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ABSTRACT This paper presents a novel single-phase to single-phase multiconverter topology that can be
applied in multiple areas. The proposed multiconverter is designed with only two soft power semiconductor
switches (e.g. MOSFET or IGBT), four power diodes and a center-tapped transformer which makes it more
compact in size, decrease the gate driving complexity, reduce the total equipment costs and enhance the
energy conversion efficiency with minimized losses. Furthermore, the utilization of the transformer in the
proposed converter mitigates the multiple AC source requirement problems and provides galvanic isolation
which increases the reliability of the converter. Moreover, the presented multiconverter is applicable in
various areas including electric traction as a speed controller, induction heating, AC and DC variable power
supplies, etc. which signify the competence of this converter in energy conversion appliances. However,
a comparative analysis of the offered converter with the existing AC-AC converters is also introduced in this
paper with respect to the number of components, equipment costs, gate driving complexity, and application
areas. In order to evaluate the performance of the proposed multiconverter, the simulation-based results
carried out in MATLAB/Simulink are presented and analyzed in this paper with proper descriptions. Finally,
a scaled-down prototype is developed in the laboratory to validate the simulation results and the feasibility
of the proposed multiconverter.

INDEX TERMS Cycloconverter, controlled rectifier, electric traction,matrix converter, multiconverter, static
frequency changer (SFC), voltage regulator.

I. INTRODUCTION
Generally, the electrical energy generated by the power con-
verters from the renewable energy sources is integrated into
the utility grid at a constant frequency which is later dis-
tributed to the consumer with the standard value of volt-
age and frequency. But, there are certain areas where the
value of the voltage and it’s frequency need to be varied
for desired purposes. These areas include speed control of
the electric traction motor, high frequency induction heating,
AC voltage regulation, and controlled rectifier for variable
power supply [1]–[4]. In, electric traction, the frequency of
the grid voltage supplied to the input of the motor drive need
to be stepped down than the rated frequency of the drive by
keeping the voltage at the fixed value to control its speed
where the induction heating demands the standard frequency
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to be stepped up to the required high frequency AC current in
order to generate essential heat [5]–[7]. Moreover, in some
applications (e.g. variable AC power supply), the value of
the standard AC voltage of the grid needs to be controlled
which is done by the AC voltage controllers i.e. AC voltage
regulators [8]–[10]. Furthermore, the rectified grid voltage is
controlled by the controlled rectifier to produce a variable
DC power supply. From the aforesaid discussion, it is clear
that the standard values of the voltage and the frequency are
needed to vary in order to drive certain industrial devices.
Thus, many converters are used to convert the standard power
supplied by the generation unit to the power of different
voltage rating, current rating, and frequency rating according
to the requirement of the electrical devices [11]–[13].

The most common converters that are used to change
the static voltage and AC frequency to an adjustable range
without using further transitional DC links are known
as cycloconverters or static frequency changers (SFCs).
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Nowadays, the cycloconverters are used as an AC voltage
controller [14], static frequency changer [15], controlled rec-
tifier [16], and PWM charger for energy storage systems [17]
simultaneously. But, before the invention of the high rated
thyristors, cycloconverters were not much familiar in prac-
tical and commercial applications. With the advent of the
massive rated thyristors as well as the advancement of the
microprocessor-based operations, thyristors controlled cyclo-
converters are now being commonly used in manufacturing
industries for applications in electrical traction [18], rolling
steel mill [19], SAG mill drive [20].

