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Abstract Two different resonance inverters

usad as fluorescent lamp ballast are based
on the self oscillatien at the series re.
sgnance of the circuit components., Lach
circuit is simulated on a computer in of-
der to explain ite Tunction and the vari.
ation of the circuit variaebles for euch of
the circuit elsments.txparimental results
have heen carried sut on the unsymmetrical
scheme to indicate the voltage and current
of the fluorescent lamp operation at the
high frequency.

INTRODUCTION

With the recent advances of power electro-
nic devices it has become nossible to save
the electric enargy consumption in many
domaing of applications. An interested do.
main of power slectronic devices applica.
tion is the electraﬁic ballast used for
fluorescent lamp/1/. Fluorsscent lamps are
widely uwsad in the daily life,the save in
£he energy consumed per lamp leading to 2
great amount of energy saving,

This paper deals with the saries resonance
snergy inverters uwhich are charaqeterized
by their implementation simplicity,self
controllablility and high efficliency. Two
proposed circuits/2/ are studied to exp-
inin the parformance of this inverter type
when used as & flusrscent lamp electronic
ballast. The oparation of this circuits is
based on the self oscillation at the series
resonance frequency of the circult compo-
nents, A current feedback loops sre real.

ized to supbly the transistors gate current
to meintain tha self oscillation at the se.
ries resonsnce frequency of the circuit com.
panents.

INVERTER SCHEMES AND MATHEMATICAL MODEL

The dascriptionof each proposed inverter
scheme cen be illustrated by the circuits
shown in fig.1 and 2. In fig.1 a symmetri.
cal half bridge invarter is used with the
virtual supply mid.point realized by two
capacitors C, and Cb. The inverter load is
considered as the whole circuit axcept the
transformer TRF whose impedance is negligi.
ble. Two feedbeack loops are realized by TRF
to supply the conductivity modulated field
effect transiator(COMFET) T, and T, qates
and maintain the i{nverter operating frequ.
ency to the load circuit series resonance
frequency /2/. The primary current of TRF
produces the necessary voltage to drive the
COMFET switch gate T1 for the positive load
current half cycle and that of 72 for the
negetive lpad current half cyle. When T

is tusned on a2 voltage of £/ is applied

to the load circuit and a voltage of .£/2
is not possible with the structure of TRF
secondary colls. The flyback diodes 01 and
Dz insure the alternative paths for the
inductive curramt turn off specially at the
transient periods. At the load terminals,
this type of inverter structure supplies a
symmetrical square wave voltage of ampli.
tude £/? and frequency equals to the load
natural frequency,consider the starting
case in which the fluorescent lamp fs not
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‘tate behavior of the tuo proposed invert.
2r8 circuits are the smae 33 it was shoun
in the mathematicel model, it was suffici.
ent to re2lize one of them. The unsymmatri-
cal inverter was realized because it vas
less componants than the symmetrical one
yeee fig. 1 mnd 2. The experimental rasults
were obtained for the unsymmetrical ballast
circuit supplied from 230V main, Fia.4
shows the .no load voltage and current wave
forms., It can be cbserved that there is =
good concordance betwesn the experimental
end simulation results., At loading condi.
tion the fluorscent lamp voltage and curra
ent are illustrated in fig.S5., The lamp pow
er 40U and the operating frequency is 23.8
kHz, 1f we consider that these current
and voltage are both sinuscidal the rms
voltage current are 8B8.4V and0.4958 res.
pectively which give 43.75U.

CONCLUSTONS

A self oscillating series resonance inver--
ter is simulated,realized and tested for
the use as a fluorescent lamp electronic
ballast . This type of inverters have a
high efficiency which reduces the pouer
loss of the flourescent lamp circuit. The
Mathematical model for two types of symm.
etrical and unsymmetrical serles resonance
inverters are carried out. Thase madels
give an interesting results:they have both
the same stesdy. state and the difference
in tha transiant is small. Therefore,it is
recmmended to realize the unsymmetricel
scheme which has less components than the
symmetrical one. Experimenta) results have
been carried out on tha dnsymmetrical
scheme to indicate the voltage and current
of the fluorescent lamp pperation at the
high frequency,
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ignited,if the resistance R‘% is zero the
load current will be infinite. Thersfore,
the role of this resistance is to limitthe
circuit current to its designed value. The
voltage across the series R , and (4 bran.
ch,in the starting case,must exceed the
tamp ignition veltage, In the operating
case,when the lamp is ignited, the series
equivalent circuit of the parallel branch.
es RLp'RLtCZ has & very high squivalent
capacitance and then it is neglected com.
pared with Cﬁ. Also,the RLtc? branch curre
ent is so small that it can be neglected
vwith respect to the lamp current. The 1li.
miting resistance RL1 power loss is negli.
gible beth in the starting and aoperating
case,

