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windings of said first and second inverter trans- formers respectively, and
connectable to the first This invention relates to electronic ballast
filaments of said gas discharge tubes for dis- systems for gas discharge
tubes.                    charging said induced voltage signal to said
first Ballast systems for gas discharge tubes and    5    filaments; said
system  also having first and fluorescent lightbulbs are known, and include
second capacitance tuning circuits coupled to ballast systems for multiple
fluorescent lightbulbs  said tapped windings and secondary windings of as
well as single fluorescent lightbulbs. However,  said inverter transformers
for modifying the re- many prior art electronic ballast systems require a
sonant frequency and duty factor of the signal relatively large number of
components and this   to   pulse generated in said inverter transformers,
has led to ballast systems having relatively large  said tuning circuits
each including: volumes. These large volumes are due in part to       (a)
at least one first tuning capacitor which, the number of electrical
components contained       when said tubes are connected in said system,
are within the circuit, but also to the need for ad-     in parallel with
the first and second filaments of ditional components to dissipate the heat
genera-   15   one of said gas discharge tubes; and, ted by the electrical
components.                     (b) at least one second tuning capacitor
coupled Other types of ballast systems are known which    in parallel with
the tapped primary winding of a operate at relatively low frequencies but
these      different one of said two inverter transformers. have very low
operating efficiencies.                 The invention will be further
described with In DE-A-2,755,584 there is disclosed an elec-   20
reference to the accompanying drawings, in tronic ballast system for
fluorescent light sources  which: essentially comprising a transformer
connectible       Figure 1 is a circuit diagram of an electronic to a power
source and capable of establishing an     ballast system according to the
invention for use oscillating signal, a pair of transistors coupled in
with a plurality of gas discharge tubes. feed-back relation to the
transformer for switch-   25  Referring now to Figure 1, there is shown an
ing a current signal responsive to the oscillation   electronic ballast
system 200 according to the signal, a pair of inverter transformers for
estab-   invention coupled to power source 204 and oper- lishing an induced
voltage signal responsive to      able to actuate at least one of a pair of
gas dis- the current signal, and two capacitors coupled       charge tubes
202 and 202' each of which includes between the inverter transformers and
the    30   first and second filaments 206, 208, and 206', fluorescent
tubes for discharging the induced        208', respectively. The gas
discharge tubes 202 voltage to the first filaments of each tube.
and 202' are preferably fluorescent type lamps. The present invention seeks
to improve upon        The power source 204 connected to the electronic the
efficiency of that type of system  by intro-     ballast system 200 may be
an AC source of 120V, ducing tuning circuits to modify the resonant   35
240V, 277V, or any acceptable standardized AC frequency and duty factor of
the signal pulse        power supply voltage. Alternatively power source
generated in the inverter transformers.              204 may be a DC power
source which may be More particularly the present invention seeks to
applied directly within system  200 merely by provide electronic ballast
systems for fluorescent   removing various bridging and filtering elements
light sources which are highly efficient in trans-   40   in a manner which
will be well understood by the forming electrical energy into
electromagnetic       skilled person. energy in the visible bandwidth of
the electro-        From the power source 204 the power is ap- magnetic
spectrum and which require a minimum        plied to the ballast system 200
through switch of electrical components thereby to minimize heat    214,
which conveniently may be a single pole, output and permit installation of
the ballast   45    single throw switch, and via line 216 to a full wave
system  in confined spaces. Other objects and        bridge circuit 218,
which is standard in the art. Full advantages of the system provided in
accordance      wave bridge circuit 218, as is clearly shown, with this
invention will become apparent as the      comprises diodes 220, 222, 224
and 226 which description proceeds.                                serve to
rectify the AC voltage from the AC power In accordance with the broadest
aspect of the    50   source 204 and provide a pulsating DC voltage present
invention there is provided an improved      signal which is filtered by
filter capacitor 228, electronic ballast system for lighting systems of
which may, for example, be a commercially avail- the type comprising at
least two gas discharge       able 200 microfarad, 450 volt capacitor.
