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Abstract-1n the last decades, the high pressure sodium (HPS)
lamp has been supplied in high frequency in order to increase
the efficacy of the lamp/ballast system. However, at some given
frequencies, standing acoustic waves, namely acoustic
resonance (AR), might develop in the burner and cause lamp
luminous fluctuation, extinction and destruction in the most
serious case. Two main characteristics of the acoustic
resonances in a 150W HPS lamp are presented in this paper
and we seek for a control method to avoid the lamp AR. The
first one is the characteristic of the lamp AR threshold power,
and the second one is the differences between forward and
backward frequency scanning effects. Both characteristics
allow usto further understand the AR and to better control the
lamp.

Index Terms-Acoustic resonance, AR threshold power, AR
detection, forward and backward frequency sweeping

|. INTRODUCTION

he HPS lamp has been developed in the last detad

be supplied in high frequency in order to improt®
lifetime, power efficiency, colour and reduce bstlaveight
and size. However,
resonances (AR) can develop in the lamp, which leag to
lamp instability such as discharge arc fluctuatiextinction
and even lamp destruction in the most severe ddsé&ifom
the theoretical point of view, it is provoked by et
propagation of an acoustic wave in the closed velawhthe
burner. Basically, it generally occurs when thepamarmonic
power frequency is equal to the AR eigenfrequentyhe
lamp and its amplitude is higher than a threshalthe [2].
The intensity of AR can be classified into threggres,
slightness, seriousness and extinction [3]. Funtioee, it can
also be different from lamp to lamp of the sameetfom the

same manufacturer due to the manufacturing toleranc
not complgtel

Presently, the problem of AR is still
understood. Certain literatures deal with the effefclamp
tube and electrode shape on the acoustic resor{dij&é
Some physical models of lamp AR have also beenldped
to predict the eigenfrequencies [2][6]. Howevere tAR
power threshold is still determined experimentallijze study
of threshold power is an important part of
characterization in order to choose the conveniantp
supply. This issue will be presented in sectioim lthis paper.

at high frequency some acou

Fax: 33 (6)563.88.75

In addition, the possibility of AR detection by thariation of
lamp parameters will be also discussed in sectiodhother

main feature of the AR is that it behaves diffelyeatcording
to the direction of sweeping frequency of the powepply.

The study of backward frequency sweeping has reddamp
electrical parameters before arc extinction andeunsdhat
conditions an HPS lamp should be operated. Thi$ lval
discussed later in part IV.

These characteristics of AR allow us to furtherensthnd the
AR properties in order to improve the control oé tlamp

under high frequency operation.

Il. THRESHOLD VALUE OFAR POWER

The AR power threshold indicates the excitationditbon
of the lamp power for the AR to take place at aegiv
frequency. Many researches have been carried dindaan
appropriate supply waveform for the lamp in orderatoid

e@e AR, such as square wave low frequency supplysfiiare

wave high frequency supply [9], amplitude modulati®],
frequency modulation [10], and the third voltagenhanic
'm:ection strategy [11]. The basic idea of all nwth is to

ave the distribution of power harmonic compondrgkow
the AR threshold value. In our study, we focus twe t
determination of this power threshold which is ainmfactor

hin the choice of lamp supply. As illustrated in Fig a 150W

HPS lamp is supplied by an inverter powered by adDent
source in parallel with a cascade connection ofisiidal
supply through an amplifier with a transformer a@nlocking
capacitor C.
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=
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Fig. 1 AR excitation circuit for experimentatioype 1
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To evaluate the lamp AR threshold, the lamp instaebus
power produced by both DC and sinusoidal supples
considered, leading to expression (1):

Pramp(t) = Uiamp(). hamp(t)
= (Uc + Ugnsin(wt) ).(I¢ + I gp.Sin(wt) )
= (Uel et Ugnle/2) + (Ugd grt Ugn.lo).Sin(wit)

- Ugnlen/2. cos(2wit)
=Py + Pyy.Sin(wt) - P, cos(2wt) (1)

U, and |, are the voltage and current amplitude of tr
square wave supply, respectively whilg, and lg, are the
voltage and current amplitude of the sinusoidapsup

Thus, the lamp instantaneous power is composedE a
componen®,, the first harmonic component of amplituglg
at frequencyw, and the second harmonic componPBptat
frequency2w.

