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Abstract: In order to reduce the electric consumption for high intensity discharge lamps (HID), the   use of 
high frequencies electronic ballasts represents both a solution and many advantages such as, the decrease in 
the congestion, low costs and weak losses, approximately 10%. However it is not regarded as perfectly 
reliable, this is due in a great part to the appearance of Acoustic Resonances inside the arc tube which can 
result in low frequency light flicker and even lamp destruction. Experimentally we used a HID lamp of 50 W 
and we determined, light flicker frequencies and the arc motion frequencies using a photodiode which detects 
the light intensity fluctuation and a camera to record the arc motion. The experiment was done in the 
Department of Mechanical Engineering and Production, Hamburg University of Applied Sciences. 

 
Keywords:  Acoustic resonance, Fast Fourier Transform FFT, photodiode, Arc Motion, CMOS image 
sensors. 

1. INTRODUCTION 
The electric discharges play an important role in numerous applications and especially those of 
lighting. Among the first invented artificial luminous sources, lamps functioning with low pressure 
dominated the market at the time, in parallel the development of high intensity discharge lamp 
allowed the creation of light sources, which produce an important luminous flow beneficial for 
lighting wide public spaces. However the high intensity discharge lamps presents an improvement 
in the volume which is very reduced in regard to that of low pressure lamps, in the photometric 
performances of the system, in the lamp life, and finally a better control of its functioning so as to 
reduce electricity consumption [1]. 
They emit light at high lumen output levels with high color quality. Currently, HID lamps are 
operated by low frequency drivers. Operating these lamps at high frequency of 300 kHz achieves 
an efficiency enhancement. However, the alternating current (ac) generates a periodic heat source 
in the form of a plasma discharge arc [2 - 4].  
The fluctuating temperature field implies pressure oscillations. When the driving current is tuned to 
an acoustic eigenfrequency of the arc tube, standing pressure waves are induced, generating 
material flow via an acoustic streaming phenomenon, which can affect the buoyancy driven velocity 
field and thus cause arc motion or high intensity fluctuations. In order to determine the acoustic 
resonance frequencies, we have measured current, voltage, electric power, photodiode, and even 
sound spectrum.  At this level, just a few investigations have been done on the flicker itself [5 - 6]. 
In our paper, we investigate the frequency of light intensity flicker as well as discharge arc motion. 
Measurements with a photodiode determine the high frequency at different operating parameters 
and its time-dependent behaviour. Simultaneously arc motion is recorded with a camera to identify 
the position and the shape of the arc, therefore to determine the arc motion frequency. 

2. EXPERIMENTAL SETUP DESCRIPTION 
The LFSW setup used to measure the Acoustic Resonance (AR) spectra of the HID lamps uses a 
Square Wave plus Ripple (SWPR) signal as power supply. A low frequency (LF) square signal is 
modulated in amplitude by a high frequency (HF) sinusoidal signal at different modulation depths. 
This kind of signal leads to different power components associated to different frequencies. The 
dependency of the power of each frequency component depending on the modulation depth wants 
to be measured in order to characterize the system [6 - 11]. Figure 1 displays the setup that we 
used for measurements. Function generator (FG1, Yokogawa FG300) generates a sinusoidal HF 
signal that acts as modulation for the LF square signal generated by FG2 (Agilent 3312A). At the 
output of FG2 the SWPR is created, this signal is then amplified by the power amplifier and the 
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amplified signal is delivered to a resistor that simulates the presence of the HID lamp (Philips 50W 
930 Elite). The input of the resistor is measured by both a power analyzer (Yokogawa PZ4000) and 
an oscilloscope (LeCroy 6030A). Both of them monitor the current and the voltage. We use the 
oscilloscope to create the fast Fourier transform of the power signal (obtained by direct 
multiplication of the current and the voltage input channels). We measured the power in the 
frequency domain of the DC signal (frequency 0), the modulation frequency (HF) and the carrier 
frequency (LF). For measurement of the brightness fluctuations during discharge arc flicker, a high 
speed silicon photodetector (TorLabsDET100A/M) with 
a rise time of 43 ns is used. The photodiode converts the incident light into a current. A digital 
oscilloscope (Tektronix TDS2022B) transforms this electrical signal continuously into the frequency 
domain by fast Fourier transform (FFT).  The resulting frequency is called flicker frequency, and the 
results are saved every 5 s for post processing [12 - 14]. 

 
Fig.1: LFSW setup characterization of discharge arc flicker in HID lamps. 

