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Abstract: Harmonic pollution and low power factor in power systems caused by power converters have been
of great concern. To overcome these problems several converter topologies using advanced semiconductor
devices and control schemes have been proposed. In this paper a new three-level ac-dc single-stage converter
that can operate with standard phase-shift pulse width modulation is proposed.The ac—dc power supplies with
transformer isolation are typically implemented with some sort of input power factor correction (PFC) to
comply with harmonic standards such as IEC 1000-3-2. There are three techniques to satisfy these standards.
One of them is adding passive filter elements to the traditional passive diode rectifier/LC filter input
combination; the resulting converter is very bulky and heavy due to the size of the low-frequency inductors and
capacitors. In this paper, the operation of the converter is explained, and its feasibility is confirmed with
experimental results obtained from a prototype converter. Finally, the efficiency of the new converter is
compared with that of the converter shown. In extension we connect a DC motor as a load to the proposed
converter and observe the performance. The advantage of the proposed converter is resulting an output of 3
level which reduces stress of voltage. The proposed system is a single stage conversion where DC-DC
conversion is not needed.
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I. INTRODUCTION
1.1 POWER FACTOR:

Power factor is defined as the cosine of the angle between voltage and current in an ac circuit. There is
generally a phase difference @ between voltage and current in an ac circuit. cos @ is called the power factor of
the circuit. If the circuit is inductive, the current lags behind the voltage and power factor is referred to as
lagging. However, in a capacitive circuit, current leads the voltage and the power factor is said to be leading. In
a circuit, for an input voltage V and a line current I, Vicos @ —the active or real power in watts or KW.VIsin &-
the reactive power in VAR or kVAR.VI- the apparent power in VA or KVA. Power Factor gives a measure of
how effective the real power utilization of the system is. It is a measure of distortion of the line voltage and the
line current and the phase shift between them. Power Factor=Real power(Average)/Apparent power Where, the
apparent power is defined as the product of rms value of voltage and current.

1.1.1 LINEAR SYSTEMS:

In a linear system, the load draws purely sinusoidal current and voltage, the current and voltage, hence the
power factor is determined only by the phase difference between voltage and current. i.e. PF=cos0

1.1.2 POWER ELECTRONIC SYSTEMS:

In power electronic system, due to the non-linear behaviour of the active switching power devices, the
phase angle representation alone is not valid. A non linear load draws typical distorted line current from the line.
The PF of distorted waveforms is calculated as below: The Fourier representation for line current is and line
voltage vs are given by,
is = IDC + XIsnsin(nwt+0)
vs=VDC +ZVsnsin(not+0)

1.2 HARMONICS:

Switching converters of all types produce harmonics because of the non-linear relationship between the
voltage and current across the switching device. Harmonics are also produced by —conventionally equipment
including:

1) Power generation equipment(slot harmonics).

2) Inductionmotors (saturated magnetics).

3) Transformers (overexcitation leading to saturation)

4) Magnetic-ballast fluorescent lamps (arcing) and

5) AC electric arc furnaces.

All these devices cause harmonic currents to flow and some devices, actually, directly produce voltage
harmonics.
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I1. IPROPOSED CONCEPT

The ac—dc power supplies with transformer isolation are typically implemented with some sort of input
power factor correction (PFC) to comply with harmonic standards such as IEC 1000-3-2 [1]. There are three
techniques to satisfy these standards. One of them is adding passive filter elements to the traditional passive
diode rectifier/LC filter input combination; the resulting converter is very bulky and heavy due to the size of the
low-frequency inductors and capacitors [2]. Another method is using an ac—dc boost converter in the front-end
rectifying stage to perform active PFC for most applications. The ac—dc boost converter shapes the input line
current as an almost

sinusoidal shape with a harmonic content compliant with agency standards. Using active PFC,
however, increases the cost and complexity of the overall two-stage converter because an additional switching
converter must be implemented [2]. This has led to the emergence of single-stage power-factor-corrected
(SSPFC) converters. There have been numerous publications about SSPFC converters, particularly for low-
power ac—dc flyback and forward converters [3]. Research on the topic of higher power ac—dc single-stage full-
bridge converters, however, has proved to be more challenging, and thus, there have been much fewer
publications. Several single-stage ac—dc full-bridge current-fed converters have been proposed [4]; these
converters have a boost inductor connected to the input of the full-bridge circuit. A three-level (TL) voltage-fed
ac—dc single-stage PWM converter was proposed in and is shown in Fig. 2.1. This topology does not have the
drawbacks of previously proposed single-stage converters because of its TL structure. The PWM method that
was used to operate the converter is shown in Fig. 2.2. As can be seen, this PWM method is not standard
phaseshift PWM (PWM) and is therefore not found in commercially available integrated circuits.
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Fig. 2.1. Single-stage TL ac—dc converter.
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Fig. 2.2. Typical waveforms describing the modes of operation.

