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WD 2004/ 019143 PCT/ US2003/ 026224 VARI ABLE WATTACE
CONTROL SYSTEM CROSS REFERENCE TO RELATED APPLI CATI ON

we 2dtigoappl i cati on i s based upon U.S. Provi si 8aalus2003/026224

Patent Application, Serial No. 60/404,997, entitled
"Variable Wattage Heater Control Systent, filed
August 21, 2002, the contents of which are

i ncorporated herein by reference in 10 their entirety
and conti nued PFAREAREE | WATTAGEVCQONTRGL SYSTEMt ed.
BACKGROUND OF THE INVENTION 1. Field of the Invention
15 The present invention relates to a control system
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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 controlling 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
WO 200401430 accor dance with outsi de tenperat ur ePCB1003/026224
the Moran reference applies a variable current to a
resi stance heater corresponding to variations in
supply 5 voltage by using a pulse w dth nodul at or
which controls the timng of a switching device in

BoWer dentcled ibhehfilcewtat oGEpheMol ti@sIo, theresistance

resi stance heater. Additionally, the Cahill et al.
-y S . i FCUi L i ar
N G T N s e

[ r .heating el nt .
0L P PRaRRTer sl bBpRi e TEaEHEE Mmoo
circuit conprising a triac.for _nodul ating the current
R IE AR G PEREREREUER TREEHTRRT | ‘G THoPLY
current is interrupted thereto when a predeterm ned
YotleadI Y U8 ingadheyl sesvHehkvepdut ok o herh Ehardiemiss the
in power control systens are desirable. Mire
Send ichld prittdedyieg seaineedni ardée e tcodtorola tgmwerlow of
controller that can convert at |east one power-
cecedmi nthmemjhceheswebiasaachehtatgr el edditidmling ahe
single wattage rating to a heating el enent having

cahiiple: watt ageerddcapplikeabkensa hel®y i s acdi tiher
need in the art for a controller that has the ability

dPrdddated & mRxhmum wat £age. LRAgarYah By | &8s dian ror
?UIAT( #?%e%

that whi ch woul d be provi ded at t age,

i G rovj de alin nction for re- scal-i-n
%Ee %%h\/\]elrrhgglﬁ%p&% t% 8%{’ fﬁ‘g kgag i %ag I!é %ier?%nto'r e ¢l 75 the

etter contr the power output. Furiher, there .
£ B
Jp ?%al’g_ rererence eaches contro clrcult comprising a

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 WD 2004/ 019143 PCT/ US2003/ 026224 need for a

controller that permts manual input of various
w@asoanedtiey s for determ ning the desired scal i NnBCT/US2003/026224

function by the user. Further, there appears a need

for a method of enhancing phase angle power contro

at | ow conduction angles. 5 OBJECTS AND SUMVARY OF

THE | NVENTI ON The primary object of the present

nb@&e@EkOQ bén%?olP%PVEﬂE%fbé@ﬂﬂéﬁ”ﬁ%dﬁ%ﬁt%&%u%OBEVQBrlous

sys em for control |ng the power output to

pfauam tre%%te:f]w ngeggl\_(r{l gi/t%et ec[erglrye s%a:!tq ?C%H}Eglon by

nction ré-sca ower ou put “su

he maxi num wat t age dellvered to the r-recejvin
tHEVFEET - C AHTDAST es st FarPRIFAT St a?%ﬂg?ﬂoaf BT boPada
at full line wvoltage. It will be understood
cabepcdragPhashapnghe PRWET Vi le ataticrgeongictdpn angles.
systemis capable of scaling power 15 to the
power - recei vi ng devi ce even though the power ratings
thereof nmay be | ess, or even considerably |ess than

the power deBUEery ENpadiMMARY CfF tThiE MewEWaroO#bl e
wattage control system Yet another object of the

presenk bHRYRALOBLYSct 0o 20t Qyidiaara ialvicalliennalkt age
control systemthat uses a single heater resistance

%%%H%ea% gﬁ?Xagﬂ%fﬁﬁf%ggéwgéﬁﬂk%l(%?§5%m f%%lcgﬁgkgﬁﬂlng the

rther object o e present 1nvention is to provid

L LB B0 PR T ) e s
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 understood 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 control 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 WD 2004/019143 PCT/ US2003/ 026224

wo a0we141e3s t han that which woul d be supplied BECT/US2003/026224
line voltage. The use of |[ower than normal resistance
val ues can allow a power-receiving device to be
designed with a resistive elenent of greater than
normal cross section, which 5 can result in an

vhAGEeqsE 'Eﬂgﬂetﬁééehﬁgcﬁeréka”Héasup%QQEﬁeétfEﬁlmeilne

obJect 0 e present invention is to provid

%%g?lgF .%% Yé4 éﬁEﬂgfﬂéfMyé%Hs&gﬁcgogﬁﬁues can

ure or power contr

capabl e of beln re-scal e 0 A further ect of
atlﬁrewpeegewer. RRSRETORe | ‘js,e‘fjocﬁadtcﬂ/]bc?e%ee?l%ﬁﬁl N
vari abl e wattage control systemwhich._.is operatlvely
rgsd6EiaeelAMERt t ik PeRmreaid ale Mpeitlucé OSEoREFbIL PR sWhich
of the control systemfor re-scaling the power output
cen treeuptwen- pecenviersdelvi ceie 15 ianstthéheolpréceof
the present invention is to provide a novel

enhancerdertr ahirphaseclaigtie @Edwere qordgenlt Byvahitdwnngs to
"of f" cycles to occur between phase-angle-fired "on"

Ve a hB@ﬁ&BYeaWéEW&@EJéﬂhﬂﬂbﬂ*ﬁ%ﬁté@ﬂlhh%hlch the power
conduction angle of the phase-angle-fired "on'

%%gh%sofzg Thetexr $5%¥§¥uré"brIﬁ%ﬁér”%o%&%%@@%r 95

- pro UC|ng el ement™ or "heat "produci ng neans" as

use rei n e to mean generically any type
CaPa omePErggég é ngV|%e whet her as a single or

Iural unit, .
P A furt%er ijeCL 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
output 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

4
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el ectrically powered, and may often be found in

i ndustrial 25 heater context as an ohm c device
w@ormpnigishg an electrically 4 WD 2004/ 019143 PCT/US2003/026224

PCT/ US2003/ 026224 resistive elenment driven

electrically to produce heat. However, the present

i nvention contenpl ates that a power- receiving device

may enconpass any type of electrically powered device

r‘e‘%%ls'%@v@gelgfdénﬂo&ribéﬁt@ﬁec’j@rlc?aﬂ%ﬁ‘tﬂd"%r%d%lc%”%@étor

terns "power control™ or “power

H%%Ve‘%' j %g; B{resegl‘?m@ﬁvgﬁgér‘?l?cfm?é?rﬁ)lat%%su%% th?awg Ber-

are |nfen nean  Qgeneri ca
cont.r ql Vi ce nornall¥ found in heater cqntro

rﬁ?&léfﬂrélg GERCeVr ¥R T HER TR, B0t - % Hof B it ed

to, mechani cal power sw tching devices (e.g

DOWRERSt Y1 CReLREYIHRS | Rite it Fades té’t'ca) hgaging
sem conduct or power control (e.g., phase angle
edemendl orbthst Likéring, pul se node, pul se width

nmodul ation (PW), etc., including conversion fromAC
poweIThieo tBEmantipuserot oV It oo “IHouw® supplrnyller” or
Anot her object of the present invention is to provide

"ol cabkeonahtags” contisdd System hand MGhitdnded to mean
software-controlled subsystemthat permts automatic

L u t of a rs inte-th
TR LR LORUL B SR U PEIRAALS WA couna

%eﬁqf%a@e'&le Bnseal! Q%{é&%t !.Q@chT eevfc%s“”inci% Wa%%':c Qe not

tware subsyste
sofgﬁy fubs ﬁten1 9r " sof t

1imi anical power sw1tch1ng 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-controlled
subsystem that permits automatic or manual 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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controll ed" as used herein are intended to inc!ude,
but not |imted to, inbedded software, which is al so

wopame1ags 25 “firmvare". 5 WD 2004/ 019143 PCT/US2003/026224

PCT/ US2003/ 026224 In brief summary, the present

i nvention overcones and substantially alleviates the
deficiencies present in the art by providing a

vari abl e wattage control system conprising a

POV F1i B6£1 &F NGUIEYIEE €RANSEL 86h # 01 18 HIONESn GO FOLEE and
which 5 is linked to either a DC or AC power source

$@bsEPPLYI 1Y o POUETad Os L. ARYE £61 ot FED NG IRANS, [ he art
operatively ~ associ at ed W ih the pgmer-re el Vi ng

Vi [ . erature readin an .
et R R Al Pt it comprising &
controller. In Bge referred enbodi ment, after 10 the
R ehperatur e 1% %\@ﬁc%r%o% et ¢l RY'§hesontroller which
fenperature controller by the sensing neans, the .
Jc%%ere]é%r*éo cORERDT | 2rDC threApriielesseiree sha exlipplying
output to the power controller which limts and
Peustal esthdedenoemt Af serisioge regpols et tapetdieively
power -recei ving device. This nethod of limting
appbe ek dd witie vod tagee t-arddel Wy chevaingk 1S cal it gy
the output sent to the device by the power controller
et £ 5wl thdd B v tage corhuesc40 ke il ned e a6 4
singl e resistance value of the device. In other

' - f
VOIS, o 1SR Yo e, vl able 1.‘[22& t 1S ce%%%cgé‘%b"?ﬁﬁe ,gdafter

a scaling factor based on t

' } 4 h ' . t
iS5 AL AR, 07 SLILIGS L IR YD RGO 208 POl

é£§%£§?&é¥eby 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. 1In other words, use by the variable wattage cont;ol
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



is not driven at a power |level greater than its power
level rating. The variable wattage control system of

