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ABSTRACT

The electronic Ballast is  popular for energy saving because of better efficiency than
magnetic ballast. However, some applications require a dimmable fluorescent lamp. Therefore
this thesis proposes an electronic ballast prototype for two 36 W fluorescent lamps with self
oscillating and dimmable with LR passive network for changing frequency current to generate
voltage to supply out MOSFET gate drive in a resonant half bridge inverter. The boost converter
for nearly unity power factor correction is also included for 220 V £ 15 % main supply. The
analysis and design of a resonant half bridge inverter with self oscillating are given . Simulation
of the electronic ballast using ORCAD for verifying correct operation and designing for the
prototype is included. Testing under various operating conditions is given. Experimental and

1}

theoretical results are in good agreement.
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2.1.2 HADMINMNUVBIAYU (Principle operation)

’ d Y @ ; Y o [

Aouganasangesismaudmannuiudwaz loUsenmolunasaudadals
o ' =) @ a A by o Ya ' =1 o
inszuaaunziius iy ihgsiimoamomnszquinliimsUdesszyoenuivenzin

a o a @ P ] [~ U

Wsuiinszualauazifauasdansilaloma fluamuisaveaiudlsandal uas
sanslalemmvz lunszduansiSesuaanignain Bneludmasauda i dudianasadnm

o o a v @ ' o P
annsnueaiueenI uaaslsngmssinuiauasaieananuaasiiiulugli 2.2

Siiaason  dzaodlodson

S

a o 4
31.]712.2 msmﬂwawaﬂﬂﬂqamsmmum

2.1.3 mamanvesnasavigessarusinyseenihi 2 anzae

1. ¥3nougananalianaIN

2. Famaa

] ' a ' ' J a0
Tusheneuganasalidnddng maaudumuvemosangesisdiana il A1ga
w & Ya ' y y o A .- &

wn aniulumsyaraealifaadiezdosldussauniivinage ( Striking voltage) N0y

ya B\ &3 v A 5 ey o
vaea liAaaIdIm s U 15 uns gananaz YuognY duruguINa1e, ANE1IVBY

a : a 4 Ia ' a '

naoa, gungivesdiviin Inse ienasargeaismyuadatiaudisiinszud naru

naoa M 1FANUAIUMUYDINADAAAAAMNVAINNNA

e W d <
2.2mﬂ%’ammaﬂﬂgaassmmuﬁnuvamﬂmmuman (Fluorescent lamp

working with Magnetic ballast)
24 =) Y @ ° a =
iifesninnasangeeismaudianudumunaialunz mehaudn@iuay Ta
$ududesldundesrondanu ihnidnuus lndifvaumastionszua e linishinn
voananavigesisamusladosnw mshliimasnisussduianvas Indifssiuunasiig
o Y Jga o P 1 @ o LY @ 'ﬂ ° Y
nszuaaziin 1d Tavldduiiuaudhiingeroeynsuduunassioussau swunailvan
a J . o J - o wa 1 U 1
SufiuaudvasmaIons iUty Salldnuazaulianou lmedundsnionssue

Taoia Tz ldduniionindudufinauddesynsuduunassious sdu T

{
v W 1

o & q Y a =) a a o a [
nszuaaduiie lilWiRagaydeluduiinaudunniinly dAsiudnyuzasdonaeangoase

unsziugagl 712.3



Tamadunundn

_—
I

undashousaiuiih & waon \ amimnes

@ ' &1 @ @ J o 4 4
31.]2.3 aﬂHmsﬂ’lsﬂﬂ'ﬂﬁﬂﬂﬂgﬂﬂliﬁl"lﬂlﬂ5'.)1”1'1]1]@?1']ﬁﬂllﬂulﬂﬁﬂllﬁZﬁﬂ'ﬁﬂmﬂi