However, several cycloconverter topologies have been
introduced by the researchers in recent years. The most
conventional topology [21] structured with hard switching
elements (e.g. thyristors) suffers from the complexity of
the gate driver circuits, as a negative pulse needs to apply
into its gate to turn it OFF forcefully during the opera-
tion of high frequency conversion. Moreover, the bridge
type topology proposed in [22] which is composed with
the combination of two controlled bridge rectifiers intercon-
nected back to back with the load demands higher number
of switches that, raises the total equipment costs, increases
the overall size and weight of the system, and even the
complexity of the gate driving circuits. Another soft switch
half wave cycloconverter is addressed in [23], where four
MOSFETs are used that increases total conduction losses and
even equipment costs. Nevertheless, there are more topolo-
gies proposed by the authors including AC-AC matrix con-
verter [24], high-frequency ac link converters [25], variable
frequency drive converter (VFD) [26], current source cyclo-
converter [27], envelope cycloconverter [28] which use an
unsatisfactory number of switching components as compared
to the conventional cycloconverter in order to enhance the
overall performance of the system.

Among the aforesaid converters, the AC-AC matrix con-
verters have also drawn attention significantly and are being
used vastly in industry level applications with improved per-
formance. The conventional single phase to single phase
PWM ac-ac matrix converters proposed in [29]–[31] are
able to change the magnitude of the AC input voltage by
varying the duty ratio. Still, they are unable to change the
input frequency, although each topology uses four semicon-
ductor switches. These major limitations of the previously
mentioned topologies were eradicated by adding a bidirec-
tional phase leg within each topology by the authors of the
papers proposed in [32], [33]. Therefore, each of the resul-
tant topology is structured with eight unidirectional switches
which significantly increases the total conduction losses, falls
down the conversion efficiency, and raises the total equipment
costs.

But, the topology presented in [34] focuses on the reduc-
tion of total harmonic distortion (THD) from the converted
high frequency signal rather than the reduction of switch-
ing elements. As a result, this topology provides better out-
put waveforms, but, still produces high conduction losses
and demands unsatisfactory amount of equipment costs.

Furthermore, the utilization of inductor to generate better
sinewave falls down the power factor under effective range.
In order to overcome these problems, recently, a new matrix
converter topology was offered in [35] with reduced number
of switches which is capable of changing the voltage and
frequency at a time. Still, it requires six switches causing
higher conduction and switching losses and does not offer
galvanic isolation resulting in decreased reliability of the
equipment. Therefore, these topologies are not commercially
attractive because of their large number of switching element
requirements and gate driving complexity.

In order to mitigate the limitations discussed above,
an advanced and compact cycloconverter topology is pro-
posed in this paper with less number of switching elements
and lower complexity in gate driver circuits. Hence, the total
equipment costs are minimized significantly and the energy
conversion efficiency is enhanced to a satisfactory level. Fur-
thermore, the proposed topology consists of soft switching
devices (e.g. MOSFET) and it has zero voltage switching
that decreases the switching loss and eradicates commutation
problems. Moreover, the offered topology can be operated as
a step-up and step-down cycloconverter i.e. matrix converter,
AC voltage regulator, and controlled rectifier according to
the desired application and thus it is called a multiconverter.
Therefore, it is clear that this topology may play an attractive
and significant role in commercial applications.

The rest of the paper is organized as follows: the pro-
posed multiconverter topology and its switching scheme are
described in section II. The operating principle and calcu-
lation of losses are explained in section III and section IV.
The simulation based results are demonstrated in section V.
Section VI represents the experimental results of the pro-
posed multiconverter to evaluate its performance. Compari-
son of the proposed topology with some existing topologies
is shown in section VII. Finally, the paper is concluded in
section VIII.

FIGURE 1. Circuit configuration of the proposed multi-converter.

II. PROPOSED MULTICONVERTER AND
ITS SWITCHING TECHNIQUE
The circuit configuration of the proposed converter topology
is shown in Fig. 1 which is structured with only two soft

VOLUME 8, 2020 86811



M. H. Mondol et al.: Compact and Cost Efficient Multiconverter for Multipurpose Applications

semiconductor switching devices (e.g.MOSFET), four power
diodes, and a center-tapped transformer. As the switches can
be operated according to the desired application with less gate
driver complexity, the proposed converter can be used as a
multiconverter. Moreover, the utilization of the center trapped
transformer provides galvanic isolation that increases the
reliability of the circuitry elements and eliminates multiple
direct AC source requirements. Thus, the proposed converter
is compact, cost-efficient, and reliable simultaneously. How-
ever, in the following subsection, the switching technique
to operate the multiconverter in variety of applications is
explained with necessary diagrams.

