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Abstract.

LEDs are used for general lighting applications due to their high efficiency and longer life. The eventual goal of this
paper is to achieve high efficiency under heavy loads with low ac line condition and under light loads with high ac line
condition. The pulse duty cycle control method with pulse frequency modulation for an interleaved single-stage fly back
ac—dc converter is proposed here. In the proposed method, the interleaved DCM fly back converter is implemented. DCM
operation can accomplish high PF for wide output power range. As a result, the proposed circuit is validated by the
simulation results using MAT LAB software. Experimental results show the functionality of the on the whole system.

Keywords: Frequency control, light emitting diode (LED), power factor correction (PFC), total harmonic distortion
(THD).

I. INTRODUCTION

Today’s Cities, states, and countries around the globe are transitioning away from traditional lighting and towards
newer technologies such as high-power LEDs for traffic, street, and other public lighting applications. High-power LEDs
are extremely energy efficient and provide excellent lumens per watt performance compared to alternative technologies.
For example, a standard high-power LED can offer 80 lumens per Watt compared to 70 lumens per Watt for CFL (compact
florescent lights) and just 15 lumens per Watt for incandescent lights. A typical high-power LED consumes between 1W
to 10W of energy. These are low energy consumption figures when compared to 40W for a low-power appliance bulb and
60W for standard fluorescent fixture. The lifetime of a high-power LED can be 10 to 15 times longer than that of a
traditional incandescent bulb and three to 10 times longer than a CFL. In addition to their innate high efficiency, there is
no mercury inside the devices and they carry out an extremely long operating life.
LEDs can only be driven by dc voltage, and thus, an ac-to-dc conversion stage is necessary. Among the ac-to-dc driving
circuits for LEDs, switching converter is one of the most all the rage and economical driving solutions. Conventional ac-
to-dc switching converters are composed of a bridge-diode rectifier followed by a bulk capacitor and a de-to-dc switching
converter; this topology is inherently vulnerable to poor performances in power factor (PF) and harmonic distortion. In
order to fulfil with the regulations on current harmonics and improve the PF, an additional PF corrector (PFC) stage is
cascaded in front of the traditional converter. In spite of its good performance, such two-stage solutions are usually more
expensive and energy inefficient. Comparing to the Two-Stage PFC, Single-Stage PFC has the advantages: simple circuit
configuration, easy control implementation and For the sake of reducing the cost and improving the efficiency, single-
stage converter circuits have been developed. Fig. 1 shows the fly back converter .The two additional primary windings,
NI and N2, are employed to keep the voltage of energy-Storage (bulk) capacitor below a desired level .in the entire line
and load ranges. Boost inductor can function either in the discontinuous conduction mode (DCM) or in the continuous
conduction mode (CCM). Generally, the CCM operation offers a slightly higher Efficiency compared to the DCM
operation. However, the DCM operation gives a less total harmonic distortion (THD) of the line current compared to that
of the CCM operation.
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Fig.1 The schematic of a flyback converter
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When the flyback transformer in operates with a DCM magnetizing current, the switch voltage during the off time after
the magnetizing current decreases to zero oscillates around with an amplitude equal to Nvo because of the resonance
between the magnetizing inductance of the transformer and the output capacitance of the switch. Therefore, the fly back
converter operating with a DCM magnetizing current of the transformer also suffers from capacitive-discharging turn-on
switching loss .The maximum PON in a DCM flyback converter is the same as the PoN in A ccm flyback converter.
Single-Stage PFC is generally an AC/DC converter with inherent power factor correction function.[1]The energy storage
capacitor is necessary in the Single-Stage PFC, which is used to buffer the variation between the instantaneous input
power and the output power. Conventionally, a bulk electrolytic capacitor is used to build the single-stage PFC achieves
good power factor and tight output voltage regulation. With limited lifetime from the electrolytic capacitor, which is
normally in the vicinity of couple thousands hours under rated condition, the lifetime of the state-of-the-art LED power
supply is far away from the expectation from LED [5]. On the other hand, for safety considerations, isolated ac-to-dc
converters are more popular among the LED driving circuits. However, the efficiency is remarkably encumbered with the
leakage inductance when applying isolated transformers. To solve these drawbacks, this paper proposes a novel single-
stage high-PF ac-to-dc LED driving circuit with a leakage inductance energy recycling mechanism [7—8].The main
advantageous point of the newly-proposed PFC converter includes that the output DC output voltage ripple factor can be
minimized by using two channel pulse modulation control loops. In addition, the active PFC converter treated here can
also effectively suppress the line current harmonics in utility AC grid without any specific feedback control scheme
employing a current sensor interface circuit.

