- 1 - "GAS DI SCHARGE LAMP CONTROL" This invention relates to circuits for (i};;
enq§942Png gas dlscharge | anps, and nore specifically relates to a novel
control~circuit for a gas discharge |anp which can 5 pern1t the di mmi ng
of larps associ®ted with conventi.onal non-di ming ball asts. I schar,

| anps are widely used as illu- mination sources. As herei nafter @ﬂ"{)b—gso
di scharge | anps include fluorescent |lanps with or without separate heaters.
10 High Intensity Discharge (HID) lamps, and all other |anps which
genéFélIy exhi bit a negative resistance character- istic. Such | anps :
require ballast circuits to provide a stable operating condition when they
are used-with standard a-c power sources. This is because the plasma arc
within the 15 |anp has a negative resistance characteristic which requires
a series ballast inpedance to achieve a-stable operating point. O her
functions of ballasts are to provide additional striking voltage to start
the lanp initially and, in sone cases, to provide power for internal |anp
cat hode heaters. 20 '~ The ballasts are usually installed in or
very near each lighting fixture containing the one or nore |anps with which
they are associated. Cenerally each ballast will only _
O<~~~~~ e~~~ -2 - Operate one or two
| anps. The ballast is nounted in close proxinity to its |lanps and generally
directly in the sane fixture to make i.t self-contained and sinplify wring

during assenbly. Consequently,® CHARGE LAMEEIdONTRQwCUi try of 5 a
bal | asted gas discharge | anp assenbly is physica ed. Moreover, the
fixture is frequently nounted over- head so that access to the fixture and
the ballast com ponents is limted. ' o

This invention relates to circuits for energizing
gas discharge lamps, and more specifically relates to a
_ﬁovel control circuit for a gas discharge lamp which can
5 permit the dimming of lamps associated with conventional
non-dimming ballasts.
. Gas discharge lamps are w1de1y used as illu-
mination sources. As hereinafter used, gas discharge lamps
include fluorescent lamps with or without separate heaters.
10 High Intensity Discharge (HID) lamps, and all other lamps
which generally exhibit a negative resistance character-
istic. Such'lamps require ballast circuits to provide a-
stable operating condition when they are used with standard
'-a-c power sources. This is because the plasma arc within the
15 lamp has a .negative resistance characteristic which requires
a. series ballast impedance to achieve a stable operating
point. Other functions of ballasts are to provide additional
striking voltage to start the lamp initially and, in some
cases, to provide power for internal lamp cathode heaters.
20 o ‘The ballasts are usually installed in or very near
' each lighting fixture containing the one or more lamps with
-which they'are associated. Generally each ballast will only



I¥ is knowmn to be desirable to nodify existing 10 non- dlnn1ng gas
?\_lscharge | anp assenblies so that their output Ilght can be nodifiéd ot
iLmed when 100% of their available |ight output is not necessary. It woul
al so be désirable to make new | anp installations wth the di mridhg '
capability but using commercially avail abl e and relatlvely 15 inexpensive
non-di mm ng bal | asts. Thus, substantial=2nrergy savings can 'be made if the

output - of. g, parhﬁ Hod AR éaggfgwﬁaﬁfm#w%utﬁ%& Pse A

illum nate illumn er sources such as sun I ne

entering aPrexmidwhda Hisildmpsy andy genar@l lyatigesd Ie igntde Bpmeeduci ng
t he out put ﬁfxﬁr@a%djlnﬁs&éarigﬁ slearﬁldem:&ﬂnted &wwmﬂi\d@emu-tmgouwfngl S

sub- stantlal reat r than t he -end of useful .I'ife. tens
provi de | af¥ Q%ﬂs@ﬂqﬁlﬁa Yor G\ﬁ"(??sat@ \T‘i’ﬁ eEHeT GhES “ﬂ'g;lyoﬁ’ S0
that tlise eraelb@lhamd)gamelﬂsnhange Aampomlssenbd yedar physdedddyt o bring the
illum nati NEN e | d al ue.
This can sg'bs gt\r{ﬁgl a y re et%%e?i%é%s i\@gﬁ&%n@ifsﬁ%%?ysﬁg'né can ‘be
nodi fi ed t &esd Sepdad @lc%aﬂnﬁ‘vg’&? ddgtarien g ndh Ehe ibadilagtoSoMmast in a
fixture mnbbnggtsaﬂQMﬂfmytéaqpable of operatlon in a dlnn1ng node, or by

. suitably controlling_t asagq%‘?wglg%voxgégq &&H as d ha‘r?%is‘tgr;%nbal_ | ast
" can be replaced by a Tk r vers,

expensiige m-mmms gwmm&amgé ]Jmpeawemwliesdtsd macbowhéiuot be = .
retrofi tteg q.‘ °Q‘1t“otb%de zalqﬁrql f 'rxtd"l‘in?aed twhei ]1? ﬂnﬁfalti%i 0ssi bl e

to provi dea arla a-c |1 np Ut source e use

exanpl e, #V&ﬁ-la@tl@t r@mmmuﬂ%m MELOFIRT Y2 fIItXé’@“M pdso 1)@pedance
The vari ablye sA¥a¥1ed S Hake me’?P‘d."i\iﬂi installa tDORY With AHe RAHISY | y
arge. Nbr%%$?£i1f%y ot e ng %ommercially available and relatively

15 inexpensive non-dimming ballasts..

: “Thus, substantial energy: savings ‘can be made it
the output of gas discharge lamps is reduced_when regions
they are to illuminate are partly illuminated by other
sources such as sunshine entering a room to be illuminated.

20 Energy can also be saved by reducing the output of a gas
discharge 1amp when it is new and when its output is sub-
stantially greater than at the end of its useful life. Known
systems.provida lamp dimming which will pfovide'a given
ambient illumination so that the energy'tsed_by the lamp is

25 only the energy needed to bring the illumination level in a

' given area at a given time to its desired value. This can
substantially reduce energy cost and use.

Existing systems can be modified to be capable of

_ dimming by replacing the existing ballast in a fixture with

/30 a ballast capable of operatioh in a dimming mode, or by
sﬁitably controlling the input power. Thus, the gas
discharge lamp ballast can be replaced by a variable'series '
‘inductor. This, however, is an expensive and eomplex
structure and, moreover, the device could not be retrofitted

35 easily into a standard fixture.
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In such a deV|ce woul d have to be substantially higher than | anp operatlng( 12
volg age=t o permt striking of the’l anps. Furthernore, means nust be . -
provided t'o prevent the'reduction of heater voltage if the | anps enploy a
cat hotle heatér &ince 10 the operation of the |anps at |ow heater voltage
wi Il substantially reduce their life. Qher arrangenents have been proposed
enpl oyi ng series ballast i-nductances whi ch e8n=be selectlvery i

shorf=circuited as shown, Epﬁffﬁigglggskabgestopﬁgggkde5 §i§b184 A

devi¥® of this type i's not we retro nstal lation and is
very costly si némplidudee amgulapudqsonscehshapushnthenyses &arsexagple, of

fixtures and thanru&&b&eath%eﬁe&laﬁaheC&adu%thin§0aeBihb& bheisgective
short-circuiting of .one or e i nductors

bal l.asts are al HpﬁﬂﬁﬁﬁeWhl yazig Pl§P§PtF§B§f8FPSHPt§°W8Ve€oﬁ%§olI|ng
t he appl i cabi onexppensiivas andophysiicadlynfuirgeyr Mopbovera the limehwoltage

| 'such |

o ary i ndi ng 18 S B devict BERIE hav8Ro bR SHBBRARLLETSFREbTSr) Hfan
so that heater lempag@eeaﬁibs WDﬂEaBEgWOdDerngttB&rdkﬁnSngfcybEelamnaever
it would be Verruﬁwhbhﬁbbb t&eEBQ'Eﬁs%”béxb§5bﬂ&eﬁa%odb5896ﬁ9etﬁé”Peduction

installation to % 4 sSuc n all ast since it woul require access

to and nodificafffo th@°5§P5&st|%hﬁheaPPﬁtEPBlaﬁdaaﬁﬂFP?ﬁﬂaPeEBermF$Pﬁ3
to the fixt uoes.th‘éhepeead:ibnr ofn thedilhinpsabtwilow heaterdivobtagebwdildst can

be el im nated by ' : Lr e type shown in U S Patent
3,422, 309, entl%P%%Eaﬁﬁgﬁgggéﬁ%hB?&H%u Fﬁwﬁﬁ% 8YSTEM in the nane of Spira
et al, and 35 assigned tOther arrrggemestst Ravegr bsent prapesedoemplayings
-4 device, thyriggrqles %&glde%pqaadcmaneeelaaiwhtaaa beOs¥LEELEVETYNT

bal I ast. SpECIalh%E%Egkggu %%dnggde own,ngor example, in U.S. Patent

15 3,816,794. A device of this type is not well suited for
retrofit installation and is very costly since its use would
require the dismantling of existing fixtures and the running
of additional conductors to enable. the selective
short-circuiting of one or more of the inductors.

20 Dimming ballasts are also known which use
thyristor type circuits'ﬁor controlling the application of a
phase controlled input current to a gas discharge lamp, such
as a rapid-start fluorescent lamp;'In these arrangements,
the primary winding of the dimmihg ballast is always at full

25 1line voltage so that heater voltage can be kept high during
the dimming cycle. However, it would be very difficult to-
modify an existing gas discharge lamp_installation to employ
such a'dimming ballast since it would require access to and

_ modification of the ballast in the fixture and additional

30 wiring to the fixtures. :

The need for an additional wire for a dimming
ballast can be eliminated by using a ballast circuilt of the
type shown in U, S. Patent 3, 422 309, entitled FLUORESCENT
LIGHT DIMMING SYSTEM, in the name of Spira et al, and

- 35. assigned to the assignee of the present invention. In this
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heater voltage at a sufficiently high I evel during dinning-to_preVent
anage to the tube. Mreover, the retrofitting of 5 this ballast 'into an g

pxisting non-dinming ballast installation would be conplex and.expensi ve.

The bal I'ast configuration of Patent 3,422,309 above uses convedtional phase
control, whereby the firing angle of the thyrlstor I s del ayed by a=greater
or Iesser ex- 10 tent to control the copduction time duri'ng Which current -

is applied to the ballast. O her control systens are known whi ch enpl oy QJ
formof redeBkCenERYELHEORS anmcdionosed -10 Series Wiy fistwe-vire Nt

begi nni ng camnmé fbmabmpé&iéﬁréaf&mﬁis bef & fedded el mi1nferdal f

il oys & TRGFER. YhEEEe AF o Subbclen e il (fovsl @it ARG, "

factur ed antb spteivemtiedamtwe neoethe otulee . ti;o&merﬁrthe ﬁt:d'mﬁstthsseojm

12300 Kigl 1, TRV rggﬁmﬁg fg§igy stored in a
20 reactor %%ﬁ%ist and powerE&? 1?{or ?rec I on capé:mto 0 be discharged

into the ga?sn%\?%klﬂ?b%nlmﬁﬂ-%fb%rcwnl% and sexpenekve. c switch is opened.

Thi s then serves to IfuétpdiEadiei SORES IR Lon LOE BiGert SheameadgnD during

the switch-qff interval. The use of this arrangene an. ex-- 25 I sting -
i nst al | at | FHPOVRHRES RARVRALLQ |Pléa§?1e°%?ﬁf?£x %W?%‘Ea‘it?%nf%?i‘iﬁe

st andar d ncanﬂmﬂgtlhaltmis%ne 1s adefayey 5y [rectar oy ddssbrisxits

for ol e 0 A lssE T 05 16 eyl ol ot AP0 M RULE. 0

LI GHTI NG, isPp¥ked to i rlbirstadQther conireh Systens\gare dnoewhs, Vol une

- 1A-15, NO. yny &%ﬂw/m%roé%@veﬁ@& 2 ddH O %rm%\% met hod
-~ for baIIast|%3§ as di schar.ge Ien$§$ SO thﬁxﬁcan be dimed, is fhe use of

an el ectrorf rpeging 4 the Reginping £f, 8 halt cyple byt

magnetic  terminated before the end of the half cycle. By terminating
15 the point at which current flow is stopped, one employs a
_form of phase control. Circuits of this type have been)manu- |
factured and sold under the name Ecostat by Evers GmbH;
Eichofstrasse 14, 2300 Kiel 1 W. Germany.
_ The Ecostat arrangement permits energy stored in a
20 reactor ballast and power factor correction capacitor to be
' ‘discharged into the gas discharge lamp after a tran-
sistorized a-c switch iS'oﬁened. This then serves to limit
the deidniZationiof the-gas discharge lamp duricg the
switch-off interval. The use of this arrangement in an ex-
25 isting installation, would, however, require the complex
modification of the standard non-dimming ballast.
'~ The iuse of reverse phase-controlled circuits for
dimming incandescent lamps is also disclosed in a paper by
- Burkhart and Ostrodaki, entitled REVERSE PHASE-CONTROLLED
30.'DIMMER FOR INCANDESCENT LIGHTING in the I.E.E.E. Trans-
actions on Industrial Applications, Volume 1A-15,_No. 5,
' September/October 1979, pages 579 through 583.
Another method for ballasting of gas discharge
‘lamps, so they can be dimmed, is the use of an ‘electronic
35 current limiting circuit in place of the standard magnetic




- 5- ballast as is shown and described in U S. Patent 3,619,716, entitled 24
H @1 FREQUENCY FLUORESCENT TUBE LI GHTI NG CIRCU. T AND A-C DRI VING CIRCU T
THEREFCR, Splra et al, and assigned to the assignee of .the present

i nventi on. Wi (& this device 5 achi eves -increases in efficacy of up to
25% wi th fléorescent |anps and sonewhat |ess or high intensity discharge

| amps and produces very attractive perfornmafte,~ the system woul d al so

requi r:e maJ;jor mshiast ias 18 stxm-aﬁdrﬁesj:ﬁﬂiﬁcalm RS oPattente 3,619,716,
retrofitte 10 L gm '

Con- trol ted enirEhied Rt SO GRS g LoEiitRe Giggte
"E.C.A L.O" sysANinA-hiBREING GIRAITR JSERFROR) Spirecet lailghaindg asgigaed
havi ng standard ﬁﬁﬂéﬁﬁﬂékéfkﬂbé“dﬁnﬂﬂb’Q¥3§e&¥siqvention. ﬁm@fé this vice

installations contalnlng non- d |nn1ng bal | asts w contain a aI ast desig

which is a t3pe &GRMAVES Lponeasins it PTfkchava s smmdio 294 Fdbh mrescent |
so-cal l ed regul almp@&ﬂltsﬁmmﬁ)ms bdy afiigh Ahtenisd t9f d«'i%cha.rge la.mps

aut ot ransf or ner i.ng rinar di ng .portion connecteq,to th |

20 and- a secondaar vm“%fﬁ'}fgespoﬁ yo%%ﬁé&"&d R&¥ @?@&ese& slygl 55 (W‘?

a series capaci tﬂsmmqmgmjﬁmmdmmmﬂ ampon-dimaipg tims;taé.ﬁ-d
secondary porti I f¥3#} t he autotransforner | eakage

i nduct ance. ?&%fe cg(r%gmlyegas tg‘%ﬁarge | anp control 25 systens

descri bed )pTrQev. ously proARRthen dimping pnrangementa i KpoyR ,u sedey by Con-
regul ating aut otwsﬂéu rmfvilaaidm'&w SyHYsms tm.qse,fofno@muu@% mnqdm%nor'
aut ot r ansf or ner sch ﬁg 4&(¥I 0s filanment voltage a cIe-
to-eycle restri I&% 'S(g P i se(fyds apeg&tre Pg'
the |l anps eit hercegnt d.itghirmg esystexiarlgslring‘ mmya'djmmsuwvﬂneat dimming

vol tage. Conventg | phase control schenes and the reverse phase angle

control schenes,. en applied to the con- ventional regulating
aut ot r ansf orkfer bal | ast, M9$t jstajdations containing non-dimming ballasts

will contain a_ballast design which is a type known as a
"regulating,autotransformer ballast”. The so-called regulat-
ing autotransformer ballast consists of an autotransformer
having a primary winding portion connected to the a-c mains
20 and a'secondary winding portion cqnnected in closed series
.~ relation with a series capacitor and the gas discharge lamp
" or lamps. The primary and secondary portions are loosely
coupled by the autotransformer leakage inductanCe.
None of the known gas discharge lamp control
25 Systems described?previously provide satisfﬁctory per- '
formance when used with regulating autotransformer ballasts.
Thus, the use of a series impedance or autotransformer
scheme results in rapid loss of filament voltage and cycle-
to-cycle restriking voltﬁge, resulting in limited control
30 _rdnge before the lamps either go out or are in danger of
~damage due to low heater voltage. '
| Conventional phase control schemes and the reverse
phase angle control schemes, when applied to the con-
ventional regulating autotransformer ballast, will provide

- . A Tt ot i o Stmee e
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6 - significant dinmng control to about 40%or less of the rated out put .