WO b@4prasent i nvention can be used accor di ngl BCT/0S2003/026224
provide control of a 25 w de variety of
power -recei vi ng devi ces such as heating 6 WO
2004/ 019143 PCT/ US2003/ 026224 el enents, where the
power rating of such elenents or devices nay be as
&L@?@niﬁs tvﬁ%treOfthtehSJo\C«%rf %@t%]n\)’éatot@%%c?‘io%tlreﬁrlent%y HeBevices
or In fact may be sdbstanti al | ess or
o rbaet Iaosn q:featthe SV%I‘I %bloef %} { PTG g‘t r O| %fteergon%rol

otect1v sca or out put accor

eC|f|cat|ons f the elenent or d ccor ance
HETLIRF 48t tofath & e ﬁﬁSSraaf
conputer-| | emented software subsysten1|s provi ded

Qe tisey mht $Fhen@ardablico wdiedle Foaved |Sivisd efolitsage,

elenent 10 resi stance (e.g., the ohmc value of a
thedteer)iveld desilreed famxdunpmitp @werordimgoortgertheo
calculate a desired scaling factor. This scaling
et 1071 dat dap iced Hhe tdlensaft war elevddesystem to
re-scal e the voltage output to the power- receiving

devi c& T4 QBB cROWRENCOAL! 8kb8Et A did oM@ent hgvERtion,
user may change the scaling factor applied to the

éﬁrgﬂﬁcer@i %mgﬁt{etl p AR POVEI5 L £GELY I NY ‘()1%1%01' Rhat

to obt e maxi mum wattage v
tersrélic;;%@eeazée%avsnggg grep oD PR Herets
régi égﬁ?é e g., QBUtegmggpégfggt§¥ra(%eater) 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. 1In this way, the
user may change the scaling factor applied to the voltage
output of the same power-receiving device in order to obtain
multiple maximum wattage values 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 logic arrays, and any other device

capable of performing programmed instructions.
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"mcro-controller” as used herein are intended to
i nclude mcroprocessors, mcro-controllers, digital

w@2@aalol4pr ocessors, programmabl e | ogi ¢ arr aysPCHOS2085926224

ot her device capable of perform ng progranmed
instructions. 7 WO 2004/ 019143 PCT/ US2003/ 026224
Preferably, the software subsystem for determ ning the
scaling factor is found in the tenperature controller;

howevefe fé e IF eS8 Jdntildc-oRueeRseBRl abesqbPalniNeng the
software subsystem can be contained wthin the power

SO 10} | &1 5 OtRH, qht@RE?tgﬁééggtuggecgﬁé%éiﬁkr;
factor  function may alternative e conta!neI I'na
' ul rangenent . which is eratjvely

D e VR P b0 Fofp EREE T dene software

wer -recei ving device, or bhetween the voltage source
ERYHED Gt TRoRPGFReEs 87 CholveRR PREST cRpRFat e or
10 controller and the power controller for _
ARBPTY NG sy icgandhruferilong Theter afumgt ferc oy
of such a special nodule nmay be pre-set at the place
df temnaifiastiyr deocomipbecti ehda adposé Abheduls awotadjement
above, the variable wattage control systemof 15 the
wrsgents igpeanttior lysessacibigiebbeat e eS| Sddi€&ontroller
value wth the power-receiving device to achi eve nmany

ghd feteHowarlreads vabuasvhye 08k robLi &g, thge VWA 1AGR source
and current applied to the device. Further, the

Aesen ddwentd.on 69Rkol § -t Bgtwgérqgtl){gl%&%?e%%e
current ‘applied to the power-receiving 2 evice to
é’(%%lle%s%ntdh%%em%%&grogggj&%%ffegefggpgclzci:c?ngplaltshing 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-receiving
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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full line voltage and re-scales this output to the
devi ce. For exanple, a user that requires the sane

w@baogiot|h3 si ze heating el enent in four differRel/US2003/026224

vol t age/ watt age conbi nati ons: 500 watt and 600 watt
at both 120V and 240V 25 woul d have to purchase the
followng four different heating 8 WD 2004/019143

PCT/ US2003/ 026224 el enents havi ng t he sanme physi cal

| G 0 ; ,
gl P Ol s o8, ) SO IR o

Z(é).)B 60919[13\/)'6% ! 5%4)%6%&%@ 0229{7‘5 1?5/93&15}95 t V(?d’dsawba!tets,
wat t ol” 'sys i ‘on,

age con em Of “the’ present i nven

e bY caBse =8t BRI 6B, 7 BT ace B0l (76 fleailey By using

el ements of a single resistance value by limting the
HeatVarg 38 enviat toort §getrelasyshemnect 5 thizgsenyl [1nvention,
| ine voltage and re-scaling the heating el enent :

Y aaadgeoun typesl pIit headésor edemant apreramteenarA ali e CL0 and D
wat t age control system of the present invention may

a0t Koenefifecariyekiyndepflakndwaitecherglies @fenitty dXCa single
sem conduct or power control (e.g., phase angle

€t St ncbwiailuel bk NemipihgetARdgeat Py S MLHN voltage to a
nmodul ation (PWM, power transistors, etc., including

FONMENS QN thzeMeASI POVSEE bel%éngmgsleeﬁécﬁ\@‘ﬂg ft?ig ghle%ting

DC suppl y)or nechani cal power 3w tching devices .

ecfé?ﬁﬁcctwg{oﬁ’taag%;%%r gug'gﬁg' %ﬁsnsgéil!?e@a See S )Tl'ﬁ\,/]\gf%r%iable

use ! _se a . power control SyS gem .
FHORE, ghAe, BB oEnel ud, 8, el o oL IPLoX 08, s
§%§Hﬂfg: é?:kggaietgggkgqgggegf 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.qg.,
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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20 control at |ow conduction angles. The present

i nvention may use phase angle power control, but not
waoelo@g/onat3 necessarily require the use of suchPEr/pswes/026224

control system Additional objects, advantages and

novel features of the invention will be set forth in

the description which follows, 25 and will becone

apparent to those skilled in the art upon 9 WO

00 D8 RCEHES2Q0360264 20 r£X@Bt 81 @M cA it ion and

foll owm ng nore detail ed deScription and draw ngs In
[.eh 1d k nt f Lhyenti l,ya lar
b B b ohort s B R RN BT O QT 2
DRA! Fl 1 sinplified block diagram of the
%V%¥%$$§%r“é%ﬁﬁ&ﬁi@ﬁFoggBPH “variabl e wattage contro
system showi ng the control systeminplenented in a
tenperature controller according to the present
invention; 10 FIG 2 is a flow chart illustrating the
met hod for  deBREHF MPEY R K800 JHEaOROFINAE
re-scaling the power output to the power-receiving

devi celhy 1 hes teeryierpdtidiied bontkolliegraecof dilg dioefdrered
present invention; FIG 3 is a sinplified block

shpgliamref oFn talkt ebrabbile wibteghodbierdl odydthen showing the
vari abl e wattage control system showi ng the contro

SHSLEIM igp@t%qp%%qein@n%gle%mﬁza 9@@&5@%&@5@%&!@&%@

t he presént invention; is a flow chart

{Ldslig e M TRLRY Aot gri g the sl ing

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 i1s a simplified block diagram of an alternative
embodiment of the variable wattage control 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

control system implemented in a combined temperature/power

controller according to the present invention;

10
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20 output to the power-receiving device by the power
controller according to the present invention; FIG 5
wo g00a/08¢1apl i fi ed bl ock di agram of an al t er nat i R€T/US2003/026224
enbodi nent of the variable wattage control system
showi ng the control systeminplenented in a conbined
t enper at ure/ power 25 controller according to the
present invention; 10 WD 2004/019143
PCT/ 452003/ 9%6%2@3%' gha@t' $1 Pudd A0 Ghardnd IldisidteoRg

the nmethod for manually or automati al%y detern1n|ng

aﬁ%a%‘i&e'oggaﬁ%%g'&légg]v E&v%é’ﬁhit@%écfﬁb&%"%ﬁl%t Uetb? and

r-rece|V|ng

omer/te ature cont cording to the.5

S B TPnGBA: PORSTRPELDYE o J5F b i igdRe device by
di agram of an alternative enbodi ment. of the variable
'W%ﬁf%ﬁ@lééﬁtP@We§§§?@ﬁ?%ﬁ%ﬁ%?mFQ4ﬁ¥o%ﬁﬁﬁlﬁﬂCQ§ﬂ§P§n¢O the
i npl enmented in a nodul e according to the present
pnesenti onvendipPnG 8 is a sinplified bl ock di agram
showi ng the control systeminplenented in the nodule
havi mgGan 7alitteenatimpé i fetedcilocy diaqrmeehtaracdaredinag ive
to the present invention; FIG 9 is a sinplified block

cirgiaenhshew nget bercaple OhatiSy$d erpd dl 1lenBifesh isholABg the
nodul e having an alternative 15 circuitry arrangenent

R B9 stant RRoRERSARLAT Y eé‘tﬂxéﬁhlaé‘dacéﬂrgm%o'%oct%e

graphs iflustrating the enhancenent to a phase angle
'@es%n%o B@gktigﬁten1accordlng to the present
B5Ven : !

