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Abstract— This article represents the modeling and simulation of a Single Phase Matrix Converter
(SPMC) fed Induction Heating (IH) system. The working principle and the control system using Fuzzy
Logic Controller (FLC) are elucidated in detail. The performance of the system and their harmonic
content analysis of Single Phase Matrix Converter are carried out in MATLAB/Simulink environment.
Pulse Width Modulation (PWM) switching strategy by varying the duty cycle based on Fuzzy Logic
Control isemployed to obtain better performance for a constant voltage, constant frequency input supply
for various output frequencies. The proposed control strategy results achieve low Total Harmonic
Distortion (THD) for various operating frequencies without lar ge r eactive stor age el ements.
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I. INTRODUCTION

Induction Heating (IH) systems have been deployed in various industrial applications such as melting,
forging, hardening, tempering, annealing, brazing, bonding, welding, specialty heating, plastic injection molding,
etc., and in domestic applications such as cooking, boiling, and super heating applications. A typical Induction
Heating [1-4] system necessitates high frequency AC supply for which inverters or AC — AC convertersor AC —
DC —AC converters were being employed.

The AC — AC converters when compared to DC link converters possesses more advantage such as variable
frequency, variable voltage output from a fixed frequency and fixed voltage input supply without any
intermediary DC link, which is highly advantages for these type of converters over other conventional converter
and the advancement of fast and efficient switching devices paved way for using these AC — AC converters in
practice effectively.

The Matrix Converter [3-15] classified under AC — AC converters are bidirectional power flow converter.
These converters utilize minimum energy storage elements whose performance over various operating
frequencies can be controlled by varying the Pulse Width Modulation (PWM) signal applied to the switches of
the converter. The Single Phase Matrix Converter (SPMC) [4], [7-8], [10] and Three Phase Matrix Converter
(TPMC) [5-6], [9], [11-15] are used for various ranges of applications from domestic usage to industrial
applications.

In this article a Single Phase Matrix Converter (SPMC) controlled by a Fuzzy Logic Controller (FLC) is
employed to supply an Induction Heating (IH) system. The operation of FLC controlled SPMC and the
performance of the system over different operating frequenciesis revealed in the following sessions.

I1. SPMC: MODESOF OPERATION

The Single Phase Matrix Converter (SPMC) block consisting of eight switches is designed in a matrix form
of four switching blocks in a bidirectional switching pattern as shown in figure 1. Each switching block consists
of two switches connected in anti-parallel direction as shown in figure 2 with arecovery diode for each switch.
The output of the matrix converter is connected to the inductive heating system which is indicated by load as
shown in figure 1.

The switching pattern of the Matrix Converter switches for a constant input supply frequency of 50 Hz is
given in Table | for various output frequencies of the Matrix Converter fed Induction Heating system. Table |
gives switching pattern for output frequencies 25 Hz, 50 Hz and 100 Hz whereas output frequencies 1 kHz, 10
kHz and 100 kHz switching pattern have 40, 400 and 4000 time intervals respectively for a single cycle of input
waveform and hence not represented in the Tablel.

There are basically four modes of operation, i.e., forward and reverse power flow for positive half cycle and
forward and reverse power flow for negative half cycle as described below.
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Fig. 2. Bidirectional Switch
TABLEI
Single Phase Matrix Converter Switching Sequence
Input Output Time Switching
Frequenc
Frequency y Interval Mode
1 S1a& Saa
2 S & S
25 Hz 3 S, & San
4 S & Sy
1 S1a & Saa
50 Hz 50 Hz > S & Su
1 S1a& Saa
2 Sa& S
100 Hz 3 S & S
4 S & Sy
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A. Mode | Operation

In mode 1 operation as shown in figure 3 the switches S;, and Sy, are triggered to conduct the positive half
cycle of the input supply through the load in forward direction. These switches are controlled by the PWM
signal generated through the controller.

Fig. 3. Power flow in Mode 1 operation

B. Mode Il Operation

In mode 2 operation as shown in figure 4 the switches S, and S, are triggered to conduct the positive half
cycle of the input supply through the load in reverse direction. These switches are controlled by the PWM signal
generated through the controller.

i

S3 53 Sy

Fig. 4. Power flow in Mode 2 operation

C. Modelll Operation

In mode 3 operation as shown in figure 5 the switches S;, and Sy, are triggered to conduct the negative half
cycle of the input supply through the load in forward direction. These switches are controlled by the PWM
signal generated through the controller.
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Fig. 5. Power flow in Mode 3 operation
D. Mode IV Operation

In mode 4 operation as shown in figure 6 the switches Sy, and Sy, are triggered to conduct the negative half

cycle of the input supply through the load in reverse direction where these switches are controlled by the PWM
control signal.

Fig. 6. Power flow in Mode 4.

I11.FLC CONTROLLED SPMC FED IH SYSTEM

All The following figure 7 shows the Fuzzy Logic Controlled Single Phase Matrix Converter fed Induction
Heating system block diagram, in which the output current is compared with reference current value and the
error (e) signal and its derivative (ce) with respect to time is taken and both the signals are fed as input to the

Fuzzy Logic Controller which produces a control signal (d) which is fed to PWM signal generator and this
PWM signal isfed to the SPMC switches.
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Fig. 7. Block diagram of FLC controlled SPMC fed IH system

The figure 8 indicates the Fuzzy logic input membership function error “€’ pictorial view with the
membership functions namely Negative Big (NB), Negative Medium (NM), Zero (ZE), Positive Medium (PM)
and Positive Big (PB).

