CIRCUITS This invention relates to electrical .circuits for star

restarti ng hisgh i ptensity discharge (H D) | anps under either cold or hot
conditi‘ops and for operating the lanps after they are started while 5

mai nt ai ni Ag safe operating circunstances. Those familiar wth the
characteristics of HHD |anps are aware of the difficulty encountered when
attenptin orestart a lanp while it is hot after 10 dei oni zati on due
to a tenpotary power line dip or interruption. Wthout special circuit
arrangenents, 2 such | anps cannot be restarted, or are at least quite
difficult to restart, until the hot, high pressure plasm gases cool down.
Then, when the lanp is cool, the fill gas is 5 ionized by a | ow voltage
and_high current, but gene- rates very little |light output. The el enents
gradual |y heat up and re-evaporate into plasma conponents which then go
into electrical discharge, forcing the |lanp to produce the nornmal anmount of
l'i ght. While the 10 cool -down and restart sequences are occurring there
is no light output produced by the lanp. The length of tinme can be
significant: a high pressure sodium (HPS) lanp typically requires 2-3
mnutes to restart in a hot fixture and 1-2 mnutes nore to warm up.
Mercury lamps 15 = typically require 4-7 minujes and netal halide 4-15

m nutes. A nunber of circuits have been developed for the
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bl HIGH INTENSITY DISCHARGE LAMP STARTING, HOT-RESTARTING

_AND OPERATING CIRCUITS

This invention relates to electrical circuits for
starting and restarting high intensity discharge (HID)
lamps under either cold or hot conditions and for
operating the lamps after they are started while

5 maintaining safe operating circumstances.

Those familiar with the characteristics of HID
lamps are aware of the difficulty encountered when
attempting to restart a lamp while it is hot after

10 deionization due to a temporary power line dip or
interruption. Without special circuit arrangements,




pur pose of starting such |lanps while they are hot t.o avoid the absence of
| i ght di scussed above, and ot her 20 circuits have been devel oped® whi ch
rnply wait a predetermined tine so that restarting can be accom plisShed
ter the |lanp has conpletely cooled. Exanples of circuits which attenpt
0 deal with the hot restart problemarg found in the followng U S.- 25
Patents. 3,476,977 Hallay 3,732,460 Wattenbach 3,749,968 Jones et._al
3,944,876 Hel nuth 30 3,991, 344 Tabor 4,048,539 Walker et gl
4,103, 209 El much 2lamp9o capmat be7sessartedoblar are A3 ABazAS @niitez son

j:ggg:g?i LQ???* gﬁ%g élg%abu re {S}ﬁgggt £ﬁ§ érér ) ﬁgg%f%f ?er'

4,437,042 M@%ﬂﬂ@&ngkﬁe&0°°° ow3‘438 369 Hicks et al 4,455,510 Lesko
4,461,982 Faehnrighef,46/mEA7 tH@i La¥p 2ls cool, the f£ill gas is

5 ionized by a low voltage and high current, but gene-
rates very little light output. The elements gradually
heat up and re-evaporate into plasma components which
then go into electrical discharge, forcing the lamp to
produce the normal amount of light. While the

10 cool-down and restart sequences are occurring there is
no light output produced by the lamp. The length of
time can be significant: a high pressure sodium (HPS)
lamp typically requires 2-3 ninutes to restart in a hot
fixture and 1-2 minutes more to warm up. Mercury lamps

15 typically require 4-7 minutes and metal halide 4-15
minutes.

A number of circuits have been developed for the
purpose of starting such lamps while they are hot to
avoid the absence of light discussed above, and other

20 circuits have been developed whic: simply wait a
predetermined time so that restart. : can be accom-
plished after the lamp has completely c:ioled. Examples
of circuits which attempt to deal with the hot restart
problem are found in the following U.S.

25 Patents.

"3,475,977'“Hallay _

3,732,460 Wattenbach

3,749,968 Jones et al

: -~ 3,944,876 Helmuth

30 3,991,344 Tabor __

4,048,539 Walker et al

4,103,209 Elms

4,240,009 Paul

4,275,337 Knoble
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4,495,446 Brown et al 15 : | 4,506,195 Elns Some circuits which have
reached thé markets are unsuitabl e because they sinply do not work or are,
ngt refiable; whiJe others are unsuitabl e because they are unsafe. These
devi cep apply very high voltage pul ses 20 havi ng | ong base tines to the
wi res,{ the sotkets, the screwshell base and the lanp structure until the
hot |anp restarts, whereupon the high voltagé3pulses are turned off. This
is.a potegiially dangerous situation since the presence of the high voltage
is not 25 visually apparent. Sonme circuits also continue to apply high
vol tage pul ses after a Ka32haARET ailrd@Brsorxondi ti on which can result in

destruction of the |anpaRges ggeet %gﬁ esenting a danger to
servi ce personnel. Those’ mrcfwtsﬁ?b suﬂgﬁy pul ses 30 continuously to
alanp in an effort to HoB33%$H9% t &glacip can cause the lanp to go into
what is called a gl ow mydase,@32¢ qgguhﬁpp has entered this node it will
never restart. ?hSone such _devi ces have been found to cause internal |anp

arci ng rat her an the 4nd3’8.514 lﬁiﬁﬁxi hot restarting, resulting
in the destruction of 4n382,210s. sdhngrthus appar ent t hat i nprovenents

are needed in such circ _ object of the present invention
isto 5 provide a circHV%iné d:giﬁ%P%ﬂaItlng an HID lamp init- ially

and quickly restarting #;40334¥3whMayeris hot after a power interruption

or the like w thout da out shortening lamp life: A
further Obj ecf Is to p[rg' e su?ﬁ Cl rcuckpyvI iI:lCh '
0 4,438,369 Hicks et al

N 4,455,510 Lesko
4,461,982 Faehnrich
4,464,607 Pell et al
_ 4,495,446 Brown et al
15 4,506,195 Elms
Some circuits which have reached the market are
unsuitable because they simply do not work or are not
reliable, while others are unsuitable because they are
, unsafe. These devices apply very high voltage pulses
20 having lbng base times to the wires, the sockets, the
screw-shell base and the lamp structure until the
hot lamp restarts, whereupon the high voltage pulses
are.turned off. This is a potentially dangerous
situation since the presence of the high voltage is not
25 visually apparent. Some circuits also continue to
apply high voltage pulses after a lémp has failed, a
condition which can result in destruction of the
lamp and socket as well as presenting a danger to
service personnel. Those circuits which supply pulses
30 continuously to a lamp in an: effort to hot-restart the
' lamp can cause the lamp to go into what is called a
glow mode. Once the lamp _hag entered this mode it
will never restart. SOggéfg“ma"?“ es have been found
to cause internal 1anp;fw 9\ than the antici-
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10 does not present safety hazards. According t.o the present invention we
provide a starting, hot-restarting and operating circuit for a high:_ '
intensity discharge |anp conprising the conbination of an AG valtage . §
source; 15 first oscillatory 4zcircuit means connected to said AC
source and to said lanp for applying to said 'anp a series of hi‘gh Vol tage
pul ses h@AtRP pdek valasd@E tidP» nitEsdds idigyniif c&hel y dgséavet ivhansfior nal

| anp operad,j NG [ e Ot RiRrd o &kt Nokat e%efab@ﬁeﬁ@gdakanneea‘%
second timng <circuit nmeans for termnating said series of pulses

after aiffis¥h Siitetiet ni ned active interval - in the absence of |anp

:gniti?n for smpgﬂﬂmagyamﬁimi@f ghe hﬂ;gals?e«al tiagﬁengy#rseas tzeo sai d

anmp f or con ui et nterv oW ng i rst circuit

means - t@r9¥ i aﬁﬁ Hﬁﬂé gh?Eg géﬁiﬁpé(ﬁ"(ﬁi& hy"Pot"F&start to

sai d Iamﬁaﬁlﬁrﬁnﬁndub£k$a|deq&aetln@tanuﬁllammlmdeﬁl1€uié neansfter

term nating I C d g ol e puI $es o said | ter a
%QB& f&%%g%gétfgk &% Qh% f qpt d mage anp QL

pre- 30 Jet BPATAed i ve and qU|é?' erva t hout Snltlon
until saildmd rand teithousahontirnbag | bare. bler|t means connected

between said ACrsQuhes %dge%ae d; 4 app B%vqa@t rsqkm g éb@c@&vgh&eae supp-
lied y¢ said |a for normal ogeratlon of said lanp after ignition.

