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ABSTRACT

Power Electronic Cycloconverter circuits use in different
application for example, ship propulsion and cement mill.
These applications require adjustable speed to do their job.
Changing number of pole of motor is quite difficult. So,
Cycloconverter circuit play important role to adjustable speed
higher or lower than synchronous speed. In this paper, single
phase mid-point Cycloconverter will be investigated.
MOSFET, IGBT and GTO will be used as power devices in
Cycloconverter circuit.  Harmonics and total harmonics
distortion(THD) for Cycloconverter circuit will be compared
between these power devices. Pulse width modulation
technigue PWM will be used as gate drive for all power
devices. MATLAB software will be used in this project.
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1. INTRODUCTION

Several application use cycloconverter circuit for example
cement mill drives, ship propulsion, HVYDC transmission
systems and Aircraft or shipboard power supplies Mine
winders [1],[2],[3]. When, number of poles in induction motor
are changed, motor speed will change. However, these method
is not technical [4]. So, Cycloconverter power electronic
circuit involve in this field in changing supply frequency. It
works to change the fixed input frequency into higher or lower
than input frequency which depend on required application.
However, there is huge harmonics in output of power
converter. These harmonics effect on the power system
network. Which cause distortion in voltage and current
waveform [2],[8]. So, in this paper will be focused on
harmonics and THD comparison between MOSFET, IGBT
and GTO as power devices in single phase mid-point
Cycloconverter power electronic circuits. In addition, which
of these power devices will be more suitable in
Cycloconverter circuit in step up and step dawn frequency.

2. LITERATURE REVIEW

Several studies have been carried out in cycloconveter circuit.
According to [1], Staircase modulation technique has been
used in Single Phase Matrix Converter as gate drive. The
result was reduced THD in output where IGBT power device
was used in [1]. In [2], the author carried out simulation of
single phase to single phase step dawn cycloconverter fed
single phase induction motor. The number of various speed in
induction motor after changing input frequency into low
frequencies F/2 and F/3 have been carried out in [2]. The
comparison between MOSFET and IGBT power devices in
single phase to single phase step dawn Cycloconverter only
has been made in [3]. Author’s results that THD was low
about 0.02% in IGBT in comparison with MOSFET power

device. However, PWM has not been used in [3] as gate drive
circuit. In addition, two cases in step dawn frequency have
been investigated in [3], which consider first weakness in [3].
Furthermore, step up frequency have not been mentioned in
[3], which consider the second weakness in [3]. In [4], single
phase to single phase Cycloconverter FED Split Phase
Induction Motor has been simulated in MATLAB. IGBT
power devices has been used in [4] . the results that Speed
control of induction motor after changing output frequency
was made. Furthermore, the effect of changing frequency
output on machine torque was investigated in [4]. According
to [5], carried out simulation of single phase mid-point
cycloconverter in matlab Simulink. Variation of output
frequency in step up and step dawn frequency in circuit was
made in [5]. MOSFET power devices was used in[5]. In [7],
single phase to single phase with Trapezoidal modulation
technique has implemented instead of PWM technique.
Where, the fundamental output voltage in cycloconverter was
increased about 15% after using trapezoidal technique. In
addition, the harmonics in circuit have been reduced. The
reduction in THD of cycloconverter circuit was about 1 to
2.5%. these percentage was for frequency range between 1to
16.66HZ [7].

3. CIRCUIT OPERATION

To understand the operation of the single phase mid-point
Cycloconverter, with 200V input ac voltage from source and
50HZ frequency input. It has single phase transformer with
taping in secondary side in order to get two waveforms with
phase shift 180 degree. The simulation circuit is shown in fig
1 and output waveform is shown in Fig. 2.
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Fig. 1 —single phase mid-point cycloconverter
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Fig. 2 — output waveform of secondary side taping
transformer.

From Fig. 2 Waveform 1 are connected to group of power
devices one of them is positive (P1) and the other one is
negative(N1). Waveform 2 are connected to group of power
devices as well negative (N2) and the second one positive
(P2). The final circuit with power devices are shown below in
fig 3. output waveform of this circuit is explained in detail in
discussion and results parts.

Mult-Winding
Teansformer H2

Fig. 3 — Single phase mid-point Cycloconverter circuit
with power devices as (+ve group P1 and P2, -ve group N1
and N2).