Filter tubes each having first and second filaments, said   capacitor. 228
averages out the pulsating DC ballast system comprising: a transformer con-
55   voltage signal to provide a smooth signal for nectable to a power
source and comprising prim-      system 200. Preferably the diodes making
up full ary and second winding for establishing an           wave bridge
circuit 218 are commercially avail- oscillation signal; a pair of
transistors coupled for  able diodes having the designation 1N4005. At
feed-back to said transformer for switching a        one end, the bridge
circuit 218 is coupled to current signal responsive to said oscillation
60   ground 230 to provide the return path for the DC signal; a pair of
inverter transformers each having  supply, whilst the other provides a DC
power a tapped winding for establishing an induced        input to system
200 through a power input line voltage signal responsive to said current
signal     232. and a pair of secondary windings; and a pair of        The
voltage signal passing through power input 



coupling capacitors connected to said tapped    65   line 232 is fed via a
resistor 234 to the center tap 2    3                 .0  085 505
4 line 236 of a transformer 238 having a primary      voltage level of the
associated collector270 will be winding 240 and a secondary winding 242
which is     within about 1 volt of the emitter 268, and since, as center
tapped by center tap line 236. Transformer    will be seen in the circuit
figure, emitter 268 is tied 238 is referred to herein as the first
transformer,  to ground 230, the collector 270 will in turn be and serves
to establish an oscillation signal of    5    coupled to ground 230.
opposing polarity with respect to the center tap for  Similarly, in the
first transistor circuit 252, the the electronic ballast system 200.
Resistor 234 is   emitter 264 of transistor 256 is likewise coupled to
merely a current limiting resistor element and in    ground at 230 so that,
during the conducting state one illustrative embodiment, has a value of
of the transistor 256, the collector 266 will likewise approximately
200,000 ohms. A capacitor 244 is   10   be coupled to ground 230. coupled
on opposing ends to ground 230 and to          Emitter elements 264 and 268
are thus essen- center tap line 236. The capacitor 244 provides an  tially
coupled to ground 230 and base elements AC reference to ground at that
point and is simply   260 and 262 are coupled to secondary winding 242 an
AC coupling capacitor.                            of first transformer 238.
In combination with resistor 234 it provides a    15  Transistor circuits
252 and 254 further include time delay of several seconds in the ignition
of gas  transistor diodes 282 and 280, respectively discharge tubes 202 and
202'. During this time       coupled in parallel relation to the respective
tran- delay, capacitor 244 charges exponentially, allow-   sistor base
elements 260 and 262, and to the ing the voltage pulse amplitude generated
in        respective emitter elements 262 and 268. As is transformer 238
and in the transformers 210 and    20   seen in the Figure, the transistor
diodes 282 and 212 to be described to increase in a substantially   280
have a polarity opposite to the polarity of the exponential manner which
progressively heats         junction of base and emitter elements 260,264
and filaments 206, 208, or 206', 208' prior to gas dis-  262, 268. charge
tubes 202 or 202' reaching their voltage        Furthereach
ofthecollectors266and270 of first breakdown value, thus having the effect
of improv-   25   and second transistors, 256 and 258, respectively, ing
the operational life of tubes 202 and 202'. Sub-  are coupled to the
primary winding 240 of the first sequent to the first pulse, an oscillatory
signal is  transformer 238 via connecting lines 278 and 276, established
and capacitor 244 then acts only as a    respectively, and to the tapped
primary windings reference to ground 230 for the AC signal and the    of
the two transformers 210 and 212 via the DC potential appearing across
capacitor 244 is of   30   tapping lines 272 and 274 respectively.
negligible voltage.                                   As has already been
stated, when transistor 258, First transformer 238 further includes a
second   for example, is in the conducting state, the asso- resistor 246,
having a predetermined resistance      ciated collector 270 is
substantially at ground value, coupled in series with the primary winding
potential and thus current will flow through the 240 of first transformer
238 for establishing a pre-   35   primary winding 240 of the first
transformer 238 determined frequency value for the oscillation       via
line 276 from second transistor collector 270. signal.
