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Consol i dated specification as at 2 February 2007

VARI ABLE WATTAGE CONTROL SYSTEM CROSS REFERENCE TO '
RELATED APPLI CATION 5 This application is (aseiatedopecification
U.S. Provisional Patent Application, Serial Noat2February 2007
60/ 404,997, entitled "Variable Wattage Heater Contro
Systent, filed August 21, 2002, the contents of which

are incorporated herein by reference in 10 their

entirety and continued preservation of which is

request ed. BACKGRQANR @ whiteaLbVENTHE, éﬁ el d of

the I nvention 15 The present I nvention relates to a

control system and particularly to a variable

watt age contr More specificall t he
present inven L?Aooscﬁ“y%é:?g%ggcgdr% ]sF&rprTg@l 33 P%:E‘t:
control system for a power-receiving device, such as

the heating elenent, 20 2, Prior Art Control systens
for contiiot quﬁélFWel%Mr LaaepuePap M -iSedPrevi sidneat Pagent

el BppI ci ot N8k r DOV, %@9%“1 n@Q'ﬂe\é'n‘Eﬁti‘&? V\%glable
kngwn in the art. In particular, Pat ent

3, ¥85tagy Bates eamirql Sysiem", 4fi:ﬂs=:21 @8guso Hei GAPR; the
4, 88t &l tx NBE@H’arém¥ﬁc%r?8??€ég}ﬂé}e@h %&%&ﬁ%ﬁeﬁgk in

dlsclose some type cont or con
ﬁgglﬁLﬁqﬁqutg anfezritigued preservation of Whlch is

requested.

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



el ement. Specifically, the Peigari reference teaches

an SCR Consol i dated specification as at 2 February

2007 , power controller in which the output Garisoladpeedispecification
a resistance heater is varied in accordance wstah2 February 2007
outsi de tenperature, while the Miran reference

applies a variable current to a resistance heater
corresponding to variations in supply 5 voltage by

using a pul se width nodul ator which controls the

timng of a swtching device in order to control the

f| BRVEE certrrddert ki dlyieht hber estputavodthgatter a resistance
Additionally, the Cahill et al. reference discloses a

fi HieageEi ewaried imracanysience with eutgadedampeaetand,
feeding circuits for 10 controlling power output to a
heathiidg theritanan Fefaténce rpplifs Jrepdnble ehementeto a
teaches a control circuit conprising a triac for
nmodigisdssitagce Heaterr entreappidingota Tedkithgne| enaupply
such that the flow of current is interrupted thereto
Swhetpldagpr bdetsimg pepuldw eshicthdmbduleaahedicd controls the
However, further enhancenents in power control systens

ar &igdgigr abl 2. switichispetdficealihy prdder® csnerdieathel filow of
the art for a power controller that can convert at

| eastrremé poweugh téeerasimrare heatstich pdsitideatliyigthe

el enent, having a single wattage rating to a heating

el éfrdritllhati al. medferphee whtdcAge<20a apitingati ensit Ther e

is a further need in the art for a controller that
hasatteageipeht twittho al gatéd the amxniufieadiinigagérciit A for

val ue | ess than that which would be provided at ful

10 | neonvicdladgeg powkmbithuprioyiddesaaisgadliorgnt UNEinny, the

for re-
Di Trapani reference teaches a control circuit 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.

15 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

20 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

25 better control the power output. Further, there appears a
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scaling the power output to the heating elenent in

order to 25 better control the power output. Further,

there appears a 2 Consolidated speC|f|catﬂbﬁwdaémdﬁpﬂﬂﬁﬁmon
February 2007 need for a controller that perniasst2 February 2007
manual input of various paraneters for determ ning

the desired scaling function by the user. Further,

there appears a need for a nmethod of enhancing phase

angl e power control at |ow conduction angles. 5

OBJECTS AND SUMVARY OF THE | NVENTI ON The pri mary

obheed ffr theopteSENEr ithuenbéomitisS nhauaprimpiviiecd various
vari abl e wattage control systemfor controlling the

poperametdns fo@ depOM@IihgCehyi desidevi 6€adhg function by
determining a 10 scaling function that re-scales the

PowRE @sPUtFSHERr] Nderd BEpaBXE MIMMAL Ea86 GREhYEr&d
to the power-receiving device can be |less than that

WhieghaMOihd skl aMb e hoerf Bbhttdinatr Yolit &afiucklio ddgles.
be understood accordingly that the new variable

swattage control systemis capable of scaling power 15
to the power-receiving device even though the power

ratings thereejps#ysban &9mMaRY Y AHECORGEGEIGD! ¥
| ess than the power delivery capability of the new

vari abl thé’aﬁiﬁﬂaeryc%ﬁtjéei oﬁMﬁx‘eeg’reX@ﬁt %%Heioﬁmse%
of the present invention is to 20 provide a variable

Watdrage de 0t + o1 3Met Rt déseSod §§§E@h§fogeégﬁ¥kolllng the
resi stance value at many different wattage |evels.
power output to a power-receiving device by determining a
10 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
15 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
20 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

25 resistance by limiting the maximum voltage and current to a

3



Yet another further object of the present invention is

to provide a variable wattage control systemthat

allows the use of a power-receiving devi cé€asoligategipecification
than normal 25 resistance by linmting the nmaxianah? February 2007
voltage and current to a 3 Consolidated specification

as at 2 February 2007 value |ess than that which

woul d be supplied at full |ine voltage. The use of

| ower than normal resistance values can allow a

power -recei ving device to be designed with a

r esakie Viessl ehenttleft ghéahevoulRbivensupplick assfull line
section, which 5 can result in an increase in the life

of voheagkeviThe. usdnof Hewekuthdre moabjpectesfstahee pralsest can
invention is to provide a variable wattage contro

sysl.kow i &) padvieehr bbei ioetevded id bef desiderd wheh a
tenperature or power controller is capable of being

rerssateive Hlefehtréhereabpecthf doRfapr&s®t section, which
invention is to provide a nodule for a variable

swakhagee SOIY 10l a8y Shereasi 6h tise WVERS BFi Wd Wevice.
associated with the power and tenperature controllers

of the pacthéd fayshem di¥fedteosCahd Nrsbat POVRINtiBH Psitto
to the power-receiving. device. 15 Anot her object of

t herpkreaend +a1ieBlE oM ttde0 cBhO¥s U@ tefOV€lwhich the power
enhancenent of phase angl e power control by allow ng

" ofcdutpGychbeseithe@CeHE hiRipERERUREASE YAR@echht @A 1e0N]s
cycles, thereby allowi ng an increase in the

conggablenofAnglidigolret Hca1fhase-angl e-fired "on"
cycl es.

10 A further object of the present invention is to provide
a meodule 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. |

15 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.

20 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

25 heater context as an ohmic device comprising an electrically

4



5

10

20 The terns "heater" or "heating el enent” or "heat -
produci ng el enent” or "heat producing neans" as used
herein are intended to mean generical |y arfyonsgljsiategfspecification
power -recei ving device, whether as a single osapRbekiuary 2007
unit, which is electrically powered, and may often be
found in industrial 25 heater context as an ohmc

devi ce conprising an electrically 4 Consolidated
specification as at 2 February 2007 resistive

el ement driven electrically to produce heat. However,

t heepisiomn dlevent i briveonedept mias iyhad prqvower heat.

recei ving devi ce may enconpass any type of

el Beveveunl |the poweerd idsent bon nodricimpdatdutthaat a power-
limted to, a heating 5 elenment or the like. The terns
"poaeeluxmgldﬁv1cerméyxnmabmpassraﬁyEﬁybeObf elpotetcally
control nmeans” as used herein are intended to nean
gepewbcad | dedme typbudingpowat sentIialitdevice anaeaaihy
found in heater control systens. Such devices

I nelledent bott tee1nRE. 10 [imted to, nechani cal power
switching devices (e.g., contactors, nercury

di spl acenentei® aydveflidontrand osemp&ErddehOfoldRwer ox
control (e.g., phase angle control, burst firing,
puMpewsndeontutdls denh st hseEdebdahksif RMY) in€dfded to mean

i ncl udi ng conversion from AC power to DC and use of
PWdeheatca 1oy RXays eppé Yot p@ﬁ@&habn@ﬂi]@@ev@tietrﬁ&n{éﬂ&?eﬂéund
invention is to provide a variable wattage contro

sysitne ehag Ngoret 120f VB @nL.OoBCA| H86ices include, but are not

limited to,.mechanical power switching devices (e.qg.,
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

15 DC supply).

Another object of the present invention is to provide a
variable wattage control system having a software-contrclied
subsystem that permits automatic or manual user input of

various parameters into the variable wattage control system

20 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

25 “firmware”.



subsystem that permts automati c or manual user i nput

of various paraneters into the variable wattage

control system 20 in order to determ ne a Swabdligted specification
function. The terns "software" or "software subsystFesfiary 2007
or "conputer inplenented software subsystexr(' or
"software- controlled" as used herein are intended to
include, but not Ilimted to, inbedded software, which

is also known as 25 "firmwvare”. 5 Consoli dated

specification as at 2. February 2007 In brief

sumar y Int heigf esemiarypyvent i preouer ¢awest 8 overcomes and
substantially alleviates the deficiencies present in

t hesulrst-anbyapl v ldievd agey athabder MAkthages COMddlt in the art
system conprising a power-receiving device connected

t 0 vy poweddingtd oldreabei ehtbads ddntked b@s@id RRbp2iPihg a
or AC power source for supplying power to the device.

A gENRIrRGerRaNSng SAafRatbdRbYteASEOGI BLAEr Weddt A8 er which
power -recei ving device for taking tenperature:

5 eaitd Ngs1kaadte6 osMRHEC At DRYotAS pdiradisBas L Or &, supplying
tenperature controller. In the preferred enbodlnenF,

af tieswerl @ ot hRet @EPRIAL W e seaagﬁ?%ﬁ{se 1GOBBERLCAIAG t O
the tenperature controller by the sensing neans, the

t enpeyctiutedC RNt R Ot ooweReReBE DV i 18 168" 86A! €fking
output to the power controller which limts and

re-sagantiiie 28R HgPfanokbAgen SRR R0 theset P@edings to a
.power-receiving device. This nmethod of limting

apptémgskréureneo ot 41804 .t Ant BRe A5V £6-1300 ehiBo LM after -
the output sent to

10 the temperature readings are communicated to the temperature

controller by the sensing means, the temperature controller
then provides a re-scaled output to the power controller
which limits and re-scales the amount of voltage applied to
the power-receiving device. This method of limiting applied
15 1line 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 control
system of a scaling factor based on the percentage of a full
20 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

25 wide variety of power-receiving devices such as heating

6



the device by the power controller permts nmultiple

wattage values to be obtained froma single

resi stance value of the device. |In other wWunddjdatesiapecification
by the variable wattage control system of a sscat 2 fepruary 2007
factor based on the percentage of a full 20 |ine

vol tage determ nes the nmaxi num percentage power to be
applied to the power-receiving device such that the

device is not driven at a power |evel greater than

its power level rating. The variable wattage contro

sysl emefs t R cREesRAt pokd &lifl 68Ns ke WSRFents or devices
accordingly to provide control of a 25 wi de variety of

POWRY - heCRl YA +d8Yi €8St MRS vRedth W wfttage control
Consol i dated specification as at 2. February 2007

el gyBRLs, oS alhenRoVEE §Lﬁ§§t&91t9%l?ﬁcibseﬁ,e%lﬁit $nor

devices nmmy be as great as that o e variable

V\'abb@%tf&{‘téﬁ'thes)(ré&@&b% &H’*:ga%%t cgﬂ’yr@f system is
substantially less, for the operation of the variable

sWalh-Agge CoN T 'sc%ﬁ%hegléksop e@.pg?a%%wm Galed for

out put accor ng to t S i cations”of the el ement

Or flevhgecal [LALGH 4ARCEI ML Qlle A3REEL Of the

present 1 nvention, a conputer-inplenented software

subsyst e \i.técﬁc%\ﬁicqegiflba&ne QEFQI:E Sof %gxelr‘lggésér& invention,

nanually enter I ne voltage, enment SI stance

(e?QtKﬂ*ﬂ@efuyﬂﬁieﬁghggdcgof%wgﬁgt?&Q%?%?égpgéi f%bided.that

max! mum power, ‘In order to calculat esired scaling

f ag;&e%it;fhkﬁe Seald Rg &9@5&1{;} £nB0P! 1 L %1&95 Salilwahe
subsystemto re-scale the vol tage output to e power -

10 resistance (e.g., the ohmic value of a heater) and desired
maximum power, in order to calculate a desired scaling
factor. This scaling factor is applied by the software
subsystem to re-scale the voltage output to the power-
receiving device from the power controller. 1In this way, the

15 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.

