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Abstract: Three-phase controlled rectifiers have a wide range of applications such as motor control in
industries, dc drives, cycloconverters etc. They are used for electro-chemical process, many kinds of motor
drives, traction equipment, controlled power supplies, and many other applications. The main aim of this paper
is to design the three phase PWM rectifier and analyze its performance. The rectifier is designed to convert
input ac power into intermediate dc power. This power conversion is done at unity power factor viewed from the
supply mains. The advantage of this system is it also improves the power quality. This improved power factor
improves/modifies the wave shape of line current close to sinusoidal and reduces the line amplitude of line
current to reduces the line loss and hence to improve the power quality.
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I.  Introduction

Recently, developments in power electronics and semiconductor technology have lead improvements
in power electronic systems [1]. Today voltage and current source inverter are widely used in electrical motor
drives. In this drives, DC voltage or current are usually obtained by using rectifiers with phase control and line
commutation converters [2, 3]. A three-phase AC to DC converter is often used to obtain a DC supply from
three phase AC mains. Typical applications are UPS, battery charger, static frequency changer, motor drives etc.
As this type of converter is normally connected at the front end / utility end of most of the power electronic
systems, these are also called the front-end converter (FEC). The front end converter is designed to convert
input ac power into intermediate dc Power. This type of rectifiers is the most used method in industrial
applications. For three-phase, three-level rectifier systems a control of the input phase currents and of the output
voltage has to be provided. Now a day’s reactive power is the main problem for power quality improvement.
Power factor improvement is the best solution to improve the power quality [4, 5]. Any power problem
manifested in voltage, current, or frequency deviations that result in failure or misoperation of customer
equipment. We can make the power factor as unity by means of making the system voltage and current in phase.
In this paper let us discuss about how we can make the system voltage and current are in phase with each other
[6, 71.

II.  Circuit Description

Circuit model of PWM rectifier is shown in Fig.1. This consists of three phase ac source, PWM
rectifier, dc link capacitor and load. The input power is at 415V, 3phase, S0Hz.
For closed loop operation the voltage and current controllers are used to get feedback voltage from the load side
capacitor and to get current feedback from the source side inductor. The objectives of the control are as follows.
1. Control the dc link voltage to pre-determined voltage (750 V in this application).
2. Control the input ac phase currents (Iac) to have a nearly sinusoidal wave shape and also in phase with the ac
phase voltages.
3. Control the magnitude of the ac phase current to match the load on the dc bus.
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Fig.1 Circuit model of the three phase PWM rectifier

From the circuit model of this three phase PWM rectifier the MATLAB/Simulink model was designed and
its performance was analyzed.

III. Three Phase To Two Phase Transformation
The system being balanced, just two parameters can define it completely rather than three parameters
(Va, Vi, Vo) as given above. Knowing any two of (V,, V,, V. ) we can always write down the third one since
Va7Vt V=0 (Though a sinusoidal system is considered here for simplicity, any non-sinusoidal balanced three
phase system can be represented by just two parameters). This fact that two parameters are enough to describe a
balanced three phase system should be convincing enough to accept the transformation of a three phase
balanced system (a,b,c) to a two axis system (a-) as shown in Fig.2
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Fig.2 Three phase to two phase transformation
vd | Cosat —Sinat || Vo
Vq Sinot Cosar || VP

Vo | Cosot Simot || Vd
VB —Sinot Cosot || Vg
By using above equations the three phase ac voltage is converted into two phase direct and quadrature axis

voltage and the two phase direct and quadrature axis voltage is converted into three phase ac voltage. In this
way the three phase to two phase transformation is done.

