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ABSTRACT
Diode rectifiers are used to convert ac voltage to dc voltage. The diode bridge rectifier only produce a
constant DC voltage, which is a function of the system voltage. The variable dc output voltage can be obtained from
thyristor controlled rectifier. For nonlinear loads these rectifiers draws current with fundamental (or line frequency)
component and harmonic components and the Loads connected to the mains are also feed with a distorted voltage.
The three-phase controlled rectifiers has many applications such as speed control of motor in industries, dc drives,
traction system, controlled power supplies, and many other applications. Replacing the diode bridge by an IGBT
bridge allows to regenerative operation, reduction of harmonic currents and allows the power to flow in either
direction, which is required in many motor drive applications. Since the converter is typically connected in line-side
of a motor drive, this is called a front-end converter (FEC). For power factor correction and low frequency current
harmonic elimination in power conversion systems the Active front end converters are used. The main aim is to
design a complete MATLAB/Simulink model of an active front end converter for DC applications. This conversion
in power form is done at unity power factor viewed from the supply mains. The advantage of this system is to improve
the power quality by reducing the current harmonics.
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1. INTRODUCTION

In many applications consumer require DC power for his application (Akagi and Fujita, 1995). The load is
connected to mains (EB) through rectifier. When the load switches on, the input power is getting polluted because
of the rectifiers used. If the load is of inductive nature, the current lags behind the voltage. So it will also cause poor
power factor (Akagi, 1990; Bose, 2002). When feeding a load through a rectifier, the line current is also not
sinusoidal; it assumes quasi square wave form. Hence it produces current harmonics.

When the Rectifier is connected to the load, it produces large amount of lower order input harmonic currents
apart from producing poor power factor (Gouthaman & Bharathwajanprabhu, 2011; Karthikeyan & Chenthur
Pandian, 2011). To overcome these problems, the conventional rectifier is replaced by active front end converter. By
using AFE converter, nearly input sinusoidal current wave form can be achieved (Karthikeyan & Pandian, 2011).

In the operation of electrical system, harmonics have a negative effect, therefore, increased attention is to be paid
to their generation and control (Wilson, 1998). In particular, several standards are introduced regarding the limits of
harmonics that can be injected into the power supply (Sundararaju, 2011; Kolar and Zach, 1994).

Rectifier: A rectifier is a circuit which converts ac input to dc output. To convert power from ac to dc semiconductor
diodes/ thyristor are used extensively in power electronic circuits.
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Figure.l. Block diagram of rectifier
Rectifiers can be mainly classified into two categories:
o Circuits working with line frequency, also known as line commutated or phase controlled rectifiers. These
types rectifiers can achieved using diodes and thyristors.
o Circuits working with at higher switching frequencies are called as switching type rectifiers which is also
known as power factor / harmonic correctors (PFCs). These type of rectifiers are built using IGBTSs.
Line Commutated Rectifiers: Line-commutated rectifiers with diodes will not allow the control of power being
converted from ac form to dc form. The thyristors are used to achieve this power control.
Switching Type Rectifiers: Recently, the reduction of harmonics on input side of the rectifier paid the more attention
which develops the PFC. To work with high switching frequency for improving the waveform quality of input current
and to increase the power factor the circuit uses power transistors and IGBT's. High power factor rectifiers can be
classified under regenerative and non-regenerative topologies.
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Figure.2. Types of Rectifiers
Three Phase Rectifier: The diodes are arranged in three legs. The positive group of diodes are D1, D3, D5. The
negative group of diodes are D2, D4, D6.
When the anode has most positive value the diode will conduct. In other words, diodes D1, D3, D5 forming
positive group, would conduct when these experience the highest positive voltage. Likewise diodes D2, D4, D6
would conduct when these are subjected to the most negative voltage.
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Figure.3. Circuit Diagram of Diode Rectifier
Operation: In the source phase voltage is Vs. From ot=30° to 150°, the voltage V. is more positive than the voltage
Vb, VC. Therefore, diode D1 connected to line “Va’ conducts during the interval ot=30 °to 150°.Likewise from
ot=150° to 270°, voltage V, is more positive as compared to V,,V, therefore, diode D3 is connected the line ‘Vy’.
Similarly diode D5 from positive group conducts from ot=270° to 390°(30°) and so on. Conduction of positive group
diodes as D5, D1, D3, D5, D1 etc.