Likewise, when transistor 256 is in the conducting Electronic ballast
system 200 further includes     state, current from collector 266 is fed to
the first and second transistor circuits 252 and 254,    primary winding
240 of the transformer 238 respectively, being feedback circuits coupled to
40   through collector lines 320 and 278 via the resistor first transformer
238 to allow switching a current   246. The resistor 246 defines and
controls the signal responsive to the oscillation signal pro-     frequency
at which oscillations will occur, the duced.
control passing through line 278, primary winding Referring now to first
transformer second wind-    240, collector line 276 and into collector 270
and ing 242, which is center tapped, the current is   45
emitter268ofthesecondtransistor258,andfinally divided and flows through
both first transformer     to ground at 230. The transistor diodes 280 and
line 248 and second transistor line 250 to the first  282, which are
commercially available diodes and second transistor circuits 252 and 254
respec-   having the designation 1N156 provide a path to tively. The first
transistor circuit 252 includes a  ground 230 for any negative pulses that
occur on transistor 256 having a base 260, an emitter 264,   50    base
elements 262 and 260. This provides a and a collector 266. The second
transistor circuit   voltage protection forthe base-emitter junction for
254 includes a transistor 258 having an emitter 268  transistors 258 and
256. and a collector 270. Both transistors 256 and 258      When current
from the collector 266 flows are commercially available NPN type
transistors.     through the primary winding 240 of the first trans- As
will be seen, current from lines 248 and 259    55   former 238 into line
276, the polarity of the flows respectively to the base elements 260 and
secondary winding 242 will place a positive signal 262 of the two
transistors 256 and 258. One of the  to base 262 of second transistor 258
and vice versa. two transistors 256 and 258 will have a slightly       Each
of the transistor circuits 252 and 254 higher gain than the other and will
be turned to the  includes a variable resistor 284, and 286, coupled 



conducting state. When either transistor 256 or   60   between the
transistor base element, 260 and 262, transistor 258 becomes conducting, it
holds the      and the secondary winding 242 of the first trans- other in a
non-conducting state for a predeter-      former 238. These variable
resistors serve to mined time interval. Assuming for the purposes of
control the amplitude of the oscillation signal illustration that
transistor 258 in the second tran-  passing therethrough. sistor circuit
goes into the conducting state, the    65  System 200 further includes two
separate inver- 3    5                 0 085   505                    6 ter
transformers 210 and 212 with each having     number 28 wire for
transformer primary winding tapped windings, 288 and 290, for establishing
an  240 and 2.5 turns of number 26 wire on both sides induced voltage
signal responsive to a change in  of center tap line 236. First transformer
238 is suit- the incoming current signal. Further, each of the  ably a
ferrite core transformer such as that sold inverter transformers 210 and
212 includes    5    commercially under the designation "Ferroxcube
respective secondary windings 292, 294 and 296,   2212L03C8". Additionally,
each of first and 298. The separation of the two inverter trans-    second
inverter transformers 210 and 212 in- formers is important and is not found
in the prior  cludes tapped windings 288 and 290 of 182 turns art. The
importance is due to the fact that with two  of number 26 wire. Tapped
windings 288 and 290 separate and distinct inverter transformers 210   to
include respective tapped portions 300 and 302 of and 212, magnetic
coupling between the wind-      122 turns each and portions 304 and 306 of
60 ings of the transformers 210 and 212 is eliminated  turns each. Each of
windings 292, 294, 296 and and this minimizes transients which would be
298 are formed of 2 turns of number 26 wire. established in the windings of
inverter trans-    Inverter transformers 210 and 212 are likewise formers
210 and 212 and minimizes the possibility   t5   suitably ferrite core
transformers such as those of the transistors being switched to the "on"
con-  sold under the commercial designation "Ferrox- dition at the same
time, which would result in    cube 2616PA703C8". conducting overlap.