FIGURE 2. Gate driving signals of the proposed multiconverter for
different converting modes.

A. SWITCHING TECHNOLOGY
The presented converter is able to be operated as a step-up
and step-down cycloconverter, AC voltage regulator and con-
trolled rectifier. The switching pulses to operate this converter
as an expected power converter are represented in Fig. 2 with

proper explanations. Form Fig. 2, it can be seen that the
switching frequency is needed to set at a value that is equiv-
alent to the frequency of the output voltage with 50% duty
cycle during the operation as a cycloconverter or SFC. More-
over, the duty cycles of the gate pulses are varied along
with the expected value of the output voltage to operate the
converter as an AC voltage regulator or a controlled rectifier.
In order to operate the proposed converter as a resonant
induction heater, the switching frequency is set to a very value
and a resonant circuit in connected at the load terminal. How-
ever, the switching states of the proposed mulitconverter with
respective output voltages are listed in Table 1 for different
converting modes.

III. OPERARTING PRINCIPLE
The operating principle of the proposed multiconverter is
explained based on the type of active energy conversion
modes including step-down cycloconverter, step-up cyclo-
converter, AC voltage regulator, and controlled rectifier.
However, there are four common working modes of this
converter during all of the active conversion modes which
are shown in Fig. 3. Thus, the explanation of these four
working modes help to understand the operating principle of
the proposed converter as any of the aforesaid converter. The
four working modes are described as follows:

FIGURE 3. Generalized active working modes of the proposed
multiconverter (a) mode-1, (b) mode-2, (c) mode-3, and (d) mode-4.

Mode-1: In this mode, winding-2 of the transformer,
switch S1, and diode D1 provide conduction path to flow the
current through the load which is shown in Fig. 3(a). Thus,
the polarity of the output voltage remains similar to the input
voltage which is,

Vout = Vin (1)

Mode-2: Switch S1 and diode D2 are ON state during
this mode. Hence, the negative input voltage is transferred to
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TABLE 1. Switching states of the multiconverter with respective output voltages for different energy conversion modes.

the load by the transformer winding-3 using the conduction
path created by S1 and D2 which is depicted in Fig. 3(b).
So, the output voltage is,

Vout = −Vin (2)

Mode-3: During this mode represented in Fig. 3(c),
switch S2, diode D4 and transformer winding-3 are used to
apply the positive input voltage from the opposite direction
to the load. Therefore, the output voltage becomes,

Vout = −Vin (3)

Mode-4: In this mode, switch S2, diodeD3 and transformer
winding-2 create active conducting path for the load cur-
rent from same direction as mode-3 which is illustrated in
Fig. 3(d). Consequently, the output voltage becomes equiva-
lent to the input voltage. That is

Vout = Vin (4)

Nevertheless, the working principle of the proposed mul-
ticonverter is described according to the individual active
energy conversion mode in the following subsections.

A. PROPOSED TOPOLOGY AS A STEP-DOWN
CYCLOCONVERTER
Generally, the step-down cycloconverter provides an output
voltage of frequency less than the frequency of the input
voltage. The presented converter can be operated to convert
the input frequency to its half, one-third, and one-fourth
output frequency as a step-down cycloconverter. More likely,
if the input voltage frequency is 50Hz, it can produce output
voltage of 25Hz, 16.67Hz, and 12.5Hz. Thus, the working
principle to produce required output frequency are as follows:

1) 25Hz
During the positive half cycle of the output voltage, there are
two states. Mode-1 and mode-2 (illustrated in Fig. 3(a) and
Fig. 3(b)) take place during state-1 and state-2 respectively
as shown in Fig. 4. Thus, the respective output voltages are,

Vout = Vm sin θ; 0 ≤ θ ≤ π (5)

Vout = −Vm sin θ; π ≤ θ ≤ 2π (6)

FIGURE 4. Operating states of the converter as a step-down
cycloconverter with the respective working modes to generate 25Hz
output frequency.