20 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.



recei ving device fromthe power controller. In this

way, the 15 user may change the scaling factor applied

to the voltage output of the sane power -r doebalidatpd specification
device in order to obtain nultiple maxi mum wedstag €ebruary 2007
val ues therefrom or else to power many possible

el ements or devices, each having a different rating.

20 The terns "conputer™ or "conputer inplenented" or
"mcro-controller” as used herein are intended to

include mcroprocessors, mcro-controllers, digital

si gnal Ppebeesdyr,sthprogftamrebbebiRgich FokayStedNaiagYhe
ot her device capable of perform ng progranmed

I nstoalithy oftsctof Canselhd afredhepeshdd GatireNco@sralie?;
February 2007 Preferably, the software subsystem for

dethemeier N @reseat i DevdraGbar cobstdrpiRd e ke the software
tenperature controller; however, the present

I N\l et QRte el @bﬁ’éairﬁ'@i vﬁllﬂﬁlﬁoéﬂé’\@fo%ersé&%’ﬁﬁ@ or
can be contained wthin the power controller or

50t hthhesUbh 2bdie denivgBe, Thes Scahling faaé‘tto@r EHEEﬂr%agHy

alternatively be contained in a speci al

ar rAngeAB Bl ve M ik cbait QPSE R tiinV &l ¥paSEOC kiRt b%vt ment
t he power controller and the power-receiving devi

or hglcnees bherMalicages SO CR cadBLrbdis REWCLower ontroller
controller, or between the tenperature 10 controller

andardd Qhﬁog&ﬁe%de@krllﬁ& 8O Acc BHDﬂ;é&fH Jdhd t}lgevol _source

function scaling factor of such a speci al
rmyarth‘e theepsfér adorfth@1RLAC &0 HRBLS agid rt%m@[erg@\yaae

field

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

As noted above, the variable wattage control system of

15 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

20 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

25 would have to purchase the following four different heating

8



adj ustable. As noted above, the variable wattage
control systemof 15 the present invention uses a
single heater resistance value wth the Consolidated specification
power -recei ving device to achi eve many diff er entat 2 February 2007
watt age val ues by controlling the voltage and current
applied to the device. Further, the present invention

controls the |line voltage and current applied to the
power -recei ving 20 device to values | ess than woul d
ot herw se be supplied at full line voltage and

r eedenbess tHuivingutpelt sdn@ thesteyl al.ze: FOR) estAMRkEets A 120V,
user that requires the sanme physical size heating

el esest olits f q) d06fwied, wabagelwat bage; (c) 600 watts,
combi nations: 500 watt and 600 watt at both 120V and
24Q¢0ov252 )\ lhri3av end O pUrebhaggr t e okl ovs NP Jhad! By using
di fferent heating 8 Consoli dated spe0|f|cat|on as at

21helr varyaQ0 Gak g NESh Ml BYst 8 FORBPHYSIGR! invention,
size: (A) 500 watts, 120V, 28.8 ohns; (B) 500 watts,

240¥esdlBodr ARs 6E) ' 1 . and
"(D) 600 vatts. 240V %gg%%?tﬁgf%m%ﬂ}t %%?fﬁggé?ﬁseqﬂ\t}g}% ' o8 canat D

watdaig aecemé@div%xgt 88p 2 cd 61 RhERENL g UeBhiAMk
these four types of heating el enent paraneters A,

C, id sPansanyheicebleeihveing arl Acad ny Ekﬂﬁﬂ?ﬂﬁ% H}%ttaﬁg to a

el enents of a single resistance val ue by

heajding ebefitany Fuliageiho wb1t4gkUsnd 635 sbB2Md WHe heating
line voltage and re-scaling the heating elenent

voldagrnt OveLRRle thheuggs) ral WLkt Ade wathagharmabharinie
watt age control system of” the present invention nay

100l tMalgB control system of the present invention may work with

o%Ba single

any kind of known techniques of AC or DC semiconductor power
control (e.qg., 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
15 DC supply)or mechanical power switching devices (e.g.,
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
20 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,

25 and will become apparent to those skilled in the art upon

2



any ki nd of known techniques of AC or DC sem conduct or

power control (e.g., phase angle control, burst

firing, pulse node, pulse w dth nodul ati orfonsolidated specification
(PWY, power transistors, etc., including convesst®february 2007
from AC power to DC and use of PMWMfrom 15 DC

suppl y) or nmechani cal power sw tching devices (e.g.,
contactors, nercury displacenment relays, etc.). Wen

used w th a phase angle power control system the

present invention may include a nethod of inproving

phasemnang npoethe CRIM oM nk e &l fet 91 8ANRNGE iHBEon and
accuracy of phase angle power 20 control at | ow

CoRBUEAth@ ianghesh Tiee RNIRHEALs i SV eRtl OAvaMAonlaee
phase angl e power control, but not does not

necassasily nu@awkbheriRtdheac0f such a power control
system Additional object’s, advantages and novel

features of the invention will be set forth in the
description which follows, 25 and wll becone

sapparent to thosgy sk 'dEﬁ@Ri@rfdiﬁo%r&HE‘p&&vﬁNggo7

Consol i dat ed specification as at 2, Februar

exar nagiQn pfyd he RbLOM 0 TBER el flkedrdese Rt

and drawings in whic I ke el enents © e I nvention

1357 I . E .
SRR o MBS U 3 reen spoving e

bl agd, 3oL M A it RERE&S 18 A @ﬁ%ﬁéﬂg@ﬂ%@ anﬁggilef

variable wattage control systems g the contro
Sy si&B ARG B NRd prl sgnt SRR HLE control | er

according tfo the present invention;

10 FIG. 2 is a flow chart illustrating the method for
determining the scaling factor and re-scaling the power
output to the power-receiving device by the temperature
controller according to the present invention;

FIG. 3 is a simplified block diagram of an alternative

15 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

20 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 varlable wattage control system showing the
control system implemented in a combined temperature/power

25 controller according to the present invention;

10



10 FIG 2 is a flowchart illustrating the nmethod for
determ ning the scaling factor and re-scaling the

power output to the power-receiving devi cedwyolidagd specification
tenperature controller according to the presegfat2 February 2007
“invention; FIG 3 is a sinplified block diagram of an
alternative 15 enbodinent of the variable wattage

control system showing the control systeminplenented

in a power controller according to the present

invention; FIG 4 is a flowchart illustrating the

met hod dy, gdetes G hake stAldiigriAgtle #Ehod for
re-scaling the power 20 output to the power-receiving

deMb&&: 0% BQeaﬁ@&ﬁ%tiﬁ%iﬁgoHéﬁgrmfﬁiﬁergﬁémbéﬁlihéefactor and

present invention; FIG is a sinplified bloc

di 2gr &M ofhARKEl b@&é@tdu\e%gvtfﬁgﬁé;%%e%é WAL @8h&e by

wat t age control Systems control ‘system

i ”Eh@n@?ﬂﬁ%ﬁédnBQWQPﬁ%EéggiaEﬁgQqééﬁﬂf%ﬁi@?“ﬁﬁcé?éingoto the

control l'er according to the present 1nvention;

Co L dat. pficati t 2, Feb 2007
SCERSLLfel g apes ont | on g ol 2. February 200

renual | g 4L | SELSEL OB ECR MRocmarive
POUSE SR 10 6VL 56 B MISLERTLIRSE) it shoning tho

- pr %%%@E:oi nélxgér’gegﬂoq.mPEL r\lltgeci %.naas. £'£BJ ief 'af%g:?géiﬂ‘? to %]I'l%

di agr am of ternati enbodi ment” O € rra

ma&hgggnfcgﬁgéﬁtfg%gten1shomﬁng t he

10 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

15 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.

20
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
- 25 control system 10 comprises a power controller 12 linked to a

11



control systeminplenmented in a nodul e according to
the present invention; 10 FIG 8 is a sinplified
bl ock di agram showi ng the control system iGokdiiertadecification
in the nodul e having an alternative circuitryasat2February 2007
arrangenment according to the present invention; FIG 9
is asinplified block diagram show ng the control
system i npl enented in the nodul e having an alternative
15 circuitry arrangenent according to the present
invention and FIG 10A-C are graphs illustrating the
enfinCEnBRt Ve age sRusee afyiferf brevismgr el pswest emtput to a
according to the present invention. 20 DETAILED
DESSREPTEEre DR MHESVAVENTWON aRe& éred igrbdutiey means 16. A
drawi ngs, the preferred enbodi nent of the variable
watieagengoneanst ¥y seoaes sthd lensi rateshtandtegeneralkky
indicated as 10 in FIG 1. Variable wattage 25 control
sy stSPciot ednpitits édeahpaie prodntiog Inefank21bi ke Eotn@udicates
11 Consolidated specification as at 2 February 2007
SAC sppCatvt ¢ ageddagsceo 20 HempepabyididigtaopPDWer14 which is
output to a power-receiving device, such as a
heaipggrgduel ypeariat28. wikh $@BShOgeTEINS rd B8l SENIES
the environnental tenperature associated with the
heat - pAcdacding nearsel bspert EEMIHBI gAdRMtSinvention,
tenperature readings to a tenperature controller 14
whiGirijableopetizdes eloptass anisatemd 10 prodilRsPAWRSans for
control ler 12.

controlling the power output from the power controller 12 to

10 the heat-producing means 16 by limiting and re-scaling the
amount of line voltage applied to the heat producing means
16. Preferably, temperature controller 14 includes a micro-
controller 23 which embodies a software subsystem 30 (FIG. 2)
for calculating and communicating a signal to the power

15 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 functien, the
scaling function may be preset by the manufacturer or may be
20 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
25

shown) in order to generate a power output scaling factor,

12



According to one aspect of the present invention,

vari abl e wattage control system 10 provi des a neans

for controlling the power output from the (quowedidated specification
controller 12 to 10 the heat-produci ng neans at@t b¥ebruary 2007
limting and re-scaling the anmount of |ine voltage

applied to the heat producing neans 16. Preferably,
tenperature controller 14 includes a mcro- controller

23 whi ch enbodi es a software subsystem 30 (FIG 2)

for cal culating and comruni cating a signal to the
poWes, 1Bt gniodokeen diriaNaB4 comtpales thetpaiesr 0Pt MHe term
to the heat- producing neans 16 as shall be discussed

i n“geent It defaaket! abelsmd hepeihelslineenasd vey intlade manual
system does not include a software subsystem 30 to

i minpoest (¢ e skabpags ) ured eDecti®icSRa3hhH9(SL.YNGtiDRRd or
may be preset by the manufacturer or nmay be 20 field
adjwistabbe, catitiniast Lo alighst Bed SR RfrofNE Hor¥BEenedia) or
switches. . Referring to FIG 2, software subsystem 30

5pr @viyde6i BabledielAe t@aﬁrdd%ibisuf;ﬁe? pgdi@ihenpefalit8tion to
controller 14 to obtain new input fromthe user

t hrorgBoatwert dubkostagesd.Nal 3besdown) 3unNadi dry, to
generate a power output scaling factor, 12

Consgbedai el spatif usat i Qrerdasthb A e %Q’.@Bt}’e 20Q/ vrms)
Kout, and produce a signal 84 to power controller 12.