5 In ord&Pas MHpAEesant ?ﬁmﬁﬁ%t I¥Sof the manner in which these and
ot her obj ecti vedctior ddiriqi ted rtneacpoédah@e Jhienthbeni Nyenprdvide a

particul ar Iay J.dnvga,nt ﬁ‘otQng%a E’?RS' rg% Saégregggtf\gwclllr t.:u:.t.deécrI beﬂ Wht h
intensity discharge lamp comprising the combination of SJ
an AC voltage source;

15 first oscillatory circuit means connected to said
AC source and to said lémp for applying to said lamp a
series of high voltage pulses having peak voltage  mag-
nitudes significantly greater than:  normal 1lamp operating
voltége for starting or hot restarting said lamp;

20 'second timing circuit means for terminating said
series of pulses after a first predetermined active
interval in the absence of lamp igﬁition, for suspending
application of high voltage pulses to said lamp for s

second, quiet; interval and for allowing said first

25 circuit means to again apply voltage pulses capable -~
of causing hot restart to said lamp at the end of said "’
quiet interval; : -

- third circuit means for terminating application

of said high voltage pulses to said lamp after a pre-

30 determimed number of active and gquiet intervals without
ignition untii said circuit is reset, and

ballast :cirduit means connected between .said AC

source and said lamp for controlling the AC voltage .supp-

lied to said lamp for normal AC operation of' said 1lamp

after ignition. .



5 reference to the acconpanyi ng draw ngs, which forma part of this
specification, and wherei.n: Fig. .1 is a schenatic block diagramof a first
enbodlmpnt af a starting and operating circuit in accordance with the

i nvention; 10 - Fig. 2 is a schematic circuit diagram show ng the
circuit of Fiteg. 1 in greater detail; Fig. 3 is a schematic circuit diagram
of a further enbodi nent of an apparatus I n accordance with the invention
usabl e wisth a ballast of the magnetic 15 re§ulator type; Fig. 4 is a
schematic~circuit diagramof a starting and operating circuit simlar to

that of Fig. 3 but with nodified electronic circuit conponents; Fig. 5is a
schematic circuit di aghBm@FAL¥ &aheimpert f3ddi fendexrstandingnQf wihe

't het I nveﬂt I ﬁn shomanfieg %ﬁuwm&nwtt&e Sariamtﬁéﬁ aigbj’ebﬁéeégedrbo t&ﬂt&?n}(@ﬁt h
certain hig prenfure sodi,um reac ast's i ui 0 e
present inventi ontMREACRARRCEHW ék%ﬂiﬁkﬁﬁ% i RAGFLCHIpLiY- 2 Snﬁﬁat
mhenrﬂgh;wesmugeuukuudhgamuqmt@dﬂherene widd f bed descripd | wilkar
use and are t h St ir C e
used with, orS)f or rgfé] €S %\E%I %#aﬁyiq% ll;l%g‘twtai%é rgﬂt é? ?Ee
hot sodi um | anp aitpart nﬁnshﬁarynaghﬁiqanignacnn@ruhergbanly the | anp
shoul d restart | nstant pyguion 44° PUYBherdtiLc. pINAY °d1hgreli 8! hoglrse

regardl ess of the |ength®of the power outage, |l anp’l s goaqd

practical natter,enpodimgat t‘h% Rar®tazé naBGt %Beéfarteiélﬂ' C&fr‘ijb’v\"’er in
loss, the |onger aéc¥irlhntakith Referinvdittiony

_ 10 Fig. 2 is a schematic circuit diagram showing the
N~ circuit of Fig. 1 in greater detail; -
Fig. 3 'is a schematic circuit diagram of a further
embodiment of an apparatus in accordancé with the
invention usable with a ballast of the magnetic

15  regulator type:

Fig. 4 is a schematic circuit diagram of a
starting and operating circuit similar to that of
Fig. 3 but with modified electronic circuit components;

Fig. 5 is a schematic circuit diagram of a further

20 embodiment in accordance with the invention showing
circuit components specifically intended for use with
certain high pressure sodium reactor or lag ballasts.,

, The circuits of the present invention which will
30 be described herein are arranged so that, when high
pressure sodium lighting fixtures are specified for a
particular use and are to have instant restart capabil-



to full brightness, sinply because of the cooli.ng of 10 I nternal gases
whi.ch has taken place. Thus, the circuits are designed so that, when power

i€ restored after five seconds, the light output will be at | east 90% of 4
tXe output prior to the outage. When power is restored after a | oss of ten
qgconds duration, the 15 i ght output will be 75% and when pdwer i s
réstored after fifteen seconds, the |ight output should be 50% In~

addition, the instant restart. circuitry should continue to functi o when
t he supply voltage is reduced as nuch asg 10% bel ow t he desi gned vol t age
| evel . The 20 added instant restart circuitry nust not cause the |anp

operating watitgs the ekt canibe tsednwithsr ¥y ofor@ra papd $8% of
phat e nor 15! pedTel YRLLATMETH MUY CeagRa b DAL B3t L
shoul d not callampt leftercia imaheathry cpavenf outage accurso dIdpabiyow 80%
over 150 yar | EHY Faph hAUIL’ Badbalt yihediely Ghefdtnd’ poddpeis® o
As shownd n Frgstored s therballast,adegardlessi of the pkength of
Lorm nal of i Ed powersButdyay) £F €88 Dinp 28°dckdh o[ Ecprabpicalp, Dne
circuit meansBRRteRe ESP qemarp@?e ]G%H'ﬁs Lli’;en oyt g Buresuirrefit is
connected to powerl 1des,calierldrigedi it willi take 'to aretwrn cthéolampour ce
O A oL sy | B SUOIGEY, el s B8 e ol g P8
10 . internal gases which has taken place. Thus, the ‘J/
'circuits are designed so that, when power is restored
after five seconds, the light output will be at least
90% of the output prior to the outage. When power is
restored after a loss of ten seconds duration, the

15 1light output will be 75%, and when power is restored
atter fifteen seconds, the light output should be 50%.

In addition, the instant restart circuitry should
continue to function when the supply voltage is reduced
as much as 10% below the designed voltage level. The

20 added instant restart circuitry must not cause the
lamp operating wattage to be reduced during normal
operation more than 10% of what the normal lamp
operating wattage would be on the same ballast with the
instant restart components removed. The added restart

25 components should not cause the electrical efficiency
of the fixture to drop below 80% with the lamp opera-
ting within 10% of its rated wattage for lamps rated
over 150 watts, or drop below 70% for 150 watt lamps
and below. .