IV. PiController
Today, a number of different controllers are used in industry and in many other fields. In quite general

way those controllers can be divided into two main groups:

. conventional controllers — P, PI, PID — need mathematical modeling

*  unconventional controllers — Fuzzy, neural....don't need modeling of the plant

Here the PI controller is used for the control of input current and output voltage. A proportional controller
(P) reduces error responses to disturbances (transients), but still allows a steady-state error. When the controller
includes a term proportional to the integral of the error (I), then the steady state error to a constant input is also
eliminated, although typically at the cost of deterioration in the dynamic response. Dynamic response is defined
as the output overshoot that occurs when the converter output load is turned on/off or abruptly changed.
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Fig.3 Structure of PI controller
For efficient operation Voltage and current PI controllers are used for controlling the input current and
output voltage. From the controller and system transfer function the proportional and integral gain of the PI
controller are calculated
k,=1LJt

Here L represents the current controlled reactor and R represents the voltage sensing resistor. The overall
current controller time constant ‘t’ is related to the cut-off frequency (‘®’ in radians) by the relationship t=1/®

V. Simulink Model
Fig 4 shows the simulation model of the three phase PWM rectifier
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Fig.4 Simulation model of the PWM rectifier

Mathematical modeling of three phase PWM rectifier is shown in Fig. 4. Sin PWM technique is used to
generate gate pulse input for the inverter. System line voltage and inverter line voltage is given in to the filter
from this we can obtain three phase inverter current i, iy, 1., This three phase current and voltage of the inverter is
converted into two phase (direct & qudrature) axis voltage and current.
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Fig.5 Simulation model of three phase voltage source

The above fig 5 shows the mathematical modeling of the three phase voltage source, which is present, in the
subsystem of figure 4. It consists of three phase system voltage (V,, Vy, V.).
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Fig.6 Mathematical modeling of the inverter

From the above fig 6 shows the mathematical modeling of the inverter, which is in the subsystem of the
three phase PWM rectifier simulation model. From the above mathematical modeling three phase voltages of
the inverter is obtained.

VI. Simulation Results
To study the operation of the three phase PWM rectifier, it is implemented in SIMULINK/MATLAB
environment. The simulation results obtained for different conditions and shown in fig.7 to 11
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Fig. 7 Line current and Line to neutral voltage of the system

The above figure 7 shows the system voltage and current waveform. From this we can know the system
voltage and current are inphase, which denotes the power factor is unity. From the above waveform we can
identify there is no phase difference between voltage and current but their magnitudes are differ.
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Fig. 8 The inverter line voltage waveform
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Fig 8 shows the line voltage waveform of the inverter. The sinusoidal PWM method is used to generate
gating signal. This gating signal gives gate pulse to the gate terminals of the switches present in the inverter.

! | I i
i (Ut
: iy "7‘ i !flul Irk‘l Jh‘ Jllr'!‘.‘lal‘ Iel\’ I.-[.‘[ rl{ ‘tl‘llriqlll‘ I.\JI V:'J

Tl
Fig.9 The inverter current wave form from the filter

Fig 9 shows the i,, iy, i, current from the filter. Filter compares the system voltage with the inverter voltage
and from which the inverter current is obtained.

Fig.10 The direct and quadrature axis current waveforms

Fig 10 shows the direct and quadrature axis current waveforms of the three phase PWM rectifier.
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Fig.11 The direct and qudrature axis voltage waveforms

Fig 11 shows the direct and quadrature axis voltage waveforms. From this we can know the d axis i.e. the
real power axis voltage is constant and the q axis i.e. the reactive power axis voltage is zero, which represents
the power factor will be in unity.

VII. Hardware Analysis
The hardware setup of the three phase PWM rectifier is shown in below figure. Which consists of multi
input power supply circuit, bridge rectifier circuit, power circuit, FPGA controller circuit, MOSFET driver
circuit, Zero crossing detector circuit etc. from the hardware circuit the phase voltage and current wave will be
obtained by using CRO.
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Fig 12: Hardware arrangement for three phase PWM rectifier
The hardware output for the three phase PWM rectifier is shown in below figure. The result has been seen

through the CRO. From which we can know the source voltage and current are inphase. There is no lagging or

leading between this two waveform. This shows the power factor is unity.

T e

Fig.13 supply voltage and current waveform in same phase

VIII. Conclusion
In this paper three phase PWM rectifier was designed and its performance has been analyzed using

Simulink/MATLAB package program. Simulation results have been given for power quality improvement by
means of making qudrature axis voltage zero. If the quadrature axis voltage zero means the reactive power
output from the source will be zero. This will lead to the system voltage and current within phase. If the voltage
and current are in phase means the power factor will be unity. It was done in this paper. This will help in many
industrial and drive applications.
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