System 200 further includes two capacitance It is to be further noted that
tapped windings  tuning circuits each comprising a first tuning 288 and 290
of first and second inverter trans-   20   capacitor 312, 316 and a second
tuning capacitor formers 210 and 212 are tapped in a manner to     314,
318, respectively. Capacitors 312 and 314 of provide an auto-transformer
type configuration.   the first capacitance tuning circuit are coupled It
is to be noted also that tapped lines 272 and  respectively to windings
292, 294 and tapped 274 are off-center tapped lines for windings 288
windings 288 of first inverter transformer 210. and 290. Thus, tapped
windings 288 and 290 are   25   Similarly capacitors 316 and 318 of the
second tapped by lines 272 and 274 in a manner to        capacitance tuning
circuit are coupled respec- provide primary winding sections 300 and 302,
as  tively between the secondary winding 298 and well as secondary windings
304 and 306 for        296 of inverter transformer 212 and to the tapped
respective tapped windings 288 and 290. Thus, in  winding 290. Such
coupling allows for the modi- reality, inverter transformers 210 and 212
both   30   fication of a resonant frequency and a duty factor include
three secondary windings 292, 294, 304    of a signal pulse generated in
inverter trans- and 296, 298 and 306, respectively, and asso-     formers
210 and 212. This prevents generation of ciated primary windings 300 and
302, with each of  any destructive voltage signals to the transistors the
primary windings 300 and 302 being coupled    256 and 258 upon removal of
either or both of gas in series with the third secondary windings 304   35
discharge tubes 202 or 202' from the system. and 306. In this type of
configuration, voltage in  Secondary windings 292 and 294 of first inver-
primary windings 300 and 302 are added respec-    ter transformer 210
respectively heat filaments tively to secondary voltages and current in
third  206 and 208 of gas discharge tube 202. Similarly, secondary windings
304 and 306. Looking at        secondary windings 296 and 298 of second
inver- inverter transformer 212, current flows through   40
tertransformer212 are used for heating filaments the primary winding 302 to
the collector 270 of   208' and 206'. transistor 258 which is in a
conducting state.      Returning to first and second capacitance tun- When
switching takes place, transistor 258 goes   ing circuits, it is seen that
first tuning capacitor to a non-conducting mode which causes a rapid
312 is coupled in parallel with the first and second change in current and
produces a high voltage in   45   filaments 206 and 208 of gas discharge
tube 202. primary winding 302 of about 400.0 volts and in   Second tuning
capacitor 314 is coupled also in secondary winding 306 of about 200.0
volts,       parallel tapped winding 288 of inverter trans- which are added
together and this voltage is seen  former 210. Similarly, first tuning
capacitor 316 of at second coupling capacitor 310.                 the
second circuit is coupled in parallel across First and second coupling
capacitors 308 and   50   filaments 206' and 208' of gas discharge tube 310
are connected to tapped windings 288 and      202', whilst the second
tuning capacitor318 of the 290 of first and second inverter transformers
210  second circuit is in parallel with tapped primary and 212, as well as
to first filaments 206 and 206',  winding 290 of second inverter
transformer 212. respectively, of gas discharge tubes 202, 202' for  First
tuning capacitors 312 and 316 have pre- 



discharging the induced voltage signal to first   55   determined
capacitive values for increasing the filaments 206 and 206'. Thus, third
secondary     conducting time interval of at least one of first or windings
304 and 306 are coupled in series        second transistors 256 and 258
with respect to a relation to each of first and second coupling
non-conducting time interval of such transistors capacitors 308 and 310 for
developing the sum of  256 or 258 when one of gas discharge tubes 202 the
induced voltages in primary windings 300 and   60   or 202' is electrically
disconnected from  the 302 and third secondary windings 304 and 306,
system. respectively, within first and second coupling      Assuming
transistor 258 goes to the non-con- capacitors 308 and 310.
ducting state, a high voltage input is presented to In one particular
embodiment of the invention,  the second coupling capacitor 310 which thus
first transformer 238 includes 172 turns of   as   charges to substantially
the same voltage level 4    7                   0 085 505
8 e.g. a voltage level approximately 600.0 volts.     increases in length.
This has the effect of chang However, prior to transistor 258 going to the
con-  ing the operating frequency or resonant fre ducting mode, the induced
voltage decreases and      quency of the LC combination and thus produces
when the voltage drops below the charged volt-       a significantly lower
voltage applied to transistor age of capacitor 310 that capacitor becomes a
5    256. Obviously, a similar concept is associated negative voltage
source for the system. When        with first tuning capacitor 316 of
second tuning transistor 258 goes from a non-conducting state      circuit
in relation to second transistor 258. Second to a conducting state, a surge
of current passes     tuning capacitor 314 is a 0.006 microfarad through
primary winding 240 of first transformer     capacitor and is coupled in
parallel relation to 238 which produces a secondary voltage in   10
primary winding portion 300 of inverter trans- secondary winding 242.
