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Abstract---Now a day’s light emitting diodes are widely used in industrial as well as domestic applications due to their long life,
mercury free, low maintenance cost etc., As a result high number of topologies for supplying LED strings are coming out. Single
stage topology is cost effective, but their efficiency is low as they have to fulfill several purposes with only one converter. Two
stage and three stage topologies have higher efficiency as each stage is designed for one specific task. In this project, three stage
topology is proposed for LED based street lighting application. In this topology pfc will be achieved by boost converter (first
stage), galvanic isolation is provided by electronic transformer (second stage), two-input buck converter (third stage) is used to
reduce the ripple and also regulate the output converter. High efficiency and high reliability will be achieved by using this
topology. The design, modeling of three stage topology will be carried out in MATLAB/SIMULINK. For street lighting
application 160 W will be generated by using three stage topology.

Keywords: Power factor correction, Electronic transformer, Two-input buck ,AC-DC converter, Light emitting diode.

. INTRODUCTION

High brightness light emitting diodes are considered as future trend due to their high efficiency, reliability, endurance, strength, eco
friendly. LED lighting are used in many applications such as smps , office lighting , public buildings , street lighting etc., The
energy consumption of led lights are very low compare to CFL fluorescent lamps and high intensity discharge (HID) lamps . LEDs
are mercury free. For the above applications LED driver is designed, which typically ranges from 25 W to 150 W. DC current is
required to drive these loads.
AC drives LED system also available but DC drive LED systems have more optimal driving conditions than AC drive system. In
LEDs galvanic isolation is compulsory because to avoid electric shocks where mechanical system of isolation is not employed. For
good thermal conductivity, the LED die must be connected to heat sink. A thermal barrier must be placed between the LED die and
heat sink. Regarding the converters, the LED strings must operate with DC current so ac-dc and dc-dc converters have been
proposed. Based on the number of stages the converters can be classified as

A. One stage solution,

B. Two stage solution and

C. Three stage solution
Among these three solutions one stage solution are low cost but efficiency also low. Two stage and three stage solutions have more
cost but the efficiency is increased in every stage. To avoid the electrolytic capacitor, the efficiency is increased in every stage
because electrolytic capacitor life span is low at the same time it requires regular maintenance. In LED based street lighting
application the cost of LED driver is less importance than its efficiency due to the energy consumed every day. The maintenance
and replacement cost of street lighting is high than the home applications. In these paper three stages topology is designed without
electrolytic capacitor at the same time efficiency and reliability is increased. The three stages are

A. PFC Boost converter,

B. Electronic transformer and

C. Two input buck converter
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Fig.1 Block diagram of proposed three stage topology

In this paper, high efficiency high reliability three stage topology is proposed for street lighting application see in figurel. The first
stage is boost converter. In this stage pfc will be done because it is designed without electrolytic capacitor its output voltage cannot
be neglected and it will be strongly influence the design of second and third stages. The second stage is two output electronic
transformer. It provides the galvanic isolation at very high efficiency. It is unregulated topology so low frequency affects its output
voltages. The third stage is a two-input buck converter. In this stage low frequency ripple will be eliminated and the output current
is adjusted independently to the desired level in each LED string with its own regulator. The main advantage of this topology is
stress will be reduced. This topology has already used in post-regulator for LED based applications. TIBuck cannot provide full
dimming on its own. Not only the first stage, but also second and third stages can be developed without electrolytic capacitor. So the
proposed topology has high reliability.

As a final application in street lighting some additional details should be considered such as wavelength, amplitude-mode driving
and constant frequency. Wavelength quality is less importance than efficiency. The stress on LEDs should be less by boosting the
reliability. These two can be achieved by using amplitude-mode driving technique. It provides low current stress on semiconductors
and LEDs than the pulse width modulation (PWM) technique driving technique.