Py is used to excite the AR to determine the AR pow
threshold. Otherwise, according to [2], when the @dRurs at
the excitation frequencw, P, has only maximum value of

250
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Fig. 2 AR power thresholds

15% of fundamentaPy,. As a result, the AR is only excited In the second experimental phase, the HPS lamypslisd

by the first power harmonic.

By considering that the resistance of the lamp begpy
the square wave and sinusoidal source has the waoes the
power expression can be derived as:

Pir = Ucdgn + Ugn.l¢
= IchampUsrr/Rlamp+ Usnlc

= 2.Ugn ¢ )

by a sinusoidal power source, realized by a suoeess
connection of an adjustable sinusoidal voltage cs®umla
transformer in series with a blocking capacitoy &d a
resistive ballast Rof 70 Q (Fig. 3). The lamp harmonic
power will be compared to the AR power thresholdgaimed
in the previous experiment, in order to study th&® A
compatibility in both supply. The supply frequerisyvaried
from 2 kHz to 50 kHz; thus contrary to earlier esip®nt, the
lamp power frequency in this configuration is twitiee

From (2), the power threshold at a given excitatichPPly frequency. Fig. 4 (a) and (b) show the lakRppower
frequency can simply be determined by measuring thgeshold, harmonic power, voltage, current, resis¢ and

sinusoidal voltage amplitude and the square waveeou
amplitude in the inverter. Our experiments weredembed
with a Philips 150 W high pressure sodium lamp Wwhicas
also aged with conventional ballast for more th@0 hours
to reach its nominal characteristics, before beiegied in
formal experiments.

In our investigation, for each excitation frequentie
sinusoidal voltage amplitude is increased from \4 value
where the arc distortion is found inside the lampet The
square wave current, voltage amplitude and frequevere
setto 1.5 A, 90 V and 20 Hz, respectively. Thejfiency of
sinusoidal voltage source was varied from 5 kH2@6 kHz,
while its amplitude was limited to 50 Vrms corresgimg to

a maximum AR excitation power of 210 W. It should b

noticed that in this configuration the power fregeyeis equal
to the frequency of sinusoidal voltage supply.

The experimental results of AR power thresholdg
plotted in Fig. 2 present several local minimums tla
eigenfrequencies. The global minimum AR threshalle of
35W is found around the eigenfrequencies of 6 kiHena the
AR state is very unstable.

the AR window over the supply frequency, from 2 kidz10
kHz and from 20 kHz to 50 kHz, respectively. The Mas
not found in the experiment from 10 kHz to 20 kHnd is
not presented here. In addition, the discontinucegion
refers to lamp arc extinction. As shown in the feguas soon
as the lamp power is higher than the threshold evatbe
acoustic resonance appears. Its fluctuation at eachiation
frequency depends also on the injected voltageiardpl We
can see that the acoustic resonance is more inggngee left
side of the AR window and gradually decreases with
frequency increment.

£

Fig. 3 Lamp sinusoidal supply circuit for experimetion
type 2

b Ilarm

Ro
Amplifier s Ramp Ulamp
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250 - [ll. LAMP AR DETECTION

It can be seen from earlier experiment results thatp
\ /f -] /F electrical parameters variation inside the AR windman be