Here, Vm is the peak amplitude of the input voltage. More-
over, during the negative half cycle of the output voltage
depicted in Fig. 4, state-3 and state-4 are obtained from the
working mode-3 and mode-4 (represented in Fig. 3(c) and
Fig. 3(d)). Hence, the output voltages within state-3 and
state-4 are,

Vout = −Vm sin θ; 2π ≤ θ ≤ 3π (7)

Vout = Vm sin θ; 3π ≤ θ ≤ 4π (8)
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2) 16.67Hz
There are three states that occur during the positive half
cycle of the output voltage. The working mode-1 is repeated
to generate state-1 and state-3 where state-2 is achieved
from operating the converter at working mode-2 as shown in
Fig. 5. Hence, the output voltage within state-1, state-2 and
state-3 are,

Vout = Vm sin θ; 0 ≤ θ ≤ π (9)

Vout = −Vm sin θ; π ≤ θ ≤ 2π (10)

Vout = Vm sin θ; 2π ≤ θ ≤ 3π (11)

FIGURE 5. Operating states of the converter as a step-down
cycloconverter with the respective working modes to generate 16.67Hz
output frequency.

However, state-4 and state-6 are originated by operating
the proposed converter at mode-4. Further, mode-3 helps to
obtain state-6 during the negative half cycle of the output volt-
age which is shown in Fig. 5. Therefore, the output voltage
achieved during state-4, state-5 and state-6 are,

Vout = Vm sin θ; 3π ≤ θ ≤ 4π (12)

Vout = −Vm sin θ; 4π ≤ θ ≤ 5π (13)

Vout = Vm sin θ; 5π ≤ θ ≤ 6π (14)

3) 12.5Hz
There are attained total eight states as shown in Fig. 6 while
operating the proposed converter in the generation of 12.5Hz
output frequency. During the positive half cycle of the output
voltage, state-1 and state-3 are generated by applying mode-1
where mode-2 is used twice to produce state-2 and state-4.
Thus, the resultant output voltage obtained from state-1 to
state-4 can be expressed as,

Vout = Vm sin θ; 0 ≤ θ ≤ π (15)

Vout = −Vm sin θ; π ≤ θ ≤ 2π (16)

Vout = Vm sin θ; 2π ≤ θ ≤ 3π (17)

Vout = −Vm sin θ; 3π ≤ θ ≤ 4π (18)

Furthermore, state-5 and state-7 are achieved from the appli-
cation of the active workingmode-3.Moreover, mode-4 is the
reason behind the generation of state-6 and state-8 within the
negative half cycle of the output voltage. The corresponding

FIGURE 6. Operating states of the converter as a step-down
cycloconverter with the respective working modes to generate 12.5Hz
output frequency.

output voltages during state-5 to state-8 are written in the
following equations.

Vout = −Vm sin θ; 4π ≤ θ ≤ 5π (19)

Vout = Vm sin θ; 5π ≤ θ ≤ 6π (20)

Vout = −Vm sin θ; 6π ≤ θ ≤ 7π (21)

Vout = Vm sin θ; 7π ≤ θ ≤ 8π (22)