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 £o 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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20 DETAI LED DESCRI PTI ON OF THE I NVENTION Referring to
the drawi ngs, the preferred enbodi nent of the

wo a004akd1e3 wat t age control systemis illustrat ePCENS2003/026224

generally indicated as 10 in FIG 1. Variable wattage
25 control system 10 conprises a power controller 12
linked to a 11 WD 2004/019143 PCT/ US2003/ 026224 AC
or DC voltage source 20 for providing a power output

RO ar DPOWesHiEpeibngden gor @M@bi@&nﬁ Repbwdr 0gug) 15‘t9 to a
nmeans 16. A sensing neans 18 senses the environnent al

HENPLF od e By 1 ity 06 ated dMchh akhg Reat- EB&QE&H@%Q&?Q% A

16 and conmuni cates 5 tenperature read

SEHIDE AL S, £ O %As%rs 60| Ao RPEL 3L Ve'gﬁﬁwto

aSSOCIate OMEF contro

f t abl e wattage
PSS ol %8“%63 o5 RAEARE Peins it e Ferginicates

the out put fron1the ower controller 12 to 10
?S’éava‘f NG smdeng Igmwrﬁt\aﬁfe. fonarel ker skhlvigh is

the annunt of line voltage applied to the heat

PP IERICHIRY SR c1pd-eopatar abkypovenpecatwwkler 12.

controller 14 includes a mcro- controller 23 which

embodAexordisof twarees alsppstemt30héFbGes@pt f®@Fention,

cal cul ating and communi cating a signal to the power 15

cantaisld eratk2ddhajoneeaiLr @g/stéﬂael@o%@sv%@% hadd&or
heat - produci ng neans 16 as shall be discussed in

et i4ef alde ﬂ@%é@”oukﬁu%hgréﬁt@ﬁggé% &Er égn%## %er 12 to

system does not i ncl ude sof twar e system

ﬂHQNHH§¥HpﬂdH%d$H§ h%gnE“@%tb9”11$fE1ng 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,

12
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scaling function my be preset by the manufacturer or
may be 20 field adjustable, such as through the use of

wor@4o191adre switches. . Referring to FIG 2,PEDUBMWAE26224

subsystem 30 provides a routine that instructs the
tenperature controller 14 to obtain new input from
the user through a user interface (not 25 shown) in
order to generate a power output scaling factor, 12

2004 P& /s'a!é%QQ%@ZégZ ow@%on@ﬂshﬂpdl%e The term
S|gnal 84 to power controller The term "user
RS fl%cceerf%fceus%% et §' He!r% &”ES”QSQ é”t% uidnec e manual
manual and $5 oni ¢

. I { b
Ualis A St e E%a?%?%‘%ﬁ%e?%g e o

transfer the pertinent |nfornat|on to the software
W%rﬁ%@uwa&l@ﬁsbgéessﬂn%n%l%%tro@%%p%‘alia&q yiedia) or
the user enters the line voltage (in Vrns) produced

Py olittedd ssoweees 20, trhesfesi shanpervahert (Ainf@med)ion to
of heati ng-produci ng neans 16, and the desired power

then SIdF YMatrtes )sube vise cap Bli. edt t stbeat 3hg- P4 aghuiti 38, neans

16. Once the line voltage, resistance val ue and

sogidad Rawer thal e rakateeBbt €hedl i M Ovdheadenper atrdlss
controller 14, the mcro- controller 23, at step 38,

&Pc!cﬁ&ﬂe@i e tmt%%erso@&c&ubb I ine rgg%é@aq%e%m;é hen ohms)

fol | om ng “equati on: l'ine - (Uine ater
of heating-producing means 16, and the desired power (in

Watts) to be applied to heating-producing means 16. Once the
line voltage, resistance value and desired power values are
entered into tﬁe temperature controller 14, the micro-
controller 23, at step 38, calculates the power at full line

voltage using the following equation:

Piine = (Vline)2

Rheater

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

following equation:

Kout = Pdesired
Pline

13
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After Pline is determned, the mcro-controller 23, at
step 40, 20 cal cul ates the power output scaling

wo a@io1914Kout , using the follow ng equation: KOTYUS2003/026224

Pdesired Pline 25 13 WD 2004/019143

PCT/ US2003/ 026224 In the alternative, the power

out put scaling factor, Kout, may be entered through
the user interface instead of calculated in the

SOTHATA SIS M: Q. pONER LHELROVEE 2 DI PUt ST RY. may

factor has been determ hed, the sensor 18 1akes a

di c ] e r i t.Q
B T L R
m ¢r.o-controller 23 t step 44, c ares th ,
PLTe SO Eadihy V5 CB™ Apey At er e diog Aitput scaling
reviously established by the user. The required
et e H56Re CeSAEPECTt cVer SPRRRT 16 TRt M neamsyature
the tenperature controller 14 in 10 the normal manner
radingp agyl conBunienteRethder veading ot ¢ erhe 28 cro-controller
cal cul ates a scal ed percentage power output, Pout
Xt atecktegt 42st hedfiicusi-agnthel fetr | D0 hrteqtadd A, compares
Pout Scal ed - Pout * Kout 15 After the scal ed power

0 plémp PRty r3C alegdi nfaso bgepemsat Stihad esht theint previously
mcro-controller 23 instructs the tenperature

Sandd1aldRla 34 tRCRREYNI AL er@qéiﬂé@lp&%éﬁéd'éetp%%@?{ gutput

controller 12 establishing the desired power “output
fé%%l,h%aﬁ Pﬁ%d%%%nggﬁgasb§6th£*¥5ﬁpé¥§%dfélé%hf%%ller 14 in
recei’'ves™¥i gnal

the normal manner at step 44, and then the micro-controller
23 calculates a scaled percentage power output, Pout scaledr at

step 46, using the following equation:

Pout scalea = Pout * Kout

After the scaled power output, Pout 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 controller 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



20 84 and provides the proper power output to the

heat - produci ng neans 16. Signal 84 is a contro
wa@aaldithmvi ng a signal | evel appropriate forPCT/US2003/026224

communi cating the desired power output to the power

controller 12. The level of signal 84 signifies the

| evel of power output to be provided by power

controller 12 25 to heat-produci ng neans 16. For

e o8 Je gl Ve Reat i-8g té4bmgg%é&9és4% 1200 Watt
PCT/U82003/026224 el enent of Chns 1s desired to be

R G 131400 ot sl e o
U200 S Sl A DL 8% A e »

range, 5 w thout applying the scaling factor, Kout, of
YA SHAEER ContFertlEsn L o 1ER- 3 chIReRY t i QateoWdmubutrange,
at full line voltage, the strength of signal 84 for a
5 wihaitgeaiply imgpdher schédey; faohersilgnal of 30% poweent
| evel or 1200 WAtts; and 20ma signal = 100% power
irereglt i@m Z&ﬁorﬁ&ﬁtﬁlﬂegrEBenpbmgrfmmtpﬂﬂ)dﬁrﬁhﬂmﬂﬂﬂm@e
being applied to the heat producing nmeans 16. Wen
wdle gl ithe fsaekainKedt signgal gyl adedh tanbes iGrxiard o power

is applied to this schene 4nmA still represents O

BREL LR 5ot DR POROPOLEE IS 00 2ona

S}%@fvﬁ > oS W&‘rﬁ%gf"%% 8808 fsges p]?e“%el%osoe%%#n%{ L
S T T

contenplates that other scaling factors will produce
When the scaling factor, Kot 1s 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
15 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
20 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 18 determined, the power controller 12
sets the scaled power output to the heat-producing means 16

25 to a level that equals Pout scaleqd in step 48. However, if no new

15



different schemes, for exanple, a 0.25 or 25% scaling

factor 20 will produce a 8nmA signal 84 to the power
waeomungiiher 12 representing a scal ed power ouP@LIUSIIN3/026224

100% or 25% of the full line voltage power. After

Pout scaled is determ ned, the power controller 12

sets the scal ed power output to the heat-producing

neans 16 25 to a |level that equals Pout scaled in

SEL0: A3 £ 4RV Als, KefinB0 i ABNehen VY 20044 0d94hR re subsystem
PCT/U 2003/ 026224 scaling factor 1s being

St 5 eed'[g&#sedco thesght %EeaﬁHPﬁe\éEt@é?&ﬁagPa&%éé”& &i%g and

or another tenperature rea

out ulatlo The romstep 48 ba step
eD ;?éla SEATRCRE PRe Eggri?ﬂ?e ?fgﬁtet%eﬁ(&ﬁ?k to step
uch as to 5 enter neM/data in steps 32 through 36.
%efﬂe? AsRFateFratid, the aﬁeerﬁew%ue%omwrﬂopm@wh as to
the variable wattage control systemis illustrated. In
5  qmier nwat tdadd din enbpdi RBnthroaghabfe wattage contro
system 110 conprises substantially the sane

ar r arREmemntings tché'Ipr eBer redalOcenboilvarembodixeapt 110 of
software subsystem 130 is found in a mcro-controller

28 wddiciblies wepehati vehyrassegsasedim i M dNeaRAWEITn this
controller 12, rather than the tenperature controller

pefet dldh tie dRhRRhkYevakiabhe yariabl e WaltA0& ystem 110

control system 110 does not include a software

c§ﬁgﬂic5%?%%§%ﬁ%@$%§%igg%ﬁ%eggmehgrfgﬁ%%#%%gngmﬂhe preferred

o AR R RE e SRt P o
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

15 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

20 input from the user through a user interface (not shown) at
controller 12 in order to generate a power output scaling
factor, Kou, 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

25 voltage source 20, the resistance value (in Ohms) of heat-

i6



As shown in FIG 4, software subsystem 130 provides a
routine that instructs the power controller 12 to
wobdoaiomwimew 20 input fromthe user through a PEEUS2003/026224
interface (not shown) at controller 12 in order to
generate a power output scaling factor, Kout, and
produce a scal ed power output to the heat- producing
nmeans 16. At steps 50, 52, and 54, respectively, the

hSRIu EHE A€ 1ld, Ngn¥okhade b Pefr PBlePr pﬂy&%ﬂk‘s of%% be

vol t age source 20, the resistance value (iIn

f- 04/ P 2003/ 026224 oduci.n
R e T L
appl i t o _heat - produci ns 16. In the . _
R R g SR T O e TR L LT TE LR
read the existing line voltage fromvoltage source 20
Wwlige Jon yeliegeseanEecs20apaevetl eatt gwidisignee
means 16 without user input. Once the line voltage,

5 valkistahdeatabyedardndeserod powetthalkuessemrinperit.er €hce
into the power controller 12, the mcro- controller

