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APPARATUS AND METHOD FOR PROVI DI NG DI MM NG CONTROL OF
LAMPS AND ELECTRI CAL LI GHTI NG SYSTEMS FI ELD OF THE
wo DMERTIOEN This invention relates to appar at usPErdN2004/000990

nmet hods for providing dimmng control of individual

el ectrical lanps or nore generally electrical |ighting
systens including systens forned of a plurality of

i ndi vidual |anps. The invention relates in particular

to a sinple general purpose and non-intrusive di nm ng

obi ch| AenERTERgaGantoha T kORI T

use t RONTROLSF BRANPSAND R TRICAT IaGHTRG megal
operation of the Ianp. BA ND OF THE T NVENTTON A

wi de range of different types of |anps and |ighting

systenms are used iR I(ﬁ;“ffﬂg appl i cations.
These include fluor escent h(I{,E,é#m?}\lener gy di scharge
I anp%hla mWegﬁaemMesdo sppaaatgeeaddamjhodsﬁfogmnendaig dimenvigaeiatrol of
owever, is that er. ter t he
g oD P 56 s Bt Be el ihin gty Féhuding
s§stys foaiell 6 plartityeotfihdieiduslQvaps. qut lilii)fent&ﬁﬂre&tﬁ nﬁ)barﬁcular to a
certain def| ned brightness and intensity. Gene

sigipda gpRgl CPHIROSP <A JROTCBER e e iag s et F%ngm rf‘é@nﬁtted to
eﬁgtfll\lg}la}?lgs ﬁ)cg {g:h GhhorPREuiR Bhhe 8e 8RPWAEH HESH Bbdihe Anming
or both aesthetic and energy conservation
apmumlza,s np leéfeesfontles norael apgatian pEtptanmave been made in
the prior art to provide such lanps with a di nm ng
control capability so that the brightness of the | anps
can be adj ust edBARRIGHABNDEIF THE YN VENTHON met hods f or
existing |ighti st ens ncI ude, Tr.i ac- based di
Tor e R o s bPan o RS 61 1 G Mgl n various
?ﬁ]kcﬁtl&ist Thésé l@%udd I fRBR%GSent Cﬂrﬂﬁgaﬁléﬁ efdrBF i€k de lamps and
s for discharge | anps, and range of disparate

gmchmdleﬂb@geflwnp@mﬁ@mgﬂ riéimbgcl@tou wehh IWSnﬁg’V‘Fé’PE» hat in general
tel:l%% tl%srt a%%ac-)rrﬂ?d%?ed% hoQ i SH- i 3{112 1ol t f"ﬁ thJﬁl hB§ 16 H§\§eeéjﬁxed

ison-type incan anps have” been used
pﬁ@ér eutpwtregdtareref alcatan aﬂeﬁmdnbrlgthss atb m’uemsnjna(\?@emﬂy speaking
tl{lgés p?tgaqsua]ﬂmbegau%g %abh{lghlttc%n ol}tenlb% t%[)dbrlgh Ond %ars , and can be

wasteful on power.

For both aesthetic and energy conservation reasons, therefore, various attempts
have been made in the prior art to provide such lamps with a dimming control capability

so that the brightness of the lamps can be adjusted.

PRIOR ART
Existing dimming methods for existing lighting systems include Triac-based
dimmers for incandescent lamps and gaseous discharge lamps compatible with triac
dimmers, dimmable electronic ballasts for discharge lamps, and a range of disparate
techniques for dimming lamps driven by magnetic ballasts. These prior art techniques

will be discussed in turn.
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intensity of the incandescent |anps, triac dimers
have been used as the dinm ng devices as illustrated

WO pookiogeob a) . A triac di nmer conventional ly coPGI/€N%008/000990
two thyristors connected in anti-parallel
configuration and also a triggering circuit which can
control the delay angle for turning on the appropriate
thyristor in the relevant half-cycle of the mains
vol t Bdjison-#pe shamdescent Rargpd fid)e, bdoy wsed forod Ilcbnggtimhelncandescent

del ay fir] t.ne vol t ont e
e e 01 bt ol LG e R SR TR obTiBAdpe tish
n@énsitﬁ%ftthé aficadlickomit 1amgs, apipt idadimee hdve lbefdﬁ&@d@&@&ﬂé dimming
sonme, triac-conpatj bl e conpact fI uor escent

d«rva?ﬁg gs Pltgﬁmted HoVigV 69, A éacirgmer srnvRgHanally eonsistsctwe Hiyristors
c&ﬁl@&&g{h dnlte aﬁ-Jlle?Eorﬁi'gﬂ?ﬁﬁBn hijd éﬁg(f @ﬁfg%&l@(:lltchﬁ vﬁlr@ﬁ%n @bntrol the

triac m’TEf S out put voltage, when t he
délay arr@e &ngﬁremgspnrtm appeopuiatetbyristgruin thewelewant ha]ﬂc[ycle of the mains

VI a u e
OBt oL it BY o HIRES, Kl ARaE R, @iy otoee
c@iﬂéﬂt ef thehasird noltage @ai Batontllad as ﬂieeme;mt Vphagal(ﬁ’ I\’md)tfrlac dxmmer
ght j E%Pﬁ{St ens control |l ed

SuiRaangdgseeny éz,u‘g;g, ang dgxge tgaq W’[l [_e ﬁorm(aes fluorescent

a%ﬁ)@\’@:F@P pHWEvefrl P¥attca®E Qﬁ@lﬁﬁlrﬁaﬁﬁ clirfdr@ @i Ble triac dimmer is
controll'ed I'ighti ng system The triac dimer circuit

afiented oy thasips of henrippdintreetls quinws voltae, when thadelar dising gegle is
nlgt?%g?(\;/ (t)tfes)nalﬂf cufrrtéﬁt lJv 19? %19 ﬁ%&vih%es‘?nﬁ&dg%s%taﬁggf thENHSins voltage

e-curre | NgS nust arge enou
rdsoltingrig Ipeweh éiné L]nlafmanme Thisf hiph eutrérg Htarmgnis yohtents is éﬁ\/\mherent

SR RS N T e S U TR

isAlgencreasing trend of using di nmabl e el ectronic
bal I asts for discharge |anps such as fluorescent | anps
and Rigghfcli shostist PYwes élewmhg&ramnoshw teiagrdimmpgrecontrolied lighting

%%?Jﬁ? iy tﬁaf’ﬁm‘ﬁhmhﬁ gl Fqcﬁe[ng 51}? ?r{Aal %?ltﬁ?av{)??) and the reactive

I sCharge lanmps is shown in
petverciQ) eritles lighiting sievioesual systetha sl fvas,élitwcxlt@gb cwreneCYl) orings must

b? igge”%,%\ggﬂtto E%Pd.t]eh@u tf{ﬂggct)ws | oc%t“?li%e h%@m%apglcgmg ”ﬁw garlésoorf triac
bhser dﬁﬁlﬁellfsl(afe debﬁlﬂa@ugUmBrEMfatﬁIU%&m?tAkmls: si gnial , Wwhich

IS norm set to be within to o .

el ecBFQﬁ*?Flbf:thQ]eE‘é ?eepgn@%%ﬁgéqepé é,’ %%&F%?R@W@Pw ballasts
f&rr@éch&?mefn%sssuah% ﬂl%’t‘@srceﬂtllﬂi’l‘bst dtHigh-IniRSy- dlschar%]e (HID?T_gtmps

Conventi onal di nmabl el ectronic ballasts dim
Thy s¢heoratiaof dignméetde sw;trfmr bajlasts depudisrhpresflampreisishowmat Fig2. A

d1rrr11r\r/1§brl£ %fectrc-mg bhﬁ%? gﬁﬁﬁ? hQ! a%ﬂ%réd@dﬁ%&&[on arrangement on the input

side. Two connections are for the “live” and “neutral” of the ac mains, the other two are
for the DC dimming level control signal, which is normally set to be within 1V to 10V.

A dimmable electronic ballast is essentially a power converter that controls the
power flow to the lamps. Conventional dimmable electronic ballasts dim the lamp by
increasing the switching frequency of the ballast inverter. The impedance of the inductor
that limits the current to the lamp will increase with operating frequency, and thus the

lamp power can be controlled by controlling the inverter frequency.
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that limts the current to the lanp will increase with

operating frequency, and thus the |anp power can be
wa@omseddsed by controlling the inverter frequePCHCRS004/000990

with a triac dinmrer, a dimmble electronic ballast is

conventional Iy connected betywen the ac nmai ns vol t age

and the lighting |oad. Thus, existing di nmable

el ectronic ballasts have to handle the full power

(bot As Méthla thecdimniRr aandi mmesdbet élmopm\laal'las@s whvdnienally connected

ooiEeh PR arar s BenRahge (RERE Lt {ry RiNfig firpls clecronic

bAIRWE maa@cb bdieethe Ghll power (beSrealAsovweh PWhdi dadtive pboed Q) of the
and Fig.2, the power flow diagrans jndjcate that

llél%l“@ﬂ%ig The HW?T@%@&W% ot the ballgst musttheraiorapa glen fhan sum of the
E%B%efzﬁﬂlth@%@fonﬁﬂg s he reactive power. It is
E

erefore not economcal to use a single di ming
devi 8e shawedh Big. l(¢)exmd Etgﬂhthdspolmr dillom @agranghundn@tesglmt existing

