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CONTROL OF HEATING ELEMENTS

FIELD OF THE INVENTION

The present invention relates to switching high power electrical lngds and o particnlar to
controlied switching of switching high power electrical loads for reducing
voltage/onrrent flucination in the associated power mains that can cause

visible/observable flickering of lights.

The wvention has been developed primarily for use ag appasstns and method of
controlling one or more heating clarnents of s kitchen appliance and will be deseribed
heremalter with reference to this appheation. However, # will be appreciated that the

invention i not lted 1o this partionler field of use,

BACKGROUND OF THE INVENTION

Any discussion of the prior art throughout the specification should 1 no way be
considered as an admission that such prior art 18 widely known or forns part of the

covmmon general knowledge in the ficld

To oporie an oven {such as 8 compact oven) with different power profiles for reaching a
sef teraperature, 8 dunming circnlt can be ased o control the over’s heating elements to
reach the required temperature. This type of dimming requires an EMC {eleciromagnatic
compatibility) filter eiveuit so that the dinuning circuit doss not cause ek’;‘citrm";‘..»agne’iii:

interference affecting mains power and appliances on the same clectrie cireuit, The tvpe

of EMC solabions required can be costly,

Another way of providing different power profiles 8 fo swiich the heating clements on

and off for varying times. Kitchen appliances that switch heating elements to control

power or lenaperatore beve been observed to case 8 vistble “fhicker™ in Hghi< located
within the device or connected on the sam mains power cirouit.
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it is understood that the thicker in the light resulis from Huctuation i the veltage supply,
being 8 consequence of power lne switching, which causes the light to change intensity

at a frequency that can be ehserved,

QBJECT OF THE INVENTION

It is an object of the present invention to overcome or ameliorate at least ong of the

disadvartages of the prior art, or © provide a usefid alterrative

Drescribod borein are @ method and apparatus for switching high power slectrical loads in
a form that reduces voligge/current fluctuaiion in the associated powsy msins that cause

visible/observable flickerimg of lights,

SUMMARY OF THE INVENTION
According to an gspect of the technology thete is provided o apparatus including:

one or more switched high power Ioads (or heating elements), each high power load
betng powered from a common alternating carrent power souree, and wherein cach
foad is independently switched using a switching signal for zere crossing switching

to achiove a destred avemge power oulpul;

the switching stgnal is generated from ropeating (or comprises a repeated) g

switching sequence:

the switching sequency indicating activation {either connection or solation} of cach
respoctive high power load from the power source over a sequence of half or full
eyeles: and wherein the combined magnitude switching sequence for sach

espective high power load comprises frequency components not fess than 24 Hz

In an alternative conbodiment, froquensy compoenents may e below 24 Hz, but more
grergy 18 present 1w the frequency components that tie above 24 Hy than moany

froquency compenents that Hie below 24 Heo
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inan embodiment, using 60Hz mains power supply, & summed sequence formed by
adding each active switching signal esed in controtling activation repeats m § or lesy half

cveles of the matns power {or 3 full cyeles).

in gn ombodiment, using SOHz mains power supply, & summed sequence formed by
adding each active switching signal used 1o controlling activation repeats in 4 or less half

veles of the mains power {or 2 full ovelesy.
I an grobodiment, the switching sequence may be retrieved from g lookuyp table,

Inan eobodiment, the switching sdgnal may schdeve different power levels for cach
foad, Different sctivation {proportions of connection to solation} from the mains power

source is provided for each respective high power load.

n an embodiment, 8 temponature control module may use switch control or power fevel
controd {e.g. PIDY. In power level control, a different switching segnence may be used {o

achicve a different power output for controlling tomperature.

Avvording to an aspect of the technolopy there is provided a processor apparatus adapied

o

o) ééﬂ&‘fﬂﬂ} R OF 1S switel 311’3” ‘d“ﬂ(ﬂ for cont U?hﬂ” (31"1"‘”21?101) ﬂu A IRspeL H‘\ 0 OF
more switched high power loads {or heating cloments), cach high power load being
powered from g common alternating current power sonrce, and wherein each Ioad i«
independently switched using the switching sigual for zero crossing switching 1o achieve
a destred average power cutput; wherein the switching sequence being mdicative of

activation {either connection or isolation) of cach respective high power load from the

power source over g sequence of half or full oyeles; and wherein the combined

snagninede switching sequence for each respective Ingh power load comprises frequeney

commponents not less than 24 Hx.

Apcording o sn aspect of the technolopy there is provided a method of generating ong
or more switching signals that controls operation of g respective one o roore switched
high power toads {or beating clemonts) in @ procgssor {or computer) systom, saud method
comprising the steps as heretn disclosed) wherein each load s independently switched
using the switching signal for zere crossing switching to schicve 8 desived averape

power ontpot; wheretn the switching sequence being mdicative of activation {either
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comtection or wsolation} of cach respective high power load from the powsr sourge over

a sequence of balf or full cyeles; and whersin the combined magnitude switching

sequence for each respective high power load comprises frequency components not less

than 24 He.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embondiment of the {nvestion will now be deseribed, by way of example

oy, with reforence to the accompanying drawings in which:

FIG,

PG

FIG.