o o A 9t v o 4 S @
msiauvsmasargessmrudilie 19T wATTRMaALAAAITAIADI NANYUS
1 4 ] ' ]
Siitae Wosunnaetiofhnssuaaduliaces ugili 2.3nasavgeasasudes i
o @ s (O ' [} ' P 4 d o Y a
Wnsziarud usaiu ihoinunasswdmingszanaseniiansaned i lvina Glow
. &’ s Y v e 4 4 o Y o @ 9 d? 3 A Y o o
discharge YUNMYNFuRavBeanIsAnes MMNAUAATaUILIZADINT WBNINTUHTVDI
¢ o ' o ' s 'S
A ARD3 NI bimetal ABINITUTIAUATOUAMTANDIVZAADL glow discharge MYALDY
o e J o ar 1 { g ¢ o o (4
widuiauesan1samesaziuat uazdalees lurenamsiameida s taniaauny
o ~ ° a o ] (4 [ y 3 a
minszmienihfifaussdugensounasangests Mpua 15IAUIIEINTI UsIAUANTEA
(Striking Voltage: Vig ) 81 Vig lgamisanefiganasaldaaain yuiunisganaeaes
a ] J ° da J o ]
Gudulmi und qanessrilivasarlgessmauddaaite ussdunisunasangeese
J o o q ¥ o ' 7 Y 1 4' o q ¥Ya 4 Y
udezandins Midussdunsonamimaes liganeheeildiia glow discharge 1ddN

4 L= 1 ay v o a 4
amiamos nuzilanseteiinaen 1) lugreinninavesnasangesisarsua

@ day a ¢ .
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2.4 EMI Filter

Electro Magnetic Interference (EMI) Filters [12] ,{16] Funseesns Bx‘lﬂ’nllai UNIY
framnmnuaiman i gunsalfildi Fiter vzliide Resistor mswaziildifa
anudeu (Loss) 14lumseeniuy EMI Filter 9zAesiiiefenisifiaves Insertion Loss
1ag Attenuation ﬂjaas:uuﬁﬂmﬁﬂﬁuﬁagﬂﬁz.s TaveziiorsanldnngUiizeuazaunms

4
dane 11

Insertion Loss v, zZ,

510 2.5 299581909MsMUIUMIIAA Insertion Loss

Prax = T 2.1

(2.2)



1 [R, |V
1,(dB)=20logyo| — }lvg— 2.3)
gL
4
1, (dB)=20logjo| = (2.4)
VL

1 (Y d o v ' 3 .
Tasfi 7, =ussdueniwnvesdaynaminumdstie Tauhilddedaes Filter

[y I's LY () : ¢
V, =usfueninnussdyanannuraeineiA e Anaveddns Filter Tau
#©729%5 Filter 147 lfussuy

I, = Insertion Loss (dB)

o

I.(dB)/

EOME/= L I + 40 dB/decade

20 L. - 40 dB/decade

-
=

10 100 Logf

0

U0 2.6 NI INLTAINITINA Insertion Loss LA Attenuation

U

2.4.1%%AU9 EMI Filter

ﬂﬂqﬁuwfﬁmi 11U9%AUD9 Electro Magnetic  Interference (EMI) Filter lay
&58\1?’1' UNAWFUAND 7T Filter , T Filter , L Filter , Dissipative Filter , Causer Filter , The R-C
Shunt U@y EMI Filter uaazaiinennysznoudau Filter $147 2 1911, 3 1M iounenied

] [ a o’: wa o .. { o
1989 4 Wi Taousazaiinues EMI Filter vzinanaeuliafidiuyan (Positive) uaziiily

. & ' wa - o a g { '3 ’
Ay (Negative) Fuazauauiaiiagaiidiudedfigalunsldlszlominazgaunnses
¥

& o & . do w
dulusedunils EMI Filter Ndday1dun

o

2.4.1.1 TUFilter

wiidnyazasgln 2.7ua3Ui 2.8



310 2.7 2993 T Filter

LINE LOAD
| 1
0.5C1 _L 0.5C1
gﬂn 2.8 7393 Multiple 70 Filters
AUMIATODALUUNDS 7 Filter
d 1-d
IL(dB) = 101ogm(1+F2(—d——)— 2F* —— i +F°) (2.5)

Iﬂuﬁ = 2CLR2 i Damping Factor
0
g &) 2.6)
]
1 R, 1 4
= e S e ;10D d=1 (2.7
Jo a2LC 7l 2aR,C )
£ I S o d=1 (2.8)
° n(ar,Lc?)” ’

Y o o o o . a [ 3 o o
VOUUNG ﬂ?lﬂﬂﬂigﬂqf‘n«lﬂﬂa%ﬁ (Center Capacltor) ﬂzu‘uu‘lﬂlﬂu 2 iMIDIAIINY

' v g & { ' '
1szeduatu (Bnd Capacitor) na19A8 Fufulszpianuaiiognioluszliauiiu 2 ihwes
' v o 3 o @ . .
usnzduAvYszgA e 2 Audmiuaees Multiple 77 Filter
NSSUAYIYA (Peak Current) gﬂﬁﬂnﬂﬁ' Filter (WoNZQH1U Buffer 130 VoY

