
particularly to a variable wattage control system. More
specifically, the present invention relates to a variable
wattage control system for a power-receiving device, such as

the heating element.

2. Prior Art

Control systems for controlling the power output applied

to a heating element or other power-receiving device are well

known in the art. In particular, U.S. Patent Nos. 3,752,956
to Cahill et al.; 4,582,982 to Peigari; 4,894,520 to Moran;
and 5,624,591 to Di Trapani all disclose some type of
controller for contrelling the power output to a heating

element. Specifically, the Peigari reference teaches an SCR
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WO 2004/ 019143 PCT/ US2003/ 026224 . power controller in
whi ch the output voltage to a resistance heater is
varied in accordance with outside tenperature, while

\&he I\/F)ran3 reference applies a variable current to a
SHPUIHEL heater corresponding to vari ati orfETp2003/026224

supply 5 voltage by using a pulse w dth nodul at or
which controls the timng of a switching device in
order to control the flow of current through the

Ig?hé}: %Q:gllagi‘%f Min %q.:phl Phg ! gl}/t' utth %ol%& | Itlo %; g%lﬁ,ﬁtance

erence closes afTixing circurt 1n earra

U B 8 S 0 ERRRLLS ST LSl Yordracue,
LAt e 8o HOR, SELELT SRR Susuil oL
SHBPLY AR R S SRS D L LS ot ot
DSl 4 5ot 5L S b VR YGha bEBH I BSRERDED 5
SBEFIA S pul 8L B bl ong i BB o
BRI S B85 o SRl fgyin
TUALF Sl oo 20 PRl Leptions, cTheLe 1 8 ut ner
ey Bl e, L0, Bouslye doos, ey,
RIS A L I
bgt t,gr %orit Egkeégn%ep%\égghggtflgo'ntggg.tgiegduitth%gr% rising a
appear®E D 9
triac for modulating the current supply to a heating element
such that the flow of current is interrupted thereto when a
predetermined threshold is reached.

However, further enhancements in power control systems
are desirable. More specifically, there is a need in the art
for a power controller that can convert at least one power-
receiving device, such as a heating element, having a single
wattage rating to a heating element having multiple wattage
applications. There is a further need in the art for a
controller that has the ability to limit the maximum wattage
to a value less than that which would be provided at full
line voltage, and which provides a scaling function for re-

scaling the power output to the heating element in order to

better control the power output. Further, there appears a
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2 WO 2004/ 019143 PCT/ US2003/ 026224 need for a

controller that permts manual input of various
paraneters for determ ning the desired scaling
function by the user. Further, there appears need

VOAUOIHIL 00 of enhanci ng phase angl e power CEEH‘?F?"S’P“”“

at | ow conduction angles. 5 OBJECTS AND SUMVARY COF THE
| NVENTI ON The prinmary object of the present invention
is to provide a variable wattage control system for
contr [1ing the ower. out a o [ recel

806, & SRt PR ot ot GRS E R iR e ABRE (P (vatious
re- scales t he power ouf put su& %é e maxi num
VETERGECHR | F Ve FEF SRR HY foReFEPLE ﬁ%ﬂlaav#wtlegnby
J§1Iess than that which woul d beegrOV|ded at full line

& H§8T - | Fuxkhar 'bEhﬁﬁ%&%ﬁ%a A RHIUIEG § ‘E‘?Hto‘i H’é

new variable wattage control systen1|s capabl e
SRPPRHN P oRRF S8 BNEE St R ot FRL AW ideY & 89?‘&%‘:%@9195
t hough the power ratings thereof nmay be | ess, or even
considerably | ess than the power delivery capability
of the new variable wattage control stem Yet
anot her obj e @PIECTERA Dy Yi @Y eHi (%JVWT%%N 20
provide a variabl e wattage control systemthat uses a
si ngl &heneaierry Sbischek the peegenhaifyeditienrehtto
wattage | evels. _ Yet another further object of the
ﬁFé@é%? Anventatds FattEprortael asYaahErE GRRtiRjding the
control systemthat allows the wuse of a
RAKSE- PRERYY | Ry adeoreEZRCed ViadefeTHh tofRBprmining a

scaling function that re-scales the power output such that

the maximum wattage delivered to the power-receiving device

can be less than that which would be provided at full line

voltage. It will be uvnderstood accordingly that the new
variable wattage control system is capable of scaling power
to the power-receiving device even though the power ratings
thereof may be less, or even considerably less than the power
delivery capability of the new variable wattage control
system.

Yet another object of the present invention is to
provide a variable wattage control system that uses a single
heater resistance value at many different wattage levels.

Yet another further object of the present invention is
to provide a variable wattage contrel system that allows the
use of a power-receiving device at a lower than normal

resistance by limiting the maximum voltage and current to a

3
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25 resistance by limting the maxi num vol tage and
current to a 3 WO 2004/ 019143 PCT/ US2003/ 026224 val ue
| ess than that which would be supplied at full line

voltag The use of lower than normal resistance
WORMEEIN, a1 ow a power-recei ving device tRSTHES2003/026224

designed with a resistive elenent of greater than
normal cross section, which 5 can result in an
i ncrease in the life of the device. Another further
ob ect _of t sent ventiqQn is to prOV|
bl 8° et S hab D Sl anPt PURRIERS: Fe. Htderine
output of elther the tenperature or power contraqller
18355 0TER G BENYRE GPaPeROTHD. AFUFARTS ORSEE 670
the present invention is to provide g nodule for a
ariCHb R ePIER T HGELBIRT SleVdyst B bidi 47198 o3 vel v
assqciated with the power and tenperature- controllers
JresiRéivgnetdienty sf e%?aﬂ'rerr &hapanompplt KEOPBWRSCTIGM piRich
to the power--receiving. device, 15 Another object of
1938 pradehtin AeAPFEPRTS ifo throlitr of theveevice.
enhancenment of phase angl e power control by al]ow ng
"of f " AapEhes ?Q?P&@Eu?blﬁﬁﬁmﬁﬁwtbﬁa%%ﬁ%ﬂﬂ? énF?F%%P”(%$ to
cycles theregé all owi ng an increase in the
FRaTdelei snvard eoﬁattﬂge égénﬁY%qu fBdWhiffr the power
cycles. 20 The terns "heater"” or "heating el enent” or
"HERUE pf ooty tap ehEfReT AN e he Rt PYTSd GERREC W ds as
used herein are intended to mean generically any type
sTRrgewer of Reing fg-SERWAde, whether as a single or

plural unit, which is
A further object of the present invention is to provide

a module for a variable wattage control system which is
operatively associated with the power and temperature -
controllers of the control system for re-scaling the power
cutput to the power-receiving device.

Another object of the present invention is to provide a
novel enhancement of phase angle power control by allowing
“off” cycles to occur between phase-angle-fired “on” cycles,
thereby allowing an increase in the conduction angle of the
phase—angle-fired “on” cycles.

The terms "heater" or "heating element"™ or "heat-
producing element" or “heat producing means” as used herein
are intended to mean generically any type of power-receiving
device, whether as a single or plural unit, which is
electrically powered, and may often be found in industrial

heater context as an ohmic device comprising an electrically
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el ectrically powered, and may often be found in
industrial 25 heater context as an ohm c device
conprising an electrically 4 WD 2004/019143

PCT/ US20031026224 resistive el ement driven
RPSHO1UE 1y to produce heat. However, the F5TaS24p/026224

i nvention contenpl ates that a power- receiving device
may enconpass any type of electrically powered device
including, but not Iimted to, a heating 5 el enent or

the |ike. The terns,"power control"™ or "pawer
RSV B S LGN o HER COAESICRLIh e RECHUET BRAtei n

e intended to nean, generically any type, of power
CHSHETGE - BT R STST YR ch i CORFEHRAtSS . EBRE rb|Power-
g%ftens. Such, devi ces include, but are not 10 Jim.ted
P Y RI NP TR D BRE r CRTFIRATSn g e WRE £ glgctrically
contactors,,nencur& di spl.acenent re] ays, ethgaand
RANeEEAdGRY TS JORERAERI Rt patglimifieds oang Reating
control, burst firing, pulse node, pulse wdth

i BR ¥ k€atc., . including conversion from

AC pover to DC and use of PWMfrom 15 DC sugfly).
Anot héPeobPERT "GPYEReCPR BNt SENVRPHF O IFORETP oL ¥ 0\vitde
a _variable wattage control systen1haan% a
sATMREr EovbirY dePeg” 3T piRst Bprehatagsedpterdedtondeps
or manual _user input of various paraneters into the
VERneAra Livat 3G £ YBBn Pt dPonss CeRT T 2D davisedeprrally found

determ ne a scaling function. The ternms "software" or
“gbﬁFﬁﬁP§ %?ﬂﬁﬁﬂ%téﬁﬁtﬁws' Such devices include, but are not

limited to,_mechanical power switching devices (e.g.,
contactors, mercury displacement relays, etc.) and
semiconductor power control (e.g., phase angle control, burst
firing, pulse mode, pulse width modulation (PWM), etc.,
including conversion from AC power to DC and use of PWM from
DC supply).

Another object of the present invention is to provide a
variable wattage control system having a software-contrdlled
subsystem that permits automatic or manuval user input of
various parameters into the variable wattage control system
in order to determine a scaling function.

The terms “software” or “software subsystem” or
“computer implemented software subsystem” or “software-
controlled” as used herein are intended to include, but not
limited to, imbedded software, which is also known as

“firmware” .
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"conputer inplenmented software subsystenm or
"software- controlled" as used herein are intended to
include, but not I|imted to, inbedded software, which
is also knowmn as 25 ""firmmare". 5 WO 2004/019143

WeH8YEHs/ 026224 In brief sunmary, the pred&{Us2003/026224
i nvention overcones and substantially alleviates the

deficiencies present in the art by providing a
vari abl e mattage control system conprising a .
power - %gqg; deV|ce qhnnected to qﬁyomer controller

whi ch AREITEEY o) (i PEE SRR 0T Uil rVEsGPRES and
t d A sensing neans is
2%@?% & ayﬂ% BTt e, d?%éggswe%% Pﬁgln the art
O A 0 o R 5B TR e conorsesns =
@ﬁ%%%’a%%e@wgdEﬁgﬁr%i%n%%%;%ﬂ%l %’;ﬁévbeqa%te%rtroﬁ’ei “wmch
[ t he sensing neans, the
LB S, S0P b Rl Sor S A bl ing
out ut to ower controller which limts and
%Jél t@??edgﬁﬁﬁﬂt Bf W%&gemswu%? CltP@ratth@ely
- - d Th thod o imtin
a%?%%#t%%ﬂeIw%ﬁﬁgwe?&céieq-ae%%é@%@g. Qe 18- 5aRiANg
ge out put sent to the device by the power controller

PR A e THRELGT (3R LB EA E D BB R LGB 2
mtﬁéhéire3|stance val ue of the device. In other

%BE%&OPEEO%?# -alfie tht Pageetradt esoddpenem after -

SC I|n ctor ed on the percentage of a ful
ath ﬁ%ra%ure rea lngs are cogmunlcaté% to the temperature

controller by the sensing means, the temperature controller
then provides a re-scaled output to the power controller
which limits and re-scales the amount of voltage applied to
the power-receiving device. This method of limiting applied
line voltage to the device and re-scaling the output sent to
the device by the power controller permits multiple wattage
values to be obtained from a single resistance value of the
device. In other words, use by the variable wattage contrpl
system of a scaling factor based on the percentage of a full
line voltage determines the maximum percentage power to be
applied to the power-receiving device such that the device
is not driven at a power level greater than its power level
rating. The variable wattage control system of the present
invention can be used accordingly to provide control of a

wide variety of power-receiving devices such as heating

6
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20 line voltage determ nes the maxi mum percent age
power to be applied to the power-receiving device
such that the device is not driven at a power | evel
reater than its power level rating. The varijable
‘&B@?%’d@l‘b‘bm rol systemof the present inveGiOF2WHA6224
be used accordingly to provide control of a 25 w de
vari ety of power-receiving devices such as heating 6
WO 2004/ 019143 PCT/ US2003/ 026224 el ements, where the
power rating of such elenments or devices_. may be as |
gredienis K ?r%féﬁé"\)*’&rri 4BFEn Gt a“gj’é’%&ﬂr??‘%%{tss%tdé%ﬁlces
or in fact may be substantially |less, for the
di¢ &5 6 gFethe % amadors HArt el R MaItager st els
protectively scaled for output according to_the
SHEGF O&t P-gnga%? Rave D& SHBAEADF LIV dE5 Sy nfaEchhance
wi th one aspect of the _present inventiogn, a )
cRFRRECN R e ntadi alder WakBa e bsrdteh PYSpRBvited
that permts the user to manually enter |ine voltage,
HIERGHE LT LY e3F3L 2 FOT OUFPLLt fecHiting &I GBeof a
heatqr? and desired maximum power, in order to
CHPRSH taoges?r s cAemsgt PACIBILCeFhi s scal ing
factor_is applied by the software subsystemto, .
r e- scadfe 2RI e tBuPPRIt2IRECEheL pohe mresepti ipvgption,
device fromthe power controller. In this way, the 15
LR TOTRRY CENHFREMERE e8 cBP T i ea SUBPYRIRR iledPEAVigRd that
voltage output of the sanme power-receiving device in
U o tHB AT tRulePpRelnebtetnl et twddaggr uekement
therefrom or else to power _many possible elenents or
d%§§§§§§pcga&ﬁ.qﬁnﬂtﬁg ahpi ¢ reylaggt of a heater) and desired

maximum power, in order to calculate a desired scaling
factor. This scaling factor is applied by the software
subsystem to re-scale the voltage output to the power-
receiving device from the power controller. In this way, the
user may change the scaling factor applied to the wvoltage
output of the same power-receiving device in order to obtain
multiple maximum wattage wvalues therefrom, or else to power
many possible elements or devices, each having.a different
rating.