Sb fore the lanps go out. However, l|ine power factor deterlorates verys »

rapidly so that the RVMS.line current into 5 the system mi ght actually

#ncrease as the lanp output is reduced. This increase can be # nuch as
50% above the line current at 100%rated |ight out put when Ianp output is
reduced to about 30% with a high intensity discharge 10 ”Ianp - This
woul-d then increase ballast and distribution systeml|osses and |ncrease‘x,
line current to the extent it m ght caude branch circuit breakers to o
operate. Also, the amount of bal I ast - i nput vol tage reduction required 15

o obialn sati s act e Tk dioh Widnd SeWdntiol %69 dabaemRysveh i ages of

rapid start quoresce elng re Quced to such an extent as to have an

adverse effect on |aI@sé'c§§ e $4£@d "Gu SN0t 9&£0Rd the lamps go According
to the present invention there is provided an il Fumnation confrol system

conprising a gas di sebgy geHdwenter 2 himd powver factor dececiovetdeal | ast
connected to said |anp and having a-c ballast input termnals, a 25
control circuit havivery mapidly servhatal sher@lMS limmpmmrnenttﬁmh¢nals,
said output a-c term nals connected to said a-c bal l.ast input termnals,
means for supplying the $pwken mighyisetually itaerease sas dbtie planp- ¢

termnals of said 5 control circuit, characterised in that said
- output is reduced. Thls increase can be as

much as 50% above the line current at 100% .
ratéd.light_outpuf.when_iémp_odtput is reduced
to about 30% with s high intensity discharge

10 lamp. This would then increase ballast and
distribution systeﬁ losses and increase line
current to the extent it might cause brabch_‘
circuit breakers to operate. 4lso, the améunt
of ballast inpﬁt voltage reduction required

15 ‘to obbain satisfactory dimming will result in
lamp filament voltages of rapid start fluorescent
laﬁps‘béipg reduced td such an extent as to
bave -an adverse effect on lamp life and dimming
controi. _ | |

20 . : According to the present invenﬁion'
thére is provided an illumination control system
comprising a:gas'discharge lamp, a high power
factor 1nduct1ve ballast connécted to ssid lamp_

and having a-c ballast input terminals, a

)
\Jt

control circuit haVing input a-c terminals and



control circuit _includes circuit nmeans for nodifying the a-c waveform of |
t hef vol trage.. applled to said a-c ballast input term nals, whereby the
wavef orm provided by said circuit neans 10 . has at |east one

non- conducti ve ®egi on whose duration is adjustable, said at |east one
non- conduct rve regi on di sposed in each of the half waves of said a-c
maveforn1 said at | east one region | ocated between but not |nclud|ng 15
ad ent zero magni tude crossovers of the uokkage -applied to said control
circ input a-c termnals, "~ said a-c waveform having the sanme frequency
as sald given frequency of sald a-c power supply neans, and energy diverter
means connected in circui pulpuls ehe Aerubablast said ou*nut a-c terzBgpals
modul ating the half wave in this manner, as contrasted to prior art

modul ati on (conventi onal §ﬁ§§@c§§ﬁtﬁelséh6 EeGeP8dlpBhsénpukt terpinads,

i nst ant aneous voltage applied by the ballast to the lanps is relatively
hi.gh 10 . - even durlngmﬁﬁﬁﬁlﬁgr §HHPRJ&FSrav6IPSHSrc§ﬁ Sebﬁﬁ?ﬁtalned

hi gh.. Thus, | - . | .
nave their life ?635%3?3%&&8&&%@9@& E‘Bﬁeiv'né”l‘a.”ﬂﬁeﬁmgiﬁfeﬁ‘vsﬁl he

circuit can be cognected 15 i r
fixtures so that 3he.fixté?ggr8% ﬁ%?c§§$ Fggﬁgkgggg§8§ngb hﬁﬂ%fg |n a
retro-fitting operation. EBaguag eir@ui®! A89uaRE! Q1 VAR hBLHL' Porel cctric
circuits, particularly for a-c choppers i s nomn as never
before been used in CO””QQbBQEythhtﬁecaﬂbrth@fbﬁﬂ'bffehe voltage applied
to said a-c ballast input terminals, whereby
the waveform provided by said circuit means
10 . .has at least one non-conductive region whose
duration is adjustable, said at least one
non-conductive region disposed in each of ‘the
half waves of said a-c¢ waveform, said at least
one region located between but not includins.
15 adjaceht zero magnitude crossovers of the

voltage applied to said control circuit input

a-c terminals,



//—\a gas discharge lanp with a high power factor inductive ballast.

4 I scl osures of such circuits are in the foll ow ng papers: 25 -~ »
C. POAER CONTROL OF AN R-L LOAD by '-7a-. Kirshnanurt hy, Dubey and
Revankar, |.E E E. . Transactions on Industrial Electronics and &ntrol -
| nst rument ati on, Vol une | ECI-24, No.1, February 1977, Pages 138 through
141; 5 _ SYMVETRI CALLY PULSED W DTH MODULATED, AT CHOPPER by" ~
Revankar and Trasi, |.E E. E. Transactions on Industrial Electronics and.;;l
Control Instrumentation, Volune |ECT-247 No.1, February 1977, pages 39 t0
44; 10 A PULSE- W DTH CONTROLLED AC to DC CONVERRTER TO '

| MPROVE PONER FACTCR wp %b% ﬁ{gpggg b . M zumachi,
Conf erence Record, I I%‘QE//I%F %‘%ﬁ?&lﬁ%ﬁa Sem c%nf{ué(f@'(a)%‘P wer
Converter Cbnferencq;- d2ia iv@@-fﬁ@&ﬁ@@I of ggﬁdegb@dﬁg@@f of the - S
i nvention, the controﬁ' -Qg circult ™I ncludes an electronic series swtch

whi ch is connected ig\,_%glyeﬁegﬁgp ke @ngr?vaivéggéfemg@g]s bal | ast, and an
el ectroni c shunt switch connected in paralTel with the ballast. The series

-and .shunt 5 sweémhestednibec tyutiesiitll tiy@easonbadlaebly conductive
devices, such as switching transistors, thyristors, triacs and the |ike

arranged t S acconplish By modulating the half wave in this
| ' manner, as contrasted to prior_art modulation
(éonventiohal'phase cohtrbl and reverse phase
control) the instanténedus'voitage épplied |
by the ballast to the lampé'is'relétively high
10 even duriﬁg dimming, ana heater voltagé_can
be maintained high. Thus, lamps operated by |
‘conventional hon—dimmiﬁg ballasts will not have
their life reduced even though they are being
'dimmed;_ Moreover, the circuit can be connected
15 to existing wiring remotely from the fixtures
so that the fixtureé do not have to be removed
or ﬁpdified in a retro;fitting-operétion. |
The ﬁse of a notched energy wave fbrm
for eléctric'circuits, particularly for a-c
20 - choppers is known but has never before been
- used in connection with a control circuit for
a ges discharge lamp with a high power factor
inductive ballast. Disclosures of such circuits
are in the following pépérs:

25 AC POWER CONTROL OF AN R-L LOAD by



a-c smntchlng The series switch is opened at sone instant when it. .digggg

dest red-to notch the hal f cycle 10 wave form of the energy appl | ed t

t he bald.ast. The length of- tine the series switch remains open wll
determi.ne.the wdth of the notch and the total energy applied to the

ball ast and’lanmp in any half cycle. This length of time will be suitably
controlled as 15 - wil'l be later described. The shunt svmtch i s arranged
to. cgg_se when the series switch opens and to en when the series switch

cl os In this way, the energy stored in the ballast will di schar ge

t hrough the |anp during the interval the series switch is opened.

Si nce energy circul ates tmﬁ%néﬁ\mw ey ladd ERdvAEcdNE BEE]BSESW tch

is open, the lanmp will not deionize while the series switch is opened and
energy stored in the bal | agbhanéadtipes o Idhdudtriel Eleagsidwicntaidal the

bal l ast is 25 di sconnected fromthe tine. The shunt swtch will also
reduce voltage surges on tCenteol ebnstimimdntaticn nalo e , IECE-24n A0 b, of
t he shunt switches nay al so be acconplished by ot her suitabl e energy

divertor means, such as paBebPRwareati??e Regesn3f wWreoughe®o;  series
switch is swtably control | ed. The use of cooEeratl ng ser | es and shunt
swtches is known use in conne ar MO AR i n

a paper entitled TRI ACS— POSSI A R FUTURE
Triasi, Volume 111, O§‘§ &&Epﬁ%%y l\%‘é%’é ?%a?n‘gn’drﬁbttf%‘la%?\/‘brl d.
However, the use of conbl d ever
descri bed in connection ﬂfﬁ ;ZS +€%YJ$€ %%ugg&con‘fr ‘tf?fn@'%is %?scharge.
t ube "gh“ ng. An arrange”é‘&'ﬁtfélpi&é%&@té‘f‘f‘oﬁonvéﬂhmé'fﬁéttl@ '
" No.l, February 1977, pages 39 to 44
10 A PULSE-WIDITH CONTROLLED AC to DC
COX V"‘R’:‘:.‘..‘*?. TO IMPROVE DOWER HACTOR AND WAVEFORM
OF AC LINE "IR‘-?.E}IT by Kataoka, Mizumachi,

Conference Record, 1977 IEEE/IAS International
Semiconductor Power Converter Conferences,
15 pp. 333-339. | |
In one embodiment of the invention,

: ﬁhe control



may be provided which enables the -circuit to start-up and shut -down ei t her
Nmanually or in response to faults 5 on the line wthout damage tso the
&ﬂ_anps the control circuit or the outside voltage source. The protectlve
ircuits include: (a) a bypass relay for the main series swtc# which.
short-circuits the series switch during circuit 10 start-up and
shut - down. Cosing the relay durlag circuit start-up prevents damage to
the circuit series switch due to"hPgh in-rush current to the ball ast andhl
prevent s damageireutiite inzipdeguant eletaronihg aedéespswstbhywhbdMCEQ vol t age

conditions: clQaickl 18] 8eids wicndy ﬁang-éhaagggw@ogwae the series

swi tch agal nst ueé to.con ounci circuit
whi ch shuts doballastoei eodi Bni glegtponic sbupkedw b¢h1ﬁeune¢hedfamlt

condi tions or @M&@ﬁqhuaaatartuadsa!Qhkege Qﬁedéétﬂeﬁ 2R3 shun¥i th automatic
- restart_of the circuyidt g faul |sa8pears after f B¥ ntime, (c) an
~automatd.c |i ghtS¥ dﬁcg*&ﬁ FaZuPst ROY. eEiEe F¥Pe, EBOFEP ?18 ¥e energy to the

| anp by adJustnngdhh&inetdbv&césh sacheaposwttthingabgassistérse vol t age;

25 1's'%.8# C%Qi%' E%nkotﬁgsﬂg hh??aé(@é&agg é?&éﬁgl%ﬁduced

during the opera 'on 0 Ci rcul
suppl y therefora-msmtghsase s?hﬁeﬁeyleﬁ ﬁﬁbtf:bcaﬁleaeaﬂ@ Ak dEOmef the 30

notch or nOtChQ%s't%nQO%'hEhVQtaﬂg aegdtedetBahbteNCLRE asgfeéycie i ni ni ze
any d- %_ conponent of,

I
r at e- of* hangeWaWﬁiF°ﬁ& 8¥r8§Ft§“F§9§?898g%e hg°lﬁﬁ% %3@%?%& ﬂﬁ%?shlng
during rapid changrh iof 3ime thelthﬁeeuspmtchytemamnsngpehewihhp pl asma

arc sufficient ddeGpfiQe Eﬁ@'b&éﬁhaﬁftQﬁe h8REROYhAUERE St6P81 96 er gy
- applied to the ballast and lamp in any half cycle.
This length of time will be suitably controlled as
15 will be later described.

' The shunt switch is arranged to close when the
series switch opens and to open when the series switch
closes. 1In this way, the energy stored in the ballast
will discharge through the lamp during the interval

20 _the series switch is opened. Since energy circulates
through the lamp during the time the series switch is
open, the lamp will not deionize while the series
‘switch is opened and energy stored in the ballast will
operate the lamp during the interval the ballast is

25 disconnected from the line. The shunt switch will
also reduce voitage surges on the series switch.
Alternatively,-the function of the shunt switches may
also be accomplished by other suitable energy divertor

- means, such as passive reactive elements, when the
- 30 series switch is suitably controlled.
 The use of cooperating series_aﬁd shunt switches

is known for use in connection with inverters and is
disclosed in a paper entitled TRIACS-POSSIBLE USES AND
THEIR FUTURE - Revankar and Trasi, Volume III, No. 3,

" 35 1975, Eléctrical and Electronics World. However, the

| use of combined series and shunt switching has never

been described in connection with a circuit for



hay ng & cohventional ballast, the circuit can al so be used in connection
with a system which does not require dimmng. Thus, a circuit can 5

be provi ded forea non-di mm, ng application. whiech uses the novel notched wave
form of . the invention obtained, for exanple, by a circuit using series and
shunt switching, and the protective circuits which were described.” The
system woul d have the advantage . that IO 9 = the conventional ballasts

coul ¥be reduced in oA er 61T ng | e rd ddnnides acdind [1dthtimgut vol tage wil |

produce the sane light oufput. Thus. the dinventi. a rmt _the a
smal ler ballast in a gi ve%'?i Wé’t‘%lﬁ]eéﬁ%% %{/ REIYS 3&3' i n?eé:b%httirfag Fﬁ?&%ée
the effective 15  mapabeaprovided wiichgmables dthenduireuitakoh stiarsaup

! eve: s to Ithe m Wghgeiﬁﬁﬁéféawﬁ Ge {EHY %éhdtaam; YrC i%]g Q'%'s | tewg: ¢au3ic8g
arelatively_sinple an oW, | oss seri-es reactor ‘type al'l ast . 0,
normal vari aPi ons i nPRhERS.- L1285t thepy ¢ %*%ﬁ%ﬁﬁ?&'bfifo c°"i"'°11he

i nvention and a conséanéuidl dngeheroutsiaie tvivltagyedaduatte. This will further
reduce bal |l ast size and CQQQ! &Eéé?fgéuéag{ufégry%d¥@@%gr necessary for the

a

bal | ast to conpensate for sajﬁ%supp y variations. e operation obtained
wi th the novel invention £8) a bypass gl foradihenmadds sefdlegdsHd tehe

}‘ol | owi ntgr 1. Tgehnows%cbnﬁﬁfé'%%&tmﬁwg;!@w s'amtoﬂﬁ!s:aéwila't&yahei%Scd&&a&ﬁrlge |
anp systens_ and has the abil i o be. di mme ere 0 save .energy while
cont i nuousl| ylgaryi ngsﬁ?ﬁﬁf"%u? SRt TNy g&%}‘é’@ R‘% alojsfopdi FBH"Q%

to reduction.in |ightipcupttstastiupagwewsnts ditdden tandhyy clieqdiilty series
obtained. 2. The invepitoR &fe L8 'idYrdin Rlrtedd Yo ldntdbal188e ana
exi sting installation w thout \
: prevents damage to the lamps due to starting under
possibly reduced voltage conditions; closing the relay
15 during shut-down protects the series switch against
damage due to contactor bouncing;’
(b) a drop-out circuit which shuts down the

circuit in response to predetermined line fault

- 10 - Wiile the circuit can be advantageously used for dinm ng |anps (Zé;;

conditions or overvoltage or undervoltage conditions
_20 - with automatic,restart og the circuit if the fault . .
disappears after a given time; | |
(c) an automatic light output regulation circuit
for regulating the energy to the lamp by adjusting the
_ notch width 1n'response to changes in line voltage;
25 - | {d) an ihput capacitor to absorb high wvoltage

spikes produced during the operation of the series
. .switch; L

(e) logic circuits and a power supply therefor
which ensure symmetry in the location and width of the

30 notch or notches in positive and negative half cycles
thereby-to minimize any d-c component of the voltage
being fed to the ballasts, and

(£) rate-of-change limiting citcui;s-to prevent

"the lamp from extinguishing during rapid changes in

35 light output by allowing the lamp plasma arc
sufficient time to stabilize as the light output is
changed. '



~requiring access to the fixtures, the individual |anmps 35 ‘or the

:3\ elies on electronic control
utomati c energy nmanagenent contr ol

:jjﬁalrast W ring. -11- - 3. The use of the novel inventian

Il nvention 5 i

ball asts. In addition, it can work_wi th any desired nufber of lanp and, -
bal | ast conbi nati ons without need ﬂ@r‘adjustnént. 5. The anount of energy;
stored in and transwhtiled the kjirtchdtbahhabe aleanthgesasligsusadit £6ri s opEN

I's reduced as lj.ght. ou fall. S I ' e _gorrespondi ngly
‘reduced. 6. ﬁggﬁgpﬁaégﬁbfogggigﬁe%g?g,égg%%éﬁggtgafégg.ﬂl#@eand S
converted into dirgwi towapualsp beeusdd| dppconnethéogawilthsahaygtenanp arc
i's prevented frafdeigerisZndd Feguide! REmnThg, Varnh8g ackipeuswi bgh is off

s that it can be used wwth a wide variety of |anps and

and, therefore, can be easily intérfaced;mﬁth
4. An inportant advantage#of the -

by diversion of the staqred ball ast energ¥P%oa§g$ﬁéggYPBTphﬁF§reatly reduces
e

. stress dn the |

b Pravided. EOFmPnBeRaALs

series switch at loweapmiffecitive ballast input voltage will produce

15

20

the same light output. Thus, the invention can permit
the use of a smaller ballast in a given installation
by virtue of its ability to reduce_the'effective
ballast input voltage from standard branch circuit
levels to the minimum necessary to maintain lamp arc
stability while using a relatively simple and low loss
series reactor type of ballast. ‘Also, normal
variations in the a~c supply voltage can be removed by
the invention and a constant voltage provided to the
ballast. This will further reduce ballast size and
complexity, since it is no longer necessary for the

-ballast to compensate for said supply variations.

25

30

-The.operaﬁiOn obtained with the novel invention
has numerous advantages including the foilowing:

. 1., The novel invention has unique applicability
to gas aischarge lamp systems and has the ability to
be dimmed, thereby to save enérgy while continuously
varying light output with,energy'saved in proportion
to reduétion'in light odtput, with savings of 50% in
energy readily obtained. _ _ o '

2. The invention has the ability of béing

_ installed in an existing installation without

35

requiring access to the fixtures, the individual lamps
or the ballast wiring. ' :

PES8®ri ke the
are with each halef noyelle noftched wavewSvemf 6ENthadiaventbbhovbtdinedpg to a

| ower | evel befgre l,anp.,dr Qps, . f nduct.ion S energy in

t he baIIast'caﬁ%&te§%?E} 'tg t%ecﬁgﬁéigugggggtﬁgzgﬁgngg%r%géﬁgmdtch so t hat
good 25 di spl acsitehipaweantather pchgeativei circuibsewbbehi wedeover the '
full control rJuRriBed: caheORBys e WB8a18NHatBUBheSHEVERREgE! tRAESI Ve

ener j vert or nmeans have very. | ener e that,very little
cner oy TG scithR apnvanctonag brdfagkecappldghs rSduced 1 ctlen ApaT (e



time eI|n1nate§ peaking of the lanmp current and inproves |anp peak-to-RVS jb
cutrentqratlo and- | anp power factor. 11. The shunt switch or passive energy '
di vert-or. m-ni m zes voltage surge across the series switch and other 35

circuit conpondnts and reduces energy nonentum effects such -12- as

i nducti ve . ftyback voltage by diverting such rgy through the ballast to

be dissipated in the lanp |oad. A further feature of this invention is an
arraﬁ_‘genent whi ch pernits 3+ {¥he dige kg noegpsinyention aeddgissom from a

singr®e circuit Qélé@ﬁ'én{i@ sepErobathd 0 tiferdfdiRs, Wamnid Walsi13dapRiertced
of "one anot her. Ai ngl e cqgégol uni t nay be sized to ontrol a given
nunber of |anps,¥ €$ ??@P RN\ RanagaRent ANt ndy or escent t ubes.
However, these 90 | anps . 10An impd)eta"ht/lxtmhm ot Wirenlinareaytdoshi ch
are turned f 0

arrangementeg T?\iegdﬁ&ﬁ ﬁ/ave form o&{ mhowt'}e}'\e/i{e% %Ils%fﬁt o?tljmlttaﬁ%an?nor
initially strikibftistges I M'@@narﬁk asn twerlh withyenyh desdred . Thi s

is 15 becaupgmbes QF@SLW e B BoriHelont WiitHickt! héeldh@bra
standard ballast oduce enough peak vol tage and/or heater power to
reliably strike & ik& harge | anp which has been conpletely turned off

for any significant periodof ThenadOunt off erieafgyt FYordd in and ftednsmitted

seconds). Iypa t t of t Y ans can be
provi ded to %cf@gs@ﬁ%%ie%yﬂeo teéen Lg?eﬁt St sgﬁtép& (%\%a\?g’%{no tenporarily
when the |ocal swedusrd@sekieht ontput Malls, sehaljiaaid lossess are

reliable |anp St@éité‘&bondri'ﬁélyzi'educed?nergy i ncreasi ng neans can take nany
forms such_as a step-up tr t 0 teqP rarlgllncr ase th% vaol tage to
the bank turning on; a smn ﬁﬁf Apgt stored energy dissipated

: usefully and is converted into light output by the

15 1lamp. o

| 7. The gas discharge lamp arc is prevented from
deionizing during the interval the series switch is off by
diversion of the stored ballast energy to the lamp. Tnis' '
greatly reduces stress on the lamp due to elimination of the

20 need to fully restrike the arc with each half cycle of the
a-c wave form and also allows dimming to a lower level
before the lamp drops out of conduction.
- ‘8. Stored energy in the ballast cannot return to
the line due to the open series switch so that good

25 displacement power factor characteristics are obtained over
the full control range. '

9. Electronic series and shunt switches or. passive
energy divertor means_have very low energy losses so that
‘very little energy is dissipated in the control circuit.