4. METHODOLOGY

Single phase mid-point cycloconverter power electronic
circuit are simulated in MATLAB Simulink. Firstly,
MOSFET power devices with internal Diode on parallel is
connected in circuit in order to check the harmonics and THD
of the output waveform. MOSFET specifications are Ron
resistance 0.2 ohm, rd diode resistance 0.8 ohm and with
diode forward voltage equal to 4V. Secondly, IGBT power
devices is connected instead of MOSFET power devices to
check the THD and Harmonics of the output waveform of the
circuit. IGBT specifications are Ron resistance 0.2 ohm. Same
as with GTO power devices, where Ron resistance is 0.2 ohm.
Supply Input voltage is 200V peak amplitude with frequency
input equal to 50HZ. PWM pulse width modulation is used as
gate drive for all three types of power devices with
modulation indx is equal to 0.5.

5. MODELLING OF PWM GATE

DRIVE
In this project, PWM as gate drive is used. So, the Simulink
block and waveforms of PWM, control signal A, control
Signal B and gate pulse for each -ve and +ve group power
devices are shown below in Fig. 4and Fig 5.
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Fig. 4 — Simulink Blocks of PWM gate pulses of power
devices.

From Fig 4 above, module of PWM blocks is simulated in
MATLAB Simulink. The blocks module consists sine wave
signal with 5V, 50HZ and sawtooth carrier signal with 10V
and 5KHZ as shown in Fig 5.
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Fig. 5— PWM blocks simulation

Fig. 6 — PWM signals with control signal (A), Control
signal (B) and gate pulse for each -ve and +ve group power
devices when getting output frequency is F/3.
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Fig. 7 — PWM signals with control signal (A), Control
signal (B) and gate pulse for each -ve and +ve group
power devices when getting output frequency is F/2.

From Fig 6 and 7 above, the output frequency of
Cycloconverter is changed by changing the period of control
signal (A). For example, to get step dawn frequency F/3 in
output of cycloconverter, this is mean output frequency equal
to 16.666HZ, If the supply frequency is 50HZ. This is equal in
time 0.06 sec. So, the period of control signal (A) must change
to 0.06sec as shown above in fig 6. While, to get F/2 half of
supply frequency, the period of control signal (A) must be
changed into 0.04 sec.
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Fig. 8 — PWM signals with control signal(A) , Control
signal (B) and gate pulse for each -ve and +ve group power
devices when getting output frequency is 2F.
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Fig. 9- PWM signals with control signal(A) , Control
signal (B) and gate pulse for each -ve and +ve group power
devices when getting output frequency is 3F.

From Fig. 8 and 9 above, to get step up frequency 2F in
output of cycloconverter, this is mean output frequency equal
to 100HZ. This is equal in time 0.01 sec. So, the period of
control signal (A) must be changed to 0.0lsec. as shown
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above in fig 8. While, in order to get 3F, the period of control
signal (A) must be changed into 0.0066667 sec.

6. RESULTS AND DISCUSSION

Harmonics and THD will be investi gated for Single phase
mid- point Cycloconverter circuit in this paper. The
comparison will be made between three power devices which
are MOSFET, IGBT and GTO as power switching devices in
cycloconverter circuit. The Simulink of cyclocnveter circuit
with power devices is shown in figures below:

Fig. 10 — Simulink block of cycloconverter single phase
with MOSFET power devices
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Fig. 11 — Simulink block of cycloconverter single phase
with IGBT power devices
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Fig. 12 — Simulink block of cycloconverter single phase
with GTO power devices
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6.1.Results of Step dawn Cycloconverter
Circuit
The output waveform and harmonics of Cycloconverter in

step dawn frequency for three types of power devices are
shown below:
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Fig. 13 — output waveform, harmonics and THD of F/2
output frequency of Cycloconverter when MOSFET
power devices.
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Fig. 14 — output waveform, harmonics and THD of F/3
output frequency of Cycloconverter when MOSFET as
power devices.
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Fig. 15 — output waveform, harmonics and THD of F/4
output frequency of Cycloconverter when MOSFET as
power devices.
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Fig. 16— output waveform, harmonics and THD of F/2
output frequency of Cycloconverter when IGBT as power

devices.
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Fig. 17 — output waveform, harmonics and THD of F/3
output frequency of Cycloconverter when IGBT as power
devices.
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Fig. 18 — output waveform, harmonics and THD of F/4
output frequency of Cycloconverter when IGBT as power
devices.
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Fig. 19 — output waveform, harmonics and THD of F/2
output frequency of Cycloconverter when GTO as power

devices.
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Fig. 20 — output waveform, harmonics and THD of F/3
output frequency of Cycloconverter when GTO as power
devices.
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Fig. 21 — output waveform, harmonics and THD of F/4
output frequency of Cycloconverter when GTO as power
devices.