formed of a |ar I e Atriac
e deficesty sRodfh e KhPlts B B feefpe TP Sshéri B ppyer. 1
1s?‘th6keﬂﬁﬁﬁ&béo©n@h&@lt fo?ﬁg@ sbxﬁglé asﬁ?lr@rc&vm Lbabddsl\/?ardmsé.egmetdods to
or one or a pair ischarge | a netic
dighplgiias st s, G s Ep qrﬁ?@’f;w@? triac dimmer is
)?ﬁ:lall Afildted IO Yo ﬁﬁ(rﬁlr&ﬁ%‘f’ WARS SnMiitlhab1d QEcth%crballasts are usually
| uorescent | anps and (lyh intensity discharge (H D)
d¢signgd forlgmp ke par eﬁdwcainnge amatsloalt s t hat operate at high

fr equ@g&% (i3 f}l%fﬁaxﬁeyao lIMQtOryrf?%gazétf"onp H@?{E SThey have been

oper € nal ns quenc
uddd gridely cfoxttmltlh ﬂBdirsschﬁ!:\,ianpsesmlr}agh mthnaity digemrge@D) lamps. Unlike
ast advant a | nc,

|l ectr '
elg?{?c %E‘Tr‘]kf’s‘ﬁl orpé‘fa Wi lT‘ gfe%wacx &>‘g) th@?lﬁ#@‘i(@ﬁ_@e’uc ballasts

opRa@E 8t thy RlagRltequecy (50Hz Jr@pHagenent ) , f ObUSt ness
agai nst transient voltage surge (e.g

| i ghMaBrgile Apltpstsobevel sexai kidigniaaes roaﬁrn@}ﬂctre@c gballastgh These
a rit I

e PP RERERCAI St fly ARl Lo, FEmE R Lbis rypcally
wiithoudl rEplhcompmt), vbustheds aagainst mlsienkmitmge purgbl(em dfe to lightning)
acou c_resonance wh t t

o B o GRRRE B Bk eb (TR S iRl 37 panticute,
nfagm@ balMys difddshRAPEafBrdtetabifitydsenfonaired nbmumﬂrpat whEich have
bal | asts, whjch operate at mains frequen

a iyt - g Bobleat ok AfstiG B ARRES Whin it h%mpd%maﬁﬁrea%erated with
hibRSreqBERY Elb&}(;n?ct 'b@pas%f TS tis Qhe tllagsoﬂaglﬂft D h%b@%éket is

I's their“inability to dimthe dischar anps. Sever al
deraishied dyewagngiie bbléagts, whjsbraperite ¥ maips dxguegey andbwmld not trigger

aéorelist?c 1%5091%&% the HID lamp arc.

The major limitation of most of the magnetic ballasts is their inability to dim the
discharge lamps. Several techniques have been reported to try and get round this problem
and to provide dimming magnetic ballasts.

One prior proposal involves tapping the ac mains transformer to achieve a
magnitude change in the mains voltage. Theoretically, discharge lamps driven by
magnetic ballasts can still be dimmed by manually tapping the mains transformer in order

to reduce the mains voltage. However, this is a mechanical solution and is not a suitable
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and to provide dimm ng magnetic ballasts. One prior

proposal involves tapping the ac nmains transfornmer to
wa@ehwser®sa nagni tude change in the nains vol t aBET/CN2004/000990

Theoretically, discharge |anps driven by magnetic

bal | asts can still be di medt by manual |y tapping the

mai ns transforner in order to reduce the mains

vol tage. However, this is a nechanical solution and is
dimoning saliticah | Erdtiiowtdrlyg véeh utheodimipiagt poa¢sar tnyasuMbencetnhmlly or

L i ng._proce traII Jor  aut omat cal | o
Ao Gly DeoT Rk 5632 GEL . pigttesy ol L& opt 58 o-windines
altv@ansfonden s aohibahg ansivein@imntiog systém qwn digchargd- l@y&l The two

di ng s sten1for di schar ge Iagg two w ndi ngs
a}dﬁsc&rwl TR SeRazAte VOIHEe A9HIos A SBdt oh A§ §Wdtt€f9h|°§53u§3’8r the

v&l@ag@ If't%ﬁﬁ@nees!eﬁ Gﬁﬁnntdnl% HQhd ﬁ@l%oﬁtﬁ?&f?r&ﬂ%w% &kts OF Wil ditdsMBnnected
he full voltage Tfromtwo se wi ndi ngs

inc Gﬁrméc$1@h I-leveledimasing Sysi¢m Zah deelsediifoma mblrdsts tofrfargpen but the

dxlllgneer{llllég e@vélo{s ﬁlsE’Je{ér gnd tly noft lo%ﬁﬁ)ﬁc'dus b%rsgotﬁeﬁgr 22@)‘%9 erfozgmance

I's di'screte and Ts no conti nuous
cc(rﬁp!hrpmnfafremﬁmﬁc ee.nmpagnetic ballas foe Ipewéxr gmdidischigrge A tadipst, Rad

bal | for omer -di schar ge | apps”,. Rad Tech' .

T@% b, B ds . 1908, Ponday agrubbRetinmine crvayepine 2
ol cﬁy@{r@@f&ﬁl@g a nore conplicated transforner.

Anot her possibility is the use of an external

cur r Apethesopassibility divdlie wser efupn exigmak ewrangicpntiny nomer circuit for

t t
ool it el g SROME e AR s BB TAY 0o Ui 538,305
af Umi6,18% 1784 nhdclasarthentse cdndir extepolvenrraiticontidl pdvetr circuit that
s th i t.ude of the.input ¢ nt,to the
ofiiilsuRs e dTen e 0T, e e Biting e bAGRE sy Wiieres famp
S)%ﬂelﬂ{ Gachag a}?;trmh Zoiithsts tha NP pyeér ByWaliadig/the indehRude of the input
gni tude of the input current at mains frequenc

cmné@femamﬁ HEqesirY- R WeVsh tthoopurisaiantiol a@%erssﬁgmstlﬂ i@s tophandle

b{)’tﬂ QLXFI%EI&IV% hé Btk Ysaqpover of the lighting
oad. ter na |ve y, an ac-ac converter such as a
cycl Aematireliean é-ag c@ivedemsurcinapa pybdqoheertse (Hig8jicandn principle

ns- f.r equen ac v [ta W t roII e
beTéiaeqt ?u S n’F o2 tTging- ﬁaﬂ,{eﬁ%{yg g eo%lgths onﬂaﬁ%{fé ﬁl?c&e to the
llg’lﬁldgaséd amdlsiuagmf bdth @alpasamid Iaﬁllp a@nefradtiohlt KGR voltage converter
co 350, 935) uses,a power. ¢converter, to.ch
(PR35 35 HEF‘éoé} BAVEN ANV EtfE 19 Fhep ﬁwﬁgwtﬁwﬁ@e@lmf jtp yittage
pRbQURAh AR SRINYAHA Fé%velbpé"@{&f/eveff e afe- a@cvdltﬁéé @Bverter approach
converter appr oach |nclud|ng the use of
t

(isgluding dhe ese Of aapwdlachavesisnved tthe cmveUsa,erSwg?é@)%ébéges not
ge’h%{‘ate a sinusoidal voltage for the lighting load. Consequently, lots of current

harmonics will be generated in the process, leading to harmonic pollution problems in the
power lines. In addition, the power flow representation in Fig.3 shows that such an
approach also requires the ac-ac voltage converter to handle both the real and reactive
power. The power rating of the power converter must therefore be higher than the full
power of the lighting load.

Several techniques have been reported for dimming magnetic ballasts by varying

the impedance in the magnetic ballast system. US5,389,857 discloses the use of a 2-step
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generate a sinusoidal voltage for the lighting | oad.

Consequently, lots of current harnonics wll be
w@emsnzpszl in the process, |eading to harnoni cPCT/CN2004/000990

pol lution problens in the power lines. In addition,

the power flow representation in Fig.3 shows that such

an approach al so requires the ac-ac vol tage converter

to handle both the real and reactive power. The power
indattongs alie tchcﬂ(eprmﬂre magnetc tiellagiu The tzqae;eﬁmletobe:ohsighmf two

than the full ht|n | oad. ver al,
induERTiCqORRSTer 4y ge rl&ée‘?{ltflaamtf%@ BefiPAtH G © ?ﬁ}fﬁ&pi"aductors the
infdadthRe loF tHRY2-M8p Wdogot &R Uerm%an&@ disbretelBariBE M@k isRortcoming of

bal | ast system US5, 389,857 di scl oses the use of a
this appeEgseh bat spntisoundimaniag lovels caret PRAshisVEE bal | ast .