FIG. 3

VI,
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L0

54

B

3
ol
¥
-
T

is an ermbodiment apparatus for controlling power to & logd according

1o the present lechmology;

iz a graph showing example control switching signals for the

apparatus of F1G. 1]

s an embodiment apparatus for controlling power 1o two lpads

according to the present technology;

15 a graph showing example control switching signals for the

apparatus of FIG. 3;

i an embodiment apparatus for controlling power to two loads
according o the present technology, showing Incorporating a

feedback tomperature comtreld;

ix an embodiment apparatus for contrelling power to two loads
according to the prosent fechnology, showing incorporating a

feedback temperature control;

is an embodiment apparatus for controlling power to two loads
according o the present echnology, showing incorporgiing a

feedback temperature contrat;

i & table showing example control switching signals for controlling

two toads according to an aspect of the technology:
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FIG, 8 is a fable showing example control switching signals for controlling
two loady according o an aapect of the techoology: and
ool } e Y
G iz 3 table showing example conirel switching signals for controlling

twe loads secording o an aspest of the techoology.

DETAILED DESCRIPTION

iy

Ihwill be appreciated that katchen counteriop apphances (for example, toaster ovens) can
oporate on olectrical caronits used by other spphiances and lights, The appliance can
have pne or more high power switched loads (for example, hoating elemonts), and can

produce a respective swilching signal to control power supplied to each load

16 Factors that have been identified as affecting flicker of Hghts that are observable {or

3

visible} to @ human welnde:

ad the sy of gl arteficts cansed by each respectively actively switched loads cause
{ ! R 3! % ¥
combined arfefacts fo be introduced {o {or prosent on) the mans power SOULCe or

curpuit; and

£3 by the artelyots introsduced to (or present on) the mAINS POWE SCUrEe or clrcull can
cause variation w hght intensity that ccour at a frequency that can be observed;

and
{£y a person cannot typically pervetves visual events oovurring at greater than 24 He,

By centrolling zero crossing switching of high power loads, such that resulting

o frequency components of the signal ave greater than 24 He, flicker observed on Hght
conngeted o the same powsr spurce o eircuit ean be chiminated or reduced. By
gontrolling vero crossing swilching of nuiltiple high power loads, such thal Trequeney
components of the combined switching signal He above 24 Hz, more switching options

{average power setting) are available for cach load while still climinating or rodwting

3
¥ 51

any observable flicker on Bght connectad (o the same power sourcs o circuit,
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Avouding froguency components below 24 Hz, reduces or clinunates artetacts introduced
o {or overlayed ony the power source of crreutt haviog a frequency component less than
24 Hz — thereby g person would not observe flickening of lights conncoted {either

infernally or externally) to a related power circnit.

The switching signals produced can comprise a repeated switching seqoence of segment.
The switching sequence or segment may be calculated or generated. The switching
seguence or segment may be oblained from a predetevanined look up table. The
switching signals perform, or are assogiated with, yoro crossing swilching during any
heating pertodd, Using wero crossing swilching (as opposed to, for example, conventional
dimming methods) redueces high frequency harmonic components that would require

costly EMC filter circuits,

fowll be apprecipied that g combined switchmg sequence or segment that repeats in five
or less half periads for a 60Hz AL power sonrce {four or less hali periods fora 34H» AC

power souree) maintaing all fregoency componeats at o above 24Hz,

I will he appreciated that i is also possible to modulate the swilching sigual so that the
foad is switchod on or off for full cycles, and not half oyeles, Howover, half eyele

control resulis 1 a igher resolution and more flexibihty 1w switching combmations.

FIGLT shows g foad contrel system 100 that uses a control module 110 that controls a
zore crossing clreuit or switch 112 that selectively switches each half waveform of an

inpat AL power source 114 o provide a controlled supply waveform 116 to a load 118,

T will be appreciated that a zero crossing cireutt or switch 1s an electrical cireuit that
operates with the inpuat AL power spurce at phiases elose toa zero degrees or 180
degrees, thereby enabling each half cycle of the AL waveform to be selectively passed

o or restrigted from the load.

A wero crossing cirenit or swatch typreally nses a solid state relay, such as a triode for
altornating curront { TRIAC) and/or silicone controlled rectifiors (SCR}. The purposs of
the cireudt is to start conducting while the voliage 18 erassing zero voltg, such that the
output voltage is in complete sing-wave halfeycles. Foro crossing switching reducas

any high frequency hanmonic components in the output waveform
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The present invention can operste with any zeve-crossing cireuit or switch, Many zore

crossing ohrals are koown in the art,

it has been observed that a Hght (for example 120} when coupled to the input powsr

seuree or cirendt 14 can oxhibit flickering or other visual attetacts cansed by current or

voltage Hoctuations on the source power cirauit caused by selective or repetitive

switching of a high power load comnected to the same pewer cireuit.

it is an aspect of the present technology o ehinminate or reduce any signal artefacty that
nray case 3 hght source cowpled (o the wme power civcult to present an observable

flicker.

FH3.2 shows graphs indicative of example signals used in contreliing power supphied to

a toad,

In this example, ancinput waveform 210 1 a typical AC waveform. Domestic power in
many countries is either 110 volts or 240 volts operating at a frequency of MHz or
60Hz, By controlhing the power supplied to ¢.g. hesting elements ina cotapact oven, the
operation of the appliance can be controlied, for example for providing different heat

profiles.