II. OVERVIEW OF TWO STAGE STRUCTURE

In the general lighting applications with low power, Single-Stage PFC is widely used. An interleaved flyback—forward
boost converter is proposed in this paper. The switched capacitors are used to realize the controllable voltage source
function and balance the currents of the interleaved two phases without an additional current-sharing module. Voltage lift
function of the switched capacitor also reduces the turn’s ratio of the transformers and alleviates the voltage stresses of
the output diodes.

As the transformers operate in flyback and forward modes alternately, part of the output energy is stored in the switched
capacitors; therefore, the size of magnetic components can be reduced. Since the current falling rates of the clamping and
output diodes, when they turn off, are controlled by the leakage inductance, the diode reverse-recovery problem is
alleviated. Active clamp circuits are applied for the interleaved two phases to recycle the leakage energy and absorb the
voltage spikes caused by the leakage inductance. A CRM fly back converter is widely used as the single-stage structure
due to its high efficiency by valley switching even if it still shows poor PF and THD under light load condition due to
the valley switching of the CRM control method. On the other hand, a DCM flyback converter shows good PF and THD,
but it has low efficiency due to its high rms current.
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Fig.2.Two stage circuit

Most single-stage flyback converters are hard to apply at over 60—-70W LED applications, because the flyback
converter usually has low efficiency and a huge transformer with high power applications. To handle high output power
with the flyback topology, an interleaving control method is a possible solution. The interleaving control method provides
small input and output filters, low voltage stress on the main switch and a low profile design when compared to non inter
leaving methods. While the CRM interleaved flyback converter has high efficiency, but shows poor PF and THD under
light load condition, the discontinuous conduction mode (DCM) interleaved flyback converter has good PF and THD
under light load condition, but shows low efficiency due to its high rms current.

In two stage structure- CRM flyback converter is used. Critical conduction mode (CRM) control is a control strategy
in which the active switch turns on when the inductor current falls into zero point to remove the freewheeling diode reverse
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recovery. This control operates on the boundary condition between continuous conduction mode (CCM) and
discontinuous conduction mode (DCM) with variable switching frequency. In conventional method constant duty cycle
of 0.5, the constant frequency PWM method and the proposed method at low and high ac lines, the conventional PFM
method shows the disadvantage of a large frequency variation between low and high ac lines. It causes severe switching
loss at high ac line. The frequency variation between the low and high lines is obtained.

DISADVANTAGES:

1. The two-stage structure needs a large number of components are used.

2. Two kinds of control ICs so that it costs a lot.

3. It shows low efficiency due to the two processes of the input power.

4. CRM boost converter for PFC, it shows poor PF and THD under light load condition due
to the negative drain current for valley switching.

5. Two-stage structure cannot cover the wide output power range of LED lighting
applications.

IILPROPOSED SYSTEM

In this paper Single stage structure is used to achieve high efficiency, improved PF and THD in wide output power
range, this paper proposes a pulse duty cycle pulse frequency modulation (PDPFM) control method for an interleaved
single-stage flyback (ISSF) converter.

H L
|
A
EMI ” i
Filter |_A___|
i & | EH

Fig.4. Single stage structure
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The proposed control method adopts DCM operation which can achieve high PF for wide output power range. In the
proposed method, the interleaved DCM flyback converter is basically controlled by frequency modulation, not pulse width
modulation. The turn-ON time corresponds to the switching frequency to reduce the frequency variation and to achieve
high efficiency
Ton=m * fsw (1)

Where m is a constant. For low conduction loss under heavy load with low ac line condition, the proposed method
increases the switching frequency and the turn-ON time. On the other hand, to reduce the switching loss under light load
with high ac line, the proposed method decreases both the switching frequency and the turn-ON time. Therefore average
output power over half of the ac line period can be expressed as
Po=1n - Vldine- m = D - Fsw/Lml )

Where V line is the ac line voltage in rms, # is efficiency, D is duty cycle, and Lm1 equals Lm2 Output power is
controlled by duty cycle and switching frequency. As a result, the proposed converter can achieve high PF and low THD
by utilizing DCM operation, and high efficiency due to frequency modulation in wide output power range. The frequency
calculation between low line and high lines can be expressed as

2
V,hli];h Dmin
Vin  Dpax

low

Afpropnsed = flnw :

(3
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IV.CIRCUIT DESCRIPTION
Equivalent circuit with interleaved connection shown below. Here rectifying diodes converts AC to DC and input DC
supply is given to primary windings. Fig 5(a) and (b) shows the modified technique involved in it.
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Fig. 5(a) PFM at low line
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(b)
Fig.5 (b) PFM at high line

V. MODES OF OPERATION:

When switch ‘S’ is on, the primary winding of the transformer gets connected to the input supply with its dotted end
connected to the positive side. At this time the diode ‘D’ connected in series with the secondary winding gets reverse
biased due to the induced voltage in the secondary. Thus with the turning on of switch ‘S’, primary winding is able to
carry current but current in the secondary winding is blocked due to the reverse biased diode. The flux established in the
transformer core and linking the windings is entirely due to the primary winding current. This mode of circuit has been
described here as Mode-1 of circuit operation. The current carrying part of the circuit and shows the circuit that is
functionally equivalent to the fly-back circuit during mode-1.