The

connastady s BAEhEl FERR SLE bRl EARRY) in thg magnetc
badlaet thit tire be Wominad wottimwpsly hethim dulim et eangé. B eidamgt@pextra

uct or can be t.er.ed
W boothe S8 BB, & e Rorfer® G s TRER Slingide e magnetic
c6ie 19T1 the réatioe|can Gananikater Eehiferéethe ibipadahde,ofQke inductor in the
describes the use of a saturable reactor (i nductQr) i

magRetigeRfiati @n s ¢hagged: pc thedampecugienn®d Bo ﬁ{t¢rﬁ@:oﬂng9\'fer this
\é‘H’ItOH | Anibt |Herg£h§9c} Efg%nerﬁyptﬁg&h NEmAfh £ ¥iefiRd Wb i shfg trri?:lgnetlc

e reactor Ing a dc curre£$ into this extra
ballanid ithreg havtelmot g@gh%ialturabi@r@ctgf the reactor can be

sat ugggggff 1%1 %rg?ec]]; ©the ug%ep‘%ﬁglﬁ&%? d?e(uaﬁm? achq&)?tf&[ dnHmmg

t he TTDb can anged "an

m*pbsfeem disaharpe lahp @yetdms.l-lavvew&dﬁhabtehb@amﬁtrhmdcmacted domss a
pplied as_a '

ener al - pyr pose dlnnin
458 Ryl RTIES B IiRo e faPataUE STEEhhen o, tat some lamp
&R AR diRARH Wvay Ui WO 1ahIOinfe der dapstol. A HEOWSS, tike lamp
current draining capaC| tor for dimm ng purpose in

cefresc hied hence dhgplagipspayras and lighjing intaypity @%nplatm%ﬁollp% in a discrete
oBRARSHLEAF LRt ArASHRIA%, L LTy s
| anplnc drer €labrevdeint epdi(los pxesisum/v;d;schiargafn lathps)! maﬂ(et n¢lectronic

o BRI i TR RGBS BRI i

fre@EhEP(th§i6hllyhbaveRGBRASY eﬂedﬁ%ﬂi&&fallam\éﬁﬁmna@@mb ifdkeHBg effects
di mmi ng 1 evel s cannot be achieved in this nethod.

In
of the Hyareseens denps mghirdiqve svhiphes sfliveey ab@cmalpaéreﬂ%)ﬁ()ﬂz or
6%@&%&&@%%&5@% ‘Ball?a%{s %El%f(% bR 198k rd@lqlbﬁ i9N&kctronic

I e "magneti c lasts. Operating
béltasty wenmlme(lw pnetgl Ifgr th@m Ioght bm)lt whenctompated Vblﬁrl lagwps driven

b}g ?n%gr?etlcrgaﬁas & I—ltobw%vgrl, (i)lgekrrelarljhp vcéfeaﬁ(n tfe:lectromc ballasts is the relatively
short lifetime. Magnetic ballasts can normally operate over 10 years without replacement
and it is rare to have electronic ballasts with such long lifetime. If magnetic ballasts can
be made dimmable, the combined features of their long lifetime, high reliability and
energy saving can make such “dimmable magnetic ballasts” an attractive solution to low-
pressure discharge lamps such as fluorescent lamps.

In the high-pressure lamps such as the high-intensity-discharge (HID) lamp

market, magnetic ballasts are still considered to be a more reliable option than electronic
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of the fluorescent |anps and achi eve a higher efficacy
t han mai ns-frequency (50Hz or 60Hz) operated nagnetic

whalobas1s2 Therefore fluorescent |anps driven BYI/CN2004/000990

el ectronic ballasts consune | ess energy for the sane
l'i ght out put when conpared wgth [ anps driven by
magneti c bal |l asts. However, one maj or weakness of

el ectronic ballasts is the relatively short lifetine.

betgptee The rdasdnl fas thds is almt BID Mahps/conplsuifeefromeicodstic Y&ahdce when
i i re tqQ have el ectronic

it hout replacenent and it i a ¢
thyi 915 PP F R I KhanhkFleASqustin e st degower
pE&Burt SariEidg il tHITRR hﬁJbetﬂ!ﬂa@ c6 QTR DAY RAL WiBS oPlesbiMits. In order
long lifetime, high reliability and energy saving can
torgkad gepuitio epsernapt. d1IPalgmes pre ushdllyepertedaat low tfregugricy €less than

S td : ' I uch a .
A L ohoh fieh JNhERS L RREIROAE) ATRS P bl epprigapatist
archbeing groniotedefos iusy with SEatages ( the Mmp ahgpadt@isties change with time

etic ba ts are stil] considered tp be. a e
PRSI Enrp bR o e ablentes o <o oy gt AT become
sfgatfidatiti Bedpite titeiciehdihd SRS i€ Oeuletbpiidl dl&firohic YA RAEORS HIIS lamps,

resopance when they are 0ﬁ§rated at” frequency hi gher .
Magaeiia Raltpsts AHY ominats Sedhbhdasnn magkgt beegusenef einextremely high

R S B R B i e St B PABHIa EOH e blkBTning
appliretiensceuctHiap stragtp kg inusadhl yobopteesat enl high| eliability against

) ncy (less than 1 k or very high frequency (>
‘@E@ﬁﬁﬁ%%%%&H§%F“ r?ﬁguawgééﬁémﬁlectronic bal | asts are
bei ng pronoted for use with H D |lanps, the |anp
characteristics c time and thus |a

Wi th np
stability is not YJudr' géH?VH%ﬁNVﬁ%“ﬁQHp'S agei ng
ef f ealorRE OBBhe | Fchi HRBAtonDESRI fse}lnrobﬁeél ré?g%@%% r[f)gr providing

efforts in-devel oping electronic ballasts
diramg, contrghef arc elseiricalslempafithe typerdrivan dytehballastDthhtaispprovided

s ' enel v .high | a ar c .
T by DECAUBE At DEL eSS ST eI s v
th%anaiiﬁs: stipaiyl andi the lblnldasofdir _(iiﬁ;elrtingiag hhkiﬂbigryanﬂlhgé; aﬁig @ﬁ_ﬁiliﬁry voltage
as stree anps) In |1 C robust ness n | .
o B L1 P S T PR AR g by e SRR ol e avectorial
cbiBbing@HSoABE @bitapR- apShbdMORNe Bilabind BYENGIIEN WREL, WHlkby the

present 1 nvention there is provi d ar at us

to th d
VP]g%geﬁi%B%dd‘ioﬁbe beliast bag cagriBre drat dysraslise ?hamggf nagpipidgfof the
vbIMgelof Rk fibiny %E%IP% aglrd]gﬁ{tlh%%lt)glh‘gﬁh% (lr)r%_sl:?% gby kg%ﬁ%gﬁé WeSlixiliary

an "AC nmal nS su
vbitagatfed vanyingethe e®ltbgs wepdied ttheheddnns whepgih ythamdxiting voltage is

m%ﬁ}ll)’ga:tiﬁelsdta?t;&\gl 8IF ?Zg;&eigpe s St & )f)f.aellsie With ¥h%| <t:uarl it ﬂ%\?vkndg through said
apparatus, and wherein the magnitude of the auxiliary voltage is used for varying the
voltage applied to the lamp. This latter feature is advantageous because it ensures that the
dimming control apparatus handles only the reactive power, which minimizes real power
loss in the dimming control apparatus.

In one preferred embodiment the apparatus comprises a half-bridge inverter
including two switches that are switched at high-frequency to generate a pulse-width-

modulated (PWM) waveform as an output. Preferably the PWM output of said half-
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bei ng out of phase with said mains supply, whereby the
supply voltage is the vectorial conbination of the
wao olosagsappl ied to the ballast and the auxil i BET/CN2004/000990
vol t age, whereby the voltage applied to the ball ast
has a magni tude that is smaller than the magnitude of
the voltage of the mains supply, and further
conprising nmeans for controlling the auxiliary voltage
bridpe imertyi i3dfiltehed to pkdvadpeanagqupiliagdvalage bfa highly, simiseideli aharacter.
the ayxiliary voltage i, i nt aj ned .at, 90 270
In 85 SR et SreaBh Ay s B ek P BRI PO R Y KPR Hor e
ha@hiig@PRRERMrUR, ofiRfl thh@heblntHehmapmigide t afdtheOhuxilitey voltage. In
auxil1ary voltage is used for varying the vo

I
Pastiplar deans ateroYiderplo mrpiain said RE linkatdlfpge gusaid Eeifed value and
toaigéﬁﬂﬂrf@lg S)%seb(ﬁ“s%fﬂsﬁlngar}e{)@‘cé?@ 90{h 370 tdREred HI JFPhase with the
control apparatus handl €s only the reactive power,
custent flowingi thiongls said abpayatwe Fok example atdhesed ilonp sgtrebsebee may

a ratus. ln one ferred e L [1en .
o RS P otdoug e PPk V) fiee ATBE TR UE o REBP A ning the
pifisé bm&isatkhﬁﬁ'}lf ao’lagsﬁd) gLCZIV?dllegﬂeedeng hmesq lwéth;syidtoorrent.
generate a pul se-w dt hnmodul afed (P wavef orm as_ an .
out plreterablpsvaiichyneans jgee wwﬂwgﬁébyoﬂw 2BPAAHS e P gy@assed if
ihfhYi 135 Adtldgied ad BNigdrae Abiné hupplyis uplicdGirect]
dlgwlggﬁigrgﬁlisﬁs(%trr}%@oi dgld)tgﬁgrg%:g?er. In thi sp@e}br/rlts)o i ment sy o
thabaltast.ar e provided to select a desired the DC |ink
vol t for | f-brj iV i e g
cont 7 e ftorh it shpset¥fecel Bbrflon R A ical lighing
systeit comprisingnm dest @redapp ovirgtedd toamAChhains supplyithBOgh jarbellast,
\,/Ita%ga sai d desired éalue.nd 0_mmai nt ai fthe ¢
sah STy furlist PraRricHIE BrAps Jo) oy ang ppinE A alpleald 4 feest one
laBip, %@aﬁnﬂﬂngréoﬁtﬁﬂ 6eahs§ ediprisi@wh&t@s 1dtaRd @i sk Between the mains
apparatus. For exanple a clgsed | oop contrgo] schene, |
sumf})v 1 the ballasbfor prseritngiananyiliary lpes: (spidiauyidiptyagpitagg being out
R GRS YRR T P A, LSy e o o
voltazh appliedl ©uthe datlast Pnd ther abiliars woltagh, wheneby #reemagnitude of the

ovi ded wher t he .appar.at,us ..y, ~ DAas '
vBfsgh g SRS 1 e RURRPEG ML PR BB BT dfe b of he
mARs ﬂﬁpﬁl?)P phy firthed RPMbASIng infeand For dodtrohmghit laasiliary voltage for
Vi ewed Trom anot her aspect the present inyentjon. .
vesy g o soligge aPRlise i BT, gYfereie ey Sk BAnCEliEET isimigntained at 90

