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" APPLI ANCE POAER SUPPLY" TECHNI CAL Fl,%ﬂ%ﬁ“@mﬁm ention relates to DC
power supplies ' ticular, but n Tyl power sml“ﬁzﬁm

whi t ewar e appmmﬁ \\\W@R&JND ART Moderf{#Mt ewar e appl i ances comonly
use sw tched r supplies to supply power to notors, solenoids and
control el ectroni ¢$'*Such power supplies consume power even when on

standby (a condition which &{epE$SNCEETPOHWER SE’(;P?TJY%Q swi tched off).

Further, sw tched node power supplies require e use of relatively
expensi ve conponents such as inductors and capacitors having a high working
voltage. In such whiteware appliances it is commbn to control notor torque
and speed TECHNIQALSEIELDx h nodul ati on (PWW) techniques to control current
supplied to the notor w ndings. Such PMMcircuits also require relatively
expensi ve conpofusirventionirglatgs tolpecpowsr suppligs endin partiavar, but net slelyi de” a
power supply which goes at. |east sone way towards overcom ng the

abovenent iRSREd sapeb%ﬁ/&st@sée&are PPRITSSERE OF | NVENTI ON Accor di ngly the

I nvention ' ' trolled variabl e output DC power supply
conpri si ngxﬁé@v&(ﬁ%ns which receives AC froma mains supply, a
reservoir capa : |

Supply. o somPioRemIPE R alp el KbRforl) s e R ot pOFer aliBS 1o
capaci t or supphpowentd dhétofs,soRimbidd ad fcofitrol BRecadhitét Shicls Power aupplieer

nmeans to said reservoir capacitor, a voltage dropping resistor connected in
seri es w tchnsume power evérewheae anstandbyi{a condition which the user considers as being
switched off). Further, switched mode power supplies require the use of relatively
expensive components such as inductors and capacitors having a high working voltage.
In such whiteware appliances it is common to control motor torque and speed using
pulse width modulation (PWM) techniques to control current supplied to the motor
windings. Such PWM circuits also require relatively expensive components.

It is an object of the present invention to provide a power supply which goes at
least some way towards overcoming the abovementioned disadvantages.
DISCLOSURE OF INVENTION

Accordingly the invention consists in a controlled variable output DC power
supply comprising:

a rectifier means, which receives AC from a mains supply,

a reservoir capacitor which in use provides the DC output of said power supply,

a semiconductor switching device in series with said reservoir capacitor which
controls current flow from the output of said rectifier means to said reservoir capacitor,

a voltage dropping resistor connected in series with said rectifier means which
when said supply is in the ON mode reduces the peak unidirectional voltage provided
from the rectifier means to a level compatible with the maximum DC output voltage of
said supply,

and means for variably controlling the conduction angle of said switching device

to vary the DC voltage across said reservoir capacitor to a desired value.



when said supply is in the ON node reduces the peak unidirectional voltage
provided fromthe rectifier neans to a |l evel conpatible with the nmaxi num
DC out put voltage of said supply, and neans for variably controlling the
conduction angle of said switching device to vary the DC \7¢h M&®£2003 0SS
said reservoir capacitor to a desired value. 7th May 2003 -2 In a further
aspect the invention consists in a washing appliance having a notor and a
wat er heating el enent, said notor being powered by a DC power supply having

er heating or being povered by a DC power s\ |
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capacitor which controls current flow fromthe oufput of said rectifier

means to s ONrsde und b scapbginiade comprisingeat i ng el ement connected in
series with said rectifier nmeans which when said supply is in the ON node
reduces the peakreghifigt means, ovhich veseleaseA Grivamdenamssupplyhe rectifier nmeans

to a level conpatible with the maxi,num DC qut vol t age of said supply,
and neans for \PEPEBPY ‘@Bﬁ?lmﬂ‘f’gﬁg "Ell‘l‘éeBB?lVda‘Estpﬁ O3 %%Qr’sai d switching