Transformer 238 is de-       former 210 winding 288. A similar concept
applies signed for a short saturation period and thus, the  to second
tuning capacitor 318 for the second voltage on secondary winding 242 is
limited and     tuning circuit. This also becomes a portion of the current
flows through line 250 and through vari-    frequency determining network
for the overall able resistor 286 to base 262 of transistor 258 in   15
system 200 when one of the gas discharge tubes order to maintain it in a
conducting state. How-     202 or 202' is removed from the system. ever,
once this surge of current becomes a steady     The values of inductance of
primary windings state value, first transformer 238 no longer pro-    300
and 302 and the capacitive values of second duces a secondary voltage and
base current          tuning capacitors 314 and 318 are selected such drops
substantially to zero and transistor 258   20   that their resonant
frequency is substantially goes to a non-conducting mode.
equal to the cycling frequency. First tuning This change in the current in
primary winding      capacitors 312 and 316 do not effect the resonant 240
produces a secondary voltage which turns         frequency, since their
capacitive reactance is first transistor 256 into a conducting mode.
large when taken with respect to the reactance of Similarly, transistor 256
produces a surge of   25   ignited gas discharge tubes 202 and 202'. The
low current on line 320 producing once again a           resistance of gas
discharge tubes 202 and 202' are secondary voltage to maintain it in a
conducting     reflected in  primary windings 300 and 302 which mode until
a steady state value is achieved and     lowers the resonant frequency and
the Q of the then transistor 256 goes to a non-conducting         circuit
thus lowering the induced voltage in prim- mode and this becomes a
repetitive cycle be-   30   ary windings 300 and 302. Since this voltage is
tween transistors 256 and 258. The frequency at      seen across the
transistor in the "off" state, it con- which the cycling occurs is
dependent upon the       tributes to the determination of the half period
of primary winding inductance 240 of transformer        the cycling
frequency. 238 in combination with resistor 246.                 When a gas
discharge tube 202, or 202', is Thus, the cycling frequency is a function
of the    35   removed, the series resonance of the combined number of
turns of first transformer primary         elements 304,312 or306,316 is in
parallel relation winding 240 and the cross-sectional area of the      with
corresponding tubed elements 300, 314 or core of first transformer 238. The
half period is a  302, 318, which increases the resonant frequency function
of this inductance and the voltage across   of the combined circuit
elements which is oppo- primary winding 240. The voltage across the    40
site to what happens when the gas discharge tube primary winding 240 is
equal to the collector        is in the circuit. voltage of the transistor
in the "off" state minus     It will be understood that the above embodi-
the voltage drop across resistor 246 and the         ment is presented by
way of illustration only and voltage drop across the collector-emitter
junction  that modifications and variations therein will be of the
transistor in the "on" state. Thus, since the    45   apparent to the
person skilled in the art without two collector-emitter junction voltage
drops of      departing from the scope of the invention as the transistors
when they are in the "on" state are  claimed. not identical, the two half
periods making the cycling frequency are not equal.
Claims 



Several safety features have been included    50 within electronic ballast
system 200 and which        1. An electronic ballast system for a lighting
have already been alluded to. In particular, if     system comprising at
least two gas discharge either or both of gas discharge tubes 202 and 202'
tubes, said tubes each having first and second are removed from electrical
connection, auto-        filaments, said ballast system  comprising: a
transformers 210 and 212 may produce an ex-   55   transformer (239)
connectable to a power source tremely high voltage which would damage
and/or       (204) and comprising a primary (240) and a destroy transistors
256 and/or 258. In order to      secondary winding (242) for establishing
an maintain a load even when tubes 202 and 202' are     oscillation signal;
a pair of transistors (256, 258) removed, first tuning capacitor 312 which
is a       coupled for feed-back to said transformer for 0.005 microfarad
capacitor, is coupled across tube    60   switching a current signal
responsive to said 202 in parallel relation with respect to filaments
oscillation signal; a pair of inverter transformers 206 and 208, as well as
secondary windings 292      (210, 212) each having a tapped winding (288,
and 294. First tuning capacitor 312 thus provides a  290) for establishing
an induced voltage signal suffient time change to the time constant of the
responsive to said current signal and a pair of overall LC network such
that the duty cycle   65   secondary windings (292, 294; 296, 298); and a
7                  0 08  505                      8 e.g. a voltage level
approximately 600.0 volts.     increases in length. This has the effect of
chang- however, prior to transistor 258 going to the con-   ing the
operating frequency or resonant fre- ducting mode, the induced voltage
decreases and     quency of the LC combination and thus produces when the
voltage drops below the charged volt-       a significantly lower voltage
applied to transistor age of capacitor 310 that capacitor becomes a    5
256. Obviously, a similar concept is associated negative voltage source for
the system. When        with first tuning capacitor 316 of second tuning
transistor 258 goes from a non-conducting state     circuit in relation to
second transistor 258. Second to a conducting state, a surge of current
passes    tuning capacitor 314 is a 0.006 microfarad through primary
winding 240 of first transformer     capacitor and is coupled in parallel
relation to 238 which produces a secondary voltage in   to   primary
winding portion 300 of inverter trans- secondary winding 242. Transformer
238 is de-       former 210 winding 288. A similar concept applies signed
for a short saturation period and thus, the   to second tuning capacitor
318 for the second voltage on secondary winding 242 is limited and
tuning circuit. This also becomes a portion of the current flows through
line 250 and through vari-    frequency determining network for the overall
able resistor 286 to base 262 of transistor 258 in   15   system 200 when
one of the gas discharge tubes order to maintain it in a conducting state.
