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Abstract:- In this paper we propose a high frequency unity power factor correction resonant converter for
electronic ballast lamps. The change in the switching frequency of the converter changes the output voltage
amplitude of the converter also changing the harmonic distortion in the output voltage and current. To maintain
the input current shape the converter employs small energy tanks reducing the THD of the input current. The
efficiency, THD of the converter are analyzed in MATLAB Simulink software with respect to change in
switching frequency and presented in this paper.
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l. INTRODUCTION

With advancements in electrical technology the demand of loads are increasing day by day. Traditional
loads or equipment in domestic and commercial usage are less efficient and consume more power from the
source and also inject harmonics in the supply. In many domestic and commercial loads lighting is the major
part of power consumption. Replacement of electromagnetic ballast lamps with electronic ballasts are increasing
for efficient light performance operation and harmonic elimination [1]. To get high frequency output voltages
the input AC voltage needs to be converted to DC with DBR (Diode Bridge Rectifier) with an attachment of
high rating capacitor for reduction of ripples in the DC output voltage for high frequency inverter operation.
This utilization of converters for high frequency applications drains large current from the source with poor
input power factor and harmonic distortions in input voltage and current. To avoid these issues of power quality
[2], maintaining the power factor and reduction of harmonic generation is a major concern for these converting
operations. For the improvement of input power factor many filtering methods have been employed in which a
simple passive element (inductor) is the basic filtering option with also harmonic reduction for these converters.
Addition of few inductors and capacitors at the input source before the rectifier merely reduces the harmonics
and shapes the input line current to sinusoidal. For achieving unity power factor more than 0.9 the capacity of
these filter elements [3,4] must be increased to a larger value in turn increasing the size of the elements which is
impractical after an extent. Rather than increasing the capacities of these elements, sophisticated circuit
topologies can be introduced for unity power factor and harmonic elimination capabilities of the converter. With
increase in complexity of control topology [5] the cost of the equipment for the circuit fabrication also increases,
resulting in increment of economy making it a disadvantage to the converter. It is very important to keep the
cost of the converter in a specified range to compete with products in the market. In this paper we introduce a
PFC circuit topology for electronic ballast lamps application with series resonant converter in very low
economical range. The proposed converter topology has reduced THD [6] and input line current shaping
capabilities achieving unity power factor without any additional passive elements.

1. PROPOSED CIRCUIT TOPOLOGY
The proposed resonant converter for electronic ballast lamp can be seen in fig. 1 with two controllable
MOSFETSs as power switches [7]. The MOSFET is connected to an anti parallel diode which gives the ability to
conduct in positive and negative directions. The load considered here is an equivalent circuit of lamp comprising
of parallel resistive and inductive elements. For starting of the lamp a capacitor C_ is connected in parallel.
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Fig. 1: Proposed resonant converter with PFC

Both MOSFETSs (Q1 and Q2) switch ON and switch OFF alternatively with a variable frequency of 50kHz to
500kHz. The resonant frequency of the proposed topology has be maintained below the switching frequency for
inductive load operation. For a smooth DC link voltage [8] a bulk capacitor C, is connected before the resonant
circuit. During the operation of the inverter the bulk capacitor draws a small peak current from the source
reducing the power factor and increase in harmonic distortion of the source. To avoid this issue of power quality
a PFC (Power Factor Correction) circuit [9,10] is introduced before the bulk capacitor which can be observed in
fig. 1 enclosed in dotted lining. The PFC circuit comprises of an inductor with two series capacitors C1 and C2,
with also two freewheeling energy transfer diodes D¢, and D¢,. The two storage devices C1 and C2 charge and
discharge with a high frequency providing some of the power output to the load. As the charge and discharge of
these power tanks takes place at a high frequency, the capacities of these devices is very low. The two energy
transfer diodes D¢; and D, transfer the energy from inductor Lo to the large storage device Cq. The arrangement
of these passive elements in the PFC circuit drains the current in phase with the input voltage with high
frequency oscillating sinusoidal structure [11]. These oscillations in the input current can be removed with an
input filter connected after the source making the current signal more sinusoidal.

The input voltage can be expressed as

Ve () = Vm Sinwt 1)

Here Vy, = voltage amplitude, w = frequency given as 2*pi*f with respect to time ‘t’

The sinusoidal input voltage is fed to DBR (Diode Bridge Rectifier) converting the AC input voltage to
pulsating DC. The pulsating DC voltage is fed to PFC circuit which drains current from the source represented
as

loe (1) = Iy Sinwt 2

Here |, = current amplitude, w = frequency given as 2*pi*f with respect to time ‘t’

The below two tables have the switching states of each switch for particular interval of time.