device to vary the volta ACrqss saj d reseryvoi.n _capacitor t dgsired
value. BRy eF e s MR AR el ST B PP bR B SN o
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Figure 1 is a circult 8| agram o dc power supply particularly sglte to
whi t ewar e appl is@i&l@@atiﬁg@krﬁéntcﬂoﬁh\é@tébeﬁ Seri@n@litirisfidiectifitSmaanewhichrihen

di agram of current through a sem conductor device in the power supply.
said supply is in the ON mode reduces the peak unidirectional voltage provided from
the rectifier means to a level compatible with the maximum DC output voltage of said
supply,

and means for variably controlling the conduction angle of said switching device
to vary the DC voltage across said reservoir capacitor to a desired value.
BRIEF DESCRIPTION OF THE DRAWINGS

Preferred forms of the invention will be described with reference to the
accompanying drawings in which:

Figure 1 is a circuit diagram of a dc power supply particularly suited to
whiteware appliances such as dishwashers, and

Figure 2 is a waveform diagram of current through a semiconductor device in
the power supply.
BEST MODES FOR CARRYING OUT THE INVENTION

The power supply of the present invention is particularly suited for use in
whiteware appliances having built-in heater elements such as dishwashers and washing
machines and such an embodiment will now be described.

A simplified circuit diagram of the power supply of the present invention is
shown in Figure 1. This power supply is a transformerless design which uses a high
power voltage dropping resistor R1 and phase control of mains halfwaves to provide a

variable voltage direct current rail having a voltage V4 which can be varied under

microprocessor control in the range 30 volts to 85 volts. Typically the variable voltage



"BEST MODES FOR CARRYI NG QUT THE | NVENTI ON The power supply of the present

I nvention is particularly suited for use in whiteware appliances having
built-in heater el ements such as di shwashers and washi ng nE&nMa¥20893d such
an enbodi nent will now be described. A sinplified circuit diagram of the
power supply of the present invention is3-shown in Figure 1. This power
supply is a transfornerl ess design which uses a high power voltage
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vari abl e voltage direct current rail having a voltage VAC which can be
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Typically the variable voltage 7th May 2003 -3 out put. woul d be ed to
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f eat ure caappirationy ¢liis exbrimllyndisatiaatageges cﬁeﬁérﬁ%at\ge tcan Fiqyuoevertadhts AC
mai ns supply voltage Vac, which may be 230/240 volts or 110 volts, is fed
to a full tagei dge rectifier BR via a voltage dropping resistor in Rl
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rectifier Rage to be supplied by the power supply is typically 85 volts the value of R1 must
differ depending on the nominal mains voltage. For a 50 Hz 230 volt mains supply and

an output of 85 volts with the maximum current of 1 amp the value of R1 is 129 ohms.

For a 110 volt 60 Hz supply the value of R1 is 29 ohms.

A large value reservoir capacitor C3 is charged from bridge rectifier BR to
provide the variable voltage DC power. The value of the output voltage is determined
by phase switching of transistor Q, which is an insulated gate bipolar transistor (IGBT).

The conduction angle of Q; is controlled by a microprocessor uP | for the purpose of
determining appliance motor torque at various stages of a wash cycle. Conduction
angle control of Q, is indicated by the waveform diagram in Figure 2 which shows
collector current I. The value of conduction angle t ,, is increased or decreased to in
turn increase or decrease the output voltage V.

It has been determined that a suitable value for reservoir capacitor C3 is 1000
uF. This will give a ripple voltage of between 3 and 4 volts and the capacitor will
require a ripple current rating of at least 1 amp. The use of voltage dropping resistor
R1 means that the DC voltage rating of capacitor C3 can be relatively modest, namely
100 volts.