The switched AC waveform 220 shows, by way of example only, the sclechive removal
of sine~-wave half-oveles (at 221 and 222}, The switch waveform for controlling the

selection of sine-wave of halfoyeles can be represented as the sequence 238,

Each switching control signal in the switching seguence 230 accords with a half peried
of the power Hoe sinusoidad signal. For example, if the AC waveform is 60z, the
switch period of the switching sequence 15 833 nulliseconds, For a 50Hz source AC
wavetor, the halfrovcle switching waveform would have a switch pertod of 18

miliseconds.

For g switching scquence associated with a 30 Hz AC waveform, o switehing sequence

repeated every four half-cyele pertods wounld repeat at a rate of 25 He

For a switching sequence associated with a 60 Hz AC wavelorm, g swilching sequence

repeated overy five halfoycle pernicdds would repeat ot a rate of 24 He

w3



WO 2016/154661 PCT/AU2016/000109

v s further understood that a porson camnet typieally percetve visual ovents ocouring at
greater than 24 Hy, To the time domain, this means that any switvhing {or any changes on
the power Hne that could cause a chagge i the brightness of lightx connected to the

power ling) that bappen faster than approgivoately 4lmg, ave anlikely to be percerved by

k24

the human oye. Retferring to a 50 Hz power ling, this moans that changes (o.g. switching
on, of switching off) w intervals that are longer than 4 half-oveles means that switching
peeurs slower than every dims, at a freguency below 23 Hr, and may therefore be
pereeived by the human eyve, With lighis, thic conld result in a fhokering that can be very

disturbing.

16 FIG3 shows g load contre! system 300 that uses a control module 310 that controls a
Zoro orossing cireuit or switch 312 thar selectively switches each half wavelorm of an
wput AC power source 114 to provide a controlled supply waveforms 316, 317 to

respective loads 118, 119

Irwill he appreciated that cach of the switched Inads have a coramon AL wavedorm

15 sowrce 114, and halftoyeles are selectively and separately switched for each load.

As discussed with reference 1o FIG.4, the contrel module 310 provides separats
ssitching signals for each of the separate loads. This system can be extended to provide

control for 4 plorahity of foads,

P4 shows graphs indicative of example sigrals vsed in separately controlling power
& s & 3 o =

3 supplied to two loads,

in ths example, axCinput waveform 41015 a typical AC waveform and 13 seloctively
switched for each of the separate loads, for example as showa at 428 (for load 1183, and
at 425 (for Joad 119}, The first load 11¥ 13 sclectively switched to remnve half-cyeles at
421 and 422, The second toad 119 waveform 425 s selectively switched to rernove

half-oycles ot 426, 427 and 428,

(2=
S

i will be approciated that the effective loed apphied o the power source or cireait, dog (o
the combination of the modulated control signals simultancousty applied to the two
loads, van be represemted or indicated by the sequence 430, This waveform vepresents

the namber of loads connected at cach half-ovcle, being cither two loads or one load or
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ne loads, Independent switching sequences for cach of the separate oads are
vepresented at 424 and 429, 1t has been shown that any changes i load (g from O wo 1,
from | to 2, from § to 2, of vice versa) contribute to Hickering of lipht{sy 120 connecied
tor the same powsr source, I these changes ocotr at a frequeney above 24 or 25 He Gin
gther words, changes in power requirgments oeeur faster than 4 bimg apart), then the

resnlting Hickening 3 not perceivable.

it will be appreciated that the relative power consumed by the load (or ecpuivalently
radiated by 2 heating clement), is proporiions! fo the mumber of halftevoles provided to
the load — assumung siolarity incthe power drawn by each load when active. Having
control switching sequence that repeats over 10 hatbeyeles, it i3 possible to provide soro

o

to 1 percent power in increments of 10 percent. H repeating the control oyele every §

halfeoveles, it is possibie © provide power between zero and 100% with incremental
steps of ghoat 12,5 percent.

The present technology relates to how the control signals can be madolated 1o onable
relative power to be controlied for each load, while keeping the majority of the powsr in
frequency components above 2dHz, Allematively, the separate switching seguences are
configured such that all frequeney components of the resulting combined switching
waveforra fess than 24Hz have low power, thereby avoiding or reducing perceivable

visuat artefacts vesulting from a flickermyg light connected to the power souree ¢irouil.

The corrent technology 18 particularly relevant to switching of high powered loads, such
as high powered resistive heating elements, beeause high power loads result in cuwrrent
andfor vollage changes on the power e, In such embodiments, it s also typically
neeessary to control a temperature provided by the heating clements, It will be
appreciated that fecdback control of temperature can be implemented using any
conventional or known feedback methods inchuding, but not hasited to, On-Off Contral,
Proportional Control, Proportional-Derivative Control, Proportional-Integeal Control,
Froportional-Integral-Derivative Control {PID conteoly, and Third-Order Control

Systems,
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fowill be appreciated that iemaperature control can be further incorporsted in a number of
alternate embodiments. By way of example ouly, embodiments that meorporate

fernperature control are shown m FIG.SA, FIGAB and FIGL6,

FHGSA shows an embodiment 300 that invorporates & conventional en/off tomperature
feedback controller, 1 which power is selectively applied to the load based on a

measured temperature signgl.