Thepxtoawm"wafoltﬁt;ar Eagele 29, UQEQ hesiehBnks +ﬂtu%n4§ﬂ Ohms)
to include manual inputs (e.g., keypads), and

el esf heBtEngesfsiucang. medhd Q.@ OéndV\i’:l{ee'c%%ired dpower (in
conmuni cati on buses and el ectronic storage ne
16 Watts) to be applied to heating-producing means 16. Once the
line voltage, resistance value and desired power values are
entered into the temperature controller 14, the micro-
controller 23, at step 38, calculates the power at full line

voltage using the following equation:

15

Piine = (Vline)2
Rheater

After Pjjne is determined, the micro-controller 23, at step 40,

20 calculates the power output scaling factor, Ko, using the

following equation:

Kout = Pgesired
Plzi.ne

25

13



5 any suitable neans to transfer the pertinent

information to the software subsystem 30. At steps

32, 34 and 36, respectively, the user ent dramsdlhigtedispecification
voltage (in Vrnms) produced by voltage source a2@t 2 E&guary 2007
resi stance value (in Chns) of heating-produci ng neans

16, and the desired power (in 10 Watts) to be applied

to heating-produci ng neans 16. Once the |I|ine voltage,

resi stance val ue and desired power values are entered

into the tenperature controller 14, the mcro-

coftr bh¢ exl 23 nasti vet efh83Poweal auilattescéhingpdaetont Kour, may
full line voltage using the follow ng equation: 15

Pl breeantdtark th2ouBhetlt®euscAfl L etefiddee ihst et exntabd;lated

the mcro-controller 23, at step 40, 20 calculates the

povar tbet paitvecal sng-$paicdr 30K00hce tdengobdte output scaling
foll owi ng equation: Kout = Pdesired Pline 25 13

Cortsetbdaied speciobtenhiml, @BeatensdrelBugides?@0¥etPerature
the alternative, the power output scaling factor,

sKouteadiBy af® @thRhedatdy augh tELIURLol BhEMALR-controller
i nstead of calculated in the software sub-system 30.

Ones EBGSprWﬂZ.OQE@UhiéﬁéﬂdoﬂgroiE@&(EB hagtbeedp 44, compares
determ ned, the sensor 18 takes a tenperature
the temperature reading to a temperature set point previously
established by the user. The required percentage power output
level, Pout, is determined by the temperature controller 14 in
10 the normal manner at step 44, and then the micro-controller
23 calculates a scaled percentage power output, Pout scaled, at

step 46, using the following equation:

Pout scaled = Pout * Keut

15 After the scaled power output, Pout scatedar 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

20 84 and provides the proper power output to the heat-producing
means 1l6. 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

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

14




5 readi ng and conmuni cates that reading to the
mcro-controller 23 at step 42. The mcro-controller

23 , at step 44, conpares the tenperature Gaadidagdtspecification
a tenperature set point previously establishedaby Fethveary 2007
user. The required percentage power output |evel,

Pout, is determned by the tenperature controller 14

in 10 the normal manner at step 44, and then the

m cro-controller 23 calculates a scal ed percentage

power output, Pout scaled, at step 46, using the

f oelememy cefqdt Dbms RoulesSead eith -bdPoperafedaeut alb200 watt
After the scal ed power output, Pout Scal ed, has been
caheat bt@kleteatmatr o-iort voltege 23 RAStVied.S Thiie 24 Ohm
tenperature controller 14 to communicate a signal 84

t oheheippwelremen@ntuppliays Aoeshabtd shti A1l heirdesbieshe. 2
power output to the heat producing neans 16. Power
comempet&furde’ doptebyeer SigRakh2 Bheard4prOwidRsthhe range,
proper power output to the heat-producing neans 16.
5Si gaghoBY dfpiyieenthel sed1amal fhavdig 1k, S| §haind @¥ekent
appropriate for conmuni cating the desired power out put

t 0 ihkentponeforx GRt-sehl Big ke PbRetl Mlpuef a8i Al 184e
signifies the |evel of power output to be provided by
powentegs8] rond et rbAglh 40 19Ak1PELUH RY ARRAGEEE: =FO power

exanple, a resistive heating 14 Consolidated

spaeivkil¢al2m samaal =252 Hdiany 12007 £ erebtwdftZ4and 20ma
Ohns is desired to be operated as a 1200 Watt heating

el eyiefblat 2004 oWl 18661 fr 2400 MidEes E%F%egémg?{@ full
heati ng el enent supplies 2400 Watts at full Iine

1voltiag@e votage being applied to the heat producing means 16.
When the scaling factor, Kg: is calculated to be 0.5 and is
applied to this scheme 4mA still represents 0 power level;
however, 8mA = 50% power level or 600 Watts and 12mA = 100%
power level or 1200 Watts. Therefore, a 12mA signal 84 to the

15 power contreller 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 1S determined, the power controller 12

sets the scaled power output to the heat-producing means 16

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

15



tenperature controller 14 with a linear 4-20 mA out put
range, 5 w thout applying the scaling factor, Kout, of

the present invention for re-scaling the pomsclidatedppecification
at full line voltage, the strength of signal 84t# éebraary 2007
4mA signal = 0 power |evel; 12mA signal = 50% power

l evel or 1200 Watts; and 20ma signal = 100% power

| evel or 2400 Watts representing full 10 line voltage

bei ng applied to the heat producing neans 16. Wen

the scaling factor, Kout is calculated to be 0.5 and

i sscapphd dthctort hs shsicheieplepersidd,| thepse&anirs Subsystem
power |evel; however, 8mA = 50% power |evel or 600
WaBPsrandri2iod stép0ds foawenotiowelteppel2DOrdMdich8ing and
Therefore, a 12mA signal 84 to the 15 power controller
12pavet @riguitdeadcsTat ieth.paner 1648 Frbmobted 0YpaEKt 8 step
desired wattage (1200 Watts)or 50% of the full 1line

pover isf radd MAULBI1 HHvesek, ifthe fbesehhe I THENt 5@ as to
contenpl ates that other scaling factors will produce

sdi feheeentew chan®sn 0spLX@Mhecugh B3g25 or 25% scal i ng
factor 20 will produce a 8mA signal 84 to the power

cont r ol Refedeing epr €3€Nt NGind a3 ke IRRVBRLOMME 910 of
100% or 25%of the full |ine voltage power. After

Pouwhes eat£sbies @@t f&thrdiNeyPOMETi CARL (0t Bedl2Tn this
sets the scal ed power output to the heat-producing

negrstibuldb dbodlilneNe] Jd18hpeduRdstRRULoSEAbEGYsRen 110
step 48. However, if no new 15 Consol’ dated

Speipiri ks OfubsABngia 1y el any 2000 2eeht Ngs fael Breferred
is being inplenented, the software subsystem
10 embodiment, except software subsystem 130 is found in a
micro-controller 123 which is operatively associated with the
power controller 12, rather than the temperature controller
14. In the alternative, if the variable wattage control
system 110 does not include a software subsystem 130 to
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, Kout, 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-

16




30 returns to step 42 for another tenperature reading

and power output calculation. The loop fromstep 48

back to step 42 is repeated until the userCdnmlislatedppscification
the |l oop, such as to 5 enter new data in stepssdR2 February 2007
through 36. Referring to FIG 3, an alternative

enbodi nent 110 of the variable wattage control system

is illustrated. In this particular enbodi nent,

vari abl e wattage control system 110 conprises

substantially the same arrangenent as the preferred 10
enbodineintg merpepitsaftdvahe Sedisyest powd30 iins Whousd ticbe

a mcro-controller 123 which is operatively

aseppli¢ddtomnbht teodypdngr meand ricdd.| gn 4% alakhantivgn power
the tenperature controller 14. In the alternative, if

t heonaroklEe I%aht agentcaaitiehll $isd-emt Ad Cexie8S ngol ine
i nclude a software subsystem 130 to 15 inpl enent the

scabllhggé unehi ©8ltaide shalkengofanGldlonafyhdeespEestie
by the manufacturer or may be field adjustable, such

s5as viahneugh Hdae -p36dadi R éedhs DS 6ritWolit NeSer ASipBROWOnCe
in FIG 4, software subsystem 130 provides a routine

t hathel DShé UEd1Talbhe POVRIt6RR! 8l h&rank2atoi ALY FoheReWslues
20 input fromthe user through a user interface (not

sheae) eatecatingbl €he IZowdty QbfleFolixrgener 8 nd Jpever
out put scaling factor, Kout, and produce a scal ed

powhteulpett 123,t Be Bead -s4)r eduehf-dERAE JhreMatSEBPS 1ine
50, 52, and 54, respectively, the user enters the

| i n1tabtageing Rh¥r BBhe FE(?Q#@%Q Byr 2R+l ANy QUL CEs was
20, the resistance value (in Ons) of heat- 16

10Consaldudat ed Spedief peatéoFed embodiment. After Piine iS
determined, 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, Ko, 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 contreller 12. After the micro-controller 123 reads

17




as at 2. February 2007 produci ng neans 16, and the

desired power (in Watts) to be applied to

heat - produci ng neans 16. In the alternativé&onpdideted specification
controller 12 may automatically read the exi stasng? Felmeary 2007
vol tage from vol tage source 20 as well as the

resi stance 5 val ue of heat-produci ng neans 16 w t hout

user input. Once the line voltage, resistance val ue

and desired power values are entered into the power
controller 12, the mcro- controller 123, at step 56,

cakbel stgsll Bé paviebattheuktempérdureotdage108i-NY4 th@iew

same equation for determning Pline as was 10

cabeutattathd potvhe quehiay,r ed.ephodi ierdaichltesd Rai ReepS62,
determ ned, the mcro-controller 123, at step 58,
caheihgtise sahe poweridulpubdst@ldteg bactmiterKably scaen is

al so using the same equation utilized in the

pr ebeerpth@ibedenBoier |dbnthe118} 18X Bath Vithe [RRPO¥RIpUL to
out put scaling factor, Kout, may be 15 entered through

st hehdsBéat-HRIdbatRy | MsdrRnd 60t o CAl CdHledt 8ot eqi® Pows scatea.
sof tware sub-system 130. Once the power output scaling

f atiaevhas freep dehessidieGbutble HANBLCORLER |18r pd2ng
reads a signal 84 comunicated by thé tenperature