In fig.2 is shown the scheme of unsymmetri.
cal half bridge inverter. The circuit des.
cription in this case is exactly the same
as the symmetrical one except for the leoad
applied voltage which varies between 0 and
E. The DC source £ together with the swi.
tch modules can be represaented by a squsre
wave voltage source To simplify the model-
ing task the load circult is represented
by its
in the
tions.

serfies R,L and C equivalent circuit
starting ar in the operating condi.
The driving function e(t) is & pile.
cevise regqular function its periodically
2k second,since the system is self cscilla.
ting one then k=%/u, w=y(1/LC)-(R/2L)?
The solution,c rrent of the system differ.
ential equation in the interval
ket ¢ (n+tdk

for the symmetrical inverter is

i©=-E e sinot/ 20l (5K 1)
< E O R ginw/2 0l (9K - 1)
+E 0K ginox /oL (eCK 1) )

o=R/(2L)

and for the unsymmetrical inverter is

M =-EcO sinat/ol (K 1) @
+ B0 g/ wl (e 0k - 1)

In sach mathematical model the first term
does not depsnd on the interval at which
the model is applied. The symmetrical cir.
cuit is 1/2 the unsymmetrical circuit cu-
rrent in the first half period O<t(k,in
the second half period k<i{?k the second

term of equation (1) has the same value as
the first term of this eguation in the first
half period. The secand term of equation(1)
does not depend on the interval at wvhich

the model id applied. Therefore,the first
and second tarms of eguation{1) and the fir.
st term of squation (2) correspond each oth.
ar, they are relative to the transient of
the refered circult and decay quickly. The
third term of equation (1) and the first
term of equation (2) correspond eech other,
they are rselative to the transient of She

of the refered circuit and decay guikly,

The third term of equation (1) and the
second term. of equation (2) are exactly

the same and they present the circuit stea-

state current. Thess terms include the in.
tervael dependant variable n and they are-

relative to the transient of the refered
third term
tarm of eq(l)
varible n and

circuit and decay quickly. The
of equation (1) and the second
include the interval dependant
they have the same form during each period.
The twuc proposed circuits have the same stea.
dy state current, The great difference in
the transient appears during the first and
sscond pericds only /4/_/7/

The two proposed inverters are simulated on

a8 computer by a simulation program/3/. The
purpose of this simulation is to indicate

the difference hetween the two proposed cir-
cuits in both transient and steady.state
conditions, The results carrier out on the
symmatrical half bridge are {flustrated in

the left column of fig.3. The results of the
unsymmetrical helf bridge inverter corres.
nandtag to each of the symmetricsl one are
shaun in the right column of fig.3. The
operating frequency of the circuit is 33.3
kHz for R=680 Ohmg,L=4mt and Cm4,.5nF, The
supply veltage for eech circuit is 310 DCV
abtained by rectifying and filtering 220
ACV. As previously explained the qreat diff.
erence betwsen the two circuits response is
8t the firast half cycle, It can be explaired
by the fact that the unsymmetrical circuit
has 8 fast transient response compared uith
the symmetrical one fig.3. The steady_state
response is the same for both circuits shoun
in Pig3 (c and d). The switched elements of
each must support ths same voltage as 1llu
Strated in fig.3(e and ), Since the steady-

-1102-



" "
é{\
a2 i .24
R A 1
» [\ ax) seqy
’ q
fr v ¥ Y Tr v v AD¢ T T v
. 3.0 B 1. e-0 2leo3 L sebow b Bat 1. fE-0 230 sthos
-t
] -t
-.2] -.2]
-.!.j L )
—_
T L]
2] 24
] '
) SEl sEr,
" A T T 1 T T ,V T T c' ° T T T u T T T Y -
26§00 2,060 3.fe00 ).2€-04 3.4€-6. 2.05-00 2.08-0 Iy 1.3t-0e 3.%¢-0
- -]
- zi .2 \
j
-.3] -] /
(<) o
o v
o] .
0. ] 00, |
1. 120
4
100, 10. |
v, %. ]
B e N sec
T T 2 ~—T T . s T——— T T T T
2.55-0 2.06-04 p A2 1,28-04 PR N2 2.6F-0% 2,080 3,500 3.26-04 3.eE-0%
-2, J N,
'. N c
£ ®) &

Fig.3 Transient and steady_state response'

f
Fig.4 Noload voltage and current Fig. S Voltage and current o

wave forms the ignited fluorsscent lamp

-1103 -