23, liate stedp @, cakdskbahes theupoawd @sifrdd ddwer values
vol tage using the sanme equation for determ ning Pline

@e RS e Laned ahedpbRekheoft ebelELd Brbadth RN ro-
After Pline is determned, the mcro-controller 123,

@nisten H8.1eal gyl ke 5%?%9926\61{519% Pile SEAIdN%t Ful1 1ine

factor, Kout, also using the sane equation utilize

SRR TR L5 SRSt solTchb oo B AL R, L1 e

power~ out put® scal ing fa ; nﬁ@f

o SRS 35 Eertecs Listeadeof calsulated 1o,
éggggég%ed, the micro-controller 123, at step 58, calculates
the power output scaling factor, Ko, also using the same
equation utilized in the preferred embodiment. In the
alternative, the power output scaling factor, Kuu, may be

15 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 controller 14.
Signal 84 is a control signal having a level which represents

20 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

25 power controller 12. After the micro-controller 123 reads

17
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factor has been determ ned, the power controller 12

reads a signal 84 communi cated by the tenperature
waeomungiiher 14. Signal 84 is a control signal P¢EUSIVG3/626224

| evel which represents 20 the percentage power out put

required to reach a certain set point tenperature

established in the tenperature controller 14. This is

based on the tenperature readi ng communi cated by the

SRS N JENS L8 BYTPRLI E%ﬁ@f&txﬁf@ L OG- Agal 1St 2 Seky

oi nt tenperature and providi ng the above signal 84 to

Y

r n r 12. After .the _m cro-cqontrol]er
S oo 084 015 h s P dS206 9 UraESe “EnEreP 62
si,ghal,_ 84 sent b he tenperature controller 14 a new
B S FOnER B UL Bt O ROt LBCSF e, 1 5 ALHuI dvedeeates 18
step 62, using the sane equation noted in step 46.
hemipast Sbsl 8aWEE CHREEPH Pedl2 tIRE Do RAWRT @uteut to
12 sets the power output to 5 the heat-produci ng neans
the thead peweluctihgt megnal $6Poat a sbaved-tiHowemrrals PoiOscaled-
new power output scaling factor is being inplenented,
Hdweewsof,t Viefr @csubsypbear 130t pet usdsl 110y st G0 isf Geing
anot her tenperature controller 14 readi ng and power

i RiderGRIG U-aL @Brthhee! 8QPs & 08 stap £ RaK tHoP s3@P 60

60 is 10 repeated until the user interrupts the | oop,

FUC R A% HeR %}Fn %raEEWedéB 191 BLEPS, %ﬂ-%gdggr%%?lqg%gwg;

Referring to 5, an alternative enbo
e S 208, CONCE! U3 ) el 0 B 60 1
J%eg%?fa?c(nﬁtc{ g:lrnlt?rl %ﬁeaﬂge%oﬁngguégé otk?e SJ.iono l,e s%%rkrlbiagedto enter
new 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, i1f 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

18
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22 which receives tenperature readings fromthe sensor
18 and provides a limted and scal ed power output to

w0 b@4loes3 produci ng neans 16. In the alternat POBUS1003/026224

the system 210 does not include a software subsystem
to i nplement the 20 scaling function, the scaling
function may be preset by the manufacturer or nay be
field adjustable, such as through the use of one or

Er oW tLERRe ASusRAWMN sER FLG £8-tSPf tiar e aﬁﬁ:éﬁé:%&@ a

30 providés a routine that 1nstructs the co

Ll X, A

ace control I'er
in order to 18 WD 2004/019143 PCT/ US2003/ 026224
Gonefi &8 JOer SRERGEIELEr | HEoT 4ECHrSTRORR , Hing ine
produce a scal ed power output to the heat-producing
9 6(1raVrgSe pprogecedghy aal rage redperd i3kl \Ehe he
user enters the line voltage (in Vrns) produced by
e g soedeie2d int REmE) r e§i Beanc epvadwei (g me@ms )1 of and
heat - produci ng neans 16, and the desired power (in
e tds itrecbeoaepl i(ed Watheat £pribdusppli edrean et -drdducing
the alternative, conbined controller 22 may

réal{rodratd .cald yheeadtbhaaexi8l i B8mbiNed Vedd@as fd0m2 may
voltage source 20 as well as the resistance val ue of

Jﬁﬁﬂméﬁf%ﬁﬂﬂy”&ea&otﬁéagéi%@iﬂﬁtF?Hé éﬁFﬁﬁééfﬁg mn P& age

the |1 ne vol'tage, resistance val ue an power

Y390 1 5P P N O LB LB D ARG e prpucing
I&g%%ybgtgéﬁ%ﬁgFoggégrigéu yll line voltage using the

Once the line voltage, 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 Piine as was discussed above. After Pijne 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, Puu, in the normal manner, and then the micro-

controller 223 calculates a scaled percentage power output Pout

19



15 determning Pline as was di scussed above. After

Pline is determ ned, the mcro-controller 223, at
wer@p/043 cal cul ates the power output scal i ngPEHEBINNG/026224

Kout, also using the same equation discussed above.

Once the power output scaling factor has been

determ ned, the conbined controller 22, at 20 step 76,

reads the tenperature being communi cated by sensor

skfleq Att Sttep B8, tBengi ene- santr ohhefi 22U eSS ther

tenperature readi ng agai nst a predeterm ned set point

SreSREnAie. airdoeakeul abeselgoh Uy P cenlage s

power output |level, Pout, in the nor ihéFi=an

ddenihedn 610 26nE0RbEoLLer. 523 calsulates s scaled

percent agé power outpu} ' 1o fagore
\IS 026 24. Scaled at _step si ng
equg%lgggﬁé e %UClPﬁemS?ﬂ§r£6eﬁ%oﬁl%ﬁﬁﬁ gk §9uade the new

ower out ut Pout Scaled is determ ned, the
%ﬁ PYESNPPEPPEr Bartgetisa t HOWSHREr @at pot theoother
heat produ0|n neans 16 to a | evel thap equal s the new
Fachimegt ﬁomé% Bat pav, PPoer Setped-sddMinerfacEr st being
ot her enbodi ments, if no new power output scaling
imgpdtemenitedpeichg soﬁpmnenme]dsy:tﬂrmn SAHC Weste S TS s@8b 76
230 returns to step 76 for another tenperature

frogadinog hand t poperadut ®ute £al €4l Btd wefﬂﬁﬁﬂgﬁ%pcaﬁgﬁhatlon
step 82 back to step 76 is repeategﬂhntll t 10 user

Tihiat be@pﬁ‘?rofrlh@téﬁo@z BaER @8 é’t%;?n%er én%v#p%%tt%d' Until the
steps 66 throug 70 Referrlng to

10 udldrernaki-ve EQbeﬁé éﬁéﬁ %”? %%&E%bke tiase, steps
control sys en1|5|
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

15 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 12 then
supplies a voltage and current to Module 24. As further

20 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

25 require a micro-controller or software subsystem to calculate

20
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particul ar enbodi nent, variable wattage control system
310 15 conprises a nodul e 24 having one connection to

w@owenlaaent rol neans 12 and a second connect i BOT/U82003/026224

heat - pr oduci ng nmeans 16, while tenperature controller
14 provides an output signal 84 to power contro
nmeans 12. Power control neans 12 then supplies a
vol tage and current to Module 24. As further 20 shown,

aRdu & 24 d e 1PRWeS BugpatedoVeht agea Nty SN means

to heat-producing neans 16 that is |less than the

| t [ t - hgr wi S | i.e

5 o R, AT se YR o8 Rl oS e i i by tne
coul e_inpl emente t hrough_a mcro-controller

AT st e S #YaBBEHG 38hs o FelhlS 28] such as by
m cro-controller or software subsystemto calcul ate .
A WS JH04 ﬂ@f@@epﬂﬂbszﬁegﬁézelzémut ake Se¢ hept-producing
scal ed power output to the heat producing neans 16.
W%&éri%d{ipdttesﬂcawr@ggha@t eplkdustabm devigeset.dby triac,
the manufacturer or set by manual neans on nodul e 24,
3CRkh sslinly stene aoelawr epswetkchesnsTheoppwetc outipudided the
the heat-producing 5 neans 16 is limted through a

medii X stathadevisceetead. at pragetetffhedoléte Bt &rder to
relay, power transistor, etc.) inside the nodule 24

1hatt iths owalr %u@?%@ett%r ALRed Ley&lcl Ry Gdals 11,
limt the power output to heat-" producing neans 16.

Refer§éfgkfi Ifé E%G.a%,aghegﬂ ékxs f@@? . :ﬂn%%p ff of
(0] F u?

10 the variabl e wattage contr systemisi strated.
T B T ST T R L S
5§¥¥E¥§££¥]gﬁ%oég%g% ? 3gg£ggle 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 Kow can be preset by the
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20 and a second connection to power control neans 12.
Vol tage source 20 supplies a voltage and current to

wonadloe123 whi ch 15 then supplies a scal ed vol pE@myEsSznNg 026224

current to power control nmeans 12. As further shown,
tenperature controller 14 provides an output signa
84 to power control neans 12. Power control neans 12
then supplies a scaled voltage and current to

el s RiQis Rg RaNg 18 hhal hsahessnthamuide ¥oldage 45 by

and 20 current that woul d otherw se be supplied

3%&h&ygmﬂ%g@w%t%%gﬁ.A&Bgogggegg§#%§$f4tgQHAQ ﬁ%%t—producing

I mpl enment'ed throu amec er subsystem

nodul 4, daes ,not. necessari | equire a., . ,
TS Kot drrer oo CoPbaRr 8 SabLYsThRit Glesic . triac,
and set.  the scal ed power output to the heat-prpdqcin%
fednsSoled Pietes tsdRer BAVBGt CERRFIREC T actle? - Kotitsid the
be preset by the 21 WD 2004/019143 PCT/ US2003/ 026224
redifacturtédrtord sseethptmanpakdatansined nbefid e 24, omslech to

as by one or nore switches. The power output to the

hizaitt pricdpoiweg ontans 6 hsakinpreduthi@uakares sid. d

state device (e.g. triac, SCR, solid state relay,

powerrd feiSirgt alo, Falet. p,i Asbdaethgl be ARSI €o 24nbddtmdr: 510
set at a predetermned level in order to limt the

0 “aP Lhg 16. er+4 :
0 ML ASREE P SRUE IO TRANE 10 (ST Mo

ﬁ@fﬂ:?&lj]%f"%%%%gm%%@t f%rﬁéggg%géﬁg@%nwof N v em

parti cul ar enbo !nen(, varla wa ge con rpl sys.e%lo
SR IS, A by scoBr s Lh sare conl qurat on
Jgé%aSEele@%é%%’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 K.t 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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a modul e 124 is operatively interposed between the
output to the tenperature controller 14 and the input

wo eostloe1pdwer control means 12. In this confiPUr/a820081026224

nodul e 124 receives 15 signal 84 fromthe tenperature
controller 14 and provides a predetermned limted
and scal ed output to the power control neans 12.