The embodimment 500 comprises a control module 510 that controls @ zero crossing
cireait or switeh 512 that selectively switches each half waveform of an wnput AL power
source 314 to provide controlied supply wavetforms 516, 5317 to respective loads 518,

YN

Ihwill be appreciated that a sero crossing clrenit or switch 18 an electvieal cirouit that
operates with the input AL power source at phiases close 10 8 zere dogrees or 180
degrees, thereby enabling each haif cycle of the AC waveform to be separately
selectively passed to or restricted fromy the respective loads. The control module 510
causes separate switching signals 16 be generated for cachi of the separate loads, This

system can be extended to provide control for a plurslity of loads.

o

Temperature control can be inscrted by including an on'off control medule $20 that is
configured to connect or separate the loads fremm the regpective zero crossing switched
waveforms 516,317, In this example, power is typically applied to the load when the
temperature sensor 522 provides a signal indicative of the current temperature being
below a set point 3240 The controlier 320 selectivedy passes the switched signals
S16,517 as a tempergtee controlled switched signals 526,527 based on g tomperature

feadback control,

ftwill be appreciated that, while the onfott controlier selectively provides power to the
inads, the nput power ix determined by the zero orossing switch and switch controller as
described heven, Accordingly, when the on/off controller provides power, the switched
pewer wavelprm is determiined by the power control circuiiry, which can apply a relative

power supplied o each of the loads throogh selective removal of half-ovcles,

10
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fowill be apprecigied that the on/off pontrol can further include hysteresis fo aveid rapid

avbivation of deactivaton of the onfoff control,

FI3SH shows a further embodiment 534, tn which the switching controller §32 further

repeives a temperature signal from g teniperature sonsor 523 and 8 renperature st

point 524, which controls the rero crossing switch 1o either provide a pre-determined
power signal sequence to respective loads, or to disabde power to cach of the loads using
an on/oit control based on a terperatare feedback controiler,

iwill be appreciated that the ow/off control can Rurther inchude hysteresis to avoid rapid

activation or deactivation of e on'off contral.

FI(3.6 shows an alternative embodiment 600, wherein the contral module provides more
sophisticated temperature feedback condrol, by selecting switching sighals to provide
orte of g plurality of power levels to the separate loads, nsing a separate switching sigual

for cach load,

in this example, the temperature contrel can be maintained nsing more sophisticated
feedback control, in which temperature foedback signal provided by a temperature
semsor £22 18 assessed according to o lemperature set poind W vary a selected power to

each of the loads. It will be appreciated that each load can be separately contrelied.

The power s controlled to the loads wsing a switching signal that is used by the zeve
crossing switch 612 to selectively supply half-cycles of the spurce waveform: 614, Tt
will be appreciated that: the more halfeeyeles provided to 8 load, the power o the load
{or heater) and/or heat radigted from the load inoreases; while reducing the number of
half-eveles provided 1o the foad {or heater), the power to the load and/or heat radiated

frop the load decreases.

Conventional or known feedback methods suitable for use with apparatus 600 include,
but are pot lmited to, Proportional Control, Proportional-Derpvative Control,
Proportional-Intopral Contral, Proportional-lntegral-Destvative Conteed (P1D contrel},

%

and Third-Oedeor Control Systems,

it
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FIGUTA through FIGTC disclose a plurghity of switching sequences 70U for g pair of
heating roodules or elements, which enable the power sapplied to the load o be vaned,

These sequences are adapted for use with the apparatus 600

in this cxample entbodiment 700, the heating modules or elements are described as a top
heater and a botton heater, and the overall power provided to cach beater in each power

setting, is symunetric,

The table defines twenty-one distingt power levels between no powsr provided 1 gach
heating element and full power provided to each heating element. A combuped

switching sequence 15 also regreseated for cach power lovel.

In gach of these embodunents, the switching seqoences are defined with reference to a
alHx AC power source, and cach switching period corresponds to 8 hatfeycle of the AC

SOUNCS pOWET wWavg o,

Each of the twentv-one example power lovel settings of FIG, TA through FIG. 7C have
been selected so that, when repeated to provide continuons switching of the heating
mwodules or elements, any one of these combinations will result in frequency componsnts
of gt least 24Hx. As each of the heating modules or elements are connected {o 1 single
spuree power eirenit, the overall toad on this power circuit I8 represented by the tota
switching sequence, and any artefacts tmposed on a lght connceted to this power clrcuit

are caused by the changes in total load applied to the cirewit.

Referving to power level *17 {at 710, the switching sigoals represents vero power being

applied to the heating eloments, i which both heating elements are continuously offl

