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Abstract — This paper presents a comprehensive study of a boost dc-dc converter for excitation of alternator. A laboratory prototype converter with a 17V input voltage and 141V output voltage is implemented to verify the performance. We are interested in developing DC-DC boost converter by using any sources. In order to design DC-DC boost converter two different power operation modes are obtained. The validity of proposed converter and its control performance is verified by simulation and experimental results for different operation conditions. 

Index Terms– DC-DC boost converter, alternator,excitation,simulation.
I.  Introduction

A boost converter is DC-DC power converter with an output voltage greater than its input voltage. Several applications require high step-up, non-isolated DC-DC converters. Some applications are renewable energy sources such as fuel cell and uninterruptible power supply (UPS) system. The  power for the boost converter can come from any suitable dc sources such as batteries, solar panel, rectifiers, dc generators. The boost converter step-up the input voltage to a high value[2]. The obtained output voltage is 8 times than that input voltage. This increased voltage is then given as excitation to the alternator.



The organization of the paper are as follows:  Section II

presents the operational principle of DC-DC boost converter [4]for boosting any dc source output to get the desired value which is required for excitation of alternator. In section III,   synchronous machine[1] required desired excitation current which is provided by output of DC-DC Boost Converter. In section IV. simulation gives comparative results as that of small laboratory prototype model which is given by waveforms.
II. Operational Principle Of Boost  Converter

A boost converter is a power converter with an  output dc voltage greater than its input dc voltage. The main components of a boost converter are an inductor, a diode and a high frequency switch.  Power for the boost converter can come from any suitable DC sources, such as batteries, solar panels, rectifiers and DC generators. A process that changes one DC voltage to a different DC voltage is called DC to DC conversion. A boost converter is a DC- DC converter with an output voltage greater than the source voltage. A boost converter is sometimes called a step-up converter since it “steps up” the source voltage. Fig. 1 shows the circuit diagram of boost converter. When the power device is ON, the inductor is connected to the supply and inductor stores energy during on period. Hence, diode is reverse biased and isolates the output stage. When the power device is OFF, the output stage receives energy from the inductor as well as from the input. The current  which was flowing through the switch would now flow through inductor, diode, capacitor and resistive load. 
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        Fig. 1. Circuit diagram of boost converter
There are two modes of operation of a boost converter. Those are based on the closing and opening of the switch. The first mode is when the switch is closed; this is known as the charging mode of operation. The second mode is when the switch is open; this is known as the discharging mode of operation.

A. Mode 1:Charging mode

In this mode of operation; the switch is closed and the inductor is charged by the source through the switch. The charging current is exponential in nature but for simplicity is assumed to be linearly varying. The diode restricts the flow of current from the source to the load and the demand of the load is met by the discharging of the capacitor. When a boost converter operates in continuous mode, the current through the inductor (IL) never falls to zero. Fig. 2 shows the basic circuit diagram of charging mode of DC-DC boost converter. Fig. 3 shows the typical waveforms of currents and voltages in a converter operating in this mode. 
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Fig. 2. Circuit diagram of DC-DC boost converter

            in charging mode

c
 
Fig. 3 Waveforms of current and voltage in a boost
          converter operating in charging  mode.
The output voltage can be calculated as follows, in the case of an ideal converter. During the On-state, the switch S is closed, which makes the supply voltage (VS) appear across the inductor, which causes a change in current (IL) flowing through the inductor during a time period (t) by the formula:
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At the end of the On-state, the increase of IL is therefore,
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where, D is the duty cycle. It represents the fraction of the commutation period T during which the switch is On. Therefore D ranges between 0 and 1. During the Off-state, the switch S is open, so the inductor current flows through the load. If we consider zero voltage drop in the diode, and a capacitor large enough for its voltage to remain constant, the evolution of IL is:
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Therefore, the variation of IL during the Off-period is:
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As we consider that the converter operates in steady-state conditions, the amount of energy stored in each of its components has to be the same at the beginning and at the end of a commutation cycle. In particular, the energy stored in the inductor is given by:
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So, the inductor current has to be the same at the start and end of the commutation cycle. This means the overall change in the current (the sum of the changes) is zero:
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This can be written as:
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which in turn reveals the duty cycle to be:
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The above expression shows that the output voltage is always higher than the input voltage (as the duty cycle goes from 0 to 1), and that it increases with D, theoretically to infinity as D approaches 1. This is why this converter is sometimes referred to as a step-up converter.

B. Mode 2:Discharging mode
In this mode of operation, the switch is open and the diode is forward biased. The inductor now discharges and together with the source charges the capacitor and meets the load demands. The load current variation is very small and in many cases is assumed constant throughout the operation. In this case, the current through the inductor falls to zero during part of the period. Fig. 4 shows the basic circuit diagram of discharging mode of DC-DC boost converter.  Fig. 5 shows the typical waveforms of currents and voltages in a converter operating in discharging mode.
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Fig. 4. Circuit diagram of DC-DC boost converter

            in discharging mode


Fig. 5: Waveforms of current and voltage in a boost 
           converter operating in discontinuous mode.