Al t hough nmodul e 124 coul d be inplenmented through a

ahgl os cau rad | efe PoMStIgmi tiRdulrent24000e8eBse of the
necessarily require a mcro-controller or software

§§@§f§t@¥nﬁﬂh§éﬂéﬂﬁﬁgE%f%%da@%vﬁéésthgueﬂmgg géﬁp%Q power

scaling factor Kout to the power con rol neans

J@ﬁt t(%gdngoﬁaﬁﬁ#fgi'%%§ﬁ%r «an %gé%?gécg te than

manut acturer or se nmeans O

ch as ne .or. re sw tch V%en a plied to a
% 25e A q%“%p &Ongy éﬁF fRE1e35 BReQERr to
i nvention results in | ower than nornal conduction 22
5 2008 L Fhes PPehLesR0a3Eéaed Haghesodueordnieon
power limting function. Because of the nature of
PRESRS argle Hiasshtddvivess iosuclifass SOR snhpowenent to phase
control at | ow conduction angles can be | ess accurate

digle power coritnad! aat lowghendaonduat éeglesgl €5.wildh phase
order to 5 aneliorate the problens associated with | ow

OFLRIGdrtirolang esmdiie dPiesBNbuksYept Lol OfF181$ ANl ows
enhancenent to phase angle power control at |ow

CONECE AR ARY @301 PWRERRN ﬁgseaaﬁlgé\ge P#éc?l“ " cycles,

conbined with burst firing. This cycl es

h I
TR abl T o n T REragee: it FRecSORHEEL G € the

ﬁﬁaééugngle—fired “on” cycles. Referring to FIG. 10A, 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
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.
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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phase-angl e-fired "on" cycles. Referring to FIG 10A,
a normal phase angl e power controller receiving a

wa@eosmmnd43 or 7% power woul d have a conduct i onP@EYESM03/026224

angl e 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 #40Bs, R therseas showncid 5&&&9&1%@2%&1@5 a

firing every third ac Iine cycle using

I j 9 u j ttained wth a 62 .
SRS raied 98 PRI T B e PO T A G frim
the present jnvention js an enhancenent to the power
KORETET HOGPh® 159 (1 ERaSY R BOWelorteRet i device such,
al ternative, to conbined tenperature/ power controller

29 FHRFE TRF FHES 1T greamtiul @ 24 Rhawi i e FIastem Hhd

8. 23 WD 2004/ 019143 PCT/ US2003/ 026224 Thus, it is
peeierdaty t¢eupresentat neast ongriod dasredwain@bleans 16
wat t age control system 10 for providing varying

opd tageve By ed ssdatatadd et Dneepmwstueseiandighgewnes 18;
such, as a heat-produci ng neans 16. The contro

siys t e ot e f @b g GRsaMd SES @dmi@asdatonN® with a
heat - produci ng neans 16 operatively associated with a

Lt Efper AL W E SENSEND dBas 48 dlis I alpanat W& sepsi ng

means 18 communicating with a tenperature controller

el S0 N SR ol SR S P mean
{fWBF“@Eé”éééﬁggééﬂ}§rc§ﬁ%rgfﬁeé”fEG‘%J%’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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energi zation of the heating elenent 16 at a sel ected
maxi mum wattage |l evel; and the tenperature controller

wdado0b®i91g3 operative such that, if the sensed PCT/US2003/026224

tenperature, when conpared to the set point,

indicates that the control system 15 10 requires heat,
the tenperature controller 14 directs a power control
nmeans 12 to turn on the heat-producing neans 16 at a

$Peed £d.Cc NP drIm WAl 1 a0, | eyvel; o dhe, wari abl &, Wat 1896 e e

control system 10 may further conprise a mcro-

t r . Whi C eterm.n a r _out put al i
%g%t%o%% 1E)asler\g51 O%Pt eé p\éér.%:lean aeg e&a%w@aag 5 ucfcf)nu(rrion%e SY sthn 10
vol t.age bein lied to the heating elenment 16 and
d L e e ern o RS S0t gl S thes paviducing
out put scaling factor determ ning the maxinum
TAent@ge power to be applied to the heating el ement
16. Accordingly, at |east one heat-produci ng nmeans 25
16 (wWhetirralssitigle stemplihal ity imyddecmibakheatein a
24 WD 2004/ 019143 PCT/ US2003/ 026224 different power

hevedd ddrusiatd ousvapdh batwons gantaher ecortthe pawsstem 10
rating of the variable wattage control system 10 can

ber @eafaliddartfen poveit J@d | Gy Of s ther heate QM G ng

means 16. 5 1t is also thus seen that there is

Ig&.ﬁ'?é' i1b§d vh'?é . e Mﬁ%%uéﬁ%?ndﬁaan%saglgi%aﬁé% traegﬁlired

heat'er control system 10 pro

t level s for a heat-produci ns 16 ere
WAL R S Sl R Sl e o

i ven | ower. levels less than the power | evel
égﬁéﬁi f%yr% the variable wattage control system 10,

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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10 capability of the variable wattage control system
10, conprising using a tenperature sensing neans 18

wo or04/0nE3BUr ement s of a tenperature associ at edP@i/UR20051626224

heat - produci ng neans 16 during operation thereof;
providing the tenperature neasurenents to a
tenperature controller 14 for 15 conparing the
tenperature neasurenents with a desired set point;

ATNG B ROWETe TRy JRANS o1 2 o NG LOAPRIALTL A1 1ng the
controller 14, for providing energi zation of the heat-

i al t-ed ' t
L BT R 38 PR Ert Ry e output
t hat,, if.the sensed 20 te rature,, when conpared to
58 SRR TR T MR S B ER Reg seyer to
heat, the tenperature controller 14 directs a power
Reofrgiisst t2 %he thadt o A IRgaiesirsddd mycChnddnd the
at a specific maxi numwattage |evel; and using a
heiadrwprosmaisld el tle det eob g iy gpowdr sopopgr level
scaling 25 factor based on the percentage of a ful
drere evolttrage bed nmpwedb WOeA0G40 19143
PCT/ US2003/ 026224 applied to the heat-produci ng neans
16 andddienirscald Ry At hdpOwWRp Ut Rt +3eC YRty id%ention

wel | as causing the power output scaling factor to

'det ' ' r 40 |
TR e A

ﬂ%acto'rpr Cgﬁi%c 'n{&m%ﬂt e'rS #&%&Jrq.rsievse% %t\rl%ld.%%m%rhel %\clz%ll ing
greatér than its power level rating. “According 1o a
Lo aspeet ol e presenl el on {18 e race o
electronic communication technigues.

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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factor, the nethod further conprises providing the
scaling 10 factor to the mcro-controller through a

wois@d/01918er f ace or el ectroni c conmuni cati on PCT/US2003/026224

techni ques. According to a further aspect of the
present invention in the foregoing nethod for
determ nation of the scaling factor, the nethod
further conprises providing to the mcro 15 conputer

dbhepy i nexvekt agee o1 £ ac POVSH @p%@@efﬁrnwfom\/\% the
controller, electrical resistance of the

«Jtﬂeﬁra@r@dwgwggeﬁ@@z@érc}f 9%&&981(?1@ maxi mum power of

he heat - producing means 16. Such val ues can be

det eryi ne nual | ent red or ] ght __be
aut ot | CA P RC e 41 o0t b B Fons an
fctro i C connunlfftlons t echnj ques provi ded by

et $RRUEE O r BT PR ?WW%%l%@%rs%ﬁﬂe@%%@rs making
reported by characteristics or features of the
hedespr bailicipgl heahson 160 B el dystest ofosweragete and
test device energization, 26 WO 2004/ 019143
POTEQIS2 0DBA DRBRREN , orhdyvd i xdhire wpecide cadntarobrsystem 10
determ nation, to the variable wattage control system
i Mar 1l pusapries api densedndi opesias i g it tatdonseand on
safety features will be appropriate for skilled users

SRKE NG r Beh DAY Fé @t 1 APPAF Cadd-0by Of e d M- MW SYStEM it
For exanple, and without limtation, the variable

YL L AG81 SN OL e SYSd é@%@er? tﬁ’@'@@'rﬂéfké%@e frsoe\{ﬁ:{jceoqnductor—

with short-circuit or over curr

&%ﬁ%ﬁ%&iéﬁ)&gvf%%§¥ﬂé£% Q&gfl hyrlstors) or

bidirectional switching devices (triacs), which could fail
in a shorted condition.