30 . As shown in Pig. 1, a basic c¢ircuit in accordance
with the present invention includes a lamp 10 which can
be a HPS lamp or other HID lamp, one terminal of the
lamp- being connected ta:thizéutpdt of first oscilla-
tory circuit means in the form of a pulse circuit 12.

@,



5 A vol tage sensor :16 is connected in parallel with the ball ast

reactor'and is responsive to the voltage across that reactor to produce a
cpntr out put si‘gnal 17. The pulse circuit is also connected to the return
10 INne of the AC supply through switches 18 and 20 which are

contrQI | abl esswit ches, switch 18 bei ng operated by-- the output 17 from
sensor 16. Switch 20 is controlled by an output 23 from second circuit
means conptising a pulse interval tinmer ciréuit 22. Tiner circuit 22 is 15
connected between the | oad side of the ballast and the return line and, in-

between ¢ he. 1 oad THePuxse  S1ESARECHR] dhribie gl ¥4 & BaliRhk VantioY, 34 0

negative tenper awivieh-ds{ i theburayTcpnpected-datarsodree ofiuACevaltageod

LT S, St ek g NS eiaRLe, 24
t

connect ed between t1 circult

timer circuit 28 he tapproximatealy 210, VPlss ACKRNABS) s

connected tddpul se 25a voltdye sbh8bt U6 dis lcahedtéd OpaAr g;h':_@'ll@_fl With

circuit of Fig. vvlgL giﬁ?ﬂescrllgeﬁ%ogpmm c%gg with the conditjon_in. which

the lanp is operatithg°ft % e c 138 aHESPS & Qi ey VRl tage

normal |y cl osed acriodmestha¥t peactdrcto prodifce 4| contgolhoutputbaioaml

reactor 14, the Q}tage drop across the ballast is sufficient to cause
16t

vol t age sensor pr 17 whi ch opens switch 18. The
vol tage across tiner @hepulse circuiti s alsotconnected thathe matiurn o

operate. Tos, %re'oe tHe Ac supply through switches 18 and 20 which
- are controllable switches, switch 18 being operated by-
the output 17 from sensor 16. Switch 20 is controlled

by an output 23 from second circuit means comprising a

. pulse interval timer circuit 22. Timer circuit 22 is
15 connected between the load side of the ballast and the .
return line and, in the embodiment of Fig. 1, is

connected in series with a heating resistor 25 between

‘the ldad side of the ballast reactor and the AC return

line. A negative temperature coefficient (NTC)

20 resistor 26 is mounted in good heat transfer relation-

ship with heating resistor 25, resistor 26 being

.. connected between the input of third circuit means

W comprising a repeat timer circuit 28 and the AC return
line. The output of timer 28 is connected to pulse

25  interval timer circuit 22. - |

The operation of the circuit of Fig. 1 will be

described commencing with the condition in which the

lamp is operating normally. Switches 18 and 20 can be

_ viewed as normally closed switches. With load current

30 flowing through ballast reactor 14, the voltage drop
across the ballast ia—mufficient to cause voltage

sensor 16 to prod 17 which opens switch

18. The voltag sircuit 22 is insuffi-

cient to cause dsperate. Thus, switch




20 is closed. Wth switch 18 open, pulse circui.t-12 is inactive and |ine
. current fromthe AC supply source through the reactor is delivered to the
Iﬁnp which is producing light in the usual fashion. 5 , Wien a vol t aget
i Mterruption occurs, lanp 10 is extingui shed. When the voltage i's restored,
th open circuit voltage across ballast reactor 14 is very | ow Becalse of
e absence of current flow ng throughgl anp 10. Thus, voltage sensor 16
produces no output 10 -and both of switches 18 and 20 are cl osed,\w
conpleting the circuit for the pulse circuit which is thus supplled with a

broduce a oAY L8 Flopsa- | oFLkE BRLEN 18 Belerly Hlrelf SEEGFRLAT 120 1o
10. Under fiavactive candi iiins, curreént sfriom stthAci supplyY reoupce se

circuit 12 |é¥fg NdaStivalrdd" 'ﬂ&n%:p ‘ﬁfa,;o Lng the
| anp to opera m% cohéltlo |£ch£$esﬁﬁ{is I n Vo age sensaor pe#ng
switch 18 arproducingnlight in, the: usyal,Lashiomnyperating condition

describ&d above. wﬁbhewrvonau@t1ﬁtb&trd§'e§bnofo@é&éla&hﬂ@ﬁ Hpegg not - hot
restart lanp 10, s . desirahlle to jnpose l.nactive |nterval on

the system @%% M%iﬁlpé ont iWRED d |c"a°ff'P8f? o*splﬂ%%"éo!'ﬁ trheER@np.
Experi nent atggén hesréhit woltarses chdivds abamasteruawwlu ni:é uehzﬁg a

sedvence of T whagpt, B, b HpHBnGA5e | EEHESe AR AAGRY |
preferably fhlhpwam.by Thushacvolbageat smmlomflﬁaepnadnceboutq Oowtpwetonds

ESg(rjf g(r)r]fgngg dI'he e?@rugi &?u‘ég& or EzSQ%I gc |\I/é2' e?s’;[ ?1%6(: vet%rrll?erva‘{;;
are 0.67 seddn@s %ﬁaclﬂstsc,fMd§h¢ePp'é&¢vé?%rcm whilah &sr thus22

performs t hepdpprié@nwitn @osoTage ned?Y iegualt £6VAind véPtage.
Pulse circuit 12 is designed to produce a series of

high voltage oscillations which are applied to lamp

15 10. Under favorable conditions, the first burst of
signals from pulse circuit 12 is effective to start
conduction through lamp 10, restoring the lamp to

operating condition which results in voltage sensor 16

opening switch 18 and returning the circuit te the

20 operating condition described above. However, if that

- f£irst burst of oscillations does not hot restart lamp

10, it is desirable to impose a "dead" or inactive

interval on the system, avoiding the continued applica-

tion of pulses to the lamp. Experimentation has

25 disclosed that an active interval including a sequence

of fast rise-time, high voltage, limited energy

oscillatory pulses and lasting for between about 0.25

seconds and about 1 second is preferably followed by an

inactive interval of between about 0.5 seconds and

30 about 2.5 seconds for optimum HPS lamp hot restarting
performance. The preferred values for these active

and inactive intérvals fe 0.67 seconds and 1.5

seconds, rcspectivoly. 'rhus, ' imer circuit 22 performs

Q)




d pulse circuit by opening switch 20 at the end of the first predeternined
I nterval of pul se production. At the conclusion.of the 0.5 to 2.5 second
inact{ve interval, timer circuit 22 again closes switch 20 and 5 allows
the pul se circuit 12 to agai n supply high voltage pulses to lanp 10. If,
adaln( I gnitson does not take place, this sequence of active and inactive
intervals is repeated. It is inportant t ha® each active period has a 10

| engt h ch is long enough to sufficiently ionize the |anp plasma to force
i ts instaft aneous | npedance to drop-down to a | evel at which higher

magni t udes of cpukse cdrdwdt dyecdpenhingglswitch a2f f tthe aendl aifl £he

vol tage and for 40 I th

i nt erval cannot %fé% E%%&gt{]ﬂz%tfr[e dgéig%bnlif |°?6/1%u tp%&ﬁ ti e a(raé“f ube
and dei oni zes gaﬂeousm en. abntheaolsby tPpRi. &j ﬂﬁgﬂﬂﬂ)l ingetdye gy
stimul ation tendg, e’ ‘éizléﬁtar!iz JagaifRAcEds Cdwitcht R0S ana

