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Abstract 

 

The Matrix Converter is a forced commutated converter which uses an array of controlled bi-directional switches as the main 

power elements to create a variable output voltage system with unrestricted frequency. It eliminates the need of dc link circuit and 

does not need any large energy storage elements. The Matrix Converter is an attractive topology of power converter for power 

supply applications where factors such as the absence of electrolytic capacitors, the potentiality of increasing power density, 

reducing size and weight and good input power quality are fundamental. The main feature of this device is to convert the magnitude 

as well as the frequency of the input (fixed frequency) into a desired magnitude (variable frequency). Single Phase Matrix 

Converter (SPMC) consists of four bi-directional switches, which are required to be commutated in the right way and sequence in 

order to minimize the losses and produce the desired output with a high quality input and output waveforms. In this project, the 

modulation strategies are developed for single phase AC-AC Matrix Converters for multiple induction heating system. The 

modular power electronics hardware provides a fast method to reconfigure the power converter topology. The converter with the 

proposed system will be modeled on MATLAB/Simulink platform. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

The Matrix Converter (MC) is a single stage direct AC-AC converter, which has an array of (m x n) bi-directional power switches 

that can directly connect an m-phase voltage source to an n-phase load. The introduction of AC-AC converters for implementing 

the bi-directional switches made the matrix converter topology more attractive. However, the real development of matrix converter 

starts with the work of Venturini and Alesina published in 1980. They presented the power circuit of the converter as a matrix of 

bi-directional power switches and they introduced the name “matrix converter”. One of their main contribution is the development 

of rigorous mathematical analysis to describe the low frequency behavior of the converter, introducing the “low frequency 

modulation matrix” concept. In their modulation method is also known as direct transfer function approach, the output voltages 

are obtained by the multiplication of the modulation matrix with the input voltages. 

 The Matrix Converter (MC) is an advanced circuit topology that offers many advantages such as the ability to regenerate energy 

back to the utility, sinusoidal input and output current and a controllable input current displacement factor. It has the potential of 

affording an “all silicon” solution for AC-AC conversion, removing the need for reactive energy storage components used in 

conventional rectifier-inverter based systems. 

 Today the research is mainly focused on operational and technological aspects namely reliable implementation of commutation 

strategies, protection issues, implementation of bi-directional switches and packaging, operation under abnormal conditions, ride 

through capability and input filter design. The most desirable features in power frequency changers are: 

 Simple and compact power circuit 

 Sinusoidal input and output currents 

 Regeneration capability 

 Simple switch commutation 

 Operation with unity power factor for any load 

 Generation of load voltage with arbitrary amplitude and frequency 

 Adjustable input displacement factor, irrespective of the load 

 These ideal characteristics can be fulfilled by matrix converter and this is the reason for the tremendous interest in the topology. 

Matrix Converter is the forced commutation converter which uses an array of controlled bi-directional switches as the main power 

element to create a variable output voltage system with unrestricted frequency. 
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 Motivation of the work 

The moto of the project is to develop a direct AC–AC conversion scheme by means of a multiple output with resonant matrix 

converter applied to multiple applications with different voltage and frequency. It is simulated using MATLAB/Simulink platform. 

II. PROPOSED METHODOLOGY 

The block diagram representation of the experimental setup is shown in the Figure.2.1. The blocks consist of AC Supply, Arduino 

Controller, IOT web, Electro Magnetic compatibility (EMC) filter, Matrix Converter (MC), induction load. 

 The proposed multiple output resonant matrix converter is divided into two blocks: the Common Matrix Converter Block 

(CMCB) and the Resonant Load Block (RLB). The CMCB has a half-bridge structure and it is composed of the common switches 

Smh and Sml. The switches have been implemented by means of two IGBTs with an antiparallel diode featuring a common-emitter 

configuration. This configuration has the best ratio between cost and efficiency. The RLB is composed of the electrical equivalent 

for each induction load Req,i − Leq,i, the resonant capacitor Cr,i, and the specific switches Si. This provides adjustable output power 

for each load while reducing the number of devices. 

 The main benefit of the proposed topology lies in the use of the CMCB, as it significantly reduces the ratio of switching device 

count per load, avoids the rectifier stage and energy-storage elements, and simplifies the control strategy. Compared to the classical 

half-bridge inverter and the single-phase single-output matrix converter, for an n-load system, the proposed topology has 4 + n 

switching devices, while the others require 2n and 4n, respectively. This implies also a significant reduction in the auxiliary circuits 

such as control and driver circuits and lossless snubber networks. 

