ENERGY SAVI NG Cl RCUI T FOR ELECTRONI C BALLASTS FI ELD
OF INVENTION This invention relates to fluorescent

| anps and nore specifically, to control electronic
bal | ast commonly used to operate fluorescent |anps.
BACKGROUND CF THE | NVENTI ON Savi ng power and energy
are gaining inportance day-by-day in commercial and
residential establishments throughout the world.

ENFRUG YR RWINCECIRCTA FOREIPEEC T RONIC BALLASTS

and there is a good potential to manage power

consunption of the sane. Electronic ballasts are

bei ng i ncreasi ngly HEEH DO INVVONGIEENt | anps.

El ectronic ballasts wth non-regul ated out puts are

wi dely used for the general Iighting of common areas
Thib likeert kelafes, toWhdneaysntaashpst fid BRFESpASIfidaI8Y té/cntrol

| ess expensive conpared to regul ated output el é&ctronic
eledtadriadhblastAisommondg wistd td bpetambsiodeweat Wayps.oper at ed

at full illumnation, even at tines when full

illumnation is not required such as during the night.

El ectroni call di nmmabl e ball asts are available to
reduce t ho BACIGROTAND QERIBCINVENTHQN: hese ar e

conparatively nore expensive. Additionally, the
dimming circuitry is integral to the conplete unit and
Savig powesanddensd gy sep gastisRyimpastaees duydberdagrinagpmmercial
or ga iz,atli on W ﬁhi n% to incorporate the .dinmmng .
andy gsiqantipl jastablishmanty Khratghops dben wadd &.ightng edaigments,

repl ace their, ngn- di le ballast units. 1
and m%re specﬁfcally ?luoresc@r?%g%tmg, are major consumers of power

and there is a good potential to manage power consumption of the same.
Electronic ballasts are being increasingly used with fluorescent lamps.
Electronic ballasts with non-regulated outputs are widely used for the
general lighting of common areas like corridors, walkways and staircases as
they are less expensive compared to regulated output electronic ballasts. As
a result, the lamps are always operated at full illumination, even at times

when full illumination is not required such as during the night.

Electronically dimmable ballasts are available to reduce the illumination
when desired, but these are comparatively more expensive. Additionally, the
dimming circuitry is integral to the complete unit and cannot be added
separately. Hence, a user or an organization wishing to incorporate the
dimming facility in their lighting system has to completely replace their non-

dimmable ballast units.




Accordingly, it is the object of the present invention

to solve the |l ong- standing problens indicated above

by providing di nmable electronic ballasted

fluorescent systens, which are | ess conpl ex and

substantially less costly. SUMVARY OF THE | NVENTI ON

The first enbodi nent of the energy saving circuit for

use with a power source and an el ectronic ballast of
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rectifier in series and the other swtch connected
ballasted dingrescentinystarhgrwhisdt arfd kess congdex aad sbataitiallynless

alternative toggling of the swtches connect the power
COS@Y}ppI y to the electronic ballast through a rectifier

al one or through a conbination of the transforner and

rectifier to achieve maxi mumand mninmumillum nation

& = > Melinle

of the | anpg} L! _ o 81 enbodl ment

achi eving reduced illumnation of the fluorescent

| anp. BRI EF DESCRI PTION OF THE DRAWNGS Fig 1 is a
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i nvention conprising a age transfor
sourfdetard] b8 clecteheiWallasdbaar fuvebcandbhey, the €18t Eehodiment
enbodi nent of the invention conprising a buck
compursveg tactralsfofEmal | EpdDESCRICRTIIGN circuits, a pair of switches, a

switch connected to the transformer and rectifier in series and the other
switch connected directly to the other rectifier in series, wherein an
alternative toggling of the switches connect the power supply to the
electronic ballast through a rectifier alone or through a combination of the
transformer and rectifier to achieve maximum and minimum illumination of
the lamp respectively and the second embodiment comprising a rectifier and

buck converter for achieving reduced illumination of the fluorescent lamp.

BRIEEF DESCRIPTION OF THE DRAWINGS

Fig 1 is a schematic diagram of one preferred embodiment of the invention
comprising a step down voltage transformer
Fig 2 is a schematic diagram of another preferred embodiment of the