Reforring to power loved 2 {at 7200, the switching signals represents gach of the heating

modules or elements boing selectively turned oo for one incten badf-eyveles of the source

power wavelform (Lo, 10% power). Individually, the switching wavefonn of either

heating roodule or element (8t 721,722 includes a freguency component at 12Hz (e

repeating over ton half-cyeles of the sowrce waveform), By arranging the switching

seqquences for the separate heating elemends or roodules by staggoering the two switching
\

pattorns with respect to one another, a total switching sequence {at 723 can be

configured such thal, when repeated, the signal comprises frequency components of
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4Hz or above (i, the wial swilching signal repesting overy five half~oycles ot the
souree waveform), Inthis example, the repetition n the total swatching wavetorn is

represented by “0.0,1,0,07 as shown at 723,

Reforring to power loved 3 {at 730, the switching signals ropresent each of the heating
maodules or elements being selectively turned on for one incight halfoyeles ot the

spuree pewer waveform {Le. 12.5% power). hadividually, the switching waveform of
either heating module or elevsent {at 731,732) includes o frequency componeont of 15Hz2
{1.c, repeating over gight half~oyvcles of the source wavelorm}, By atranging the
switching sequences for the separsie heating elements or modules by staggering the
onfoft half-oveles with respeat to one another, 8 total switching sequence (at 733) can be
configured such that, when repeated. the signal comprises frequency components of
30Hz {1.e. the total switching signal repeating every four halfieyeles of the source
waveformy. In this example, the repetition o the tolal switching wavelorn s

sepresented by “0,0,0,17 as shown at 733,

Referring to power level 8 ( at 7403, the switehing signals represent each of the heating
modules or elemends being selectively turned on for three n eight half-oveles ofthe
souree power waveform {i.e. 37.5% power). Individually, the switching waveform of
pither heating medule or element (ar 741,742 comprises frequency compongrds at 15Hz
{Le repenting over eight halfroyveles of the sowres wavelonm), By wranging the
switching sequences for the separate heating clements or modules by staggering them
with respect to one another, a total switching sequence (at 743} can be configured such
that, when repeatad, the signal comprises frequency components at 3UHz (1. the total
switching sigoal repeating every four halt-eyeles of the sowrce waveformy. In this
exampie, the repetition in the total switching waveform is represented by “0,1, 1,1 a8

shown at 743,

Referring to power level 13 at (750}, the switching siguals represent each of the heating
modales or elements being selectively turned oo for twe dn five half-eveles of the source
power wavelorn (Lo, 40% power), Individually, the switching waveform of either
heating modute or elenyent {at 751,732) includes a frequancy component at 24Hz {i.e
vepeating over five half-oyeles of the soorce wavelorna). o thus example, the switching

sequences for the separate heating elements or modules can be combvined such that the

13
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total swilching sequence {at 753}, when repeaied, also includes freguencey components gt
24Hz (e the tolad switching signal repeating every five halt-ovades of the sowee
wavetform). Inthis exampile, the repetition in the {otal switching wavelorm is

represented by 10,2017 as shown at 733,

It will be appreciated that in power level 10 (at 750}, the wotal switching sequence for
cach heator element or module 1s repeated cach S-half~cycles of the source power
wavelorm, thereby resulting in frequency components at 24Hz, Accordingly, the
combined switching sequence 18 also defined by a sequence of five consecutive half-
cyeles of the source power wavelorm, thereby {(when repeated) resudiing n Fegnency

components at 24Hz,

It would be appreciated that, for a 80Hz AC power source waveform, by selectively
arvapging the swiiching sequence of two or more heating modudes or elements (for
example over ten halfoveles), such that the total switching sequence {(or signal repeaty
with @ period of no more than five halfeveles by staggering the switching sequences
with respect to one another, the resulting frequency components may be kept above

24Hz, or frequency components below 24 Hr can be reduced/minimised.

B
¥

ainglarly, 1t would be furiher appreciated that, for 1 30H2 AU power source wavelorm,
by selectively aranging the swilching sequence of two or more heating roodules, such
that the total switching sequenee {or signal) tepeats with a period of no more than four

halfeoveles, the resolting frequency components can be kept above 23Hs,

it would also be apprecisted that the individual switching sequences {for each of the
foads) can be longer than that shown in FIG.TA through FIG.7C, and inclade frequency
components of less than the desived 24Hz, provided the fotal switching sequence when
repeated has a period of repetition so that the frequency compenents of the combined
switching are shove 24He, By mainlaining the switching froquency components
associsted with the total load above 24Hz, artefants applied to the source power dircuit
are such that any observable effect on lighting connected to that circadt I ehiminated or
veduced. Examples of this can be seen at level 2 and fevel 20, where each individual lfoad

switches on or ofl once every 10 half eyeles {causing 12 Hy, perceivable changes), but

14
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when combined snd staggered, the total load on the power Hne switches gt g 24 Hz

frequency {or, i other words, changes to the load vcear at Jeast every 4 msl,

In cach of the examples described i FIGU7A through FIGUTC, equal average power is
applied o cach heating module or clement, Tt wonld be gppreciated tha the individual
switching sequences for the separate heating modales or elements can be vavied {o
provide asymmetric power to each of the heating modules or elements, while
naintaimog a repetition period of the tolal switching sequonce resuldting i frequency

components abave 24Hz,

The range of power levels defived by FIGTA through FIGTC may further be used in a
feedhack control method for ruaintaining feroperature. The controller selects ar
appropriate power, or modifies the power provided to the Ioad, % maintain the desired
temperatre sot point. While the general concept of temperature controb vin feedback s

known i the art, the controller, in this example, uses specific switching sequences to

provide the comtrolled power to the separate loads {(as best described with reference to

FIGL6).

It will be appreciasted that the predetermined switching sequenees can alse be durived or
caloulated or determmuned for providing asymmetrio power 0 separate loads, while still

providing a vange of power levels suitable for use in a feedback control loop.