Cystem Tne &Hﬁo&iﬁ?é&%ﬁﬁé& chrsuit L“ééureﬁétﬂé aff Surp s’ biah o
t°dzf§f;on“ﬂgmw ¥ pligediun T L0 S5 el ot e
(l;.n67 second 25 Wé‘q rfﬁfggl' fcmf \/\éﬁeﬁgg SJ% %égg%ﬁ Qﬁgc%eégﬁ’é)f :
interval is cmnlintntvlla.hsghepoltedse sodi um. | anp.
It is important that each active period has a
10  length which is long enough to sufficiently ionize the
\ '~ lamp plasma to force its instantanecus impedance to
. drop down to a level at wh:l.oh higher magnitudes of
current can be forced through the lamp by the available
voltage and force it into a higher ionization 1level.
15 However, the interval cannot be so long that it adds
significant heating to the arc tube and deionizes
gaseous components. Continuously applied high voltage -
energy stimulation tends to keep the arc tube and gas
temperatures up, thus prolonging the time required to
200 effect hot restarting with a practical system. The
active period causes a oomplex sequence of ionization
everits to occur within the lenp. The details of this
sequence are not fully understood; however, it has been
' clearly established that the sequence of a 0.67 second
25 active interval followed by a 1.5 second inactive
interval is optimum for a high pressure sodium lamp.




the repetitive sequencing of pulses fromcircui.t 12 for 5 a predeterm ned
interval of tinme or nunmber of cycles of active and inactive intervals after
ghich, if ignition of lanmp 10 has not yet occurred, the pulge systemis 4
eactivated until the power supply is recycled. This is acconplished by
Cresistor 26 and timer 28. As 10 current flows through resi‘stof 25 to
| se interval tinmer circuit 22, resistor 26 is heated. After a .
predeterm ned nunber of cycles of pul3@ circuit 12, the tenperatuna of
resistor 26 is elevated to a p0|nt at mhlch |ts resistance is | ow enough to
deactivate - . . - '
systemin tn#

agai n. The ﬁ'on can be accon} plished is
illustrated in t-: yie fﬂde a[;h '

shown therein, t e:f‘r:ﬂflgéfmfgi bggﬂ'ﬁ‘gét ed to

0C
t he out put Shcarpnpsét@wahgnsuﬁncingvqicnnlaeprsrenasiycuitoﬂalaar

transf @ ner ahpyadtaredngd w&iﬁbﬁﬂ lofP 't {56 Yoi ﬂéﬁﬁar%zaeg ese?iiz ' ;gloy

#ﬁ;ggr?ﬁgfgd%‘ U&nﬁq@@ gﬁg‘ﬁgfﬂ WB;'QQ’F gr gfsﬂlr?%t :‘é&fglitttlhiﬁnég%lttiaﬁe sensor
(16) conpriegs Janpsile tasinotnyet! obdurred; ethel ‘pitlide reyetennsBip with
Lhe ener 9 "oty Sinela ehl Bl nABHTP. e TIFELET PBheRE!, O
one or noreis- mconpli‘hnd:&lduﬂ!‘dr resistioss 26, eﬁé timerS| ZBC sAst ches
LTS e B MG kLR 0 fLid] intlRliseOn
ner circuit 22, resistor 26 is heated. After a._
predetermined number of cycles of pulse circuit 12, the
temperature of resistor 26 is eleveted to a point at
which its resistance is low enough to deactivate timer
15 28, turning off timer circuit 22 and holding the
systen in that state until reset when the power supply
is turned off and on egein.
The manner in which this cperetion can be accom-
plished is illustrated in the more detailed schemati-
20 aiagram of Fig. 2. As shown therein, the cente:
| contact of a socket for lamp 10 is connected to the
output of a pulseﬂtransforner'sd which is preferably a
~ toroidal trensforner having a relatively small primary
winding 31 and a reletively large secondary winding 32
25 with a turns ratio on the order of 4:200. The primary
is connected to the load side of ballast 14, and voltage
'sensor (16) conprises e' resistor 34 connected in series
‘circuit relationship with the energizing winding 36 of
a reley, the nornelly closed contact set or sets of
30 ° which conprise snitch 18. " The pulse circuit further
" includes one or mors 2-terminal seniconductor switches
38, 39, two SIDAC switches connected in series being
chosen for tliis particuler ‘circuit application.
Resistors 40 and 41 are connected in series with each

@



11 other and in parallel with the SIDAC circuit wwth the m dpoints of the
two seri,es circuits being connected to ensure .proper breakdown vol tage

digvi si pn. The _res"i stor-SIDAC circuit is connected in 5 parallel with the
primary winding 31 of the pulse transformer and a capacitor 42, this

seri ei paral | el pulse circuit being connected in series with a second
capacitor 44 and the contact sets which formsw tches 18 and 20. 10

During opgration, capacitor 42 is charged @rough the circuit including

wi ndi ng 31, capacitor 44 and switches 18 and 20 until it reaches the
breakdown vol tage of SIDACS 38, 39, about 240 volts, at which tine
capacitor 42 is @Se%r 888 3% RAFRIIAL swikhs the, SIPAGscdrcudits with sthet o

be applied to thenddpsints'i 6¢i he The WeVFibs SEPFEdits UMY (Gonrected
trans- ferred to the toroidal core of&%ae ul-sgtrans orner and to the
effective |amp sy SPIRES PEAPEY PIp -°"'§)‘a?f9 tage. &R opi ng

osci | | a'éor.y hi gh frequrhey ﬁﬁsiqtlbre-s:.allm@scﬂ.lﬁcdﬁtp mvfwnﬂdr?%GFQQn
magni t ude i nsexc a t at hi gh vol t.age
oscillatory esﬁer gé‘é?;‘%&qaﬁé h%%éhpw%ﬁcﬁﬁgﬁégucﬂ#ggd"gpg%?t &"’S"%
and 44 and secondrynsfoimer 3and v capacitberni? hethisdisaridetparabl el
25 tained at a I y Wl _ %ﬁ'pf&é - S a
hi gh frequency b;%%@‘f%#?ﬁ?hi%ﬁ??%ﬁ@agﬁgggt}?‘e hr's proY%c satsﬁéeé(&ﬁ&

bal | ast and ot hercapaciteni 44c Anshrehe sconsactn Sats Yhich| faym sWikchese
of capacitor 42 ixg idnd hgoorder of one 30 m crofarad and is selected, in

devel o sul A:i ent  endPGEARg oORRERESRB: FARACLERF |43 38 ChATREd dHhiTatah
the lanp. The n#gvet edereiit including winding 31, capacitor 44 and-

-switches 18 and 20 until it reaches the breakdown

voltage of SIDACS 38, 39, about 240 volts, at which

time capacitor 42 is discharged through the SIDACS,

15 causing this voltage to be applied to the primary

winding. The energy stored in capacitor 42 is trans-

ferred to the toroidal core of the pulse transformer

and to the effective lamp system distributed capaci-

tance, thereby developing oscillatory high frequency

20 pulses across the lamp having a vo;tage-magnitude

"in excess of 10 KV.-'T:“It will be noted that the high

voltage oscillatory energy circulates through the

et . circuit including capacitors 42 and 44 and secondary

- winding ‘32, the tap between the windings being main-

25 tained at a relatively low voltage because the capaci-

tors serve as a high frequency bypass for the high

voltage energy. This protects the ballast and other

elactronic components from these high voltages.