Further, in the 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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protection where the systemis to nmake use of
sem conductor 10 controlled devices, such as SCR s
W@ edwoigedrs) or bidirectional swtching devi BEBUS2003/026224
(triacs), which could fail in a shorted condition.
Further, in the case of the variable wattage control
system 10 of the invention which uses phase angle
~controlled 15 AC or pulsating DC control, special
dddi &84 NG BBYr B dSEY i SHRPTERS Y Ohed reAUBNE e powered
conmponent generation in order to conply wth product
riificat.i t g ' e a aoval
Loy S S A O R e T BB p SR ot pover
environmental rules or specifications, estahlishing
GV & DR 1o P R Pt i s OV /o B TRRASHoOt o
qualify for CE (Conformte Europeene) marking
regul BEFOMRE £ of deVf cEe wledhanith et etpitRdheontrol
Eur opean Uni on. Variable wattage control system 10 of
gyt em eskmcecorniant iton ey prfseduriseentsiomnanpmfragreiate
previ ous power 25 control nethods or sw tching
qa0¢ ocat She stcheraso PWate pliaisiel e @ A NNR HROOAH D kL 4he
PCT/ US2003/ 026224 control, according to whether the
Sed e D € Mel PAEretk r i A dtfdddsy M tdbwer factor which
regul ations relating to types of power control
ty i tat d g tihen,. i n
R R T R I S Lt e C
' t.0 the p iivention, appropriate care
%grﬁ@%geji?%ﬁe% b%;h? h%g%eés}ii]l ed in the use of the
:Mq:/g%sl OE[I % Srt%/eof de}ga%p% ee,r Iroaqcsheerf ft%cgns soenn ic%w_vc_:;ve rt efm%)cet roarture

of a power-receiving device, power output or tractive force
or angular velocity (as of a motor shaft) of another type of
power-controlled 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
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may be of concern to utilities supplying power to be
controlled by the system 10. 10 As a further exanple,

wo aiher91shan sensing tenperature of a power-rBCEUS1008/026224
devi ce, power output or tractive force or angul ar
velocity (as of a notor shaft) of another type of
power-controll ed device nmay be neasured and applied to
a device or circuit anal ogous to the tenperature

JRARIG NG AN o3 LANG) %%'édt%rf@%”%n%%n%oﬁ't%c %'et Sll?dlted
thé invention, but wherein the power control

tput f0 the power- controlled
cggsfggfggﬁ%?ﬁgéﬁgkﬁy %%ﬁé ‘principles of the
invention. It should be understood accordingly from
the foregoing 20 that, while particular enbodi nents
of the invention have been illustrated and descri bed,
vari ous nodifications can be nade thereto w thout
departing fromthe spirit and scope of the present
invention. Therefore, it is not intended that the
invention be limted by the specification; instead,
the 28 WD 2004/ 019143 PCT/ US2003/ 026224 scope of the
present invention is intended to be limted only by
t he appended clains. 29 WD 2004/019143
PCT/ US2003/ 026224 CLAIMS Wiat is clainmed is: 5 1. A
control system (10) that limts the wattage
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provi ded by a heat-producing elenent (16) to a val ue
|l ess than that produced at full line voltage, the

waeyaem1¢d0) conprising: at | east one heat - prpditbs1093/026224

means (16); 10 a power control means (12) operatively
associated with said at |east one heat-producing
means (16); and a power limting function that limts
the wattage provided by said at |east one

heat - produci ng nmeans (16) to a value |less than that
produced at a full line voltage through 15 the use of
a scaling function. 2. The gpp{pol system (10)
according to Caiml1 wherern sard power limting
funct'oqéand aid scaling function resides in a
nmodul'€'324)° dttHdHet t5 said at | east 20 one

heat - pr oduci ng neans (16) or operatively placed

bet ween said power control nmeans (12) and said at

| east one heat- producing nmeans (16). 3. The contro
system (10 ewterdi mysterd @idh thats ivertei hsaiwhttage
power limting function and said scaling 30 WO
RO04/ kD 143 PCH UISZOQRNBAGRY 4 1 efmardt | (Ar6)r exi desrdlmed less
nodul e (24) operatively placed between a power source
areth saidt povweiueanta ol furmBans el 2)o1 thgelh& HeORYAlem (10)
system (10) according to Caiml1l 5 wherein said power
ddnpdddihdunction and said scaling function resides
in said power control neans (12) operatively placed

~betwean @ pover, sarge Andisaid dled&astie) ;

a power control means (12) operatively associated with
said 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
said 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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one heat - produci ng neans (16). 10 5. The contro
system (10) according to Caiml1l wherein said power

wo povuiorags f uncti on and said scaling function PEFUSNS3/026224

in a nodule (24) operatively placed between the

out put of any control device and the control input to
sai d power control neans (12) which controls said at

| east 15 one heat - produci ng neans (16). 6. The contro

syt 1) s aeLordi ng dQndeai m 4 Eﬁil_quegl between
control neans (12) is phase angle fire |ncI es

| t ur 0 phase
LA RS | R e, fﬁeﬁaéw 214y

all owi ng one or nore "off" cycles to occur betmeen
phase- angle-fired "on" cycles, thereby allow ng an
increase in the conduction angle of said

phaset angl B19 i G¥H *On s ¥§t@e s 131 ags s v o143 aim 1
PCT/ US2003/ 026224 7. The control system (10)

VR i rRp i rehves i Wi rfigritiee rf wisripars iang! & atiehseredtionee
controller (14), said tenperature controller (14)
furot uidmgr e sai desgrpier ataurce sevesd ngprftundt inerarsuctl 2)hat  a
process 5 tenperature operatively associated with said

Ae tBBiSte DN L 0o M Y gBRANS df)cdhd®aid at least
determ ned; a tenperature conparison function for

dﬂgﬂﬁggﬂmbfbddéyﬁgﬂﬁgéﬂga @soci ated with said at |east
one heat-producing neans (16) with a set point

tenperature and determning the 10 required output;
and

5. The control 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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an out put function that provides, directly or through
the use of an ancillary power control neans (12), a

woreiohowi43 o vary the power supplied to the PCT/US2003/026224

heat - produci ng neans (16). 15 8. A variable wattage
control system (10) for providing varying wattage

| evel s for a power-receiving device (16), the system
(10) conprising: at |east one power-receiving device

(16) pperaiid/ &lont R3St Wdh & IHMANY @1aim 1
sensing neans(18); 20 the tenperature sensing nmeans

Dot . 1l
&gphépqayﬁhﬁﬂhhggégqgﬁé%§%é$%$ﬁgéﬂaﬁ?%%§;WQ4)%r5&&@

or conparing a e

redet ermi ned set _point, power controller (12)
SRRV LA G n e per at ur e
controller (14) for praoviding energization 32 WO
2004/30 I8 PEHNIS SSOF 06 224 CToors fUF hattNagast Reineess
power -recei ving device (16) at a selected maxi mum
AR SItRE U ey e@lp e tete iedivp ersetafie teshtwidihl ee i1 40t Hedasg one
operative such that, if said sensed tenperature, when
leanparedida thenesets (B §oimty, dendietatres nicligt t he
system (10) requires heat, the tenperature controller

(14) diveagisrdthe Pt GaHdmlfiefct iCh)Fdr0 RP=tiizR) a
said at | east one power-receiving device (16), which

tndd MHthed B SRRUS i tId M Mahage | @elhet —producing
m cro-controller (23) which determ nes a power output

rr?eoansscall 9 vjia&toar s%%s %l?lql Lt%?np%eﬂagz%r}:tea%%dmcde%efrlf‘rlu'_lning the
ine Voltage belng applied to said at l[east one
R S SUB ana

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
assoclated 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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device (16) and then scal es said power output scaling

factor accordingly; said power output scaling factor
waledogondimd ng t he 15 maxi num percent age power tPRCDES2003/026224

applied to said at | east one power-receiving device

(16); and such that a said at |east one

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

di fferent power |evels for various applications. 20

o sHig W i1ahle Wald Re6LaHI Rl 81 1Q) @egordi Ry

to claim8 wherein the power controller (12) controls

é(é%\é{ftftbey& %aﬁgglgﬁﬁﬂgk%%% Qe jawer - recei vi ng devi ce

con e cont'rol, and includes

UL B ATLER5 25, Sl S8 P sucn

PCT/ US2003/026224 10. The vari abl e wattage contro
pdtre bl FHL D EEHSEN & T Q3G YR8, "RIFSr SoFPesed to the set
tenperature controller (14) operates such that

nodiger dindrieatesdithgs &he combem ddiled reguifesaihgat, the
tenperature controller (14) by said sensing neans

Hebh®)e ek eMrem t3aild etre nidn) atdire ateadineg poaee sontroller
conmuni cated, said tenperature controller (14) then

AroVitde ere f8-72C 3=8d et W st @neAigdwReWelke CARMYY lRKice
which limts and re-scales the anount of voltage

(?rlag;,i e il sal d gt defasly aneeower; 10, L86eEV LAY I8W G8vel;

wher eby said power controller (12) permts

nU|ti5ﬂﬁié¥gjé%¥%f€¥l%ﬁs(b%)b%hggkﬁh%%%r%ﬁ%g%aas%%%%% 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;

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

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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resi stance value of said at |east one power-receiving
device (16). 15 11. The variable wattage contro

wayaem1¢d0) according to claim 10 wherei n saPdI/US2003/026224

scaling allows said at | east one power-receiving
device (16) having a single wattage rating to be used

- as a power-receiving device (16) having nmultiple

wat t age applications. 20 12. The vari abl e wattage
control system (10) according to claim 11l further
being capable of powering any type of possible said

at R]%I\ﬁ brl%C%Ja\{:'gé%ndec t\@nt h (11,2 zztbccording

range of pOSSIb e pomer ange of

sai d scal actor that stento erati on |s
SN EEATSI60 P@%f? o e

nHX|nun1deS|red pomer | evel of said at |east one heat
gsq?é’aﬁ@atlf?emﬂ?éfa\%\trieameé‘qm@éfec&rﬂ“%tnlcated to

system (10) according to 5 claim 12 wherein said

Stealth dreama e tasist centerol(leg) Pridvikdesad d Isemsdmomgams (18)

range for selecting an operating power |evel of said

aatd Ivdest senel pevgrersgcsiey inegpdemiscarnel G fammapdrcattico) said
thereof at a sensed tenperature at said presel ected

tseipdaitiire IRgardiass ofl mheiker drierigkest emMrel@ecdiasi dutput
maxi mum power 10 | evel greater than that of said of at

ﬂdﬁggld“§%d§¥mabnﬂfg¥yé@'M%fgﬁ”fﬁh&%ﬁkmdaQ%J@Bﬁf@éwEﬂe
upper limt of said |inear output range w

a(frpcytfnecs%cju_q%otlocat ea@@fﬂlrg’gnt%e%al%j 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

(16) .