The terms “computer” or “computer implemented” or
“micro-controller” as used herein are intended to include
microprocessors, micro-controllers, digital signal
processors, programmable legic arrays, and any other device

capable of performing programmed instructions.
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rating. 20 The terns "conputer" or "conputer _
i npl emented” or "mcro-controller” as used herein are
i ntended to include mcroprocessors,

mcro-controllers, digital signal processors
WOl e | ogic arrays, and any ot her deJiCd@IS2003/626224
capabl e of perform ng programmed instructions. 7 WO

2004/ 019143 PCT/[ TS20031026224 Preferably, the
sof tware subsystenIfor determining the scaling factor

is f I however, the
L?esgggpléﬁﬁgkﬁﬁb %g?ggu 4%%?ephgo§o ?R&ﬁﬂ%ﬂlT? the
b t d thin th ower controller
o Bt EiE oS8 %%I’eon B P PR A R RES g o
I b t d in a specia
A TR GRIRATC AVERCLQS G ATPYEF§o ddbof b ot Ftvare
h [ ower - r ecei vi ng
AR e SRR s F R neR THaTC S caoren Feheoenmion
I he te erature to controller
AR Th e Bere I %GTI%GPngefaqalg’g@o rren ripathen Sam
tor of sug ecial no
et LR L o bR R
dj ust ab] not ed, above, the variable
wa?I‘”g?;el c8RFF%‘fl‘é%ﬂéi éﬁFBFlaf‘i%i REVEPRSEM HOwgENEPBroller

| e heat tance value wth the
PSR rEhe Zbﬁ%f‘?n@?%eéﬁéeéeﬁé%%% S DRAWGER| Fiee vaREage source

I ntrolling the voltage and current
malé?gﬁ% %%wggscoeéréiler, or é%tween the émeerature

controller and the power controller for accomplishing the °
same function. The scaling factor of such a special module
may be pre-set at the place of manufacture or may.be field
adjustable.

As noted above, the variable wattage control system of
the present invention uses a single heater resistance value
with the power-receiving device to achieve many different
wattage values by controlling the voltage and current applied
to the device. Further, the present invention controls the
line voltage and current applied to the power-recelving
device to values less than would otherwise be supplied at
full line voltage and re-scales this output to the device.
For example, a user that requires the same physical size
heating element in four different voltage/wattage
combinations: 500 watt and 600 watt at both 120V and 240V

would have to purchase the following four different heating

8
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to the device. Further, the present invention controls
the line voltage and current applied to the
pomer-receiving 20 device to values | ess than mould

0\Mse be supplied at full line voltage an
‘W@zgé‘gfgé‘?thl s output to the device. For e %3@03/326224
user that requires the sane physical size heating

el enent in four different voltage/wattage
conbi nations: 500 watt and 600 watt at both 120V and

240V 2 uld have to urchase the f ol
aF Prsha Peked e B z@%ﬁﬂ% #5207 ("8 LQHs, 120v,
PCT/ 003/ 026 el aV| he sane si cal
P AP 508 vt §oF 150, 240%g Gl hns ey BoB St
2 2 ohns; (O), 60 tts 120V, 24.0 ohns; and
b? Moo ionZo B e, 9% e {0 5 e = ing
vari abl e %Qtta e control s sten1of the present
AT %e%a@er SEREEGh Ry S5k Tt FeRaRER; invention,
a?aneters A and,D can be effectlvelé repl aced
Wk ?F%S&PF@Y%%%P@%%H% hesnE PRERTANEESCA VRI e [Rpd D
[imtin the heati ng el enent, voltage to a value |ess
t Fath BUREERPRET ST 112542580 Widhs BERF AT (HeMeBAE| pf 2 single
el enent voltage to supply the desired wattage. The
vEFTLHHHERCRoVREES Yo 1ABAELRY [dpsheRt 57T (HEMgREsBRttage to a
invention may work with any kind of known techniques
of2lae despctRakiitdddddnsrv ?%me apdn¥9Bicaldng. ?h%ﬂamt
angl e control bur st flrlng,cgﬁlse node, pulse width
St SRLEFIR D SHEPLY r iR idesdred wattags . nghadvariable
conversion from AC power to DC and use of PWMfrom 15

DE S5 FPBF- e cHEtERaPT pthif PreRrRE h Merddencray (erk with

contactors mercury di spl acenent rel ays, etc.). Wen
Ry kind of known techniques of AC or DC semiconductor power

control (e.g., phase angle control, burst firing, pulse mode,
pulse width modulation (PWM),power transistors, etc.,
including conversion from AC power to DC and use of PWM from
DC supply)or mechanical power switching devices {(e.q.,
contactors, mercury displacement relays, etc.). When used
with a phase angle power control system, the present
invention may include a method of improving phase angle power
control in order to enhance the accuracy of phase angle power
control at low conduction angles. The present invention may
use phase angle power control, but not does not necessarily
require the use of such a power control system.

Additional objects, advantages and novel features of the
invention will be set forth in the description which follows,

and will become apparent to those skilled in the art upon

9
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with a phase angl e power control system the present

i nvention may include a nethod of inproving phase

angl e power control in order to enhance the accuracy
of phase angl e power 20 control at | ow conduction
‘gﬂé&é@?s’“ﬁhe present invention may use phasdCAfijrigs026224
power control, but not does not necessarily require
the use of such a power control system Additiona

obj ects, advantages and novel features of the

i nvention Wl e s forth in the description which

¢ e oBEok, %, o R LAt AR ERE LT JARGEaP LR (30
in the art upon .9 WO 20041019143 PCT/ US2003/ 026224
XEMIRIS OR B The 161 PORPTIY Srite “RBt HIYRF198sRFS pt i on
and , dragwi ngs in ich Ijke elements of the invention
RAEERERE 5\9?”?/5 8498 oughout . 5 BRI EF

DESCRI PTION OF THE DRAWNGS FIG 1 is a sinplified

bl ock di agram of the preferred enbodi ment of the

vari abl e wattage_control system showi ng_the contro
systom i mpl emeHRAEE | PESCRIEIBEN 0% ik GREFDGS

according to, the present invention; 10 FIG 2 is a
flow t 1 7 B tHRA gl R P IRt Gdasem fettdenPrefrrred
the scaling factor and re-scaling the power output to
t RSP RETRA T§Tdab e o' agRe cORREY Svigtem showing the
controller according to the present invention; FIG 3

i SORFIGInSY PRI IGERNEPA A SPMRATAT S FRPLTellan
enbodi ment of the variable wattage control system
shETRETYOhEC BTSSRy stRTR P énented in a power

controller according to , .
FIG, 2 is a flow chart illustrating the method for

determining the scaling factor and re-scaling the power
output to the power-receiving device by the temperature
controller according to the present invention:

FIG. 3 is a simplified block diagram of an alternative
embodiment of the variable wattage contrel system showing the
control system implemented in a power controller according to
the present invention;

FIG. 4 is a flow chart illustrating the method for
determining the scaling factor and re-scaling the power
output to the power-receiving device by the power controller
according to the present inﬁention;

FIG. 5 is a simplified block diagram of an alternative
embodiment of the variable wattage control system showing the
contrel system implemented in a combined temperature/power

controller according to the present invention;

10



the present invention; FIG 4 is a flow chart
illustrating the nmethod for determning the scaling
factor and re-scaling the power 20 output to the

‘gower-recei vi ng device by the power controller
QYA to the present invention; FIG 5 {FETHS2003/026224

sinplified block diagramof an alternative enbodi nent
of the variable wattage control system show ng the
control systeminplenented in a conbi ned

t enper_ature/ power_.25 control.l.er accpording to th

or 656G NG et i brELoN0 R g T 83 P PEPRESBRT 5224

t FIG..6 is a flow,chart |l lustrating the t hod for
FANPRLLY OF SHhoORALEeLtY \PHHSEBLRLRT (s FE2LLa0 | sastor and

factor _and _re-scaling the power output to, the ,
piesear 681 T PoUGT: ERTRR HhehechBi oot ving device by

power /t enmperature controller according to the 5
pﬁb%gﬁfﬂbgﬁ%rmw/tﬁwmthr@ §OBFRpHES, SFCpFEENg to the

di agram of an alternative enbodi ment of the variable
VIRRSESAGE LBRER OISy st em showi ng the control system

i mpl enented |n a nodul e, accaording. to the present )

i nventtitén; 7165 | G181 §1ed Hlagk; giL%‘élr"‘B‘F Sk agi abfremative
show ng the control  system.inplenmented in the nodule
HRRTGMERT P F dlifaivevéabls Martees ePREiRfef¥AteB R ERggthe
to the _present invention; FIG 9 is a sinplified block
PG SHBLFThdMPHEmERRed dn as|efels | IRTCEREAT kP ithet he

nodul e having an alternative
present invention;

FIG. 8 is a simplified block diagram showing the control
system implemented in the module having an alternative
circuitry arrangement according to the present invention;

FIG. 9 is a simplified block diagram showing the control
system implemented in the module having an alternative
circuitry arrangement according éo the present invention and

FIG. 10A-C are graphs illustrating the enhancement to a
phase angle fire control system according to the present

invention.

DETAILED DESCRIPTION OF THE INVENTION
Referring to the drawings, the preferred embodiment of
the variable wattage control system is illustrated and
generally indicated as 10 in FIG. 1. Variable wattage

control system 10 comprises a power controller 12 linked to a

11
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15 circuitry arrangenent according to the present
invention and FIG 10A -C are graphs illustrating the
enhancenment to a phase angle fire cogtorglETz?/ﬁtEgm

' the present invention.
‘%écordl : tOOF THE | NVENTI ON  Referring to tHd/US2003026224
drawi ngs, the preferred enbodi nent of the variable
wattage control systemis illustrated and generally
indicated as 10 in FIG 1. Variable wattage 25 control

I R0 0TRE S e TAoh B Re raeh Beage o
SBURER SRl inl B L0195 SR8, s e
e R e SR S R T8 g e ans
32%%@‘?%%%?&“2%&?%%?Pﬁ%ﬁ%ﬁ‘%ﬁ%mégﬁgLQ@"%\%"gé‘mm:icates
EeRE B CF AL BRLR! cPRRRSR, <20t et L fat g 1o
e
the asoRrBl T areage o siecn-reahereation
LA pIRERs el S L Lo BROF L e Beanp tar
38$H¥¥é§iiﬁg39ﬂéV%H#%rsgg§35¥‘??o%pt glé%wé? controller 12 to
the heat-producing means 16 by limiting and re-scaling the
amount of line voltage applied to the heat producing means
16. Preferably, temperature controller 14 includes a micro-
controller 23 which embodies a software subsystem 30 (FIG. 2)
for calculating and communicating a signal to the power
controller 12 that controls the power output to the heat-
producing means 16 as shall be discussed in greater detail
below. In the alternative, if the system does not include a
software subsystem 30 to implement the scaling function, the
scaling function may be preset by the manufacturer or may be
field adjustable, such as through the use of one or more
switches.

