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a b s t r a c t

In this study, an interleaved buck converter based static excitation system is proposed for

large-scale synchronous generators where thyristor controlled systems are widely used.

The proposed system removes the slow response drawback of the thyristor controlled

systems even for dynamic load conditions. The finite element analysis based model of the

synchronous generator's electromagnetic system is obtained and co-simulations of the

modeled generator and proposed interleaved buck converter are performed. Results ob-

tained from simulation results show that, the proposed system offers better performance

in terms of step response and inductor current ripple. The simulation results are validated

with experimental studies. All measurement, monitoring and control processes have been

performed with field programmable gate array called NI CompactRIO platform and Lab-

VIEW software.

© 2017 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.

Introduction

Synchronous generators (SG) in different structures and in

different power levels from several kVA to hundreds MVA are

used in electrical energy generation. Generally, excited syn-

chronous generators are used in thermal, hydraulic, diesel or

gas engine electric generation plants. In recent years, multi-

pole excited synchronous generators are being used in high

power wind turbines, which are also known as direct drive.

The common feature of these generators, which are in

different structures, is the necessity of controlling the exci-

tation current for protection and regulation purposes.

All the power plants in the electric power systems are

connected parallel with each other with the common voltage

and frequency values through national or international power

transmission lines and power transformers. The load level in

the power system, which is also called as demand factor, can

be different at every seconds of the day. Thus, it can be said

that the terminal voltage of the generator in any electric plant

varies at every moment. Therefore, in order to keep the ter-

minal voltage of the generator constant momentarily, the

excitation current has to be controlled by the closed loop

control system. This task is carried out by the excitation

control systems called Automatic Voltage Regulator (AVR)

systems. The AVR uses the terminal voltage error as a control

input in the excitation control loop. The excitation current

and so the generator output voltage are adjusted continuously

until this error becomes zero [1e3].
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Control necessity of the excitation current in the syn-

chronous generators has leaded to the development of some

excitation circuit systems, and innovative control system

structures have been researched. The thyristor controlled

rectifiers have been started to use in automatic excitation

current control systems since they developed in 1960s.

Nowadays, the usage of the thyristor controlled AVR that

began nearly half a century ago continues [4].

The DCeDC converters that power MOSFETs and IGBTs

are used in the AVR systems with recent progress on

semiconductor switch technologies that allow designing

high power high frequency power converter circuits [5,6].

However, high switching frequency increases the switching

losses and causes EMI problem. Therefore, interleaved

converter topologies providing same performance with

lower switching frequency and lower electromagnetic

interference (EMI) have been proposed and applied for

different applications such as battery charging, maximum

power point tracking converters for PV systems. In addition,

the interleaved converters also an important topic for fuel

cell systems which are highly sensitive to the current rip-

ples. The interleaved converters multiply the effect of

switching frequency and thus reduce the inductor current

and supply current ripple. Since the current with high ripple

content drawn from fuel cell may lead to reduce its stack

lifetime, interleaved converters also present many advan-

tages as interface of a fuel cell system.

Examples for the usage of microcontroller, digital signal

processor (DSP) and field programmable gate array (FPGA) for

excitation control of the generators are available in the liter-

ature [4e6,8]. The classical integrated design equipment

within these systems are quite complex and require a signif-

icant learning curve. In addition, hardware and software so-

lutions developed by National Instruments make this a little

easier. Different solutions such as dSPACE, Real-Time Appli-

cation Interface (RTAI) and Real Time Digital Simulator (RTDS)

OPAL-RT are also available [9e16].

Programmability with the high-level programming lan-

guage and target hardware platforms such as CompactRIO

(cRIO), LabVIEW allows even the most complex applications

for professionals, researchers, and students to complete in a

reasonable amount of time. It is shown in the literature that

LabVIEW and NI cRIO which is suitable for industrial appli-

cations are well suited for SG excitation control and single or

parallel operation of generators, for network interaction and

for intelligent network applications [7,17e20].

Electromagnetic modeling software and finite element

analysis (FEA) enable to perform optimization studies in a

shorter time and before production of the prototype [21]. In

this context, the performances of the synchronous generators

can also be tested with FEA and the simulations of the syn-

chronous generators behaviors (like load changes and

different error conditions) can be examined in detail even

with power converter circuits [22e24].

In this study, a FPGA controlled interleaved buck con-

verter for a low voltage (LV) synchronous generator oper-

ating in island mode has been proposed. Both simulation

and experimental studies have been performed. The

response of the generator together with excitation circuit

has been tested with co-simulations performed with Ansys-

Maxwell and Simplorer software. In simulation studies, the

two-dimensional (2D) model of the synchronous generator

Fig. 1 e Excitation system with conventional buck converter for the generator.

Fig. 2 e Excitation system with two-phase interleaved buck converter for the generator excitation system.
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