30 10. Opening the series switch at an appropriate
" time eliminates peaking of the lamp current and improves
lamp peak—to-RMS current ratio and lamp power factor.,
11. The shunt switch or passive energy divertor
- minimizes voltage surge across the series switch and other
35 circnit components and reduces energy momentum effects such




whi ch pfovides energy during the notch interval for a short tirfe follow ng

turn on, and the |ike. 30 The invention will be described now by &
y. .of exanple only with particular reference to the acconpanyi ng draw ngs. .
n tthe drawi ngs: Figure 1 shows a conventional regulating balld&t;  -12a-

igure la shows a conventional regulating ballast for,kgas discharge |anps
of the type having heater windings; Figure 2 is a schematic diagram of the-
basic 5 circuit: of .a preferred enbodi nrent of the present inventiony
-13- Figures 2a and.2b show second. and third enmbodi ments, respectively, 3(
circuits for carrying out the presetft2- nvention; Figure 20 shows an
enbodi ment of the invention 5 ' applied to a | ow power fl uorescent
| anp; Figure 2d shows an enbodi ment of the invention applied to a Hi gh
Intensity Di scharge | anp; Figure 3a schematically illustrates one notched

Wavle form whi Cha§aﬂn@@c&'§€éilf f h TNy By dlhﬂerlﬁr?g sudm qgﬁ/ for
appl yi ng energy n.a .contro ashi qn as dj sc e

bal | ast -using a é?ﬂ'@ﬁle ¢ ﬁfﬁﬁ C‘-EQ'IB'?%I qojysﬁjgiaattegd a%% i e form
Figure 3b shows an aAtfurichéy ef ewtnerd cofn thhisc hi roartdidme nsseth [ n accordance

with the mventapp?ig %‘éﬁ"@ %rgl%qt%#%gnoéicﬁéro teb%nqjg tpqam er of the. .

wave form Figure ve Wave Tor musing
5 energlsed from a single ‘circuit of the type descrlbed

'to be turned on and off independently of one another.
A slngle ‘control unit may be sized to control a
given number of lamps, typically 90 forty watt rapid
_ start flurorescent tubes. However} these 90 lamps may
10 " be divided among several areas which are turned off

| and on 1ndependent1y of each other by local switching
arrangements. The dimmed wave form output,; however,
is not suitable for initially striking the gas :
discharge lamps of the baqk which was off. This is

15 because notehes reduce the energy content suffisiently_
that a standard ballast cannot produce enough peak
voltage and/or heater_power to reliably strike a gas
discharge lamp which has been completely turned off .
for any slgnlflcant period of time (i.e. greater than

20 a few seconds). 'In accordance with this featu:e of

' the invention, means can be provided to increase the

energy content of the output wave ferm temporarily
‘'when the local switching_meehanism is initially
'eﬁetgised'to ensute reliable lamp starting. This

25 energy increasing means can take many forms such as a
step-up transformer to temporarily increase the
voltage to the bank turning on; a sw1tch1ng circuit
which provides'energy duting the notch interval for a
'short time following turn on, and the ‘like.

- 30 ' . The invention will be described now by way of
example only with partlcular reference to the
accompanying drawings. In the drawings: _

Figure 1 shows a conventional regulating ballast;



plurality of nofches; Figures 3d and 3e show other typi-cal notched wave 2y
shapes which can be used in accordance with the 20 i nvention; Figure.

is a pore detailed block diagramof a circuit arrangenment using the present

i nventi on.and shows ‘the various ‘novel protective circuits; Figures 5a and

5b are parts of a detailed circuit 25 _,Eé’égr amof a preferred circuit

which carries out the present invention, an Igures 6, 7 and 8 show

enbodi nents of the inventj yi | ndi yj SW t.chj f .l ocal S

of fPetures. 30 o R ERTLE A 1 Sl M B P R 13RS
therein a regul ati ngfant gasadischarge phanpstofirthen Y¥pardavingdeatery used

in gas discharge | angihashgsbations. A = -14- typical ballast used in the
circuit of Figure 1 is Universal Type 593-SL-TC-P, Figure |la shows the

circuit nodified to have Eh8WERe2 hbat2rschematis dlagndmunfFhendasicanent s

of a fluoresgent |anpitéuibeofas pitsfdrrart émbdinmentd dfithe presemt The
ballast in Figure | aiﬁ@?n@f yni versal Type 443-LR-TC-P. The bal |l ast - of

Figures 1 and |la conSI'sts Of an autotransforner 10 having a primary wi nding

11 and secondary w ndi ; e = N:Iop ‘hunt

is schematically shown to indicate that windings 11 and 12 are 10 not
tightly coupled. The primary winding 11 is connected to the a-c power |ines
13 and 14. Wnding 12 is connected in series with a series capacitor 15 and
two series-connected gas discharge |anps 16. A starting capacitgr 15a is
con- nected across one |anp 16. 15 In Figure la, |apps 16 are
shown with heater fila- :




inding tap Ila of winding 11, as shown. The gas di scharge | anps 16 can bew
of any desired type and may include such | anps as rapid-start fluorescent
20 lanps (Figure la), instant-start fluorescent |anps, Hi gh I#tensity”

Di scharge Lanps, high intensity lanmps and the l'i ke. Cbnventionally, t he
bal | ast conponents 10 and 15 \MII1 e nmounted in the sahe fixTure with the ~
| anps 16 for com pactness and To'dvord the need for extra wiring durlng\J
in~ 25 stallation. thuaebaﬁhaahdotbthboWyQQCGM®mmndntEigmre 1, the basi
bal l'asting i ct a t he series-
oy nat | on oPipRaifishte; LegpEteloRLY Y Sﬁfea#ﬁa%%’fﬁﬁcéﬂﬂn%{{im i es
capaci tor 15. oukethetPpagenB8oinyestion: i npedance is the difference between

the CapaCItH/e andlmgdaet g&esnggstéﬂcaﬁbﬁmmaoﬁ ihéfle;ﬁvmmlo y Wh:jch
conventi ona Y e to r a sf or mer provi des a
- high open cir g ?8gg &ﬂYcR°Y§‘ giﬁ%ﬂegéfﬁ#fiTéﬁuy strike the arc in
t he gas dlscharge Fagpré62dndhaﬁs ahcenbedinent | ofir yphev indrergt ildn pr ovi des -
| (pedance MRl aBbideq to13 nRGh/EREALEY F1dieed A GHK} 14 and Lhe | amps 16

to provide good power Pactorcharacter Stics. an tegul ation
characteristics of FEAEIRa3d E‘émat&ablibw-%ﬂ%t%ﬁ:?%b?%e feshad on

characteristi gave foiﬂrwhhehauaﬂtﬁanﬁéednﬁﬁ décorddn@d mQﬁa@f automatic
com %nsatlon for vari

t bt t |
out put-i s rel éPv$§F§°Pnggﬁeﬁﬁgﬂ¥1W Eﬂgwglgﬁlesv‘g??a °2ﬁg?1 srsl’aic’lrhgms)erl es
capaci tor 15 ppeacgas dhachangeolaupcanémbat&QSthnsxggt&mszngleaj striking

- phase of the | RE%ai@y ¢QndPhf1] Slwyeéalaxgét?wa{ﬁ'%%we%&h' gh

(:Enfnts whi ch are heated by connection to secondary w ndi ngs 12a?and'12b and

- intensity dis- g ngs S|n e It avo e curr nt surggf which are
- common with react oF 184FFadbssRews 2R a%ﬁﬁgnaq- Iy whic
could be used in accordance with the invention showing

15 the notch located off the center of the wave form;
Flgure 3c shows an alternative wave form using a
plurality of notches;
_Figures 3d and 3e show other'typical.notChed wave
shapes.which_can be used in accordance with the
20  invention; ' ' '
Flgure 4 is a more detalled block diagram of a
c1rcuit arrangement using the present invention and
‘shows the various novel protective circuits;
~ Figures 5a and 5b are parts of a detailed circuit
25 diagram of a'preferted-cir¢uit which carries out the
' present invention, and _
Figures 6, 7 and 8 show embodiments of the
invention employing individual sw1tch1ng ef local
banks of fixtures. _

30 Referring f1rst to Figure 1, there is illustrated
therein a regulatlng autotransformer ballast which is
most frequeﬁtly used in gas discharge lamp
installations. A




bal | ast al so pr®vi des for |ower than normal line current during the marnrup<£§%
phage camon to many ki nds of gas dis- 15 charge | anps.  The same bal | ast

is frequently used with fluorescent |anps, where, in‘the case of Figure la

the cathode héasers will be connected to suitable taps on the transfornmer

wi ndi ngs 11-and 12. Because of these characteristics, the regulating 20

aut ot ransforner ballast of Figure 1 is used-i4-nost das dis-- charge | anp

o Bt SRR ph iR bLaE DUk bE O RuEr ‘BE ¥R B Bt i gRens
intallation is Tnpbe5aﬂdSLr§6—Po bEieﬁrechpaShewsftUennlnguihUModiﬁhedohoof
the bal l'ast andph{g &hiraﬂg'ﬁeHEHﬁ'f?ngfﬁ9§Sf6¥ hé&ﬁiﬁ nghdles

and dlslocatlon IS i nvo seen, e nove |nven |on
can be used to &iwerascgni lpmpnifgtheqgps QSSchérg?aT%pﬁgi$H%fsﬁ%h%a$¥Pe-

balbl ast of | lEI QUfmeelbgmabeuindpggaflengaBQa?tbﬁ Wei-s@n 'pfpé he43-20R-TC-P.
substantially affecting t p ct t he syst ent

i nventi on provides a nove?gsoﬁ%ig?sg gu? EREPSe ﬁ&giﬁg giﬁf SREAR

| anps 16 of Fi gautettansflormerThe hasingcarpnimary wtmdimgrﬁlﬁgnﬂesébénﬂary

lanps 16 35 angshighy b3l 'é§ts&§emm8£) V1 PRuSLPRLLAS A O ediBifid SHy Shunt is

-16- shown-in Frgures 1 ahd ment

bal | ast 17 is asqahgna‘p'bmllVaﬁP@wnbENiaeqli@a'ge et wirdingdvkl srdtdf are
greater thapgO. aotAthgablgpeedpxeaLe@hé%i-ﬁhaﬂ;% winé eﬁeib'ébxﬁﬁéé?éd Sto

e e LEnBli-5 spRer Tooe 13mhat o WndPiE e St Eled a5
18 and the othesenﬁdstwithealseeiéd.cwpsmitoh b@eamdlu§ocsenies-¢enném¢ed
provided for  ggg discharge lamps 16. A starting capacitor 15a is con-
nected across one lamp 16. ' ' i
15 . . In Figure l1la, lamps 16 are shown with heater fila-
ments which are heated by connection to secondary windings
12a and 12b and winding tap lla of winding 11, as shown.

The gas discharge lamps 16 can be of any desired

type and may include such lamps as rapid-start fluorescent
20 lamps (Figure la), instant-start fluorescent lamps, High 
Intensity Dischafge Lamps, high intensity lamps and the
like. Conventionally, the ballast components 10 and 15 will
be mounted in the same fixture with the lamps 16 for com-~
pactness and to avoid the need for extra wiring during in-
- 25 stallation.

In a ballast of the type’ shown in Figure 1, the
basic ballasting impedance function of the lamp arc is
obtained from the series combination of the autotransformer
leakage inductance and the series capacitor 15._The net bal-

30 lasting impedance is the difference between the capacitive
and 1nductive-reactances at the a-¢ line frequency which
conventionally would be 50 to GO_Hertz,-The_autotransformer
10 provides a high open circuit voltage which is needed to
initially strike the arc in the gas'discharge 1amp116 and

35 the tapped primary winding 11 provides impedance'matching

......... P P, . o o A " TP s < eve.
. k b . i



the switches 18 and 19 which will be later described. i nedet ail
i ch. selectively opens series switch 18 and at substantially t'he Samee Y
“nstant, cl oses shunt. switch 19. After a gi ven adj ustabl e delay, switch 18 =
recl oses and switch 19 reopens at about the sane 15 instard. The -
series switch 18 is preferably operated-¥®b-that is opens symetrically on

positive a Fal-Torv I ' r

bt ant :ﬁ:yqé%&?ﬁ%@fﬁ;&fé}%iﬁf‘iﬁi@iﬁmﬁﬁ%ﬁﬁiﬁpﬁﬁ o

I TR Rt el gty e s el 0
s e e e en v |
TVl Sl 4l Wl A G D N A 8 e A YT o

reducti on |]H"“!91é?1¥ﬁp‘¥fr ok s‘tﬁﬂéﬁm tindanendentiof emdll line wnktags ally

zero bet weemamgeslot'rh@@éﬂe"w TPl BT W5 Frasved 1Y Nitowlod Ne-dial f
wave. A notch A |n¢ de §8§C|f|cally to _di'stinguish fr n1arra enent s
1t

i ncor por at i rijing phage of Yftver eby
ener gy 10 druﬂsarisidlmurtdnmﬁ&ticulafnmmﬁ rhirglﬁridmensw rtu.s-he

egi N9 ndrd aap Sndd § OIS A WUALAD SBULO R BRI £V ©

-17- The prese |on I'n sone ca - use wave for
whi ch i ncl msgnq;emi&ig nﬁamtmmmg/ Qferﬂiméhé@ggp%réﬁm dregulatingr or

both zero WaNHMealty Providd i Adwdr rdh hdidedl 1S Ghrkeisy t or
means to au rqng the warm-up phase common to many kinds of gas ‘dis-
15 charge lamps. The same ballast is frequently used with
fluorescent lamps, where, in the case of Figure la the
- cathode heaters will be connected to suitable taps on the
transformer windings 11 and 12.
Because of these characteristics, the regulating
20 autotransformer ballast of Figure 1 is used in most gas disé
charge lamp installations. . _
Fixtures in existing buildings are usually mounted
in the ceiling and are not conveniently accessible. If an
- existing non-dimming intallation is to be modified to be
' 25 - capable of dimming, modification of the ballast and its
wiring is usually necessary, and considerable expense and
- dislocation is involved. " As will be later seen, the novel
invention can be used to dim the gas discharge lamps 16, re-
taining the standard ballast of Figure 1, without‘degrading
30 the operation of the lamp or substantially affecting the
power factor of the system.
_ The present invention provides ‘2 novel control
circuit for energizing gas discharge lamps 16 of Figures 1
: and la. The basic circuit is shown in Figure 2 for lamps 16
35 and their ballast 17, which may be a ballast of the kind

e——— e
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5 recircuhatitn of ballast stored energy to the lanp load. In these
cases the novel energy divertor means in conbination with the periods of
substamtially zero energy transfer distinguishes the invention from
convent i onal .ph#se control or reverse phase control arrangenents. 10

A plurality of notches can be used and their |ocati.ons can be distributed
over the entire half cycle wave shape. =TA® W dth of the notch ndy be

controlled in order tshdtirOIFilgeeOliabnd@mult Ch &NPEEY¥effedSeéEbSEIéiOM
the a¥c line to theﬁﬁi’i |sqh%r% | amp ai mnlllgeilateﬁ.dgscrrbeq éégr
Preferably, the notc &, ivention. hallpstylh, 18.A: PL9D Pover; fa
trailing edge. Howevdsallamtere.gar omenwidhdat power  £actay @eeatlerantlmgeomsw o]
Cotal excursion and raragtEEdld aetddsGudiin 18, 1k doffifeted thoforick
equal. 20 5. widhe thend ing Ai3gand Z,heahélgéﬁﬁgll vohleor pigh speed
ot ween |1 hes 13 and e by eaame T o e e O | s
o Loh 18 1 cl osed HHER REeC AT coRRRchedotpo theeftes Fhiten LY 55 e
transferred 25 frcnndﬁhmasem@ &od thé flinkallhast 17 and | anps 16. At tine
Lol el bar) o o0, 30 S RREOBRE NG L 1L £ Sheh pFo 0B £ o)
This stored eHergy tHhe Gytahes d§eapdnddqwhial vhili be claker Higseitbed
tlerr] and t2 in 30 in @etailawhAcht seebBivBRySepens sSetied dwiteic| DSeind
" the bal last has dayupatant Iivshe Baber 1AERinE EFbstAcemitt e il O,
the a-c line to the |ihp BEter a gdvesi adjushabie dedayfrowitel 8c |ines
13 and 14 was interr yIAGded ahdSstllebhCa9! rR8peh8NatUabOdL CEkE $and _

: 15 instant. The series switch 18 is preferably operated
so that is opens symmetrically on positive and
negative half cycles to form at least bne interval of
substantially zero energy during each half'ﬁavé of the

~ energy applied from lines 13 and 14 to the ballast 17

20 and lamps 16. By wave form of the energy applied to

the lamp and ballast is meant the wave form of one or

both the voltage and current or their_prdduct, applied'

to the ballast or lamps. TyPidal a~-c wave patterns

. arranged'in accordance with the invention are shown in

25- Figures 3a to 3f which will be later described. The
| intetvais of substantiélly Zero energy flow aré .