Voltage V. is most negative from ot=90° to 120°. Therefore,negative group diode D2 connected to line ‘V¢’
conducts during this interval .Similarly diode D4 conducts from 210° to 330° and diode D6 from 330° to 450°(90°)
and so on.

During the interval wt=0° to 30 °,the diode D5 and D6 conduct .Conduction of D5 connects load terminal P
to line terminal V¢; similarly, conduction of D6 connects load terminal Q to the line terminal ‘Vy’. As a result voltage
Vpq =Vo=line voltage Ve from ot=0" to ot=30".Likewise during ot=30" to 90°, diodes D1 and D6 conduct.
Conduction of diode D1 connects to P to V, terminal and D6 to V, terminal. Therefore, load voltage during this
interval is Vo=line voltage Va. Similarly, for interval 90° to 150°, diodes D1 and D2 conduct and line voltage V;
for interval 150° to 210°, diodes D3 and D2 conduct and Vo=line voltage Vy: and so on.
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Figure.4. Voltage and current waveforms of the diode rectifier
Matlab Simulation Diagram and FFT Analysis of Diode Rectifier: The three phase voltage source is connected
to the diode bridge rectifier. The output of the rectifier is connected the DC motor load. The simulation of diode
rectifier and the FFT analysis is shows in the figure.6.
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Figure.5. Simulation Diagram of Diode Rectifier
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Figure.6. FFT analysis of input current
The diode rectifier is simulated using MATLAB software. The FFT analysis of diode rectifier indicates that,
the harmonic content of the line current is 31.25%.
Implementation of Active Front End Converter: The IGBT and diode is connected anti-parallel. The capacitor is
connected to the output of converter side. The circuit diagram is shown in the figure.7.

o

Figure.7. Circuit Diagram of AFE converter
Voltage Source: The three phase supply is shown as three single phase voltage sources connected in delta. The three
sources (Va, Vb and V¢) are in 120° phase shift with each other. The input RMS phase voltage is 200V AC.
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Figure.8. Input Voltage Waveform
Source impedance calculation: The active front end converter is provided with significant input inductive reactance
(5-50%) and also output capacitive reactance. The following calculation provides the method of calculating the
inductor value for assumed percentage line impedance.

Z=VII Q)
Z*pi*f*l_:V“ (2)
L=V/(2*pi*f*I) H 3)
Where L=Inductance value of inductor in H, V=Input Phase Voltage, I=Input Full load Current.
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Figure.9. The effect of inductor in the current waveform
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Modulation Index: Modulation Index is defined as ratio between magnitudes of reference wave to carrier wave.
This is used in SPWM control.

MI =A/A (4)
Where A.=Magnitude of reference signal, Ac=Magnitude of carrier signal.
Specifications of the DC motor load connected to the AFE rectifier:
Voltage: 400 V
Base Speed: 1630 RPM
Power: 15.5 kW
Load Torque: 90 Nm
Rated armature current: 44 A
Armature Circuit:
Inductance (L):9.2 mH.,
Resistance(R):474 m Q.,
Inertia: 1.2 kg. sqgm
Operation of Afe Converter: The source phase voltage is Vs. From ot=30° to 150°, the voltage V. is more positive
than the voltage Vb,Vc. Therefore, IGBT QI connected to line ‘Va’ conducts during the interval ot=30°to
150°.Likewise from ot=150° to 270°,voltage Vy is more positive as compared to Va, V. therefore, IGBT Q3 is
connected the line ‘Vy’. Similarly IGBT Q5 from positive group conducts from wt=270° to 390° (30°) and so on.
Conduction of positive group IGBTs as Q5, Q1, Q3, Q5, Q1 etc.
Table.1. Switching Table for the various switching devices
ANGLE Q1L |Q2 |Q3 | Q4 | Q5 | Q6
30°-90° ON | - - - - ON
90°-150° | ON | ON | -
150°-210° | - ON | ON | - - -
210°-270° | - - ON | ON | - -
270°-330° | - - - ON | ON | -
330°-30° | - - - - ON | ON
Simulation Diagram of AFE Converter:
o The AFE converter is designed and the capacitor is connected output side of rectifier.
The inductors are connected each phase of input.
The DC motor load is connected across the capacitor.
The reference wave is sinusoidal wave. It is taken the same phase difference in the input voltage wave form.
The carrier wave is triangular wave got from the repeating signal block. These waves are compared and get
pulse.
The simulation was simulated and analyse the waveform using scope.
e The FFT analysis was performed using POWER GUI block. The simulation diagram, Input voltage wave
form Input current waveform, FFT analysis of active front end converter are shown in figure.16.
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Figure.11. Simulation diagram of PWM technique Implementation
Carrier Signal and Reference Signal: In sinusoidal PWM technique, the reference signal is sinusoidal wave and
carrier signal is triangular wave. Ml is (1/1.1=.909).9009.
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Figure.13. Carrier signal and reference siéﬁal
Switching Pulses: From IGBT 1 to IGBT6 are conducting each 120°

