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Abstract - The major findings of this paper are based on
realization of a Cycloconverter which is having an immense
importance for the frequency controlled drives and various
high frequency applications. The deviation of source voltage is
controlled simultaneously with the frequency of the output
signal which is maintained effectively under desired limit. The
positive and negative sequence of switching signals are
applied maintaining mathematical modeling and simulation
of the proposed model. It is developed using MATLAB/Simulink
software. The Model is simulated with resistive and inductive
type of loading which incurs harmonic distortions at the
output end. The filtering of the harmonic contents are shown
in this paper and which lies under the IEEE specified standard
limits. Fast Fourier Transform (FFT) is used as a mathematical
tool to analyze the limit of harmonics in MATLAB platform.
The synchronized operation of generating pulses after
calculating the optimum pulse width and time interval result
in successful operation of the proposed Cycloconverter model.
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1. INTRODUCTION

Cycloconverter plays a crucial role for the variable frequency
applications by controlling its conduction period. Various a.c.
appliances are needed to run with variable speed for
different household and industrial applications where
Cycloconverter meets the required demand efficiently and
cost effectively [1]. It converts the constant frequency to the
desired variable frequency in a single stage and losses will
be comparatively lower compare to the other existing
techniques. There are different applications where standard
50Hz frequency cannot be directly utilized whereas
Cycloconverter effectively reduces the frequency
(e.g.1/3™or 1/4t%h of the rated /supplied frequency) without
any significant stresses or losses. The Cycloconverter
consists of two bridges. Bridge 1 indicates the operation of
positive half cycle as well as bridge 2 indicates the operation
of negative half cycle. The signals are generated maintaining
the sequence logic and duration of conduction are also
controlled. This methodology is implemented on R-L type of
load where the input voltage is controlled continuously [2].
The output voltage and current waveforms are verified for
different frequency levels. The basic bridge type
Cycloconverter circuit is shown in Fig -1.
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Fig -1: Bridge type configuration of Cycloconverter

P1, P2, Pz and P4 are four switches which are operated for the
conduction of positive half-cycle and N1, N2, N3 and N4 are
four switches for the conduction of negative half-cycle.
Pulse-generators are the used to provide necessary firing
pulses for each switch.

2. WORKING OF SIMULATED MODEL

The Cycloconverter is operated in two half-cycle i.e. positive
half-cycle and negative half-cycle. In positive half-cycle,
Thyristors T, T, Tz and T4 are under operating condition
while the gate pulses are provided from pulse generator 2. In
case of negative half-cycle, Thyristors Ts, Te, T7 and T7 are in
working state while gate pulses are fed from pulse generator
3 after applying certain conduction period [3]. Four switches
are used here where switch 3 and switch 4 are in phase
opposition for maintaining the sequence of negative half-
cycle with logical NOT operator and gate pulses are sent from
pulse generator 1. The voltage that is acted as input is
controlled continually with respect to the voltage atload end.

The Cycloconverter model is simulated with resistive and
inductive type of loading environment. The inductive type
loading induces harmonics in the voltage and current at the
output side which are beyond the standard limits. The
harmonic contents are mitigated using capacitors C1, C; and
internal inductor with controlled voltage utilization. After the
implementation of Fast Fourier Transform (FFT), Total
Harmonic Distortion (THD) is analyzed and elimination of
harmonics in the output parameters are shown [4].

For various industrial drives, variable frequency is an
essential parameter [5] which is verified and depicted after
successful simulation of the described Cycloconverter. The
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model of Cycloconverter developed in MATLAB platform is
shown Fig -2.
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Fig -2: Working model of Cycloconverter after simulation

Two scope blocks are used where in the first scope block,
gate pulses from pulse generators and voltage from the input
end and output end are depicted. The voltage and current
waveforms are shown for different levels of frequency which
are of required for domestic and industrial applications [6].

3. OBSERAVATIONS
The source voltage is shown for 230V, 50Hz (f) in Fig -3

whereas gate pulses for the mode of operation in positive and
negative half cycles are visualized in Fig -4 and Fig -5.
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Fig -3: Controlled Voltage at the input side
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Fig -4: Gate pulse for positive half-cycle
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Fig -5: Gate pulse for negative half-cycle

The different level of frequency i.e. 1/20d, 1/3rdand 1/4t of
the supply frequency, voltage and current waveforms are
constructed and verified under 120, 60 mH loading in the
following figures. Voltage waveform across the load at the
output end for f/2, f/3 and f/4 are shown in Fig -6 Fig -7 and
Fig -8 respectively.
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Fig -6: Voltage at the output for f/2 frequency

Qutput Voltage

1 1 1 1 1 1 1 1 1
0 002 004 006 0.08 01 0.12 014 016 018 02
Time

Fig -7: Voltage at the output for f/3 frequency
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Fig -8: Voltage at the output for /3 frequency
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Current waveforms at the output end for f/2, f/3 and f/4 are
simulated and depicted in Fig -9 Fig -10 and Fig -11
respectively.

Output Current

0 0.02 004 0.06 0.08 01 0.12 0.14 016 0.18 0z
Time

Fig -9: Current at the output for f/2 frequency
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Fig -10: Current at the output for f/3 frequency
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Fig -11: Current at the output for f/4 frequency

The output voltage and current with harmonic distortions for
resistive and inductive type (120, 60 mH) loading are
graphically visualized in Fig -12 and Fig -13.
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Fig -12: Greater Voltage harmonics graphical presentation

Mag (% of Fundamental)
e o o
- = = - o

=]

© 2021, IRJET | ImpactFactor value: 7.529

Fundamental (50Hz) = 2.675 , THD= 10.38%
T T T T

Mag (% of Fundamental)

~ w - en o
T
I

0 2 4 6 8 10 12 “ 16 18 20
Harmonic order

Fig -13: Greater Current harmonics graphical presentation

The harmonics present in voltage and current signals are
beyond permissible limit which are 11.68% and 10.38%
respectively. After significantamount of harmonics reduction
[7] graphical presentation of Voltage and current waveforms
can be verified under FFT analysis with THD content in Fig -
14 and Fig -15.
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Fig -14: Lower Voltage harmonics graphical visualization
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Fig -15: Lower Current harmonics graphical visualization

The voltage and current waveforms are visualized after
significant reduction of harmonics which are 0.55 % and
0.59%. This is very much under permissible limit and for
efficient operation it is necessary. Performance of various
variable frequency drives will be improved as a result in
major industrial applications for multiple functional
approach. The dynamics of the pulses and signals are
continuously monitored for enhancement of exposure in
power, energy and control fields.
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4. CONCLUSION

This paper ensures the successful working of a
Cycloconverter with controlled voltage source for different
range of frequencies. The sequential operations of switches
are controlled and output parameters are verified for
resistive-inductive loading with least switching stresses and
losses. The effective harmonics elimination is also
implemented here for efficient and sustainable operation
with V/F control in variable frequency drives profoundly
induction motors. Voltage and current signals are verified for
different frequency ranges within optimum operational limit.
Further, hardware implementation with active filter design
and space vector control can be developed. Thus this paper
realizes a significant contribution towards cost-effective,
reliable, less complex and efficient Cycloconverter for major
industrial appliances under power electronics and drives
domain.
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