" referred to hereinafter as a "notch" in the a-c wave
shabe. By 'notch“'is meant an interval of reduction
in energy from some instantaneous value to -

30 subsfantially zZero bétweén but not ihcluding zero
enetgy cross@ver pointé_of'the half wave. A notch is
~intended specifically to distinguish'from arrangements

" incorporating conventional phase control or reverse

_ phase control whe:eby énergy is either delayed from
35 flowing from and including the beginning of a half
cycie, or toward and including the end of a half
cycle;



.
24

- times to[ ecombrds mavmdqqnemqichrﬁmmsafpeaﬁada i mmala.lyove has
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net energy delivered to the Iénp will be reduced. T 'sfmﬁll

esull'in a reduction in both lanp output (lanp 5 diming) and bal | agt
power’ i nput. In order to-vary the degree of dimmng, it is only necessary
‘0 change’the notch width, for exanple, by changing tine t2 at ewich the-

cycle, t he
switch 18
changi ng t
fixed, or

shown in F

numerous 1
of di'nmi ng
the fixtur
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incr eagdiong energy saw plaraAiayhor adtehesdeanl bbhﬁséﬂf amdermRy rof Figure 2
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15

line to the gas discharge lamp as will be later described.
Preferably, the notch width will be controlled by control-

ling its trailing edge. However, under certain conditions,
it nmay be advantageous to’ control the leading edge, or both

20

leading and trailing edges. Also, the total excursion and
rates of movement of both edges do not have to be equal.
Referring to Figure 2, and using a control pattern

'having only a single ‘notch as shown in Figure 3a, as. the

25

line voltage between lines 13 and 14 increases

from time to to time tl, the series switch 18 is closed and
the shunt. switch 19 is opened so that energy is transferred
from lines 13 and 14 to ballast 17 and lamps 16. At time t1

~the series switch 18 is opened and shunt switch 19 is

30

closed. Energy stored in the ballast reactance can then be
dissipated in the lamp load 16. This stored energy thus
operates the lamp during the interval between tj and t in

Figure 3a. At'time t2 the series switch 18 recloses and

shunt switch 19 reopens. This occurs preferably after the
- stored energy in the ballast has ~decayed to a suitable

level, and energy again flows from the a-c line to the lamp
16.

e St T T SRR,



of the iri'put Wltage appl ied to ballast 17 remains hi gh. The novel circuit s
of theginvention also permts the ballast 17 to retain a good displacement
power. factor characteristic since instantaneous voltage and 5 current
tends to renmisn in phase. It will also be apparent that the high speed

el ectronic-switches 18 and 19 will have a relatively | ow voltage drop as:

compared to the operating voltage so that veyy little energy irs di ssipated

in the 10 - circuit itself. The notched.wave formwhich is selected can
takesthe formof any of FSimgesemRrahriiam xowthempn-w Adneaodd #Rdc A4nwwrs

be suggested toj4PErAgtedefor Oa g PLdard § XIS Fnrding Rachwanii on. 15

As shown in -Fi gure_ 3b, thegoleon of'the&)‘{ch can he di E#lllﬁg?)d todthed

front of the wew¥e}®r nfhaANShARLTEY Mtivered to b ﬁt%‘lp EhESEET%e

used symmetri cathysiwilhereselt i e anfedudfiomvin datleslanp tdwtpate(dpmpayve
form 20 h | | gur Na f Re A Minded into

a central n%tchdjaﬁﬁirée)%@/eﬂ?gf%%vévgg’f o#ﬁ%vﬁ}a %ﬁgexf?él}pt eﬁat h:éts zero

crossover poi ntdegihee cof edimningy 1ttis conlerngeesgame ta shange dhe goted

lamp. Thus, veryjdth!!fobi gimPtd PWy i ShddSindYefive tp aRAICH) thy switth

at ti.mes corres ondfll’ng to ti rrel'ss)i%panyd t] el?ri él?n F(i%rz 3d an (g#)ri ng |10\H

ener gy transferl®ebfoheclosedy st ¢ouLsR, fhe ryid 2 lﬁf’é’ﬂ' § varie

addi tional energy ¢Baggigg. thfe SHpvatiwhidlyutimSeswituh id/ds epanssn a3d |

i ncorporate fhe_inifial, popti of_.t h e ' was el i m nated

in Figure BHbanﬁc’ﬁn%n?iF\gsﬁ‘fggf]oﬁnﬁft@}%&ﬁ?ﬁ%%g@w’cﬁ% 18 is

opened, can each be varielint thebaext kahfi cyckeomrdlas ghovurige Figure 3a,

sui tabl e. means of sygrytPcdiCopobdt1dh WLl iké PLdde Wt relatell fimesSas,

' ty and tg.- i _ .

- The mode of operation described above has numerous

15 advantages. Included among these advantages is the
possibility of dimming without requiring direct access to
conventional ballast 17 or the fixture containing the lamp
16 and ballast 17. Moreover, a single control circuit can
operate a plurality of ballast and lamp conditions.

20 : An important advantage of the novel circuit of the
invention and the use of a wave form containing at least a
single notch is that the arc in lamp 16 will not deionize
during the time the series switch 18 is off. This greatly
reduces the stress on 't_he lamp by'eliminating the need to

25 fully restrike the arc during each half cycle of the a-c
wave form maintaining lamp lifetime and allowing dimming to
lower light output levels, thereby increasing energy
savings. o | '

Another 'a,dva.'nta.ge of the arrangement of Figure 2

30 .is that if the gas discharge lamp 16 hg;s heater windings

'~ operated from the ballast 17 (as in Figure la), the heater
winding voltage will be maintained high relative to that
obtained with ordinary dimming schemes even though the lamp
output is decreased, since the root-mean-square value
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20 - The specific selection of a particular wave may be |eft t‘) ‘the.

signer. He may wi sh to select a |arge nunber of interruptions”or notghes g
each half cycle to obtain the advantage of operating the tube at 5
welatively high frequency with very good power factor. This, however,

"m ght produce a high order of harnmonic content in the |line current whi ch .
woul d have to be filtered. Al so the neans of nndulatlngtheleadlng or - -
tral ling edges of the notch or notdifes may 10 be nodi fied as indicated

ab(r)ﬂ\;e fOonverS@fytH@einfpdﬁ volftdde dpalees aagbtatnaf@%l 47°9RAh3nk gggtﬁgle "
t e . ried,to effe i

(r")"rJ ae(r:oﬁbl Egt?gﬁ er ei'zﬂo rﬁ?‘tﬁ&cfé%&y“ga%e& nveption also pegmifgitern .

sel ected for us@lwhahllt&a; prefter et admbadigoed: ddspllacemenenpobeeri s t hat

shown in Fi gurel:'a"c%orﬂlﬂxéisd’cégr1%ﬁ'§@i%c'eoﬁﬁlst‘gﬁt%lﬂebﬁs Qpﬁeébggéﬁgl hg the

aligned_with the peak of the a-c supply-voltage 1s he
tendency of an§ 5 \kengds to regaingdn Péaﬁﬁoduce a peaked | anp current

wave 'formh Thi s Iamtc&ﬂentalrybalbe?h la:r%n%t)l%hﬁﬁ 'Eﬁbe%xlgm spaed W'otn h th;
k of t r ma eratin S. :
I?\g?chlong tﬁeavg age %‘p;ﬁ]%gd‘ﬁ% tshel‘sbgl"Fagp §§&aegé?’ﬁb5dgﬁgﬁgg Ke bal | ast’

25 i nput Visiw apd Yage ddepeadsaicomparedmeot ithe bpatatlﬂagl aaptagéreEt .

peak woul d nor I ' h 4 gt t rent pea ue
to la nd balrglaast%h%‘cf ery \Al:ltstrlslfeg%f’%ggg ygggﬁiggﬁga %er eyére dimmng is.
carri ggl@ut wi (HEEH i _ otal peak 30 current, reduced |anp current.

crest -factor and rediheechoRidied waveuttoent whilbhr ¢By seRéctedi 6gnl eapel i fe and
!['hge_ power facte FotiPeE aY@ %e Wi hgeghgab%“}:gatghl;elgrlzs uretg gan be of
- form which will be suggested to the designer to carry ’
‘out the purposes of the invention.
15 As shown in Figure 3b, the position of the notch
| ' can be displaced to the front of the wave form.
_ As shown in Pigure 3¢, any number of notches can
be used symmetrically in the positive and half wave
cycles of the energy wave form. '
20 o As shown in Figure 3d, the wave form can be
diVided into a central notch and, moreover, the wave
form can be interrupted at its zero crossover points
where relatively little energy can be transmitted to
the lamp. Thus, very little light output is lost by
25 . opening switch'ls at times_corresponding to times tg

and ty in Fi_gut.e 34 and ddring low energy transfer

regions but system losses are further reduced and
additional energy is saved. | | |
o As shown in Figure 3e, the wave form can
30 i 1ncorporate the initial portion of the half wave cycle
' | which was eliminated in Figure 34 and the times te and

tg » at which the switch 18 is opened, can each be

varied to obtain dimming control. Of course,'any
suitable means of varying the "off" time of switch 18
35 can be used.



type shown i.n Eigure 1, it should be recognized that 35 t he invention(i%j;
isgnotygimted to use with any particular kind of ballast and can work .
effectively with any | ow frequency -21- magnetic ballast such as those

of the’l ow power factor reactor type. Preferably, however, the ball ast
shoul & 'm0t ~have a | arge parallel power - factor conpensation capacitor across

5 ‘"theinput line since this could cause extrenely high peak currents when
the,series switch is recl.osed. In such2@n~event, .a small series inductance

could be added to |imitphespubi el sblELEIGhI ¥E ¥ pdPELANE AL Hay
correction capacitor coul d be gDVﬁd to the a-c line side of the 10
switches. The exacPe® de&ti §A theiAesigneheriBe BAY #A%h &7 s/k&Sfe in each

a-c half cycle is ilapget aohmbee efhirtveropptoms opermdtetye s hiar actoly itadlifcs.
This, however, is fynctio 1 hep par bi char | S84 GS:.Of e l.anp
and 15 ballast. | %ygg%e%gl ,Bbteéé{lo .?ngeé{r%}#sgiﬁoif %ﬁ%ﬁ;&g@rﬁ tt"{!u% at
portion of Sthe wave telatiMehyt héghafreguency vk tinl ver B 139adh PANer

t r?nsI err ijngt the tg@agttasthaaawgf.' g{ntv]@geaf 9Ymidiné Spl.aéétlﬁ}[@lé hﬁﬁf?&ﬂmﬁ?@m}
out put reduction e achi eved wi I ni num t ot al_ 0 i isis
desirabl e because PRTMEBAFt §°f‘ﬁeﬁtnf?|i%a]a ffurfen S i i d‘m“gsﬁ if&¥ eand

mnimzes the arc ¢or benfittesedf acAbso thesapeahstaf tnedulaftiidye thec | ine
e co S oncn vty A
eater poser at of aiai08 bR PRLEERS ladfbe S idoccd UTHRLAS AT

S
| ocati on ofl0 he of bepmeddfied; as g@@@#§t¢¢1?kﬂﬂ?nnn¢94ﬂ?qﬁﬂ%ﬁ‘ﬂﬁtﬂéﬂténd
M ni mum stress on bife thaNRo€tRes! RE@Sbe BReldséondraritt |afd HymMMADEr of

Yariatiqns appear E%tches'per half cycle may be varied to effect dimming
control, or a combination of several methods may be
used. ' ' |

15 "The pattern selected for use with the preferred
embodiment of the invention is that shown in Figure
3a. The use of a single notch which is approximately
aligned with the peak of the a-c supply voltaée is
helpful in reducing the tendency of an inductive

20 ballast to produce a'peakedllamp current wave form.

" This lamp current peak also is approximately aligned
"with the peak of the a-c supply under normal full
output operating conditions. By notching the voltage
applied to the ballast as described above, the ballast

25 input voltage is reduced at the same time that the
lamp cur:ent peak would normally occur, with the
result that the total current peak due to lamp and
ballast effects is significantly reduced. Therefore,
dimming is carried out with a minimum total peak

30 ‘current, reduced lamp current crest factor and reduced

* RMS line current, thereby maximizing lamp life and
line power facﬁor, respectively.
‘While the ballast 17 in Figure 2 can be of the
type shown in Figure 1, it should be recognized that

35 the invention is not limited to use with any

' particular kind of ballast and can work effectively
with any low frequency




egi on of the a-c wave formso that tracking of the lanps in a L) ®
Ll tibal l ast systemis optinized. A related consideration-in the |ocation
0f the ofif period or periods or notch or notches is that as gas®di scharge
lanp is reduced in output, its inpedance tends to 35 rise since the
vol tage of the are remains relatively _g322- constant as theTcurrent is-
bei ng reduced. This |girease in the resistive confonent of the |load shifts

the rel atiB2Bpatic Rafiagt  fuch fRcthapeact the °VOP?§3€ £2@tR%ir r ent . |$r
a regul at'i ngeagtorr egpéor ner of the type shown in Figure 5 1, for -

I he shif ke th h th
current 1 aggi ng vol 1 apEeceepBLle Bokbiek L the “PEE S fan i LEM TV ) "
“the center bargéacpardlpeli paver ﬁactbrtoorppensatiqnac&meitmcmrm| n the-
a-c hal§ cyghg. iﬂ?ut line sincé”tﬁbg e Gi&réfgsén?fgfgﬁai ﬂ?@? '

Iomﬁng t he.

volts, 60 Hert he notch start [ I seconds

waveforn1ze?BrE?B§§|HBeHthQaF?EEanSV}H?H {soreciesedr | InsBREM AR (no

_rggulagbgn?evenebowtsaanlléeﬁeesndﬁduékaaca1bbusecaedsd&edtboOiimhe £wé ch,
about % | .1

ai ned fr he t c uor escent '
| anp. Wien ? £ﬁ§? i%eﬁFﬁEiﬁe ﬁE%aP?Vﬁ¥ g%?%?ﬁnc%fr?ﬁti%ﬁc hal f cycle
and with pac%pcqiaprlenptdahd MGvédste theeaecr itnefsidghef otheut versus -
off tings | syPbn %gry snoot h but contains regions of very different slope.
This 20 makes It fficult to adjust light output to predetern1ned val ues.
As will be later seenThenexpehtlecatierypf the opfrBerhedserinatahiern 18

i s preferabhytenegngedeaEnt alOcha2APEysLEe £EWRipordahtatoyachiews W t hout
then 0 *"oBthiuf *opbHating"Endfhb 241 BRRCLE rhls ] MHodVL R e RV M 1!

. function of the particular characteristics.of the lamp and
15 ballast. ' '

ave the | east effect when off periods are located in a 30 geryral ‘central

_ In general the off periods should occur during
the portion of the wave form when the ballast is normally
storing and transferring the greatest_amount:of energy. This
allows the desired lamb output reduction to be achieved with

20 a minimum total off time. This is desirable because it
'_ results in a'minimnm améunt of lamp deionization and
‘minimizes the arc current crest factor. Also, distortion of
the a-c line current is minimized and, in the case of
. rapid-start fluorescent tubes, heater power at dimmed
"25 settings is'maximiZed. As a résult,'proper location of the
off periods will result in maximum line power factor and
minimum stress on the lamp electrodes.
Ballast~to-ballast component variations appear to
have the least effect when off periods are located in a ‘
30 general central region of the a-c wave form so that tracking
of the lamps in a multi-ballast system is optimized. |
A related consideration in the location of the off
period or periods or notch or notches 1is that as gas
discharce lamp is reduced in output, its impedance tends to
35' rise since the voltage of the arc remains relatively



reach their opeiating tenperature quickly and can |ater. be regul ated for <§£
di ngi ng.®By-'striking the lanps with full Iine voltage and allowing themto

cone up.tooperating tenperature before dimmng, lanp life is preserved. If

the 30 | anps -ar® struck in a dimed condition, it is possible to damage the -

| anps and Iim+t their |'ife because of excessive operation in the cold

cat hode di scharge node which exists before th anps come up-to- their ful
operatlng t enperat ur e. -23- Figures 2a and show an al ternative |

circirt arr angenm‘dnsnumas d:‘hdzlcgurzen’a; ish dreding tleduciednt Tadist dnctease in

| db d
CFbsad ser) co r NS FEIEELA Jipnet o eHd TRE BTN EhE rBLRREbS' 1,
as shown. This @hasg &ﬂ&l@r t‘lﬁtwm dhe, dballasts imputy yolitageaandnguskent .
switch 19, in thqtn g rEpulAlding ltotTa nE I re v Lhel &ybe sgowhi i ﬁubakaﬁle

[ protects Sort P Noaire g e A s C B 3 il Yo, aobudlapeds’

t he energy nonentmuneafﬁmhmsﬁmfe Mid:lbedtieamratemtedaggdmgyvol‘fhgeadvam hgstof
an energy di ver! glediidle 2 WK oSUd G Jebdaile Wh° RIGONNY' cektelobrl e

may be a passive’ ST eu
elenent. As a r &ifl tpeniipd ox nertein tmmi&@ igi \?‘etlla(tler\mlplca@éﬁér an| $he a-c
result. in a | esspyEalepeird, - cuit which is better able to wnthstand any :

unusual ‘stre condi tions occur due to _li or Ioa tra ent

i nadvert ent It conditi oi“ %%?ftﬁrﬁﬁdr @m(S’PdB'F@ a&n | B¥ %%L’f BPiﬁﬁl'nao
the term energy @ezsh#,orthies notch’Gtartslat aboutyd.2willliisegoddsi €odlardtng
passive circuit ¥ tgﬁrn?n A 35 tha%sva'ﬁ%‘écﬁﬁr %ziﬁ'%ﬁ f.e%ins%gi-ﬁ

and conbi nati ons eV|ces an Ive Ci
milliseconds (no regulation) to about 2 milliseconds. At 2

milliseconds width of the notch, about 20% light output will
15 -be obtained from the typical fluorescent lamp. _
When the notch is placed in an earlier portion of
the a-c half cycle and with particular lamps and ballasts,
the curve of light output versus off times is not very
smooth but contains regions of very different”slope. This
20 makes it dlfficult to adjust light output to predetermined
values. : .
- As will be later seen, the control circuit for
operating series switch 18 is preferably arranged that the
- lamps are always initially struck without dimming and with
25 full 1line Voltage'applied'to the ballast. They will then
- reach their operating temperature quickly and can later be
regulated for d1mming. By striking the lamps with full line
voltage and allowing them to come up to operating
_ temperature before dimming, lamp'life is preserVedQ'If the -
30 lamps are struck in a dimmed condition, it is possible to
damage the lamps and limit their life because of excessive
operation in the cold cathode discharge mode which exists
before the lamps come up to-their full operating
'temperature, : '



ements. However, dissipative energy di- vertors, .such as reSistors @r
eher di odes, while provi ding appropriate protection for series swtch 18
generally allowonly a smalt portion of the energy Sstored in ballast 17 to

be returned to the lanps. Therefore, the performance of 30 dissipative
energy divertors is generally poor mnrﬂ3respect to maintainimng |anp T

<;§§7itable'energy divertors include both reactive 25 and di ssi pative
|
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has the a ge of n ui_r. connect i t rerur e of the
a-c suppl: %\"? % ?.Js4)an \%&?téﬁ' Q‘eg!l%rlrlp |f%%t r%%“tth: q?i’ cglr Léalril‘.'nf'S a‘ql
app||d§t|gngrggiggwggtgg aidl generally result in a less complex cir-

cuit which is better able to withstand any unusual stress
conditions as may occur due to line or load transients or
inadvertent fault conditions such as miswire or overload.
In the foregoing, the term energy divertor is in-

