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lower to the input frequency. This converter is ideal for
large AC motor drives, VSCF (variable speed constant
frequency) systems, high frequency induction heating, arc
welding and plasma generation, power factor correction,
industrial laser drivers and so on [4]. Eventual applications
could range from power grid stabilizers to ion rocket drives.
Most application requires a sine wave rather than a square
wave or any other kind of waveforms [5]. For the
applications of frequency converter, where the system
frequency is variable one, like induction heating, the output
of a frequency converter contains a lot of harmonics, which
affects in the process like quenching, where the need is to
heat the element to a predetermined depth. In this case the
depth of penetration is going to depend on the frequency of
the supply. So, if there is a lot of harmonics in the supply,
depth of penetration is going to be out of control which in
turn will lead to undesirable performance and may create the
product to perform badly [6]. Because of this problem it
becomes necessary to get rid of the harmonics from
frequency converter output. Different modulation
techniques or conventional filter system could be employed
to reduce the harmonics [7]. However, the conventional
filters are generally not used for reduction of harmonics
because the output frequency is varying and using tuned
filter for each harmonic is not feasible. Hence, the solution
lies in the use of modulation techniques [8].
In this work a direct single stage frequency converter has
been proposed where four modulation techniques, namely
sinusoidal PWM, space vector modulation, trapezoidal
modulation and delta modulation are proposed to minimize
the undesirable harmonic components. The modulation
techniques so far available are used in converters and in
matrix converters [9]. There are no mature techniques which
are in use in the application field of frequency converters
[10]. So, the aim is to modify these modulation techniques
which are in use in the other areas and apply them in a
frequency converter. The simulation of modified modulation
techniques is done using MATLAB SIMULINK software
with the aim of reducing harmonic contents and their
performance is evaluated in terms of total harmonic
distortion (THD).

Abstract–A generalized frequency converter has been realized
which makes use of a cyclo-converter in newer form AC-AC
converter. An attempt has been made to operate this converter
both in a conventional low frequency AC-AC converter and a
new high frequency AC-AC converter. The ability to directly
affect the frequency conversion of power without any
intermediate stage involving DC power is a huge advantage of
the system. The output of this converter has a frequency either
fo = fi × Nr or fo = fi / Nr. where Nr is an integer and fi is the
source frequency. A methodology is developed to generate the
required trigger signal for any integer multiple/sub multiple of
the output frequency. The undesirable harmonic components
in the output of the frequency converter have been minimized
using four modulation techniques namely; sinusoidal pulse
width modulation (SPWM), delta modulation (DM),
trapezoidal modulation (TM) and space vector modulation
(SVM) technique. The converter is simulated using well known
software package MATLAB. Comparative simulation analysis
is presented for a single phase frequency converter (SPFC)
topology with all these modulation techniques when the
converter is operating both step up as well as for step down
mode.
Index Terms-- Frequency Converter (FC), Total Harmonic
Distortion (THD), Modulation Techniques.

I. INTRODUCTION
Cyclo-converters are static frequency changers (SFCs)
designed to convert constant voltage and constant frequency
AC power to adjustable voltage and adjustable frequency
AC power without any intermediate conversion to DC. The
well-known advantage of natural commutation in thyristor
controlled cyclo-converters give the cyclo-converter an edge
over many competing systems, mainly in application of:
1) variable frequency control of ac machines and 2) variable
speed and constant frequency (VSCF) power supplies for air
craft, space vehicles, and mobile systems [1].
Developments in the field of AC to AC converter and
cyclo-converter circuit are a subject of investigation [2]. A
wide variety of converter circuits are possible depending
upon the output frequency and voltage. One of the main
disadvantages of the thyristor-controlled cyclo-converter
circuit is that the output frequency cannot be increased to
that of input frequency due to the need of an external
commutation circuit [3]. However, if the self-commutated
devices are used in place of SCRs, a need of external
commutation circuit is eliminated. Then the same cycloconverter circuit with self-commutated devices will result a
direct AC to AC converter or generalized frequency
converter, capable of converting power at the main
frequency to a variable frequency that may be higher or
978-1-5090-1797-3/16/$31.00 ©2016 IEEE

II. FREQUENCY CONVERTER
Fig. 1 shows the detailed power circuit of the proposed
frequency converter. A 220 V (50 Hz) single phase supply is
used as input Vi. The power circuit is made up of eight
IGBTs (BUP 314D) with common emitter configuration
[11]. The inductive load used has a value of R = 2 kΩ and L
= 100 mH.
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A.

Sinusoidal Pulse Width Modulation

The steady state performance curves of the frequency
converter are obtained for various output frequencies as
shown in Fig. 2 to Fig. 4. Fig. 2 demonstrates the output
voltage along with THD at modulation index, m = 1 and
carrier frequency, fc = 2 kHz at output frequency fo = 500 Hz
(50 × 10). THD in the output is found to be approximately
18 %. With further increase in the output frequency, say for
Nr = 40 (fo = 2 kHz), THD turns up to be 14 % as shown in
Fig. 3. After 2 kHz output frequency, THD remains constant
there afterwards. When the output frequency is reduced, fo =
16.6 Hz, THD turns up to be 1.6 % as shown in Fig. 4.
When the output frequency is further reduced, fo = 10 Hz,
THD remains same as 1.6 %.

Fig. 1. Frequency converter circuit.

To protect against over voltages each IGBT is provided
with a parallel RC snubber circuit. The equations that
proved useful in selecting the value of C required for
keeping the voltage transients within the device rating is
[12]:
C = (

10 V A
Vi2

60
)×
fi

Fig. 2. Output & THD of frequency converter with SPWM for fo = 500 Hz.

