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The paper purpose is to model and interpret thesieat regime of the fluorescent lamp mountingg tise
magnetic starters. These are a combination by tile with different characteristics and their usad to some
advantages. The analysed transient regime can d$wilted by a Duffing-type equation that is properthe
chaos and resonant jump phenomenon. With its tieépresonant curves and the flux jumps in the miagne
starter are highlighted. The simulation and expental results are compared. The phenomenon thdé keaa
quick and sure ignition of the fluorescent lampaénted out.

1. Introduction is the instantaneous value of the supplying
voltage.
The fluorescent lamps fed with industrial The shape of the characteris{{®) is given

frequency voltages uses, as supplementary in Figure 3 and could be approximate by a third

circuit elements, inductive or capacitive ballast  order polynomial

and a classic bimetal starter. This kind of _ 3

starter presents various drawbacks as intense I=m¥, +nY, (2)

wear of the : flaments dl.mn.g. start-perlo_d, In this case, using the reference variables

relative long time of lamp ignition, uncertain E d W =wF ih th tai

ignition at low temperatures. mo an 0 =0 Wi € notations
Different solutions exist in order to  x=WY/W,andU=E,/E, for the normalised

eliminate these limitations. One of them is to  flux and supplying-voltage amplitude, the

use a magnetic starter, composed by saturating equation (1) becomes [3], [4], [5]:

inductances with ferromagnetic core. Their

operation is possible only in tandem connection

with capacitive ballast [1]. The paper analyses L,

the conditions in that a resonant jump appears ;j

and leads to the lamp ignition. . |
o 6 v o

2. Theoretical consider ations

mo

A mounting with fluorescent lamps, having the BC
ignition based on magnetic starters, is showed
in Figure 1. The magnetic starter consists in a
saturating nonlinear inductante

Figure 1 Mounting with magnetic starter

The equivalent electric diagram is given in U
Figure 2. The Kirchhoff voltage equation could _e_
be written: W,
aw, _ 1. e® CT v
t+R|+%j|dt=e (1) R

dt ..?
whereW, =W_ + Y _ is the total magnetic flux of R

both windingsLs andL,, and e = E,, sin(wt + ¢) Fiqur e 2 Equivalent circut
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Figure 3 Magnetisation characteristics

d 2x(t)

dt?

= cos(t + ¢)

+ 200 (1+ 3Bx2)d);it)

+W5X(L+Bx?) = 3)

where 20 = mR is called dumping coefficient,
B=nWZ/m the nonlinear coefficient and

w, =/M/C the angular resonant frequency
The generalisation of the results is done by

neglecting the term/¢ [5], [6] and leads to:

(4)
XD 45050 1) - costot +0)

The last equality is a Duffing equation-type
that has no exact analytic solutions. In order to
solve it, the harmonic linearization method is
applied. Supposing that the fundamental term
of the permanent-regime solution is:

X(t) = alcosut (5)

then (4) becomes:

[(oog —wz)a+%|3w§a3 +0 cosq)} coswt —

(6)
2(2ma+Dsm¢)smwt+Z[3woa =0
that involves [2]
2 2 3 2,3
Wy —w)a+—Pwga” +Lcosp =0
(w5~ ")+ Bug s -

2w0a+Rsiny=0

Removing¢g between the equations (7) one
obtains:

3 ? 02
[ooé - w? +Z[3w§azj +4w’a’=—  (8)
a

With new notations as p=w/w,and
A =a/w,, (8) can be transformed in:

_0° ©)

The graph of the functiond = f(a) is
called resonance curve. Havigtas parameter
and 4, A and ap as constants, this is presented
in Figure 4.

If the supplying voltage is chosen so that
O=0,, then in the circuit it happens an
increasing of the current through resonant jump
(corresponding to the flux increasing from the
point M to N). This current increasing causes
an intense heating of the filaments. Because of
the desaturation of the coils, the operating
point jump in an opposite sense from S to T
and at the lamp’s terminals an important
overvoltage appears. This resonant jump
phenomenon leads to a safe and quick ignition
of the lamp.

After ignition, the lamp will be a short
circuit for the nonlinear inductance and the

magnetisation characteristic is
i=m¥, (10)

and, because in this cgge0, (9) becomes
2
((uz —1)2 + 4)\2}.12)8.2 —D—4 =0 (11)
W

So, the stable operating point P will
correspond to
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Figure 4 Magnetisation characteristics

24 INGINERIA ILUMINATULUI 11-2003



Different values of S involve different
values ofa at which the resonant jump it
happens (Figure 5). Considering the notations
done for (3), a correlation betweéhandf can
be deduced:

_ nw’E?
m

tinky

(12)

This hyperbole expressed in Figure 5 must
be imposed as a superior limit for the
normalised flux that corresponds to the
resonance point.