20 tended to cover switching devices and passive circuit com-
ponents such as capacitors, inductors and resistors, and
combinations of switchinc devices and passive circuit com- |
'ponents. :

_ Suitable energy divertors include both reactive

25 and dissipative elements. However, dissipative energy di-
vertors, such as resistors or zener diodes, while providing
appropriate protection for series switch 18, generally allow
only a small portion of the energy stored in ballast 17 to
be returned to the lamps. Therefore, the performance of

30 dissipative energy divertors is generally poor with respect
to maintaining lamp ionization during the time series switch
18 is open. Also, since a dissipative element diverts
energy by tranSforning it into heat, the efficiency of the
controller will be relatively low if a dissipative energy

35 divertor is used. Reactive energy divertOrs, such as in-
ductors or capacitors, divert energy by temporarily storing
it as magnetic flux or electrical charge, and then return




2b have,in commpn a cl osed series connection where, in 20 - Figure 2a, the

cl gsed @eriés connection includes the source. The use of passive reactive N
divertors is particularly attractive when the contraol wave form contains

| ar ge- nunber' of# notches in each half cycle, since the high fre- quency
conponents which are present in the wave forglallom125 smal | er val ues of -
passi ve divertor conponents to be practical. ﬁrgure 2c shows an erbodi ment

of the |nvent|omaa$ @ﬂpmhedsw@radsemgkgyZGtwsbmefuameespemntlanptheThe

bal &<t for p% oa H?Nﬂﬂ@N@de§%ﬁo%cB%hlaStGﬁﬁﬁg h&ﬁhé@k:ﬁ% such

Type 284. Flgure oms the 1 nvention g
Di scharge Lanp GHQQYeFGQH1ﬁ§WQ§§ntBG §a4GGSWaWﬁ1%eFGBuH IFGeaIEﬁﬁigpm

mercury vapor | afmeuntheHanledgy rétuPnkdattoCdne u&mghowa T @Qgheé bhnes
and may be A det

H Bal | ast 3 er sal ed, bl
di agr am of %npr gﬁﬁgﬂezﬁraaﬁb-H#éthﬁﬁﬁlﬁgrﬁﬁl QnBﬁFttﬁ§ Fﬁ?gﬂtFBngﬁ§“re
shown in Figure2b, im whichScaSegenergyt Her diversedwiot bethnphe aamplands

13 and 14 of Fig e32la£%ixﬁ31pu&nOE ge°9530kdﬂkgﬁéa§§FF FB?%k ko t he

| abel | ed ballast an ch coul consist o Panp 16
of Figure 2 or 3n§rGWhéﬂ°§ut@&smshbahaagpeansesieS|awﬁtgbnﬁsnaubsﬁanthelly

series switch 1%@1%(1 &Eu'itt S t:.%haii BE-SVEBEQIW a&seeiba.a ehB¥AiméHesS8E es
switch 18 n&* b% esi.red swi_tch but refera , IS an electronlc
swi t ch ‘and, Pypi® ﬁ?veEE&Pﬂ |anGJ§YafH98hf58WeF Br anSi SHBPLlEyckhqueh
transistor. 10 sy331Mﬂb@mtaynmndhaeuur&é hptwhbmpmbaemyneaﬁmedamedb!since
full wave, bri d4fiec@1986es LR6thbR 0852108Makl PhON' BedGechEns bhilalls

is a switching transistor Very
its on state anangntggsgnp|§mpyly when the series switch is open.

Generally, such an arrangement as shown in Figure 2b will

15 _result_in greater lamp deionization and poorer line power
‘factor, but has the advantage of not requiring a connection
to the return side of the a-c supply (line 14), which may
simplify the system in certain applications. Figures 2a and

_ 2b have in common a closed series connection where, in.

20 Figure 2a, the closed series connection includes the source.
The-use'of passive reactive divertors is particularly '
attractive when the control wave form contains a large
number of notches in each half cycle, since the high fre-
quency components which are present in the wave form allow

25 smaller values of passive divertor components to be
practical.

Figure 2c shows an embodiment of the invention as
'applied to a single 20 watt fluorescent lamp. The ballast
for lamp 16 is a low power factor ballast such as Universal

30 Type 284. - -

Figure 2d shows the.inventioh applied to a High
" Intensity Discharge Lamp. (HID) 16 which can be a 400 watt

metal halide lamp or mercury vapor lamp. 'The ballast 17 in
: that case is shown in dottedflihes,and may.be an HID Ballast

. 35 Universal Type 1130-93. _

- A detdiled block diagram of a preferred arrange~ .
_ ‘ment for_carrying out the invention is shown in Figure 4. In



‘open circuit inits off state. Series switch 18 is smntched 15 en and of f
Noder the control of a base drive circuit 31 which will be |atet descr ighed. .
3l t ch 19 can be i npl ement ed by oppositely poled thyristors or by any other
sired switching device. An input capacitor 30 is connected disectly '
afross 20 the a-c lines 13 and 14. The capacitor 30 should be provi.ded
because, when large currents are intert2®ted by the series.switch 18 duri.ng.

. egcphhalf Pl £r0idbe 519[%*:{1 %K%nﬁn ﬁ@rdrgétiﬁe&@gps ?&nd'mﬁ bf'dulcz anfég
o e a- I stribution system nust be clanp 0 ven ge vol tag
spi ke frorﬁiﬁi% peartiy UtRYE ?n%:pme o‘?l?%& ‘%r 'F ﬁﬁl%‘?‘P éi kR the
circui tm;lammds béll'iEaslmmnd ClaqnmlwmicB(banMIka;sbst esLrtive rbdblaghi s -
ener gy Wwhi i
Typi cal | y,i‘{gapacﬁqA Sgél df a%jés,é%é rr?gélgfdéra %IF éahﬁ%gl%g*%age %fa'ﬁdﬁ
vol t s - c.lamp OOMbinatiOﬂ'heTh@rmiwr$‘e'htcba1$ yaudy slupabisviychfl@he a-c

series swigdygd alfisd splsél;{dé‘degg doiigndl e the normal full .load output
current of the ballast and |anmp with adeggate safety ?%ig € However, when
BYideRiye

‘the a-c line voltaget?® ??ﬁ'f%?%l$"{/i'ﬁ‘btbllr% ay ke i yEYEtER current -
to the 35 vast) qmefmaﬁiby;erstamﬁeleéermer%wﬂ??Mamwﬁ typieakbyary ) _-
saturation as neti.c co e o the a-c
series: svmcfoq;]]'&l no%/lﬁ‘%#] sé r%b%t%‘?‘{ﬁ‘ﬁ.% fég%r %&Eus%n%rgggfggoé bypass |
rel ay B2 itype MILRQLE ondnuthetyted i by tNetoxels ccontabned Bhthiy &e a

normal |y ct f{gﬁg\ SISV t hi ng -
devi ce. V\Vc'lfelgfg%féé #I ne VO ?%née@#é;’da{)g?ﬁydl@%lﬁ ent I%Igﬁé‘rfé\n ?%WS to
the bal | acine FHELLER (1 by i eBing TaRILHEPT AR H1bh BAVEHE ¥OFYent

by the serie® Empéddnds wHée Dypossinelty o stets sid ean sesSentedtlpr ni ned

time d6|ay'£éhFK¥rcuitr¥i its off state. Series switch 18 is switched
15 on and off under the control of a base: drive circuit 31
. which will be later’ described. '
Switch 19 can be implemented by oppositely poled
thyristors or by any other desired switching device.
, An input eapacitor 30'is conhected directly across
20 the a-c lines 13 and 14. The capacitor 30 should be provided
because,'when large currents are interrupted by the series
switch 18 during each'half cycle, energy stored in trans-
former leakage or line inductance of the a-c distribution
system must be clamped to prevent a large voltage spike from
25 appearing at the input of the circuit which could damage the
circuit components. The input capacitor 30 provides a
reservoir for'this'energy while allowing only a small safe
increase in line voltage. Typically, capacitor 30 can be 10
‘microfarads for a line voltage of 277 volts a-c.
30 The normal current carrying,capability of the a-c
. series switch 18 is sufficient to handle the normal full’
load output current of the ballast and lamp with adequate
Safety margin;.H0wever, when the a-c line voltage is
initially applied, the first half cycle of current to the
35 ballast may be ten times its normal value due to momentary
saturation of the ballast magnetic components. To prevent
damage to the a-c series switch 18 by this momentary high




series smiich 18 to assume control of -the energy to be 10 applied to the
balg astgand | anps. Thus, the series switch 18 assunes control of the
current-only after -the normal in- rush current has disappeared and the line

(u

current assumed-a normal value. The bypass relay 32:-opening is al so del ayed:

l eng 15 enough to ensure that full line vo-28ge is applied to the ball ast
and | anps for a jqilrhish @urren® af bypaddChely B2URs! provided tBahahdfe the
| anps -have reaci£: ot cathode di s- charge condition. This elimnates the
danj%f of i medi ﬂﬁxf Bty the | anps at. reduced voltage and with

i nsuf fi ci ent 20" cat hode hewJJaJyg aﬂh'maly rlsieglat nowhalayt cabksedr ellecerohaghébtec

of the | anps. XQ?$®LF¥éa§s{§ﬁh%%'W% r% t%%gn?%gEgﬁgngeﬁgggéeiOhhgﬁgggg |

the application 0 I nes hunt “Swi't C

functional | Y si dillngr Vpd-ﬂaﬂ@ d& mliwdt.cnumeartd immediatelyoflonsr §9i thence

and very 25 hlgmag&&s&e&m5bﬁgﬁetn@M&yaas%9re§§y B@“ﬁi%h nsoeégalaeion of

back-to-back connected thyristqrs which exa

2N6405 connect edBie, cdrriead RW%ﬁhﬁb§ﬁ€39§véwat68eésfOEEPnPYB§§§drela¥ 32
reverse-vol t age openskiaferasdme ipriedeteemipeHo ks net aélapoltedpéhmtstne wi |

be f dd 0 | -f | t h

owi toh 19 can bSeRieR SHIRCR IS 18 43cuns CofireldloR #hR.2hstaF; 5 Bp  ne
a-c |ine voll@ageppldedcttios dthiendpailiestr epdr lpopsni t?hshunthﬁgseréﬁsnSW1fhhs
control is Obtau@BQs%Qhﬁﬁgﬁth§o&ab% thvﬁuﬁbéﬁ%'bn§§ w@meb theCRBPRALCEn-

directly to the a- igllnes ase drive circuit
31, which contrdM¥8 8PF€?“§WPP§hdi§ap@ﬁéF§Pe§nFntP§s§$H§e°P6r§P§nﬁP§“mes a
produced by a t moirmglonelsleqt 34. The base drive circuit 31 al so provides

| solati on Tor relatively b yglhage 4301 b Srhibk Yo' LLSae1bhEa 1ong

relatlvely hlgh | i ne vol t ag€es esen Cc Se
_ 15 enough to ensure that full line voltage is applied to the

ballast and lamps for a sufficient time after each start-up
to ensure that the lamps have reached a hot cathode dis-
charge condition. This eliminates the dangef of immediately
-~ operating thé lamps at reduced voltage and with insufficient
20 cathode heating which might substantially reduce the life of
the lamps. Typically, relay 32 will not open for 30 seconds
following the application of voltage to lines 13 and 14.
The a-c shunt switch 19 is functionally similar to
the series switch 18 and has very low on-resistance and very
25 high off-resistance. Switch 19 can, however, consist of
back~to~-back connected thyristors which can, for example, be
of a Type 2N6405 cdnnected_in series with respective diodes
for increased reverse~voltage blocking capability. The
appropriately poled thyristor will be fired during the
30 appropriate half cycle. The state of the shunt switch 19 caﬁ
be easily generated by simply observing the polarity of the
a-c line voltage and activating the proper polarity shunting
element. This control is obtained through the gate drive
" eircuit 33 which is connected directly to the a-c lines 13
35 and 14.

[E— [ - © N REPNIT ot g ey - e e



SW tch. Thus, low voltage control circuitry can be properly groynded to
Hq nsure the safety of the operator. The temaining circuitry shown in*th

Lock: di agram of Figure 4 generates the proper off period in the notched 10
region previously discussed and provides safe turn-on and shut-gown when
the a-e line voltage is applied or reaned fromthe circuit. Power - s '
‘applied to. the control circuits t hrough_ full wave rectifi.er 35 which - -
provides a full wave rectirfied 15 versioh of the a-c line voltage to the~
del ay one-shot 36 andlke btseldnbvdlsincubncéldewbtcbrc@mtrmus 8dridgse use
of the fulleypyen £611peratas it PlepORBENLG OBLERL1S! brllced Oby cgCh hal T

cycle pernits.very atclrate. eterntna |ons | nst ant
vol tage zerbimingsoRg-sbot 34. The aﬁ?t@¥1%%0%1¥¢%%tv%4t%&ﬁpzﬁ¥@vt¢©§S|ng,

t he dgl a¥hmmﬁoﬁ&ﬁweMi%inwprEb tﬁaéef?m@ti‘dﬂﬁ éiiaélﬁ.@fythfoﬂff
erio N et ween er n -
Boure 8 %f%tﬁf%ﬁ% lgé’%df Pt tases olasedE of A€ 4 1€ serids,
3.2 |1 es,wmh Teus) tvoltags molb\fdzhrcum;c cve oprop rh -
pausreT1 tnzdé ) %Fguﬁé Sééz:%f S¢ ré §¥£§i¢|18 to o;enyfor a
time perio deterntned e g@%tln coﬁ? J? S|gna connected to
terninal 40 through a %rm ieg %H(rﬂlsh@lﬂ Imcthe Rlockidisgram
3econd pauset Figwre ][my &Qefi@é%otli@ ﬁrai?éutt Ih SEEOpSSLiodV {1 ﬂé@%ﬁfﬁﬁé& t
esire e ion o e S 0 e e Circui
0 H o et #c%m%?ui £Y S oonsdds, She PRorfdRs, SPE St T 160 ey e
by a nanualsjutedown mmnthe)rm-t-erliné]evolta% ismmﬂ.ieﬂ @lrlrghﬂ:,veénsor

| ocated in Er&ﬁ9@ﬁ§qcf§@@1%hose lirght is to be maintained constant or any
.ot her desired

Power is_applied to the control circuits through a
'full wave rectifier 35 which provides a full wave rectified

15 version of the a-c line voltage to the delay one-shot 36 and
to the line disturbance detector circuit 37. The use of the
full wave rectifier 35 and of common control circuits for
each half cycle'permits very accurate determinations of the
instant of a-c line voltage zero crossing.

- 20 After each line voltage zero crossing, the delay
one-shot 36 provides a fixed pause before the start of the
off peribd. This is the delay, for example, between time to
and tj; in Figure 3a. In a preferred embodiment of the
invention, the time delay is 3.2 milliseconds in a 60 Hertz

25"system. _ '

o After the completion of the pause, the timing

one-shot 34 causes the a-c series switch 18 to open for a
time period determined by the setting of a control signal
connected to terminal 40 through a compensation network 41.
30 The lgngth of this second pause, which may be from 0 to 2
' milliseconds, will produce the desired regulation of the
output light of the lamps operated by the circuit of Figure
4. R S - .
The control signal 40 can be produced in any
35 desired way as by a manually varied potentiometer; the

R, - L. e, .



exterally gene ated controlled signal. Once the one-shot 34 tines out at
t| ‘tg in"Figure 3a, which is variable- 5 ~ adjusted as indicated by the
arrow/42 ‘the series switch 18 recloses. Note that a plurality of off
periods. or .ndtehes coul d have been used if desired. By using a full wave
rectified reference wave formfromrectifier 35 and the same del ay and
timng circuitry 10 for each half cycle, +28~off period w-ll "be~i denti cal
in the pos't'vsueadtnaﬁaa'ﬁgge'n &y&ef%éfﬁéa | PRI gRELd DRFEY \Pnd0Y

asy¥et ry between positive an ative es can pr-oduce
conponent in tht8Bht bEt tRabe Baintaiped %%ﬂ%ﬁaﬂﬁdu%¥|%%Yb%P¥%§t§esb?ﬂdc

_;:ﬁrmgnfalnt {m%/ eﬁteﬂnyrgensmted%wﬂi-@u@dféman. tdmkh@ath@%necguétm
e ball as 0 ver at . o[.cau ere cases,
the current n15 ?e?lg% t%t £}3?g ugﬁg gg t T&* %i?%%lt
conponent sSor &dmaﬁtedamshindicutedbbwakbesarnowpéﬂatthe2®eries switch TI&
circuit of theré@!@@%éc"h6€@'9h9€ iWB# Eﬂ Cyc é%%bé&'&r“@8€%hes

rectifier 35 and common t] M ng neans Pt neans may
needed to dete%?uﬁddh%V%uPeePe“¥e¢r#¥rﬁﬁﬁ%ﬁ¢%st and means may have to be

p{OV|SEd f0¥ forrefh|ng B?euQﬁﬁQUﬁ fﬂ%;eﬁﬁveﬁ?fbﬁhiEédmﬁéfﬁk?héG?tﬁvéa?oﬁ?
al so be useful _in the i gur e i tor, t he, put pu
current for a HEQ® cﬁﬁﬁg{é \3 aﬂ% 'I‘u‘g E ‘Fl?ﬁ"??]ed?fg?‘%lﬁr%dﬁrf}’) $tre ‘é&gﬁ%l e,
only the pi@itfor tath hmﬂﬂscytbereﬂmyeothepebroaom¢mtmhn 1dﬂn¢ica1 in the.

the circui s shogt Gpd eRB aegets o¢ Bife {foiif, CRIRE 162 LioPHIE odduse

reduced i f theaayca$Y%eV6Yt%'éW%?’@)rB°%Eﬂ%‘FlWI'}eg‘?ﬁﬂ‘é%ts}é%llﬁcY%EQdP%%ge

rises. This \_Nlbi'ook&@@ 4 N@-¢& 2ePmPoh Pnt j:xeleﬁéV&hup@emawtwmh WBéh 2hs DR
in the a-c I|n ge This Lgatur&_gf gmeoégn qungg%$£Q fg%mgréugg S
desirable beca %* ¢ hee f% 2 comp y per ge cu.
- - 15 rents to flow in_the ballast, causing the ballast to over-
' heat or causing the lamps to flicker. In severe cases, the
current'might rise to a large enough value to damage the
_circuit components or cause branch circuit breakers to
operate. . :
20 : The circuit of the invention could be implemented
' withcut the full wave rectifier 35 and. common timing means
for each_cycle, but means may be needed to detect a d-c cur-
rent in the ballast and meahs may have to be provided for
correcting the output current. A d-c detection circuit can
25 also be useful in the ﬁrrangement of Figure 4 to simply
monitor'the output current for a d-c component and then trim
the notch width in5-for exaﬁple, only the positive half
waves, to remove the d-c component. . | _
When implementing the timing one-shot 34 and the
30"compensatiOh network 41, the circuits should be arranged to

cause the off period to be slightly reduced if the a-c line

voltage dropS'and_siightly increased ;f the véltage rises.
This will keep the lamp output relativéIY,cbnstant with
_ variations in the a~c line voltage. This feature of the
35 'compénsation network 41Jis'desirab1e because, if the lamp
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=R9- output is set to a mninumlevel at which lamp life is still
dept abl e, a smal| decrease in |ine voltage could cause sufficient: “n g
‘edjiction in lanp output to drastically reduce lanp life. By enploying the
tempensati‘on scheme: described 5 above, it is possible to obtaien maxi-num

| anp control range w thout danger of the |anp danmage.due to nornal
variations in a-c li-ne voltage. The t|n159 one-shot 34 rs confrolled by a
sui tabl e fade-down circuit 52 to preveni“Fapid changes in Iight out- 10

put ‘when t heutpupsisr setnitoi al minimdmcidveloatf whicbulaump ldfehisdssilid ‘”

evel ol | obRapBABAEM E8RH1 1bBReRRS! £3°11HUCvbReAgt! BBuTicLHGRANCE, The

| i ne distur ¢t or cont | nuousl noni tors I ne voltage for-
devi at.i ons Suffigtent §8ﬁﬂ°i5°npiéséﬂmpaﬁ§§PBF kor AErSELLRALE vedneei ons.