 
Fig. 2.1: Block diagram of proposed system 

 Control Strategy 

The control strategy proposed for the CMCB is based on the variable-frequency-duty-cycle control, which allows one to adjust the 

overall output power changing the switching frequency and duty cycle of the power devices. Moreover, selective load activation 

is applied to the RLB to obtain a finer output power control, which is similar to the pulse density modulation proposed. 

 Supply 

AC-AC power conversion can be realized by using a rectifier stage and an inverter stage or by using a Direct or Matrix Converter 

(MC). A Matrix Converter uses only one conversion stage compared to two stages for the rectifier/inverter solution. Each converter 

topology has particular advantages and disadvantages, the choice, therefore, depends on the requirements of the application. 

 Input Filters 

Filters must be used at the input of the Matrix Converters to reduce the switching frequency harmonics present in the input current. 

The requirements for the filter are: 

 To have a cut-off frequency lower than the switching frequency of the converter.  

 To minimise its reactive power at the grid frequency.  

 To minimise the volume and weight for capacitors and chokes.  

 To minimise the filter inductance voltage drop at rated current in order to avoid a reduction in the voltage transfer ratio.  
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 Power Circuit 

 IGBT 

The Insulated Gate Bipolar Transistor (IGBT) is a minority-carrier device with high input impedance and large bipolar current-

carrying capability. Many designers view IGBT as a device with MOS input characteristics and bipolar output characteristic that 

is a voltage-controlled bipolar device. To make use of the advantages of both Power MOSFET and BJT, the IGBT has been 

introduced. It’s a functional integration of Power. 

 MOSFET and BJT devices are in monolithic form. It combines the best attributes of both to achieve optimal device 

characteristics. 

 The IGBT is suitable for many applications in power electronics, especially in Pulse Width Modulated (PWM) servo and three-

phase drives requiring high dynamic range control and low noise. It also can be used in Uninterruptible Power Supplies (UPS), 

Switched-Mode Power Supplies (SMPS), and other power circuits requiring high switch repetition rates. IGBT improves dynamic 

performance and efficiency and reduced the level of audible noise. It is equally suitable in resonant-mode converter circuits. 

Optimized IGBT is available for both low conduction loss and low switching loss. 

 MOSFET 

The metal–oxide–semiconductor (MOS) field-effect transistor (MOSFET, MOS-FET, or MOS FET) is a transistor used for 

amplifying or switching electronic signals. Although the MOSFET is a four-terminal device with source (S), gate (G), drain (D), 

and body (B) terminals, the body (or substrate) of the MOSFET often is connected to the source terminal, making it a three-terminal 

device like other field-effect transistors. Because these two terminals are normally connected to each other (short-circuited) 

internally, only three terminals appear in electrical diagrams. The MOSFET is by far the most common transistor in  both digital 

and analog circuits, though the bipolar junction transistor was at one time much more common. In enhancement mode MOSFETs, 

a voltage drop across the oxide induces a conducting channel between the source and drain contacts via the field effect. The term 

"enhancement mode" refers to the increase of conductivity with increase in oxide field that adds carriers to the channel, also 

referred to as the inversion layer. The channel can contain electrons (called an nMOSFET or nMOS), or holes (called a pMOSFET 

or pMOS), opposite in type to the substrate, so nMOS is made with a p-type substrate, and pMOS with an n-type substrate (see 

article on semiconductor devices). In the less common depletion mode MOSFET, detailed later on, the channel consists of carriers 

in a surface impurity layer of opposite type to the substrate, and conductivity is decreased by application of a field that depletes 

carriers from this surface layer. 

 The Bi-Directional Switch Realization and Commutation 

A first key problem is related to the bi-directional switches realization. By definition, a bidirectional switch is capable of conducting 

currents and blocking voltages of both polarities, depending on control actual signal . But at present time a true bi-directional 

switch is still not available on the market and thus it must be realized by the combination of conventional unidirectional 

semiconductor devices. Figure shows different bi-directional switch configurations which have been used in prototype and/or 

proposed in literature. Another problem, tightly related to the bi-directional switches implementation, which has represented a 

main obstacle to the industrial success of the matrix converter, is the commutation problem. The commutation issue basically rises 

from the absence, in the matrix converters, of static freewheeling paths. As consequence it becomes a difficult task to safely 

commutate the current from one bi-directional switch to another, since a particular care is required in the timing and 

synchronization of the switches command signals. It is already explained clearly in matrix converter chapter. 