Referring to FIG. 2, software subsystem 30 provides a
routine that instructs the temperature controller 14 to

obtain new input from the user through a user interface (not

shown) in order to generate a power output scaling factor,
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for cal culating and comruni cating a signal to the

power 15 controller 12 that controls the power output

to the heat- producing neans 16 as shall be discussed

in greater detail below In the alternative, if the
@93&@%‘9&9% not include a software subsyst difT3{§2403/026224

i npl ement the scaling function, the scaling function

may be preset by the manufacturer or nmay be 20 field

adj ust abl e, such as through the use of one or nore
switches, . Referring t 2, software subsystem 30
Fobt dB8 BEORGGT IhE ORAL §hoi BEHEE He TP al r dhe term
controller 14 to obtain new input fromthe user

t WP UG A Sa5RP°T MerPaleRiom 25 dRbERYSY (Fooitaetudy manual
generate a power output scaling factor, 12 WD ]

SSO P Gpag" POTIGRS0 ) BDGTAE SOPLC PTG dGuber arired or
signal 84 to Qomer,controller 12. The term "user _
VHEES fesee commbRLeat ioBr BIRES SNch ELAGRECRIS iShorage media) or
manual | inputs (e.g., keypads), and el ectraonic nmeans
(%I}bg.%uk}aaﬁoga Brans, tos LB Rk PAEF HRPTHUIESORMRE LN to
el ectroni c storage nedia) or 5 any suitable nmeans to

t Fadstdtvare pvsystem 3P nii fdePsn3€o 34 eds8ft war e
subsystem 30. At steps 32, 34 and 36, respectively,

t hes VEhY er Eh§ HSS] RBLYGT (Hige Ling Yakhage findlewd

by voltage source 20, the resistance value (in Chns)

oPF ¢S §Y pY BRI S FOoHEGR 2 U6 Fhendephet anes vadupoliey Ohms)
(in 10 Watts) to be applied to heating-produci ng neans
18 hetd nERBTOTYGi Y, BRRAG el 6+ d8Ps Ehf ceesidiedeparier (in
desired power values are entered into the tenperature
Mol ﬁ@rb§4§pg}*§qﬁterBeating-producing means 16. Once the

line voltage, resistance value and desired power values are
entered into the temperature controller 14, the micro-
controller 23, at step 38, calculates the power at full line

voltage using the following equation:

Pline = (Vline)2
Rheater

After Pjipe is determined, the micro-controller 23, at step 40,
calculates the power output scaling factor, K, using the

following eguation:

Kout = Pdesired
Pline

13
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controller 23, at step 38, calcul ates the power at
full line voltage using the follow ng equation: 15
Pli.ne - (Vii.ne ) 2 Rheater After Pline is

determ ned, the micro-controller 23, at step 4 20
WORMHOIES t he power output scaling factor, 0{52003’“2‘322“
using the follow ng equation: Kout = PdeS|red Pline

25 13 WD 2004/ 019143 PCT/ US2003/ 026224 I n the
alternative, the power output scaling factor, Kout,

be entered, thr h the user interface |nstead of
oI IR PIGSTNA ¥R SOPt REFGE SURPLYoPEht 9 TOfEer £ Hiewtr may
out put. scal.i factor has been determ_ned, the
St ereth ERESan dhepbPt omess trgad v ot Calculatea
co ni cat.es that reading to the mcro-controller 23
oF7 S, SRS VRS SHEERYSEORI bl OBFeoshe Dawes; gRtRAE scaling
C are the tepperature reading to a tenperature set
p%‘ Pasi Baet \StesTABris i BheRb tRdPkeths temperature
U|red ercent age power. output  level, POLt, is
I @E dpGoPMELcEhEEr thak &egdhng oW dhe mippo1gprtreller
manner at step 44, and_then th
n?irad“- S&RPr 6F 1 ekhe %Cear%ntﬁ‘bééea %%a»l & pereettagompares

power output, Pout Scaled, at step 46, using the
OIS GATRG TB bR i TRIipEutC S deBRerapetR setkpgint previously

established by the user. The required percentage power output
level, Pour, is determined by the temperature controller 14 in
the normal manner at step 44, and then the micreo-controller
23 calculates a scaled percentage power output, Pout scaled, at
step 46, using the following equation:

Pout scaled = Pout * Kout

After the scaled power output, Pt scaled, has been
calculated, the micro-controller 23 instructs the temperature
controller 14 to communicate a signal 84 to the power
controller 12 establishing the desired power output to the
heat producing means 16. Power controller 12 receives signal
84 and provides the proper power output to the heat-producing
means 16. Signal 84 is a control signal having a signal level
appropriate for communicating the desired power output to the
power contreller 12. The level of signal 84 signifies the
level of power output to be provided by power controller 12

to heat-producing means 16. For example, a resistive heating

14
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15 After the scal ed power output, Pout scal ed, has

been calculated, the mcro-controller 23 instructs

the tenperature controller 14 to communicate a signa

B4 to the power controller 12 establishing the
WaHPeY ower output to the heat produci ng Frd4I§a003/a26224
Power controller 12 receives signal 20 84 and provides
the proper power output to the heat-producing means

16. Signal 84 is a control signal having a signa

| evel appropriate.for cop icating the desired power
STHERATY BTt A ORBR® BERLTH [ DEr0PaFR ach gl 20f200 Hatt
S$%§$| 84 _signifies the | evel of power output to be

pr Vi ShFI DRt ContPBI YRItaps °05524Q st - PRrbviud mgm

ans, 16. _For exanple, a resistive heating.14 WO

R B0 PASPRRS 8P 2o Hatitanght Dkl 2dnenveltage. A
desired . to be operated_as a 1200 Watt heati ng el enent

At SR GAETG o FPRgP IoPT2At WAts 2 Thnean A @M MReqetriy range,
el ement sugglies 2400 Watts at full line voltage. A

t St GPal ¥t 1o EFabnQyTATTteTy | Frear of- Bbenreaaniut
raqge,,S wi_t hout applying the scaling factor, Kout, of

t HE S EOBnEoT | FRrsTeLdAIf e MowegaPrFeRt RE SBwdr i put

at full line voltage, the strength of signal 84 for a
ATt EIGnalthe BEIFRRER Of etdgnall SANLQF gh AmA=signg handr Power
| evel or 1200 Watts; and 20ma_ signal = 100@6Eomer

| ELiol2BA00iNaY & PEPrRVER iyl 9T 1290 Faktyolansy@0ma
bej ng applied to the-heat producing neans 16. Wen

t eI dal A§0F RIWE, LRBEE $% Z4QCcHRBE e FapFepenbing Hvdl
is, applied to this scheme 4mA still represents 0

pbis vPdvase beidite pePligiro- thevhpaagtrddwgdng greadro 16-
Watts and 12mA = 100%

When the scaling factor, Ku: is calculated to be 0.5 and is

applied to this scheme 4mA still represents 0 power level;
however, 8mA = 50% power level or 600 Watts and 12mA = 100%
power level or 1200 Watts. Therefore, a 12mA signal 84 to the
power controller 12 will provide a scaled power output of
100% of the desired wattage (1200 Watts)or 50% of the full
line power of 2400 Watts . However, the present invention
contemplates that other scaling factors will produce
different schemes, for example, a 0.25 or 25% scaling factor
will produce a 8mA signal 84 to the power controller 12
representing a scaled power output of 100% or 25% of the full
line voltage power.

After Pout scalea 15 determined, the power controller 12
sets the scaled power output to the heat-producing means 16

to a level that equals Pyt scalea in step 48. However, if no new

15
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power |evel or 1200 Watts. Therefore, a 12mA signal 84

to the 15 power controller 12 will provide a scal ed

power output of 100% of the desired wattage (1200

Vﬁtts)or 50% of the full line power of 2400 Watts .

Yowear

%Y he present invention contenpl at ed@Rp003/026224
ot her scaling factors will produce different schenes,

for exanple, a 0.25 or 25%scaling factor 20 will

produce a 8mA signal 84 to the power controller 12.

represent a ed out put of 100% or 25% of

[ FELERR PR $E e f TR Leen er oo Beare FieYoten
det er ned t he r control er sets the scal ed

e Rt A R B SRR ey Te28 a, 2pd

| evel q yt sc e in step 48. However, if
i %%m%%%\% S 519 7a5 s LreR0B D 2tieps 18R Rt step
f tor is b q{ n& nted the software subsystem

et FERSAE 69 W 30f oS in G Er TEBRD gt dPEPT eltifithgs to
and ower output cal cul ation. The Ioop fromstep 48
b%?ers&e& dpta 4o jstepg 3 a9 Pét he user interrupts

sych as to 5 _enter new data in steps 32

the | qo
througﬁ‘iiIo rlﬁﬁf%ﬁr|§§g fo ?@(El??rnéﬁlg?t%ﬂhﬂgﬂWQEt 110 of

odi nent 110 of the varjiable wattage control system
g;?? N%féﬁ&’é?eﬂatﬁwet RPRE Dartviséamats é?ﬂ@é@itﬁ@hﬁq- n this

varlabl wat t age control system 110 conprises

SRASTA PEI PYPIhEThnevat it ge BRE29R e TPl et Estam 110
enbodi.ment, except, software subsystem 130 is found in

COI?ﬁreTSSSCBHIP?Eﬁr}téﬁlﬂst%.%% srspeyetanfepy the preferred

ated with the ower controller 12, rather than
4ﬁﬂ§€Fat%ﬁ%§E§oﬁP? Va%s subsystem 130 is found in a

micro-controller 123 which is operatively associated with the
power controller 12, rather than the temperature controller
14. In the alternative, if the variable wattage control
system 110 does not include a software subsystem 130 to
implement the scaling function, the scaling function may be
preset by the manufacturer or may be field adjustable, such
as through the use of one or more switches.

As shown in FIG. 4, software subsystem 130 provides a
routine that instructs the power controller 12 to obtain new
input from the user through a user interface (not shown) at
controller 12 in order to generate a power output scaling
factor, Ket, and produce a scaled power output to the heat-
producing means 16. At steps 50, 52, and 54, respectively,
the user enters the line voltage (in Vrms) produced by

voltage source 20, the resistance value (in Ohms) of heat-
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14. In the alternative, if the variable wattage
control system 110 does not include a software
subsystem 130 to 15 i nplenent the scaling function,
ﬁﬁ% s&aling function may be preset by the

er or may be field adjustable, sudlfT/§a003/026224
t hrough the use of one or nore switches. As shown in
FIG 4, software subsystem 130 provides a routine
that instructs the power controller 12 to obtain new

t f t terf
oo BB 3 R e 5 REE LT e
I f Kout | ed
OB L3 e S A e
50, 52, d I t th
o R T b 98 ST e

t he resi stance value%% Chis) _of heat 16 WO
2‘6‘6149??1?9H§m G808 3N 9B Sy 3 aa&%.%tﬁ@aﬁgsmtam
t he, desi ower, (i,n Watts) to be applied
h‘é%l(uepﬂ}{jg‘éf"ﬁ %ﬁ?smiemeq (460 VAF e feFe i Once

control | er y autonmatically read the existing line
Vo dgdier 78 %EM FGE1EbRRCR I UgsaNd| fesigedhpower values
resi stance 5 valu?Fﬁf heat - pr.oduci ng neans 16 w t hout

WREF §HH5ERd EntQ thenBorPherrditrdder tositdeanierval ue

and de%;red gomer values are entered into the power
coMrRller 153: ate skPRrofs HHdpLes %Poaﬁrs@*épf@el line
calcul ates the power at full |ine voltage u3|ng t he

SHHE SUECTBA Tt SABEPIHI YR BPFnde kR middngoPiine as was

calculateg in the preferred enbodinment. After Pline is
calculated in the preferred embodiment. After Piine is

determined, the micro-controller 123, at step 58, calculates
the power output scaling factor, K., also using the same
equation utilized in the preferred embodiment. In the
alternative, the power output scaling factor, Koue, may be
entered through the user interface instead of calculated in
the software sub-system 130. Once the power output scaling
factor has been determined, the power controller 12 reads a
signal 84 communicated by the temperature controcller 14.
Signal 84 is a control signal having a level which represents
the percentage power output required to reach a certain set
point temperature established in the temperature controller
14. This is based on the temperature reading communicated by
the sensing means 18, comparing that reading against a set
point temperature and providing the above signal 84 to the

power controller 12, After the micro-controller 123 reads

17
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determ ned, the mcro-controller 123, at step 58,

cal cul ates the power output scaling factor, Kout,

al so using the same equation utilized in the

,@referred enbodinent. In the alternative, thengpmer
D0 8Ea1 i ng factor, Kout, may be 15 ent erf&d SR IRsR2
the user interface instead of calculated in the

sof tware sub-system 130. Once the power output scaling
factor has been determ ned, the power controller 12
reads .a ignal 84 co ni cated by the tenperature
ce?ﬁrﬁﬂqnéi %ﬂuseég &Hagﬂg4t?¥9%§a58¥?r?ﬁnﬁﬁ%}ﬁﬁF o dgva
| evel which represents 20 the percentage_power out put
r%‘a‘iﬁ%"é&gﬁop‘i’%%cr?uép%rt%ciuhsw@r PoisRCheabed atuséep 62,

establgﬁped in the tenperature controller 14. This is

HASEE GRS, BT SRBEAPR BT din§CEBMRmACkeEd By: seetve is
sensin ans 18, conparjng that readi ng agai nst a set
pi?#ﬁn%@%‘éer%rp@wgﬁdcww Sy 1Eheehd BPY#RI Ut to

the 25 power controller 12. After the micro-controller
12 SPIINE 0 3%ADT o4 FPETAeeb 031269281 % Hiput scalea-
signal 84 sent by the tenperature controller 14 a new
PR agd T pRASIEO BPHET , OBRIE Sealbey facteyl éalkaiew at
sfep 62, using the sane equation noted in step 46.