B. PROPOSED TOPOLOGY AS A STEP-UP
CYCLOCONVERTER
When the frequency of the input voltage is needed to
increase for certain applications such as induction heating,
step-down cycloconverter is used. A high frequency reso-
nant circuit can heat a body situated within its range. The
higher the frequency, the larger amount of heat is induced.
Thus, the step-up cycloconverter is suitable for induction
heating. However, the operating principle of the proposed
multiconverter as a step-up cycloconverter is explained for
generating the output frequency twice of the input i.e. 100Hz,
for ease of understanding. But, this converter can be easily
used to generate higher output frequency taking account the
switching loss within an acceptable range which is quite
difficult using hard switches such as thyristors, as the gate
driving complexity increases unsatisfactorily. Nevertheless,
the working functions of the offered converter as a step-up
cycloconverter are as follows:

During the positive half cycle of the input voltage, active
working mode-1 and mode-2 are applied according to the
gate pulses shown in Fig. 2 for 100Hz in order to generate
state-1 and state-2 respectively. Thus, the respective output
voltages of these two states which are shown in Fig. 7 can be
denoted as,

Vout = Vm sin θ; 0 ≤ θ ≤ π/2 (23)

Vout = −Vm sin θ; π/2 ≤ θ ≤ π (24)

However, state-3 and state-4 are produced by applying the
active working mode-3 and mode-4 respectively during the
negative half cycle of the input voltage as illustrated in Fig. 7.
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FIGURE 7. Operating states of the converter as a step-up cycloconverter
with the respective working modes to generate 100Hz output frequency.

Therefore, the output voltages at this two states stand with,

Vout = Vm sin θ; π ≤ θ ≤ 3π/2 (25)

Vout = −Vm sin θ; 3π/2 ≤ θ ≤ 2π (26)

C. PROPOSED TOPOLOGY AS AN AC
VOLTAGE REGULATOR
In order to control the RMS value of the input voltage by
keeping the frequency constant, the AC voltage controller
i.e. AC voltage regulator is used. The proposed converter can
be operated at the input frequency to control the input voltage
according to the switching pulses shown in Fig. 2. For soft
switches such as MOSFETs or IGBTs, the duty cycle D and
the delay angle α are considered as the control inputs. Where
the duty cycle can be determined from the following equation,

D =

(
ton − αT

4π

)
ton + toff

(27)

Here, ton and toff denote the on-time and off-time within an
entire switching cycle T . If the frequency of the input voltage
is considered as 50Hz (i.e. T = 20ms), then, the maximum
value of ton must not exceed 10ms to avoid short circuit. The
delay angle α is varied to control the duty cycle of the applied
pulses as well as the RMS output voltage. However, in this
subsection, the operating principle of the proposed converter
as an AC voltage controller is described as follows:

FIGURE 8. Operating states of the proposed converter as an AC voltage
regulator with the respective working modes.

There are four states within an entire cycle of the output
voltage as shown in Fig. 8. State-1 and state-3 are defined as

zero voltage regions caused by the OFF state of the switches
and occur during the positive and negative half cycle of the
output voltage respectively. The duration of these zero volt-
age regions depends upon the delay angle α. Nevertheless,
state-2 and state-4 are generated using active workingmode-1
and mode-4 respectively. Thus, the output voltage during
state-2 and state-4 can be expressed as,

Vout = Vm sin θ; α ≤ θ ≤ π (28)

Vout = Vm sin θ; π + α ≤ θ ≤ 2π (29)

Moreover, the resultant controlled RMS output voltage can
be calculated by the following equation [36],

Vout(rms)=

√√√√√ 1
2π

 π∫
α

(Vm sin θ)2 dθ +

2π∫
π+α

(Vm sin θ)2 dθ


(30)

FIGURE 9. Operating states of the proposed converter as a full wave
controlled rectifier with the respective working modes.