Table 1 THD of output step dawn single phase mid-point
Cycloconverter circuit for three types of switching power
devices.

Power THD THD THD | THD at
Devices atF/2 | atF/3 | atF/4 F/5

MOSFET | 70.13% | 57.85% | 78.55% | 69 %

IGBT 69.76% | 57.74% | 77.37% | 69.42%

GTO 69.76% | 57.75% | 77.36% | 70.05%

From Table 1 above, It can be seen that the more suitable
power devices for step dawn single phase mid-point
cyccloconverter circuit are IGBT and GTO power devices.
Where, THD of Cycloconverter circuit when IGBT or GTO as
switching power devices are lower than the THD when
MOSFET as switching power devices. Also, the percentage of
THD of circuit when IGBT and GTO power devices are
almost equal. However, THD of output frequency F/5 of
cycloconverter circuit when MOSFET power devices are
connected is lower than THD when IGBT and GTO are
connected as switching power devices as shown in Table 1.

While, in [3] only step dawn frequency has carried out and the
result of the comparison between IGBT and MOSFET was
IGBT more suitable in step dawn cycloconveter circuit.
However, in this project, the result of comparison between
IGBT, MOSFET and GTO are investigated. Where, GTO and
IGBT power devices are more fitting in step dawn single
phase Cycloconverter.

6.2.Results of Step up Cycloconverter
Circuit

The output waveform and harmonics of Cycloconverter in
step up frequency for three types of power devices are shown
below:
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Fig. 22 — output waveform, harmonics and THD of 2F

output frequency of Cycloconverter when MOSFET as
power devices.
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Fig. 23 — output waveform, harmonics and THD of 3F
output frequency of Cycloconverter when MOSFET as
power devices.
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Fig. 24 — output waveform, harmonics and THD of 2F
output frequency of Cycloconverter when IGBT as power
devices.

Fig. 25 — output waveform, harmonics and THD of 3F
output frequency of Cycloconverter when IGBT as power
devices.
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Fig. 26 — output waveform, harmonics and THD of 2F
output frequency of Cycloconverter when GTO as power
devices.
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Fig. 27 — output waveform, harmonics and THD of 3F
output frequency of Cycloconverter when GTO as power
devices.

Table 2 THD of output step up single phase mid-point
Cycloconverter circuit for three types of switching power
devices.

Power THDat | THDat | THDat | THD at
Devices 2F 3F 4F 5F

MOSFET | 57.85% | 38.68% | 36.66% | 31.75%
IGBT 57.86% | 38.67% | 36.66% | 31.74%
GTO 57.85% | 38.68% | 36.64% | 31.74%

From Table 2 above, It can be seen all power devices are
tested in this project are the best for step up single phase mid-
point Cycloconverter circuit. They have same THD of all
output frequency of Cycloconverter circuit.

7. CONCLUSION

As a result, the simulation of single phase mid-point
cycloconverter has been made in MATLAB Simulink.
Simulink block of PWM gate drive for switching power
devices in circuit has been designed. Three types of power
devices have been used in this paper. Also, circuit simulation
with MOSFET, IGBT and GTO power devices have been
made. THD of output waveform of cycloconverter for three
switching devices has been compared. The researcher findings
that the best power devices for simulated Cycloconverter
circuit when, output frequency is F/2, F/3 ,F/4 and F/5 are
GTO and IGBT power device. While, MOSFET, IGBT and
GTO are the best power devices in step up single phase mid-
point cycloconverter circuit. Where. They have same THD of
output waveform of simulated circuit in all output frequency

(9]
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2F,3F 4F and 5F. After using IGBT or GTO as power devices
step dawn in simulated circuit. THD will be reduced, where
the less harmonics will pass in power system components.
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