COnlmpokhehtdd thSl 988 wH4b issnayeedt nab siondls '%%V%EQ? 30
u

| evel which represents 20 the percentage power outp

I eqidir’ @lot e Qabedaterd aid’ht%%ﬁ.lepolilintregﬁf‘}?(‘{aréﬁd" Bwer
established in the tenperature controller 4. This is

baseadpal theadierpenat m@,lr&@ﬁifesmcasgl@h%a@@ &Y stkBeeo is
r

sensi ng neans 18, conparing that readi ng agai nst a set

10POi fipa@ BRI U @ haNds&F OMitdidpt Do APAXE, ST AN 84 thOenter
the 25 power controller 12. After the mcro-controller

12%dwedd$a 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
15 contreoller 14 are combined into a single combined controller
22 which receiﬁes temperature readings from the sensor 18 and
provides a limited and scaled power output to the heat-
producing means 16. In the alternative, if the system 210
does not include a software subsystem to implement the
20 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

25 user interface (not shown) at controller 22 in order to

18



17 Consolidated specification as at 2 February 2007

the signal 84 sent by the tenperature controller 14 a

new percentage power output, Pout Scal ed, iGnsolidated specification
cal cul ated at step 62, using the sanme equati aaandteguary 2007
In step 46. After Pout scaled is determned, the

power controller 12 sets the power output to 5 the

heat - produci ng neans 16 to a | evel that equals Pout

Scal ed- However, if no new power output scaling factor

is being inplenented, the software subsystem 130

r eggnasate aspepeButimt acvelhey fafper dti,e acdnpradier a

14 readi ng and power output cal culation. The | oop

f r srrstepdtrbatkpiio =t ¢éhebBeas—hidbdbepeatretingnt el Athesteps
user interrupts the |oop, such as to enter new data

I n et eps, Stha MopunksiettiRefler r ting dserFefkers t&B line
alternative enbodi nent 210 of the variable wattage
conoltbgsysireMring) Shitnducedn biyhivs1tRyer apges®emo, the

power controller 12 and tenperature 15 controller 14

sar eexdBbanesd vanthe aiwioiusy oenhéaed penhétid @eand?16, and
whi ch receives tenperature readings fromthe sensor 18

ancthepreyi ees pawkk M i diaiid)seal B HRWREC kY Méatt-8rbd€cing
heat - producing neans 16. In the alternative, if the

Sysieais216. HpeensltefidtidR, acs@bindr eostRSY eIt fay
i mpl enment the 20 scaling function, the scaling

f unattiomat iBy1I8e rekasSthe ik idta ngMawe AGHUESE DFor B 1B8ge
field adjustable, such as through the use of one or

NDrsowlet 0ess wal1SHOWhd NrddiGrafice SRIWALE h&Sathgirebigfing
230 provides a routine that instructs the conbi ned

10 means 16 without user input.
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

15 determining Py @as was discussed above. After Piine 15
determined, the micro-controller 223, at step 74, calculates
the power output scaling factor, Kew, also using the same
equation discussed above. Once the power output scaling
factor has been determined, the combined controller 22, at

20 step 76, reads the temperature being communicated by sensor
18. At step 78, the micro-controller 223 compares the
temperature reading against a predeterminedlset point
temperature and calculates the required percentage power
output level, Py, in the normal manner, and then the micro-

25 controller 223 calculates a scaled percentage power output Puyu

158



controller 22 to obtain new input fromthe user
through a 25 user interface (not shown) at controller
22 in order to 18 Consolidated specifi cat iG@nsolastedtsp&ification
February 2007 generate a power output scaling asac? Behruary 2007
Kout, and produce a scaled power output to the
heat - produci ng neans 16. At steps 66, 68, and 70,
respectively, the user enters the line voltage (in
Vrns) produced by vol tage source 20, the 5 resistance
value (in Ohns) of heat- producing neans 16, and the
de&tte P FkeP %@'n UWAings fheosdree aspkiéoh toted in the other
heat - produci ng neans 16. In the alternative, conbined
cofitPefimgntss  HESer dircosanied| pywareadtpuie Poxi shidds
line voltage fromvoltage source 20 as well as the
r eSFEEERENEd akhe ettt protuciiyy 220seteandelfower output
wi t hout user input. Once the line voltage, resistance
valtGethadaidsbredicipmreranal Uestare lent ErgGtoeqheRs the new
into the conbined controller 22, the mcro-controller
5228cajed paser7outmal ,c Hoat Rl Nelowposer aat ifhUthe ldider
vol tage using the same equation for 15 determ ning
Pl peodinems  diLE curs gek poeee. owffiar sBaiNg) ifSictor is being
determ ned, the mcro-controller 223, at step 74,
calepl emented, heheovweitwarep stibsgst 4 0 30 agdirn sKeut step 76
al so using the same equation discussed above. Once
t héopoaretimn parpeoaivineg rebdthgrarppohes odeier Bheshation.
the conbined controller 22, at 20 step 76, reads the
t eAper 4oeP £xoni Ager A irickatedsbyp SBNS ST repkit At uSt €D the
78, the mcro-controller 223 conpares the
10 user interrupts the loop, such as to enter new data in steps

66 through 70.

Referring to FIG. 7, an alternative embodiment 310 of
the variable wattage control system is illustrated. In this
particular embodiment, variable wattage control system 310

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 medule 24 could be implemented
through a micro-controller subsystem, module 24 does not

25 require a micro-controller or software subsystem to calculate

20



tenperature readi ng agai nst a predeterm ned set point
tenperature and cal cul ates the required percentage

power output |evel, Pout, in the nornmal ndiomeslidateddpecification
then the mcro 25 controller 223 cal cul at es a et Egbruary 2007
per cent age power output Pout 19 Consol i dated

specification as at 2 .February 2007 Scal ed at step

80, using the sane equation noted in the other

enbodi nents. After the scal ed power output Pout scal ed

Is determned, the conbined controller 22 sets the

powed set pite stel¢dedweat optpducicgheenss: eobiGcing means

| evel that equals the new 5 scal ed power output, Pout

scabedThdlqvmeer pugsut sdahdngt bectoemdedeMeS prefet®y the
new power output scaling factor is being inplenented,

t heasof bvianersobsyst e 230uaet HeNss b fb&M e84, 8hich as by
anot her tenperature readi ng and power out put

caloael akimdre shecheop THOWowbePodbutaek 1 HeBR-Fhodi$cing
repeated until the 10 user interrupts the |oop, such

5as re@n€ni 6riNgWmdaéd tHrSiPPS s66id HrawahgeiPice (e.g. triac,
Referring to FIG 7, an alternative enbodi nent 310 of

thescrar sabie saitkagel £pN g RlerS¥shRM I, | LS 3h8dde | the
this particular enbodi nent; variable wattage contro

Sy iR 3104 1EnLORBr ks Sa @ dpFeHet 2Aniiav N8vON&n order to
connection to power control neans 12 and a second

conngati @Re! Sot@abubp@dUcd MeateapsodibingMibdss 16.
tenperature controller 14 provides an output signal 84

t0 powerRegeptiy tXEans. 12, OWARCRMTR HB8dtnE BRBN.E
supplies a voltage and current to Mddule 24. As
1of urfH¥evariable wattage control system is illustrated. In this
particular embodiment, variable wattage control system 410
comprises a module 24 having one connection to voltage source
20 and a second connection to power control means 12. Voltage
source 20 supplies a voltage and current to module 24 which
15 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
20 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

25 power output scaling factor Ky can be preset by the

21




20 shown, nodul e 24 then supplies a scal ed voltage and
current to heat-producing neans 16 that is |ess than

the voltage and current that woul d ot her wiGmsdlalated specification
suppl i ed by power control neans 12 al one. Al tda@ughebruary 2007
nodul e 24 coul d be inplemented through a

m cro-controll er subsystem nodule 24 does not 25

require a mcro-controller or software subsystemto

cal culate 20 Consolidated specification as at 2

February 2007 and set the scal ed power output to the
he@denpfadusiamy omeasls byl hanfhe peaves cautpdiblsadl i sgeh as by
factor Kout can be preset by the manufacturer or set

by orgnoal nomsanywiboheoddhe Pdwesuchtas by tlondeat-pDsdicing
switches. The power output to the heat-producing 5
mearsnt6l6sid ildiniedd tneugh a solid stattedeeMeCee(§. Griac,
triac, SCR, solid state relay, power transistor,

et SCR,i aslile dthee molay e pdethatahsifiRlr, abt@. ) inside the
predetermned level in order to limt the power

soutmEidha 1oz hegiat PEOSHET 410 dTpaREetOxmitRie vy #0oFh& to
8, an alternative enbodi nrent 410 of 10 the vari able

watitizge €natpsierSyatpdt it iHdatst padbdebingNméihs 16,
particul ar enbodi nent, variable wattage control system

410 comRefeseing HEOBUEE 24 dthed AMeeSRRAGE&bdiRent 510
vol tage source 20 and a second connection to power

condfl alhen@apbabilld w¥etiagcortaW1Cey e URPLhESN A Tn this
vol tage and current to nodul e 24 which 15 then

suppd tteisudas catediiveht A0Ra AIRGb1GUHEERigd GoRBYET HREROE10
nmeans 12. As further shown, tenperature controller 14

10pr Oostilstasn@NaDLy Mdnpst 688 t184 JateDOVRE1 ARAkABh AR S
12. Power

variable wattage control system 10 shown in FIG. 1; however,
a module 124 is operatively interposed between the output to
fhe temperature controller 14 and the input to the power
control means 12. In this configuration, module 124 receives

15 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

20 and set the power output scaling factor K. 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

25 present invention results in lower than normal conduction
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control neans 12 then supplies a scal ed voltage and

current to heat-producing neans 16 that is |ess than

the voltage and 20 current that woul d ot heGuinsaidaed specification
supplied w thout nodule 24. Although nodul e 24 acdBétduary 2007
be i nplemented through a mcro- controller subsystem

nmodul e 24 does not necessarily require a

m cro-controller or software subsystemto cal cul ate

and set the scaled power output to the heat-producing

means 16. The 25 power output scaling factor Keut can

be §ngdset dpy tchdhe2po@ensigmidahgdfwpeichi. cRé¢aaze ag e

2 February 2007 nmanufacturer or set by manual neans on
mod@terg4of sphaseaanpye tneddenbres swuathes. SGi1e, ppuesr
output to the heat-producing neans 16 is limted

t hresugirod 30l lak statiectbw eaglesgcath rbQess KRurseki ghan
state relay, power transistor, etc.) inside the 5

nodiwer24obtiatl ist déthat @rplwedebar amdies | exedrddt to
order to limt the power output to heat- producing

Sreaarsliorat&efles ol bns Asso atagotiet 1@kt esdidtdien
enbodi mrent 510 of the variable wattage control system

i s shdws, thetpresenpabihveutiam oFpeds n&{l_tenh‘éﬁéérﬁ’é}lte_to phase i
wattage control system 510 10 substantially conprises

t heargAre pewat | gutitatdloat akow B NGAEL 2bh Calels2J6r GRS Bhase
system 10 shown in FIG 1; however, a nodule 124 is

opexrgtliev ebytrol erspasaBihed Wetih beseut Piind. OThid&110ws
tenperature controller 14 and the input to the power

conteftfl” rgaies 12 datutrhbstwadi iphdsat hAdie-MmgHE e d2d cycles,
receives 15 signal 84 fromthe tenperature controller
1014 Emergbyowlllesiiy an increase in the conduction angle of the
phase-angle-fired “on” cycles. Referring to FIG. 10A, a
‘normal phase angle power controller receiving a command for
7% power would have a conduci:ion phase angle of 41 degrees on
every ac line cycle. Using the present invention and phase
15 angle firing every other ac line cycle, a 7% power output is
attained with a 53 degree conduction angle as illustrated in
FIG. 10B. Further, as shown in FIG 10C, phase angle firing
every third ac line cycle using the present invention, a 7%
power outpuf.. is attained with a 62 degree conduction angle.
20 Preferably, this aspect of the present invention is an
enhancement to the power control means 12 in FIGS. 1 and 3,

or, in the alternative, to combined temperature/power

controller 22 shown in FIG. 5 or module 24 shown in FIGS. 7

and 8.