(1)

Here C is the minimum value of capacitance in µF. With
full load volt-amp rating of power circuit of 1 kVA, voltage
applied to the circuit, Vi of 220 V and operating frequency fi
of 50 Hz, C has been selected as 0.24 µF. The resistance
required to ensure adequate damping is calculated from (2):
R = 2 σ ( L e C ) 0 .5

(2)

where σ is the damping factor normally taken to about 0.65
and Le is the effective commutating circuit inductance.
Selecting the value of Le = 2 mH, R comes out
approximately 100 Ω. Special high speed current limiting
fuses capable of interrupting the short circuit current within
few ms are also used to protect the IGBT.

Fig. 3. Output & THD of frequency converter with SPWM for fo = 2 kHz.

III. SOFTWARE SIMULATION
Sinusoidal PWM, delta modulation, trapezoidal
modulation and space vector modulation techniques are
implemented in the frequency converter to reduce the
harmonic distortions at the output. The converter is
simulated using MATLAB/SIMULINK software and its
facilities with resistive-inductive load taking R = 2 kΩ and
L = 100 mH.
With increase in carrier wave frequency, the switching
frequency increases, but the total harmonic distortion of the
converter output does not reduce significantly and switching
losses increase proportionally with the carrier frequency.
THD is minimum at unity modulation index for constant
carrier frequency [13-16]. All the results are depicted for
m = 1, fc = 2 kHz. The performance of the converter is
accomplished at different output frequency and simulations
results are shown for each case.

Fig. 4. Output & THD of cyclo-converter with SPWM for fo = 16.6 Hz.

B.

Delta Modulation

For delta modulation technique, the performance of the
converter is evaluated with variation in the output
frequency. When the output frequency is 10 times the input
frequency i.e., fo = 500 Hz, THD results approximately
2.8 % as shown in Fig. 5. With further increase in output
frequency, fo = 2 kHz, THD is located approximately 2.5 %
as shown in Fig. 6. With further increase in the output
frequency, THD evaluated is approximately the same. This
shows that for delta modulation with an increase in
frequency the THD remains almost constant and it is less as
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compared to SPWM. Fig. 7 shows the result of delta
modulated cyclo-converter at output frequency, fo = 16.6
Hz, THD obtained is very high, i.e., 23.2 %. With further
reduction in output frequency, fo = 10 Hz, THD resulted out
to be in the range of 25.4 %.

converter with space vector modulation technique at various
values of output frequency. When the output frequency
becomes ten times of input frequency, fo = 500 Hz, THD
acquired is 1.8 % as shown in Fig. 11. With further increase
in the output frequency, fo = 2 kHz, THD slightly reduces
and appears to be 1.2 % as shown in Fig. 12, respectively
and it remains the same with further increase in the output
frequency. When the output frequency is one third of the
input frequency, fo = 16.6 Hz, THD comes out to be 1.01 %
as shown in Fig. 13. With further reduction in the output
frequency, fo = 10 Hz, THD slightly increases and appears to
be 1.1 %. After this if there is further reduction in the output
frequency, THD does not change.

F
Fig. 5. Output & THD of frequency converter with DM for fo = 500 Hz.

Fig. 8. Output & THD of frequency converter with TM at fo = 500 Hz.

F
Fig. 6. Output & THD of frequency converter with DM for fo = 2 kHz.

Fig. 9. Output & THD of frequency converter with TM at fo = 2 kHz.

Fig. 7. Output & THD of frequency converter with DM for fo = 16.6 Hz.

C.

Trapezoidal Modulation

The performance of frequency converter with trapezoidal
modulation technique is discussed as below. Fig. 8 presents
the output waveform of the frequency converter along with
THD for an output frequency fo = 500 Hz. Obtained THD is
approximately equal to 11.8 %. When the frequency is
increased to forty times the input frequency, fo = 40 × fi, i.e.
2 kHz, THD further reduces and now it is only 5 % which is
quite low as shown in Fig. 9 which remains constant there
afterwards. At output frequency of fo = 16.6 Hz, the resulted
THD is 1.2 % as shown in Fig. 10. With further reduction in
the output frequency, i.e. when Nr = 1/5 times of input
frequency or at an output frequency of fo = 10 Hz, THD
remain same as 1.2 %.

Fig. 10. Output & THD of frequency converter with TM at fo = 16.6 Hz.

D. Space Vector Modulation
Fig. 11. Output & THD of frequency converter for SVM with fo = 500 Hz.

Fig. 11 to Fig. 13 illustrate the output of the frequency
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Thus for lower frequency operation the performance
deteriorates with delta modulation. But for other modulation
techniques the performance gets better as shown in Fig. 15.
The lowest THD in SPWM comes out to be 1.6 %, for
trapezoidal modulation it is 1.2 %. The space vector
modulation technique provides the minimum THD equal to
1.01 % as compared to other modulation techniques.
IV. CONCLUSIONS
Four modulation schemes have been implemented in
order to improve the output of the frequency converter.
Space vector modulation techniques work well for step up
and step down mode for all frequencies ranging from 10 Hz
to 2 kHz and THD has been found minimum equal to 1.2%
for step up operation and 1.01% for step down operation.
Where as in case of SPWM, minimum THD obtained is
14 % for step up and 1.6 % for step down mode. In case of
delta modulation, minimum THD obtained is 2.5 % for step
up mode and for step down mode; THD comes out very
high, in the range of 17.5 % ~ 28 %. In the trapezoidal
modulation THD at the output it has been found minimum
equal to 5 % for step up operation and for step down
operation THD has been found minimum equal to 1.2 %.

Fig. 12. Output & THD of frequency converter for SVM with fo = 2 kHz.

Fig. 13. Output & THD of frequency converter for SVM with fo = 16.6 Hz.
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