 
 Simultaneously, a camera records a video of the brightness distribution of the discharge arc in 
order to measure the time dependent arc deflection. Due to the high brightness differences 
between the electric arc and the surrounding, a camera with a high dynamic range is used. 
SiCMOS chip measures electromagnetic radiation in the range of 400-900 nm with resolution of 
768 x 576 pixels. The arc deflection in the center of the arc tube is calculated for each frame and 
use as a marker for arc motion. The time signal is then split into 5s segments and converted into 
the frequency domain by FFT [15].  
The resulting frequency is called motion frequency. Devices, camera and photodetector are located 
at a distance of 0.2 m from the HID lamp at the same horizontal level. A computer records the data 
and controls the experimental setup [16]. 
Before the measurement, the lamp is operated at stable condition for 2 min. then the sinusoidal 
excitation frequency is set to a frequency near the first acoustic eigenfrequency of the arc tube. 
The amplitude of the sinusoidal signal is expressed relative to the amplitude of the square wave 
voltage (modulation depth) and is set to a value high enough to simulate fluctuations of the arc 
discharge. To limit the power input during discharge arc flicker, the HID lamp is operated at 90% of 
its nominal power. The experiment is then conducted for 40 s these conditions [17 - 18]. 

3. EXPERIMENTAL RESULTS 
The first acoustic Eigenfrequency was known by most previous investigations for this kind of lamps 
approximately at 42 kHz. Therefore, the frequency range for the flicker characterization is set to      

kHz. We presented at the first, both flicker and motion frequency at fixed excitation 
frequency of 42 kHz and a modulation of 15%. Secondly, we present discharge arc flicker around 
the first acoustic eigenfrequency as a function of excitation frequency and modulation depth. 
In order to determine the motion frequency, a 2D brightness distribution of the discharge arc is 
used in Fig.2. The black lines in the figures high light the course of maximal brightness. The vertical 
distance of this curve to the horizontal symmetry line (Z=0) is defined as arc deflection. 
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In Fig.2.b we show the arc at the moment of maximal arc deflection, the light intensity is depicted 
50 ms later in the instant of minimal arc deflection. This time difference is equivalent to a sinusoidal 
half cycle and therefore results in a periodic time of 100 ms and a motion frequency of 10Hz. In the 
same experiment conditions and kind of lamps but for smaller power than 50 W, we have easily 
noticed that the deflection for the lamp of 50 W lamps was Larger. This difference is essentially due 
to the ohmic effect within the arc discharge, the difference in ohmic losses plays an important role 
in elevation of the temperature within the plasma. When the temperature of the arc increases, the 
buoyancy caused by the gravitational force increase. Consequently the discharge arc deflection will 
be larger. 
 
 
 

 
 
 
 
 
 
 
 
 
 

Fig.2a: Distribution of light intensity for an excitation frequency of 42 kHz and 15% of the modulation depth in 
stable condition. 

 
 
 
 
 
 

 
 
 
 
 
 
 

Fig.2b: Distribution of light intensity for an excitation frequency of 42 kHz and 15% of the modulation depth 
after 2 min. 

Figure 3 displays the time-development of flicker frequency and motion frequency from the onset of 
flicker up to 40 s. both frequencies concurrently increase over time from under 10 Hz to 11Hz. This 
increasing flicker frequency over time can be observed in nearly all measurements. And we 
observed that both measurements are in very good agreement, the arc motion frequency and the 
light intensity flicker frequency are obviously identical. 
In the aim to characterize arc flicker near the first acoustic eigenfrequency, the excitation frequency 
is turned from 35 to 50 kHz in 500 Hz steps. The modulation depth is set to values between 10% 
and 12% in steps of 2%. 



ALGERIAN  JOURNAL OF SIGNALS AND SYSTEMS (AJSS) 

 
 

Vol.2, Issue 2, June-2017| ISSN-2543-3792  99 
 

Fig.3: Motion frequency and flicker frequency in the frequency domain for HID lamp 50W. 
 
 

Fig.4 Flicker as function of excitation frequency and modulation depth for HID lamp 50W. 
 
The experimental results are illustrated in Fig.4. The green box indicates that no flicker has been 
observed during the measurement, the Magenta color marks operating parameters at which 
periodic flicker, and the red boxes highlight operating parameters at which a stochastic behaviour 
of the flicker has been detected. In the case of periodic flicker, the initial frequency increases with 
increasing excitation frequency. 
The absolute value of arc deflection increases with the modulation depth because the higher 
excitation power increases the force that arises from the acoustic streaming effect. We have 
concluded that at periodic flicker, the value of the arc deflection is positive significantly the 
discharge arc is directed upward.   

 

4. CONCLUSION 
After characterization of the discharge arc in HID lamps at different excitation frequencies near the 
first acoustic eigenfrequency, we conclude that the flicker frequencies of light intensity 
measurements with photodiode and motion frequencies of arc deflection measurements with 
camera are in good accordance. Therefore, we deduce that the frequency periodic flicker increases 
with increasing excitation frequency. 
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At frequencies near the eigenfrequency, the flicker frequency is significantly lower and stochastic 
motion occurs above a precise value of the modulation depth characterized of each type of lamps. 
The changes of the temperature distribution in the arc tube introduce a movement of the plasma 
arc; the altered temperature field leads to a different acoustic streaming field and affects the flicker 
frequencies. For this reason, we will focus our next work on the effect of the distribution arc 
temperature on the increase of the flicker frequency.    