AR GedacHieFatsvagetBHRvsEan 13 jriwenscbmtsten &P
12 sets the power output to 5 the heat-produci ng means
16°% #netheyctennpsptugaasntppidescht emra g8f Payemo
new power _out put scaling factor is bein i mpl enent ed,
{HEERH CAAPRLSHSy S DB HaRP (7ertn SR s faskobo 3D 60 is
anot her tenperature controller 14 reading and power
otRBAACcCaPRbt htihen LS Thel P WPtentae pps Buek an tst epter
619ev5 S’data in steps 50 through 54.

Referring to FIG. 5, an alternative embodiment 210 of

- the variable wattage control system is shown. In this

arrangement, the power controller 12 and temperature
controller 14 are combined into a single combined controller
22 which receiﬁes temperature readings from the sensor 18 and
provides a limited and scaled power output to the heat-
producing means 16, In the alternative, if the system 210
does not include a software subsystem to implement the
scaling function, the scaling function may be preset by the
manufacturer or may be field adjustable, such as through the
use of one or more switches. As shown in FIG. 6, software
subsystem 230 provides a routine that instructs the combined
controller 22 to obtain new input from the user through a

user interface (not shown) at controller 22 in order to
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10 repeated until the user interrupts the |oop, such
as to enter new data in steps 50 through 54.
Referring to FIG 5, an alternative enbodi nent 210 of

‘%Bﬁ riabl e wattage control systemis shown.
%Oﬁﬁgﬂ@nt t he power controller 12 and terﬁ?gf‘ﬁ‘f?i”g”z“

15 controller 14 are conbined into a single conbined
controller 22 which receives tenperature readi ngs
fromthe sensor 18 and provides a limted and scal ed
power [ means 16. I n the

ut to t y oduci
a??%ﬁ?é% ePOY§r ﬂﬁipggs?s h a&gg§'rﬁﬂ*ﬂ AefuBEodHce a
softma e subsyste l.enment the 20 scalin
%%%%%ﬁOWFﬁeX%E%'E 5}5 HIR SH4 g preaae Bg- (e steps
cturer | d adj ust abl e, such as
?ﬁg {hT g 7§Sé: egﬁév% Y?nﬁag SGPT crEersashenbime i n
Cit EH% aen1230 provi des a routine
t hx %gﬁsﬁﬁac‘t’gnﬁ)hé’re PR COREPBI FRHE2200 BT ai n
new j nput fromthe user through a 25 user interface
(RO THRORR) Yatue oty BPel 99 hedtsr pepdycinggmegns 16, and
2004/ 9143 PCT/ 1352003/ 026224 generate a power output
SEAF i t BYWeKddr, W%FHS)prtGUG’@eaapl%‘%fjalt@dh%‘é\%ﬁ’ro ucing
outgut to the heat - produci ng neans 16. At steps
In e, &ditpyaeriive hEoghéped eiyolper| %énay
volta e % T Vrs) produced by vol tage source 20, the 5
r%%"r@?a:}ﬁ ally ’EF‘é‘d( THeCRFETII Heae- VoYiasc ERgnneiiage
and _ the desired Eomer (in Watts) to be applied to
h%%ﬁrﬁﬁ'gguE?an n@snsheeresiptepecarabin &f heat cerasiusdag

controller 22 nmay autonatlcally read the existing

| TSRNS, diét 3@@?9%5\?& fapat

Once the line veoltage, resistance value and desired
power values are entered or read into the combined controller
22, the micro-controller 223, at step 72, calculates the
power at full line voltage using the same equation for
determining Pyipe as was discussed above. After Piipe is
determined, the micro-controller 223, at step 74, calculates
the power output scaling factor, Ko, also using the same
equation discussed above. Once the power output scaling
factor has been determined, the combined controller 22, at
step 76, reads the temperature being communicated by sensor
18. At step 78, the micro-controller 223 compares the
temperature reading against a predetermined.set point
temperature and calculates the required percentage power
output level, Pgu, in the normal manner, and then the micro-

controller 223 calculates a scaled percentage power output Peyut
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source 20 as well as the resistance val ue of

heat - produci ng 10 nmeans 16 wi thout user input. Once

the line voltage, resistance value and desired power
ues are entered or read into the conbi ned

‘38&?%8?31@ 22, the micro-controller 223, atPCIfUsHI03/926224

cal cul ates the power at full line voltage using the
same equation for 15 determ ning Pline as was
di scussed above. After Pline |s det er m ned, the

SLO-AORLED! 461 RA%y oL AEghEU LS ! it BRe e

power out pu scallng actor,

0 e the wer output
e A ast%%eéﬁaﬁ%”evroeﬁeﬁea e Tovrorneds

cat &Rl 2éne Ao 3%%35‘980 trolfgad%% q'eﬁp%gge{bgt:ﬁég eoutput

bei ng communi cat e by “Sensor o {ure reading
npar.e e era
PEOrAIEARLES %%ﬁ{ Ard 88 set:L h&ené l‘?‘é ePRtuPEURLR) the new

agalnst a pr & nPne
percept age power . out put

d
ev equc'lC?1 gﬁtelh h‘lg‘htr %gl %g‘f; fetedrai T S tan 85t ke ntheh@theer o

t age power
Bt R R P %%%7‘%%%@8%2 %33‘2?21 J%?ﬁi?g
i o A e S e AT SR eet:a 38
e BB e AR g R CE A AR (P VB AG Bt (S ke ation.
AP B0 <D B R, 2 T Rparmentas vt iRothe
rﬁ?@rpQﬂ@grfﬁgﬂ%uEhgc ééﬁ?Jgﬁﬁﬁtas {g éﬁ%e@gnew data in steps
66 through 70.

Referring to FIG. 7, an alternative'embodiment 310 of
the variable wattage control system is illustrated. In this
particular embodiment, variable wattage control system 310
comprises a module 24 having one connection to power control
means 12 and a second connection to heat-producing means 16,
while temperature controller 14 provides an output signal 84
to power control means 12. Power control means 17 then
supplies a voltage and current to Module 24. As further
shown, module 24 then supplies a scaled voltage and current
to heat-producing means 16 that is less than the voltage and
current that would otherwise be supplied by power control
means 12 alone. Although module 24 could be implemented
through a micro-controller subsystem, module 24 does not

require a micro-controller or software subsystem to calculate
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i mpl emented, the software subsystem 230 returns to

step 76 for another tenperature readi ng and power

out put cal culation. The |loop fromstep 82 back to

\%e 476 is repeated until the 10 user interrupts the
3@", With as to enter new data in steps 668THS3RRe224

70. Referring to FIG 7, an alternative enbodi nent 310

of the variable wattage control systemis

illustrated. In this particular enbodinent, variable

a ntrol. system 310 15 co i ses a nodul e 24

‘r’]‘g{}{i n%eeto %Z’ec SRTEet S SE o PR q‘&?ﬁ[‘? oty PIRduesng fepans
s%onﬂ_éconngcti qip to heilt- roduci ng neans 16, while
{ SRpekis GPHSEGRITRIT GFaLan GRATAEs Rerh Gt Bt PEPERaI DB Ahe
to o)%/ver contr ol ns 12. Power control nmeans 12 then
ST TR U0 oF Y e RHATE0PT LRSS RBAEIEs 24as3tch as by
further 20 shoyyir’u m)duge 24 then su]gpl ies a_ scal ed ]
VOTY e "RAE BEHTERS. £8SHRAMSTHPYEREF nkP dsnSeab-pFraucing
is less than the voltage and cyrrent that woul d _
oPFENiCe Bl THRG 5&3"3899%0%\/9?01&%?13%@ davise {2-9. triac,
a%&gﬁ. él,tdhou?qlgerm ule 24 could be inplenented
t gt a9t -crcﬁ(‘jlﬁﬁ’ol PRYel (FSpstea T nodG-¢ 2usidsedhe
not . 25 rﬁlqgi re a mcro-controller or software
STt & Bt at T ekt &t 2 RASIEIGaMERed dpvel in order to
Pﬁ,‘[/#gg__?losl 026224 and set the scal ed power output to
t frd® SpPOURICi M PHEahe Do~ PredpeiRG meansuibscal i ng
factor_ Kout ,.can be I%Leset by the manufacturer or set
by nmaMfderReaAst o iFodfr e Altegpatiee Rubogiment 4t of
ﬁﬂi&tches. 1he power output_to the heat-producing 5 _

hs72F63Pse 1 1R %38s £AR sys&gm 4 stldustdatede Trethis
triac,
paf%icular embodiment, variable wattage control system 410
comprises a module 24 having one connection to voltage source
20 and a second connection to power control means 12. Voltage
source 20 supplies a voltage and current to module 24 which
then supplies a scaled voltage and current to power control
means 12. As further shown, temperature controller 14
provides an output signal 84 to power control means 12. Power
control means 12 then supplies a scaled voltage and current
to heat-producing means 16 that is less than the voltage and
current that would otherwise be supplied without module 24.
Although module 24 could be implemented through a micro-
controller subsystem, module 24 does not necessarily require
a micro-controller or software subsystem to calculate and set
the scaled power output to the heat-producing means 16. The

power output scaling factor K, can be preset by the
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SCR, solid state relay, power transistor, etc.) inside
the nodule 24 that is set at a predetermned level in

order to limt the power output to heat- producing
‘gﬁ%@“ﬁ’"ﬂ?&' Referring to FIG 8, an alternative

8t 410 of 10 the variabl e wattage J&N{{5E103/026224
systemis illustrated. In this particular enbodi nent,

vari abl e wattage control system 410 conprises a
nodul e 24 havi ng one connection to voltage source 20

AR SO H R P AT e o o

zgfreﬁai REatO i B5P SO 00 S50 KR A
B 3538 REH Fhaid R A e

. i B S ot

and ent that would otherw se be suppli ed
mh“?%%kﬁ 2otk 15 s CARE hR RIF IR GaTEnSd 1&3ifd ipeorder to

ted through m cro- control|er subsystem

B R s Rt B htaty redar e meens’ 16.
mcro-controller or _software subs stemto cal cul ate
and s&e SERERE Rt dd Srover 2R R 2 Beﬂ‘%tlﬁ’é‘atembia%mﬁz"‘rﬁwélo

ﬁ %? 25 power output scaling factor K .
R HFE% 14,y"atik@99 1 coRF BoFEFBI 1443 shown. In ‘this
PCT/ UTS?L0031O 4 manufacturer or set by manual neans
oﬂa 8¥ ogmb %4:‘-6% Ls BIrizhie yptheee %%ttreﬁegyswe 510

ou to the heat-producin
stant&gfiy comprises thg same cogflguratlon -as the

variable wattage control system 10 shown in FIG. 1; however,
a module 124 is operatively interposed between the output to
the temperature controller 14 and the input to the power
control means 12. In this configuration, module 124 receives
signal 84 from the temperature controller 14 and provides a
predetermined limited and scaled output to the power control
means 12. Although module 124 could be implemented through a
micro-controller subsystem, module 124 does not necessarily
require a micro-controller or software subsystem to calculate
and set the power output scaling factor Ke, to the power
control means 12. The power output scaling factor can be
preset by the manufacturer or set by manual means on module
124, such as by one or more switches.