To minimise radio frequency interference during switching of Q, it is necessary

to control the turnoff time t s to reduce the rate ot change ot current dl/dt. For triac



provi de the variable voltage DC power. The value of the output voltage is
determ ned by phase switching of transistor QL which is an insul ated gate
bi pol ar transistor (I GT). The conduction angle of QL is cotht Mayl2003y a
m croprocessor p.P 1 for the purpose of determ ning appliance notor torque
at various stages of a wash cycle. Conduckt+on angle control of QL is

I ndi cated by the waveformdiagramin Figure 2 which shows collector
current |. phaee eaitrd itohogldridunecessanatogise industarees typiciyed the valsr fremskid & o
in turn increase or decrease the oqutput, voltage Vdc. It has been
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2003 -4 phateaesiowr®I. it woul d be necessary to use inductances typically
of the value from2 to 5 nH Wth the present power supply circuit the use
of such i nduct adbediasapurtent frd® dest bgobminedsiiregtlyHeomvthe AC eainsdo enJurs
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difference'relative to the collector of Qd fromwhich to derive supply
during positiveTHaibigs E\.i:}:iéily € Qg Smudtheied 6o DrBRIUS reguietehfs. WArst & uRidty
provi ded by diode D 1 and capacitor C4. The bias supply for QL nust neet
t wo oner ousnsuggprapeneperatiofrat isdthiltl Orand £30 volt mains supplies. Second it must ensure

fast start-up on power on to ensure Q; does not operate in a potentially destructive
linear mode. If Q; is either off or in a linear mode during a negative half cycle then
there will be a voltage difference between the collector and gate producing a current to
the bias supply via diode D2. Resistor R8 acts to isolate capacitor C4 which would
otherwise prevent any instantaneous gate drive. Resistor R2 serves to protect diodes
D1 and D2 during transient mains spikes which could cause reverse breakdown on
either diode.

Microprocessor uP, which will usually be the same device that forms the
appliance controller, controls the output voltage of the power supply by controlling Q,
through transistor Q,. The microprocessor requires time pulses so as to synchronise
with the mains half cycles. A zero crossing detector circuit XD provides these timing
signals.

The power supply of the present invention provides a number of advantages in
applications where the power dissipated in voltage dropping resistor R1 can be put to
good use. These include the absence of inductors, the avoidance of the need for a
PWM circuit for motor control, low voltage rating for the reservoir capacitor, reduced
radio frequency interference and reduced power consumption when the appliance is on

standby. Further, the value of only one component needs to be changed as between a



ensure proper operation at both 110 and 230 volt mains supplies. Second it
must ensure fast start-up on power on to ensure @ does not operate in a
potentially destructive linear node. If QL is either off or in a linear

node during a negative half cycle then there will be a volnﬁmyj'z(bd;pr ence
bet ween the collector and gate producing a current to the bias supply via
di ode D2. Resistor R8 acts to isolate capacitor C4 which would otherw se
prevent any instantaneous gate drive. Resistor R2 serves to protect diodes
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supply for 230 volt mains. This is the value of the dropping resistor

whi ch, as al r eddymestpippliarcks dre drmoentixeddoltaget DE pawper supplies wellalsohesat i ng

element. In Figure 1 dropping resistor Rl is shown | ocated _between_ the
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has the advantage over conventional switch node controlled power supplies
inthat it is wunnecessary to use a separate standby power supply. In nobst
appl iances one or nore fixed voltage DC power supplies will also be
required and these can be derived fromthe present variabl gty Mdyp2e09C
supply by the wuse of pulse wi dth nodul ator supplies to provide voltages at
val ues such as 5 volts and 24 volts. Ud_May 2003 -6 WHAT WE CLAIM IS 1.
A control |l ed variabl e output voltage DC power having a standby node

conpri si nmqre%r \EI clﬁﬁjgr:s whi ch receives AC froma mains supply, a

reservoir capaci use provides the DC output of said power
supply, a sem conductor switching device in series with said reservoir
capacitor which controls current flow fromthe output of said rectifier
means to dai d réesemtalledcapaable coutpat voltageD@r ppwendavasy at standbymoded in
series with said rectifier neans which when said supply is in the ON node
reduces t fOEBINGEIni di rectional voltage provided fromthe rectifier neans

to a |l evel conpatihble wit e jraxi mum ut put volta sai d supply,
bnd reans. for AAEPRBEy e PUNER AL A OURA BATSIPENr sai d swit hi hg

value: 2. A poddr BBt Rg SuReh Bt e S A R b AR R Bl ng
resistor is C%@&ﬁﬁ&@%dc&wﬁ&ﬁnngvamcé ResdriMRWit dl‘?ﬁaﬁ%%r{/@i‘i% dlor WRAGE- 3.