The size of capacitor 42 is ef the order of one

30 microfarad and is selected, in conjunction with the

breakdown level of the solid state switch used, to

develop sufficien to overcome losses and to

lamp. The magnitude of

e \ensure placement of the




capacitor 44 is selected to ensure placenment of the -~ 12 high voltage
pul ses on the front portion of ,the ballast open circuit voltage waveform as
{t produces a | eading charging current and to devel op the dgsi.red nunber of
hese high voltage pul ses per half cycle. The pulses 5 are then placed
fn each half cycle of the 60 Hertz open circuit voltage. Tiner circduit 22
ncl udes the energizing winding 48 of an el ectromagnetic relay which
controls contact set 20, the w ndi nglBeing connected in parallel ws¥rcuit 10
relationship with a resistor 50 and a capacitor 52. This parallel circuit

i ode 5. BighcvBirass HULAeR @R TS CHEPRE RORFLE. Pls EbsaRas 1esFou

zgt ; It mlecopmcmcu&ﬂ tmta@achag:fbrml&s H:Iqtmcduogsvel ua@amb WIt Egl ng
Sperati on SpebEioy bt (RRATKE Sk Ve O cBY, ek Crag | labaR; 62 |G
pur pose, ahHesike highicvoltagei pulses zar sha&ﬂsaydm.t hal’hehpuas'esve

Phei s aRER bl i on WAPHAPE oy el e THB BBPRReR Bpe MOVt

circuit 226irendty¥edtagetrode of the SCR i's connected through a re5|stor
58 to the returpigidie eirchat iae. HBEu&Es ﬂﬂeeﬁ&? £22n§ORAReiag t hrough

a breakdown device 60_.1 n.series eS|s 0 a_Series circuit
i ncl udi ng 48r &F 8B, eJectreua tB? kafgklgﬁEﬁrB%sl§°Pﬁaﬁ§ralIe

wi th capacsetr 204 thé windirmy Ibiing tdsnxiffé‘ctadl $hopaz@llielpedricudtan upper
re&sﬁ@mcexhiméionsh¢r with a resistor 50 and a capacitor 52. kj
This paral¢31 circuit is .connected in - series with -
heating resistor 25 and a senmiconductor diode 54.
Capacitor 52 is charged through the diode-resistance
‘ecircuit until the capacitor voltage reaches the
15 energizing voltage of winding 48 at which time the
' relay energizes to open switch 20, terminating the
operation of pulse circuit 12. A 24 volt DC relay is
_ suitable for this purpose, and the value of resistance
25 is chosen 80 that the active pulsing interval is the
20  appropriate length. - : : '
The repeat timer circuit includes an SCR 55 which
is connected through a resistor 56 to timer circuit
22.  The gate electrode of the SCR is connected through
a resistor 58 to the return side of the line. The
25 gate is also connected through a breakdown device 60 in
~series with a resistor 61,to a series circuit including
a resistor 62 and a capacitor 64. A resistor 66 is in
patallel.yith capacitor 64 and in parallel with NTC
_ resistor‘zs to provide an.upper-resistancé-limit
30 acrass'c;pacitor 64 to :stablish a definite transfer
point. . . '
, This SCR circuit forces pariodic discharge of
1capac1tor 52, thus causing the active production of
pulses to occur after-a p:ede;ernined inactive period.

O



30 across capacitor 64 to. establish a definite transfer point. This SCR
circuit forces periodic discharge of capacitor 52, thus causing the active
preduct{ on of. pulses to occur after a predetern1ned i nactive period. 13
Resistor 62, along with relatively small resistor 56, constitutes a
circuit for capacitor 64. \Wen tq? DC vol tage | evel across

char gi

capacitor 64 reaches the breakdown | evel

5 triggeggd into conduction, thus discharging relatively Iarge capaci tor
52 and causing t #Hbf“’é | @9k 2,
commut at ed by tﬁgsg?ilon 0 lgg#fa gF% f?%ﬁggﬁ?f?he re tar 8

forces a burst - 0$°€§Fi§ﬁﬁ=%r%uﬁhaﬁiﬂgt IEEP 1t &9% Fapa 'g°ﬁnﬁént aW}aen '

vol tage reversalefal @56 s Revel OicﬁéssV\’f‘éiﬁhéi‘ﬁoi}' tﬁrﬁa&ﬁég b.ﬁe

formed as a tenperature activa nornally open sw tch
Eeakiown. IARAL RE BSRAKARWN e ¥Ire SO0 bhe SR L

parall e

with c

I's_connected i I’l

enough, capdcit oprédge®ed Iﬁ-ms egohtdedtiiich) clRasi msdhéfge:. ee&!awavely

voltage o

f diod

e, 60, . there it g t he actl t he S
preventing the rbREESLE E% causin &9‘9 3?&9’10“ ge Pf‘lﬁﬂ'élg
| anp refuses to ﬁbaﬁaﬁmﬂmicé.estmh SCRris ceimutad:emw viehe Oactiibht &

< torned of | arEARaceihanethd | EfRL, i, e “Selay, Winding SREHR cBR 4"

choosi ng the chasabhwrrstt o currenttchPSughd resistor ﬁh;esaﬂsﬁnQGa

and the t
connect ed

o

hghnal

in parﬁ&#&#k% h Q’?&%ﬁ \éf%réhi e3b¥eds thd Ss@RSC 25
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Resistor 26, which can alternatively be formed as
a temperature activated normally open switch, is—
connected in parallel with capacitor 64. When the
resistance of resistor 26 is low enough, capacitor 64
is prevented from charging to the breakdown voltage of.
diode 60, thereby inhibiting the action of the SCR and
preventing the reestablishment of pulse energy for lamp
10. Thus, if the lamp refuses to start or hot restart
after a selected interval of minutes, the high voltage
pulsing circuit is turned off until the power source is
turned off and back on later. The interval of minutes
is selectable by choosing the characteristics of
resistor 25 and the value of resistor 26 and the
thermal coupling there-between. A resistor 66 is also
connected in parallel with capacitor 64.

A long thermal time constant is thus accurately
-and reliably obtained. The time constant components
do not affect normal operation because, when the lamp
ignites and goes into full operation, thus limiting'the
open circuit voltage, . the power available to heat
resistor 25 is insufficient to elevate the temperature
to the deactivg;ing level of timer 28.

In the! ctrcuiﬂ\or Fig. 2, a series circuit
including’5fresistar dﬁ\and capacitor 69 is connected

in parallsd 18 and 20 to limit contact

reakdown device 60, the SCR is

ch
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A long thermal tinme constant is thus accurately and reliably obtained. The
time constant conponents do not affect normal operation because, when the
g?np |gn|tes and goes into full operation, thus liniting the 30 open 4
rcuit voltage, the-power available to heat resistor 25 is insufficient to
| evate the tenperature to the deactivating |level of timer 28. 1n t'he
ircuit of Fig. 2, a series circuit ihé4luding a resistor 68 and capacitor
69 i s connected 35 in parallel with switches 18 and 20 to |imi ts&ontact
14 arcing. The values of the conponents in this circuit. are also chosento
cause the oMEGiRgng MRE VAIUeS Of:tha (GomPAReRtst dmdhis t cinruitdanped

or over- dogPp@dal¥éVehosdih | 88P dRideURNE 08perating' Mump volﬁitééb' lities
fron1occurr|ngﬂnuce circuit, of Flgb 3is Vic%&ﬁ!nllar t o, that of . 2 but
i s designed®® £iop: pRike e &FAS Yatrnped pPFmaR‘SFW‘ndl ng
7g Ft secoaﬂanpdupdlmiﬁwmj.nb lsanwmﬁrnd-up) dhopwdsloe7zotrmrt alnld |
the la t aving. a capacitor in paralle
therew??h ##PF%$81?§%§L ?§8§|$%@¥h%qﬁgﬁ ‘the reactor voltage is
difficult to senThe &dreudithef | Pig:hd \id tmsodndiaimcﬂmcthgtreﬂ stor 34
and relay w ar. degpdukhe r a
current se\r,?m 1 vg rﬁgFai(i?? onnect.ed ?E s“g'?'lﬁe? in QE&{gngi urn l'i ne.
nu