invention comprising a buck converter




The invention, as disclosed in Fig 1 is an energy
saving circuit 10, which is inplenented by
el ectrically connecting it between an AC power supply
12 and an electronic ballast 35 of a fluorescent |anmp
36. The energy saving circuit 10 is low i n conponent
count, operates at a standard frequency and generates
negligible loss in its switching operations.
Therefore, it hPERAILED DESCRIPEI(ONREr ational life.
The energy saving circuit 1S connected to AC power
supply 12, which acts as the power source for the
entire circuit. The AC power supply is connected to
Theciaventbnsas tlededsscoinanig 1 22 anvimecy sewingotirethe 10, which is
. internal operation of the energy saving circuit. Any
impigrpanist kyvetedirieally wenneeiing it bhly gsmea Mk Cinarest pepply 12
but .triac. swi.ich e referred because of
and il 5is L 5b P 0 ol R SER G Soa.  Swi toh 20 i s
connected to input 29 of a | ow frequency transforner
24. The transfornmer is a fixed output transforner
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requi renents and the specifications of other
Theegiopgniehias anninthigsieriongopeemidenldifec Uht.enthey kuviele Ghcuit
of the transformer is to step down the AC voltage,
is conmdrted td rAothB0y supply 12y whinoh pets 27thef pewer source for the
transfornmer is coupled to a full-wave bridge. rectifier
entigg civanit. 28e A dweicsuraiy lﬁ)ﬁoﬂﬁ@Ctﬁﬁitdg?@Hi@gtSMﬂtCéﬂﬁS 20 and
it is. t AC voltage . to DC vol tage..Swi tch
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connected to input 29 of a low frequency transformer 24, The transformer is
a fixed output transformer with a standard output such as 115V-0V-115V at
50/60 Hz and 12V A. A transformer with a different specification can also be
used depending on the requirements and the specifications of other
components in the energy saving circuit. The function of the transformer is
to step down the AC voltage, such as from 230V to 115V. Output 27 of the

transformer is coupled to a full-wave bridge rectifier circuit 28. The function

of the bridge rectifier circuit is to convert AC voltage to DC voltage.

Switch 22 is directly connected to a second bridge rectifier circuit 26. The
function of second bridge 26 is also to convert AC voltage to DC voltage.
The energy saving circuit is designed in such a way that only one switch,

either 20 or 22 can be turned on at any point of time. The outputs of bridge




either 20 or 22 can be turned on at any point of tine.

The outputs of bridge 3 rectifier circuits 26 and 28

are connected to output ternminals 30 and 31. The

output termnals are connected to el ectronic ball ast

35. The present invention operates as follows. Wen

switch 22 is turned off and switch 20 is turned on,

the current flows through switch 20 to transformer 24
rectilePUIBuRY LBUWNRTS kb ebsRycted ¢p Rjul“ﬂ%utt fRemyeilt 3geardP®M. The

and flowng to bridge rectifier 28, wherein it is
outponteemteals tioe DEnnedtedge clcthendcibplibstd¥s.bri dge

rectifier 28 is routed to output termnals 30 and 31

through lines 28a and 28b. When switch 22 is turned

on and switch 20 is turneg off, the current . flows
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the fluorescent lanp is reduced resulting in dimmng

28fWheea dvaitgh 22nd tumntdenothe swaadnaliie, tuwiehofhehe current
switch 20 is turned off and switch 22 is turned on,

flowhelixasithyatye the bridegel wopifies Itaxvithontathe veltageebaings siepped
full illumnation. It will also be understood fromthe

dovamolbe desds iten sectiftesd by wechiiendpdnta P{nendmastes f output
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Accordingly, it is apparent that when switch 20 is turned on and switch 22 is
turned off, the voltage to the fluorescent lamp is reduced resulting in
dimming of the lamp, and in the other scenario, when the switch 20 is turned
off and switch 22 is turned on, the voltage to the lamp is maximum and it

results in full illumination.

It will also be understood from the above description that two or more
transformers of appropriate ratings together with additional switches may be
used to produce light intensities of the lamp at three or more levels, thereby
enabling the lamp to operate at multiple levels of light intensity as may be

desired.




enabling the lanp to operate at nultiple |levels of

light intensity as may be desired. 4 Wile control

switches 20 and 22 nay be controlled manual ly, or

automatically by any nunber of different types of

control systens, it has been found that the use of a

m crocontroller is preferred for a nunber of reasons

as will becone nmore fully apparent. Accordingly, a
Whidec raomantl r obligches 3201 randordi naki obewdontioledPagsvdly, or

Infra-red (PIR) detector 34 as 1llustrated in Fig
auteomapicildy nAaokfnvobeagd ditfeoper ttpest of aonsol tgftems2dt has

22, The mcrocontrgller uses the alternating current
beepagungothas gbe Asicoot mosuringontiollgr 4s guetertedriobaseuthber of

enbedding.a lightin hedul e. As each AC cycl.e has a
reagfiiy 4 M SSSRMTORYSUNY RIS, frecaclioghpl 4 nicrocontroller
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of operation. It could then be programmed to operate
at half-illumnation for the next six hours. During

Thd hescdinxrolievnses ithe wirdthtirg! Yurrémt EA‘@R QUi RgE ko Id8ssing
PIR detector to switch back to full-illum nation

as aretabht anid-pasmtod embeddagserlidhtinasciomludel Avayich AC cycle
Finally, for the last hours into dawn, the
hass defopibnemsriogh (2amsdar 68H K supplw) dedurhientimingsoran be
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the 09 FQlr Adfs of operation. It could then be programmed to operate at
half-illumination for the next six hours. During these six hours, it would rely
on the output of the PIR detector to switch back to full-illumination
momentarily until the passer-by has moved away. Finally, for the last hours
into dawn, the microcontroller can switch back to full-illumination
permanently. Control outputs 37 and 38 from the microcontroller 32 as

illustrated in Fig | provide the signals for controlling switches 20 and 22.