Olla ?@Zcfe@fé@? ohtHIPhERRNEChE urtet ABWAE tRBLAPsaF @RnYing feérﬁlldﬂ fheans,

ast, said systemfurther conprising nmeans for )
apd whérdinie wiagnifudg ofbaavgliargivokiageds nied|feragtying the|vakigge applied
said dimm ng control neans conprising nmeans |ocated in
tOstg??laénsp'betWeen t he mai ns
Viewed from a still further aspect the invention also provides a method for

providing dimming control of an electrical lamp driven by a ballast, comprising inserting
an auxiliary voltage between an AC supply and said ballast, said auxiliary voltage being
out of phase with the voltage of said AC supply whereby the supply voltage is the
vectorial combination of the voltage applied to the ballast and the auxiliary voltage,
wherein the auxiliary voltage is maintained at 90 or 270 degrees out of phase with the

current supplied to the ballast.
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supply and the ballast for inserting an auxiliary
vol tage, said auxiliary voltage being out of phase

wowak/0s®sz mai ns supply, whereby the supply voPCEHGN2004/000990

vectorial conbination of the voltage applied to the
bal l ast and the auxiliary vgjtage, whereby the

magni tude of the voltage that is applied to the
ballast is smaller than the magnitude of the voltage
of the mains supply, and further conprising neans for
controlling the_ auxili ar}y el ta&e for varying the

vol t age appl i BBIRBGDERERIFAON G dHE RRANENGS i | i ary

vol t [ ' [ :

ohasS35e Lo BRI Ttk Bhofha\ifichy BEURTB M) 1Py of cxample
ambwith oiferamaris theancbmyrayieg drawiegspmgrhiclude of t he

auxi f.d a .t age | used for varyi e | t age

oo Tis8 15t i e RERIoh 3F o HAPARCRAL PpY FimrR:
aspeEig.2tibe bidek dhgtaamillabteding b ouidatonl didirhabde élestronic ballast,

oy b b, gLk oRdRe aSSER At e min
vol t@&ﬁobsﬁms@ea@bﬂgs&«m%mgﬁ@ﬁg@d e pabd @%t , said

auxi liary voltage being out of phase wth the voltage

Sfe . fﬁig_@M(IaQ‘:é@LﬁbpMﬂngétﬂé Bgeording @rﬁ@mmqubmrag’étheéweﬁéon and in
bar | BtiBlaCRm g bRl %&gfaylgg(éfg\eﬁ,ﬁmiﬁ Sl @iibd'E group pf

rary v er el
auxi loads yndwhbivmgeoivsr fiaw,rndi(¢)ele afuivdlknocir@it) degr ees

out of se with the current supplied to the .

pa 1 Bioe SRt (bLueroE GHecaHsT DD AR TR qgtem driven by
enbogiapRit Dafhst (A)ewithbue ngihg FheVditnmin® bokifo] Apsdesthd 6fltheypresent
way of exanple and with reference to the acconpanying

dr awninvgation; gndf) with usqqfgimmingpongrel | | ustrate the

oper @i, 0 t i ' o = i .
oPe B Syl Rl b ALODERTS LR il ofp g
el ectomil eppacdtisastqrdifg to S ¢rsbaalihénd oK thetiimgntion,

illustrating.the use, of an -ac, copverter for . di.mm

cont ?’&'%Hl‘us at%aﬁgqu%Pogglqogﬁr‘& %yﬁ%efnefﬂr acedt d'ng’ btogm%%lg%f the
pri opresdrlt invehtitsh, 4(a) - (¢) show apparatus according to

an enbodi ment of the_invention and in particul ar
conpfiesels ggjocg dipeak Iyptiing s cxXperimental bRt i ¢

illu hJ and show ng power fl ow,
and %5@% gﬂgg%\?\él;g#gﬁﬁgl%?gfs Fi gs.5(a) and (b) are

vect Bigsd D@y radéd) shova ngasia¢ragngeol @hipabpeve poasumptian 9§ the load
ggggrg%ihﬁ%Q%HHg?EK}eor%%é{géﬁ{{&%texﬁﬁlg,g the di nm ng contr ol
Figs.11(a) and (b) show measurements of (a) real power consumption of the load
against voltage in another experimental example, and (b) total power loss in the
dimming control apparatus,
Fig.12 shows an alternative embodiment that uses a full-bridge inverter to
generate the auxiliary voltage, and
Fig.13 shows an alternative embodiment in which a separate energy source is

used for the auxiliary voltage.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
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invention, and (b) with use of dinmng control, Fig.6

is a schematic di agram showi ng the power electronic
wa@R00s02295Df a di mmi ng control apparatus accor dPemyCN200a/00990

enbodi nent of the invention, Fig.7 illustrates a

cl osed-1 oop control systemfgor use in an enbodi ment of

the present invention, Fig.8 is a bl ock diagram

illustrating an experinental set-up, Figs.9(a)-(f)

showWtexgedehtvt@lon! esSlehdtSn itsipsfedréd foymangoyitigs & hipMy energy-

TS0 e Aen e AT T B e
sueh @?hu@l@&eﬁtbﬁndsﬁm\’d déér BABObewaEd CRller 'b?%ag?l@ﬁ@@lf)allasts or by

consunptl on of agail nst vol tage i n anot her
omm@mtmm Gallagx aﬂ‘pﬂ* eletk@dcan@ tppareius Icarptsm exisbrg “aan-dimaable”

ér{nm: %g 1SRNt rl:%&% gf%“ta rifcz gglﬁlngablel’z r%u W}@lb%lgld aneergy saving. The

erna 've e uses a
proposed ﬁﬁnmtrrg igethed adhtevieh eheadiminling functial wilye, realnabefgygaving by

cfaflig o gPie Slaus ' g FHERERPIDERY Vorvagetaie he
@Ee-f'%f LtE@ l@ﬁﬁ%?lsf SHINT RS chitdeERiRE EME@%P@ENHS% few integrated

present invention, at least in its preferred forns,
vqitasw%@ caniiglghil yeastiverpRYET LR GPNCEPfd non- i nt r usi ve

d .
|, ng,TEL Et%ler (?kﬁiuﬁ&ﬂ%eaaé{éﬂefdgfeﬁf‘%%% g(%: anllirog'\xg IB?/ acpr%tgolhng the

ystens suc orescent an

repﬂmrp&)dvee iftolveto thy lrmgmgsyatermaﬂhb @sdzp;)scﬂ dipymigg rapparatus inserts a
tr on| baI

eI S, Thi.s us can
copp g efredg oo RIS theotale 5 HRGHEY 1 RAT MLHE SRl o e
be3sit -€ Mg E‘}tsﬁbm dariebloe’ co@ﬂﬁ@i&:dv\l[ri ) pfeffﬁjredeﬂﬁlﬁgiym&ﬂ\khm dlmmmg
The proposed di my ng net hod achi eves

methiad @nd APRATEHS achieuar MURENEY Peww: 198 BY netshing on I;"ly %@Ct{\’ﬁé)ower
T é}!ﬂg?&g ﬁlbea]%(ﬁl/ér qg’tkr% 3f%né ??ogg?édl ﬁ&%lﬁ%ﬁ&l&y &8 Wi @HAller than

e real” powe ting system The
the dwit ppwerbyatirignaf thdléghiting @mt@rmnThl%erat lse theiprenagedhdigming device to

SRR BB PG ARG s o
thd eawdntipi iit® ﬁhoﬁ-ﬁhtﬁ@ivb@lMur@YThEdﬂllaﬂlldxmm gystdne calean:li ifetion at full

DO%er?fglll e tgl?ré{{lggoqldhg@s %@?l%se%gnn}f tﬁehpero;?ose 1mm1ng apparatus is
not operating.

The proposed method and apparatus can be used to dim individual discharge
lamps or a network of HID lamps such as street lamps. It can be used for both indoor and
outdoor applications.

Fig.4(a) shows the basic concept of the integrated voltage-vector control and
reactive-power control concept in an embodiment of the invention. In order to dim the
lighting system, the ac voltage available to the lighting load is varied without the need for
processing the real power of the lighting load. Vs is ac mains voltage vector; Va is
auxiliary voltage vector inserted by the dimming device and VL is the resultant voltage
vector for the load. Ia is the current vector of the dimming device and is kept
perpendicular to the auxiliary voltage (ie it is 90 or 270 degrees out of phase with Va). I,

is the load current and is equal to Ia.
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control |l abl e voltage vector to the nmains voltage. The

resul tant voltage available to the ballast - |anp
wayasemsan thus be controlled. In a preferredPCT/CN2004/000990

enbodi nent the di mm ng net hod and appar at us achi eves

m ni mum power | oss by handl igg only reactive power.