1. PFC BOOST CONVERTER
The first stage consists of full bridge diode rectifier and the power factor controlled boost converter see in fig. 2. The input 220 volts
AC is converted into 220 volts DC by using full bridge diode rectifier. By converting AC-DC ripples will be produced in the
rectifier output. AC-DC conversion is required because DC drive is used to operate the load. The Boost converter is a DC-DC
converter. The ripples produced by the rectifier output can be decreased by PFC Boost converter which is operated in boundary

conduction mode (BCM). z .
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Fig. 2 Power factor controlled boost rectifier

Here Boost converter is used to boost up the voltage with PFC controller. PFC operation is important in AC-DC topologies. To
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convert AC voltage to DC voltage the voltage lag is occurred. To improve the power factor unity PFC correction is required in
Boost converter. The power factor correction can be consider in the design of the driver, if they handled power is more than 60
watts. By operating the converter in BCM, high efficiency can be achieved by using ultrafast silicon diodes. The most commonly
used operating modes of boost converter are boundary conduction mode and continuous conduction mode. These two names pass on
to the current flowing through the inductor. The inductor current is continuous in CCM, while in BCM a new switching time is
introduced when the current returns to zero which is at boundary of CCM and DCCM which is shown in fig 3.
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Fig. 3 Wave forms for different modes of boost converter

1. ELECTRONIC TRANSFORMER
The second stage is an Electronic transformer, the main aim of second stage is to provide galvanic isolation and also determine the
low frequency ripples which are presence in boost output. The output voltage of boost converter is given to electronic transformer.
Due to the absence of electrolytic capacitor its output voltage will be expressed as

Vg=Vgon(L + sin (2)) (3.1)

The relative value of the peak —peak ripple will be denoted as r, and the nominal output voltage will be denoted as V, . Where

The ripples presence in the first stage output results will not affect the second stage results because of closed loop control will be
fast enough to cancel this ripple. This topology plays a vital role in improving high efficiency and also it cancels the low frequency
ripples.

Electronic transformer can be used in DC drives up to 400 watts power. The input of electronic transformer is the output voltage of
boost converter. ET concept is developed to take the two transformer output voltages. One voltage is taken as higher value and the
other voltage is taken as lower value. The transformer pulses will be controlled by operating the MOSFET switches. Two
MOSFETS will be used. By using NOT gate the switches can operate alternatively. One switch will operate one voltage and the
other switch will operate another voltage. These two switches operate with fixed duty cycle of 50% at constant switching frequency.
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Here zero voltage switching concepts will be used to avoid overlapping. So, the gain of input and output is fixed. ZCS and ZVS
concepts are used to reduce the losses. Due to the absence of filter inductor in outputs side resonance takes place, to avoid resonance
ZCS should be used. ZCS can be calculated by using leakage inductance, dead time and frequency. So the load sharing between the
two outputs must be carefully considered to achieve ZCS.

400 volts input is given to ET. The capacitors which are used in the output side are 1 mF
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Fig. 4 Diagram of Electronic transformer
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Fig. 5 Pulses of electronic transformer

V. DRIVING TECHNIQUE

There are two driving techniques used in LEDs. They are Amplitude Mode and PWM mode driving technique. Amplitude mode
driving is the preferred option because constant DC current is used to drive the LEDs. It provides high luminous intensity but it is
weak in flexibility control. In PWM mode driving, pulse of DC current having zero level and high level are used. It provides flexible
control and color stability but it provides low luminous intensity. In LED driving, luminous intensity is more important than others.
So, we preferred Amplitude mode driving technique. LED luminous output depends on the further current flow through it. Due to
The changes of input and the output voltages the precision value of output current can be easily affected. The current regulation can
be achieved by continuously sensing the LEDs current by using resistor R and the voltage across the sense resistor is given to an
error amplifier.

To control the output current at different levels, an external voltage Vg is used for varying the voltage across Rs. The relation
between Ry, Vg and iz are given in the following equation (4.1) & (4.2).