It is apparent that by programming the microcontroller 32 to control the
switches, half or full illumination can be obtained and therefore is more cost-

effective in utilizing electricity for general illumination,

Another preferred embodiment is disclosed in Fig 2. The energy saving
circuit 40 is implemented by electrically connecting it between an AC power

supply 42 and an electronic ballast 44 of the fluorescent lamp 46.




switches, half or full illum nation can be obtai ned

and therefore is nore cost- effective in utilizing

electricity for general illumnation. Another

preferred enbodinent is disclosed in Fig 2. The energy

saving circuit 40 is inplenented by electrically

connecting it between an AC power supply 42 and an

el ectronic ballast 44 of the fluorescent |lanp 46. 5

The energy saving circuit receives the electrica

i nput fromthe AC power supply, which acts as the
Theponergyssaniog. cifthet A&qoeethe afpptycdlsinponfenhetie AC power

bridge rectifier circuit 48. The bridge rectifier
supply.cthichcasiy asttbe mowart urae. T & G piodger supply fis eonnected
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altermete ¢bggling of chdswvitahtat whinfititiee petiodiedyile, tlgeebetween
and,_discharging the charge in the inductor into the

the glosdtansnelccdrndcaisg the indentarhe ditetdl tosthedpEnealtagihfom
sw t.ch y be operated by a digital pulse train
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opened. The switch may be operated by a digital pulse train generated by a
suitable source at a relatively high frequency such as 40 KHz to 250 KHz.
The operational characteristics of the buck converter is such that its output
voltage 1s dependent on the duty cycle of the pulse train that controls the
operation of the switch 52. The buck converter is connected to electronic

ballast 44 of fluorescent lamp 46 through output terminals 53 and 53 of the

energy saving circuit 50.

Accordingly, it is apparent that by varying the duty cycle of the pulse train, a
stepping down of the input voltage is achieved, which enables varying the

illumination of the lamp 46 from maximum to minimum.

As further illustrated in Fig 2, a microcontroller 60 in conjunction with a

Passive Infrared (PIR) detector 62 is used for controlling the switch, the




operation of the switch 52. The buck converter is
connected to electronic ballast 44 of fluorescent
| anp 46 through output termnals 53 and 53" of the
energy saving circuit 50. Accordingly, it is apparent
that by varying the duty cycle of the pulse train, a
st eppi ng down of the input voltage is achieved, which
enabl es varying the illumnation of the lanp 46 from
techmayienbwin® desaiibednfulls Hareidieri ThesPratkeedtor bh Dpératdon
m crocontroller 60 in conjunction with a Passive
canisafsathedpieRtiRe dba besbgert2atisg bedy withircntargld ambtHdneby
swtch, the 6 technique being described fully
enables slefegting themresaar efet person. Thesirads fnm thaR B alesector
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decreasing the illum nation of the |lanp 46. The
m crocontroller 60 operates in the same manner as
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m crocontroller to control the switch 52, variation

inillumnation can be achieved and therefore is nore

cost-effective in utilizing electricity for general
Accordinginaley programmang she enignatengtadled tohamtrdighe switch 52,
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It is to be understood that the foregoing description of several preferred
embodiments is intended to be purely illustrative of the principles of the
invention, rather than exhaustive thereof, and that changes and variations
will be apparent to those skilled in the art, and that the present invention is
not intended to be limited other than expressly set forth in the following

claims.




wi ||l be apparent to those skilled in the art, and that
the present invention is not intended to be limted
ot her than expressly set forth in the follow ng
claims. 7 CLAIM5S 1. An energy saving circuit for use
with a power source and an electronic ballast of a
fluorescent | anp, the energy saving circuit
conprising: (a) a step-down voltage transforner having
a first output, (b) fir€LADMS$econd rectifier
circuits, wherein the sécond rectifier circuit is
connected to the first output of the transformer, (c)
first and second switches, wherein the first switch is
L. Anenergy siaving @b’ﬁuécﬁOédJ&eowuﬂhea ingyvar sfurehansk ap edostronic

vol t transfo nd the second switch is
bal i3t AEE Cheret e AP, QI Grisdey SREmec Fai COmPHiging:

(a) & SBER W oAt BBy A BER AR ot rum
(b)ﬁgga&}gf sécsorﬁijpégt{ff'éit éji'r&ﬁ'f I\Mhét%ﬁt? Yok s%@(?n({ r%c?t'il;i%r circuit is

ler SO as @ naxi nmum curren

é’élﬁféd’t&[‘t&tﬁéaﬁfs@%bt ateéﬁ{hklt%smi imum il lumnation

of the lanp, and y swtching on thé first switch and

(c) fivitt ahdngeobid t beitseenavibbiCthe ClET eRtitdls SURMEItEdally
t hrough the step down vol tage transforner and the

seumuted dot ihei emputoofishe ostep aldwle altagentraasforatucesd the
voltage to the electronic ballast resulting in
C@ﬂdrﬁgmdﬁ tm@nr@ﬁﬂd @ theHer Sén@tg“yersamumg aeidr cui t
%cor di ng .aim 1, includjng
(d) wherein by sw1tc ing on the secon sw;tch and switching off the first
switch, current at maximum voltage is supplied directly through the first
rectifier so as to provide maximum current to the electronic ballast
resulting in maximum illumination of the lamp, and
by switching on the first switch and switching off the second switch,
current is supplied through the step down voltage transformer and the
second rectifier so as to provide current at reduced voltage to the

electronic ballast resulting in dimming of the lamp.

2. The energy saving circuit according to Claim [, including a
microcontroller or microprocessor, wherein switching on and switching off

of the switches are controlled by the microcontroller or microprocessor.

3. The energy-saving circuit according to Claim 2, wherein the
microcontroller or microprocessor further includes an alternating current

(AC) voltage zero crossing operating as a lighting schedule.




m crocontrol l er or mcroprocessor, wherein swtching

on and switching off of the swtches are controll ed

by the m crocontroller or mcroprocessor. 3. The

energy-saving circuit according to Caim2, wherein

the mcrocontroller or mcroprocessor further

i ncludes an alternating current (AC) voltage zero

crossing operating as a lighting schedule. 8 | 4. The
4. Eneenyrgyasdwigg cincaiti dccacdiagdionglaimsQ ar ¥ i2cladig a passive
~including a passive infrared detector, wherein the
infrared dstanionl Wheredr the anvppeeriselder ps migreprecessor is further

el ectrically connected to the passive infrared
elegliically sonsCisdt e the leéSSb‘feeti&ﬁ%rég (fﬁﬁe%t%é? dstect ghe piesence
fener% saving circuit for use with a power source and
Ol HRC8PBetronic  ballast of a fluorescent |anp, the
energy saving circuit conprising: (a) a rectifier
circuit having a first output, (b) a buck converter

5. th&i@rg%ffﬁﬁf_irﬁnéal%%hﬁgfo@'% W& Y Hdadess E%qtidtng%ae%ctronic

I nput erm an output termnal and a sw

balltkeo£h Fludiesdomp i mb ety éiﬂirgy%avﬁ%ge@itédi@@bhm@ lect ed
to the first output of the rectifier, the outpu

(a) h ecctifiad cirsuiehecing cikityoutponected to the el ectronic
bal | ast and the switch wth a first input being used

(b) & buckmomierteneirepériar istappong doavib thek voltage sraled ing(ar) input
m crocontroller or a mcroprocessor connected to the .
tarpsRal, Mpueuieut deninghiandm SWétfing whergin e siutdermpel s
gf%%{r?ct:élf)yn c%fnntegt%ds%tt%g ?itrstaoﬁ?lg] eogfthe rectifier, the output
terminal 1s electrically connected to the electronic ballast and the switch
with a first input being used to control the operation of the buck
converter,

{c)a microcontroller or a microprocessor connected to the first input of the
switch, being used to control the operation of the switch at a range of
duty cycles, and

(d)wherein by opening and closing the switch by the microcontroller or
microrocessor and varying the duty cycle, the illumination of the

fluorescent lamp is varied from minimum to maximum.

6. The energy-saving circuit according to Claim 5, wherein the
microcontroller or microprocessor further includes an alternating current

(AC) voltage zero crossing operating as a lighting schedule.




duty cycles, and (d)wherein by opening and cl osing the
swtch by the mcrocontroller or mcrorocessor and
varying the duty cycle, the illum nation of the
fluorescent lanp is varied frommni mumto maxi num 6.
The energy-saving circuit according to Claimb5,
wherein the mcrocontroller or mcroprocessor further
i ncludes an alternating current (AC) voltage zero

7. Thossirny Lpéiatingitagcardinghbi Ogissedube inQudingTaassive
energy saving circuit according to Clains 5 or 6,

infriangl ddiactpra wherziv éhe imfarac@trolétrect onicroprecessortinefurther
m crocontroller or mcroprocessor is further

eleqirigally icoanegteddarepaesive onfsansdsdateetor ko datest thiepersenee of

to detect the presence of a person. 10
a person.
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