When applied to a phase angle power control system, the

present invention results in lower than normal conduction
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means 16 is limted through a solid state device (e.g.

triac, SCR, solid state relay, power transistor,

etc.) inside the 5 nodul ed24 thatlis tse:hat a
redeternined level in order to i m e powe

‘gﬁﬁ PUOIEY heat- producing means 16. Ref errlPﬁﬂ"‘{SEP"?fPén“
9, another alternative enbodi nent 510 of the variable

wattage control systemis shown. In this particular

enbodi nent, variable vvattage control system 510 10

e A R e s R
oreaen BB pions Earke Rt Rutr oheRcon ) Fer pauer
P A R AT 2”55;}%%1;2;;2%1?%
Pgwé F PR Fr Pl reaish B aBbpie - ih fveepoter
| %ie?érn EEE0R Bt R Ireln Fafhor S mascaien
WS 136 hr & I5FEice Whesyetbntioment ke Bgse

tpyt scal | factor Kout to the
agg PElpciie B r°§§§tp§°wm°& LD oRRGhAS 5 O] Fhgn phase

t by
%f’% e fo’n Eiaed th BRE ! pindn dnsp Abhe
lie ower contr ol

0 a phase angl e ]
sys]% cytcf} g% %?C e%FICV‘ﬁ%mac?ﬁ ~FREIA T ned I'eercycles,
10 %g@ﬁaconduct I:L%rc]:régsmnzg g/ gg_l?&lfc?tlon angle of the

phase-angle-fired “on” cycles. Referring to FIG. 104, a
normal phase angle power controller receiving a command for
7% power would have a conduction phase angle of 41 degrees on
every ac line cycle. Using the present invention and phase
15 angle firing every other ac line cycle, a 7% power output is
attained with a 53 degree conduction angle as illustrated in
FIG, 10B. Further, as shown in FIG 10C, phase angle firing
every third ac line cycle using the present invention, a 7%
power outpu£ is attained with a 62 degree conduction angle,
20  Preferably, this aspect of the present invention is an
enhancement to the power control means 12 in FIGS. 1 and 3,
or, in the alternative, to combined temperature/power
controller 22 shown in FIG. 5 or module 24 shown in FIGS. 7

and 8.
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angl es due to the power limting function. Because of

the nature of phase angle fired devices, such as

SCR s, power control at |ow conduction angles can be
ss accurate than power control at higher conduction

| e
WRGPUE14, order to 5 aneliorate the probl eETUS2003/026224

associated with | ow conduction angles, the present

i nvention offers an enhancenent to phase angle power
control at |ow conduction angles, or when phase angle
contraql. is gonbined with burst firing., This allows

"of f" %’esl 5SotEE Htwdds BRaseRbngientiradrrenides a
C\glc%% 10 thereb¥ all owi ng an_increase in the i

c ORI ATGPE GPPEHRT SyFESE- dRgheE ftayd digg varying
cycles. Referri to FIG 10A, a normal phase angle
p%@xﬁ?a%ﬂﬁvﬁlllsegg?: eRei AR SPEORAERE FRFSLIVivgpefEtce such,
woul d have a conducti on phase angle of 41 degrees on
eP8r3 BRAYPIOEGLNe. "¢ d b he THE eSRHIEA N PaRERBNL Gnd
phase 15 angle firing every other ac line cycle, a 7%
paﬁ%fe’ahlﬁutcorﬂgrla?% AhPafitt RhE BRRErmpasecisgdueandil 6
angle as illustrated in FIG 10B. Further, as shown

i APEFRS ey pRgselart &7ifihy Bn§emRGER §ugehisegsang| perns 18;
cycle using the present invention, a 7% power out put
igh%t"ieé‘m%&twr?hsﬁn%@%é‘@aéé éBneEery s taddgtewitb r
Preferably, this aspect of the present invention is an
ehFERRIEeE conthel 1 Eonmt ForPREHIE the sanEeds. 1

and 3, or, in the alternative, to conbined

t BRGNS PolRra domiyes et poinhiovih Hower| genbrey means
nodul e 24 shown in FIGS. 7 _and 8. 23 WD 2004/019143
PES/ i g3 t6pBevature controller 14, for providing

energization of the heating element 16 at a selected maximum
'wattage level; and the temperature controller 14 being
operative such that, if the sensed temperature, when
compared to the set point, indicates that the control system
10 requires heat, the temperature controller 14 directs a
power control means 12 to turn on the heat-~producing means
16 at a specific maximum wattage level. The variable
wattage control system 10 may further comprise a micro-
controller 23 which determines a power output scaling factor
based on the percentage of a full line voltage being applied
to the heating element 16 and then scales the power output
accordingly; the power output scaling factor determining the
maximum percentage power to be applied to the heating
element 16. Accordingly, at least one heat-producing means

16 (whether a single or plural unit) may be driven at
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Thus, it is seen that the present invention provides a
vari abl e wattage control system 10 for providing
varying wattage |evels for at |east one power

| Y] devi ce such, as a heat-producing s 16.
#ﬁéﬁdé)éb‘?g%ol system 10 5 preferably conpri segﬁﬁ}g?@g@tﬁz“
one heat - produci ng neans 16 operatively associ ated

with a tenperature sensing nmeans 18; the tenperature
sensing neans 18 conmmunicating with a tenperature

[ler 14 f ing_th |t t

WH L rPiat ke PRIl er dooRer “Sontioat Bancan® where
he_ t t trol l.er. 14, f i di

oHat oA BReahd: R MibiTirg SRR Enknt Cae gonsrell settan 10

B e SO S s TR S STl

teg;qg ture, when conpared to the set point,
i RS eates that the control system 15 10 requires heat,
t he tgqgerat re controller 14 dijrects a power contro

means 12 1o LGPt oS (FREhERAL pFRTTR i 1y dRssRdPedsheteiq a

specifjc xi,mum wat t a | evel. The variable wattage
BRI oy DEARP 1D FRYLTRH Her CRBRpie e ancFel system 10
controller,,23 which determ nes a%fomer out put scal ing

£ 521 d Do P aGeU bH the'qidrgent a¥e B LoF fulbratrhgcducing
voltgggéfei ap I%gg to the heating element 16 and
UFRAPS O c¥PERE PRMIISH T RSEuCRE RRTIgIsP TENeDpHRILTed
out put scaling, factor determning the _maximum

pﬁ? gé%tﬂﬁf@é(eﬁoaérp%elbelea'&&ﬁ &85 ot YeaPPHET ¢ eHent
16. Accardi ngl at | east one heat-produci ng neans 25

18°R dr © ﬁ%lﬁg‘fae“cﬁblﬁ WREFagmi S9N R BESEERVEY at

comprising using a temperature sensing means 18 for
measurements of a temperature associated with the heat-
producing means 16 during operation thereof; providing the
temperature measurements to a temperature controller 14 for
comparing the temperature measurements with a desired set
point; using a power control means 12 of the temperature
controller 14, for providing energization of the heat-
producing means 16 at a selected maximum wattage level; the
temperature controller 14 operating such that; if the sensed
temperature, when compared to the set point, indicates that
the system 10 requires heat, the temperature controller 14
directs a power controller 12 to turn on the heat-producing
means 16 at a specific maximum wattage level; and using a
micro-controller 23 to determine a power output scaling

factor based on the percentage of a full line voltage being
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W) 2004/019143 PCT/ US2003/ 026224 different power
| evel s for various applications, and where the power
rating of the variable wattage control system 10 can

ﬁgw ggtsrthanthe power rating of the o0
AU Educing neans 16. 5 It is al so t hud TBEARP/RER24
there is described herein a nethod of using a

vari abl e wattage heater control system 10 for
provi ding varying wattage | evels for a heat-producing

”%?Jlflr%ﬂd”wwg Behed g h%‘&ﬁé&%ﬁ%ﬂ%ﬁ@jﬂ Befieriing tne
10
R P o o e PSR T %u}%gnﬁ“ﬁ“a%feer output

Ly E%a%%rﬁ% hcieﬁsgg”ﬁﬁsegfﬁgeﬁ%%ﬁ%%ﬁ%% Eadh imrgrer to
erati.qQn er of ; ovi di n the tenperature
RCAORETY *%%atp&fgfﬂa NG IRTN [Lér S¥anf haty ghe

c% arin thete measyrements with a desired
SETEC BRI A R I}f P BBht Mot Vate @t a1pover t1ryel

te rature_controller for, providing energization
?rr%)%grhgéﬁn PrdREGy ﬁé’ﬁ?‘nsri%l‘g‘i' a sel ected maxi mum
watt age | evel ; the erature controller 14

opera ChgrehRg thet thrit ReSReRe P2 FeeRpEF AR rigvent ion
onpared . to t et point, indicates that the

tLé’r?u TREGHRY é%e% Eof hdet et oRe o€ ohbe ottadrings

d cts ower. controller 12 to turn on the

h’Leaa‘iec ogﬁg th?fgaﬁvsr L8 aFORPEIRAS PrOVAEANIR Selteddeg
vI % S|n m cro-controller 23 to deternine a

p*%/ﬁ?fﬁ oGP IS SEEFTGTE SE TP ALE B IHERYED GnUPRE PRFTCAGET

of. a full line vo]tage belng,

electronlc communicat on techniques.

According to a further aspect of the present invention
in the foregoing method for determination of the scaling
factor, the method further comprises providing to the micro-
computer the line voltage of a power source for the power
controller, electrical resistance of the heat-producing
means 16 and desired maximum power of the heat-producing
means 16.

Such values can be determined and manually entered or
might be automatically determined, or provided through
electronic communications techniques, or provided by
information stored in a look-up table or otherwise reported

by characteristics or features of the heat-producing means

16, such as by test or surrogate test device energization,
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25 WD 2004/ 019143 PCT/ US2003/ 026224 applied to the
heat - pr oduci ng neans 16 and then scaling the power
out put accordingly as well as causing the power output

' factor to determ ne the maxi mum perc¢en e
‘g@%dr")a?%“ be applied to the heat-producing ?Fg:gh_%%f%mzszm
such that the 5 heat-producing neans 16 is not driven

at a power level greater than its power |evel rating.
According to a further aspect of the present invention

(B Be 18100 D8 APENON I ACLELILAAL O O! L ene

scal i actor, €r CO

PogYi 1110 [ 256aLhRO- I JAGkAr 1ho the

ﬁleO-COﬂtr _ oyg user I'nterface Or

oo P ORI EPLAL LGB ARy SR 0oL
959800 "Il 9 L SLI0RLL 08 0L LI ERLIG:: s
TR LEIBAT e L0 LEOR B Y (SRS ana
PSR RSUEng, RATR 0000, dERt G L TV BN,
O A Wy e B ey oo
kA A A OPIUBRSRIA 0T RS M O R, dFC L.
T LR AL RNE I R —
tSéﬁtf%Tﬂéﬁ?d%%ﬁE é;egdc nhs SCR's (thyristors) or
bidirectional switching devices (triacs), which could fail
in a shorted condition.

Further, in tﬁe case of the variable wattage control
system 10 of the invention which uses phase angle controlled
AC or pulsating DC control, special filtering may be used to
suppress high frequency component generation in order to
comply with product certification protocols or regional or
approval agency criteria, such as health, safety and
environmental rules or specifications establishing criteria
which such devices or systems must meet to qualify for CE
(Conformite Europeene) marking regulations for devices used
and marketed in the European Union.

Variable wattage control system 10 of the present

invention may, of course, use any of the previous power-—

control methods or switching protocols, such as PWM or phase
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26 WD 2004/ 019143 PCT/ US2003/ 026224 or by fixture
specification or determnation, to the variable
watt age control system 10. Various precautions and

ing limtations and safety features wl| be
‘gﬁg@ﬂ}%‘% e for skilled users making 5 indd&ts4|e3/026224

application of the new system For exanple, and
without limtation, the variable wattage contro
system 10 typically can be provided with

short-circuit gt "full on' over-curren rotection or

OO T SCePming Lo PRhe T R LTISh JhERD bhasowered

system.i,s .t o make use .of .sem conductor. 1o controll ed
el VRER e iReE BRIt o BuERPend ninar

swi t.chin evices (triacs). ich could fail in a

sﬁ%‘?‘i"eodl% FEFon® F?Reﬁ"f‘?r‘?lgiwﬂl%“ea%’é’ébs SfRgn-

vari ahl e ttage control _system 10 .of the invention

o e G R 298 CRT MR o FBE ! B e AL Son TR

DC contraql, special fil ering nag be used to suggress

hFYh- 5% &%s&e@rémo% SgBREFSRT M YSH 3 CRer aPRTOPT AL

conply with product certificatjon protocols or

r &Y BN %’P @agﬁ?o‘?/%lt%ﬁ@néiflé%‘??ew Fhesyer a8 Heau th,

safety and_ environnmental rules_or specifications )

SRS 6 EPPLRriol SE AP HSEIRA AR BR¥CE Lagiarehich

nust neet_to qualify faor CE (Conformte Europeene)

B %i By Fe GOAPSEFRN 1t 1ddv PEeSURRIBH N REVEREr kK@t/R) i n

t he Eurqgpean Unjon. Variable wattage control system 10

of R HeP dres Bt LR RHS™ ot Ovay, of course, use any of

t he previous pouer .
As a further example, rather than sensing temperature

of a power—recéiving device, power output or tractive force
or angular velocity (as of a motor shaft) of another type of
power—-contrelled device may be measured and applied to a
device or circuit analogous to the temperature measuring and
controlling means 18 or circuits of the invention, but
wherein the power controller 12 provides a scaled output to
the power-controlled device consistent with the principles
of the invention.