III. MATLAB AND SIMULATION MODEL 

MATLAB is an interactive software system for numerical computation. Numerical analyst Clever Moler wrote the initial 

FORTRAN version of MATLAB in the late 1970’s as a teaching aid. It became popular for both teaching and research and evolved 

in to a conventional software package written in C. for many years now, MATLAB has been widely used in universities and 

industries. MATLAB has several advantages over more traditional means of numerical computing. 

 It allows quick and easy coding in a very high level language 

 Data structure requires minimal attention arrays need not be declare 

 An interactive interface allows rapid experimentation and easy debugging 

 High quality graphics and visualization facilities are available 

 MATLAB M-files are completely portable across a wide range of platforms 

 Tool boxes can be added to extend the system 

 Furthermore, MATLAB is a modern programming language and problem solving environment. It has sophisticated data 

structure, contains built in editing and debugging tools and supports object oriented programming. Here Simulink software is used 

to obtain the designing of the proposed system. For the proposed Matrix converter fed induction heater parameters are noted down. 

Then the proposed system is designed and its characteristics are obtained. 
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 Simulation Model of Matrix Converter 

 
Fig. 3.1: Simulation Model of Matrix Converter 

The proposed control concept is verified through modeling of the circuit using PSB in MATLAB/Simulink (MLS). The top-level 

main model of a single-phase matrix converter fed induction heater and power circuit of SPMC in MLS are shown in Figure.3.1. 

 In SPWM model as shown in Figure. 3.2, the reference signal is compared with the carrier signal to produce the required 

respective SPWM output. The comparison is made using “Relational Operator” block in PSB. The carrier signal is generated by 

using “Repeating Sequence” block that produce triangular wave signal. 

 
Fig. 3.2: Reference Signal Model of Matrix Converter 

 
Fig. 3.3: Switching pattern for Matrix Converter 



Multiple Induction Heating Using Matrix Converter  
(IJSTE/ Volume 7 / Issue 11 / 012) 

 

 All rights reserved by www.ijste.org 
 

68 

IV. SIMULATION RESULTS 

 
Fig. 4.1: Simulation of Proposed System. 

 From the above figure 4.1 simulation of proposed system by using MATLAB/simulink has been developed for multiple 

induction heating system. 

 
Fig. 4.2: Proposed Subsystem for 25Hz buck mode 

 
Fig. 4.3: Simulation Result of Proposed System for 25Hz buck mode 

 Figure.4.3 shows the simulation results for the proposed system with D = 0.3 at output frequencies of 25Hz. The output voltage 

is boosted to about Vo = 200 V from an input voltage of 40 V. 

 
Fig. 4.4: Simulation Result of Proposed System for 100Hz boost mode 

 Figure. 4.4 shows the simulation results for the proposed system with D = 0.3 at output frequencies of 100Hz. The output voltage 

is boosted to about Vo = 200 V from an input voltage of 40 V. 
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V. CONCLUSION 

In this project work, the computer simulation model on SPMC for the operation of multiple induction heating using 

MATLAB/Simulink had been presented. It has shown successful implementation of SPMC topology in synthesizing greater AC 

output voltage from a given AC input voltage. However, varying the modulation index and frequency did not vary the value of 

output voltage. Further studies on method to control the value of boost voltage could be investigated in the future allowing for 

more application of the proposed design and also and the proposed topology can target the home appliance market. 

VI. FUTURE SCOPE 

Future work is desired to achieve multiple output for the proposed converter. The proposed strategy can be used in various industrial 

applications that require step-changed frequencies and variable voltage amplitudes. The proposed converter is particularly suitable 

for controlling the speed of a fan or a pump without the use of an inverter because for these applications, the input voltage frequency 

must be changed to control their speed by stages. The complete system allows performing quick test and development of the digital 

control architecture, and power converter topologies and their control schemes. The proposed architecture has been applied to the 

development of power converters for domestic IH, although it can be easily applied to other applications with similar requirements. 
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