TABLE |
For interval at every n/8 radians

Device/ | I II I v v
interval
D, ON | OFF | OFF | ON | ON
D¢ OFF | OFF | ON | ON [ ON
Decs ON | OFF | OFF | OFF | OFF
QO OFF | OFF | OFF | OFF | ON
D, OFF | OFF | OFF | OFF | OFF
Qs ON | ON | OFF | OFF | OFF
D, OFF | OFF | OFF | OFF | OFF
For interval at every n/2 radians
Device I I III v
interval
D, ON ON ON ON
Dc ON ON ON ON
Dc2 ON OFF ON ON
Q OFF | OFF | OFF OFF
D, OFF OFF OFF ON
Q: ON OFF | OFF OFF
D» OFF | OFF | OFF OFF
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When the MOSFET Q2 switches ON the capacitor C1 charges by the source line current through the booster
inductor Lo. The charging line current during this switching state is given as

iL= Vi — (Vac-Vel) Coswit + 1 V(Lo/C1) sinwt (3)

Vcl and |, are the initial conditions of capacitor C1 and booster inductor L, w;, is the resonant frequency given
as w; = 1/(Le/C1)
The voltage across the capacitor is given as

Ver = V= (Ver) coswit + 1o V(Lo/C1) sinw,t (4)

During the conversion of input voltage to DC by DBR at low voltages, the peak value of the capacitor voltage
Vcl will be less than the DC voltage output Vo of the PFC converter. In this operating state the input and the
inductor current will be discontinuous [12]. During high voltages of the DBR the capacitor voltage Vcl is
reached to Vo, with the input current and inductor current continuous. The inductor current during this state is
given as

iL(t) = (Vr-Vo)t+ e Q)

After the freewheeling operation of the diode Dcl the current comes to zero and the second mode starts with
switching OFF of MOSFET Q2 and MOSFET Q1 switches ON. Now the second cycle begins with the charging
of capacitor C2 and the operation continuous as discussed above with the switching ON of MOSFET Q2. Here
the diode Dc2 is in freewheeling state and inductor Lo discharges through into the load. With these operation of
switches alternatively a high frequency AC wave is generated and fed to the lamp.

1. SIMULINK MODELING AND DESIGN CONSIDERATIONS
The given proposed topology in fig.1 is designed in MATLAB Simulink software with below the parametric
values in table 1.

TABLE Il
Vin 230Vrms 50Hz
Vdc link 320V
Cl=C2 4nF
Lo 3.5mH
Fs 50kHz-500kHz
Co 1000uF
Cs 47nF
R lamp 410
L lamp 730uF
CL 3.6nF

The below figure is the Simulink modeling of the proposed circuit with the given parameters [14].
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Fig. 2: Simulink modeling of proposed resonant circuit

The above topology is operated with different switching frequencies from 50kHz to 500kHz [13] and
the characteristics of every element is observed with respect to time. Parameters like THD, power factor (cos0)
of input and output voltage and currents are observed also calculating the efficiency of the converter with
change in switching frequency of the MOSFETS. The duty ratio of both the switches Q1 and Q2 are maintained
at 50% operating alternatively. The below are the graphs of the elements at 500kHz operating frequency.
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Fig. 3: MOSFET gate signals at 500kHz frequency

Fig. 4: Waveforms of axis 1: i,- output current and i ,- inductor current; axis 2: V- voltage of capacitor Cy;
V- voltage of capacitor C,; axis 3: ig,- current through MOSFET Q..

Fig. 5: Input voltage and input current
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Fig. 6: Lamp voltage and lamp current

Fig. 7: Input power factor

Fig. 8: Output lamp power factor

International organization of Scientific Research 5|Page



High frequency unity power factor resonant converter with adjustable brightness for electronic ballast lamp

l’ o = g

:{, ,.— ..._“A- ,..:_, LA Y B
" Ll L} '—l)-!i - Al
I Povtonaste M0rars = 4 AN THDw 22 398
% 11 1
:. | | 1
|| Ll 3
L -~ >o » ‘-;m:c:an o ™~ L] L ] .
Fig. 10: FFT analysis of Input current
o
o i T om - ) T ]
Pttt (SOOI « £ EUE1  TMOM 1PN
i
i,
b
; "
| - A
) 1 ] . . .
Fig. 11: FFT analysis of lamp current
v - S I —
= . | A

e 5 e .

i ’ :
Fre—y #3110 o

Fig. 12: FFT analysis of lamp voltage
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TABLE IlI
Switching | THD lin% | THD Vo | THD lo % | Input Cos® | Ouput Efficiency
frequency % Cosf %
(fs) kHz
50 43 57 30 0.9 0.48 78
150 16 47 41 0.9 0.86 81.3
300 14, 2.6 2.5 0.9 0.95 85.6
400 15.3 1.2 1.1 0.9 0.97 92.2
500 22 1.7 1.7 0.9 0.98 93.3

V. CONCLUSION
With the above results and analysis of the resonant converter with variable frequency from 50kHz to
500kHz it can be observed that at 400kHz the system is more optimal than below and above 400kHz. All the
parameters with FFT analysis, power factor and efficiency calculation are given in TABLE Il in comparison
with other frequencies.
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