It should be understood accordingly from the foregoing
that, while particular embodiments of the invention have
been illustrated and described, various modifications can be
made thereto without departing from the spirit and scope of
the present invention. Therefore, it is not intended that

the invention be limited by the specification; instead, the

28




25 control nethods or sw tching protocols, such as PW
or phase 27 WD 20041019143 PCT/ US2003/ 026224 contr ol
according to whether the system 10 can be powered by
ility wwth regulations relating to types of power
@8%@%&9?9%’0%%3, or operating linitations tﬁg;rggﬁqoslozﬁzu
Further, in the use of the variable wattage control 5
system 10 according to the present invention, :
appropriate care can be taken by those skilled in the

use of t i nvention to avoid, de] eterjqus effects, on
St escise BRFE layepEih “Loruiarcen Borbe (1 pu ted
suppl yi n ower t e, controlled by the system 10. 10
A@ﬁ@ %Wrgﬁ rag?(%'h‘%f‘gdraéf“ﬁer t han sensing tenperature
of a power-receiving device, power output or tractive
force or angular velocity (as of a notor shaft) of
anot her type of power-controlled device may be
nmeasured and applied to a device or circuit anal ogous
to the tenperature neasuring and 15 controlling neans
18 or circuits of the invention, but wherein the
power controller 12 provides a scaled output to the
power -control | ed device consistent with the principles
of the invention. It should be understood accordingly
fromthe foregoing 20 that, while particular

enbodi nents of the invention have been illustrated
and described, various nodifications can be nmade
thereto without departing fromthe spirit and scope of
the present invention. Therefore, it is not intended

t hat
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the invention be |imted by the specification;
instead, the 28 WD 2004/019143 PCT/ US2003/ 026224
scope of the present invention is intended to be

*&%@%@gﬁ nly by the appended clains. 29 WD 20041019143

/026224 CLAINS What is claimed isPC8/Upa00x026224

control system (10) that limts the wattage provided
by a heat-producing elenent (16) to a value less than
that produced at full Iine voltage, the system (10)
conprising: at |east one heat-produci ng neans (16); 10
a power control neans (12) operatively associated with
said at | east one heat-proq#%hﬂﬁlneans (16); and a
power limting function tha its the wattage
provi ded by _said. at ., l.east one heat - produci ng neans
(16) S@a&: g&aF%%lrF%%&St'han that produced at a full
line voltage through 15 the use of a scaling
function. 2. The control system (10) according to
G aim.l ereip said power,_limting fynction and said
scaling f eponbrot cursen i(ﬁbg htud ™5 5) the t WRH&PS o
said.ag# ast 20 one heat - rogucin ns (16) or
TBeTaRITe by Bl GERT HRLHEARD SLAF e cbft F ofa eatsss
(éﬁQniyﬂ%ts%Egdﬁée %ﬁ?%uﬁqelgggléoltage, the system (10)
comprising:

at least one heat-producing means (16);

a power control means (1l2) operatively associated with
sald at least one heat-producing means (16); and

a power limiting function that limits the wattage
provided by said at least one heat-producing means (16) to a

value less than that produced at a full line voltage through

the use of a scaling function.

2. The control system (10) according to Claim 1
wherein said power limiting function and said scaling
function resides in a module {24) attached to said at least
one heat-producing means (16) or operatively placed between
sald power control means (12) and said at least one heat-—

producing means (16).

3. The control system (10) according to Claim 1

wherein said power limiting function and said scaling
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produci ng neans (16). 3. The control system (10)
according to Caiml 25 wherein said power limting
function and said scaling 30 WO 20041019143

éﬁﬂ%u %903/026224 function resides in a noduleg§24g
P8y placed between a power source an§Td5PY026224

power control nmeans (12). 4. The control system (10)
according to Caiml1 5 wherein said power limting
function and said scaling function resides in said

P r..control .neans (12 eratjvel l,aced between a
DR S el e 08 k8ot 2t ) (SRS o eorg Petveen
neans (16). 10 5. . The control system (10) ording to

& e st RoL i BES) pREEITy B 198 and ai ¢
scaling function resides in a nodule (24) operatively

pl aced between the output of any control device and

th t [ t t i, d trQl 12
uhi ch ont FBPeCShFt heVREREr (145 Srwiaae bPogksihg
(16). 6. The control tem (10 di ng, t
TArRE Hier BPHCE o G gouer THRH IO ehieLA1oyars
phase .angle fired and jncludes circuit provision to
enHEAE™ FESAE8%r P01 POVBhaS HiR @°58%el Lebnt r of

at Iomucoqducﬁion an% es, by allow ng one or nore

PRIV s PLBCHL AT ISEP B eRACHRA ST WA g PBYf PR atpreast
1 AR EGRE T L B MSER] (IRhse- angl o- i red " on'
cycles. 31

5. The contrel system (10} according to Claim 1
wherein said power limiting function and said scaling
function resides in a module (24) operatively placed between
the output of any control device and the control input to
said power control means (12) which controls said at least

one heat-producing means (16).

6. The control system (10) according to Claim 1
wherein said power control means (12) is phase angle fired
and includes circuit provision to enhance the accuracy of
phase angle power control at low conduction angles, by
allowing one or more “off” cycles to occur between phase-
angle-fired “on” cycles, thereby allowing an increase in the

conduction angle of said phase-angle-fired “on” cycles.
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WD 2004/ 019143 PCT/ US2003/ 026224 7. The control system
(10) according to claiml1l further conprising a
tenperature controller (14), said tenperature

ntroller (14) including: a tenperature sensin
‘%ﬁﬁ@f’@gﬂ“such that a process 5 tenperature d’ﬁé‘f‘%{"}“@/&’lﬁ?"

associated with said at | east one heat-producing
nmeans (16) nay be determ ned; a tenperature conparison
function for conparing a tenperature associated with

sai d | egst one heat - produci means (1 1 th
set p27it'nt FpEPAT sé%&eﬁegtﬁgn’ ?ﬁ??&dﬁﬁg g%o&%ﬂﬁﬁr ed
odt put : and an out put_ function that prqvid directly
I GRTOF AETIR & GETRRTRRGTT | AEISONSE dohl r fid
neans 2), a nethad t ar he, power supplied to
t?ﬁgﬁﬁggﬁp%Foﬁaggﬁgﬁﬁﬁhﬁg4¥18 913§?4§= A vari abl e
wat t age .contro] system. (10) for, providing varying
ot { ado EVEFSLFEY S RREr PECE U R EDRE e (BB Ckame
system (10) conprising: at |east one power-receiving
RTREPALTGE Operats Xy 255060aTen GUN BRIE ForiAA%h are
ensi ng neans(18); 20_the tenperature sensing neans

( ?ﬁt7§¥ﬂ%ﬁﬁFE§tW%ﬁP§M(ﬂﬁ)amaygE%EQQHQﬁménegﬁtroIIer (14)
for conparing a sensed tenperature with a .

pr edetag&ﬁ“ﬁﬁ agyge ﬁaw;lagﬁowcm Q| gpPrpaving a
operatively assocjated with said tenperature )
COTIRSIATET S 28§0F Gt s eithi ARl @l die2&ti GRe3beat-producing
means (16) with a set point temperature and determining the
required cutput; and
an output function that provides, directly or through

the use of an ancillary power control means (12), a method

to vary the power supplied to the heat-producing means (16).

8. A variable wattage control system (10) for
providing varying wattage levels for a power-receiving
device (16), the system (10} comprising:

at least one power-receiving device (16) operatively
associated with a temperature sensing means(18);

the temperature sensing means (18) communicating with a
temperature controller (14) for comparing a sensed
temperature with a predetermined set point;

a power controller (12) operatively associated with

said temperature controller (14} for providing energization
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WD 2004/ 019143 PCT/ US2003/ 026224 of said at |east one
power -recei ving device (16) at a selected nmaxi mum
wattage | evel; the tenperature controller (14) being
_ﬁgerative such that, if said sensed tenperature, when

AfAPEd* 0 the set 5 point, indicates thatPCIf§2003/026224

system (10) requires heat, the tenperature controller
(14) directs the power controller (12) to energize
said at | east one power-receiving device (16), which

is_.limte 0 a specific maxi num wattage | evel; a
rﬁ%rsﬁléioﬁfg-r ESFF%J? P ARATChedet et r?’é%’%&epé%@r Futdput
10 scalin& factor based gn t he percentage of a ful

| THECTRG MaELmERiWRF $295 188°t0 said at |east one
pomer-receiving devi ce %161 and then scales sajd

pover 06t FEIPEERT YRy PRELEI e R BB dNfdRy; cRaF R Pesesich
oyt put scaling factor determ ning the 15 maxi num

p ntdg82pvRsnies FEMRERTRERt Jhek FoRParedsto die set
power.-recei ving device (16); and { such that a said at
|RAE 0AB8IpERETS rdddi FhRgSUetPR el 1Q 16 pMaTeDreRt v dhe
at different power |evels for various applications.
rrperphurg PRt Mokt tldde ebrrell tWpspenry 1egntroller
according to claim@8 wherein the power controller
(1) EonEreFeispviid pd d8pat £ng eperopeceiving device
power -recei vi ng devi ce (16) by conduction angle
cbift!roWhighdis nkinides &rr ausResitis msimgBevaiage level;

conducti on angl es at IOM/gomer.out ut | evels.
a micro-controller (23} which determines a power output

scaling factor based on the percentage of a full line
voltage being applied to said at least one power-receiving
device (16) and then scales said power output scaling factor
accordingly;

sald power output scaling factor‘determining the
maximum percentage power to be applied to said at least one
power-receiving device (16); and i

such that a said at least one power-receiving device
(16) may be driven at different power levels for various

applications.

9. The variable wattage control system (10) according
to claim 8 wherein the power controller (12) controls power
to said at least one power-receiving device (16) by
conduction angle control, and includes circuitry to increase

conduction angles at low power output levels.
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33 WD 20041019143 PCT/ US2003/ 026224 10. The vari abl e
wat t age control system (10) according to claim S8,
wherein said tenperature controller (14) operates

.@gg@u@g tenperature readi ngs are communi cated to
i erature controller (14) by said seﬁ§%ﬂﬁﬂwagﬁ§“

(18), and when said tenperature readings are so
comuni cated, said tenperature controller (14) then
provi des a re-scal ed output to said power controller
which imts and re-scal es the anmount of voltage
applied to said at | east one power 10 receiving device

it &V&“e&,i% TR Rt B St tPEoR bL0l pagepring
i a”C?e)‘%%%% R R e

%é%ffa%e‘%%%sﬁﬁ%ﬁd Lt”e%weﬁfésﬁ%go%"%aldoﬁ%i %?%Qeéﬁ%wgcated to
2 e FoEREREGHT VO BuEEe (L) g =R Ff-%lglrgganusse%)r

age appl.i.cati ons. 20 12. The vari able watta
ot pen gg%%n??%i)r%?&r GEAGLNGS Ti%ish FomRuR{fed, said

LRSI B O R A PR 8
& L PPHEE T detioio Ll HPE RA Ly dro APt aP P otet Ehe
qgﬁéﬁh o% voltage applied to said at least one power-
receiving device (16), whereby said power controller (12)
permits multiple wattage values to be obtained from a single

resistance value of said at least one power-receiving device

(1e6) .

11l. The variable wattage control system (10) according
to claim 10 wherein said scaling allows said at least one
power-receiving device (16) having a single wattage rating
to be used as a power-receiving device (16) having multiple

wattage applications.