11. 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 variable 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

said scaling factor, such that system operation is matched
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power |evel of said at | east one power-receiving
device (16). 15 14. The variable wattage contro

wayaem1¢d0) according to claim 12 wherei n saPdI/Ub10e3026224

output range is an industry standard. 15. The

vari abl e wattage control system (10) according 20 to

claim 12 wherein said |inear output range is a 4-20 mA
out put range. 16. The variable wattage control system

Hol Dh L1 HhRY delsd r&RiBES Waekai r 33 iW024004/-819L43 neat
PCT/ US2003/ 026224 said mcro-controller (23) is

A ve eterm ne a power output scaling factor
F%%%%?%I%bn%%ﬂ%'scaling function, based on the

percentage of a full line voltage being applied to
said at | east one power-receiving device (16) by first
5 cal culating avail able power at a_full Iine voltage

usi ng-3 here FRIIFR IR "EdiradcosorPrPhesysSEem héf) saccording to
Rheater 10 and is further operative then to scale the
Paisr 1@uvpatretn beidppemeeraioisaicbrtrdldast (ddle provides a
power -recei ving device (16) by calculating said power
lduieput oseplitngahget 06r Koldctiisd Nth tdierdtaldoWongr level of
equation: 15 Kout - Pdesired Pline said tenperature
s§§ﬁ§%ﬁgl@ﬁ@@soﬁésongkngeé$E¥fﬁd\6%6%531(16) for operation
thereof at a sensed temperature at said preselected set point
regardless of whether 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

output range.

16. The variable wattage control system (10) according

to claim 10 wherein:
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that it communi cates then said sensed tenperature
reading to 20 the mcro-controller (23); and said

wor@soiaaent rol | er (23) being further operati vePEIIUR2003/026224

that it conpares said sensed tenperature to the
predeterm ned set point, and determ nes a required
per cent age power output |evel, Pout, and then

cal cul ates a scal ed percentage power 25 output, Pout

scal egyi qusiiRgotbentebl 0vi-ngo eAUat | Ghera 36 M@ o determine a
2004/ 019143 PCT/ US2003/ 026224 Pout scal ed - Pout

ﬁS%Qf %%E ug]g581985t59££8£ éé%%r&%ﬂ%?%énélécaﬁ réh%?f tion,

operativ nstr saird tenperature cont

i cate ower ntroIIer

deesh PR hPRg PP RGCaESRF ot p%miﬁﬂufﬂﬁh% e bﬁlqgegg Lied
one power-receiving device (16); whereby sal power,
o pér 1e2sy BP%VPB@%fa??ﬁﬁ%ﬁln%1ﬁ§ﬁﬁﬁﬁn 0 ox fiast
| east one power-receiving device (16) which is

Prlopdetyingcavadlab¥e ghecvart abl Bildatlidfe worags us:mg the
system (10) according to claim 16 wherein said
fmldresiconeqokképn¢ 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 claim 17 wherein the nmicro-controller (23) is
operated by 20 a softwareg, subsygtemz(30) having said
software to permt manual "user i vari ous
parameters into the variable sater

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, Kou, using the

following equation:

Kout = Pdesired
Pline

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

said 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, Pout, and then calculates a scaled percentage power

output, Pout scaledr Using the following equation:
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wattage control system (10) in order to determ ne said
scaling function. 37 WD 2004/019143 PCT/ US2003/ 026224
wa 204043 ar i abl e wattage control system (10) BCT/OSZN0BI0R6224
to claim8 wherein said scaling function is optionally
manual |y preset or is preset prior to shipnent to the
end wuser or is electronically comunicated to the
system (10) or 5 is determned autonmatically by the
systemin response to a user input. 20. A variable
wat t age control system (10) conprising: a
heat - pr oduci ng means (16), which is gl ectrically 10
power ed; a power control mBafié¢12) %hich 96 |1inked to
either a DC or AC power source for supplying power to
sai d heat- producing neans (16); a sensing neans (18)
operatively associated with said 15 heat_ producing
nmeansS 3B P ¥GO 1 P L ishperatiuRe mehditigsl fasddwat ed
wi th said heat-produci ng neans (16) and communi cating
aiRst Feadingsstiourt erfpled dramre wonmaeoldartrqlisr, @rid to
said power control neans (12) operating such that,
adreninizihtsaiad dieneer atairsa irce adiwegs carer redrirami cat)ed to
said tenperature controller (14) by the sensing neans
kb1 s ithg terelad el GuHd0lditipdtl4do =0\ A8S Jdast one
re-scaled output to said power control neans (12)

yhi&h Al its Rpdideracal g t he
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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out put power applied to said heat-produci ng nmeans (16)
by 38 WD 2004/ 019143 PCT/ US2003/ 026224 wusing a
W@ ecaiiong43 actor in accordance with ratings PCT/US2003/026224
specification of said heat-producing neans (16). 21.
The vari abl e wattage control system (10) according 5
to claim 20 wherein said scaling factor is manually
user preset or is preset prior to shipnment to the end

user 10f i $heehact eNLCRbEYagoONTRM &3 ed, 41t N8 03y SieBrding
(10) or is determned automatically by the system

1@l 1 %e%grggfiﬁnt 2,2 %%%lﬂ%corn&glorgas H%%l‘é?&r '&%9' €

wattage con
furt r conp sing.a control ££OV|S|0 per

TROEP LGy BRESEYePaui § 16 ot et i alet ot '”%ng end

vol t age, resistance and a desired HHX|nun1pome

US&itd ke df f%eSFSBHéFﬁbl¥m%ﬁﬁﬂ¥qkﬁat%ﬂuﬁ?tq%% SW§§em or
system (10) calculates a desired scaling factor, the
ifsactedermennd appbinetioyliy ofilvearsy siss yigt ms(p@@)set go a
re-scale the power out by control of voltage to said
uzeat ippoduci ng neans (16) from said power contro

means (12). 20 23. The variable wattage control system
(10) according to claim?22 wherein control provision

is constituted by said software subsystem (30) that

per”@bs t@?v%%%%bﬁ% W@@HQ%éycoﬁﬂfgi éy@@ayotﬂﬁg%mmprlslng
el ectrical resistance of

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

a power control means (12) 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 associated 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

salid 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 output 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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25 produci ng neans (16) and desired maxi mnum power of
the heat- 39 WD 2004/ 019143 PCT/ US2003/ 026224

w@e@dociingy neans (16) in order to cal cul ate a PEFUSBA3/026224
scaling factor appropriate to said heating-producing
means (16). 24. The variable wattage control system
(10) according 5 to claim20 wherein a software
subsystem (30) is either part of said tenperature

u%@m)c;r gl Ler1644) raltoPalt el ROV GRRtingL Means
or 1s a separate arrangenent operatlvely

BERq4LALedoheLeen, S, PRI ANy OloTRANS 4 12)  and

uci ng etmee ‘sai d
tenperature 10 controller (14) and sald power contro
means (12). 25. The variable wattage control system
(10) according to claim 20 wherein said pomer contr ol
nmeang (¢ 12fhgoNBEdRRLe pokFa g Ve Sithpl S Y& b (ddi)gaccording
heat i ng- produci ng neans (16) by 15 senm conductor power
toorilpdin 8P wbehahicadipovealigw ticvitey iseawsualdy Ther
vari abl e wattage control system (10) according to
ptleaem 3t whepeeheSapdi@owes soidmenlt neanhe EAY user or is
controls 20 power |level supplied to said

cheatrphedHtl pgcHR@AS: ¢463d byo phasesaitghe @ont kel is
burst firing, pulse node, or pulse width nodulation.

d%%eraaﬁe&aaueehsw@éif}gw0{}{4 oy st e 1Qh aes quegto a

to claim?25 wherein sald power control neans
u%%@t gbﬁt-40 WD 2004/ 019143 PCT/ US2003/ 026224

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 values 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 heat-produci ng neans (16)
by phase angle control, and includes circuit

w@e@niosilah to enhance the accuracy of phase apgi/852003/026224
power control at |ow conduction angles, by allow ng
"off" cycles to occur between 5 phase-angle-fired "on"
cycles, thereby allowing an increase in the
conduction angl e of said phase-angle-fired "on"

p¥ehRS ng2BeafsVRLbRbl g ¥Bedd A camtdiplatey st @@si1lh Eekling
to providing varying wattage |levels for a

- d i
f%%‘ﬁ'%& %?Eg:bié'rﬂgi:e £Y1 68 & ]f@éatlr{becﬁtyw i S%VI ar (1(%)6

npri s east one power-re
operatlvely associ at ed mnth a sensing neans (18) for
sensing an operating paraneter of said
power - recei vi ng device ( 15 sai d sensi ng neans ,
(18) %omrn?ﬁlecé(taﬂfﬁ@b%\ﬁtﬂa‘ét %%s%‘?ntl?%]sp%f?s’i% (10) according
controller (14) for conparing said sensed operating
teacamte 2 OwwhRraipr ede? i PR EWEYPoitht (304 pewerther part
control neans (12) of said sensor-responsive
cdorsteriol ftempetdruréocoptovl teng(eher giz atardn odf ssakddpower
power- 20 receiving device (16) at a selected wattage

degitelo]l mkansensan ; r e8pofnsi Veegordtdld efar(gbfenteiobgratively
operative such that, if said sensed operating

RARIRLLY, b\eﬁaﬁeeﬁoggﬁaeﬁwép dde sl dudyrrdetienmipgdsaig
set point, indicates the need for nore power from

h%%lltqn Q dh%gﬁg\éﬁlggrﬁ?fg}f /)% %tv?ﬁaérrg 52c15.Ld temlpgrature
0

sensor-responsi cting sard power
26224

6g£€991%004/9%?143d sa wer control means (12).