Fig.6. Mode 1 operation
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Fig.7 Mode 2 operation
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Fig.8 Mode 3 operation

Mode-2 of circuit operation starts when switch ‘S’ is turned off after conducting for some time. The primary winding
current path is broken and according to laws of magnetic induction, the voltage polarities across the windings reverse.
Reversal of voltage polarities makes the diode in the secondary circuit forward biased. The current path during mode-2 of
circuit operation while the functional equivalent of the circuit during this mode primary winding current is interrupted due
to turning off of the switch ‘S’ the secondary winding immediately starts conducting such that the net mmf produced by
the windings do not change abruptly. The secondary winding, while charging the output capacitor starts transferring
energy from the magnetic field of the fly back transformer to the power supply output in electrical form. If the off period
of the switch is kept large, the secondary current gets sufficient time to decay to zero and magnetic field energy is
completely transferred to the output capacitor and load. Flux linked by the windings remains zero until the next turn-on
of the switch, and the circuit is under discontinuous flux mode of operation. Alternately, if the off period of the switch is
small, the next turn on takes place before the secondary current decays to zero.

The circuit is then under continuous flux mode of operation. During discontinuous mode, after complete transfer of
the magnetic field energy to the output, the secondary winding emf as well as current fall to zero and the diode in series
with the winding stops conducting. The output capacitor however continues to supply uninterrupted voltage to the load.
This part of the circuit operation has been referred to as Mode-3 of the circuit operation. Mode-3 ends with turn ON of
switch ‘S’ and then the circuit again goes to Mode-1 and the sequence repeats. Fig.9 respectively shows the current path
and the equivalent circuit during mode-3 of circuit operation.

VI.LPOWERFACTOR CORRECTION

Power factor correction brings the power factor of an AC power circuit closer to 1 by supplying reactive power of
opposite sign, including capacitors or inductors that proceed to eliminate the inductive or capacitive effects of the load,
respectively. The distortion power factor describes how the harmonic distortion of a load current reduces the average
power transferred to the load.
Distortion powerfactor=1/(1+THDi?)' ...(4)

THD is the total harmonic distortion of the load current. It can abridged by low ac line voltage, usually in low ac line,
the input current is take away distorted due to high drain current. Efficiency can be enhanced by variable switching
frequency, turn on time and duty cycle
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TABLE-1 EXAMPLES OF RELATIONSHIP OF THE FREQUENCY AND Ton

VIL EXPERIMENTAL RESULTS

aQvac 265Vac
load(%) freq(kHz) Ton{us) freg(kHz) Ton{us)
100 100 4.979 48.68 2.278
o0 96.55 4.797 47.00 2.189
80 92.53 4.602 45.19 2.094
70 88.79 4.389 43.22 1.991
60 84.34 4.155 41.06 1.877
50 79.37 3.893 38.64 1.749
40 73.68 3.504 35.87 1.604
30 66.94 3.239 32.59 1.431
20 58.48 2.794 28.47 1.214
10 46.42 2.159 22.60 0.905

The operation of the proposed converter has been analyzed by MATLAB /SIMULINK. Table 1 shows prototype

specifications of the proposed interleaved single stage flyback converter at the LED load of 3V,300mA respectively.

TABLE 2 DESIGN SPECIFICATIONS

Input voltage range

Qv ac

Output voltage range

Ovdc

output current range

Q00mA

Output power

81w

switches

IRFZ44

Diodes

IN&OOTF

LED unit

IV, 200mA

Fig 9 Simulation circuit Closed loop analysis
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Fig.10 Waveform of Vdc
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Fig.11 Waveform of Idc at full load condition
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Fig.12 Power factor waveform

CONCLUSION

The PDPFM control method for an ISSF converter has been proposed. The control method increases the switching
frequency, the turn-ON time and the duty cycle under heavy load with low ac line condition for low rms current and it
decreases under light load with high ac line condition for low switching loss. At 100% load condition it can achieve 0.8
power factor and efficiency up to 90—-92%.The proposed converter has higher peak current than the conventional
converters at high ac line condition. The proposed converter has high efficiency, better PF, and low THD. Therefore, the
proposed converter is considerably suitable for wide output range LED application.
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