How-     202 or 202' is removed from the system. ever, once this surge of
current becomes a steady     The values of inductance of primary windings
state value, first transformer 238 no longer pro-   300 and 302 and the
capacitive values of second duces a secondary voltage and base current
tuning capacitors 314 and 318 are selected such drops substantially to zero
and transistor 258    20   that their resonant frequency is substantially
goes to a non-conducting mode.                       equal to the cycling
frequency. First tuning This change in the current in primary winding
capacitors 312 and 316 do not effect the resonant 240 produces a secondary
voltage which turns         frequency, since their capacitive reactance is
first transistor 256 into a conducting mode.         large when taken with
respect to the reactance of Similarly, transistor 256 produces a surge of
25   ignited gas discharge tubes 202 and 202'. The low current on line 320
producing once again a           resistance of gas discharge tubes 202 and
202' are secondary voltage to maintain it in a conducting    reflected in
primary windings 300 and 302 which mode until a steady state value is
achieved and     lowers the resonant frequency and the Q of the then
transistor 256 goes to a non-conducting         circuit thus lowering the
induced voltage in prim- mode and this becomes a repetitive cycle be-   30
ary windings 300 and 302. Since this voltage is tween transistors 256 and
258. The frequency at      seen across the transistor in the "off" state,
it con- which the cycling occurs is dependent upon the       tributes to
the determination of the half period of primary winding inductance 240 of
transformer        the cycling frequency. 238 in combination with resistor
246.                 When a gas discharge tube 202, or 202', is Thus, the
cycling frequency is a function of the    35   removed, the series
resonance of the combined number of turns of first transformer primary
elements 304,312 or 306,316 is in parallel relation winding 240 and the
cross-sectional area of the      with corresponding tubed elements 300, 314
or core of first transformer 238. The half period is a  302, 318, which
increases the resonant frequency function of this inductance and the
voltage across   of the combined circuit elements which is oppo- primary
winding 240. The voltage across the    40   site to what happens when the
gas discharge tube primary winding 240 is equal to the collector        is
in the circuit. voltage of the transistor in the "off" state minus     It
will be understood that the above embodi- the voltage drop across resistor
246 and the         ment is presented by way of illustration only and
voltage drop across the collector-emitter junction  that modifications and
variations therein will be of the transistor in the "on" state. Thus, since
the    45   apparent to the person skilled in the art without 



two collector-emitter junction voltage drops of      departing from the
scope of the invention as the transistors when they are in the "on" state
are     claimed not identical, the two half periods making the cycling
frequency are not equal.                     Claims Several safety features
have been included    50 within electronic ballast system 200 and which
1. An electronic ballast system for a lighting have already been alluded
to. In particular, if     system comprising at least two gas discharge
either or both of gas discharge tubes 202 and 202'   tubes, said tubes each
having first and second are removed from  electrical connection, auto-
filaments, said ballast system  comprising: a transformers 210 and 212 may
produce an ex-   55   transformer (239) connectable to a power source
tremely high voltage which would damage and/or       (204) and comprising a
primary (240) and a destroy transistors 256 and/or 258. In order to
secondary winding (242) for establishing an maintain a load even when tubes
202 and 202' are     oscillation signal; a pair of transistors (256, 258)
removed, first tuning capacitor 312 which is a       coupled for feed-back
to said transformer for 0.005 microfarad capacitor, is coupled across tube
60   switching a current signal responsive to said 202 in parallel relation
with respect to filaments   oscillation signal; a pair of inverter