200

interpreted by the disturbances of acoustic resmnahhus,
the lamp voltage, current or resistance can be tsedaluate
: the occurrence of AR. According to the experimenthw
\g ..'- T T _‘V“—— sinusoidal supply on a Phillips HPS lamp 150W, wien
. acoustic resonance occurs, the lamp current dezeakile
,\— N its voltage increases. Fig. 5 (a) and (b) showvibitage and

l‘. current waveform in an HPS lamp Philips 150W inltga

-------------

150

100

50

state at 5.5 kHz and in an AR in serious state &H8,
respectively. It can be noticed that the lamp peakage
[T\ N increases from 96 V to 120 V and peak current dezre
‘ ' from 1.7 A to 1.45 A which results in a resistamoereased
up to 50%. In our experiment, the resistance \anagives
F (KHz) the most sensibility among other parameters. Innsary, the
variation of these parameters can be classifiethigiorder:
AP <Al < AU < AR
Several methods of AR detections have been found in
literatures that employ different strategies todme AR
occurrences. According to [3], when the lamp sgfffiom
Y the AR, its output voltage was found to have a i@ve
} \/ similar to a signal of double side band amplitudedmation

@)

250

200

due to discharge arc instability. The detection hodtwas

150 based on lamp voltage amplitude variation.

100

N\ 150
ﬂ—v\ 100
50 : - 50
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Fig. 4 Phillips 150W HPS lamp harmonic power, thodd power, voltage, 200

" —u (Vv
current and resistance (a) from 2 kHz to 10 kHZrgn 20 kHz to 50 kHz 150 ! )

i*100 (A)

Meanwhile, on the left side of the AR window is aby 100
observed an important discharge arc distortioroat $patial 50
frequency and, on the contrary, a moderate arc ibgnat
high spatial frequency on the right sidé should also be ‘ j
noticed that on the right side of AR windows, whehe Yo M I SN SN S Ao fr - L
power harmonic and AR threshold powers are equmsd, t by f

0,

-100f - - Y o4 1 _ \v ,,,,,,, L T/ S | R

parameter variations are very low which. This ceduce the ! !
AR detection sensibility if they are used as ARicatbrs. As ABOF e s
a result, the supply frequency should be furtherdased to 200 ! ! ! ! ; ;
ensure the avoidance of AR. 1 2 3 4 5 6
ts) x10"
(b)

Fig. 5 Comparison of lamp current and voltageaf@out AR (b) with AR
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In [12], during the AR, low frequency ripples (5-Bi2) are
present in lamp current. The FFT method could tpdiegh for
AR measurement. The above AR detection methods mi,g
require several ripple periods in order to evalutie AR
occurrence. In paper [13], the standard deviatibriamp
current and voltage was used as an indicator of Al,
occurrence in MH lamp. It was also given that ttendard
deviation of voltage presented more significanfataon than
that of current when the AR happened. This metlainilar
to the calculus of lamp Rms voltage. Paper [14]ehsivown
that the resistance variation present better s#ihsithan
voltage and current variation.

Some investigation deals with the detection of path
distortion by optical measurement with photodioaesich
gives good detection sensibility [15]. Howeversthiethod is
still complex for implementation. Several proceducd AR
detection can also be found in [16].

It can thus be concluded that resistance measutdémére
most practical method in AR detection which prosgidgmod
sensibility among the other electrical parameters.

20
16

12
10/
8
6!

4

(a)
20

18

16
IV. AR HYSTERESIS INFORWARD AND BACKWARD

FREQUENCY SWEEPING 4

12
The study of AR hysteresis is related to the respaf AR

behavior to the variation of certain parameterghef input
power when the acoustic resonance occurs. In querarent,
we also noticed that the AR behaves differentlyoading to
the frequency sweeping direction. As previously tioered in
Fig. 3, the Phillips 150W HPS lamp was supplied thg
sinusoidal supply.