Fig. 8. View of Fuzzy membership function “¢”

The following figure 9 indicates the Fuzzy logic input membership function change in error “ce’ pictoria
view.

Fig. 9. View of Fuzzy membership function “ce’

The figure 10 indicates the Fuzzy logic output membership function duty cycle or control signal “d” pictorial
view.

Fig. 10. View of Fuzzy membership function “d”

The following figure 11 indicates the Fuzzy logic controller rule base surface view for the input functions

“g”, “ce” and output function “d”.

ISSN : 0975-4024 Vol 6 No 3 Jun-Jul 2014 1398



P. Umasankar et al. / International Journal of Engineering and Technology (1JET)

Fig. 11. FLC Rule base surface view

Table Il indicates the Fuzzy Logic Controller rule base for the above said membership function
classifications.

TABLEII
Fuzzy Rule Base

ece | NB |NM | ZE | PM | PB
NB | NB | NB | NB | NM | ZE
NM | NB | NB [ NM | ZE | PM
ZE | NB |[NM | ZE | PM | PB
PM |[NM | ZE | PM | PB | PB
PB | ZE | PM | PB | PB | PB

I'V.RESULTS AND DISCUSSION

The results obtained from FLC controlled SPMC fed Induction Heating system for various operating
frequencies from 25 Hz to 100 kHz is presented from figure 12 to figure 26.

Figure 12 shows the input voltage and output voltage for operating frequency of 25 Hz and figure 13 shows
the corresponding output current fed to the single phase Induction Heating system load rated for 230 V, 2.25 A.
Figure 14 depicts the THD measured for the corresponding operating frequency output. A THD of 7.25 is being
measured for 25 Hz output frequency.

Fig. 12. Input and Output Voltage waveform for f, = 25 Hz
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Fig. 13. Output Current waveform for f, = 25 Hz
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Fig. 14. THD for f,= 25 Hz

Figure 15 shows the input voltage and output voltage for operating frequency of 50 Hz and figure 16 shows
the corresponding output current fed to the single phase Induction Heating system load. Figure 17 depicts the
THD measured for the corresponding operating frequency output. A THD of 6.78 is being measured for 50 Hz
output frequency. Also the current and voltage waveforms are in phase which shows the unity power factor.

Fig. 15. Input and Output Voltage waveform for f, = 50 Hz

ISSN : 0975-4024 Vol 6 No 3 Jun-Jul 2014 1400



P. Umasankar et al. / International Journal of Engineering and Technology (1JET)

Fig. 16. Output Current waveform for f, = 50 Hz
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Fig. 17. THD for f, = 50 Hz

Figure 18 shows the input voltage and output voltage for operating frequency of 100 Hz and figure 19 shows
the corresponding output current fed to the single phase Induction Heating system load. Figure 20 depicts the
THD measured for the corresponding operating frequency output. A THD of 6.62 is being measured for 100 Hz
output frequency.

Fig. 18. Input and Output Voltage waveform for f, = 100 Hz
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Fig. 19. Output Current waveform for f, = 100 Hz
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Fig. 20. THD for f, = 100 Hz

Figure 21 shows the input voltage and output voltage for operating frequency of 1 kHz and figure 22 shows
the corresponding output current fed to the single phase Induction Heating system load. The THD for the
corresponding operating frequency output is being measured as 6.23.

Fig. 21. Input and Output Voltage waveform for f, = 1 kHz
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Fig. 22. Output Current waveform for f, = 1 kHz

Figure 23 shows the input voltage and output voltage for operating frequency of 10 kHz and figure 24 shows
the corresponding output current fed to the single phase Induction Heating system load. The THD measured for
the corresponding operating frequency output isbeing 5.02.

Fig. 23. Input and Output Voltage waveform for f, = 10 kHz
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Fig. 24. Output Current waveform for f, = 10 kHz

Figure 25 shows the input voltage and output voltage for operating frequency of 100 kHz and figure 26
shows the corresponding output current fed to the single phase Induction Heating system load. The THD for the
corresponding operating frequency output is being measured as 4.34.

Fig. 25. Input and Output Voltage waveform for f, = 100 kHz
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Fig. 26. Output Current waveform for f, = 100 kHz

The following Table Il represents the THD measured for the various operating frequencies in the FLC
controlled SPMC fed Induction Heating system.

Measurement of THD for Various Operating Freque;—(fi‘ EI:BSLOEf IIIZII_C Controlled SPMC Fed Induction Heating System
S. Frequency | THD
No inHz in %
1 25 7.25
2 50 6.78
3 100 6.62
4 1k 6.23
5 10k 5.02
6 100 k 4.34

Figure 27 shows the graph for THD Vs various operating frequencies for the proposed system.
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Fig. 27. THD Vsfreguency plot
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V. CONCLUSION

The Fuzzy Logic Controlled Single Phase Matrix Converter fed Induction Heating designed for closed loop
current control system for arating of 230 V, 2.25 A depicts robust operation of the system for various operating
frequencies and the system exhibit very low total harmonic distortion and unity power factor.
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