transformers 206 and 208, as well as secondary windings 292      (210, 212)
each having a tapped winding (288, and 294. First tuning capacitor 312 thus
provides a  290) for establishing an induced voltage signal suffient time
change to the time constant of the     responsive to said current signal
and a pair of overall LC network such that the duty cycle   65   secondary
windings (292, 294; 296, 298); and a 5    9                   0 085 505
10 pair of coupling capacitors (308, 310) connected
Gasentladungslampen verbindbar sind zum Ent- to said tapped windings of
said first and second    laden des induzierten Spannungssignals zu den
inverter transformers respectively, and connect-     ersten Leuchtdrahten,
dadurch gekennzeichnet, able to the first filaments (206, 206') of said gas
dal  in dem  Lastsystem  erste  und  zweite discharge tubes for discharging
said induced    5    Kapazitatsabstimmkreise vorgesehen sind, die voltage
signal to said first filaments, charac-      mit den mit Abgriff versehenen
Wicklungen (288, terised in that ther are provided in said ballast    290)
und den Sekundirwicklungen (292, 294; 296, system first and second
capacitance tuning cir-      298) der Invertertransformatoren (210, 212)
ge- cuits coupled to said tapped windings (288, 290)     koppelt sind zum
Modifizieren der Resonanz- and secondary windings (292, 294; 296, 298) of
ro   frequenz und des Betriebsfaktors des Signal- said inverter
transformers (210, 212) for modify-    impulses, der in den
Invertertransformatoren er- ing the resonant frequency and duty factor of
the    zeugt ist, wobei die Abstimmkreise jeweils auf- signal pulse
generated in said inverter trans-       weisen: formers, said tuning
circuits each including:          (a)  mindestens  einen  ersten  Abstimm-
(a) at least one first tuning capacitor (312, 316)   15   kondensator (312,
316), der, wenn die Lampen in which, when said tubes are connected in said
dem System verbunden sind, parallel zu dem system, are in parallel with the
first (206,206') and  ersten (206, 206') und zweiten (208, 208') Leucht-
second (208, 208') filaments of one of said gas      draht einer der
Gasentladungslampen liegt; und discharge tubes; and,
tb)  mindestens  einen  zweiten  Abstimm- (b) at least one second tuning
capacitor (314,   20    kondensator (314, 318), der parallel zu der mit
318) coupled in parallel with the tapped primary     Abgriff versehenen
Primarwicklung (288, 290) winding (288, 290) of a different one of said two
eines anderen der zwei Invertertransformatoren inverter transformers (210,
212).                   (210, 212) gekoppelt ist. 2. An electronic ballast
system according to         2. Elektronisches Lastsystem nach Anspruch 1,
claim 1 characterised in that each of said first   25   dadurch
gekennzeichnet, dal jeder der ersten tuning capacitors (312, 316) is
further coupled in   Abstimmkondensatoren (312, 316) ferner parallel
parallel with the secondary windings (292, 294;      zu den
Sekundirwicklungen (292, 294; 296, 298) 296, 298) of a different one of
said inverter trans-  eines anderen der Invertertransformatoren ge-
formers.                                             koppelt ist. 3. An
electronic ballast sytem  according to   30    3. Elektronisches Lastsystem
nach Anspruch 1 claim 1 or 2 characterised in that said first and    oder
2, dadurch gekennzeichnet, daB erste und second tuning capacitors (312,
314; 316, 318) of     zweite Abstimmkondensatoren (312, 314; 316, each
tuning circuit include a predetermined          318) jedes Abstimmkreises
einen vorbestimmten capacitive value for increasing a conducting time
kapazitiven Wert aufweisen fur die Vergrolerung interval of at least one of
said first and second    35   eines leitenden Zeitintervalles mindestens
eines transistors (256, 258) with respect to a non-        der ersten und
zweiten Transistoren (256, 258) conducting time interval of said first and
second    bezuglich eines nicht leitenden Zeitintervalles des transistors
when at least one of said gas dis-       ersten und zweiten Transistors,
wenn mindestens charge tubes is electrically disconnected from       eine
der Gasentladuhgslampen elektrisch vom said system.
40    System abgeklemmt ist. 



Patentanspriche                                      Revendications 1.