12. The varlable wattage control system (10} according
to claim 11 further being capable of powering any type of
possible said at least one power-receiving device (16)
within a range of possible power ratings, and by change of

sald scaling factor, such that system operation is matched
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WD 2064/ 019143 PCT/ US2003/ 026224 to the maxi mum
desired power |evel of said at | east one heat
produci ng nmeans. 13. The variable wattage contro

@8%65}5119(330) according to 5 claim 12 wherei %ﬁ%?%ﬂ?wm
0

nperature controller (14) provides a |line
range for selecting an operating power |evel of said
at | east one power-receiving device (16) for operation
thereof at a sensed tenperature at said preselected

S’@J t@fg maxiﬁﬁga%éj%iev %fow\ﬁlgei %Jh %)isdt eg‘ ilogdt oc;fne ?xeat

maxi mum power gr eat er at o1 sal

recei vi ng device (16), and wherein an
u%per c]q_ﬂ%?. X\gsal d linear output range wl|

correspond to the maxi num desired power |evel of said
at | east one pomer-receiving device (16). 15 14. The

vari ahl.e tta ntr I ste 0 cor

Clalwﬁ eyglﬁab %tﬁg %? %Fgﬁ egﬂ ﬁccordlng to
dustr st andard., 15 The varlabl matta e contro

@ﬁl@m ?1&5‘3 %%lébﬁa&ﬂgtew%uaeamtf?wr L ﬁ%’ldes a

near ou t range_is a 4-20 mA output range.
T P P&Bﬂe% %g £oE o?ﬁ]ﬁﬂtlE?s?% rﬁqefe)tlaace%% d-eF’Sl of

cla 10_wherein: 35 WD 2004/,019143, PCT/ US2003/ 026224
et B2 oo PPEPT 1288 4vang ndeatqs d 10d HR¥ IRATRE 1an
paower qutput scaling factqor according to a_scaling
ffﬁmﬁog at a%eéeeslng? SrcenphgeR il BFeRRRPCTehEet point
vol tage bein %ppl
regardless o ether the system (10) has a maximum power
level greater than that of said of at least one power-
receiving device (16), and wherein an upper limit of said

linear output range will correspond to the maximum desired

power level of said at least one power-receiving device (16).

14, The variable wattage control system (10) according
to claim 12 wherein said linear output range is an industry

standard.

15. The variable wattage control system (10) according
to claim 12 wherein said linear output range is a 4-20 mA

ocutput range.

16. The variable wattage control system (10) according

to claim 10 wherein:
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to said at | east one power-receiving device (16) by
first 5 calculating avail able power at a full line

vol tage using the followi ng equation: Pline = (VI ne)
2 Rheater 10 and is further operative then_to scale
WML output to be applied to said at FEXIS2045{Re6224
power -recei ving device (16) by calculating said power
out put scaling factor, Ko,,t, using the follow ng
equation: 15 Kout = Pdesired Pline said tenperature

[ , 18) . bej ti h that it .
o Bl i e 2o o) LEnSReHUIE Fastt tRrge 2
20 th ' - t.rol | 23); d i d ) .
R EORO T S LS aF St G PARENS hér SPRbANS fapction,
A B NB e CEPepot it mat Lok G g 268 hufg sgplied
per cent age power output _JeveL,,Rgg%,,and t hen .

CEfl Gach 05 LPAREAPBE BerSkeSE VRS 04t LY Fduet
scal ed, using the follow ng equatjon: 36 WD )
FFFE 26123 %@Fﬂ@?é@o@?‘ﬁ%?ﬂa%‘&}l sd@ifegoltagy using the

Kout. said micrqo-controller (23) being still further 5

iHE ¢3aHEFuct said tenperature controller (14)
to communicate a signal to said power controller (12)
establishing the desired power output to said at | east

one P
Piine = {(Viine)

Rheater
and is further operative then to scale the power output to be
applied to said at least one power-receiving device (16} by
calculating said power output scaling factor, Keu, using the

following equation:

Kout = Pdesixed
Pline

said temperature sensing means (18) being operative such
that it communicates then said sensed temperature reading to
the micro-controller (23}; and

satd micro-controller {23) being further operative such
that it compares said sensed temperature to the predetermined
set point, and determines a required percentage power output
level, Peue, and then calculates a scaled percentage power

output, Pout scaledr USLNG the following equation:
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power -recei ving device (16); whereby said power
controller (12) provides a power 10 output to said at
| east one power-receiving device (16) which is
‘ﬁrOFerl scal ed. 17. The variable wattage contro
0208H%4%0) according to claim 16 wherein F&TFS2003/026224
mcro-controller (23) is operative 15 as set forth in
response to a software program (30) of the system
18. The variable wattage control system (10) according
to claim17 wherein the mcro-controller (23) is
operated by 20 a software subsystem (30) having said
software to permt manual, user input of various
paraneters into the vari Aptecalealt E@E c e ol system
(10) in, order to determne said scaling function. 37
WO 2004/ 019143 PCT/ US2003/ 026224 19. The vari abl e
wat t age .control system_ (10) according to claimB
wher ei a4t aF T HE Fldect i(8n) i Relpt iSdddl Furbestial |y
preset .or is preset priqr to shipnent to the end user
PSR tNECEPORMERT 1S} CONURPERPEAF YRS (9BtspSLem (D) to
or 5 is determ ned automatically by the systemin
redpuresats a sigral itfpsaidopower \cantanléeRal tae
control system (10) conprising- a heat-produci ng neans
(ABHRAHSERREstRE Ragines Poved potedo §apBwet teaftr one

means (12) which_ is linked to either a
power-receiving device (16);

whereby said power controller (12) provides a power
output to said at least one power-receiving device (16)

which is properly scaled.

17. The variable wattage control system (10} according
to claim 16 wherein said micro-controller (23) is operative
as set forth in response to a software program {(30) of the

system.

18. The variable wattage control system (10) according
to claim 17 wherein the micro-controller (23) is operated by
a software subsystem (30) having said software to permit
manual user input of various parameters into the variable
wattage control system (10) in order to determine said

scaling function.
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DC or AC power source for supplying power to said

heat - produci ng neans (16); a sensing neans (18)
operatively associated with said 15 heat producing
neans &}g) for taking tenperature readings associated
WP MY heat - produci ng means (16) and comP&h{USop/prg224
these readings to a tenperature controller (14) ; and
said power control neans (12) operating such that,

when 20 said tenperature readings are conmunicated to

sai d e ature ntrol t he sensing neans
(15 195 e S IR L EprkeoY Sztz)stﬁwoﬁ%)egf%ordlng
re-scaled o ut, to ai d _power. control, nmeans (12)

i o rddpRiny 8248 e TREC EuR SRR isomRT Larpie

to saég heat - produc¢i ng neans ﬁlG) by .38 WD 2004/ 019143
BoaY SF 48i MePets 04 ‘?aséFé’F"ePE R ddedgRee
with ratings eci fication of sald heat - pr oduci ng
ST O 169 . S 10T “EtRecTRn dbrEUndteen TCohPPOFY S diP) of
(10), according to, claim?20 mhereln sai d scaling
fifcdgtereingh @aahoya‘awllm E¥etPBroYT-Hy é§e¥eiﬁ’91’tﬁe te a
shipment to the end user or is electronically
cHiRfuAPEated to the system (10) or is deternined
automatically by the system (10) in response to a
user input. 10 22. The vari able wattage control system
(10) according to claim20 further conprising a
cont r 8P- prBvV%?%ﬁbH@eWﬁ??@gquontr°1 system (10) comprising:

a heat-producing means (16) which is electrically
powered;

a power control means (l2) which is linked to either a
DC or AC power source for supplying power to said heat-
producing means (16);

a sensing means (18) operatively assoclated with said
heat producing means (16) for taking temperature readings
associated with said heat-producing means {16) and
communicating these readings to a temperature controller
(14} ; and

said power control means (12) operating such that, when
said temperature readings are communicated to said
temperature controller (14) by the sensing means (18), said
temperature controller {(14) provides a re-scaled ocutput to
said power control means (12} which limits and re-scales the

output power applied to said heat-producing means (16) by
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a user of the system (10) to presel ect values of |ine
vol tage, resistance and a desired maxi num power of

said heat 15 producing neans (16), such that the
s§stem%10) calculates a desired scaling factor, the
WAMBMUE hg applied by a software subsyst eCTAG}00p/p26224
re-scale the power out by control of voltage to said
heat produci ng neans (16) from said power control
means (12). 20 23. The variable wattage control system

1Q) accordjhn to clajm 22 erein contro|l provision
(S Tagne Pt Ot B5oeSt A eeroYaRRce P FRR TSyt hat
perm,ts the user to nyal | epter line voltage,
P €31 197 Sifs SANE ST PRECHERS F83P0Le) ng means
(16) and desired maxi num power of the heat 39 WO

20041019143 PCT/ US2003/ 026224 produci ng neans (16) in
order .to cal cul ate a desired scaling factor ]
appr opiti at B¢ 7aLdrhl BT ERgep FERLES hF YTt SRS (1A )aceezding
The vari abl e wattage control system (10) according 5
th® CHaith 20 Whssrdrnsald faddre BREHSs tenipneyll user
either part of said tenperature controller (14), or
FECECHf 0% ot ¥ BISREF PEMH 6 SHEEMY £) thgrend yper or is
separ at e arrangenent operatively associated between
Gt ponera LiohCrBruRkeHed 12) thaswsdieg (10) or is

heat i ng- produci ng means (16) or between said
tdé%%ﬁé%ﬂﬁ?eaqt@“@gﬁﬁ%ly Y (12) SHREP™ A1) pdeFesomepoto a
means (12). 25. The variable wattage control system
(VEGF aBE¥rding to claim20 wherein said power control
nmeans (12) controls

22. The variable wattage control system (10) according
to claim 20 further comprising a control provision permitting
a user of the system (10) to preselect walues of line
voltage, resistance and a desired maximum power of said heat
producing means (16), such that the system (10) calculates a
desired scaling factor, the factor being applied by a
software subsystem (30} to re-scale the power out by control
of voltage to said heat producing means (16) from said power

control means (12).

23. The variable wattage control system (10) according
to claim 22 wherein control provision is constituted by said
software subsystem (30) that permits the user to manually
enter line voltage, electrical resistance of the heat-

producing means (16) and desired maximum power of the heat-
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power |evel supplied to said heating-produci ng neans
(16) by 15 sem conduct or power control or nechanica
power switching neans. 26. The variable mattage

control stem (10) according to claim?25 where
Q2 E\i\k‘? control neans (12) controls 20 pd’ﬂf“#@?/@”“
supplled to said heat-produci ng neans (16) by phase

angl e control, burst firing, pulse node, or pulse
wi dt h nDduIation 27. The variable wattage control

stem. 25, to cIa| 5 wher
ﬁ%mu LA P g ?azardc%né;?o?% e 308 Joaeéufgalmg

/U52003/0262 omer vel .sup to sa

0% SRSy T BT EEERPE B85 0L and
includes circuit prOV|S|on to enhance the accuracy of
phase angl e power control at |ow conduction angles,

b aII of f" cles to occu
phace Zing! 20 R DY v iass Cobhen Lip SHmo Pl apording
increase _jin the condugglon ang] e of

p"r?a§ aaﬂg?% yheredn §nso ’fev*aeeé bogsten \/és- ! ab? fikderagart

trol 0) for pr vi di ng varyi ng wattage
S erden PR, peteiaing Gkl cal BBEY bRy veer

risin at | east one power-receiving device
trGEe 3%?%&;2 ) ra8%otF & é&PﬁE?Fe a"“"s‘”é‘ﬁ‘greﬁ@mfré%i’r%a(tig?ly

for senS|nq@? oper ating paraneter of sa
lPEE@ qﬂfe&eggt% RQNEF control means (12) and said

heating-producing means (16) or between said temperature

controller (14) and sald power control means (12).

25. The variable wattage control system (10} according
to c¢laim 20 wherein said power control means (12) controls
power level supplied to said heating-producing means (16) by
semiconductor power control or mechanical power switching

means.

26. The variable wattage control system (10) according
to claim 25 wherein said power control means (12) controls
power level supplied to said heat-producing means (16) by
phase angle control, burst firing, pulse mode, or pulse width

modulation.