In this letter, the operation of the converter is explained, and its feasibility is confirmed with
experimental results obtained from a prototype converter. Finally, the efficiency of the new converter is
compared with that of the converter shown in Fig. 2.1.

2.2. PSM TECHNIQUE FORTL SINGLE-STAGECONVERTERS

The proposed converter, shown in Fig. 2.3, integrates an ac—dcboost PFC into a TL dc/dc converter[5].
It is almost the sameas the converter proposed in and with a flying capacitorbetween two clamping diodes. The
PFC is performed by usingan auxiliary winding taken from the main transformer that actslike a switch that turns
on and off in an appropriate manner.Typical converter waveforms are shown in Fig. 2.4, and equivalent circuit
diagrams that show the converter’s modes of operation with phase-shift modulation (PSM) are shown in Fig.
2.5.The diode rectifier bridge output is replaced by a rectified sinusoidal source, and the thick lines represent the
paths of current conduction
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Fig. 2.4.Typical waveforms for the proposed converter.

The converter has the following modes of operation.

1)

2)

3)

Mode 1(tO<t<tl) [Fig. 2.5(a)]: During this mode, switches S1 and S2 are ON, and energy from dc
buscapacitorClis transferred to the output load. Since theauxiliary winding generates a voltage
(Naux/N1=2) that is equal to the total dc-link capacitor voltage (sumofC1l andC2), the voltage across the
input inductor isthe rectified supply voltage, and thus, the input inductorcurrent starts rising.

Mode 2(tl<t<t2) [Fig. 2.5(b)]: In this mode, S1 iSOFF andS2 remains ON. Capacitor Csl charges
andcapacitorCs4discharges throughCfuntilCs4, the outputcapacitance ofS4, clamps to zero[6] [7]. The
energy stored inthe input inductor during the previous mode starts to betransferred into the dc-link
capacitors. This mode endswhenS4turns on with zero-voltage switching (ZVS).

Mode 3(t2<t<t3)[Fig. 2.5(c)]: In Mode 3,Slis OFFand S2 remains ON. The energy stored in the
inputinductor during Mode 1 is completely transferred into thedc-link capacitors[8]. The amount of stored
energy in theinput inductor depends upon the rectified supply voltage.This mode ends when the input
inductor current reacheszero. Also, during this mode, the load inductor currentfreewheels in the secondary
of the transformer.
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Fig. 2.5 .Modes of operation. (a) Mode 1(t0O<t<t1). (b) Mode 2 (t1<t<t2). (c) Mode 3 (t2<t<t3). (d) Mode 4
(t3<t<td). (e) Mode 5 (t4<t<t5).
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4)

5)

Mode 4(t3<t<t4) [Fig. 2.5(d)]: In this mode, S1 isOFF, the primary current of the main transformer
circulates through diodeDlandS2, and the load inductorcurrent freewheels in the secondary of the
transformer [9].

Mode 5(t4<t<t5)[Fig. 2.5(e)]: In this mode, S1 andS2 are OFF, and the current in the transformer
primarycharges capacitorC2through the body diode of S3andswitch S4. This mode ends when switches S3
and S4are switched on and a symmetrical period begins. Inthis mode, the load inductor current continues to
transferenergy from the input to the output.It should be noted that the analysis and design of this converter
are identical to that presented in for the convertershown in Fig. 2.1. Consequently, the analysis of the new
TLsingle-stage converter is not presented here[10].

e

Fig.3.6.Circuit diagram for simulation

I11. MATLAB/SIMULINK RESULTS
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Fig.3.1.Power factor correction using single stage correction
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Fig.3.2.Three level voltage wave form
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Fig.3.5.Performance characteristics of a dc shunt motor

IV. CONCLUSION
In this paper a new three-level ac—dc single-stage converter that can operate with standard phase-shift

pulse width modulation is proposed. There are three techniques to satisfy these standards. One of them is adding
passive filter elements to the traditional passive diode rectifier/LC filter input combination; the resulting
converter is very bulky and heavy due to the size of the low-frequency inductors and capacitors. In extension we
connect a DC motor as a load to the proposed converter and observe the performance. The advantage of the
proposed converter is resulting an output of 3 level which reduces stress of voltage. The proposed system is a
single stage conversion where DC-DC conversion is not needed.
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