The output voltage equation  can be calculated as follows.  As the inductor current at the beginning of the cycle is zero, its maximum value IL(Max) at T=DT.
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During the off-period, IL falls to zero.
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Using the two previous equations, δ is:
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The load current Io is equal to the average diode current (ID). As can be seen on Fig. 3, the diode current is equal to the inductor current during the off-state. Therefore the output current can be written as:
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Replacing ILmax and δ by their respective expressions yields:
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Therefore, the output voltage gain can be written as follows:
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Compared to the expression of the output voltage for the continuous mode, this expression is much more complicated. Furthermore, in discontinuous operation, the output voltage gain not only depends on the duty cycle, but also on the inductor value, the input voltage, the switching frequency, and the output current.
III.Alternator

In this paper a boost converter based PV energy system is used for excitation of an alternator. Alternators operate on the fundamental principle of electromagnetic induction. They consist of an armature winding and a magnetic field. In alternators field rotates, and armature is stationary. The standard construction consists of armature winding mounted on a stationary element called stator and field windings on a rotating element called rotor. When the rotor rotates, the stator conductors are cut by the magnetic flux, hence they have induced e.m.f. produced in them. Because the magnetic poles are alternate, they induce an e.m.f. and hence current in armature conductors, which first flows in one direction and then in the other. Hence, an alternating e.m.f. is produced in the stator conductors whose frequency depends on the number of poles moving past a conductor in one second and whose direction is given by Fleming’s Right hand rule.

 

      IV.Simulation

     In order to verify the performance of the proposed project, simulation have been done by using MATLAB software. MATLAB is a high performance language for technical computing. It integrates computation, visualization and programming in an easy to use environment where problems and solutions are expressed in familiar mathematical notations.  MATLAB is a high-level language and interactive environment for numerical computation, visualization, and programming. Using MATLAB, you can analyse data, develop algorithms, and create models and applications. The name MATLAB stands for Matrix Laboratory. MATLAB was originally written to provide easy access to matrix software developed by the LINPACK (Linear equations software package) and EISPACK (Eigen system package) projects. MATLAB is a system whose basic data element is an array that does not require dimensioning. MATLAB is used for wide range of applications including signal processing and communications, image and video processing, control systems, test and measurement, computational finance, and computational biology. Simulink is an extension of MATLAB by mathwork. It works with MATLAB of dynamical system under a graphical user interface (GUI) environment. Simulink is a block diagram environment for multidomain simulation and model based design. It supports system-level design, simulation, automatic code generation, and continuous test and verification of embedded systems. Simulink provides a graphical editor, customizable block libraries, and solvers for modeling and simulating dynamic systems. It is integrated with MATLAB, enabling you to incorporate MATLAB algorithms into models and export simulation results to MATLAB for further analysis. Fig. 4 shows the execution of the boost converter using simulation diagram. Various component are used which are having required rating connected in a manner so as to form a boost converter. Certain blocks are introduced in it which are:
1.Current Measurement Block- It is connected in the Input for measuring   input current and in output for measuring the outputcurrent.                                                                                                 2. Voltage measurement block- It is connected in the output for measuring the desired output voltage and in the output fo                                     3.Pulse generator- The pulse generator block generates square wave pulses at regular intervals.                        4.Power GUI- The power GUI block provides useful graphical interface (GUI) tools for analysis of power system block set models. It allows you to display steady state value of measured current and voltages as well as state variables in  circuit.                                                                            5.Scope- The scope block displays input signals with respect to the simulation time.
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   Fig. 6 Simulation diagram of boost converter
Before reaching the steady state value of 2.787 ampere, for a very short period of time there is slight distortion in the input current which is named as transient state followed by sub-transient state whose time period is more than that of transient state.
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 Fig. 7 Output current waveform
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Fig. 8  Output voltage waveform

    Fig. 5 shows the variation of output current with respect to time. Before reaching the steady state value of 1.017 ampere, for a very short period of time there is slight distortion in the output current which is named as transient state followed by sub-transient state whose time period is more than that of transient state.
    Fig. 6 shows the variation of output voltage with respect to time. Before reaching the steady state value of 141.1 volt, for a very short period of time there is slight distortion in the output voltage which is named as transient state followed by sub-transient state whose time period is more than that of transient state.
V. conclusion


This paper has presented a study of the DC-DC boost converter for excitation of synchronous machine. The step-up voltage of boost converter is utilize for excitation of synchronous machine by connecting boost converter between any dc source and alternator for high voltage dc-dc conversion. As the simulation result shows, the converter control system provides good transient and steady state response for the converter with respect to the different step changes The simulation result are verified by low power range laboratory prototype model with an acceptable efficiency.
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