]
s <~

1 4 [l
Buffer 900 Filter (Maiaziiaidamiiunit (Inductance) vutalnaimeinuidgyauoen
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Filter 93 lmilonidudnnssuagage

2.4.1.2 T Filter

LY [V

- 4 o
swlianyazagUn 2.9uazsgn 2.10

LINE__ v e LOAD

0.5L1 l 0.5L1
:l: C1

31N 2.9 2993 T Filter

LINE____~~v 12098" A FOAD
L1 0.5L1

AT,
A

319 2.10 2995 Multiple T Filters

TUNITNIDBALILUNIT T Filter

— 2 —
IL(dB) =10 log,,(1+ F? d fl) —F? u+F6)

d2 3 dl/3 (29)
. 2
Taoh d= CR, RVjH Damping Factor
2L
F= fi 2.10)
0
1 R 1 4
f, = =0 s (U d=1 (2.11)
° z2LC 27 mR,C

/S — jife w1 2.12)
e

4LC?
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2.4.1.3 L Filter

sefidnumzAsgUi 2.11uaz31N 2.12
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L1 ’
:[01

5141 2.11 2993 L Filter

LINE A
! ”T(‘T
C1 I C1

gﬂ‘ﬁ 2.12 7497 Multiple L Filter
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AUNIINIIDONLULIINYT L Filter



(1-d*) F*

I, (dB) =10 logjo(l+———2 —+F*) 2.13)
4 L .
Taun d=— {1 Damping Factor
CR?
S
F== (2.14)
fo
«/— V 0 ]
;1D d=1 2.17
fo = 27R,C 27l @17
V2 4
=_— ;o d#1 (2.18)
Jo 27+/LC

oY yd A a ° 4 3 4 A [

Filter wiaiiiduntisminnldau o191 7 Filter ua2 T Filter faulse

s v ¢ o =} o 2 NS o <
AL 3 d@IulA L Filter Naauilssnouinssaedanyue mﬁqq;mumwuﬂmuﬂm"lﬂm

P o A oo 9 ot 5 ° yar A A
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o ar a d ) @ ] 1 v (R
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¥
usaﬁuuaﬂﬁaﬂaﬂu%zagﬁmmnﬁamw wie 2 whwesanuddaaiad Suseduiisi
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2.4.14 Typical Commercial Filter
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LINE =21 L C1 LOAD
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Y'Y i
=

gﬂﬁ 2.13 2995 Commercial filter with Z and feed through

ZORRO
7YY Y
I =
LINE _I_Cl Lo Pl, LOAD
2
| A~ T

31]‘71 2.14 2995 Commercial filter with capacitors to ground

A o d’ ° 9 L4 a L4 dad a  Ja
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' ¥ o A ° o ] [Y
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{FioaNDUUINY Toroid A2y HUUFeed through (CF) 13QnH1IN312A ( Case Ground )

o
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YNINAURILIIV Filter HUINBYNUT (Differential Mode) funuanlnadaziid
b4 y ] b4
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2.5 290515nA 11983 (AC-DC Converter)
Hyngesfivmiflunsulafhnszuaady S0Hz Wiy infhnszuansaite

Sl duduves Inverter §niaslufinmid99sBoenssuauuniagd (Bridge Rectifier)

uaz“l%'ﬁ'axﬁvﬂszgﬁmﬁﬁﬁnsmﬂizumﬁ'aaﬂmsﬂsznﬁ'awaumﬁu‘lﬂ%nszufmsq

dq ¥ < ] =
aungildresiimssnnannuasngaglugiiz.is

nsidenidlalenluresisoinszuauuuyiad  laleafidenldRecdiquaniai
dy 5 Uszmshe -

1. foaEnsonunszuanseyIn1a (nrush Current : I, ) AISUANTESTINGG
Resuidlesudaaindsroinliaes c‘fia‘lummufuﬁaxﬁuﬂszqw"lﬁﬁﬂszqag:mﬂ AN

o o o a 1 n’:
rumuusalenszdn Aetanudunudsludunulsey (BSR) Ay R, muu

D
NISUANTSYIN &= —;—"‘i’(—gg—; (2.19)
s+

SasimInunszuanszan ., veslaleassdestiarlidind I, fidwonld
¥ v & a ¢
2 Fesmnnsanunssuagegaldsivee (1, ) Wunssuaqeganfavuznse

o4 o ° [ o a 3 o
MudszqRameszi ldlnszualnaiudlaToasifialuszuzinaidu Tavialdez
fmuainieseunishisuves Inszuaady (1/50 Juifi nie 20 Hadduii) nssud
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a ¥ < 1 =
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wuusad Ifaewu s luseanduezily 2 viwswsadugeganunduasiiu 2.83