Cont act setta® h!"i-ﬂﬁs‘oﬁﬁm winding: 70.c R segondaxywin efthe |anmp
i s opera- tyNicRNisl é6Rnéctednto the puluing %ﬁeﬂﬁtm&ﬁm 1ampl8 to

ggggg;lpg;te pa ) ESrELagy yifRlng 75 &J'm%g o B5HaALIR" 74 M
parallel therewith. 1In this type of ballast circuit, o
the reactor voltage is difficult to sense. According-
ly, the voltage sensor including resistor 34 and relay
winding 36 are eliminated and the energizing winding of

15 a current sensitive relay 76 is connected in series in
the lamp return line. Contact set 18 is thus operated
by the current relay so that, when the lamp is opera-
ting and lamp current is flowing, relay 76 opens switch
18 to deactivate the pulse circuit. Otherwise, the

20 operation of the embodiment of Fig. 3 is substantially
the same as that of Fig. 2, the operation of the
regulator itself being well understood and not being
part of the present invention per se.

The embodiment illustrated in Fig. 4 presents

25 . modifications usable in the circuits of the previous
onbodinonts when onployimg a magnetic regulator, only
the secondary winding 72 of vhich is shown in Fig. 4.
Those portions of the circuit which are similar to
those shown in the provious figures will not be

30 described again.

- A capacitor 80 is connected between the positive
supply line from secondary 72 and the junction between
switch contacts 20 and 18. A resistor 81 is connected
in parallel with capacitor 80 to provide normal

@



the sane as that of Fig. 2, the operation of the regulator itself being
wel | understood and not being part of the present.invention per se. The
egbodigrent illustrated in Fig. 4 presents 25 nodi fications usable in the
circu#ts of the previous enbodi nents. when enpl oyi ng a nmagnetic regul ator,
only tthe secondary wi nding 72 of which is shown in Fig. 4. Those portions
of the circuit which .are simlar to those dtfown in the previous figures
will not be; 30 descri bed again. A capacitor 80 is connected between the
positive sUpply line fromsecondary 72 and the junction between swtch
contacts 20 and @ischargestwhealnot cinnased iﬂ'hphr xtapacitoh dspaddded
80 to provide norJpl e C P

added to the ci r(#lﬁat eec‘%lzluse f?“ﬁu gmenggln?%ﬁl ?p %I'gh%atve % dﬁget he
dynani ¢ i npedanc £sme And the |Q.’§'l§li%om%gn€@| chncgsméssiclm afhs&one

regul ators, ther &d%n&ic' ﬁutsats | NSEANEHSSES redd Ritory 2 tRREE U4Q
provi de push t hr ejtrgiéi/ ring hot restart. The capacl- tor corrects
this problent bu ’%Eﬁ % Mmhﬁuﬂ*ﬁﬁl availaple to proyide
operation i s commpusic- oﬁezgyouad-ihg hoEi restartpul ghdedapacit-he

ol ectrode | i 'fZ”"&%S# GRS .. e 4 ?”3@@3@5&%&" Srom

tlhi s as S(ﬁonhas the chreatittnasomconcas '&mpdchnembbncakmccbmnaﬁmd
Guckd ey acfRANE ALY S8°HUpf 0SSt e
amp~ballast operational stability, performance
\ and lamb electrode life. Opening switch 18 with the
current relay 76 accomplishes this as sccn as lamp
" oparation commences.

The addition of capacitor 80, a'lcng with the
15 magnetic regulator secondary characteristics, intro-
duces a tendency of the entire circuit to oscillate in
an undesirable fashion. Accordingly, a resistor 83 is
connected in parallel circuit relationship with
capacitor 44 to make the overall hot restart process
20 more stable and positive. With the addition of this
resistor, the size of capacitor 44 can be decreased
since the resistor 83 carries a portion of the charging
current for capacitor 42. It will be noted that
resistor 83 is removed from the circuit by the opening
25 of switch 18, except when it is needed. This prevents

an increase in power loss during normal operation.
Further modifications in this circuit are the
inclusion of SCR's 85 and 86 in place of the SIDAC
. discharge circuit used in the embodiments of Fig. 2 and
30 3, along with the relocation of contact set 20 and
redesign of the SCR trigger circuit. SCR 86 is

connected in the rcversc direction from SCR 85 and the




3
an undesirabl e fashion. Accordingly, a resistor 83.is connected in parallel
circuit relationship with capacitor 44 to nmake the overall -hot restart

ocess 20 nmore stable and positive. Wth the addition of this resistor,s

e size of capacitor 44 can be decreased since the resistor 83 carries a
qgrtlon of the charging current for capacitor 42. It wll be noted that
resistor 83 is renoved fromthe circuiléby the openi ng 25 of switch 18,
except when it is needed. This prevents an increase in power Ioss.dur|ng

normal operation. Further nodifications in this circuit are the inclusion
of SCR s 852fdaBd A, SFDAC 88.( A 8ecAndiSTDAR (89 s @anneaked rin he

ggbOdh menéI s rEl!elZ ﬂrh?»aontactalw mthnah% rﬁéﬁé&éfnvtef &@%?ﬁt set
and redesi cirqu s,connected in the
reverse di r %fi?i E@%@%cﬁ? & %fé@?*'oﬁé e RarRlIeks are
i nt er connectwektlbySEDACr 88s ciTrigger rcﬁ.otﬂeagsa andl wraﬁ,cmwéd set

ggn'tzgc?gge? Wa%és%& or da/@DégPﬁgpfké%n g h°gn %r '3 Iseg ﬁ’?‘im st or

82 is in par@8) crespeativedg.ss. ATsegges demimted 29dand aaapmmt ed 5

bet ween the gia ne S .85 ively. A
series resi storgrig ar%am t or %%ﬁartggc?ﬁ ed g@r 0SS ]tdr']d”a'iggﬁ a/‘gThe

rel ocati on SONEARERt3028XPRkheymain rF%B@Q&f-ﬂ-Vﬂem loap int® the
SCR trigger ﬁnécwagwﬁywce&wﬁiw g¥rebitl C%éi‘edééﬂ @(}ci gy48 o

creroi 10 Y dpnBace i1 (g reflaBaniy | wisnmn i € rhanglng

. basic function. When relay winding 48 is energized, u
contact set 20 is opened, preventing the SCR's from~
firing under normal operating conditions, turning off
the high voltage pulse generation. However, those

15 contacts need only carry gate current.

' | SIDAC 89 is included to make the SCR's self-pro-
tecting.. In the event that a higher than normal
voltage appears across the SCR's when contact set 20
is open, the forward biased SCR is turned on by SIDAC

20 89 breakdown, thereby protecting. the network. Resis-
tors 82 and 78 force proper voltage division between
SIDAC's 88 and 89. Normal operating voltage levels
will not break down the two series-connected SIDAC's

~but a high, destructive transient or surge will. When

25 contact set 20 is closed, SIDAC 89 is shunted and

.. SIDAC 88 breaks down normally. - The network including
resistor 79 and capacitor 84 is included to dissipate
very high frequency spurious oscillations which tend
to degrade SCR reliability. The circuit, as shown,

30 behaves very much like the SIDAC circuit of Fig. 3 but
is capable of handling much more switching energy.