D. PROPOSED TOPOLOGY AS A FULL WAVE
CONTROLLED RECTIFIER
During the operation of the proposed converter as a con-
trolled rectifier, state-2 and state-4 are achieved by apply-
ing the active working mode-1 and mode-2 respectively as
represented in Fig. 9. The zero voltage regions (i.e. state-1
and state-3) are defined by the control angle β during both
positive and negative half cycle of the input voltage. The
duty cycle for controlling the rectified average voltage can
be determined using the following equation,

D = 1−
β

π
; 0 ≤ β ≤ π (31)

It should be noted that the switch S2 needs to be disconnected
during this operation to avoid reverse current flow through the
body diode. Furthermore, the aforesaid operation can be per-
formed by applying mode-3 and mode-4 while disconnecting
the S1 switch. However, the obtained output voltage at state-2
and state-4 can be written as,

Vout = Vm sin θ; β ≤ θ ≤ π (32)

Vout = −Vm sin θ; π + β ≤ θ ≤ 2π (33)
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Therefore, the average DC output voltage of the full-wave
controlled rectifier is calculated as,

Vout(avg) =
1
2π

 π∫
β

Vm sin θdθ +

2π∫
π+β

Vm sin θdθ

 (34)

IV. CALCULTAION OF LOSSES
The proposed mulitconverter mainly introduces three type
losses including conduction loss (PC), switching loss (PS) and
the losses produced by the transformer. The losses occurred
due to the transformer action are of fixed amount for all
the cases which are correlated to the manufacturing process.
Thus, the major sources of power losses including conduction
loss and switching losses are calculated in the following
subsections by ignoring the transformer loss.

A. CONDUCTION LOSSES (PC)
The conduction losses within a system are caused by the
parasitic impedances of the circuit elements including the
internal on-state resistances of the switches (Rsw_on) and
the diodes (RD_on). Thus, the conduction losses occurred by
the parasitic resistances of the switches and diodes can be
calculated using the following equations [37],

PC_sw = Vsw_on.Isw_avg + Rsw_on.I2sw_rms (35)

PC_D = VD_on.ID_avg + RD_on.I2D_rms (36)

Here, in the above equations, the average current through the
switches and diodes are represented by Isw_avg and ID_avg
respectively. Moreover, Isw_rms and ID_rms define the RMS
currents through the switches and the diodes respectively
which are equivalent to the RMS load currents.

However, the conduction losses of the proposed multicon-
verter significantly vary according to the RMS load current.
Thus, the process of calculating the conduction losses with
the respective energy conversion modes are as follows:

1) STEP-DOWN CYCLOCONVERTER
For generating 25Hz output frequency, a single switch and a
single diode conduct simultaneously during each of the four
states within an entire period of the output voltage as shown
in Fig. 3 and Fig. 4 respectively. Hence, the conduction losses
for this conversion mode can be determined as,

PC_25 = 4
(
Vsw_on.Isw_avg + Rsw_on.I2sw_rms

)
+ 4

(
VD_on.ID_avg + RD_on.I2D_rms

)
(37)

Similarly, there are six states within a full cycle of the
16.67Hz output voltage, each of which is generated by the
participation of a switch and a diode resulting conduction
losses as,

PC_16.67 = 6
(
Vsw_on.Isw_avg + Rsw_on.I2sw_rms

)
+ 6

(
VD_on.ID_avg + RD_on.I2D_rms

)
(38)

Moreover, the eight states produced by the eight pairs of
switch and diode during each period of the 12.5Hz output
voltage produce conduction losses that can be expressed as,

PC_12.5 = 8
(
Vsw_on.Isw_avg + Rsw_on.I2sw_rms

)
+ 8

(
VD_on.ID_avg + RD_on.I2D_rms

)
(39)

2) STEP-UP CYCLOCONVERTER
Basically, two switches and two diodes are used to produce
the two states within a complete period of 100Hz output volt-
age. Thus, the conduction losses at 100Hz output frequency
are obtained as,

PC_100 = 2
(
Vsw_on.Isw_avg + Rsw_on.I2sw_rms

)
+ 2

(
VD_on.ID_avg + RD_on.I2D_rms

)
(40)