27. The variable wattage control system (10) according

to claim 25 wherein said power control means (12) controls
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15 said sensing neans (18) communicating with a

sensor- responsive controller (14) for conparing said
sensed operating parameter with a predeterm ned set
‘goi nt/' a power control neans (12) of said

QAP Esponsi ve control ler (14), for profCdfUigrosozeazs
energi zati on of said power- 20 receiving device (16)

at a selected wattage | evel; the sensor-responsive
controller (14) being operative such that, if said

d ' . id
redel st eL%%pgieQS%?&‘%afﬁr bt bt e le ' e 7
. it RErFEares ¥ for *mot
eeonnr LR ol CoM I ER ot 19 Bt g3l & pover

41 WD 20041019143 PCI/ US2003/ 026224 contr 0
Lhengez Ehe AFYFGmEr © &#ﬁﬁa Fgggﬁ&?wceé: FTB%" %ﬁl gﬁhi s
limted to a specific xi_ mum wajtage | eyel ;
GANUGTABRt RIS PQB?J'%W d8 rrﬁ’r%gs?sa)é o?/\%(%lro&egma e
scaling factor based on the percentage of a full 1in
phags-eRgec et iRy appi i‘é%‘ﬂteﬁ’sgﬁar%%&eaﬂ- CEEBEViThg eV ce
(16) and then scal es said power output accordingly;
Hnd hea CAnPBTBIO APELE Sh g PRATE G HST SPAERI i L he
maxi mum per cent age power to be applied to said power-
¢¥eEsyi ng device (16); 10 such that said

power -recei ving device (16) may be driven at

different power levels for various applications wth

a power rating specification as eat .or | han t he
P 28. A va%iaﬁ&e wattage contréH system (?8? %or

providing varying wattage levels for a power—-receiving
device (16}, the system (10) comprising:

at least one power-receiving device (16) operatively
associated with a sensing means (18) for sensing an
operating parameter of said power-receiving device (16};

said sensing means (18) communicating with a sensor-
responsive controller (14) for comparing said sensed
operating parameter with a predetermined set point;

a power control means (12) of said sensor-responsive
controller (14), for providing energization of sald power-
receiving device (16) at a selected wattage level;

the sensor-responsive controller (14) being operative
such that, if said sensed operating parameter, when compared
to the said predetermined set point, indicates the need for
more power from said power-receiving device (16), said

sensor-responsive controller (14) directing said power
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power rating specification of the system (10). 15 29.
A nmet hod of variable wattage control conprising the
steps of: a) providing an electrically powered

roduci ng neans (16), a power control neans SI%Z%;M

heat -

‘vaﬁ?é’é@”ll@ a power source for supplying powdCTf{5200
heat - pr oduci ng neans (16), a 20 sensing neans (18)
operatively associated with said heat- produci ng neans
(16) for sensing tenperature associated with the
heat - produci ng nmeans ,(16) and_ conmuni cat i signal s
Gt e BRANAGEY AP IEEn SRR L RIS SIS OFDog QEVILe (16),
tenmperature, controller (14) for, controlling,the power
ST O SRR 4 SPRBS0b A DHETR: BETFURIbOY (06224
to apply power to the - pr pduci neans (16
accortlMiGres O Hits 22%5 eﬁ%’e&%\t#ﬁq%r eet &Y %Hefﬁ Ry ERuE
scaling factor output for applyin pawer _appljed to
FFRL 1A (CASEBHURR TR B fEe( BES T 4% SRoferolb LI r o
means (12) in accordance with ratings  ,specificatio f
wel trarheipgonet Ry &&ﬁélﬁ@?ﬁ&ﬁ%ﬁﬁﬁ%%ﬁ@e t

sensed tenperature to the tenFerature control | er

) thep SCALEP ngPthPPET EHEPHF ATHATOAEF B14) to

have a to re-scaled output to the power control neans
(12) Sk POWERi PItPUh PGP 18gaF St YutdiHePORERIf T t he

power control nmeans (12); _and i .
maximum percentage power to be applied to said power-—

receiving device (16);

such that said power-receiving device (16) may be
driven at different power levels for various applications
with a power rating specification as great or less than the

power rating specification of the system (10).

29. A method of variable wattage control comprising the
steps of:

a) providing an electrically powered heat-producing
means (16), a power control means (12) linked to a power
source for supplying power to heat-producing means (16), a
sensing means (18) operatively associated with said heat-
producing means (16) for sensing temperature associated with
the heat-producing means (16) and communicating signals
corresponding to the sensed temperature to a temperature

controller {14) for controlling the power control means (12)
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e) applying power fromthe power control neans (12) to
t he heat-produci ng neans (16) at a power | evel
determined by 15 the tenperature controller (14) to
maintain said tenperature relative to a ter;perature
WR2MBI3:  whereby the power |evel suppli ed FC3USRI3/026224
heat - producing neans (16) is scaled according to said
scaling factor. 20 30. The method according to claim
29, further characterized by determ ning the scaling

factor in accqrdapce ith |line_ valtaage, '
R RN Pa‘g%?%?Eea%av%?sﬁ@é‘&mﬁa%%‘u%m%Eﬁg‘%&v@ﬁ%ﬁg ko
can be deljvered to the heat-producing neans (16). 25
e \RENSEB4F FRPEASUBRT/ US2003/ 026224 31. The net hod

according to claim?29, furth har act er.i zed by.:. f.
empl &i ngeﬁegﬁfr’(%ré §ﬁ%§%q ?ﬁc%gﬁ)oct}%’tt éf Fma%/%l}gl)ng
user of the systemto enter.line voltag(

.~ hgat
R APPB PR (tc BOaH (PRI BE TR ke hober Th% BOS™
heat - duci 16); d. l.cul ati . b id
ST GesuBa e sesosansan will SRS Spag) et

32. The nmethod according to claim29 wherein said

Qf 23346y heat TRFCIUCIRANIETTS Poddet by the user or is
preset prior to shipnent to the end user or_ i

el ect®loni CaMPYNLcaiimdnthgt BePi% CREPEIRTHA (tfoi%h?)r i's
det er m ned

temperature controller (14);

d) caﬁsing the temperature controller (14) to have a
re~-scaled output to the power control means (12) which limits
and re-scales output power from the power control means (12);
and

e) applying power from the power control means (12) to
the heat-producing means (16) at a power level determined by
the temperature controller (1l4) to maintain said temperature
relative to a temperature set point;

whereby the power level supplied to the heat-producing

means {16) is scaled according to sald scaling factor.

30. The method according to claim 29, further
characterized by determining the scaling factor in accordance
with line voltage, heater element resistance and desired
maximum power which can be delivered to the heat-producing

means (16).
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automatically by the system (10) in response to a user
input. 15 33. A nethod of variable wattage heater
control conprising the steps of: a) providing an
electfically powered heater (16), a power contro

WRAWOPLIY) [ inked to power source for suppl icAgS2093026224

power to the heater (16), a sensing neans (18)
operatively associated with the heater (16) for
sensing tenperature associated with the heater (16)

and c Lcati i_gnal §. 4 orresponding to the
sense ‘eﬁ%@r%?ﬁ%%fﬁ Cgra%W£§F%fﬁPém %ghttHF%§F (14)
for_contralli the power control nmeans (12) 44 WO
D DRETGEA 5B US2003/ 026224 10 apply power to the
heater (16) according to the sensed tenperature, b)
enpl oyi,ng a mcro-caontraller (2 to _de m.ne.a .

fo)ut D S{ngﬂé%wgﬁ é;t gg ware su%)se{sgem g%az thalti Rarmlts a

power S ofr-according t sca
fupncti 5 based.on the r centage of .a full i ne
P ke gy A 20 b B PP EPEad, Ry olbtiine

cal cul.ating_avail abl ower at full  line voltage, .
(BT RS ST BTY Vi SBqlat TR POFERete iAoy PR
10 ﬁéstﬁ_ .scaling the power output applied to the
heat ef ?ﬁe) £ cal cul ating said power output scaling
factory, Kout, . ¥sing the Lokl owig cauation: . 30y a

desired scaling factor.

32. The method according to claim 29 wherein said
scaling factor is manually preset by the user or is preset
prior to shipment to the end user or is electronically
communicated to the system (10) or is determined

automatically by the system (10) in response to a user input.

33. A method of variable wattage heater control
comprising the steps of:

a) providing an electrically powered heater (16), a
power control means (12) linked to power source for supplying
power to the heater (16), a sensing means (18) operatively
assoclated with the heater (16) for sensing temperature
assoclated with the heater (16) and communicating signals
(84) corresponding to the sensed temperature to a temperature

controller (14) for controlling the power control means (12)
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15 Kout - Pdesired Pline d. operating the tenperature

sensing neans (18) such that it conmunicates the

sensed tenperature reading to the 20 micro-controller

operat| ng the mcro-controller (23)

&6%33'8%%“ es the sensed tenperature to a pr é’&%ﬁé ’?1’@&24

tenperature set point and determ nes a required

per cent age 25 power output |evel, Pout, and then

cal cul ates a scal ed 45 WD 2004/019143

PCT/ US2003/ 026 er,cent ag Pout
aFBEE l}%?wr?& oltfe(?vq:vl ngﬁégﬁﬁécg%l&aggups@la S&n%d

Poute out 5 and f) operating the micro-controller
§0ch™F'hat said mcro-controller (23) i nst ructs

;rtgntgl e fosf&%%rt L@Jnéff-co&ég%ﬁﬁzwﬁh
e b e Y
; r°s§9$§ %Q%rcfea S3he rosplf 158 So1kagh Mg apBiea
T R TR R

line voltage using the following equation:

Piine = (Vline)z
Rheater
10
c) then scaling the power output applied tc the heater
(16) by calculating said power output scaling factor, Kout,
using the following equation:
15 Kout = Pgesired

Piine

d. operating the temperature sensing means (18) such
that it communicates the sensed temperature reading to the

20 micro—-controller (23);

e. operating the micro-controller (23) such that it
compares the sensed temperature to a predetermined
temperature set point and determines a required percentage

25 power output level, Pu:, and then calculates a scaled
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heating el enent (16), where the heating el enment (16)

may be required to be driven at power |levels |ess than

the power |evel capability of system (10) conprising
s of 20 a) using a tenperature sensi

‘(?gﬂn"’f@?“"‘neasur ements of a temperature asso@cgﬁggmw’lﬁ%??"

the heating elenent (16) during operation thereof; b)
provi ding the tenperature neasurenents to a
tenperature controller (14) for conparing the

ture 25 ne nts with a eter.m ned set

BSRER A8 s 50 A1 625 1 FoPorF ks O6 SP DS 4y P Rg o
power .control neans (12) of the tenperature

éﬁﬁFF&PPer (14), for providing energization of the
heating el enent (16) at a selected wattage |level; the
tenperature controller (14) operating such that, if 5
the sensed tenperature, mhen conpared to the
predeternined set point; mFﬁﬁP@afe%”fheK§Vsten1(10)
requires nore heat, the tenperature controller (14)

di r ecf8%sai d pomer control neans (12) to energize the
heathﬁﬂ]elenent 3é‘ which is limted _to a ﬁecific i
maxi wWaPE BRI TRV MR 18P T USFg (43) such that said
m cro-control | er é%ﬁ to determi ne a power output
JeAGTgopEEPbteha dRstheche r%ttsgeeaﬁtar? LfFCI’n‘ilﬁ%éer
vol tage being applied to the heating el ement and
Sl‘Qc i AETPRRL(RfRer® SdeEpat LR ciinvyey; C%H‘—”OJF )means (12)
cau3|n t he power output scaling factor to

AL LE AR R TR E R R ST SRRty SObEh%amt@df

to th
element (16);
whereby the power control means (12} provides a power

output to the heater (16) which is properly scaled for the

heater (16).

34. A method of using a variable wattage control
system (10) for providing varying wattage levels for a
heating element (16), where the heating element (16) may be
required to be driven at power levels less than the power
level capability of system (10} comprising the steps of:

a) using a temperature sensing means (18) for
measurements of a temperature associated with the heating
element (16) during operation thereof;

b) providing the temperature measurements to a
temperature controller (14) for comparing the temperature

measurements with a predetermined set point:
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heati ng el enent (16); such that the heating el enent
(16) is not driven at a power |evel greater than its
power |evel rating. 20 35. The nethod according to

‘%%mg%}d/\herei n, said step d) further Co"prﬂcsiﬁ.gzousmzszu
|

providing to the mcro- controller (23) the’l

vol tage of a power source for the power control neans
(12), electrical resistance of the heating el enent
(16) and desired maxi mum power of the 25 heating

el em:"%t) (1I§gingf’7a power control means (12) of the
temperature controller {(14), for providing energization of
the heating element (16) at a selected wattage level;

the temperature controller (14) operating such that, if
the sensed temperature, when compared to the predetermined
set point, indicates the system (10) requires more heat, the
temperature controller (14) directs said power control means
(12) to energize the heating element (16}, which is limited
to a specific maximum wattage level; and

d) using a micro-ceontroller (23) to determine a power
output scaling factor based on the percentage of a full line
voltage being apélied to the heating element (16); and

e) scaling the power cutput accordingly; and

£) causing the power output scaling factor to
determine the maximum percentage power to be applied to the
heating element (16):

such that the heating element (16} is not driven at a

power level greater than its power level rating.

35. The method according to claim 34 wherein, said
step d) further comprises providing to the micro-
controller (23} the line voltage of a power source for the
power control means {(12), electrical resistance of the
heating element (16) and desired maximum power of the

heating element (16}.
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