By way of example, f may be appropriate to have a top heating element operating at a
lower power setting thian the bottom heating element, for example when making pieza.
The ratio between the top beating module or clement and bottom heating module or
cloment can be raintained geross multiple power lovels foruse 1 vartable power

temperature feedback controller.

Alternatively, & switching sequence for maintaining the relative powers between the
separate hesting/oad modules or eloments can be determined and then controlled nsing
typical onfoff feedback control (ypically with sore hysteresis as shown by way of

example with reference to FIGSA and FIGSB)

FIG.S shows two sxample modes of operating a plurslity of oad {or heater) modules {or

clements) in which the average power provided to the separate modules are ditferent.

L3
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A single sequence is detined for the respective ratio of power lovels, this soquence can

be used with a conventional ON/OFYF temperature feedback control cirenit.

To reduce flickering of Hghta on the same power Hag, it s desired that frequency
components tesulting from the switching of these loads He above 24Hz, o that any

frequency component less than 24Hz 1 minimised.

FIG, § shows example switching sequences (at 8135, 825} in which the separat
‘i’

heaterdload modoles or clements are operated at different power fovels, These example

cmbodiments have a source AL power waveform of 60 Ha

in the first oxample {at §10Y an appliance (for example a togster or oven) has two heater
modoles or elenents that are separately controlled to provide about 78% power and 89%
power respectively, Using a conventional switching sequenee {af 811, whersin the first
load medule 15 provided power for the Hrst seven of ning halt-eyeles of g souwrce AC
power wavelform (then repeated) and the seeond load modele is powered for the first
sight of nine halfoveles (then repeated), the resulting frequency components for each
sigral 1s about 133Hz, It would be apprecisted that the combined swilching sequence

{at 814} alse bas a resulting frequency commponent of about 13.3Hz (corresponding to a
period of ning half~eycles of the AC source power waveloma). By reconfiguring {at
315} the switching sequence of the separate load wodudes (31 816, R17) to distribute the
haltf-oveles that the respective module 18 not powered, i s possible to create g combingd
switching sequence {at 818} over the muoe haltvoycles that repeat cach 3 halfoyeles. R
will be approciated that, when the swilching sequence (at 818} 15 repeated, there is a
repetifion every three half-cycles (at 819}, thereby resnlbing in a freguency component of

J0H 2

A second made of operating an apparatus ha:ving two load modules is shown {at 8201
Iy this sxample, the frst heater load rvaodale i3 operated for six of nine hadf ovoles (66%
pewer), while the second load module s deactivated. Tt would be appreciated that &
sseitching seqoence {at 822} that comprises oporgting 8 oad module for six consecutive
halt-cyveles and then deactivating the load module for three further half-oycles has a
repest period of 9 halfroycles, and therefore o fregueney component at 13,3 Hz, Asthe

total switching sequence {at 824) corresponds to that of the first heatertoad module or



i

$3

94

WO 2016/154661 PCT/AU2016/000109

k24

4]

h

cloment, i oo has ¢ frogueney of 13.3Hz, By reconfiguring the switching sogquonces (gt
323}, the saroe average power can be provided to the load modude wath a seatching
sequence {at 826} having a repeat period of three half-cyeles, Accordingly, the total
switching sequence {at 82R), when repeated, has a vepeat peniod of three halfvoveles and
a resulting frequency component of 40Hz. The total swilching sequence 18 again the

same as the load modude and bas a frequency component of 40Hz.

The calenlations made in regard to FIGLE are based on an AC sowce power waveform
having a frequeney of 60Hz, Tt wall be appreciated that, 1n cach example disclosed in
FIG.R, if operated zasing an AL source power wavelornof 50 Hz, the repest periodd of 3

half-eycles would result in a frequency component of about 33.3Hx

FIG.Y shows two gxample medes of operating of a plurality of load {or beater) modules

{or elements) in wineh the average power provided to the sepavate modudes are different

A single sequence 1s detined for the respective ratio of power lovels, this seguonce can

be used with a conventional ON/OFF temperatare feedback control civenit.

As before, #t s destred that any frequency components resulting from the switching of

these loads e below 24y are mininused,

FIG, 9 shows exgmple switching sequonces (at 915, 9251 in which the separate
heaterload modules or eloments are operated at difforent power levels, Those example

embodiments have a source AT power wavelorm of 60 Hz,

In these examples, it will be appreciated that the switched signal includes frequene
components below 24Hz. However, by modulating the switching sequences d.iffaremiy,

this low frequency component below 24Hz can be reduced or climinated.

in g conventional mode of operating the apparatux (st 91 1) @ is desired that a first load
module i operated af sbout TRY power {at 8123, while the second load wodude 18
disabled {at 913}, By having a switching scquence {at 2121 that v on for the first 7 half

ing seguence {when

eyveles and then deactivated for the next 2 half-eveles, the switch
repeated) has a repeat period of @ half-cyeles - resulting in a frequency component of

about 13.3H2, By redistoibuting (at 915) the QN/OFF halt-cyvcles i the swilched
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seguenee {at 916}, it is possible to provide a signal with froguency compongnts above 24

Ha.