Once a deVIaamgnlbeuondytanpmaymah taedebﬁgéasaemdnlaahéméoaeeasibaaf

cycle, the ne di stug bance vers g a,cu circuit
5w ch by phe¥es 1hai8.BeRriBISTH’ obRrY DRaluRnl lanp.ReBiFPl Frpes |

oper at es thwibhentddangenfofhtheelamp damnhgk afle ta_normalnvantattonss Co
switch off ig P4 g gtg ﬁ time, for exanple, 50 nsec. and then to-

cl ose rel ay Ff é *of the 50 msec. . interval, |ine voltage
returns to normal, th h§|téminscaneaahgﬁaﬁﬁc&5|9°§§r9hlsﬁghy|@ssﬁétﬂhle

start-up SeﬂﬂeéﬁaowhuéﬂraﬁiQHSQh%osﬁiéeéhﬁgiaﬁidncaaﬁéég ik 1if§1‘i{ie£mt-0c
cour se, a-c i g re,.th eriod

o o bbEobUE Baép.tB], {RRbRISrEira 0h1LY, eRnRal roR £RE] RRHENE BEL o
dr op- out feaherdes&tbdnldeé&cfoll&iingssyssemhenerg&zaanpn or| reset fue

re-excited 0 d nif avoltage failure occurs during a dim
condi tion a%g g 1iﬁe h%%ﬁgﬁla’ilhgbut | i ne voltage cones back to re-excite

the | anp. The |anps ugbﬁdlinéndﬁ§¢BrPBn¢§s@aﬁﬁcﬁﬁae37acépﬁiéﬁﬁﬂﬁiyon
- thereby caUﬁbﬁﬂt39§Stﬁéeadanmgﬁeteoihsgéamas dbbnetsbnsbauegﬂaeneftEsme
circuit_to shut down fo 5 at ast me: an u5|ng
t he Clriéltprese range o norma l%age varga%ions. nce deviatio
beyond the normal is detected and lasts for one-half cycle,
the line disturbance detector delivers a signal to a cut-off
circuit 38 which bypasses and overrides the timing one-shot
34 and directly operates the base drive of the series switch
20 18 to turn the series switch off for a predetermined time.
for example, 50 msec. and then to close relay 32. If by
the end of the 50 msec. interval, line voltage returns to
normal, the circuit can automatically go through its normal
start-up sequence, turning on the system again in a safe
25 manner. Of'ccurSe;'if the a-c line voltage does not return
' to normal before the period has elapsed the system simply
remains off until reset.
The one-half cycle drop-out feature within
detector 37'ensures that the lamps will not be re-excited in
30 a dim condition if a voltage failure occurs during a dim
' condition and the lamps g0 out but line voltage comes back
to re—excite the lamp. The lamps would then have to restart
-under a dim condition, thereby causing possible damage to
_the lamps. However, by causing the circuit to shut down for
35 at least some determined time and then causing: the circuit



-30- to restart_in a normal restart procedure, the Ianps will re-strike Y
uanr fu]l tine® voltage (the relay 34 is closed) so that the |anps can

restart properly. The |line disturbance detector al so causes the 5 circuit

to drop out whee the line voltage is too |low, thereby preventing |anp

damage due to too low a filanment voltage if rapid start fluorescent |anps

are used.- Note further that bypass relay 32 M3¢i al so be held closed for 30 _"

seconds after initial closi to allo | anents to be 1Q heate
prope# y before Fﬂeﬁeﬁﬁﬁr'ﬁeﬁgp@r‘é‘?’é‘ﬂl" nw”@aﬁ:mq&e% t?‘h qrﬁﬂ% W11 -
start-up will otge«sthiregundér ﬁﬂlke]:bmel vohtagele( the Sfelayl 34 sis telused)

I nterface CIrCUIg°5%ha%h£€Q fg@% Oéén s€¥§€§§?§§%f*§32 as previously

described. 15 ce Cclrcul 0 to keep the bypass
relay 32 open during the tThe binedisturbireeidetapter 180 £3u%9% cthe 33

acts '”“Eg'aSGLYci?cﬁﬂi 96fdﬁ&btéﬁ?lﬁ?&ﬂeﬁﬁéeliﬂé|ié&ﬁhéﬂliSnﬁﬁ)IﬁNﬂﬁd 14

is renoved as due to eni n ont act or o)

entire 20 circuith ﬁf? ﬁg?Ptﬁ? dd$?%%? iﬁ%nﬁ?éﬁ gﬁﬁ%é@ #E?hmé&¥a
transients generabmdagg imunapm smrthfmesé:enbflammsmameﬁs Note
associated wth | pe S [ :
be wel | protecte%nf t?%%glggg %éna%ia%u??ﬁ£¥i¥rg¥g$ dgﬂ% éiﬁ%é&lfo;ﬁso
since, in retrofSBcandSZSfbeheiniht%hl¢b9$bh8 t%ea%@QWIl%ﬁ?t%ﬁ%#ﬂ?ﬁﬁﬁttQM??
general |y beygwi ﬁ&&%gdbﬁr ?ié@ib BYkLEE Bhefi ££NI be DS edi g tie ndifmhing

generate |l arge nunbers of Transients upon each switching action. It will be
apparent that naﬁ? fledi fi cati ons can be 30 nade while still practicing the
invention. For exanple, byphesnorha) Sfartuup wilk| occumt throigh Hthe-30

series switch 18,038, §UbihgkeRb1052K0CkhaR! sGPPRBIE {NtéPradd StirdaDt 1
' which controls the bypass relay 32 as previously described.
15 ' ‘Interface circuit 51 acts also to keep the bypass
 relay 32 open during the turn off of the circuit. Thus,
cut-off circuit 38 acts immediately to cut off switch 18
.whenever voltage on lines 13 and 14 is'removed as due to
'opening a contactor. By keeping relay 32 open, the entire
20 circuit will'be well protected from potentially damaging
transients generated by bouncing switch contacts of the
contactors associated with the lines 13 and 14. It is very'
important that the unit be be well protected from transient
daﬁage during staft-up'and shut-down since, in retrofit and
25 .other installations the a-c line to the unit will generally
be switched by a wall switch or circuit breaker which tends
-to generatellarge numbers of transients upon each switching
action. = . | |
' It will be'apparent that man& modifications can be
30 made while still practicing the invention. For example,
bypass'relay 32 could’be-eliminated if the a-c series switch.
18 has sufficient peak current capability to safely handle
ballast in-rush current. Similarly, the one-shot timing
chain and full wave rectifier arrangement .could be replaced
35' with a digital phase-locked loop control generator. Other



al | ast in-rush current. Sinmlarly, the one-shot timing chain and full wave
N tifier arrangenent could be replaced 35 with a digital phasé-lockeq.IOOQ

Lontrol generator. QO her -31- equivalents could also be used in_ the
contral and operating circuit. However, the preferred enbodi nest of the
I nvention, as outlined in Figure 4, presents-a sinple, reliable and
produci bl e i npl enentation for the inveBlion which gives 5- satisfactory -

perfOr”BnéQukﬂaieﬁté-dbﬁiba&m§o|BEpuééHrQBiEhéoBBkao&yahQ”prEﬂ%iﬁFG shews

an arrangepent ereby _a_singl e_power —cqntrol stem su as that of Figwre
4 or any'8%ﬁ§Pi£Qiﬁ&ﬁ%@eaanFﬁSLpg?ggrrsgse %BFE%QPEt9§o&gﬁaiﬂ§eﬁﬁﬁeﬁrnay be -
10 arrangsdoutlibaedsinhFiguree4t, opbesenlitschi seéhpleyr rediableanddon. For
exanpl e, ' iyt 18, KL h bR FeaULe 4 can.onper at 0 forty -
vty api HaGb16NY LHp1LHERtRRICHI AR the yHeRetohORNIRR BiTeR. having
| ocal Sswi sahésfagchorygpesformaneecdnt pogasrdégehbargeolanp vetrpfitis of

- Figure 4 gpdtrbe &istemes containing lanps and ballasts are arrayed in a
plurality of areas ﬁhomm a a&eas | _and Il having hheié own nmanyal |y
operabl e area swit che84%81°,f00%g220, RTFRBELMERY VhRELRYsah§iPRLecont act s
303 and 3pdwendcortaplcsystedOSuahdasdObhatesfePiguebyd arecapyovitHeg wi th 20

o, anl Y _ o ughlasbt Py v tepli
ciroult oftEralfetolREbTILRoakLheY, hon2lfpTREy 48, 10ARRCRDLLE, Hay 2°
i ndept@dedrryngedciasbanks whichatre tonhecselectivedyitushedcoff and

fixtures oh.aredr! eRampl8d bhe @ipeﬁitnsfthﬁeCRﬂhaobnehECEhtF%QQrang
ensuring 25 nth fixtures ‘reliably start and warm

. full 0I§ ge on the area : .
.up its Iaﬁ$§.°¥FF%¥ea §|§8ﬁtY|Wﬁtgerﬁy}dfﬁFgﬁiaﬁgPQr§§°§B¥oﬁﬁ§Psset by time
del ay cirenrang@@7iantwd08r moneabask3ORavinglZoocalbswhiitehes.be operated by
coil's 305 and 306, §gspeghiychy thQ G8REEEL LDPCGRR!' SboChh§ubk $RRetO the
- 15 of Figure 4 and the fixtures containing lamps and ballasts |
are arrayed in a plurality'of areas shown as afeas I and II
having their own manually operable area switches 301 and
302, respeqtively. Relays.having contacts 303 and 304 and
relay coils 305 and 306, respectively, are provided with
20 suitable time delay opergting'circuits 307 and 308,
_respective;y. _Thé circuit 6: Figure 6_operates such that
switches 301 and 302 can independently be closed to
initially connect a-c line 13 directly to fixtures in area I
or area II, bypassing the control circuit 300 and ensuring
25 'full voltage on the area fixtures to reliably start and warm
up its.lamps. After a given time delay, for example 30
 seconds, set by time delay circuits 307 and 308, contacts
303 or 304 or both will be operated by coils 305 and 3086,
respectively, to_cbnnect the control circuit 300 to the
30 fixtures. ._ _ _ ' _
The syStem of Figure 6 requires additional
wire 309 which must run . to each local area. Figure 7



30 fixtures. The systemof Figure 6 requires additional wre 309 which nusf -
_ rgﬁ t ogeach | Ral area. Figure 7 . -32- shows an arrangenent where the S
added wire.is not needed. Figure.7 shows only the area | fixtures of Figure

6 but i-t wl| sbe apparent that any nunber of area groups will be pro-

vided. A step-up autotransfornmer is provided for each area, 5 .shown as

transfornmer 320 in Figure 7. Thus, when sv¥82€h 301 -is closed, step-up -

transfornmer 320, L0cr2as - ' t : r jgcuit -
Qhégﬁbﬁg Efri&feﬂg% ggﬁe hé %ﬁ@ @yieois3§éﬁl§%3&%&

by lout 10%t0 r-atine _Eg of about 30 seconds, e.reTa '
contact 303 opBi8MES -7oSBRER PRLY otReATeR nli Fbxberes of Figuemss Pwkritio
320 to apply tWE1DUbEUADYATERTELRAtL CARYE UhimBEP 6f r£Féd Ygicupdew I Pdbé pro-
fixtures. Cleargg gach of ,the othe¥ reas, Wl | hgve a siégéa. t ransf or ner
320, which opef3£89t naBRARAYP ARFOETRASFRTRRT 13 BEPY 4P iRk SA%R#TR%
enbodi nentSof shewanas ltransfiorver W32¢ i mePigereszd Vs | whennswbtech 301

mhodi ment5 of shewh ras 18 _ e s .
cut put o ci r it 0Bt PheFrlp CrbRISthgE S daetlodd b N eel a0

stores energy &BRhitudedovtpyt of ceontrolhieirewtt RY Rhowt (9% cte 12@Bofox
at a high levea tim€ag8147! 6f 20pok¥ C3E sédshd €} Wién Lthe ¥R PYecdPtdde 302d

when the circuit 30 In effect fhe stored, enerqgy of capacitor
CONEREE ARG RO o  Trade o

L a? tugns of f.
330 will "fil | OPRF2ERE ROt QAR Phe
during thel@t aB20upoi mpplyathe Thitputivesaktige afiteipenivf3Q0 rdirecBlY to

more closely reﬁgnﬂ.gatfefu;f;@rg X ﬁ?ﬁ%%ﬂrefiﬁﬁ SEhd AU Fosd My 110

This schene i's nost practical w ches to keep capacitor size

practical . O kevese sitmileynl transtornernd20 cavhieh Qperate indepeprdently
circuits of FiggresebandtiRés, 8 W t hout - :

Figure 8 shows a further embodiment of the in-

15 vention which may be used when the control circuit 300 is
that of Figure 4. A capacitor 330 is switched across the
output of circuit 300 at the turn on of its respective area. -
Capacitor 330 stores energy received during intervals when
'the output of circuit 300 is at a high level in each half

20 cycle, and returns this energy to the load when the.circuit
300 turns off. In effect_thé stored energy of cépacitor 330
will "fill-in" the notches in the output wave form of cir-
cuit 300 during the'étart-up intervél. This causes the out-
put of circuit 300 to more closely resemble the line voltage

25 and provides réliablg strikihg. This scheme 1s most
practical with multiple notches to keep capacitor size
practical. o - | _

. 0f course, equivalent components can be sub-

- stituted in the circuits of Figurés 6, 7 and 8 without

30 changing the concept. Thus, solid state switching can be

' used in place of the relays shown, alternate energy
storage means may be used and the time delay could be
replaced by manual switching or any other suitable scheme
for switching from the starting.mode to the operating mode.



g0\ changi ng the concept. Thus, solid state smrtehing can be Uied'ih pl ace
‘of _t\ne rel ays shown, alternate energy storage neans may be used¥and‘theg,. »
gige del ay coul d be replaced by manual swi tching or any other suitable; :
: gme for switching fromthe starting node to the operating node. -533-
_The detailed circuit diagramof a preferred enbodi nent of the present
invention is separated, for con- veniencggdnto Figures-5a-and 5b. The - -
- enmbodi nent of Figures as .a line j.nput terymnal connecied to |ifm
13 and 5 a neutral Fg‘r%@%% %é’étré’duttoqiraﬁé'%" Tie ARSRET LSS tage.
across | i neembddimént/ ofs the7 prdstemw-imve@apmm e sepaafatiedyurfort don-shown
in Figure 5 C IS
onnecteq adsRehlS, AN Wity oy ) Bu"le SHHARBHC LY Pl ©

of the 10 Sai aad Hp rhra§n§r Jidge drpati diermi nadnconnes tes W@erlitme 13 and
term nalgs ofy haftTa0tRriN®aY cfdﬂdec%rae tof 4% 44. i"‘h% ancwte rvramég% of

the brid 62 b 13 d 65, |
or mnal 5 oACTRESLAAASE 43 B L 1o B L 2 A GEPRAEH B8 48 udi ng
the resistoFigarend is sﬁmﬂeimri\dmr@rswescmcmcﬂto&ero esand tah B
capacrtor Cg] 1:AI %\ﬁ% n@%&?%t??r?fsatsh%o n%c g’rvol}{ 62 is a -

"crowbar" Chit I'Ch prote nsi's aga ns ageé and
i ncl udes a cont r ol | ed Thec@i~ci ewidgiclr AB MvFriguirBs %meiate oft Hde

ternm nahgy celwi%mhgd It&%tslﬂéteq-r Q;s which' A% eoenbert@an%le%w%nt hebidge 62,

with a control uit t&ﬁgdrn si st or E%ﬁﬂh%'andgi 895% ode§¥{1err]

D2 and D3 af§T® FSPEr
shunt swi tcltei-&mb.ltshefprtmr mafgegmzeareolpowerreasbrynpam 4inesof13 and

controlled BRCL f'%%%wge a@%e _whigl Bﬁeal% and ?H%Epsn %b éﬁfeﬁrt

are in series’with respécti ve Sdds re
i s al so pronegdeds 4o ahenibber circuit including the resistor Rz and

15 diode Dy, which are connected in series with capacitor Ca.
Also connected across the d-c terminals of the bridge 62 is
a "crowbar" circuit which protects'transistor'qz against
- overvoltages and includes a controlled rectiiier Q1 having
its anode and cathode terminals connected direCtly across
20 the d-c terminals of the bridge 62,-with-a control circuit
including resistor R; and zener diodes Dy, Dg and D3 and a
resistor Ry, connected to the gate of SCR Q1.
The shunt switch 19 of the previous figures con-
. sists in Figure 5a of controlled rectifiers Qg and Qg which
25 are'oppositély poled and which are in series with respective
diodes Dg and Djg. |
A snubber circuit is also provided for the shunt
switch 18 consisting of 100 microhenry chokes Lj and Lg
. which are connected to the resistor Rz, the metal oxide
30 - varistor Mp and'capacitor'C4. The output leads to the
ballast include the output leads 65 and 66 which are con-
nected across the shunt switch arrangement. '
_ : The gate drive circuits corresponding to gate
drive'block 33 in Figure 4 derive their energy directly from