23




predetermned limted and scal ed output to the power

control neans 12. Al though nodul e 124 coul d be

i mpl emented through a mcro-controller sul®ysdélalated specification
nodul e 124 does not necessarily require a as at 2 February 2007
m cro-controller or software subsystemto cal culate 20

and set the power output scaling factor Kout to the

power control neans 12. The power output scaling

factor can be preset by the manufacturer or set by

manual neans on nodule 124, such as by one or nore

swi t cheShudeht appldeett that fihage @rgliteiposiicopirbeldes a
system the 25 present invention results in |ower

t haariebhal webtaye tdcmnt ro22system -0 for- providing varying
Consol i dated specification as at 2 February 2007

anglagsaduelével hef@OWRT lehBtt bfg doweat ireRei PECAURS1L0E such,
the nature of phase angle fired devices, such as

SCRiss a peweFpre@itiny rlankOWs CONTHCtd rangh fse&an obe
| ess accurate than power control at higher conduction

ANGFerbB1Qr d6kipt Dss arehieakat 6nd N W-2RbLBABIing means 16
associated with | ow conduction angles, the present

| Nvsydra@n veh ek 55801 AIBRGRAEAL t&fodNASE e 3BALELPIBRSs 18;
control at |ow conduction angles, or when phase " angle

CONgHdlterpetaftirBedend irly RbAE 181 éAGmunia3ial! WL a
"of f" cycles to occur between phase-angle-fired "on"

cyct@gperb@ulrbecelyral1 oMiing raR EORELASE) ithet BEnsed
conduction angle of the phase-angle-firted "on"

CyCté&fperRafiiel WAGht 8 3 rdl0Aetapodl Tl RRARSECHMHA means
power controller receiving a conmand for
10 12 of the temperature controller 14, for providing
energization of the heating element 16 at a selected maximum
wattage level; and the temperature controller 14 being
operative such that, if the sensed temperature, when
compared to the set point, indicates that the control system
15 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
20 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

25 16 (whether a single or plural unit) may be driven at
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7% power woul d have a conduction phase angle of 41

degrees on every ac line cycle. Using the present

i nvention and phase 15 angle firing every doheslida®ed specification
line cycle, a 7% power output is attained wi tabaez Bdryary 2007
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 output is attained with a 62 degree

conduction angle. 20 Preferably, this aspect of the

pr édénereémy givicon liewedd fenhandenenhphDiddtel peWebnd where
control nmeans 12 in FIGS. 1 and 3, or, in the

al ttdenpbwee, rdtoirgpriti fRd vEIReNal waet pg¥etonte@Nt Eokt@ 10

22 shown in FIG 5 or nodule 24 shown in FIGS. 7 and

8. c2B Bengpddtat ethaspesil peadd antiag af n&elidtdpYoducing
2007 Thus, it is seen that the present invention

prmmmﬁesla, vari abl e wattage control system 10 for
providing varying wattage |levels for at |east one

spover I eeeiyi AlssleHEe sedfhtha@ iR fReal- BEOdE AP herein a
nmeans 16. The control system 10 5 preferably conprises

at nitast e8eudeRd -PrAGUGHIE MRANSClBealRe BbAVAY system 10
associated with a tenperature serising neans 18; K

t enfraf @&Bﬁ@d§ﬁ@%&9{ﬁﬁﬁ%t%§g@ ofERHlisCaLi-ng %éih—p?roducn.ng
tenperature controller 14 for conparing the sensed

t eremat u6e Whibe atldﬁsl‘lera%dp§§&uc§59{dﬂmeaﬁspQweﬁafq{g Rhuired
means 10 12 of the tenperature controller

pr osd BenNAriQBAT gt Zedd N 1@kl Be1 beatinG @haNMBBliel b Ate12
sel ected maxi mum
10 capability of the variable wattage contreol 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 méasurements to a temperature controller 14 for
15 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
20 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

25 factor based on the percentage of a full line voltage being
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wattage | evel; and the tenperature controller 14 being
operative such that, if the sensed tenperature, when
conpared to the set point, indicates that tdvesdolatedspecification
system 15 10 requires heat, the tenperature caeabrdFéenary 2007
14 directs a power control nmeans 12 to turn on the
heat - produci ng neans 16 at a specific nmaxi num watt age

| evel. The variable wattage control system 10 may

further conprise a mcro- controller 23 which

determ nes a power output scaling factor 20 based on

t harpkisskicagdéeoheatfordédidinmg mekhagks einghappstsking the
to the heating elenment 16 and then scal es the power
oubpuer aueetdiakgbydingky perereldubputassialg npef petear output
determ ning the nmaxi num percentage power to be

appraking Cadterhéat dayerelmrehie héxidat gaidgtyge apower to
| east one heat - produci ng nmeans 25 16 (whether a single

or bpl appiliathitio) timey hbatdproditialy nddn£onsidhatadt the
specification as at 2 February 2007 different power

5| evebs-posduamcuadBpllschd i NS dragdnWer£ pdwWie pewer
rating of the variable wattage control system 10 can

be ggeettertidmn dsheopereleval iddgiat.t he heat - produci ng
means 16. 5 It is also thus seen that there is

descri breccdeiiaid t aeuReHeOfadpticdigod VARE | pRlRMathagetion
heater control system 10 for providing varying

watinaghe | Bvedgoilray rethedt £oF QitIrAGnafB8AScA GihaVdeking

t he heat-produci ng neans 16 nay be required to be
driflaenocal ponakedievelfarknss édpritee peveidimyealhe scaling

10 factor to the micro-controller through a user interface or
electronic communication techniques.

According to a further aspect of the present invention
in the foregoing method for determination of the scaling
factor, the method further comprises providing to the micro-

15 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

20 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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10 capability of the variable wattage control system

10,
f or

conprising using a tenperature sensing neans 18
measurenents of a tenperature associ att@dsolidatedtsherification

heat - produci ng neans 16 during operation therasef2 February 2007
providing the tenperature neasurenents to a

tenperature controller 14 for 15 conparing the

tenperature neasurenents with a desired set point;

using a power control mnmeans 12 of the tenperature
controller 14, for providing energization of the heat-

pr SFuBY n§lRBEs SFecafigatepre cardlaveginbmmt vt t dgethe

| evel ; the tenperature controller 14 operating such

t hateripble heaidtre dopd rpénpesttamurld. when conpared to

the set point, indicates that the system 10 requires

heat, tNeriewparzsamdicont and|arerbdingi tboitsta gpewand
controller 12 to turn on the heat-producing neans 16

at sfspyciedtunexiviim et tpgeopeistle, fandsksigd aisers making
mcro-controller 23 to determ ne a power output
cdlridvgt2bal agpridedsec ofi the mper egstage ofol dsdmple, and
line voltage being 25 Consolidated specification as

at W thebitudiyi0ioppplhcedat dalbhe vadatgpr ochict s1g SPRaBM 10
16 and then scaling the power output accordingly as
weltyrsaddyscay bdeporeledouwlphtshadalci pguiacéortfudl on"
det ernmi ne the naxi num percentage power to be applied

t o ¢ -lveatrept opuct et ineans: 16ostilddhatrbiBad” circuit
heat - produci ng nmeans 16 is not driven at a power |evel

gr eptadrectian wherpouier dyeteh iattdgnakécoeedbngsdmiid@nductor—
further aspect of the present invention

10

15

20

25

controlled devices, such as SCR's (thyristors) 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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in the foregoing nethod for determ nation of the

scaling factor, the nmethod further conprises

providing the scaling 10 factor to the Consolidated specification
m cro-controller through a user interface or asat2 February 2007
el ectroni ¢ communi cation techni ques. According to a

further aspect of the present invention in the

foregoi ng nethod for determ nation of the scaling

factor, the nmethod further conprises providing to the

mcro 15 conputer the line voltage of a power source

f orconheoppvesrcorddntr bb | wietiadreathel eabt drei0SktaRCBe Ofowered
t he heat-producing neans 16 and desired naxi num power

of biyne bedlityr edibi PggubRedsnslGelQUEhg id USDecaBfbBower
determ ned and manually entered or 20 m ght be

. autcomitrbl ag dhendal, e b BpEraBinPriawiidedi &k cli@ieon.
el ectroni ¢ communi cati ons techni ques, or provided by

i nf or maFueth&t,0ried the asbOoeK-tH: LARLELDE WHHIRIGW $8ntrol
reported by characteristics or features of the

shealyseRdU0| HE:JRBMS té6th§u19f1e39esltbxntr@ﬁﬁl&{ Horepat ece
test device energization, 26 Consolidated

spesidd cahi B taagerby2 thebeUskY11R0Tn She hysd iod ¥he
specification or determnation, to the variable

vat{rd@e e oAt £ avviist e L@erVahs QS REECAN QRS @&Q:tor which
operating limtations and safety features will be

apRiBPeabe ESfcskl Idedtiset Se 8B yifgl ﬁ&k@frﬂca'be
application of the new system For exanple and

W tdwitrdin Bht By i €k ggy%ema&bable wat t age control
system 10

10 As a further example, rather than sensing temperature
of a power~recéiving device, power output or tractive force
or angular velocity (as of a motor shaft) of another type of
power-controlled device may be measured and applied to a
device or circuit analogous to the temperature measuring and

15 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

20 that, while particular embodimenﬁs 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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typically can be provided with short-circuit or "ful
on" over-current protection or so-called "crowbar"
circuit protection where the systemis to Guakdida®d spécification
sem conductor 10 control |l ed devices, such as $&€R ZFebruary 2007
(thyristors) or bidirectional swtching devices
(triacs), which could fail in a shorted condition.
Further, in the case of the variable wattage contro
system 10 of the invention which uses phase angle
controlled 15 AC or pul sating DC control, specia

fi bterengt nehe pereasetd lmvenippreds hhgdndadceduebeylimited
conmponent generation in order to conply with product
cerhnilfyi battilon gppended| slaimg egi onal or approva

agency criteria, such as health, safety and
environnental rules or specifications establishing
criteria 20 which such devices or systems nust neet to
qualify for CE (Conformte Europeene) marking
regul ati ons for devices used and marketed in the

Eur opean Uni on. Variable wattage control system 10 of
the present invention may, of course, use any of the
previ ous power 25 control nethods or sw tching
protocols, such as PWM or phase 27 Consoli dated
specification as at 2 February 2007 control

according to whether the system 10 can be powered by
autility wth regulations relating to types of power
control schenes, or operating limtations thereon.
Further, in the use of the variable wattage contro
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5 system 10 according to the present invention,

appropriate care can be taken by those skilled in the

use of the invention to avoid del eterious @ntdtiaedapecification
power factor which nay be of concern to util idiae3February 2007
supplying power to be controlled by the system 10. 10

As a further exanple, rather than sensing tenperature

of a power-receiving device, power output or tractive

force or angular velocity (as of a notor shaft) of

anot her type of power-controlled device may be

nmeasured and applied to a device or circuit anal ogous

to the tenperature neasuring and 15 controlling neans

18 or circuits of the inventconmbput wherein the

power controller 12 provides a scaled output to the

power - cenat old edadaeviceseonsi stent with the principles

of the invention. It should be understood accordingly
fromthe foregoing 20 that, while particular

enbodi nents of the invention have been illustrated

sand desgri bed, coriroausysoshf | Cht i19RS ¢8R €€ thBYSttage
thereto without departing fromthe spirit and scope of

t herivesent b WQ{EaitQEroaﬁ@iﬁé U Eomdrk (866 INERAEd 155
that the invention be limted by the specification;

| nydpedd chbBepASifrnrsaki dai e sReGIdiiteati Ofhe a5 s3kn2 (10)
|1 S

r

February 2007 scope of the present invention
I nteengedstiagbe limted only by the appended clains. 29

at least one heat-producing means (16);
10 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

15 the use of a scaling function.