3) AC VOLTAGE REGULATOR
The frequency of the output voltage of an AC voltage regu-
lator remains unchanged while the RMS and average output
voltages are controlled using two switches and two diodes as
described in the previous section. Therefore, the total con-
duction losses occurred during the operation of the proposed
converter as a 50Hz AC voltage regulator can be determined
using the following equation,

PC_ACVR = 2
(
Vsw_on.Isw_avg + Rsw_on.I2sw_rms

)
+ 2

(
VD_on.ID_avg + RD_on.I2D_rms

)
(41)

4) CONTROLLED RECTIFIER
From Fig. 3 and Fig. 9, it is can be observed that a single pair
of switch and diode are used twice during each cycle of the
input voltage to produce the controlled and rectified output
voltage. Hence, the total conduction losses introduced by the
converter within every cycle of the input voltage during this
operation can be calculated as follows,

PC_CR = 2
(
Vsw_on.Isw_avg + Rsw_on.I2sw_rms

)
+ 2

(
VD_on.ID_avg + RD_on.I2D_rms

)
(42)

Therefore, the conduction losses for all of the aforesaid active
energy conversion modes can be determined from the above
analysis. In the following subsection, the switching loss cal-
culation process is described.

B. SWITCHING LOSSES (PS )
In practice, the switching delays including turn-on delay (ton)
and turn-off delay (toff ) associated with the semiconductor
devices cause significant amount of power losses due to
the overlapping of the off-state voltage and current during
the transition periods. Therefore, the power losses occurred
during the turn-on and turn-off processes are calculated using
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FIGURE 10. Power loss profile of the proposed multiconverter for each of
the active energy conversion modes.

FIGURE 11. Output voltage of the proposed converter as a step-down
cycloconverter, (a) 25Hz, (b) 16.67Hz and (c) 12.5Hz.

the following equations [38]:

PS_on,m = fsw

ton∫
0

voff ,m(t).i(t)dt

FIGURE 12. Responses of the proposed converter as a step-down
cycloconverter during changing output frequency dynamically,
(a) 50Hz to 25Hz, (b) 25Hz to 12.5Hz and (c) 16.67Hz to 50Hz.

= fsw

ton∫
0

(
−
Voff ,m
ton

)(
Ion1,m
ton

(t − ton)
)
dt

=
1
6
fswVoff ,mIon1,mton (43)

PS_off ,m = fsw

toff∫
0

voff ,m(t).i(t)dt

= fsw

toff∫
0

(
−
Voff ,m
toff

t
)(

Ion2,m
toff

(
t − toff

))
dt

=
1
6
fswVoff ,mIon2,mtoff (44)

where, the off-state voltage of mth switch is denoted by Voff
and fsw defines the switching frequency. The on-state currents
of mth switch, Ion1 and Ion2 represent the currents when the
switch is completely turned-on and before the turned-off state
respectively. Thus, the total switching loss of a system is
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FIGURE 13. Rotor speed control of a single phase induction motor by operating the proposed converter as a step-down cycloconverter.

FIGURE 14. Output voltage of the proposed converter as a step-up
cycloconverter, (a) 100Hz and (b) 20kHz.

obtained as,

PS =
Nswitch∑
m=1

(
PSm_on + PSm_off

)
(45)

However, the proposed converter is operated at very low
switching frequency with the off-state voltage close to
zero volt for most of the applications which significantly
decreases the switching losses. In case of induction heating,

FIGURE 15. Output voltages of the proposed converter as an AC voltage
regulator with delay angle, (a) α = 360 and (b) α = 540.

the switches are operated at very high frequency and the
off-state voltage remains quite high which results in high
switching loss. Nevertheless, by applying the above analysis,
the two types of losses of the proposed multiconverter are
measured at 2kW output power for all the energy conversion
modes which are summarized in Fig. 10. From Fig. 10,
it can be seen that the switching losses occurred during
step-down cycloconverter mode are of very small amount
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FIGURE 16. Output voltages of the proposed converter as a full wave
controlled rectifier with control angle, (a) β = 360 and (b) β = 540.

where the conduction losses during this mode are higher as
it consists of multiple states within a cycle of the output
voltage. Moreover, there exist high switching losses during
other energy conversion modes, as much switching is needed
at high off-state voltage.