If the r.m.s. values for voltage and current
are used, then the operating equation of the
circuit in Figure 2 is

I

U =—+
e

E?-R?l2 (13)

which admits the graphic representation
showed in Figure 6. Herd), represents the
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Figure 6 Operating characteristics in r.m.s. val
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total voltage on the serried colls andL,, Uc
represents the voltage drop across the capacitor
and U_, represents the voltage after lamp
ignition on the coilL.,.

At the resonance, the current jump from M
in N is accompanied by a voltage jump, which
consist in an increasing frotd,; to Ui,. The
current in circuit keeps a capacitive character
because of the used capacitive ballast, both
after jump (point N in Figure 6) and in normal
operating regime (point P in Figure 6).

3. Experimental results

The experimental setup consists in a mounting
as the one in Figure 1 having a magnetic starter
with L<=26.5 H andR=230Q and a capacitive
ballast withL=1.4 H,R,=28.4Q andC=3.75uF.

The measured magnetisation characteristics
were approximated using the functions

i =0.069¥, +0.133¥7 - before ignition

i =0.453¥, - after ignition
A Levenberg-Marquardt algorithm found the
function’s coefficients and the results are
compared in Figure 7.

In order to get the circuit behaviour, a
simulating program in the Matlab-Simulink
environment was performed. This program uses
a fourth order Runge-Kutta algorithm to solve
the Duffing equation.

The used simulation parameters are:
R=Rs+R,=258 Q, 20=17.83, ay=135.7 rads,
[=0.573 En=2.10°V, [J=1C°, %=0.638 Wh.

The Figure 8 shows the simulation and
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Figure 7 Experimental (solid line) and fitting
(dashed line) magnetisation characteristics
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Figure 8 Simulated (a) and experimental (b)
excitatione and wrrenti in the jump momel

experimental results in a moment before but
very close to the resonant jump moment. The
operation point slides between M and N of the
characteristidJ_ given in Figure 6.

The Figure 9 presents the simulation and
experimental results in a moment after the
resonant jump moment. The operation point
corresponds to N in Figure 6 and the capacitive
character is obvious, but the lamp is still non-
ignited.

Can be noticed the similitude in shape and
values between the simulated and experimental
current characteristics.

4. Conclusions
The paper emphasised the possibility to model

the operating of the circuits with fluorescent
lamps having capacitive ballast and magnetic
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Figure 9 Simulated (a) and experimental (b)
excitatione and curreni after the jump mome

starter, using the Duffing-type differential
equation. In these cases, the lamp ignition is the
outcome of a resonance-jump phenomenon of
the current, followed by a voltage increasing.

The conditions necessary for jump
producing and for starting of discharge are
determined.

The simulation and experimental results
show a good similitude and confirm the
theoretical approach.
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STUDIUL REGIMULUI TRANZITORIU
AL MONTAJELOR CU LAMPI
FLUORESCENTE CARE UTILIZEAZA
STARTERE MAGNETICE

Lucrarea §i propune 8 modelezesi interpreteze
regimul tranzitoriu al montajelor cuirhpi fluorescente
care folosesc startere magnetice. Acestea se ealiz
prin combingia a do@ bobine cu proprigti diferite si
utilizarea lor aduce unele avantaje. Regimul trtamizi
analizat poate fi descris printr-o egeadifereniald de
tip Duffing, caracteristit fenomenelor de haog salt
rezonant. Cu ajutorul ei sunt trasate curbele derana
si sunt puse in evidem salturile fluxului din starterul
magnetic. Rezultatele @bute prin simulare au fost
comparate cu cele experimentale. Se pune n exiden
fenomenul care conduce la amorsarea tagidigura a
lampilor fluorescente

1. Introducere

Lampile fluorescente alimentate cu tensiuni de
frecvena industriai folosesc ca elemente
suplimentare de circuit un balast inductiv sau
capacitivsi un starter clasic cu bimetal. Acest
tip de starter preziat diverse dezavantaje
precum uzura inteisa filamentelor pe durata
pornirii, aprindereaiimpii dureaz relativ mult,
amorgri nesigure la temperaturi &ute.

Existi mai multe solti de eliminare a
acestor dezavantaje. Una dintre acestea este
folosirea unui starter magnetic, care se
compune din inductae saturabile cu miez
feromagnetic. Funmonarea acestuia este
posibiki doar in conexiune tandem cu un balast
capacitiv [1]. Lucrarea analizeazondiiile in
care apar salturile rezonante care conduc la
aprindereadmpii.