Appendix A 

 
                       
                                     Fig. A1                                                                                        Fig. A2 
  
Figure A1 represents the manipulation done in Hamburg University, laboratory of mechanical 
engineering and production. However, Figure A2  shows the type of the HID lamp CDM-T Elite 
50W/930 used for the experience. 
 

References 
[1]   Sieegger, B.; Guldner, H.; Hirschmann, G.; Ignition Concepts for High Frequency Operated HID Lamps , 

Power      Electronics Specialists Conference, 2005. PESC '05. IEEE 36th , Page(s): 1500 – 1506. 
[2]  Sylvain Epron, « Etudes et effets des oscillations acoustiques dans les lampes à décharge haute pression 

», thèse doctorat en génie électrique en 1999, université Paul Sabatier, Toulouse, France. 
[3]  M.J. Jongerius, A.J.M.J. Ras, and Q.H.F. Vrehen, “ Optogalvanic detection of acoustic resonances in high 

pressure sodium discharge”, J.Appl. Phys, vol 55 no 7, pp.2685-2692, Apr 1984 
[4]  J.C.A. Anton, C. Blanco, F .J. Ferrero, J.C. Viera, and G. Zissis, “ Measurement system for 

characterization of high intensity discharge lamps HID operating at high frequency” , in proc.20th instrum. 
Meas.Technol. conf.2003, pp 1359-1363. 

[5]  L .Chhun, P. Maussion, S. Bholsle, and G Zissis, ”characterization of acoustic resonance in a high 
pressure sodium lamp”. IEEE Trans. Ind. App, vol 47, no.2, pp 1071-1076, Mar/Apr.2011. 

[6]  J. Hirsch,  “ Acoustic resonances in HID lamps: Model and measurement”, J.Phys, D,App. Phys, vol 43, 
no. 23, p. 234002, juin 2010.  
    [7]  M.W. Fellows, “A study of the high intensity discharge lamp-electronic ballast interface”, in conf 
Rec. 38th IEEE IAS Annu. Meeting, 2003,pp. 1043-1048. 

[8]  S Boluriaan and P.J. Morris, “ Acoustic streaming from Rayleigh to today”, Int J. Aeroacoust, vol2, no ¾ , 
pp. 391- 418, Dec, 1978. 

[9]  J. Lighthill, “Acoustic streaming”, J Sound Vib, vol 61, no 3, pp. 391-418, Dec. 1978. 
[10]   Bernd Baumann, Joerg Schwieger, Marcus Wolff, Freddy Manders, and Jos Suijker.  Numerical  

investigation of symmetry breaking and critical behavior of the  acoustic streaming eld in high-intensity 
discharge lamps. Journal of Physics D: Applied Physics, 48(25):255501, 2015. 

[11]    J. Zhou, L. Ma and Z. Qian, “ A novel method for testing acoustic resonance of HID lamps”, in Proc. 14th   
Annu. App. Power Electron. Conf. Expo, 1999, pp.480-485. 
[12]   McKinsey&Company. Lighting the way: Perspectives on the global lighting market, 2012. 
[13]  Joerg schwieger and all , “ Influence of thermal conductivity and plasma pressure on temperature 

distribution and acoustical eigenfrequencies of high intensity discharge lamps. In Proc. COMSOL User 
Conf, Rotterdam, Netherlands,2013. 

[14] Philips material database Technical Report Philips. 



ALGERIAN  JOURNAL OF SIGNALS AND SYSTEMS (AJSS) 

 
 

Vol.2, Issue 2, June-2017| ISSN-2543-3792  101 
 

[15] Olsen J, “Experimental and simulated straightening of metal halide arcs using power modulation”, IEEE 
Trans. Ind. Appl. 47 368-75., 2011. 

[16]  Y. C. Hsieh, C. S. Moo, H. W. Chen and M. J. Soong. “Detection of Acoustic Resonance in Metal Halide 
Lamps”. IEEE International Symposium on Industrial Electronics ISIE’01, pp.881-885, vol.2.  
[17]  H. Peng, S. Ratanapanachote, P. enjeti, L. Laksai and I. Pitel. “Evaluation of Acoustic Resonance in 

Metal Halide (MH) Lamps and an approach to detect its Occurrence”.IAS’97 Annual Meeting Records, pp. 
2276-2283, vol.3.  

[18] Club EDF arc électrique : L'arc électrique et ses applications (Tome 1, Étude physique de l'arc électrique, 
Édit. CNRS, 1984. 

 


	Fig. 4 Phase Currents, Faulty Current, Electromagnetic Torque, Absorbed Power at three
	References
	Appendix A
	References