2. The control system (10) according to Claim 1
wherein sald power limiting function and said scaling
function resides in a module (24) attached to said at least

20 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

25 wherein said power limiting function and said scaling

30




5

10

Consol i dated specification as at 2 February 2007

CLAIMS What is clained is: 5 1. Acontrol system (10)

that limts the wattage provided by a heatComatagidngecification
el ement (16) to a value less than that producedt aFebruary 2007
full line voltage, the system (10) conprising: at

| east one heat-produci ng neans (16); 10 a power

control nmeans (12) operatively associated with said

at | east one heat-produci ng neans (16); and a power

limting function that limts the wattage provided by
saifdnati¢easisicies head -npydduci 29 )mepasafik@lyt placed between
val ue | ess than that produced at a full line voltage

t heopgher louhe: uae siid s@ald RGnkudEihddhs 312Y0e

control system (10) according to Claiml wherein said

power limting function and said scaling function

resides in a nodule (24) attached to said at |east 20

one heat: pr ophucicegtiBansy4dd) Qro)oReLatams Xopkaged 1
bet ween said power control neans (12) and said at

| easicrens bead po@:@@fdmw&ﬁ@%&%@h agd sH1& QQQMHJ;
system (10) according to Claim1 25 wherein said

poinckh Bht F&gh ddsnghi 981 @NGbwdt Eorgabh NBeamD (12
Consol i dated specification as at 2 February 2007

operatively placed between a power source and said at least

one heat-producing means {16).

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

sald power control means (12) which controls said at least

15 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

20 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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function resides in a nodule (24) operatively placed
between a power source and said power control neans

(12). 4. The control system (10) accordi ng Gonsdlldatethspecification
5 wherein said power limting function and saiadat 2 February 2007
scaling function resides in said power control neans

(12) operatively placed between a power source and

said at | east one heat-producing neans (16). 10 5.

The control system (10) according to Claiml wherein

said power limting function and said scaling

functi oi. r estiesonhral nogkilean ((24) apesadindeky plabed

bet ween the output of any control device and the

cofiurbher nportpiticingan dt goveratoont rohteans: ((12) , wea o
controls said at |east 1s one heat-produci ng neans

( 1&emp6raftes canitroll 1system (iHYluvacageding to Caiml
wherei n said power control means (12) is phase angle

fired antempetdiies ebfisihd MANMIHITNO0BLER EHAACErbLEss
accuracy of 20 phase angle power control at |ow

5CORcupkirafuad diiathyel 3 4 O R INRE wEh MOS8y '2@f fleast one
cycles to occur between phase- angle-fired "on"

cy tleag~pirbanebyy aldagwi NU6 AMmi P BLIRR LR1LHE;
conduction angl e of said phase-angle-fired "on"

cycl es. a3tefpastidateflpspesodd | 6a{diQARn 88r domdaring a
February 2007 7. The control system (10) according to

G aiempbrototbess SUiBhe8] AR {&PRUYEEL CONM Hkebroducing
(14), said tenperature controller (14) including:

means (16} with a set point temperature and determining the

10 required output; and
an output function that provides, directly or through
the use of an ancillary power control means (12), a method

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

15 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);

20 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

32



a tenperature sensing function such that a process 5
tenperature operatively associated with said at | east

one heat-producing neans (16) nmay be det erJuneaidiated specification
tenperature conparison function for conparing adat 2 February 2007
tenperature associated with said at |east one

heat - producing neans (16) with a set point

tenperature and determning the 10 required output;

and an output function that provides, directly or

through the use of an ancillary power control neans

(13f, saidredthatbastOoMar Youdie- ROWSK i 8YPREFRL @6t her a
heat - produci ng neans (16). 15 B. A variable wattage

COBEILOLt &Y SheMnlukONat PagPruicdi;:ng varyi ng watt age
| evel s for a power-receiving device (16), the system

(10) coppei @érﬁ};géra%hrlee%ﬁtﬁlele‘io\r’]@ﬁ‘) rEehy i@ rdeY &€ such

(16) operatively associated with a tenperature

serskiy 1Eafs{d Vense8 LRI LM AL %B@nsg&%d’]:QadnEen\@he set
(18) conmunicating with a tenperature controller (14)

sf ObhoGARPAL hAPcR SeR38d tﬁ@%@e‘n&”ﬁo\i\‘ b Pgifre(slg)eat, the

predeterm ned set point; a power contro

OpP@LabkY¥et¥r&Ssapi-dhed Wik Sald JLeyper g%‘%rg é:ontrol ler

controller (14) for providing energizati

Co lyi | fd ' E . :
naohi dat efe SREAL TG LPM  BSt nel g\?i%ggg.?ﬁ%il%g%ad%me

said at | east Oone power-recelving d

sel @ehedmaxh mum yalitagerLey .eép'eéilﬁhct CIRELEE Wl tage 1level;
controller (14) being operative suc
a micro-controller (23) which determines a power output
10 scaling factor based on the percentage of a full line
voltage being applied to said at least one power-receiving
device (1l6) and then scales said power output scaling factor
accordingly;
said power output scaling factor-determining the
15 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
applic&tions.
20
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

25 conduction angles at low power output levels.
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that, if said sensed tenperature, when conpared to the

set 5 point, indicates that the system (10) requires

heat, the tenperature controller (14) diredionseligeted specification
power controller (12) to energize said at | easttdhebruary 2007
power -recei ving device (16), whichis limted to a
specific maxi numwattage level; a mcro-controller

(23) which determ nes a power output 10 scaling

factor based on the percentage of a full line voltage
being applied to said at | east one power-receiving

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

factor accordingly; said power output scaling factor

deter m pHNg e vh i ABXE PR RRYL eBhaY61 POV erd Q10€ according
applied to said at | east one power-recelVving device

(1ek; c@ﬁﬂmsﬁKﬁhHQE%ﬁnas§ﬁﬂdtéﬁpéf%%%&eoegntroller (14)
power -recei ving device (16) 'nay be driven at

di B%%&se&spgm travek 8mbOFatatd %%dlﬁ%gl 1%§tao%&nl89ted to

he vari abl e wattage control syste accordi ng

stoscallal RLBouhergid ctohferefmf EONt iy saad.(&@as e@p@ggbé (18),

power to Sald at | east one power -recel vi ng

(1g%db%heﬁogg5&tﬂ ggggggcongééfﬂ %Q@ .Bcééﬁﬁﬁﬁ%ﬁated, said

circultry to incre

ctlon angl es

DOWE&W%QEEEEelé%ﬁﬂf% le%3(£?ﬂséﬂéﬁj Q1§8§C%f£éégééi@d ?utput

as at

ruar e varla age contro

SV%&?@%&%Q£098£Oéékﬂﬂ%ller which limits and re-scales the

10

15

20

25

amount of voltage applied to said at least one power-
receiving device (16}, whereby said power controller (12}
permits multiple wattage values to be obtained from a single

resistance value of said at least one power-receiving device

(1e).

1ll. 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 powexr ratings, and by change of
said scaling factor, such that system operation is matched
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to claim8, wherein said tenperature controller (14)
operates such that tenperature readings are

comuni cated to 5 said tenperature control |Gansglitaledispecification
sai d sensing neans (18), and when sai d tenperaaru? Eebruary 2007
readi ngs are so communi cated, said tenperature

controller (14) then provides a re-scaled output to

said power controller which limts and re-scal es the

anmount of voltage applied to said at |east one power

10 receiving device (16), whereby said power

conbr ohe efaxildin dReLfkd Spdndit ilphe1vaft ages vl uesst eReheat
obtained froma single resistance value of said at

| epsbdasengpaweinsr.ecei ving device (16) 15 11. The

vari abl e wattage control system (10) according to

claim 10 wherein said scaling allows said at |east one

power -recei vi ng device (16) having a single wattage

rating 1807he HsediAs R2POVRS -deREbY %%V'é@§)_r(a1&brding to
having nultiple wattage applications he

5vaﬁ£1a§?!n91%\ﬁ$ e%%‘inc Qi & %en%%%% é 0-{ 1L 365 QL f Elgl) ‘ %g%v%c%es a

claim 11

being ca poweri ng any

pOSﬂ_!nQIaE %ﬁécag:]ghggsfo lgg%ﬁg raq'? %:P\élrggquﬁ\i{?%%r( ]}g\)el of

within ara

0SSi power

changg 9f Zasaly g‘h g@é@ﬁ%é)ca%gﬁ%a@é{g 3% Sﬁ{ Skration

operatlon I's mat

nso

as ﬁiér%?fsal dé‘ e\ﬁls‘?eQOZeﬂgﬁr)] xfaﬁ%rgaéf %@%%:'e[sgfe&oe‘ﬁe set point

| evel

10

15

20

east

regardless of whether the system (10) has a maximum power
level greater than that of said of at least one power-
;eceiving 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

sﬁandard.