V= ifRs+a*Vadj (4 1)
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The current level i; changes inversely proportional to the Vg, so luminous intensity also varied by varying LED current level. Due
to the presence of dynamic resistance of LEDs, a small voltage change in the converter will produce a large variation in the LED
current.

V. TWO INPUT BUCK CONVERTER
The third stage is responsible for eliminating the voltage ripple coming from the ET outputs by adjusting the each LED string
current to the desired level. TIBuck converter s are some extant but similar to the conventional buck converters. Here the anode of
the diode is connected to voltage Vs o lower than Vs.igh. TIBuck converter is shown in fig 6.

Vﬂllcv (V')

Fig. 6 Diagram of TI-Buck converter with driving technique for each LED string.
Neglect the voltage drop across the diode and transistor then

Vou=DVin (5.1)

VI. PROPOSED TOPOLOGY AND SIMULATION RESULTS

The proposed three stage topology is developed by using MATLAB software. The input given to the PFC boost converter is 220
volts, 50 HZ AC supply. This 220volts AC supply is rectified by using single commutation (or full bridge rectifier) and then it will
be boosted to 400volts by using boost converter. This boosted output voltage is given to electronic transformer nothing but 1:1
transformer. Electronic transformer has two outputs, the output voltages are 144 V and 80 V because LED strings need 130 V to
fully turn on and 90 V to turn off. To achieve ZCS 200-nF capacitor is necessary in transformer. ET outputs are given as input to
TIBuck converter. The four TIBuck converters are operated at 100 KHZ. The buck converter is made of 1 mF capacitor and
inductance of 1.1 mH. A simple PI controller is implemented in each TIBuck converter because current can be independently
controlled. Low voltage devices us to boost the efficiency.

In these topology buck converter is designed 40 Watts per string. Here, 4 Tlbuck converters are connected across the end terminals
of the second stage. So, the total output is 160 Watts. The Fig 7 shows the proposed three stage topology MATLAB model.
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Fig .7 Proposed three stage topology
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The boost converter is implemented with inductor value of 1.16 pH and capacitor value of 1 mF. The first stage has the efficiency of
97%, hence the single output size is not considerably increased but efficiency is increased.

The input voltage of diode rectifier, output voltage of diode rectifier, power factor correction and output voltage wave form of PFC
boost convert as shown in fig 8,9,10,11.
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Fig 8. Input voltage of diode rectifier
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Fig 9. Output waveform of diode rectifier

Figll. Output voltage of boost converter

The ET output voltages and currents are shown in fig 12,13,14,15.
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Fig 13. Transformer output current at Vhig,
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Fig 15. Transformer output current at Vjow
The TIBuck converter is implemented with inductor value of 0.35 mH and an output capacitor of 150 nF. The TIBuck converter
output voltage, current and power wave forms are shown in fig 16, 17, 18, 19, 20.

a

—
2
= 3.5
—
3
2s
2
1.5

1

0.5

o i i R H i i i H H

Fig 16. T1-Buck output voltage for one LED
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Fig 18. TI-Buck output power for one LED
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Fig 20. T1-Buck output power for 35 LEDs

VII. CONCLUSION
LEDs are fast consideration in lighting by converting electrical energy into light. This new technology needs different power
supplies from the rest of lighting devices. The main issues when analyzing these new converters are high efficiency, high reliability,
and total dimming and color quality. In street lighting, quality of light is less importance than efficiency and reliability.
In this paper, LED based street lighting application is presented by using different converters without electrolytic capacitors. It is
designed by using three stages. Each stage is designed for one specific task, in such a way that the overall efficiency is 93%. This
topology is designed without electrolytic capacitor so reliability is high.
The simulation results have been obtained with a MATLAB designed for 4 X 40-W LED strings achieving efficiency at full load as
high as 95% for the second and third stages in cascade. If the first stage is considered, the proposed three stage topology may reach
efficiency as 93%.
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