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ABSTRACT

With the increasing adoption of renewable energy sources by domestic users, decen-

tralisation of the grid is fast becoming a reality. Distributed generation is an important

part of a decentralised grid. This approach employs several small-scale technologies to

produce electrical energy close to the end users or consumers. The higher reliability

of these systems proves to be of advantage when compared to traditional generation

systems. Multi-Input Converters (MICs) perform a decisive function in Distributed En-

ergy Resources (DERs). Making use of such MICs prove to be beneficial in terms of

size, cost, number of components used, efficiency and reliability as compared to using

several independent converters. This thesis proposes a double input DC-DC converter

which makes use of a quasi Y-source converter in tandem with a boost converter. The

quasi Y-source converter has the advantage of having a very high gain for low duty

cycles. The associated operating modes are analysed and the operation of the MIC is

verified using simulation result. A hardware prototype is built for large signal analysis

in open loop. Different loads are applied and the efficiency of the MIC as a whole as

well as the load sharing between the different sources is investigated.

Keywords: DC-DC Converter, Y-Source Impedance Network, Distributed Generation,

Multi-Input Converters
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CHAPTER 1

Introduction

1.1 Introduction

Multi-Input Converters (MICs) are growing in popularity because of their newfound

applications in the modern energy system. The entry of renewables into the energy

system is a precursor to the rapid spread of distributed generation technologies. Re-

newable energy sources like solar and fuel cells are DC in nature. Also, the ability of

renewable sources to be installed on a small scale is leading to the adoption of these

power sources at the domestic level. Distributed generation at domestic level which

includes significant amounts of renewable energy sources is one of the most important

applications of power electronics based converters. To aggregate the numerous sources,

the development of a Multi-Input converter takes prominence.

In most modern day systems, the power generated, output load demand or some-

times both change dynamically and are not the same at any given instant as they ideally

should be. Providing a perfect synergy between the input power source and the output

sink is thus, a complicated task. Additional sources thus become necessary to aid the

primary power source in satisfying the load demand in a reliable manner.

It is in such situations that MICs have started to play a pivotal role. One single

MIC can thus be able to replace numerous converters leading to significant savings.

These converters can interface different input voltage levels, and blend their individual

superiorities to feed the load. MICs are able to perform this task with a reduced number

of components while also simultaneously aiming for higher reliability and efficiency.

The usual approach to connecting numerous diverse sources is to connect them in ei-

ther series or in parallel. However, the sources that are connected in parallel must carry

the same current, which is not always feasible. Since the sources may have varying

1



CHAPTER 1 – Introduction

voltage levels, connecting them in parallel directly will not be feasible. This is where

MICs come into play. The MICs consists of different power electronic converters which

convert the different input voltages to into a single output voltage which can supply the

load.

A prime example of such a system with multiple sources is a Photo Voltaic (PV)

system which is shown in Fig 1.1. This generic system consists of two power sources,

the PV cells and the battery pack. The supply by the solar cells are not consistent and

depends on uncontrollable factors like availability of clear skies and the time of the

day. This system requires additional supplies like a battery pack or ultra-capacitors to

handle the excess load demand. In case of excess generation of energy by the solar cells

because of clear sunny days, the use of bidirectional converters enable the batteries to

be recharged. The use of multiple converters is therefore very common in a large system

having multiple photovoltaic sources.

Fig. 1.1Multiple photovoltaic sources employing Multi-Input Converters

Hybrid Electric Vehicles (HEVs) are another system which makes use of multiple

converters. HEVs use an internal combustion engine along with a battery pack or ultra-

capacitors which can act either as a power source or as an energy storage unit depending

on various conditions. Use of such a system enables the internal combustion engine to

run at optimum ef�ciency and any additional energy requirement during acceleration or

for power steering can be supplied by the connected batteries or ultracapacitors. Using

more than one electric power source in such a system improves the ef�ciency of the

system. Thus the use of multiple converters become inevitable. The block diagram of

such a system having two bidirectional converters is shown in Fig 1.2.

Department of EEE, PES University 2



CHAPTER 1 – Introduction

Fig. 1.2Hybrid Electric Vehicles with multiple converters

In systems such as these, it becomes bene�cial to use a single Multi-Input Converter

instead of several discrete converters as it uses a lesser number of components, has more

stability, is simpler to control and also helps to reduce losses. The block diagram of a

system using Multi-Input Converters is shown in Fig 1.3.

Fig. 1.3Photovoltaic system employing Multi-Input Converters

1.2 Types of Multi-Input Converters

Based on the topology of connection of the multiple converters, the Multi-Input Con-

verter can be classi�ed as parallel or series connected MIC. Fig 1.4 shows a series

connected Multi-Input Converter system which is usually used for low power wind and

solar systems. This converter layout is derived by connecting the output stages of the

Department of EEE, PES University 3
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