MIVDULTIAY RMS
o [~ 1 $ 4 =)
5. nyzuaialna (Leakage Current) iusinszuad lnailelaloaluaeesios

Q LY é L] Y Q'I 1 L 1] Q’I‘
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A Yo o = a o 1 v o Aq ¥
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2.6 power factor correction
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Push-Pull Converter, Half-bridge Converter; Full-Bridge Converter
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Electronic Device Thyristor | GTO BJT | MOSFET | IGBT
Normal ON/OFF OFF OFF OFF OFF OFF
Breakdown Voltage (V) | ~4000 | ~4500 | ~1000 [ ~1000 | ~1200
Current Density (A cm) 100 100 40 10 60
Surge Current Capability Good Good Bad Bad Bad
Carrier Frequency (kHz) 5 3 20 2000 20
Gate Drive Power Low Medium | High Low Low
Self Turn off Ability No Yes Yes Yes Yes
Operation Junction 125 125 150 200 150
Tempera Limit (c)
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ldc (A 1-0.83440 1.682n  -0.0039 -0.030 -8.0122 -0.030
lac A ) 0.14152 9.3354 9.0000 0.000 9.0473 9.000
P N ) 15226 0.0002 -0.00000k -9.0000k ©.01523k  -0.0000k
S A ) 15.845 e.8111 9.60000k 0.0000k  ©.60915k 9.0000k
Q (var )] 4.386 0.0111 ©.00000k 0.0000k  ©0.00440k 0.0000k
AL 5 € ] 0.96093  0.62158 Error Error 1.00000 Error
¢ [* )G 16.67 € 88.26 Error Error 0.00 Error
fU [Hz ) 56.657k Error Error Error

fl [Hz ) 56.561k Error Error Error

UspkiV 1 166.41 11.80 1.72 1.32 et
U-pk(v ] -167.28 -12.32 -1.81 BP9 A ——
I+pklA ) ©.1876 4.53 0.016 5l X sreremepe N
I1-pklAa 1 -0.2451 8.99n -0.621 A3 | PR
cru ] 1.538 1.910 Error Ecrof V- ——————
crr e }  1.683 2.640 Error e R A s e
FfU ] 1136 1.214 Error ERPOPT/ g ————2N
FfI ( J 1113 1.620 Error Error o =
Z [a ) 747.005 3.76085k Error Error 3.79436k Error
Rs [ 1 717.821 B1.1653 Error Error 6.31097k Error
Stopped 2 111 2006,04/26 13:00:58
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wanda  Power Analyzer (YAKOGAWA)

M PZ4000
=
yasvun

- Wide Measurement Bandwidth (DC to 2 MHz)

- Accurately Sampling 5 MS/s
- Harmonic Analysis (up to 500" Order)

HanSun Digital Oscilloscope (YOKOGAWA)
™ DL1520/L (4 Channel)
Fazioun

Bandwidth 150 MHz

200 MS/s Sampling rate on one channel

or 100 MS/s on two channels

8 bit vertical resolution

DC to 30 MHz, 850V (DC + AC peak)

2% DC accuracy, Internal low pass filter

Nﬁﬂffﬂ!‘ﬁ Multi Meter (Hewlett Packard)
M 973A
=
Iyazioan
- True RMS 20 kHz Accuracy = 0.1%
- Vac or Vdc : 0 to 1000 Volts

- Jac or Idc : 0 to 10 Amperes.
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Naﬂﬁmﬁ Illuminace Meter (MINOLTA)
™ T-IM
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yazivun

v
- Jaanuana lddad 0-999 lux

HanHun Agilent Technologies

§¥ - 54622D 100MHz

MIXED SIGNAL OSCILLOSCOPE
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Design and Analysis of a Self Oscillaﬁng Dimmable
Electronic Ballast for Two 36-W- Fluorescent Lamps
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Abstract

This paper presents a dimmable electronic ballast for two 36-W-fluorescent lamps. The objective
is analysis and design clectronic ballast dimming. The electronic ballast includes a half-bridge inverter
with sclf-oscillating operation, Additionally, simulation of operation using ORCAD software is given.

Finally this rescarch proposes some cxperimental results for verifying. operation. The results dppear

satistactory.
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