Therefore, the power rating of the proposed di nm ng

devi ce can be nuch smaller than the full power rating

of t e gavgh flowglisgysh @fimn Exlnbsdlmnﬁthifelse mhmtmnopsimdl in Fig.4(b).

devi e to.dima hi roli stens or
B PR B R TolEnSer 2 TRA tar WSbEA Perb v fovay ool
citoiueihei redhlthitSyol@ge Vit whish Vethealebiotal differehed biath% s voltage
system can still function at full power

(ie

vaek - \thi andithyawsdlingy volaee VeePyP %ﬂné’@éﬁnﬁrqlleéheeﬁpﬁﬁpﬁbe, geperation

oidvmg %%paéﬁkg%tﬁth@%acﬁp@ Q thy}ﬁrnﬂﬂ éxgge heoretically
nmet hod and apparatus can be |m|n Vi

dais SOh ;hmgﬁe laayrpeal powar Resfutbe ngbﬁng—IIOBdJ ﬁhqasnlywzrhctmel loss in the

Str.eet h i ndaar an
e gpviEpR e sprdflon et 55 sy Rugole’s wE 8 HordP Sssuicppf the
digfmihf&levidt .4k ahedin \Aé)ﬂei A ehev BRhAFengRyd 6Dl mm@ber of experlmental
reactive- power cont r(i)1 concept jn an E’nﬁ i ment. o

exampiatt teriote] ps pidle dipmingieties Isi ypicaliglesy e n0% ﬁfetthﬁéa"ed
la}ﬁ‘ﬁl ;%1&)9& iAVAS Rt fgtﬂrot:aﬁ Férgalahﬁ)% |1f3ﬂ{$ la&pVﬁJvll&dof ISr(])W in a

out the need rocessi ng t he real power of
dllsq:hgrgeu lgp lip didmadst &O\Hcthndamg pwsfnt wdectipads gPW angl thg dimming
d%:%: WéIP Yl%Lt fR9E )t t C%W c{ﬁ%ﬁc{u&\%@r bay réalﬂ%n lgng Pgllg ?f 63W is

resu vec
adhmddldiﬂlsleXamble current vect or of the di nmi ng devi ce

and S endlclartotheaX|I|ar

0, b2 gl oSS BRIREMata GirR gt 5 s atbb g DR o, Based
0111 %de%& nefforAtols VBaidal cdnrolled a_dqﬁolfh(g%l’)urﬁé @Wtﬁﬁ a8saRsion
of an enbodi nent 6f the invention is Shown

et qf thy @ansmwlqnﬁ@evqu rigisaix dusanivatent o @%wgétaﬁe (aeBgratog by the

mttvgﬁe?;bg@ %t Rt fﬂte&%ﬁw gl\é GIRP RhiotEP 0. ;nlg £hHIEH Yoltage Va

(thieé fiftercd wexeloofoft\hé is oppheyrevavinggad vé ttearetwizkarithetrhagnitude and
e.vector Va, can be controll ed.

auxi |.i olta
p@éft%@?‘@ﬁé“@éﬁ‘%@é@%n of Va is done by dealing with

the TRach ﬁb@vep PVRH 11 re&d't‘ﬁe gbwed %gu Edi £tht BREUIEdah BB shdtvn to
does not handl e any real power the lighting |oad.

bohe only practical loss in the dinmmng device is the
conduction |l oss and switching loss in the power
circuitry of the dinmm ng device. As shown later in the

measurenents of a pgrﬁg,em S%Igexperi rrenhel

F

where =27, f is the mains frequency, and Jis the angle between the voltage vectors Va

and Vx.
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exanpl es, the total |oss of the dinmmng device is
typically less than 10% of the saved | anp power in the

walreesioeyspr ocess. For exanple, if the |anp powseT/oN2004/000990

150Win a discharge lanp is dimmed to 80W the |anp
power reduction is 70OWNand t{ye di mm ng device w ||
consune | ess than . Consequently, a real energy saving
of 63Wis achieved in this exanple. Fig.4(c) shows the

equi Fadre Hqustidng Y1t andf(2ph ceirbO sieAty thé vbitgelveveR kdrRtion and
Based on the power network theory, Vx is a controlled
raatct%p?‘agéogaalr GoBCoph IPEIIRSS BRWPA 195 iB Ahedimmng eiruit. Equation (1)

1;1&1?2@@5%&55 Ke e e%(gi i 1S 2008 ahc? éhﬁﬂ 'rl%/ ugty{obztee? Otrsgqheatfimmmg

tage (gene e inver
dreningilf nbtt @msidnd{);eat pevdridftheer pawed dloto Eqlistion {RE shows that reactive

I oltage Va (the filtered version of WX) is..
R 162 A R ol MEPtre Maorae. Db by iheiSline the
ridpaRedesbf fik. \rzaeuﬁag@maer of V&bt bel BentFobiell boMBhlafth@ bR dc link
the reactive powerQ supplledto the circuit canbe

VeHeginY ¢ plothenprien pridgeynelaspd-legpaontrphjchewe agfal de explained

%,Qﬁergélgwt he mains frequency, and d is the angle
tween the voltage vectors Va and Vx. From Equati ons

(1) é’mfetﬁlzly astwitlehe describedbelbrayn vdimge sduregievertec tadth a half bridge

e tlonadractv-o contr.ol ncept . . .
AT pihdp S POt e VR0 WL B e eingppptied
fﬁﬁ) twaehpacitons "ﬂhb @hpaciot ol cffghéilcrjw&l’[@ cal b&lEdrrolled _Wltﬂ A&losed
this P e dimm (o] rcwt

S
loRg COQHHL‘E}WEI i@éﬁ}%ﬁé B&r Vq?fﬁ%e T%l? éa%@rcgﬁ wifljalter 8
&Sl RRtng %‘HQ Erhﬂs@tl&loéﬁﬁtl(g anglid Ihﬁlt% X’ﬂhle 'C%Sa)élteﬁovch@g@wﬂl be

vector "Va can be adjusted by control magni t
igreaged, amé eicqegrsat Thieangte dvis kepirzebealte rﬁlner Qﬁplafe‘ubr tyyltage adjustment

%?l%ggtgatdbr%gaéé Qﬁ?n(ﬁit?Odll :Tm% acgle‘i/?sg%F\fg& tl%L otfr}gacho? l%g%grr and voltage
centpdlai ned furt her below

Fig.5(a) shows a typical vector diagram of a magnetic ballast driven discharge
lamp system without any dimming function (Vectors are assumed to rotate in the
anticlockwise direction at the mains frequency.). In this case, Vs is simply equal to Vy.
Because the magnetic ballast consists of a large inductor or choke and the lamp arc can
be represented as a resistance, the circuit is highly inductive. Thus, the load current I,
lags behind the supply voltage Vs by a phase angle ¢. Fig.5(b) shows the vector diagram
if the dimming device of an embodiment of the present invention is included. The
dimming device inserts (without dissipating a lot of power) a voltage vector Va to the
system. The resultant load voltage available to the lighting system can be altered (made
smaller) smoothly. As a result, the lamp power can be controlled by the voltage-vector
concept. Comparing Fig.5(a) (without dimming device) and Fig.5(b) (with dimming
device), the insertion of an auxiliary voltage vector Va to the mains voltage vector Vs can
reduce the magnitude of the resultant voltage V. Hence, the magnetic ballast driven

lighting system will have less current Iy, and the lamp power can be reduced.
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Preferably, as will be described bel ow, a voltage
source inverter wwth a half bridge configuration is
wa@e@d/o2295t hi s enbodi ment of the invention w t hP€T/€Ne®4/000990
side being supplied fromtwo capacitors. The capacitor
vol tage of the inverter canibe controlled with a
cl osed | oop control circuit by adjusting a DC voltage
setting. The closed loop circuit will alter d
t enplraad itlie)/lﬁéﬂJédrﬁgt ILfa'réldérftftaBIintHl glﬁ(b&iﬂruataio@ﬂmddrﬁtuﬁh afFi lg 5(b)
positive, the capacitor vqlta be i e
i\fpi e gt m?@n%iwﬁﬁ%e gagntude %? ﬂfé’@hﬁ%ﬁ wahisq fouihe 624208 be
cGRRACA bP 'i/ar‘jfﬁ’ll ttﬁélﬁa%ﬁiukl@ LRE& Ha§b 6h8e S8R vstt@geeHowever it is
condi tion. i's achi eves the unction of reactive
gtp@thepre&n@lwl maigleingbavecsir of thegpusiligyy wHiarswastty b eapendicular
t%%tv%toxd{)fal%g %H% %It 1? of%g@cﬂ'n'nﬁm%l tb@ﬁg QJ’ l'oyse tgé ﬁﬁﬂﬂf %edevwe
np system w any dimm ng Yron ( ectors a
thaﬁmmﬁde tarremptvatter emetime tendiinmiog Kevise (i@ choudd pedferably be