- e e aem A e



qpectgd to the resistor R3, the netal oxide 30 varistor Merr] and
capacitor. C4. The output |eads to the ballast include the output |eads 65
and 66 which are con- nected across the shunt switch arrangenent. The gate
drive circuits ccorresponding to gate drive thck 33 in Figure 4 derive .
their energy dlrectly from -34- the lines 13 and 14. Lines 13 and 14 are
connect ed to t hdher ldRes Asnandylér Lingst dBnanrdTldr pFenRPBACREPIN i the

turndratio of ﬁ?lmh&y2ﬁihﬂﬁwgebflt&aﬁ%fﬁ&hérwmﬂdghﬂcﬁ7ma?dha?é aeeaﬂd§r¥
ture LCa af .o

nding 68. A's d tra str
¥1an;fgrner T[eFP%RIS gl F8V%&e§e%?ﬁ8no Buprépafﬁewgﬁéaﬂﬁ ¢ nBP 15?
t ransf or ner T[esepomdarwewi@ddnecﬁsd ﬂosebengateansfonmErowgcomtstthedure

rectifier Qgerr hd*eﬁ“t%ﬁ'i ttBe tix?.tVBEft 5%&9%&0%896 gf%r Llsg' gggv

resistor Rlerr], capacit |ve for
control l ed rectifier C{erFPeopuﬁﬁétsﬁﬁnﬁhgwﬁﬁ§ﬁn§9wi§dFESn9fc§F3F§fpﬁaﬁrofl

contr?IIed reCt&EIQheﬁ[@bhhe%&édl?6|%ﬁésgatézciQh?i%eatrcsﬁﬁroﬂléde D15,
resistor r esi aci tor st or

apparent that tR&S Eégéearﬁﬁ FPB&Bt§g%oiatHgiimﬁﬁeﬁrﬂgZBﬁﬁrgig’sﬁgﬂthgl3’
when 15 the ser resisworcRsl8cepaditos, CshandhresiSERrwREE.bTheugatd diive
Next descrihgd gpe EBst%i&eﬁr Hé%t&‘&%%&“ ? I’%tﬁél ¥h{lﬂtt Q?i@éﬁeﬁf 1%he

seri.es switch contain ag rcu
transi stor Q hé@e&t}G hﬁPZGhP§sP§tGpnﬁﬁelé86r6§§tﬁﬁi§ﬁ Qs aafntactudes a

Lhe base ?H1t¥enzcwqulbeabrtbg UHHEOBQZD QFI¥ESEEQB§| tr ﬁéggfi?rAa g !l

e seen, e transis | ne urn o or

@ and produce % R&P&%°thﬁh8Lﬁa€83 FﬂthGBé 58p?§éa ﬁg ?HEaSﬁPﬁu%ﬁﬁzaié

65 and 66. It wgklteadsdveecdrenils fokathehswidohr dP operhtet sunhi that when

Qerr] is “h%'”@h@lﬁegﬁébV§Qitch 18 conducts, the shunt SCR will be turned
off.

smntch 18 con5|ét|ng of 100 n1crohenry chokes L[err] and L[err] which are (i}
o

. "Next described are the base drive circuits for
- driving the base of the series switch containing transistor
Q2. The base emitter circuit of transistor Q2 has a 10 ohm
20 resistor thereacross which is connected to the base emitter
circuit of the main base drive transistor.Q5. As will be
seen, the transistor Qs is turned on in order to turn off
- transistor Q2 and produce a notch in the wave form to be
applied to the output leads 65 and 66. It will also be seen
25 that the control of the transistor Qs is ultimately derived
from the signal from resistor Ry into the opto-coupler
IC3. : o .
The base input to transistor Qs is controlled by
an amplifier which includes resistors Rg, R7 and Rg, diode
- 30 Djj, transistor Qg and the transistor of ICg. Integfated7
-eircuit IC3 is an electro-optical coupler which responds to
- the output light of LED Dj7 which controls the photo- _
sensitive output transistor in IC3. A small resistor Rgg is
connected across the diode Di7 in the opto-coupler.
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.

omthe signal fromresistor R12 into the opto-coupler I CJerr]. The base
ApUt to transistor (Jerr] is controlled by an anplifier which®includeg
stors Rerr], Rerr] and Rerr], diode 30 Dlerr], transistor Qerr] an
\ transistor of ICJerr]. Integrated circuit IC3 is an el ectre-optical -
coupl er which responds to the output |i t of LED D17 which controls the
photo- sensitive output transistor inT A smal |l résistor R88 is
connected across theIdpﬁdepB&érlnothheopasecdaneramplifsér iapderpoedr o

the base delyg S"PrhheSEabs #5T hiodalr g8 bhaR! B Mhar 3RV o 2pPat ur

- primary angre® 4% wher he transfornmer .Uses a ferrite core.
The transfseuand&eyowuar9 mhndtngnssocnqneusee gofensigeogerepiBhe  and

Derr] andtfliiﬁ o2 EEcSHdaH{e{vihdﬁﬁé ¢8ngeshedtba $61tRE mweélbi r
chokes _L[err primary W n

¢

f
connecPed 2893 tarF dkBﬂ?ﬁoPlSdaPﬂvBleePrFoFoBBﬁﬁg?a ﬂﬂ ?ﬁglﬁﬁ w?gﬁulated

17 volts dfglgértehakaelLglinuoLgn a-c |nput to 10 the primary w nding of

t f T3. Th L1 ed f
R{gpf]orgF;rr] R[gr rren ﬁ%@ﬁ?fg ﬂF ¥$fhggf§8g§ §§[ig 6ﬁﬁgééferr]
capaC|torst@[ercpraadtcpenmyplledeinueuaes Dper epnyer 1#5Itb? BAd Derr]

(68 volts) t and o n t edac . o
i ch i s hTPEALATpR;87, SoLER] a00ad ReFhLARLONLY §§;“§r§. SheHt Epetr

used i A0ot KB paimsrsfw@néiesrea|ﬁraPSKPgwpﬁsTsa SﬁrﬁgninFPnBe | at er
descrlbed tF@lQéalEQVE?XErththsEB|bfwmesiseorsfRgg,fﬂggdngongRgme

Floure sb FRde RaBrcBSe:aBor,ERoRsgs TAPRRLLEERcC o fht GFY: E8A0E e
having a pdiodes ﬁggqmﬂg4cunﬁ560eandoneer&5§aw9li§)an&r§353ﬁ&°§ QocsAbary
wi ndi ng cogngat@dohOoltNg nteBthtelNdieculil hcyavwaibhi dgeacrppecLudso

: 15 integrated oircuit.'other portions of ICs are used in other
parts of the circuit of Figures 5a and 5b as will be later
described.

- Referring next to the full wave recti:ier for -
driving the control circuits, it will be seen in the bottom

20 left-hand corner of Figure Sb° ‘that there is a transformer Ty
which is a step-down transformer\havxng a primary winding
connected to terminals 13 and 14 and a secondary winding

. connected to the single phase, full wave bridge-connected

- rectifier 195. The turns ratio of transformer T4 is such

25 that it wiil produce'e'voltage step down of 277 volts to -
12 volts. As described previously, the use of the novel full '

' wave rectifier will produce symmetry of operation between

the positive and negative half cycle loops of the wave form
applied to the ballast at lines 65 and 66.
30 - Output resistors. Rzg and R4y are connected to the
positive output terminal of the full wave rectifier 195.
The output of the full wave rectifier 195 is
divided between an unregulated power supply circuit, wherein
‘the output voltage varies with the input voltage at

ey e e
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rectifier . 195. The turns ratio of trahsforner T[err] is such 25 that it

wi lg ‘preduce a Voltage step down of 277 volts to 12 volts. As descri bed
previously, the use of the novel full wave rectifier will produce symetry

of operation between the positive and negative half cycle | oops of the wave-

formapplied to the ballast:at lines 65 and 66. 30- Qutput resistors. R39
and R41 are connected to the positive output_dgrmnal” of the full wave
rectifier 195.. The output of the full wave rectifier 195 is divided between
an udregul at ed peewminakm i3 @nd g4, afthfeitegHA AR wtpid cdgeutd €T &epm
the i_nltOU]E vol tagﬁ;ﬂlof fs&ﬁ‘e dﬁ;ﬁl@[@h%i&j&ﬁﬁ[&bﬁ%neﬁﬂﬁt.&%bﬂn&b@ﬁl@t@ﬂubup-
circui or con-_trol, of sone o cifcuit. cq nents. e regul at

sup- ply circui tp%rﬁ}o'ffé’rfg q%%%%&%%d%%s%etgge R98s éilr!{%d%aygéi F’gfls
C13 and Cl4. Thesspasitess Crpamntid + These tagre ech wanpecterd Wo dhe ter-
i dentifies o] v, ' | §S5 A -

t hr oughout ta%e (%JT tqv%?@ﬁ% eﬂd&dﬁiﬁ%@%%@ﬁ‘gﬁog%@g gdfe\}g} ?gllzsare '
al so identified unregulatgdy Qher herniaplstithrgwhauts Flreuwdtoghded by
the com 10 ponei¢é ddditeiiell t& st udigilrrel’ wolltagienate dilede D29 and

capacitors C15 6,. These onents are connected to the term nal
| abel ed +12 volgggﬂ% e %fréiﬁ?iﬁ RA}S- age and is the terninal

connected to the ot her +12Rhe areguliatdds pawsat esipplyo ugh @rodueedc ibyc e com-

di agram of Hgur ﬁﬂ&h ' d r ele®d dMQdle?
source is rejq(’tji r‘g‘ﬁ?%%%rl ne %%@ﬁ%u%c%e%ﬁ%ﬁg% Fi_gg\r‘{e 4 ??9
shown in Fi gur e &0 gapapltonmfis &1d fFie ofTHeRe LIRRREFH AT copnecded

and consists of ¢ ogife DROrmindl VIlBe X4 zerervdl¥ls WSS Y aR4dgulated eblt-

Ras, resistor Rike CARRYL OneYediihad FOMASRS] 4d'%d Sl S427 eyt
- " minals located throughout the circuit diagram of Figures Sa
'15_ and 5b which are used where a regulated voltage soﬁrce is
. fequired.

The line voltage disturbance detectbr.of'Figure 4

is shown in Figure 5b at the immediate right of the a-c full
'wavé rectifier and consists of diode D3g, 5.6 volt
20 zener D3j;, resistor Ryp, resistor Ry3, resistor Ryy,
capacitor Cj;7 and a portion of the integrated circuit ICo
including pins 2, 4 and 5 of that integrated circuit..
Resistor R43 is connected to the regulafed voltage +12V_
_while resistor Ryg4 is connected to the unregulated voltage
25 +17V. Resistor Ry and capacitor Cy7 of the above circuit

serve as the 1/2 cycle timer portion of the line disturbance

detector. _ : .
The line disturbance detector acts in such a man-
ner that the comparator of ICs will trip if line voltage is
30 interrupted or is reduced beyond some_given magnitude fpr
more than 1/2 cycle. ' ' _
The output of the line disturbance detector is
applied to a 30-second timer circuit (Figure Sb) which in-
cludes transistor Q;3, capacitor C;g, resistors Rygg, R47 and

G



including pins 2, 4 and 5 of that integrated circuit. Resistor R43 is
cgnnected to the regul ated vol tage +12V. while resistor Rlerr] i's connegted
S t.he unregu) ated voltage 25 +17V. Resistor R42 and capacitor. Cl7 of ‘the

. alyove circuit>serve as the 1/2 cycle timer portion of the |inexdisturbance
det ector. The l4¥te di sturbance detector acts in such a man- ner that the
conparator of [C2 will trip if line voltage is 30 intecrupted or is reduced
beyond some given nagnitude for nore th84=1/2 cycle. The out put.- of the LFﬁe'

di st ur bancg Qeaﬁdtﬁrpbitﬁbh|btdithgrBQe&eéQ?dult”EC Ciﬁ&ﬂu&ihﬁ'gihﬁ 5b)™

whi ch - t

Rerr] andbs B-apa’ B3hakgbss ThtberaiBa i ehntbctCyi 16 m Tyoperiipss |
|nclud|ng genicé, EhanﬂO#sebendotimentegrcu&d wiiltubperitei soapFpfiaceM324
devi ce. 38u%§aen§o£'asrsaeaﬁugtféﬁgLQEﬁ;akﬁF fpBeRtiage B ol DUt 100 30

seconds fo omnn g the line
d|stur§anc§iﬂé§§cF9rQlIhSrﬁﬁrthﬁo%énsfd@ﬁ&“B aneeofgtecter.cTheupurs to

al I ow suf f pes@nbft tHe B0Or sbB6naytimart £1PEARE LY %bablib%esﬁfiﬂéﬁeﬁentro'

tt t f the_,30- to an
ntorf aco Ebe ROT hnehSyRERR! B BrapeRLY athhtitae Batorperaytiqhels
i nterface sttemptedki QnecoSbthenoutpassrof shetBOss&bond] timperis, apferr],

Rerr]. Rgiika BbeAl 1884r 6" by x0LED bHELHIPBEFa6RR IR chelpyl ! | 90%1

~device QL4 and transi PstGrE YBypass
rel ay 1@sepasssrehd¥m in Figure 5b as a normally closed el ectro-magnetic

rel ay having nOan'|Thé|Qﬁ%érf@&éaéiréﬁﬂt0??i§§f8 QB%aiﬁelﬁdgglreA di ode
D32 i s conne th.coil _201. _Conta nect ed

cted i r co
directly a§+§£8r§h§4al ﬁﬁ@rnﬂﬁhrs Rge, 1 Bs3a- BogctRdsRos- ATss Tncluded
- are capacitor Ci9, trigger device Q4 and transistors Q12,

Q3. Us 22d Q. '
15 The bypass relay itself is shown in Figure 5b as a
normally closed electro-magnetic relay having normally
" closed contact 200 operable by a coil 201. A diode D3o is
connected in parallel with coil 201. Contact 200 is con-
nected directly across the ‘a-c terminals of the a-c series
20 switch 18 in Figure 5a. '

There is next shown in Figure 5b a novel interface
circuit which causes automatic change in the notch width of
the wave form applied to the ballast in order to compensate

_ for changes in line voltage. Thus, the line voltage at

25 terminals 13 and 14 will vary between normal limits in any

. power system and it is important that the notch width be

changed automatically to prevent the vo1tage applied to the
ballast from reducing below some absolute minimum due to the
normal variation in the input voltage. It is also desirable .

- 30 to'provide'such-line voltage regulation by automatically
changing the notch width to maintain a constant output light
from the lamp. The novel interface circuit has a 17 volt un-
regulated input terminal connected to the diode Dijg. The
circuit output will ultimately control the current in
resistor R12 which is the input. signal to the base drive
circuit previously described.



20 switch 18 in Figure 5& There i s next. shown in Figure 5b a novel Y
I ntger f age circuit which causes automatic change in the notch width of the

wave ferm applied to the bal l ast in order to conpensate for changes i-n I|ne

vol tage. -Thus, €he |ine voltage at 25 ternlnals 13 and 14 will vary

bet ween nornal limts in any power systen1ang I's inportant that the

notch width be changed automatically to pre® fr t he voltagée ‘applied to the

ballast from reducing be|Qmmsnﬁweabinhu&Ea&enb&bﬁﬁdﬁeiholhhesnoesﬁbtors
varisfion in th |np age

t: d b 3 t i.d h
i ne vol t age re 3§'bb §Gt§§ﬂf| §ﬂP a%ﬁaﬁgb%g bﬁé ng§§ QnaaﬁﬁeteNggg
mai ntain a conswanm cesistori §i7g ﬁSO#ﬂtdeh&ﬁpb1§h§e§é$§prlﬂPErlaﬂeeﬁﬂrCUIt

has a 17 volt untrihegltpaaaémaut L8kt %ﬁhthma%t ¢d B.OtEi‘ﬁiﬂb.QdVIQ[ ebhl-

The circuit output Wi | contrql the current in resistor
which is thé i npectedy i rﬁ§i§59rb§§é ¥higd epncart BFe9P06§P9td€98FF8éd
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o) L) e, R g S8 s o aRBEL Bk BBbeggens
not e t hat thereim$e@faeﬁnnﬂahnWBpﬁpe¢osou5ce MbdcbdiSodesirsﬂoﬁoRFéﬂSP con-
Whi ch can act ag b&p%%ePQQh% %t%gkﬂbﬁag C%ﬁ%‘%Qlﬁgﬁtc'Fﬁ“hhdi%ibﬁspﬁnd

to sone: |nput vol tage whi ch erive exa rom a.phot ocel
interface oROanjreguad; 0@yt coptred is provided: 6°e§a§$185n9ft FBF’ gesifLor
lanp attached t@ivideralineiuding aedisitonrs a91Q ag@uahdungun Restistbri Rgo

provi ded conS|st|n of .t.he .r |sto A nel udi Le$het B e -
Rlerr] and R[er gIQ situgrt gr ]esigq: \f 9, ug‘tg esrgg'glesélo? W%.ﬁu%ﬁ Eﬁ],]ust
serve for rranualmeada et -theeoutput: od ctlhtepwsctfent-he system The int erface

circuit next includes capagie htetrate? ciFuit?ext’ In1%des Saparitors
portlons of integrated cir-

1 24, Cg, C25, transistor Q17 and portions of integrated cir-
.cuits IC] and ICg having the pins as noted.

' The output from the full wave rectifier_195 is
next connected to a zero-cross detector (Figure 5a) which,
- in turn, will operate a fixed delay one-shot. The zero-cross

20 detector includes resistors Raz, Ra3, R4, Ros. The zero-
cross detector also includes a portion of integrated circuit
ICy including pins 1, 2 and 3. Pins 4 and 11 of IC] are

" ground connections. Capacifor Ci2 is a high frequency bypass
to eliminate noise from source Vec from getting into ICjy.

25 The zero-cross detector acts to put out a signal at the in-
stant the wave form to the ballast, as monitored by the full
wave rectifier, crosses zero.