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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produci ng neans. 13. The vari able wattage contro

system (10) according to 5 claim 12 wherein said
tenperature controller (14) provides a |i f@apoligatedgpecification
range for selecting an operating power |evel _@at2h¢tuary 2007
at | east one power-receiving device (16) for operation
thereof at a sensed tenperature at said presel ected

set point regardless of whether the system (10) has a
maxi mum power 10 | evel greater than that of said of at

| east one power- receiving device (16), and wherein an

upper |sdlid makrsatehtddinear (D3 Py cpangeivd ldo determine a
correspond to the nmaxi mum desired power |evel of said

at pbe@s toudp@tP eVl if® RictbRadididiag(6)a dhildg fbtion,
vari abl e wattage control system (10) according to

cl Bhged onielebBreahthdd BEaE HULIPULinkaRgLLdfe #Bing applied

i ndustry standard. 15. The variable wattage contro
sysbesa{d At acaerdbRg ptRkri0c6d BNyl deMhes e(l"B)SB¥dfirst

| i near output range is a 4-20 mA output range. 16.

sTheavaniabiRy Wkt 2881 € Q! a8YS1RMI( Q) 266QeNdsidd the
cl ai m 10 wherein: 35 Consolidated specification as at

2 rebhiyiyg 2h6ts8hd mcro-controller (23) is
operative %o determine a power output scaling factor
according to a scaling function, based on the
percentage of a full line voltage being applied to
said at |east one power-reggivingydeyece (16) by first

Rpeater
10 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, Kex, using the

following equation:

13 Kout = Pgesired
Pline

said temperature sensing means (18) being operative such
that it communicates then said sensed temperature reading to
20  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, P, and then calculates a scaled percentage power

25  output, Pout scaled, Using the following equation:

36




5 calculating avail able power at a full Iine voltage

using the follow ng equation: Pline = (V 2 [ine)

Rheater 10 and is further operative then tnseigikiedishecification
power output to be applied to said at |east oreeat2February 2007
power -recei ving device (16) by calculating said power

out put scaling factor, Kut, using the follow ng

equation: 15 Kout = Pdesired Pline said tenperature
sensi ng neans (18) being operative such that it

communi cates then said sensed tenperature reading to

20 the mcro-controller (23); and said

m cro-controller (23) being further operative such

that it conpares said sensed. (enper ature kg.the
predeterm ned set point, and determ nes a required

percent age power output |evel, Pout, and then
cal cul ates a scal ed percentage power 25 output, Pout

scal ed, sasd ngidhe-doptrenias emiatje9ny 861 Congamhkdat ed
specification as at 2 February 2007 Pout scaled =

sPOWpetakowd S thatGic®- saNlr B iratd3r BEhHSBidd l(14) to
further 5 operative to instruct said tenperature

CordohRluh@tatd 4 §Qyn=00WBUBLEQSVRLS 8RRk oL De Sal1h)POWET
control ler (12)
establishing the desired power output to said at least one
power-receiving device {(16);
whereby said power controller (12) provides a power

10 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
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 micro-controller {23) is operated by
20 a software subsystem (30) having said software to permit
manual user input of wvarious parameters into the variable
wattage control system (10) in order to determine said

scaling function.
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establishing the desired power output to said at | east

one power-receiving device (16); whereby said power

control ler (12) provides a power 10 out putCaneoliiaied specification
| east one power-receiving device (16) which iasat2 February 2007
properly scaled. 17. The variable wattage contro

system (10) according to claim 16 wherein said

m cro-controller (23) is operative 15 as set forth in
response to a software program (30) of the system

18. The variable wattage control system (10) according

to claimm.17rwhe¢st fadne wBL 685 N | %%s’&&rs)(llbﬁ according

operated by 20 a software subsystem (

) having said

sotbverAnt @ RREAEIn MBALCHBELy IfRWLi L MATJRYSnally
paraneters into the variable wattage control system

(18hnhdn) rdeket OoHef £1iH-0er S,y %Bag%{ﬁnénlﬁn %'O%ge%é

Consol i dat ed specification as at 2 Fe

claim B wherein said sca

ruary

Ing tTunction I's optl

Thesuardahle e_;“L@EE@_QﬁiEaQLﬁ]E/.r ebm@yrﬁtc%@e&l% &&C%&%’g%ﬁyd@ or

s
en

ecat L : ! . .
ggabéﬁ%ﬂﬂfﬁ%ﬁ afl oﬁé%fﬁ&%iglPgréﬁﬁaﬁggtggl gp%ﬁgérg% a

user or 1s electronic ni cat'ed

sysisem { or 5 is determned automatically by the
systemin response to a user input. 20. A variable
wat t age control system (10) conprising: a

heat - produci ng neans. (16) which is electrically

10

15

20

20. A variable wattage control system (10) comprising:

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

a power control means (12) which is linked to either a
BC 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
assoclated with said heat-producing means (16) and
communicating these readings to a temperature controller
{14); and

said power control means (12) operating such that, when
said temperature readings are communicated to said
temperature controller (14) by the sensing means (18), said
temperature controller (14) provides a re-scaled 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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10 powered; a power control neans (12) which is |inked

to either a DC or AC power source for supplying power
to said heat- producing means (16); a sensiFpsehictesl specification
(18) operatively associated with said 15 heatasat2 February 2007
produci ng neans (16) for taking tenperature readings

associ ated with said heat-produci ng neans (16) and

comuni cating these readings to a tenperature

controller (14); and said power control neans (12)
operating such that, when 20 said tenperature

reasimgs araleAgmEHuieat ed &6cSRithcet @IRERALUAES

controller (14) by the sensing neans (18), said

t eppecatita@ i6ANbF OddiRl hehd)p P idgSnéad£- (363, ed

output to said power control neans (12) which limts

and re-scales the output power applied to said

heat - pr oduci ng neans (16) by 38 Consoli dated

speci fighl i @he d8rdlbTe E%Qrta?éycom%l H?éﬁ—gn 819§ 2hEB&aing
factor in accordance with rafings specitication of

sSaicd BeAim POGHELB, NBANS scA8ing FhctdbeiyadRBRhey user
watt age control system (10) according 5 to claim20

Wherekat S 4 SeRkkoY SOk STl LY UsElendPl88Plor is
.or is preset prior to shipnent to the end user or is

el @abronbealdif oo caled 9 the s?)é%%x?%%é‘-)io)ﬁro&si s

determ ned automatically by the system
reHREBERIA RutbREEiIEAPH) by the system (10) in response to a

user input.

10

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
15 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).

20

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-

25 producing means (16) and desired maximum power of the heat-
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10 22. The variable wattage control system (10)

according to claim?20 further conprising a contro

provision permtting a user of the systemQoh8)lidated specification
presel ect values of line voltage, resistance aat2february 2007
desired maxi mum power of said heat 15 produci ng neans

(16), such that the system (10) calculates a desired
scaling factor, the factor being applied by a

sof tware subsystem (30) to re-scale the power out by

control of voltage to said heat producing neans (16)

f r ppodatithgpawvens Clont nial op@en st L) cul 23, déBered scaling
vari abl e wattage control system (10) according to

cl ahot @2 appebplattdrdo ehifr BYASINIR predCdinst mkahed(1y) .

said software subsystem (30) that permts the user to
manual ly enter |line voltage, electrical resistance of

t he heat 25 producing neans (16) and desired nmaxi mum

power ofathenkeahrid® £Cangohbdatatepesi$tsaat(10n adSording
at 2. February 2007 produci ng neans (16) in order to

scakeubaitn 20dQBkr&Ln SCAJIrRGarE a&lﬁys%@ﬁr (h)ﬁj'ﬂ kel bher part
sai d heati ng-produci ng neans (16). vari abl e

\Natotfagsl@ofrgnrfp@lraﬁﬁé%Br(tlf%hlagc Ingr 10 & 3 ower
wherein a software subsysten1(3 is either part o

saicdntenDafars @18PNtE0lilLeh cdAAraty aPREAgiertlbferatively
power control means (12), or 1s a separa%

ar 3RgeMRAtd RekaLhVEl Yo péﬁéecz:@ﬁ&dnb%%@n(ﬁz%l AnROYLI 4
control neans (12) and said
heating-producing means (16) or between said temperature

10 controller {1l4) and said power 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

15 semiconductor power control or mechanical power switching

means.

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

modulation.

27. The variable wattage control system (10) according

25 to claim 25 wherein said power control means (12) controls
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heat i ng- produci ng neans (16) or between said
tenperature 10 controller (14) and said power contro
means (12). 25. The variabl e wattage cont r &ionsgligiaieghspecification
(10) according to claim20 wherein said poweraseohfekspary 2007
means (12) controls power |evel supplied to said
heat i ng- produci ng neans (16) by 15 sem conduct or power
control or mechanical power switching nmeans. 26. The
vari abl e wattage control system (10) according to
claim 25 wherein said power control neans (12)
cMa018ve20sppidied evebablpplatedroducsaigdneans (16) by
heat - pr oduci ng neans (16) by phase angle control,
bpfsde fdnglBOcomtite Bhdeinorudus serawidt prowbaidrattioon.
27. The variable wattage control system (10) according
26nhHh&d ahe 28cwhefieiclf SRASe pOwAke powdr alontreahsatf I2w
controls 40 Consolidated specification as.at 2,
Febhiaédi c?0QAg1 8Oy laguelisgpiifedcyolanitd occur between
heat - produci ng neans (16) by phase angle control, and

5 '%ﬁhygfﬁhqwéLQ%kédeéﬁﬁfay@mebp tiIRRaRCce1 1dvE nac anr anyreafse
phase angl e power control at |ow conduction angles,
b¥% nakhowdithuRfibn £¥FIEL S 8208 ChlhaRebngBs-Hired “on”
phase-angl e-fired "on" cycles, thereby allow ng an
i ncrgase in the conduction angle of said
phase-angl e-fired "on" «cycles. 28. A variable wattage
control system (10) for to providing varying wattage
| evel s for a power-receiving

28. A variable wattage control system (10) for

10 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);

15 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-

20 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

25 sensor-responsive controller (14) directing said power
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10

i5

20

device (16), the system (10) conprising: at |east one

power -recei ving device (16) operatively associated

with a sensing neans (18) for sensing an dpesalidaieg specification
paraneter of said power-receiving device (16);as262kefirdary 2007
sensing neans (18) conmunicating with a sensor-

responsive controller (14) for conparing said sensed
operating paraneter with a predeterm ned set point; a

power control neans (12) of said sensor-responsive
controller (14), for providing energization of said

pevwat roRhd26eitvi 8getigVicesitbhortracatiredied daticye(ls),

| evel ; the sensor-responsive controller (14) being

OR@Rahi V& 1i9MGRdt Bata $pechiit sarsREn opgrtaengevel ;

par anmeter, when conpared to the said predetermn ned

set popngiciidickdt-gs1the(reediHieh debéamipesea boear output
sai d power-receiving device (16), said 25

SeRSAhnECSRONS! YR seaNbhotherpdAdhtdbkest ingrsai dipever

41 Consol i dated specification as at 2 .February 2007
CapiQlgeMBaNsSy thANRKIL 2Es88h haRWe e 6004 11y |RGidevi(Le)

(16), whichis Timted to a specific maxi num wattage

| eyl ierRnT5EL Ps S WUOLLAE r( 33 piitlRod8l 85T Nema

power output scaling factor based on the percentage

of a fulligl LBfer HAUSARISHEEAY ARRIJredet BrBithy the

power -recei ving device (16) and then scales sald

P 1ol Rt cBR et il +3NdeSabsh iRRWRE 941 @Ubower-
scaling factor determ ning the Tmaxinum percentage
POYELe {7 RE cRRPEE ef )3 sai d power -
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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recei ving device (16); 10 such that said

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

di fferent power |evels for various appli catGamelidaggidishecification
a power rating specification as great or |ess askadFelreary 2007
power rating specification of the system (10). 15 29.

A nmet hod of variable wattage control conprising the

steps of: a) providing an electrically powered

heat - produci ng neans (16), a power control neans (12)
linked to a power source for supplying power to

heat aps Beyeiveg teans hibr-paodfciggnseats ndalsa¢ddyding to
operatively associated with said heat- produci ng neans

(36} beissenshpgrdimerature associated with the

heat - pr oduci ng nmeans (16) and communi cating signals
corresppndidi@drh@nihe $ensadnherpefat bhtpt® for applying
tenperature controller (14) for controlling the power
CHlke! apBanst td23hdhdangabiudal egl repasi {i®atiyotheagower

at 21February 2007 to apply power to the

heal+RERUHEI NI (ABANS, (8)or3eeeEdith tatihe serSedcation
tenperature; b) determ ning a scaling factor output

e aRRLYHLOG - ROWRE: APRId AL t@eh he heat - produci ng

i0

15

means (16) by ‘the power 5 control neans (12) in
accor dapce Ebﬁﬁhﬂfﬁé%@ﬁ?6ﬁﬁéCéédéé@ttéﬁbeﬂﬁ%u%élQo the

heat - produci ng neans (16); c¢) comrunicating the sensed
tegggﬂéygﬁﬁget5bﬁgygllggnpf;p;ure controller (14);

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

e) applying power from the power control means (12) to
the heat-producing means (16) at a power level determined by
the temperature controller (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.