The reason for this modification involves differ-
ences in the characteristics of the magnetic regulator
ballast, the peak and RMS voltages of which are lower

@



firing under normal operating. conditions, turning off the high voltage

pul se generation., However, those 15 contacts need only carry gate
urrdnt. SIDAC 89 is included to make the SCR s self-pro- tecting. In the

event that a higher than normal voltage appears across the SCR s when

contact set 20 is open, the forward biased SCR is turned on by SIDAC 20

89 breakdown, thereby protecting the network. Resis- tors 82 and 78 force
proper vgltage division between SIDAC s 88 d 89. Nornmal operating

voltage "®els will not break down the two Series-connected SIDAC s but a
hi gh, "destructive transient or surge will. Wen 25 contact set 20 is

cl olseg S| DAC 89m7rgm egeattio®! Bﬁﬁf&i&mlﬁﬁddgmaa er&'ﬂu\és. Tfﬁhé}ﬁié@r k
i ncl udi ng resi st an aci i S,i uded ,t o di te ver |
frequency spuri o %s’é?ggéﬁ ﬂeig VaLg: J'(fesss(%’#g 2 &rhe
circuit, as shom,assmecesﬁmestaeiycmahel the ahousitDaE « -nm:gyt d:éliireg:—
but 'i's capabl e Obahoif! thg RiGh Wofeadel Bied Fibin HTsbCEHUhd Arrdll ©
er nagne I c

nodi fi cati on_i nvo ves d ences I n aracterlst cS of
regul at or ba? | asB0 amd Q#EP#mﬁpvoltages of which are | ower 17 than

the reactor open circuipe V&Eéf@fné‘ab!%uitB%‘%ﬁ@éiﬁ&ﬂ“bﬁt thbefdr'ﬂ‘sﬁhe
delivers |l ess total energx S necess b' | ncrease th annunis &
energy deliver- S8&BnSthelfi géli ﬁ%ﬁ@g pﬁﬂ' that oﬁh&m%%amm ofkErud
30 and capacitor in¢ludeschrepriag aresistord sepandon2’3?2 apédaniséheheR
55 s different Ruhde WiSvGbSHE Mok dalidnddi 95° 5371 Sdet 03k Wigh i
K/ 10 tude, a longer time-ccnstant circuit requires increased“
charging rate driving voltage and linearity to effec-
tively and repeatedly trigger the SCR. The gate
circuit is therefore modified to include an SBS break-
down device 94 connected in parallel circuit relation-

15 ship with a capacitor 95 and to a series resistor 96
the other end of which is connected between resistors
90 and 92. Capacitor 95 insures positive voltage
breakdown of SBS 94. The operation of this circuit is
essentially the same as previously described.

20 Fig. 5 illustrates the circuit for an embodiment
which is quite similar to that of Fig. 4 but is
designed for use with a reactor ballast 98. The major

\/ differences from Fig. 4 are in circuit values and in
the incorporation of an SUS breakdown device 102 in the

25 gate circuit for SCR 55. The circuit shown in Fig. 5
is particularly useful in connection with a 250 watt,
100 volt HPS lamp.

The following tables give the values for the

circuits described.




vol t age waveform from secondary 72 is |lower in magni- 10 tude, a | onger
ti me-constant circuit requires increased charging rate driving voltage and
Inearity to effec- tively and repeatedly trigger the SCR The gate circuits,
is therefore nodified to include an SBS break- down device 94 connected in
‘grallel circuit relation- 15 ship with a capacitor 95 and to ® series
resistor 96 the other end of which is dﬁhnected bet ween resistors 20 and
92. Capacitor 95 insures positive vol t age” breakdown of SBS 94. Thq,
operation of this circuit is essentlally the sane as previously described.
20 Fig. 5 illustFTABER 3 f : i, @nt which is quite
simlar to that of Fig. 4 but is deS|gned for use wth a reactor ball ast
98. The mmjor differences fromFig. 4 are in.circuit values and in the
i ncorporati on of TFansformen 3R Puregi ratioy #a200e 25 gate circuit for
SCR 55. Theapacdtdy ¥®PW i m fs9. 5 igegarticularly useful in connection
with a 250 watt, ';00 volt HPS | anp. The followng tables give the values
for the circuits desdd bed. 4  TABLE ®: COVMPONENT VALUES, FIG 2

Transfo'irr?r 30 tmrns rszuo zudm Capa'cito"r'- 42 1.5 mfd " 44
3.22 " ge3|sror 655 %ﬁ? 1000, his "; . 224 QéQOChnB at cutof?9
10 20 . 69100K 0.22hns " .
Resistor = 25 5K  Ohms -
" 26 90K Ohms at cutoff S v/
10 " 40 - 100K - Ohms -
o 4] 100K .
" 43 100K "
» 50 270 "
" 56 - 100 "
15 " 58 1K "
" 6l - 470 "
" - 62 - 150K "
" 66 470K "
L 68. - 470 b
20 ' VALUES, FIG. 3 e
Capacitor 42 1.5 nfd
T T 5 "
" 52 1200 "
" 64 100 "
25 " &9 0.22 "
Resistor 25 SK Ohns
" 40 100K n ' ' . i
" 41 100K '

" 43 100K



* 41 100K ot 43 100K o 50 270 o

56 - 100 | " 15 . " 58 K 61 470 :
"e .150K: won 66 A7T0X won 68 470 " 20
TABLE '2: COVMPONENT VALUES, FIG 3 Capacitor 42 1.5 mfd " 44
5 C " *r 52 1200 mon 64 100 " 25 " 69
0.22 ° " Resistor 25 5K Chis " Q0 100K won 41
100K A 43 100K " " 50 270 won 56 _
100 won 58 1K SR | 470 "5 "
66 470K non o0 4400 " TABLE 3: COVPONENT VALUES.-
FIG 4 Capacitor 42w B8 7 100fd " = 44 4.0 " 10
52_ 560 " 58 64 1x 50 o 69 0.22 |
_ " 61 470 "
5 " 66 470K »
" 68 470 "
TABLE 3: COMPONENT VALUES, FTIG. 4
W Capacitor 42 2.7 nfd
" 44 4.0 " -
10- " 52 560 .
" 64 50 )
" 69 0.22 »
" 80 3.9 »
" 95 - 100 mmfd
15 Resistor 656 27 Ohms
' " 65 100 "
" 66 470K "
" 68 470 -
| " 78 470K ]
N 20 " 81 470K "
g " 82 470K L
" 83 300 "
" 87 470 "
" 90 '2.5K "
25 " 92 2.5K "
L] "

96 330K




" 80 3.9 " 95 100 : .mfd 15 Resi stor 56

Chns " 65 100 o 66 470K - » " " 68
350 o 78 470K " 20 ! 81 . 470K St e
470K . o 83 300 o 87 470 o
2. 5K " 25 ! 92 2.5" "t e 06° "330K