2. Considerenteteoretice

In Figura 1 se aratun montaj cu dmpi
fluorescente in care aprinderea este lkapat
startere magnetice. Starterul magnetic se
compune dintr-o inductad neliniaé saturabi

Ls. Schema circuitului electric echivalent este
dati In Figura 2. Ecuéa de tensiuni a lui
Kirchhoff poate scris (1) undeW, =W, +W¥_
este fluxul magnetic total al ambelor dgrari

Ls si Lo, iar e=E,, sin(wt+¢) este valoarea
instantanee a tensiunii de alimentare.
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Forma caracteristici{ ) este ddt in Figura 3
si ar putea fi aproximatcu un polinom de ordinul
trei, (2). In acest caz, utilizand ca variabile de
referind By si W, =WwE,, si folosind notdile
x=W/W,si O=E,/E,, pentru narimile
normate ale fluxuluisi amplitudinii tensiunii de
alimentare, ecuia (1) devine [3], [4], [5]: (3), unde
20 =mR este coeficientul de amortizare,

B=nWZ/m coeficientul de nelinearitatesi

w, =+/mM/C pulsaia proprie.

Generalizarea rezultatelor setinob neglijand
termenul X [5], [6] ceea ce conduce la (4).

Ultima relaie este o ecui de tip Duffing
care nu are sofii analitice exacte. Pentru
rezolvarea ei se apficmetode de linearizare
armonic. Presupunandidermenul fundamental
al soluiei de regim permanent este (5) atunci
(4) devine (6) ceea ce implicelaiile (7), [2].

Eliminand peg intre ecudile (7) se oline
(8). Cu noile notgi p=ww,si A =a/w,, (8)
se poate transforma in (9).

Graficul fungiei O=f(a) se numge
curkd de rezonagi. Considerandu-l pes ca
parametrusi 4, A, a» constante, acesta se
prezint In Figura 4.

Daca tensiunea de alimentare este dleas
astfel incatd >[1,, atunci in circuit are loc o

crestere a curentului prin salt rezonant (ce
corespunde cseerii fluxului de la M la N).
Aceast crestere a curentului cauzeéam puternié
incilzire a filamentelor. Datotitdesatudrii bobinei

Ls punctul de fungonare sare in sens opus din S
n T si la terminaleledmpii apare o supratensiune
importani. Acest fenomen de salt rezonant
conduce la aprinderea rapid sigura a Bmpii.

Dupa aprindere, lampa devine un scurt circuit
pentru inductaga neliniai si caracteristica de
magnetizare este (10). Deoarece in acesfcdz
(9) devine (11). Astfel, punctul stabil de
fungionare P va corespunde egeia(12). Valori
diferite ale luiB implica valori diferite ale luia

pentru care apare saltul rezonant (Figura 5).

Considerand nofidle facute in (3), se poate
deduce o corefe intre/7si 5 (13).

Aceasi hiperbofi care este reprezentdn
Figura 5 trebuieasfie impus ca limiti superioat
pentru fluxul normat in punctul de rezogan

Daci se utilizeaz valorile efective ale
tensiunii si curentului, atunci ecua de
functionare a circuitului din Figura 2 este (14),
care admite reprezentarea grafein Figura 6.
Aici, UL reprezini ciaderea de tensiune toial
pe bobinele inseriatés si L,, Uc reprezink
caderea de tensiune pe condensaforU,
reprezini ciderea de tensiune pe bobiha
dupi ce lampa s-a aprins.

La rezonari, saltul de curent din M in N
este inspt de un salt de tensiune delUR; la
U,. Datorii balastului capacitiv utilizat,
curentul din circuit pstreaz un caracter
capacitiv atat dupsalt (punctul N in Figura 6)
catsi In regim normal de funionare (punctul P
din Figura 6).

3. Validare experimentala

Bancul experimental coristdintr-un montaj
precum cel din Figura 1, starterul magnetic
avand Ls<=26,5 H si R=230 Q, iar balastul
capacitivL,=1,4 H,R,=28,4Q si C=3,75uF.

Caracteristicile de magnetizareéisarate s-au
aproximat printr-o funge polinomiah (inainte
de salt)si una liniaé (dupi salt). S-a folosit un
algoritm Levenberg-Marquardt pentruisirea
coeficienilor functiilor si in Figura 7 se
compai rezultatele ofinute.

Pentru a analiza comportarea circuitului s-a
utilizat un program de calcul realizat Tn mediul
Matlab-Simulink. Acest program utilizeazin
algoritm Runge-Kutta de ordinul 4 pentru
rezolvarea ecuei Duffing. Parametrii de
simulare utiliza sunt preciza.

Figura 8 ardat rezultatele simakii si
experimentale intr-un moment anterior dar
foarte apropiat de momentul saltului rezonant.
Punctul de fungonare gliseazintre Msi N pe
caracteristicdJ, dat in Figura 6.

Figura 9 prezirt rezultatele simdkii si
experimentale intr-un moment ulterior saltului
rezonant. Punctul de fungnare corespunde lui
N din Figura 6si caracterul capacitiv este
evident, dar lampa T este apriris

Se obserw similitudinile de forma si
amplitudine fintre caracteristicile simulatg
experimentale ale curentului.
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