To evaluate this AR hysteresis characteristic, shpply
frequency was increased from 2 kHz to 45 kHz ardesesed
back to 2 kHz so as to compare the lamp AR in fortvard (b)
and backward frequency sweeping modes. Fig. 6r{d)(b)
show the lamp forward and backward voltagdwd, Ubwd)
and resistance Rfwd, Rbwd) variations over the supply
frequency. From the obtained results, it can batpdiout as
following:

10
8
6

4

A. The AR behaves differently depending on the
orientation of frequency sweeping,

In backward sweeping mode, the AR windows are
larger, and present more significant variation than
forward mode. Most of them lead to lamp extinction
at the left side of AR windows, as illustrated b t
discontinuous regions in Fig. 6. Consequently, this
can provoke some overlaps of acoustic resonances
when a lamp has several AR eigenfrequencies close
to each other,

The discontinuous regions of Rdecr and Vdecr
waveforms in Fig. 6 represent lamp arc
extinguishing points. Their highest points indicate
the critical values of lamp parameters before the
discharge arc extinction. Besides, it is importent
notice that in backward sweeping, the AR state
progresses smoothly from slightness to seriousness.

B.

C.

/09/$25.00 A© IE
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Fig. 6: Evolution of the lamp characteristics wittrward Ufwd and
Rfwd) frequency sweeping (a) and backwardbyd and Rbwd)
frequency sweeping (b).

Thus, it could be easy to determine the critical
extinction parameters in this configuration. In our
experiment, as soon as the voltage and current
attained these values, the lamp extinguished imtabo
one or two seconds. Consequently, in the lamp
control procedure, it is important to effectively
modify the lamp supply frequency before it reaches
this critical state,

Otherwise, when the lamp encounters the AR, it is
highly risky to avoid it by decreasing the supply
frequency. On the contrary, it is possible to iase
the supply frequency through the AR window to
reach a region free from AR, without extinguishing
the lamp arc [9].

D.

The significant differences in AR comportmenedo
the hysteresis may lead to a main problem in iesd-t
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AR control. Most of the control methods presentad
literatures propose an off-line solution to AR alavice,

assuming that its occurrence was already found run

previous lamp operating condition.
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Our future work will also deal with the backwar “Minimization of Acoustic Resonances in HID Lampgnalysis and
frequency sweeping for the detection of acoustféemparison of Power Harmonics Content in High Feeqy Non-Resonant

resonances by lamp electrical parameter variations

lamp control.
V. CONCLUSION

The study of two main AR characteristics in HPSpamas
presented in this paper in order to seek for apgatgpcontrol
methods to avoid the acoustic resonance. The fiest
concerns the AR threshold power of the lamp and
electrical parameter variations in the AR windo®sice the
AR threshold value is known, any suitable lamp tario
powers can be injected in the lamp. In additioe, study of
AR detection is also included. The second pareiated to

Inverters”, Power Electronics, IEEE Transactions\Mmiume 20,
Nov. 2005, Page(s):1467 — 1479.

Issue 6,

[10] J. Correa, M. Ponce, J. Arau and J. M. Alonsd;valuation of
frequency modulation techniques to avoid acougtiomances in electronic
ballast for HID lamp: Analysis and Methodology »pvier Electronics
Congress, CIEP, 9th IEEE International 17-22 0804 Page(s):245 — 250.

[11] L.M.F. MORAIS, P.F. DONOSO-GARCIA and I.SELEMER, P. C.
CORTIZO “Electronic Ballast for High Pressure Sadilamps without
KSoustic Resonance via Controlled Harmonic Injact®ynthesized with
PWM”, Power Electronics Specialists Conference, 20BESC '05. |IEEE
36th, 16-16 June 2005, Page(s):1107 — 1112.

[12] Yan Jiang, Miaosen Shen, Hua Li and ZhaomirngnQ« An Adaptive
Acoustic Resonance Free Electronic Ballast for HlBmps », Industry

behavior of AR in forward and backward sweeping.e Thnpplications Conference, 2003, 38th IAS Annual Megt Conference

analysis of backward frequency sweeping could pi®the
limited conditions for a lamp to be operated safedpd
especially the lamp electrical parameter valuesoreefits
extinction which can be used to control the lampinetion
when the AR occurs. This study will be useful fallast
designers to seek for suitable control strategesrder to
avoid the acoustic resonance in an HID lamp opeyatit
high frequency.
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