The zero-cross detector then operates the delay
.one~-shot of Figures 4 and 5a. The delay one-shot is shown in

30 Figurelsa and includes resistors Rjg, 326’ Rgg, capacitor
Cg,'diode Dgj and a portion of the integrated circuit ICg
including pins 8, 9 and 14 thereof. The delay one-shot be-
gins timing for a fixed time delay of 3.2 milliseconds fol-
lowing a pulse from the zero-cross detectbr. In particular, -

o aeen me - -«



~quits ICferr] and I C[err] having the pins as noted. The output fromthe
NIl wave rectifier 195 is next connected to a zero-cross detector (Figure
) which, in turn, will operate a fixed delay one-shot. The zero-cross 20 -
t éctor |ncludes resistors R22, R23, R24, R25. The zero- cross.detector
al so includes a portlon of |ntegrated cggcuit 1Cl including pins 1,, 2 and
3. Pins 4 and 11 of err]. are ground connections. Capacit.or-.Cl2 is a high.
frequency b@@a@%tpﬁtec R ?Erﬁbﬁéecireﬁi§oﬁgzeiﬁbhlghoﬁ9§e$t3n@ilhio | Cl=,

25 The zerga&bRaS A£tE6F! PhiGR! 6ihe ﬂutgeeé ﬁoﬁlaﬂalpﬁbdaeeslﬂ véiddget hee:
wave form'to. the ball ast ectifier, crosses’

nit fi
zero. The 9%rthe e pHEtQ%P%?EF I 3p%fa¥%§ ?ﬁ%yﬁﬁlﬁﬁeﬁﬁé°§hﬁ?1%P R Bures 4
"~ and 5a. 1TwhdeshqpénefShodownwshawspineso Figure 5a and.includes resistors

t
T eoiBt o el Foury 1 Hhe, EAREGK | Sha(Ehof) SHSul tn Pielrao5h’ oflabl®
one- shot beesg$hgrt3n7hgdi@@e§.$35e§n@ Bzode%%Q %fPQrQiﬂﬂlofseconds fol -

lowi ng a piheeghdpoat&Eréeie-£¢ CSS§néfa&£ﬁ§rpih§ Pﬁrt1§U£§& 14 tnéPeofhe
output of integrated circuit | ' . I'i - seconds after which

time it gobde| BHLRg oreushet %QV%IP%g@rﬁﬁu?ﬁeaﬁu?BﬁP“Eaﬂ%cP Br @I%fr] of
the tinm ngrep ewEh@h gbeshhigh whée thepe-of vel tagevgsds sgbsee bhe out- '

and oob? SRS v GbPbednShrche bR EaaCen ke ST CAF b REr TR S RSN HE" o

and 14 thesnbkedTm@tpuh1og cxpachtor 2Ly s thepebrute nnO@ucputnoouppnt14 of
I err] wh QPeénhf8§1¥@8€ ﬁg§ thc%otﬁﬁﬂésﬂgeﬁhébﬂﬁﬁ égzdorﬁis 0 put

vol t age of the downward er - out plut  of
capaci t or Qﬁus?ﬁe$¥b§c¥bpﬁr%§uE%a%ﬂi%E?gugss?@ﬁthBﬁ Fgglg?ﬁirﬁﬁznﬂﬁ?éh
turns on téenffufhtion. idhpsodacedsbpwtheharg. sériesnswiteh Qgerr] and .
. thus tﬂg desired nOtRhfade—down circuit is provided shown in two
sections (A) and (B) in Figure 5a. The first portion of the
fade-down circuit, labeled fade-down (4), includes resistors
R70, R71 and R7g, capacitor 023 and transistor Qig.'

The second portion of the fade-down circuit

20 labeled fade-down (B}, consists of resistors R73 and R74 and
| transistor Q18- The fade~down circuit will operate to delay
rapid'ohange in the signal output of the timing one-shot
when ths 30 second timer releases during the turn-on
' sequence as described further below.

25 Figure 5a next contains a cutoff circuit which
consists of the resistors Rgsg, Rgg and Rg7 and transistors
Qg0 and Qg3. The cutoff circuit will operate to force the
a-c series switch to remain off under certain conditions by
overriding the signal of the timing one-shot circuit.

30 - In operation of ‘the circuit of Figures 5a and 5b,

' it will be noted that whenever transistor Qs is on, a notch
will be produced by the a-c series switch 18 in the output
- wave form applied to the ballast. Transistor Qs will turn on
whenever a light output is produced by the LED Dj7 in the -




configuration is produced by the a-c series.switch 18. 15 A
fage-doywn circuit is provided, shown in two sections (A) and (B) in Figure
5a. The-first, portion of the fade-down circuit, |abeled fade-down (A),

i ncludes resistors R70, R71 and R72, capacitor C23 and transistor QL6. The
second portion..of the fade-down circuit, 20 Iabeled f ade- down (B),

consists of resistors R73 and R74 and transi_g Q18. The f ade- down ci rcuit

will "operate to de i d .change in the sig aI out:

one<shot when tt?é“?ﬁg/ %\@%ﬂ%ﬁ?&%é&wum S'Ifjf bﬁ ?é'&g1é‘ﬁg9 b
descri be\clnl\/n fuL t hﬁrnﬁbﬂmitﬂiﬁrcuit ICy (E:iguSJrle)Setmmncom a:hesgptoubcﬁbler
circuit ich cqnsists of the r t Qr.s n r transistors
Jerr] and 4 err &R &% O‘ﬁ:ip | tSi\ﬁnIR%‘ 8’65%3&% %&%grc%v??l appgaLs, Pl
switch to remi reagEcitiateCroeMhiish s@nail oo sappcdtorr Cqgi wdlihbayegthe of
the timng gne- %gﬁpé 'Jf‘éi tdbv.v?ina.rd spike w whiRORaA ! A mef dh?’ﬁ.tibh] Ei‘ireﬂf by

Figures 5a and S e not whenever transistaor (Jerr

a notch will be t® i the snlkes refietdve £0 g redessrge: "ﬂéﬁége-
formapplied to Byherahdiln@tor Toweiidigort b Q'l’erﬂer\@nhb Wﬂ.ltage \Mueeenehgah of

l'i ght t put d th ED D17 t i

c: ?cui '? uI ng, :A\SSI ﬁ LLC\%%% wg'};ldgc?ea’rﬁiﬁﬁc ed:loalegﬁr&"?'% ﬁggg"ﬁ“ﬂ?r
to turn on the Gﬁﬂblﬁbmmnarqiiddong as an output signal below a given | eve
appears on ggpaci tor C7. ifyn %91”&' rie%ﬁaﬁ'st O'ElnC%u‘Nn” Eﬁ‘éi‘-ﬁ&%fig the

shape of a downward spike I ch has a t dardtion g

of the spike reNﬁﬁﬁﬁSQ(iﬂ?ﬁ%ﬁﬁ@ﬂeﬁ@enﬁﬁhﬁﬁg€ Rze W&Fstﬁﬁ §PrP§%éFtﬁ§ fﬁ@
reference vol taeeppufye. laanatileOfvollitiiged iviciealsed, | |1:hbe+9.70§u§91frt Qnei»easeée
e

e OPLoSOUP! S L G et A Hae S SRIOEbREGRRBLS' chd 417
unregul at ed +17 supply decreases and the notch is narrowed.

15 The deseribed variation in pulse width with the _
'input voltage results in an essentially constant output over
the normal range of ‘input voltages encountered with a
typical a-¢ supply line.

The turn-on sequence and turn—off sequence can now

20 'be'described for the circuit of Figures 5a and 5b. Referring
first to the turn-on sequence, power line terminals 13 and
14 are first energized by the closing of some suitable con-~
tactorsin series with the line. The actuation of the power
line produces the control power needed for immediate

25 activation of the gate drive circuit. Transistor Qg is
initially short-circuited by the closed relay contacts 200
.so that surge current to the ballast will bypass transistor
Q2 through the relay contacts 200.

_ With the activation of the poWer'line, the 30-

30 second timer circuit begins timing. That is, when line
voltage appears, comparator circuit ICp turns off transistor
Q13 and begins the tlming of -the circuit including capacitor
013 and resistor Rg7. '
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upply As l'ine voltage I ncreases, the +17 supply i ncreases and the notch
Ns W dened. As |ine voltage decreases the +17 supply decreases and the '
tch is narrowed. 15 - The described variation in pul se wi dth

t'h tthe input voltage results in an essentially constant outpuat over the
normal range. of input voltages encountered with a typical a-c supply line.
The turn-on sequence and turn-off sequence can how 20 be described for the~
circuit of Figures 5a and 5b. ReferrlrurﬁhTst to the turn-on sequence, ¥~

power i ne term nal s fexbol beticndd rasnewas@mmc 1 Piasimgoels SOME
. sui tabl e ctcqn- aa}or qﬁfe t'he |ine. The .a tua n of the power
| i ne produc®¥+ M% P8 894 HRAR s(;.[sé:o% 1;3ctt|“\?é‘ﬁ &% +0f the
gate drive tnarnsﬂﬂtorTr@lrysrtanms @©@h iand e aidqt&mm&‘,laptenst cbhriopghhe -
cl osed rel éy%$ e to the ballast will bypass
transi storqée%ﬂﬁt rou%q%lfh re ea;%]'%tgflcqil %’ Wth the activation of -
the pofer line, the an iQeerixinasuiturnesg wn fiukldnoTmetohs :

~when l'ine \lilsAgn PN WRAMAR R Ui iave e turne O alt’ 2wAISt or
Ql and be I ns tt}e t%&é% of the circuit ineludin capamtor C[ferr] and

resi stor oS orlds , then canfmak 1% 927 goes
| ow. Tr ans@hmn @bﬂdﬁemﬁdﬂna:d)rreddomﬁlﬁt qfow@ke duﬂpiﬂ: T, ﬁhrearlw or QL9

turns on-ang f t r 0 relay
coi |l 201. Hqg%@kﬁ&ll’%&%‘ﬁ%ﬁ; d)ng!?) | S now uquneégwgﬁ tqyt ( AS not ch
exi st s)l0anactionnf dhe Hfade Mmmmﬁéh pneviensdy gesanibedondibef or 30

seconds. |fadfifs 1ot A G Wellue?!df gotent ibmnetier 1\44 GHe iategduce the

power output to the |anp, WEN raduall fade tq.the desired
Dol'e by [ HRoR) toraqupmse tih o dd HFo L Haka  GEAAEER i i) COBRRRERT The

adJ ust ment wifidhheriddl wall foat mtpart&ﬂcnﬂdiﬁ@:utpniﬁ&evd]er ‘There may,
however, be other control inputs such as photosensor inputs

15 and the like.

‘The d-c level set by resistor Rgo is applied to
pin 9 of integrated circuit I1Cy and a triangular signal wave
form is applied to pin 10 of integrated circuit IC3. So long'

'as the voltage at pin 9 is higher than that of pin 10, '

20 transistor Qi7 turns o:f and applies an output.via'resietor
R79_aocording'to +17 level to the RC filter consisting of
resistor Rys and capacitor Cg4. This output is the d-c
signal to control the timing one-shot and the notch width of
. the wave form applied to the ballast and the lamp. The cir-

25 cuit is now in normal turned-on operation.

' In order to turn off the circuit. a novel sequence
is followed whereby line power is first turned off. When the
line power is turned off ~the gate drive disappears and the
line disturbance detector circuit trips. _

30 - The main transistor Q2 immediately turns off for

- the reason that the 30-second timer is immediately reset and
activates the cutoff circuit to override the circuit which
produces the notched current wave form and turns on the LED
Dyj7 which turns on transistor Qs. This in turn shuts off
transistor Qz.

W




face to conpensate for I|ne vol tage changes is the conponent mhlch\MII
(ﬂﬂl for a‘particular output | evel . There may, however, be other contro

i nput™s -such as phot osensor inputs 15 and the |ike. The d-c |evel set by
resistor R60 is applied to pin 9 of integrated circuit 1Cferr] and a
triangul ar -signal wave formis applied to pigpl0 of |ntegrated circuit |C2.
So long as the voltage at p|n 9 is higher than that of pin 10, 20
transistor QL7 turns of f EARPELIITRLLS: R frka i the unregudaged power

alcci‘s\*l"dlt ng to +1§u¢mlai@ ;smaaﬁw tﬂem?ﬁﬂm&fﬁaﬁmrﬁ WhiHh caiid o
capaci tor . IS ou e 0,contro one- sho
ang the notch vﬁg‘?’ﬁ o?é‘?‘f'éh ?ﬁe’f o‘f‘?n"a]é'pqa'f a’i}‘? Oal{q]e t?éﬁ%i‘sﬁ%’n?% %é’cl“&'rrp
The cir- 25 cusvensthmnshriﬁnﬂrnpwenuh&ﬁihnenuﬂ*snonnacﬁeduarder to turn
off Lhe cirsul: & novel BRNANFerd Sudd 1P Y6k WDRIERLIY 18 RAIed Syt

turned off. Wen the Ilnﬁﬁgomer IS turne ate r|ve |sappears .
and t he I|ne di SH1R% k% anfbtld thpunges Juring he Cﬁ?“t°ff the cpowheg eir-

transi stor Idirli?dlﬁi@luﬂing nforfrold tr¥e f1Ems Qltr 1111h@1%esacnorui~demr-

is imrediately eset ct| es 1 toff circuit,to 2 rride th
circuit which pfd %Fé'i?rc 3 o, AAWAES 1 THF TEHAYs SER RS 399

D17 whi ch tur nstl:zn tcmstm ey ]prdﬁtecst ithe tmamEimtoroio tfoandihst orext

Qerr]. 1 @1&;1% and Cl4 in the unregul ated power supply are
preferably e ectro yt|c capacitors which can store enough power to all ow

the above operation to od¥t¥e SREPHHARMY i thathdvierthensedadn conddatisne A0,
5 M@aiﬁxﬁdﬁlﬂali TSP WiH thd Teifiviads off 1ind PowekS adidl

L4 pounces Ut el le W Blleu G S WP AGIY filn WG Rl
The rel ay conte&he:lxrious reactive components of the circuit, the con-
15 trolled rectifiers Q3 and Q4 would be in the circuit without
a gate drive. Thus, a fast rising surge could damage the
forward biased controlled rectifier. For this reason, the
relay contacts 200 are held open for a short time following
the turn off of line power. This delay is obtainéd through
20 the capacitor C;7 and resistor Rgg which act as a time delay
to delay the de-energizing of coil 201 and the closing of
contacts 200. -
_ Note further that device Qj4 is at zero volts dur-
. ing the turn-off instant. Thus current circulates around the
25 circuit including transistors Q;s5, Qig and capacitor C;g
" discharges for a given period of time. This then keeps
transistor Qi5 and transistor ng on for the necessary time
- delay.
In carrying out the circuit of Figures 5a and 5b,
30 goods results were obtained using component values as
follows:




t hgn cl oses to fully protect the transistor (Jerr] for the next 10 turn-on
quence. Note specifically that if the relay contacts 200 were*i medi at el Yo
‘gsed’with the renoval of I|ine power and before the dissipation of energy '
‘W ch m ght be stored in the various reactive conponents of theecircuit;
the . con- 15 trolled rectifiers Jerr] ang4§1err] ‘'woul d be in the cucwt

w thout a gate drive. Thus, -a fast rising Surge could damage t+he forwar.d-

bi ased controlled rectifier. For this BRSEIPORS he rel ay contacts -200 ar e.p~,
- hel d open for a short time following the turn off of |ine power. This delisg"
i s obtained through 20 the capacitor Cl7 and resistor RO0 which act as a
time delay to delBl the d& BTG 2TIY OT-TOTT- 20N The cl¥¥¥fg of
contacts 200. Not ur t hes—that~dovi-comLJd-is--at-2850-20l t s mo:gi ng the
turn-of f instant us current circul ates around the 25 cir 6,\,”‘3' udi ng
transistors er rﬁ Qerr] and capacitor Cerr]| discharges for a given .
period d& tine. 'IRBS t hen+keeps—++-enstst-ot—F-et+i=eant-++ anside Jerr] on

- for the necessaryif%l me delay..ln carrving out_the circuit ofggggures 5a and
5b, 30 goods resu s wer e obt ai ned using conponent val ues as_fol | ows:
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_ Although the preseht invention has been described
in connection with a preferred embodiment thereof, many
variations and modifications will now become apparent to
those skilled in'the art. It is preferred, therefore, that

20 the present invention be limited not by the specific dis-
closure herein, but only by the appended claims.



1. " An il lummation control system conprising a gas discharge | anp, a

hi h‘pgmer'facfor I nductive ballast connected to said | anp and having a-c

bal'l ast input termnals, 5 a control circuit having input a-c ' S
term.nals and eutput a-c termnals, said output a-c termnals connected to -
said a-c¢'ballast input termnals, neans for supplying a-c power at a given
frequency to said input a-c terminals of said 10 * control circuit,
charaeterised in that said control circu teg acludes circuit nmeans for
nmodifyi ng the a-c waveform of the voltage applied to said a-c ballast input
termnals, whereby the waveform provided by said circuit neans 15 has
at | east one non-conduct iQIeeIMSy on whose duration is adjustable, said at

| east one non-conductive region disposed in each of the half waves of said
a-c waveform said at |east one region _|ocated between but not including 20
adj acent zero magni tude &rossover sofililnaipatingpe copiinodd syetea d cont r ol
circuit input a-c termnals, said a-c waveform having the sane frequency as
said given frequency of $SAWPTISINE 2 g&d A1seHANSSAFPy Fedi€h P¥eThergy

di verter means connectedé n.cirguit w.,h hggﬁ- bal | ast .

conérol system as clagne aGtaa Fadurtiivie: s FH@PQEﬁépgépéﬁﬁégdAin t hat
e _ S 4 0 Cod | > ey
Wth said ciroult means. igub 4B BB BNCHSdadk Jobul] Raehnala g 1)
or daim2 whichis furthernMAACETRAT v ihput WR%ehrHihas shnd

| east one furthér

output a-c terminals, said output a-c terminals
connected tb said a-c¢ ballast input terminals,
' means fpr supﬁlying a-c power aﬁ a gi#én
frequency to said input a-c terminals of said
10 control circuit, characterised in that said
control'circuit-includes circuit means for
modifying the a-c waveform of the voltage applied. |
to said a-c ballast inpﬁt terminals, whereby |
the wavgform provided by said circuit means
15 has at least one non-conductive region whose
durstion is adjustable; said at least one
non-conductive region disposed in each of the
half waves of said a-c waveform, said at leaét
one region located between but not including
20 adjacent zero magnitude crossovers of the
voltage apﬁlied to said control circﬁit input
a-¢ terminals, said a-c waveform ha#ing the same

frequency as said given frequency of said a-c

T



10 non- conducti ve regi on which includes at |east one of the two zero_
‘19- ‘magni tude crossovers associated with each half wave, wheréby currgnt e
s‘ not flow through said circuit means during said at |east one further
Qon- conductive region. 5 4. ‘A control systemas.clainmed in claim2 which-is
further characterised in that said energy diverter means is connect.ed
directly across said a-c ballast input terminals. 10 S.. An.illunination .
cont rol systen1substant|ally as herein descrlbed mnth reference to, and .asy
shown in, the acconpanying draw ngs. R 2

- 48 2 =~

power supply means, and energy diverter means

-connecﬁed'in circuit with'the_a-c ballast.

2. A control system as claimed in Claim 1
which is further characterised in that said
5 ' énerg& diverter means is connected in a closed

series circuit with said circuit means.

3. A controi system as claimed in Claim 1

or Claim 2 waickz is further characterised in

'that_said waveform  has at least ohe further
10 non-conducfive region which includes at least

iohe of the two zero

* € L Ms Cow .
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- 49 .-
magnitude crossovers associated with each half wave,
whereby current does not flow through said circuit
means during said at least one further'non-conductive
region.

4. A control system as claimed in claim 2 which
is further characterised in that said energy diverter
means is connected directly across said a-c ballast
input terminalé.

5. An illumination control system substantially
as herein described with reference to, and as shown
in, the accompanying drawings.
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