20 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).

25
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d) causing the tenperature controller (14) to have a

10 re-scaled output to the power control neans (12)

which linmts and re-scales output power f r(emsalideted specification
power control nmeans (12); and e) applying powset 2 Femuary 2007
the power control neans (12) to the heat-producing

nmeans (16) at a power |evel determned by 15 the
tenperature controller (14) to maintain said

tenperature relative to a tenperature set point;

wher eby the power |evel supplied to the heat-producing

means (36) e fedhed PednAgtd ocBdmd2s e atidthelract or .
20 30. The method according to claim 29, further

chamaeketézietdbyydeterm ning the scaling factor in
accordance wth line voltage, heater el enent
resi stance and desired naxi mum power which can be

del i ver ) t cerigi®viifat a psoftueiiRg subeaten( 160) @t dermits a
Consol i dated specification as at 2,February 2007 31.

Thexrg®et badt i€ 6isdemnord Gertdedd Mid8, véWalyBer heater element
characterized by: f) enploying a software subsystem

5( 3WedikAbnpeIdHd Fedirdtd aladimbhBosy s @M he B Hrbdd8ing
vol tage, heater elenent 5 resistance and deS|re§

MGdAaH® QOWRs 4@ t he heat-producing neans (16); and
g) calculating by said software subsystem (30) a
g) calculating by sald software subsystem (30} a

desired scaling factor.

10 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.

15

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

20 power to the heater (16), a sensing means (18) operatively
associated 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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desired scaling factor. 10 32. The nmethod according to
claim 29 wherein said scaling factor is manual | o
preset by the user or is preset prior to SHnsphdatedsgecification
the end user or is electronically conmunicat e at &Febuary 2007
system (10) or is determined automatically by the
system (10) in response to a user input. 15 33. A
nmet hod of variable wattage heater control conprising
the steps of: a) providing an electrically powered
heater (16), a power control neans (12) linked to
powerarmgdyr pewéortcs tpel feager 20 6)ornecotdinchEohdat erensed
(16), a sensing neans (18) operatively associated with
t heetwatagurel6) for sensing tenperature associated
with the heater (16) and communicating signals (84)
correspondi rgployime =senised-tatperldeur ¢23)0 t& determine a
tenperature controller (14) for controlling the power
copbwet smpns £3X)irdd rfeensel ackaireringpesid iscaling fwstion,
at 2 February 2007 to apply power to the heater (16)

5 acbakéd ngh tthet PersansR@ bENpef@llungne Boledye BYing s#plied
m cro-controller (23) to determne a power output
scabi bge fraeitelr, ap¢ of thgtg chOcal Siciald Rgalvasld @dwed at full

based on the percentage of a full line voltage being
applinedvoltadehasheqt e MY 16Wwisd Lalagtbati ng avail able
power at full [Iine voltage using the foll ow ng
equati on:
Pline = (Vline)2
Rheater
10

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

using the following equation:

13 Kout = Pgesired
Piine

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

20 micro-controller (23);

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

25 power output level, Pou:, and then calculates a scaled
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Pline = (Mine)z Rheater 10 c) then scaling the

power output applied to the heater (16) by

cal cul ati ng sai d power output scaling fact&nsiisigied specification
using the followi ng equation: 15 Kout = Pdesi-reédt 2,Eebruary 2007
Piine d. operating the tenperature sensing neans (18)

such that it comrunicates the sensed tenperature

reading to the 20 mcro-controller (23); e. operating

the mcro-controller (23) such that it conpares the

sensed tenperature to a predetermined tenperature set
poParcentthadepevear magraty e Gk sed-dpensr dge 261 jpovien

out put level, Pont, and then cal cul ates a scaled 45
Congudtiat:ed specification ... as.at 2, Eebruary, 2007

per cent age power output, Pout scal ed, using the

foll ow ng equation: Pout scaled = Pout * Kout 5 and

f) operating the micro-controller (23) such that said

m cro-controller (23) instrddctsSikhhe H.gnpekat ure

controller (14) to comunicate a signal to the power
scontrol angans (12) and establishing the desired power

out put to the heater

f) operating the micro-controller {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

10 element (16);

whereby the power control means (12} provides a power

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

heater (16).

15 34. A method of using a wvariable 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:

20 a) using a temperature sensing means (18) for
measuréments 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

25 measurements with a predetermined set point;
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10

10 el enment (16); whereby the power control neans (12)
provi des a power output to the heater (16) which is

properly scaled for the heater (16). 15 34-ongolidstedggecification
of using a variable wattage control system (B3t #bgbruary 2007

provi ding varying wattage levels for a heating

el emrent (16), where the heating elenent (16) may be
required to be driven at power |evels less than the
power |evel capability of system (10) conprising the
steps of: 20 a) using a tenperature sensing neans (18)
for measur eEBAYSa Power! BRREBL UhCads S@Q) abedeivd th the
heating elenment (16) during operation thereof; b)

Pr odhysh g ke cHLREBST BT (@ AVBagHEEPRN SYiln® @nergization of
tenperature controller (14) for conparing the

t eﬂﬁérﬁéé{fﬁg 22 efIBRS Ul RITE RS aWsk e at & afRkahA1 Negkiset
poi nt; 46 Consolidated specification as at 2 February

2007 CQhé“%éM@e@a@@F@rcéﬁHﬂdTi%r”ﬁ@@? $PatQhgt B€ch that, if
tenperature controller (14), for providing

en@5g| §§ﬁé&{] t%fmpet:gguf'@atwte ! %loﬁlgggéd(g@)t@ péedetermlned

sel ecte mattage evel enperature controller

(14Lropgrat) \?\){?ﬁl&%@eg hate é)fste?rht(a@ )y SE8 es more heat, the

t enpeérat ur €, en conpar ed e predefermned set

po‘t@{nFeEQgﬁf@tc.ecﬁlttrgﬁléi‘s fm( Bedi8AULLESHIRLE cBRBEoL means
enperature cont r ol Irects said power
gtlﬁ‘?' tHEﬁx‘Pérgzl(éez)thEOhSQE{rgé @letnlé%th?% NG 8l#Mest 1inited
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

£) causing the power output scaling factor to

15 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.

20 35. The method according to claim 34 wherein, said

2

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

5 heating element (16).
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to a specific maxi numwattage |level; and 10 d) using a
mcro-controller (23) to determ ne a power _ output .
scaling factor based on the percentage of &9ngP!dajed saecification
vol tage being applied to the heating el enent .(%8)2 Fegaary 2007
e) scaling the power output accordingly; and f)

causi ng the power output scaling factor to 15

determ ne the nmaxi num percentage power to be applied

to the heating elenent (16); such that the heating

el emgBt ( Abgoritd| BOEtefH tHeR Nindits gowﬁp‘ﬁﬁfvide%lV@ ag:fcﬁ@tr%ceiving
than its power |level rating. 20 35. The netho

r ¢4 I ai reLn, i t tder
RIRRT 2 LGN P aRbBucsf il (B, Goiddl B system

doh'g)‘?is .tage of a power source for the power control
nmeans 2), electrical resistance of the heating

el ement (1E?ﬁ§g{1d desi red maxi mum. power, of the 25

heating el one BYWeIFeCelY N\t @89speci fi cati on

as at 2 February 2007 36. A control systemthat limts_
power pr oW BRMer eprirofeneperabvdly \dsaglialgdwide theopewearageiving
| ess that that produced at full line voltage, the
dgyinee e eomer icontiglier stonprising aneovwaveniting d@iclionghat limits the
device; and a power controller operatively associ ated
pawdr prheidpdve the poeeviecgivirdedéevies td Aeajpeviess thantthal pexduced
conprising a power limting function that limts the
gtaniedl lipeavltdgsltriroudtenesst 4 aginy figtigavi ce to a

val ue | ess than that produced
37. The control system according to Claim 36 further comprising at

least one circuit protection device operatively associated with the power receiving

device.

38. The control system according to Claim 36 further comprising at
least one filtering device operatively associated with the power receiving device

to suppress high frequency component generation.

38. A power controller operatively associated with a power receiving
device, the power controlier comprising a power limiting function that limits the
power provided to the power receiving device to a value less than that produced

at a fuli line voltage through the use of a scaling function.
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at a full line voltage through the use of a scaling
function. 37. The control system according to JQaim36 . .
further conprising at |east one circuit pré‘?r@éﬂ‘ﬁ"ﬁﬁﬁi specification
devi ce operatively associated with the power r¥@bfiphiyary 2007
device. 38. The control system according to C aim 36
further conprising at |east one filtering device
operatively associated with the power receiving device
to suppress high frequency conponent generation. 39. A

p
poverd0contA aldiesd opebaidtingl & pR%EP dorteller\bdip@siRPIRY step of
receiving device, the power controller conprising a
graprying B bbRer fikigld Ahdibat Hat Mdiss gﬁ‘)@uer %WHFd to, a gower
provided to the power receiving device to a value les

feBaRirghadvis F&P%g‘é o 18Ls ﬂ1afnut|£?|§t &J@g,&%&{%g@nﬁiﬂé UL Mougn

use or a Sscall uncti on.

ifi.cation .as,.at 2 February 2007 40. A method of
tggg'%gtqf%gscfﬂ%wug%nt roller conprising the step of

enpl oying a power limting function that limts power
provided to a power receiving device to a value |ess

than that produced at a full line voltage through the

use of!-a Jeaoniigl systemitbat limits powsrrovided yleta powhareceiving
limts power provided to a power receiving device to
devieg de hesaluehlass tthat tiatoprnciededt aff @il lihe neoltagkt dlge, system
the system conprising: at |east one power receivVing
cwupisEnga power controller operatively associated with

t he power receiving device; and a nodul e operatively

associ at edaiisdi ohbopRMesceh@ng belicer , the nodul e
conprising a power limting function that Iimts the

power provh ¢efet @ofSller operatively associated with the power receiving
device; and

a module operatively associated with the power controller, the
module comprising a power limiting function that limits the power provided to the

power receiving device to a value less than that produced at a full line voltage

through the use of a scaling function.

42.  The control system according to Claim 41, wherein the module is

placed between the power controller and the power receiving device.

43.  The control system according to Claim 41, wherein the module is

placed between the power controller and a power source.
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power receiving device to a value |less than that

produced at a full line voltage through the use of a
scaling function. 42. The control system adc¥Palidapdsgecification
Claim41, wherein the nodule is placed betweeH 3 hEebruary 2007
power controller and the power receiving device. 43.

The control system according to Claim41l, wherein the

nodul e is placed between the power controller and a

power source. 49 Consolidated specification as at 2

Febrdary 2687cokdrol $e@oatdopding 16t CErAcCIOieRdn tife module is
Claim4l, wherein the nodule is placed between the

PSRRI b RBER Ohd BEWBNEbrAMeLEREENT OHdr RbniidetRe. 50
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