Referring to a further mode of operating a plurality of load modules (at 9203, a first toad
module s operated at 70% power, while a sevonsd tead module ix oporated at 100%
power. Ina conventional switching sequence (at 9217 a first load modude can be
activated for seven consecutive hali-cycles and then deactivated for a further throe
consecutive half-oveles (at 922}, In this cxample, the switching sequence for the second
load module 1s always ON over each halfreyele (3 9333 Accordingly, the frequeney
componants of the switching sequence 1ot the top heater element and the wial swilching
spauence (3t 924) are divectly related. In this conventional oxample, the top lvad module

switching sequence (and therefore the total switching sequence) when repesated has a

repeat peried of ten halfieyeles and includes a frequency component at 12Hz. By

redistributing (at 825} the ON/OFF haltoycles in the switching sequence {at ¥26), 15

possible to provide a signal with stronger frequency componets at or above 24Hz

While the total switching signal {at 928), when repeated, has a repeat period of ten hall-
cycles, the frequency component st 12 Hyr may be reduced or removed, when compared

to the yrevicus exaraple (at 9243

By reducing the power it frequency components that lie below 24 Hz, antefacts on the
source power cirowt (resulfing from power drawn when ngh loads are switched on/off)
are reduced, thereby causing observable fickermg in a light on that clreust 1o alse be

reduced or eliminated.

For the example shown at 928, the ow/off cyeles do not occur regularty with the same
interval, Instead, the pattern is ©2,2,1,2.2,1,2.2.2,17, so that switching oceurs over 3 half-
oyeles, then over 3 half~oyeles, and then over 4 hall~eyeles. This set of 3 switching
eroups 13 then repeated, Consequentiy, Tor each switching group the speed of switching
is (Tor 60 Hed every 25ms for a group of 3 balfcoyeles, and overy 33ms for a growp of 4
halfoyeles. Therefore, with the changes in power to the foads oceuring faster than
approximately 41ms (which 1s the threshold at which changes and flickering 18
pereeivable to the buman evel. the frequency componants all He above 24 He (and may

mchnde, for exanple, components at 30 and 40Hz).
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Interprstation

it would be appreciated thet, some of the embodiments are deseribred heretn as a method
or combination of elements of a method that can be implemented by a processor of a
computer svstem or by other means of carrying out the function, Thag, a processor with
the pecessary nstructions for carryiog out such a method ov element of a wethod forms a
means for carrying out the methoed or element of 1 method. Furthemmore, an element
deseribed herein of an apparatus embodiment i3 an example of 2 means for carrving out

the furction performed by the clement for the purpose of carrying out the invention,

in alternative embodiments, the one or more processors operate as a standalone device

or may be connected, o.g., nobworked o other processor(s), in g networked deployvment,
the one or More precessors may operate in the capacity of a server or a chient machine in
server-chent redwork covicomoent, or &y & peer maching in o peer-to-peer or distributed

network envirorunent,

Thus, ong embodiment of each of the methods deseribed herain 18 inthe form of a
pomputer-readable carder medinm carrying @ st of mstructions, ¢.g., & compler

oy

progrant that are for eXeoution On ORE OF MOTS PIOCSSEOrs.

Unless specifically stated otherwise, as apparent from the following disvussions, it s

appreciated that thronghout the specification discussions utilizing terms such as

%

-n el

“processing”, “computing”, “calvelating”, “deternmning” or the ke, can refor o the
action and/or processes of @ computer or computing Systeny, or simtlar electromic
computing device, that manipulate andfor transform data represented as physical, such as

gleptronde, quantibies into other data similarly represented gs physical guantities,

i1y & similar manner, the term “processor™ may refer o any device or portion of a devies
that pracesses electronic data, e, from registers and/or memory to transforn that
plectronic datg into other electronic data that, o.g., may be stored tn registors andior
memory. A “compuater” or g Mcomputing maching” of a “eomputing platform” way

mchude one or more PIOCCESOTS.

The methodelogies deseribed herein are, i one embodiment, porformable by oae or

more processors that accept computer-readable {also called machine-readable) code

19
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containing a sot of instructions that when executed by one or more of the processors
carry out at least ome of the methods desertbed herein, Any processor capable of
gxeeuting g set of instruetions (sequential or otherwise) that specify actions to be taken is

moheded,

Unless the confext clearly requures otherwise, throughout the desceription and the clabms,
the words “comprise”™, “comprising”, and the like are to be consirued 1n an inclusive
sense as opposed o an exclusive or exhastive sense; that 19 o say, in the seoase of

“imeluding, byt not mited 6™,

Sttlarly, i 18 to be noticed that the teom “coupled”, when used in the olaims, should not
he aterproted as being mitative 1o direct connoctions ondy, The teres “coupled™ and
“connected”, along with thelr derivatives, may be used. Tt should be understood that
these terms are not intended as synonyms for each other. Thus, the scope of the
gxpression a device A coupled to a device B should not be Honted to devices or systems
wherein an output of device A i directly connected to an toput of device B. I means
that there exists a path between an outpur of A and an input of B which niay be a path
welnding other devives o means, “Coupled” way mean that two or wore elements are
pither indirect physical or cloctrical contact, or that two or more clements are not in

direct contact with cach other but vor still co-operate or inderact with vach other