25. The variable wattage control system (10) according
to claim 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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control neans to energize said power-controlled device
(16), which is linmted to a specific maxi numwattage

wo enelo191a3 m cr o-control l er (23) which det er m nBCT/ES2003/026224
power output scaling factor based on the percentage
of a full line 5 voltage being applied to said
power -recei ving device (16) and then scales said
power output accordingly; and said power output

po\%‘é\%‘e p@geﬁaghg&ﬁ@&e{@ SH Y e -pgrvdusifgpeeeeast 4g6) by

l[1ed to said power- receiving device

ph%g ng f%éga%g?t @@CHﬁKWﬁHeg Q?Xhﬁgpg%Whggoﬁlﬁﬁ

f pllcat : erent power levels for various
i on r at f
en&?@&@ SPelégguFﬁ8¥ ?%ép %ﬁﬁwﬁn¢§;| ng %%é%l %Lg??gﬁlg

the system (10). 15 29. A netho | t
co@@ﬁpﬁépnc@ﬁﬁﬂ?§yn@Ytﬁ%lo§&Qﬁ) f”zﬁyéyéi)% c g%g% @€tween

el ectrically powered heat-producing neans (16),
phpewerngdetrolrededns” (2251¢$ nKeer1ePa JchRH s G &QCFSPSG
suppl yi ng power to heat-producing means (16), a 20
irSehsd rd@nﬂﬁ@lt&obl8hgﬁ)peoﬁtfBa/EdiprTm]@Tﬁmneﬁl Sand
heat- producing neans (16) for sensing tenperature
Cﬁ§§gglated_mnth t he heat - produci ng neans (16) and
communi cating signals corresponding to the sensed
tenperature to a tenperature controller (14) for
controlling the power control neans (12) 42 WO

20044%19 43 PrCngbLiSequa(SL/ 24 13%%}%69@\’\@0 t gdhe

heat Cl ng nean accor

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 said 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 sald power
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the sensed tenperature; b) determ ning a scaling

factor output for applying power applied to the
woeanopreduci ng neans (16) by the power 5 cone@DIS2003/026224

means (12) in accordance with ratings specification of

sai d heat - produci ng nmeans (16); c) comunicating the

sensed tenperature to the tenperature controller

(14); d) causing the tenperature controller (14) to

co?i?_cé%lahn}ec]ﬁ%slr _ef:'o_sc‘e"illle%i%lét Rt ?)otwié%—%\fﬁrroQQléﬁr QAleviRany 16) ,

t :mts and re-scales output power fromthe
ower, cantr. n g ): (YA 0 r.om
it aa(ﬂggm O e (R R RO e

nmeans (, at a r |l evel determined hy 1

ook SOOI () V8 R A p  Pever outpu

tenperature relative to a tenperature set i.nt;,

s aHeiEbyE aHO HAded relthuRRT SR aPS I e uﬂ&&dﬂiﬁ ng
nmeans (16) is scaled according to said scaling factor.
vk Bf Benengretdrod et dor diadg! teowe rigacEd, vimg desiice (16)

characterized by determning the scaling factor in
araf cislansea 1 ow tduid neowat tagmutheaterrdiraignt and

resi stance and desired maxi mum power which can be

del i yef @dodie st s -UO0UGG Nk ciRAanse (eb)in 2y 4HhaD

2004/ 019143 PCT/ US2003/ 026224 31. The net hod
m£§§ﬁﬁ£iﬁgkééhf%§grBé%%rf&Htﬂg”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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characterized by: f) enploying a software subsystem

(30) that permts a user of the systemto enter |ine
wooltaga43 heat er el enent 5 resistance and desi PETIUS2003/026224

maxi mum power to the heat-producing neans (16) ; and

g) calculating by said software subsystem (30) a

desired scaling factor. 10 32. The method according to

claim 29 wherein said scaling factor is manually

to"%giﬁ& BYuEReLYSele OficdS-PFESREinPMeind Q180 prRBtdiag to
the“end user or is electronically communicated to the

th%¥s%pg%%18%m§grg§ugg;ernined automatically by the
SN N~ response to a user input. 15 33. A

met hod of vari,able wattage heater co S
Lhe teﬁ%:?leH}nﬁr6vF8?%§n%n§%$%% r#ﬁéﬁﬂg,ﬁﬁﬁﬂﬁég}fﬁﬁg
eater (16), a power control peans (12),.linked. to
pq@w:erap%&ﬁéetPoFﬁ§ub%Wrﬂﬁod‘2%lfb%v%‘?a(rtso)%éé evatt%»e power
(16), a sensing nmeans (18) operatively associated wth
carterdieateans( 16} ) f dn sensrAgneenpekat iatel 1S sReHfdgation
with the heater (16) and communicating signals (84)
o W ies prdi-pgotacthg seased(teéhperature to a

tenperature controller (14) for controlling the power
contgpl reapsu(ibAidd \BRe200450E914Bp PETL 1IS2003/ (126224

to apply power to the heater (16) according to the
cSEnsed Lemehatdnier (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 (14) 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 said 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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b) enploying a mcro-controller (23) to determne a
power output scaling factor according to a scaling
wo eveiany 5 based on the percentage of a ful PCT/UR®03/026224
vol tage being applied to the heater, by first
cal cul ating avail able power at full [Iine voltage
using the follow ng equation: Pline - Mne ) 2
Rheater 10 c) then scaling the power output applied

to the hegiemethle) é@bo%@h%@'@B'BQa§ﬁ'Q9POE@£tH@EDUt
scal i ng factor Kout, using the foll ow ng equation:

%ﬁg rl£3 .ed Pllne d. operating the
npera ure se sing means (18) such that it

conmuni cates the sensed tenperature reading to the 20

n1cro controller per at

o of Cont PRI EHH ) s el PR PP YoE8R, 4700 it permits 2
sensed_tenperature to a Setern1 ed tenperature set

B NtCantd U SVEFTNES &nFéc‘ﬁu red pe E%%?adé DT

out put |evel, Pout, and then calculates a scaled 45

VS U0 ERL STUR dla@qtﬁf@gzm@gmz@z@qwebet@ emadeeporppoducing
out put, Pout scal edr using the follow ng equation:

Reants sCidlled andPout * Kout 5 and

g) calculating by said software subsystem (30) 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
associlated with the heater (16) for sensing temperature
associated 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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f) operating the mcro-controller (23) such that said
mcro-controller (23) instructs the tenperature
weomootiher (14) to comunicate a signal to tPET/pswes/026224
control neans (12) and establishing the desired power
output to the heater 10 el enent (16) ; whereby the
power control neans (12) provides a power output to
the heater (16) which is properly scaled for the
tBegggi (ﬂg%erléaBéheAhég%éBN*ﬁg)l#@c@&ﬁﬁnﬁaﬁbaﬁhg sensed
wat g% control system (10) for providing varying

vels for a heating elenent (16), where the
t%@%%?%gu% ement (16) may be required to be driven at

power | evel s_ | ess than,the power ..leve apabi] ity of

Vot b (1675L8RRRP STl the Srbpe i A el rathe
tenperature sensing neans (18) far asurenents of a |,
PPERBePEEDRE 3G_bEIGL BRFWRE RIdFHES Ty SCamene EEBftLion,
during operation thereof; b) providing the tenperature_.
basadupanthe spevcentaespetr &t U lcddmeovioditage4pefipg applied
conparing the tenperature 25 neasurenents with a

tpr etet Beataed set fposntcadbi D i2004M@li9eh3e power at full
PCT/ US2003/ 026224 c) using a power control neans (12)

18het he1tagpenat g ec kot s 0l dveimd uatfien :provi di ng
energi zation of the heating elenent (16) at a

sel ected wattage |l evel; the tenperature controller
(14) operating such that, if 5 the sensed
t enperature, when conpar%gmngthﬁiﬁbedetern1ned

Rheater

c) then scaling the power output applied to the heater
(16) by calculating said power output scaling factor, Kout,

using the following equation:

Kout = Pgesired
1—:‘line

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

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

power output level, Pou, and then calculates a scaled
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set point, indicates the system (10) requires nore

heat, the tenperature controller (14) directs said
w@oaeiaaent rol means (12) to energi ze the heaPCTyS2003/026224

el ement (16), which is limted to a specific maxinmm

wattage |l evel; and 10 d) using a mcro-controller (23)

to determ ne a power output scaling factor based on

the percentage of a full line voltage being applied

ded-dehe aReabibnarebassnt, (ﬂ6% sedd @Eiﬁﬁalthagfém?o@ r
out put accordingly; and T causi ng the power out pu
é&ggthgg:factor to 15 determ ne the nmaxi num percent age
power to be applied to the heating elenment (16); such
that the heating elenent (16) is not driven at a

power |evel greater than its power |evel rating. 20
35. The nethod according to claim 34 wherein, said
step d) further conprise§5pWﬂvkdiﬁgRPb'TH%Mhicro-
controller (23) the Iine voltage of a power source for
the apower control neans (12), electrical resistance
of the heating elenent (16) and desired maxi num power
of tHe 2bphkeattimy ehemertcrot@ontdpller (23) such that said

micro-controller (23) instructs the temperature controller
(14) to communicate a signal to the power control means (12)
and establishing the desired power output to the heater
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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c) using a 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-controller (23) to determine a power
output scaling factor based on the percentage of a full line
voltage being applied to the heating element (16); and

e) scaling the power output accordingly; and

f) 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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