[ frequenc t |sc:se IS
it 10T 20 bRt o ahisa gy e SR o snieDr SV Y segerated by
tHeaélﬂﬁmhg‘QiéGﬁ:@rAQVth& b&%&s anachndhea |a?dfpe@51€d1@ﬂ£t i@eeach other, the
represented as a resistance, the circuit is hig

dinpraine tdeviee themipsicaliyheonseaes %‘Uanbﬁ‘?W‘FraB’spllﬁ%tFﬁenﬂletq«\@mlng device
; KQ&{sﬁmg oy eSﬁ?mM? aﬁ)ﬁ?lﬂtcﬁg@g@r oo dl!l:dtﬁn 5&5@) SV%R‘M% loss and

e vector I agram | I mMm ng eVI ce of
mgﬂmmi lmnn tief ditringing degen Bu rdwerntan pmwmslomolthm éxmmmg device is

offyert gt g EieS PR e g M fonel ©

res UFIgEmEhok&@&He ¥életage o vial ﬂ)cﬂﬁﬂr&ldcﬁomh&;nbmg ot lartﬂmmmg device
system can be altered (made sma] | SO

agcesling o Thempostipers Ghae Bimtise. Dimieia Ieeiu@%f 3 spess Switeh Sim
(e‘é?l 4P gl%ct‘{(? ﬁ{e@l{a)n‘&@p Qﬁﬁéh stﬁ‘ﬂ”&aﬁ ' r@ﬁﬁ Rir%a %xﬁﬁct&ﬂb\" th&toMt “normally

devi ce) and di nmi ng dévi ce),
clobal”| (Ns‘éb when thﬁ dlaxmmgx mlcultats;noo ettivatsd. Vaderghis\mactive ppesating

r.edu
n{rﬁg QY"% { %, §s%d)éYi§_|eg;9agses %ﬂ e&ﬁnﬁr&ﬂg Lite gJarHJQg i®ero. Thus,
thér proposeldi @hﬁmﬂg dsy’sé dsnnohdihtrisineetol ﬁﬁselmﬂm ehghmam dydtdne to be
d}nat@n% R’gléq %%gplg%gzcgggg %jﬁf:gggt%g%{gqggéegf:? 81?#] {H ﬂgv[f i"‘nto the
dEthm%(cm:ultt can be seen that in principle the
magni tude of the voltage applied to the | oad coul

cont Ab¢ Pisenitgl tb@dymmlggtdﬁélcm@ml& eraodiment sPnjitiagka (laﬁlf inverter
bl;xage% @Hl’f%lrp&?&’to\(e% F] Fﬁé’l‘@c\ﬁ%ﬁrc sitched %ra‘?@@?y The two capacitors
prefera t

to mal vector o e auxilrary
(Ubhtd§R) soveass ctcdlrﬂxdau;liecq@amhrs: andagnetgy dtdregevepretors 'rT htdwgh the

o 0B S o] B 5 G R OF ) Epe o
chhBe BuMN & GRveSseHbOtdmeqE® tafaaitdry (eand C2, when the dlmmmg
device is activated. The DC voltage across C1 and C2 provides a DC voltage source for
the half inverter bridge. The two power electronic switches S1 and S2 in the half inverter
bridge are high-frequency switched under a sinusoidal pulse-width-modulated (PWM)
scheme in order to generate a PWM voltage waveform with a high-quality sinusoidal
content. The PWM voltage waveform is then filtered by a low-pass filter comprising an

inductor L and a capacitor C so that the high-frequency voltage harmonics in the PWM
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kept 90 or 270 degrees out of phase with the auxiliary

vol tage vector (Va) generated by the di mm ng device.
wa\sooshez9sectors |a and Va are perpendi cul ar t oOPEECN2004/000990

ot her, the di mm ng device theoretically consunmes no

real power. In practice, thgszdimm ng device wll

consune a very small anopunt of power due to conduction

| oss, switching | oss and magnetic loss in the di mm ng
voliage eavefBih atelfteialt The fiwved volegs is thert Mikighiqumlity gindeidalcltage,

ils.only a.small fraction (typically.l ess than 10% of
W{hH:@ 1?@%3?’“@%&’88“?@% POt d%glﬂbe %m}éﬂ%\gevt‘fﬁe schemat i c

of tHehAANVBE nble@ Fltat ATIE-bEHECHErtedca aldb BEUBY @SYHIER the half-
according to an enbodi ment of the invention. The

baégs pwentssutewnainbligdds Slosgherc h IBHririsleg . invaster uses half of the

t Q- I '
oG P IR G PR ABSRob Al f g o o
cabit-effeatiye solutiont Forslomopowat appéitaidns Ul tess thuns2kVegct halBbridge
RGO g TR PEUAT bHA PoRct ablspishshad vrigle HBRRSGqmore

a;fﬁrﬂimaﬁg device is non-intrusive to the electric
i ghting systemto_be di nmed. Wen the di mm ng device
i s atMhpy astbgtedsthe dmpying @rpuil Ferts s Wpetption Byopening thp @ormally

SRSl TEOBEHRE Mo Sl A T R
chapedrloap paritrol edhetmet Elm givingng tewel cap lbe dletetmined byis¢ttihgs reference

S2. i d.C2 d .
P o ol VB RO o o e 8 e FERHE ¥ g rence i s
atTht® lfglhe)tah@)k% e ﬁagﬁwaf Sle of it}geeg\é g gﬁgcmchlfbdt@%imﬁﬂngbbﬁﬁcuit will be

t I.Nng actl ons O a vOolLla an e .
Z%EI Ilffheu GIRfefgnge Issv§8t @é@@%néﬁﬁhm&s gﬁg@l@sﬁ@ dgylink yqltage

fdrdhe WER: bitewdl AMEcPGe dRVhERIeI0F tRGULYi Itadd ™2, DC
vol tage across C and provi des a vol Tage source

f or ThePREYIfvaltage geraratpd byl gwlf-bridge tipkerisowel have @t pegkite-peak
.t ch I | L nver t br.i a

AR SR BN %uf S 1 Db o s e b

thewhaes wiltdgdVsrectiitha taexiliidy\Wh)tagecleetoe Viawibl b eonttalled in such a way
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aid ¢2) @4 edLPWilebé QWP aBS dédréds Rt 6OPMREE 5T V. @dihdit’itﬁxl)@ Qétedmines
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Fig.7 shows a block diagram of the voltage-vector and reactive-power control
scheme for the dimming device. As discussed with reference to Fig.6 a normally-closed
(N.C.) electro-mechanical switch (typically a relay or a contactor) is used as a bypass
switch if the dimming circuit is not activated. Once the dimming circuit is activated, the
N.C. switch will be connected to the circuit as shown in Fig.7. One sensor (typically a

signal transformer) is used to sense the mains voltage so that the phase of Vs can be

obtained. Another sensor is a dc voltage sensor (typically a potential divider) for
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inverter as shown in Fig.12. However, a half-bridge
inverter uses half of the nunber of power electronic
walewsoesnf the full-bridge counterpart and i SPCT/CN2004/000990
“therefore a nore cost-effective solution. For |ow
power applications (eg |essighan 2kVa) a hal f-bridge
inverter is sufficient. But for high power
applications a full bridge inverter is nore
dagpingthé dt dinkWistagadldevelt the, intdner-tiidgd ngthei dlmmmg circuit. The

AR Sl e Forem T RID R T SRRSO e Pt Prpmperetor
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n e et ap. certain | [, t. [
Bl PaTh i SEFLL 3 ot P TR T o oo he
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VeREFeY ainedst 19 beapdhk Ay quﬁaa%\’éﬁ atifje 3\ setsiivace lgval\Rix keeping
Vldﬁ at Nffe %cﬁﬁ%ﬁltﬂeﬁ%c& Rel Otlhere 1'§eno°H&SFeafiBQ\k1§r B&isWRBton in the

mal ns” vol t age Vs and t he auxi | rary vol tage vect or
dMaming circiie H@nc,rtbislceutrmlrscmh® thayutpmatlc fenture thet the auxiliary

1 V
e S ) b S g e
ng‘ciszm ﬁﬁ@bfﬂﬁsccﬁlﬂbl @fheﬁfeaaﬁ;u?}ﬁ th%o thgic)c:ldﬂrrtmg) rirfdi) generates the
etermnes e ni a. naitli on
rGGice ey Bl DL PRELINE TSP AN - b gpppratings of

tHRONRImih Qkirbiit Eﬁﬁtﬂef&‘&ylﬁgdeﬁﬁgﬁ&? H&co}cﬁné i ﬁqu\@}ithvE h®wer of the
power rating of |m“nngf circuit can be much

lightinigilead andanet thhéwll mwetrwéthle ghtinglgadyst em
Cons I
eéﬁ)}?%sred d(? \#1;1{1]%% m@%h%ﬂ” | C@F%ﬂfu} ﬁst Ib@@n tested with an

deve op non- di nma ng system
ekpegiménth prato@pd ot kevdrad gliehargé larhss deal@e magadtiorballpsds have

i R s R e e

a(Dhge- of dichiok QafiBs mlmm%wlms(domwaﬂ foyth@ mfagha@ie Wallast —
a contactor) is used as a bypass switch if the dinmmng
disrhaggd lemp sysienn agghompdn E.6-Once the dinmming circuit is

acti ¥akederd ru% 5;.1t té‘@oh@ﬁ?n Wel hewP BinhRMN ?%B%t 1By H&Feasmg the

circurt as s One sensor | cal
refexgmaal settn@nbf Mdmem dpshnhszeliageols gegudated trediffaient leVdB timguler to

ger?erate an auxella?y Voﬁage VXSTlgeamap § voltage was 220V at 50Hz. The mains

CT

voltage Vs, auxiliary voltage Va, the resultant voltage (Vicad) available to the lighting
load, and the load current I (same as Ia) were measured. The total input power (Ppoad)
consumed by the lighting load and the total power loss in the new dimming device were
also measured.