TABLE 4: COVPONENT VALUES.  FI G 5 Fiaysforner 30 turns ratio 4,200

Capacitor 42 1.5 nfd " "5 "\ 52
560 R 64 50 " 69 - 0.22 Lo 80 2
o, 95 100 ‘ Re5|stor 26 27 Chns " 65
100 " 66 SRhl MPONE ALUES, FIGuzdX - mon 68
470 " " 81 470K " 82 470K
n 83 Tré%sfcrmer 30"turns ratio 7:200
Capacitor 42 1.5 - mfd
" 44 8 "
5 " 52 560 "
» 64 . 50 .on
" 69 0.22 * _
" 80 2 " S W
" 95 100 pf _ -
100 Resistor 56 27 Ohms
" 65 100 "
" 66 470K "
" 78 470K "
" 68 470 "
15 " 81 470K "
" 82 470K ot
" 83 300 "
» 87 470 »
" 90 2.5K " .
20 " 92  2.5K " o
" 96 330K "




* 87 470 "M 90 2. 5K " 20 " 92

2.5 -t L 96 . 330K o - 21 -.CLAIM5 1. A starting,
hot-restarthg and operating circuit for a high intensity discharge |anp
conprising the conbination of an AC voléﬁge source; first oscillatory
circuit means connected to said AC sour 5 and to said |anp for
applying to said lanp a series of higlgbAdMSage pul ses having peak voltage
nagnitudgéfsignificantly greater than nornmal |anp operating voltage for
starting Or hot restarting said |anp; second timng circuit neans for

term nati ng.shiskarting. dfotrorestating an opex atiing: cireddtelat i i ve

interval i9ntbgs2B§©A48 chiarigd angidonpti FiGlg W WEhbith=a4idn @ i on of

hi gh voltage pulses to said |lanmp for a second, quiet, interval and for
allowing said first circuit nmeans to again apply voltage pul ses capabl e of
causi ng hoanr st @bl tagesaotiriceyp at the end 15 of said quiet interval;
third circuit neans for term.nating application of said high voltage pul ses
to said lanp after a predetern ned nunber of active and quiet intervals

wi t hout i gfiirstnosctiillatoxy cinanit imearsecconnrgted to FRLGAC FIVAFE
MBanssCONNERLCHQDERIRP ) JEdi- SPPIFing dosakdal AaRy/ & afildldd dighe AC
vol tage supplied to sai anp, for normal _AC operation of sajd | afier

i gnition. Yoltagecpudifias having Rgakoveriage pad %-S’s%ﬁh?{??’?% ¥
circuit negpsaiee tHER RoPwATElinpriferatind adlitage forostdartingeor chot

secondary w ndi ng.connecgted to said | anp, a primar
Y restar%1ng séid qamp; al P y

~ second timing circuit means for terminating said series of
10 pulses after a first predetermined active interval in the
absence of lamp ignition, for suspending épplication of high
voltage pulses to said lamp for a second, quiet, interval and
for allowing said first circuit means to again apply voltage
pulses capable of causing hot restart to said lamp at the end

15 of said quiet interval; '

third circuit means for terminating application of said high
voltage pulses to said lamp after a predetermined number of
‘active and quiet intervals without ignition until said circuit

is reset, and

20 ballast circuit means connected:between said AC source and
said lamp for controlling the AC voltage supplied to said lamp
for normal AC operation of said lamp after ignition.

2. A circuit according to Claim 1, wherein said first
circuit means includes a pulse transformer having a toroidal
~ - cOore, a secondary winding connected to said lamp, a primary.
winding, a capacitor connected in series with said primary
winding and a solid—3% . switch connected in parallel

with the series cizgfey ~w;ﬁhg said capacitor and primary

. winding.




;
wi ndi ng, a capacitor connected in series with said.primary winding and a :
solid state switch connected in parallel with the series ferr] including

ai d capacitor and prinmary w nding. 3. Acircuit accordipg o claiml <«
2 wherein said second circuit neans includes a normally conductive

ontroll- able switch neans in series '@h said first circuit neans ‘so that
ening said switch means deactivates said first circuit nmeans,.and

timng nmeans connected to said AC source for opening said switch meghs
after said fi rst predeterm ned active interval to suspend application of

sai d pul ses i-: acqer di 23N R kébdnam ng 10
rreanspl ncl uaes aﬁgg&ior%%%?gﬁﬁ %Z%t;nm t-or. é'gn%alca?ed in Se?I es
across sai dedtcudtr mearss includesi a m&hhg condugtive wontziollsaid
control | abl gny tf@i%%ﬁéﬂﬁwdﬁ? serdléy Qi%h”%%w%ﬁéky AlRA¢ contact

set and an energi zin connect ed

resi st or - di B8&NEHPAL; t"d?a%l pPening saA“:l?UétF’hc’Eﬁﬂﬁn&W&tlﬁSS 4 or

5 where§n sgajdaseioat Sirwit Mess f winder includes neans for rapidly
di schargi ng said capacitor-at.the end of said qui et interval to reclose
said switch neans. 20 7. A ci rcui.t according to claim6 wherein said

means for dtiuiatglmgamlcdnneetedl doersdid Aenisoureet forseipeningonnect ed

in parall eI t a atJ | onst ant
for establi® j'n'ilg ? at| n Hg%’gu%e |nlfé'%/gt} B%éd% fi‘nhh_gg cui t
accor di ng tacsﬂ.srmmm@ rtclsaﬁuﬁnﬁnd dapplicationanf saddudedsesheating
resi stor connected across said AC source and a negative tenperature v

4. A circuit according to claim 3 wherein said timing _
10 means includes a resistor, a diode and a capacitor
connected in series across said AC source.

5. A circuit according to claim 4 where:.n saiad

controllable switch means includes a relay having a

normally closed contact set and an energizing winding
15 connected to said resistcr-dicde-capacitor circuit.

6. = A circuit according to claim 3, 4 or 5 wherein sa:.d second

circuit means f.urther includes means for rapidly
discharging said capacitor at the end of said quiet
interval to reclose said switch means. W,

20 7. A circuit acccrding‘ to c'l'ai'm 6 wherein said means

| for discharging includes a triggerable eemiconductcr

switch connected in parallel with said capacitcr and a

- gating circuit having a time constant for establishing
the duration of said quiet interval.

25 8. A circuit according to claim .7 wherein said third -
circuit means includes a heating resistor connected
across said AC source . an ] ..1 "'-ative...tenperature-._
coefficient resistor thermally ccupl ed: to said heating

ll!lll[l Illllj I



i;oeffici ent resistor therpally coupled to said heating = -23- resistor and
onnected to said gating circuit, the resist- ance of said NTC resistor
geing raduced after an interval of heating to a value at which said gating
circuit becomes ‘i noperative. 9. A circui,t, according to any of Clains 3 to
7 wherein said third circuit means incl ddé8 & heat i ng el enent and neans
thermal ly reppopstye ther aiondettdeepongaial asvinghcipanstopbhe I@sist-A

starting, ,hot-restartin d_operating .circuit. 10 f hip gh ;i nsiit y
di schar g&~1 afces@ stsﬁﬁ‘?aw‘?g efseﬁalesrteo-r i%%%?%r%ggég%gii bagfrdt% thgr elfﬁg%gr\l%el to
Figs. 1 ando?®, hieiag.in®, tdga dadnveFiad. uhiafh téwidicodhbaayFhgcaisnibegomes

ingperative.

8. A circuit according to any of Claims 3 to 7 wherein
said third circuit means includes a heating element and
means thermally responsive thereto for keeping said switch

means open.

10. A 'starting, hot-restarting and operating circuit

10 for a high intensity discharge lamp, substantially as here-

\/ inbefore described with reference to Figs. 1 and 2, FigL
3, Fig. 4 or Fig. 5. of the accompanying drawings.
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