As used berein, uttless otherwise specified the use of the ordinal adjestives “first”,
“second”, “third”, sto., to describe a connnon object, merely indicate that different
mnstances of hike ohjects are being referred to, gnd are not intended to noply that the
ohiects so desoribed must be 1 a given sequence, either temporally, spatially, In ravking,

or iy any other manner,

Reference throughout this spevification to “one embediment™ or “an embodinman”
means that a particelar fostore, stracture or chavacteristic deseribed in connection with
the crnbodimaent s included n at least ong embodiment. Thus, sppearances of the
phirgses “in one embodiment”™ or “in an embodiment™ in various places throughout this
spectiication are oot necessarily all referring to the same embodiment, but may refer to

ihe samne erobodiment. Forthermore, the parbicular features, stroctures or characteristics
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may be combined in sny suttable manner, as would be apparent to one of ordinary skill

in the art from this disclosure, i one of more embodiments,

Nimifarly it should be appreciated that i the above description of excemplary
gaibodinents of the invention, various features of the invention are sometimes grouped
together in o single cmbodiment, figure, or deseription thereof for the purpose of
streamiining the disclosure and aiding in the understanding of ene or morg of the varipus
fventive aspects. This method of disclosure, bowever, 15 not o be Interpreted as
reflecting an infention that the claimed mvention requires more features than are
expressly recited i1 each claim. Rather, as the following clanms refiect, inventive
aspocts fe in less than alf features of a single foregoing disclosed eobodiment. Thas,
the clains following the Detaled Description are herehy exprossly incarporsied indo this
Detatled Desceription, with each claim standing on {18 own as a separate embodiment of

this mwvention,

Frrthersmore, while some embodiments described herein inclnde some byt not other
features included in other ambodiments, combinations of features of different
cmbodiments are meant to be within the scope of the tnvention, snd form dilferent
eathodiments, as would be understond by those in the art. For example, iIn the following

plaims, any of the olaimed cmbodiments can be wsed in any combination,

in the description provided herein, numerous specific details are set forth, However, i 18
understood that embodiments of the invention meay be practiced without these specific
details. In other mstances, well-known methods, structures and technigues bave not
been shown in detail 1o order not to obscure an ynderstanding of this description.
Although the invention has been described with reference to specific examples, it will be
appreciated by those skilled in the art that the invention may be embodied in many other

forps.

fowill be appreciated thet an embodiment of the invention can consist essentially of
featares disclosed herein, Alternatively, an embodiment of the tnvention can consist of

features disclosed hevemn. The wvention lustratively disclosed herein suitably may be

practiced 1w the absence of any eloment which is not specibeally disclosed herein,
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An apparatus including:

ong oy more switched high power loads, sach high power lead being powered from
a comunon alternating current power souree, and wherein each load 13 independently
switched using a ywitching signal for vero crossing switching to achieve a desired

average power oulput;
the swilching sigaal s generated that comprises g repeated switching seguenoes;

the switching sequence indicates a respective selocting activation for each ofthe

switched high power load over & sequence of balf or full eycles.

The apparatus according to claim 1, wherein the combined magnitude switeling
sequence for each respective high power load comprises frequency components not

fess than 24 Hge,

The apparatus according to any one of the preceding claims, wherein using 8 60Hz
mains power supply, a summed sequence formed by adding each gotive switching
stgial wsed wy controlhing activation repeats in S or less half eveles of the maing

POWLL.

The apparatus accerding to clains 1 or claim 2, wherein using a S0H2 mains power
supply, a sunimed sequence formed by adding each active switching signal used

vontredling activation repeats in 4 or foss half eycles of the mains power

The apparatus according to claim 1, the combined magnitude switching sequence
for each respective high power load coraprises fregueney below 24 He, gt more
energy s prosent in the freguensy components that lic shove 24 He than i any

frequency components that he below 24 He

The apparatus aceording to any one of the preceding claims, wherein the swilching

sequence is retrteved from a lockup table,
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7. The apparatns aceording to any one of the preceding claimy, wherein the switching

aignal yay achieve different power Jevels for each load.

The apparatus according to any one of the preceding claims, whereln a temperature

controd modude uses switch control,

~

The apparatus according te any one of

5
=

claims 1o 7, wherein a temporatire contred

maoduole uses power fevel control,

1€t The apparates according to claim 9, wherein a different switeling sequence 1s used

to achiove a different power output for controlling tomperature,

i1, The apparatus according to any one of the preceding claims, wherein a processor
0 apparaing i3 adapted o generate one ot more swiiching signal for controlling

pperation of 3 respective one or more switched bigh power loads.

12, An apparatus adapted to gonerate one or mare switching signal for controlling
operation of 4 respective one or more switched high power loads, cach high power
ioad being powered from a common altersating current powsr soures, and whersin

15 each foad 1s independently swilched using a switching signal for xero crossing
switching to achiieve a desired average power output; wherein the switching
sequence being indicative of sotivation of each respective high power load from the

power source over a sequence of half or full eyveles; and wherein the combined

re

magnitude of the switching sequence for ench respective high power load comprises

2 frequency components not less than 24 He

13, A method of generating one or more switching signals that controls operation of a
respottive one ot mare swiktched high power loads inoan apparatas, wherein each
foad is mdependently switched using g switching stgnal for zero crossing switching

to achiove a destred avemype power cutpul;, wherein the switching sequenee bolng

2
g

wicheative of activation of each respective Ingh power load frovg the power souree
over a sequence of half or full cyeles; and wherein the combined magnitude of the
switching sequence for each respective high power load comprises frequeney

components not less than 24 He

o
G
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