Figs.9(a)-(e) show the measurements of a 150W high-pressure sodium discharge

lamp driven by a magnetic ballast. This system was dimmed by the new dimming device.
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obt ai ned. Anot her sensor is a dc voltage sensor
(typically a potential divider) fordetecting the dc
WO povg/0229521 age Vdc of the inverter-bridge in theCOCNRGOMG00990
circuit. The dimmng control is controlled in the form
of a dc voltage (Vvdc) refergnce. A conparator is used
to derive the error signal between the Vdc reference
and the Vvdc feedback signal. The error signal is fed
t o g 8@y sliovesotpanmatred Vot 14, Wi emd Myo.a(Vi) when the bypass relay
proportional -integra Pl) contraller, whic ener at
switcly SEpa céﬁ”saﬁ 51114. th%«fit RIS ik ﬁ“r“rv?t651 ﬁ}?QPmQ ghctates
at FEpHRGSRANiEER et BHat VNG, FRqDS t¥Ols, agPVass zdP bbGusasSm is
phase | ocked | oop is used to generate pul sew dt h-
clesediul ated (PWM) gating signals to the power switches
Sl 31 9@? SAowl Nl rﬁéﬁ&r@tﬂﬁd’c# lviteh tElQltL 98 MBHL RN op@edManll the
have dppropriate phase shift wth t mal NS voltage
dimedt@eirddst is actbratkdrwitio aceey simalé (amostizgio) dnmingeseie. Hican be

t he Vdc referen | evel. ., By keepi,ng. Vdc t
obsgrye ‘S’@H{’F‘ &% %‘ﬁ%ﬁgeanl%etsaetl\,’s I%I"ﬁl %£ f‘llsegsr?f)n nagfu Lf’a%'gﬁ’ epl(a)m operates
al@OfSHAIMjodRr.i N the dimmng circuit. Hence, this .

control scheme has the autopatic f

atur.e.th th )
auxifig-8e) shayrs thg @W%@f&?mwh?%thﬁéeglgﬁlg‘;lgﬂl?ﬁ%?t‘%lap ffimmed to
ab'o[hpzbt% %Fhﬁe%ﬂ 8!)@619th$ Q@xiﬁ'&r?%ﬁe%e% Risddk DOV laRd &t )i€fs now 198V.
wor ds, t S

e proposed contro chene ensures that the
Cathparechyitl itredoad cugesneladn iz ¢(Reanddtjgdthacthe lpefl cpraen) Ta in Fig.9(c)

. I h | | .
s TR S R P RARG bt 56 Qb Ry RE 4R (R plopg A€ fimming

Clr ererore

" priRgil@Ned impeeinttgté GomEig HEAthat Wa apdeare G0 deprees out of phase

| ighti | oad d t the full f.the |ighti .
O o Codpand ot et el oL s, g
pc%i?eg.c $B s W i BRpDORRF HmAdAdoWR @ S0y Bed 309 sfeefidll lamp

arge |lanps driven by magnetic ballasts have been

pasvear eesssfari¢d/indigipdHandriig O@).gpeelivehe bl ock di agr am of
eSO APy S0 R SRR v i
inbbhdiag tnagnitids chiaragecd hiepesiistionitag Yhavior the lighgngload and (ii)

Tes were carrjed,out, t onfir new.di mm

Vaa By bpyeitaut SEnieot b AT R s s of e

adtil® r&8 poiveKcomBhhpEs (P of egulighiag 1640 @hdidaigehith nexatts ballast

in order to generate an auxiliary voltage Va. The .

anshigssodsie aiehias 1PV B BRIy o, GR gndgeactive-
lch i 1dnfoaki@ated.

oA O S8 Flns ity chimees il

| a) aelhalipsesastersolouTHEDMet d60WAER® 150Wemetebhaligedempyvas also
te%ﬁ%ﬁ,eélﬁgﬂ%}é%}? gllé&ﬁglg Q‘(/jicé.bI%ethl%ls 1@6’Wet!a9§§licierlalrnp € &i5%¥n by a
Philips (BSN 150L 407 I TS) magnetic ballast. Fig.10(a) shows the measurements of the
real power consumption of the lighting load over a dimming range. The real power loss
dissipated in the new dimming device over the same dimming range was recorded and
plotted in Fig.10(b). When the lamp power is reduced from 150W to about 92W (i.e. a
power saving of 58W), the dimming device consumes only less than 6W. This results in a
real power saving of 52W. In other words, the dimming device consumes only about 10%

of the saved lamp power.
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a 150W hi gh- pressure sodi um di scharge | anp driven by a
wora@heeios2 bal | ast. This system was di nred by t PET/Q¥2004/000990

di mm ng devi ce. Fig.9(a) shows the neasured Vs, la, Va

and (VL) when the bypass rel@y switch Smis normally

closed and the dimmng circuit is not activated. The

| anp operates at full power and it can be seen that is

equadlhet rosu¥fs bagsadcbnvie i 150 WeS aliloe clisebargStanipsarel b8d Metal-Halide

Fi g. 9(b) shows the neasurenent.s en the ass.rela
g o RB A ekl M R SEIOPEE DR B° ORI B BEPH perey-
effiBielt WARlE diAMIMSh ndBhflly HHoitimehabRY tightng kyst&ANTRE dimming
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real power consunption of the lighting | oad over a
di mm ng range. The real power |oss dissipated in the

woewsaeaynt ng devi ce over the sanme di mm ng r angECTEN2004/000990

recorded and plotted in Fig.lQ(b). Wen the | anp power
I's reduced from 150Wto aboyty 9 (i.e. a power saving
of 58W, the dimm ng device consunes only |l ess than
6W This results in a real power saving of 52W In
ComeS wor ds, the di mm ng devi ce consunes only about

150w SARPERA ) G REROEE A DBOO A AICCHAR BEP| i tpe

~confir m&% aet balRaSthat 1 pfroefd@a rb@ﬁbve@ﬁtaadmeﬂlbﬁlytaﬁ the lamp,
invention is a highly energyeff| ci ent R%y of di
dheA sp

nor mal Wlﬂpﬂ@ﬁg aierpplpfaed injsgries W@N@ey a@mn%ﬂaeﬁglllast for
devi ce ;ha ol [

sets of1 g%\ﬁq%él Q? EE},O res %g gsta %fr;r(g?}a w."lt/ b%g}igtd#oto%@hase with
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measur A SPReeTARpsd i, SRR, R0 ther aitar’ BBl Foen St e
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Is TLD 36W54 Day Lig

White andth ot her )
power e@! BiF Rltpgs phitpe A%B%‘ﬁ%‘ﬁ’a andguTthe compReng H@a@ér Fefplling
Syst emphSa kiR Jolbe HHCVRYIRP ARERD at%é‘wled it thfs ll'z!u 'v%b?'ein the
the | anp system consunes about 7

range fph@ﬁm cﬁctbe/caw@hamw(t&wbs maginteined O0|ar Zﬂ@\ﬁegreei hté of phase
t ot al

enbodi ms %r%%l‘? ﬂg{vgqg{‘)mhé] éa%épéb%?%t é’\élevﬁlléér}%& %geonﬁ?%q éwde of
i s requhe amblfwy viltage ganal fo Nm’ylngfthet\i'tﬂ?ta@da@plhe(htoythe lamp.

vol tage. However, if desired an auxiliary energy

source could be used as illustrated in Fig.13. If the

auxi | | AphaRARIY 1M Meldi 1BRhA6in\RIdtAGRs fori@Rrtd an auxiliary
AC- AC power converter can be used to generate Vx. |f

t he auxltpgeripeladps agppwepepnyertqr orgemratjng &aaﬂg%mltanevpltaﬁe

DC- AC power converter (such as the half-bridge power
inverter or full-bridge power inverter) can be used to
pr30duce‘\p¢mratu'l§m dlmmedtin ochis 2nwhérsin daed acppéri @dverer comprises a

certain ranlc bal | asts for discha a
o ovi o Q8TREES RS copPEnRc L PASSE UHE f Bieppe o nie-
that carqbencdi BmeeheRite rae Puleé-ngdth-ARdaktddN RAWMY OWhedEmt As an
the ballasts. CLAIMS . Apparatus for providing di nmng
control°U§ltan el ectrical lanmp of the type driven by a
bal | ast that is provided between an AC supply and the
| anp,

4r.rp Apparatus as claimed in claim 3 wherein the PWM output of said half-bridge

inverter is filtered to provide said auxiliary voltage.

5. Apparatus as claimed in claim 3 wherein means are provided to select a
desired the DC link voltage for the half-bridge inverter in order to control the

magnitude of the auxiliary voltage.