Elektronisches   Lastsystem  fMr  ein            1. Un systbme de ballast
6lectronique pour un 4,   Beleuchtungssystem   mit  mindestens  zwei   45
systbme d'eclairage comprenant au moins deux Gasentladungslampen, die
jeweils erste und          tubes A decharge dans un gaz, ces tubes ayant
zweite Leuchtdrahte haben, wobei das Last-           chacun daes premier et
second filaments, le sys- system aufweist: einen Transformator (238), der
teme de ballast comprenant: un transformateur mit einer Kraftquelle (204)
verbindbar ist und eine  (238) qui peut etre connecte a une source d'ener-
Primar- (240) und eine Sekundarwicklung (242)   50   gie (204) et qui
comprend un enroulement pri- aufweist zur Schaffung eines Schwingungs-
maire (240) et un enroulement secondaire (242), signales; ein Paar von
Transistoren (256,258), die   pour produire un signal d'oscillation; une
paire de zur Ruckkopplung mit dem Transformator gekop-        transistors
(256, 258) connectes en reaction vers pelt sind zum Schalten eines
Stromsignales in       le transformateur, pour commuter un signal de
Abhangigkeit von dem Schwingungssignal; sin   s5   courant sous la
dependance du signal d'oscilla- Paar von Invertertransformatoren (210,
212), die    tion; une paire de transformateurs d'onduleur jeweils eine mit
Abgriff versehene Wicklung (288,    (210, 212), comportant chacun un
enroulement A 290) haben zur Schaffung eines induzierten           prise
(288, 290), pour produire un signal de Spannungssignals in Abhangigkeit von
dem             tension induite sous la d6pendance du signal de Stromsignal
sowie ein Paar von Sekundarwick-   60   courant et une paire d'enroulements
secondaires lungen (292, 294; 296, 298); und ein Paar von       (292, 294;
296, 298); et une paire de condensa- Kopplungskapazitaten (308, 310), die
mit den mit    teurs de couplage (308, 310) connectes respec- Abgriff
versehenen Wicklungen des ersten bzw.        tivement aux enroulements A
prises des premier zweiten Invertertransformators verbunden sind        et
second transformateurs d'onduleur, et pouvant und mit den ersten
Leuchtdrahten (206, 206') der   65   atre connectes aux premiers filaments
(206, 206') 6 I lImIDIII1IIDI all I 11 I    11                '0 085 505
12                      (  t des tubes a decharge dans un gaz, pour dechar-
ment primaire a prise (288, 290) de l'un different  - ger le signal do
tension induite dans les premiers  des deux transformateurs d'onduleur
(210, 212). filamQnts, caracerise en ce qu'il existe dans ce      2. Un
systeme de ballast electronique selon la systeme de ballast des premier et
second circuits   revendication 1, caracterise en ce quo chacun des
d'accord capacitifs connectes aux enroulements 3    5    premiers
condensateurs d'accord (312, 316) est prises (288,290) et aux enroulements
secondaires    en outre branche en parallble sur les enroule- (292, 294;
296, 298) des transformateurs d'ondu-    ments secondaires (292, 294; 296,
298) de l'un leur (210, 212), pour modifier la frequence de      different
des transformateurs d'onduleur. resonance et le rapport cyclique des
impulsions       3. Un systeme de ballast electronique selon la de signal
generees dans les transformateurs d'on-   ic   revendication 1 ou 2,
caracterise en ce que les duleur, chacun de ces circuits d'accord compre-
premier et second condensateurs d'accord (312, nant:
314; 316, 318) de chaque circuit d'accord ont une (a) au moins un premier
condensateur d'accord     valeur de capacite predeterminee pour aug- (312,
316) qui, lorsque les tubes sont connectes    menter un intervalle de temps
de conduction de dans le systeme, est branche en parallele avec les   is
l'un au moins des premier et second transistors premier (206,206') et
second (208, 208') filaments  (256, 258) par rapport a un intervalle de
temps de de l'un des tubes a decharge dans un gaz; et        blocage des
premier et second transistors, lors- (b) au moins un second condensateur
d'accord      quo l'un au moins des tubes 3 decharge dans un (314, 318)
branche en parallele sur un enroule-     gaz est deconnecte electriquement
du systeme. 20 25               * C   L   M   S * 30 35 40 50 55 .60 65 7