A power supply according to clail wher ei n said voltage dropping resistor

i's connegbattolsttusnt 8wirbi thbouput pfiaid tectidled mica@k td said re¥eprtir capaciforponer
supply according to any one of the preceding clainms wherein said power

suppl y suppl i es yaliage drappinguoesistor conmebteden apnés witbsaidhiectifiesmeamowhaeh er
and when said supply is in the ON mode reduces the peak unidirectional voltage provided
from the rectifier means to a level compatible with the maximum DC output voltage of
said supply,
and means for variably controlling the conduction angle of said switching device

to vary the DC voltage across said reservoir capacitor to a desired value.

2. A power supply according to claim 1 wherein said voltage dropping resistor is

connected in series with the input of said rectifier means.

3. A power supply according to claim 1 wherein said voltage dropping resistor is

connected in series with the output of said rectifier means.

4, A power supply according to any one of the preceding claims wherein said
power supply supplies power to a motor in a home appliance which uses hot water and

said voltage dropping resistor is a heating element for heating said water.

5. A power supply according to claim 4 wherein said means for variably
controlling the conduction angle of said semiconductor switching device is a

MiCroprocessor.



‘said voltage dropping resistor is a heating elenent for heating said water.
5. A power supply according to claim4 wherein said neans for variably
controlling the conduction angle of said sem conductor swi tching device is
a mcroprocessor. 7th May 2003 -7 6. A washing appliance 7841920030t or
and a water heating elenent, said notor being p9wered by a DC power supply
having an ON node and a standby node copprising: a rectifier nmeans, which
recei ves AC from a mains supply, a reservoir capacitor which in use

provides O€ to g 555?%9,5% g%‘éil-}fofsté?{ aridh bl q]geﬁﬂfxp'&énﬁﬁ't S&fAgtoM th

sai d reservoir capa current om t he’ out put of

sai d rectifdigg poaited by s dﬁcﬁﬁﬁ’f Mipply GRARaE hRTON faded diﬁlaﬁlsmd%bleﬂﬁedé
connected in Series with said rectifier nmeans which when said supply is in

the ON nodsmgrsings the peak unidirectional voltage provided from the
rectifier neans to a |level conpatible with the maxi num DC out put voltage of
said supply, @mcﬁﬁahmeam, which a6¢aivesoh Cr Gomi amaintsessupphduct i on angl e of

said switching device, to vary {1 E .DC vol tag ﬁcgoss (ial d reservoir
capacitor to a AESETOH ‘iPzPlaEl'éorW 1R 1RASRiPRYVIAEH P el BIABUPHI ng to claim 6

of s 0 roesi ) LErmRERRIdE: SRR dkPioq i8 PRGN SRIATELdESir Mabdbifal iR
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of said rectifier neans. ng appl 1 ance according to any e of the
precedi ng cl ai nsaid hedting dlétnant svnmbcedh eedewithisaRl reatifierhebrd Which whegans

for variably controlling the conduction angle of said sem conductor
swi t chi ng sashsupply issiaitbe O traddel reduces the peak unidirectional voltage provided from
the rectifier means to a level compatible with the maximum DC output voltage of said
supply,
and means for variably controlling the conduction angle of said switching device

to vary the DC voltage across said reservoir capacitor to a desired value.

7. A washing appliance according to claim 6 wherein said water heating element is

connected in series with the input of said rectifier means.

8. A washing appliance according to claim 6 wherein said water heating element is

connected in series with the output of said rectifier means.

9. A washing appliance according to any one of the preceding claims including a
wash cycle controller and wherein said means for variably controlling the conduction

angle of said semiconductor switching means is said controller.