6. Apparatus as claimed in claim 5 wherein means are provided to maintain said

DC link voltage at said desired value.
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conprising neans |located in series between the AC
supply and the ballast for inserting an auxiliary

weolosags2 sai d auxiliary voltage bei ng out of PEOEEN2004/000990

with said AC supply, whereby the supply voltage is the
vectorial conbination of thegoltage applied to the
bal  ast and the auxiliary voltage, such that the
magni tude of the voltage applied to the ballast is
smal | er than the magnitude of the voltage of the AC
su ply, and further conprising neans faqr contro
aux“f‘H’HaﬁF‘gﬁ P Plamgd Iy ?J?l%r‘%?rﬁtjl 3 ﬂ@seéémpa@@trabﬁhmﬁls used

tothe f
Vol t age”l TR S DD A ek BRI A Bint e mantaning
Wi t h t Hbe phase efitsaifl| aowiliayy Yditage §6 os 37V @ degypesr aut w€ phasa dwth said
mherelnlﬁhe magni tude of the auxiliary voltage is used
for varylng the voltage applied to the lanp. 2.

Apparatus as clained in claim1l wherein said neans for

erti an auxil.iary volt i ncl udes a
cofver ARG Ferrmat it 7 $hs) <§P%¥&5¥\5&§¥ isg full-bridge
Apparat&gvﬁﬁxplalned in claim?2 mhereln sai d power
converter conprises a half-bridge inverter including
tmo switches that are switched at highfrequency to

er atﬁgﬁa %\%’4 58 oM dLd AR %af %e{f«f i Wid %ﬁ%ﬁqe%eﬁﬁcludes

put aratus as c claim
PVWI out gstitch mieasawtieﬂably $aid appzimuﬂ masebd ey-passed if dineming cbmtrol is

(F:)Ir g?’ 'mggnq ?e'qg}rg 43&1 aég h¥ﬁg%%§@P@qg?@{eg Eggcfﬂéf to the ballast.

select a desired the DC link voltage for the
hal f-bridge inverter in order to control the magnitude
of 1&he AR ﬁlﬁPtrla%l3llgb‘€5lllﬁ ggem @mpysisgabieas oas la@rpamew@dﬁo an AC

claim gﬁ p@grtﬂoﬁgﬂﬁ%gﬁﬁﬁrsgld &Xﬂnqﬁﬁhér(?:o hﬁh 'rﬁbaﬁ@fog pmldmg

link v e at ~sai esi red val ue. par tus as
cl ai meddimmigg aonr@ ethesidian least Iooséaimb,owd ciammmg control means

ST b e TN AR REAL plEbiAg s
sai d auiskdriidd 3 Mdiliag @'oﬁeﬁgepﬁaldzzﬁklﬁz&g v@&ageobilingbutpifahase with
wher ei FGLAL PORE; WEEOETORPPY PGS [ B Hageril combiation of
the voltage applied to the ballast and the auxiliary voltage, whereby the
voltage applied to the ballast has a magnitude that is smaller than the
magnitude of the voltage of the AC supply, and further comprising means for
controlling the auxiliary voltage for varying the voltage applied to the lamp,
wherein the auxiliary voltage is maintained at 90 or 270 degrees out of phase
with the current flowing through said dimming control means, and wherein
the magnitude of the auxiliary voltage is used for varying the voltage applied

to the lamp.

11. A system as claimed in claim 10 wherein said dimming control means

comprises a power converter for generating said auxiliary voltage.
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converter. 9. Apparatus as clainmed in claim1l wherein
sai d apparatus further includes switch neans whereby

W@ a00d/0239par at us may be by-passed i f di mm ng coPCT/ON2G03/000990

not required and the voltage of the AC supply is

applied directly to the bal lj@st. 10. An electrical
lighting system conprising at | east one | anp connected

to an AC supply through a ballast, said system further
COITr | SA RysterR aB<ldimeéd fr clvindi hevhdicimiaid) powat coblverddr compelses a
at | east one lanp, sajd djnming conirol nmeans .
conpri i3 r?ijé‘éng‘e?r&?é a’tné’(‘fginﬁ Y  seatchesy il rAte pawvijghed at high-
supply pddleddierdddbledsit o Phlst-RERAIJWIIA NM) FaVeform as an
vol tage, said auxiliary voltage bei ng out of phase

with saWpudC supply, whereby the supply voltage is the
vectorial conbination of the voltage applied to the

bal | ast and the auxiliary voltage, whereby the voltage
api.i edA systdrines tlainiedst chas 12 whapii the PAVMhatput ©f saiéhhlébridge
than the magnitude of the voltage of .the AC supply,

and 1 urBHEET SAHETIOLP Rep VeSS ASTERNGER | ng ¢ he

auxi liary voltage for varying the voltage applied to

the | anp, wherein the auxiliary voltage is maintained
at190 or sysemgsgeleimed gutclaim bhadereji fgapharecRipyided to select a
fl ow ngy.k; hi: sal L Ry RS ;

wher ei gde% éeé)ﬁg:g%lﬁ?ﬁg‘éa%%m ﬂ% %ﬁrf@grly voﬁnag{e&f éo S%Ygr ! the
for varmagnijudce tholidigey egplige.ed to the lamp. . A
systemas clainmed in claim10 wherein said di mm ng

control neans conprises a power converter for

gerser at A Bgstanbsclained|ih alayn Vo whagn heansArspyrevided @smaintain said
claimed_in clajmwherein, said power converter

conpri s&$ hﬁkﬂﬁllt%&elﬂﬁa&b@slr?fs ¥er incl uding two

sw tches that are switched at highfrequency to

generate a pul se-w dt h-nodul ated (PW) waveform as an
outfut . A sgsterpaslsimedhimelaisn 45 mhereime dpseddeaphentplscherae is used
PWM QUtf%}JFnalglttail’?lgé gaizl1 ﬂd‘ ﬁlﬂ{ 'oqtgge étr%f%lr& Sited vc’ahje' Jnﬁ%lelgaih%ining
provi de sald auxrlrary vo Yag v ol | system as

cl ai medthé phaske aif aid 2wwilieryevaitape ab or 7@ dpgreasi ae df phase with said
select a desired DC link voltage for the half-bridge

i nvert MR or der to control the

17. A system as claimed in claim 11 wherein said power converter comprises a

full-bridge inverter.
18. A system as claimed in claim 10 further comprising switch means whereby
said dimming control means may be by-passed if dimming control is not

required and the voltage of the AC supply is applied directly to the ballast.

19. A system as claimed in claim 10 wherein said ballast is a magnetic ballast.
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magni tude of the auxiliary voltage. 15. A system as
clainmed in claim 14 wherein neans are provided to

woreooanz9m2 said DC | i nk voltage at sai d desir edP@HLCN2004/000990

16. A systemas clainmed in claimwherein a closed | oop
control schene is used for mg ntaining said DC Iink
vol tage at said desired value and for nmintaining the
phase of said auxiliary voltage 90 or 270 degrees out

of 2(phas systdn as&hiched i tlaiti 10 Wheref s&idﬂiaﬂﬁét%arpél@dt%ﬁﬁ ballast of
clain1mperein sai d fomer converter conprl

full - brig§eei tholpradies & fehtaoshrs figmed 1§|ra¢%8e|n ioh thg 4Grinput
10 fur tRRheLOMIN badlafld SW tch nmeans whereby said

di mm ng control means may be by-passed if di mm ng

control is not reqU|red and the voltage of the AC

suppl y ' I

s;ﬁt em%gysc {‘lgrr‘g%m% Ewlqgc@lﬁﬁggap#rs at&g f ga%msast is

a magnetic ballast. 20 A system as clalned in claiml10
wherei n, sa | | ast, n electro | ast, of the

ty%!e t %@M&é%ﬂﬁhpg g, conipTie lﬁc'irlgahl@mp IVgp by a
t he AC ganist! consrisp@andetingdsh Qﬁdlﬁa@ysbolta%é beﬁve‘éﬁ%h@(@ §§pp1y and
clalmsd|ncla|m|nclud|ngaplura|t | a

met hod seigrbaagysaid #iriliaryvelinge being oyt OQha%WGhél@qulf@m of said

| d | ast

D, A S b 8 up0 RIS, AGpL VGG BeMhason of e

bal | astvoltagsi aj)pdlad( td tharb,alla&b hbdthe dusiliay wltaggfwiphas ¢he auxiliary
th th | t eby . | :

Vol t age o14E% i drguted P or D EERE Just Bhe )G FitBt Yopptied

appl i edoti Ballgstbal | ast and the auxiliary voltage,
wherein the auxiliary voltage is maintained 90 or 270
degrees out of phase with the current supplied to the

bajq astp rr%ﬁwd’%s HQLn sk 22 WHRFEir {lllb%{lﬁlllgl] 2\%1@5@5 éftrated by

the auxiliary vo tage i s generated
conver tagrowepdonvAarteiet hod as clainmed in claim 23 wher ei n
sai d power converter conprises a half-bridge inverter
including two switches that are switched at high

24. A method as claimed in claim 23 wherein said power converter comprises a

half-bridge inverter including two switches that are switched at high
frequency to generate a pulse-width-modulated (PWM) waveform as an

output.

25. A method as claimed in claim 24 further including filtering the output of the

half-bridge inverter to produce said auxiliary voltage.

26. A method as claimed in claim 24 wherein the magnitude of the auxiliary

voltage is controlled by setting the DC link voltage of the half-bridge inverter.

27. A method as claimed in claim 26 wherein control means are provided for

maintaining the magnitude of the DC link voltage at a desired value.
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