Figure.14. Switching Pulses
3. RESULTS ACHIEVED FOR DIFFERENT VALUES OF INPUT REACTANCE AND OUTPUT
CAPACITANCE
Simulation and study of active front end rectifier is undertaken for various values of input reactors to
minimize the input current THD.
Table.2. Inductor and Capacitor Values

SNO |LinmH |CinpF | THDIn% | IinA
1. 2 1 21.52 39.79
2. 2 10 21.16 41.59
3. 5 10 14.90 41.34
4. 6 100 12.23 41.03
5. 7 100 11.49 43.57
6. 8 100 9.92 43.57
7. 9 100 8.75 43.43
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Figure.15. Input current for L=10mH,C=100 pF Figure.16. FFT analysis for L=10 mH, C=100 pF
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Power Factor Measurement
Power factor calculation from the simulation results of THD: In the case of non-sinusoidal current, the active
power delivered by the input sinusoidal supply is
P= V3%V arms *1 a1 rms COS @1 (4)
where Vams is the rms value of the voltage and

| a1 rmsiS the value of current (fundamental component of 1).
The apparent power is given by

S:\/?’XVarmsxlarms (5)
The power factor is defined by

PF =P/S (6)
By substituting equations. (4), (5) intoEq. (6), the power factor can be expressed as follows
PF = (laz rms /1 arms) X c0S @1 (7)
The displacement factor of the fundamental current,

cos @1= 1 (zero displacement angle) (8)

The true power factor is equal to product of the displacement power factor (cosine of the displacement angle
between the fundamental voltage and current) and distortion factor (this is mainly current distortion factor which is
given below). The displacement power factor of active front end rectifier is one as the displacement angle for AFE
rectifier is zero. So true power factor is equal to distortion factor.

True P.F= Displacement P.F x Distortion factor 9
Displacement power factor=1, (10)

Distortion factor = 1/((N(1+THD)?)) (11)
True power factor = Distortion factor (12)

The above equation is used to arrive at the input power factor of AFE rectifier for various input reactor and
output capacitor combinations.
Table.3. Power factor values for different inductor and capacitor values

SNO |LinmH | CinpF | THD in % | True Power factor
1. 2 1 21.52 0.9776
2. 2 10 21.16 0.9783
3. 5 10 14.90 0.9900
4. 6 100 12.23 0.9926
5. 7 100 11.49 0.9934
6. 8 100 9.92 0.9951
7. 9 100 8.75 0.9961
8. 10 100 7.99 0.9968

4. CONCLUSION

Simulation and study of active front end rectifier is undertaken for various values of input reactors to
minimize the input current THD and quantifying the input current THD as compared to uncontrolled rectifier. The
power factor is also substantially improved as the same is equal to the distortion factor. The displacement factor
(which could be significant when the rectifier is controlled type) is remaining at ‘one’. The active front end rectifier
was simulated using MATLAB and analyzed the harmonics using FFT analysis and improved the power factor.
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