V. PERFORMANCE EVALUATION
In this section, performances of the proposed multiconverter
are evaluated based on simulation results carried out in
MATLAB/Simulink. However, the simulated results pre-
sented in accordance with the respective energy conversion
mode for a certain application are as follows:

A. AS A STEP-DOWN CYCLOCONVERTER
FOR ELECTRIC TRACTION
Generally, step-down cycloconverter is used to control the
speed of electric traction motors in which the rotor speed
varies with the input voltage frequency. In Fig. 11, the output
voltage of the proposed converter as a step-down cyclo-
converter is represented where Fig. 11(a), Fig. 11(b) and
Fig. 11(c) shows the output voltage of 25Hz, 16.67Hz, and
12.5Hz frequency respectively.

However, the responses of the proposed converter as a
step-down cycloconverter during changing the output fre-
quency dynamically are illustrated in Fig. 12. It is observed
from Fig. 12 that the presented converter shows outstanding
dynamic responses due to the utilization of soft switching
elements at the time of changing output frequency randomly.
Moreover, Fig. 13 represents the rotor speed control of a
single phase induction motor with the variation in output
frequency using the offered converter. Thus, it is obvious that
the proposed converter is well suited for controlling the rotor
speed of an electric traction motor.

B. AS A STEP-UP CYCLOCONVERTER FOR
INDUCTION HEATING
In this subsection, the performance of the proposed converter
as a step-up cycloconverter is validated with proper figures.

The application area of a step-up cycloconverter includes
induction heating, high frequency magnetic links etc. that
require high frequency AC input voltage. Hence, in order
increase the fed frequency, the presented converter can be
used as a step-up cycloconverter as shown in Fig. 14where the
output voltage of 100Hz and 20kHz frequencies are depicted
in Fig. 14(a) and Fig. 14(a) respectively.

C. AS AN AC VOLTAGE REGULATOR FOR
VARIABLE AC POWER SUPPLY
In order to control the average and RMS value of the AC input
voltage, the AC voltage regulators are used. The proposed
converter is operated as an AC voltage regulator at the input
frequency by varying the delay angle, α. Moreover, the con-
verter uses soft switches, thus, the duty cycle is needed to
determine with the help of the delay angle. In Fig. 15(a) and
Fig. 15(b), the output voltages of the proposed converter with
delay angle 360 and 540 are depicted respectively. Therefore,
the proposed converter is also compatible as an efficient
voltage regulator.

D. AS A FULL WAVE CONTROLLED RECTIFIER FOR
VARIABLE DC POWER SUPPLY
In this subsection, the simulated results of the proposed con-
verter as a controlled rectifier are illustrated in Fig. 16. The
presented converter is able to act as a controlled rectifier
using only one switch where it can be either S1 switch or
S2 switch. However, the average and RMS output voltages
of this rectifier are controlled using the predefined control
angle, β. The output voltages of this full wave controlled
rectifier with applied control angle 360 and 540 are repre-
sented in Fig. 16(a) and Fig. 16(b) respectively. Thus, the
performance of the offered converter is also evaluated as a
full wave controlled rectifier.

VI. EXPERIMENTAL VALIDATION
The theoretical background and the simulated results of the
proposed multiconverter are verified in this section with
experimental results obtained from the laboratory prototype
developed in the lab. Fig. 17(a) exhibits the complete setup in
the lab during experiment and the hardware prototype of the
proposed multiconverter is shown in Fig. 17(b).

However, the prototype is made up of power MOSFETs
(STP60NF06) and power diodes (1N5822), and a 12V
stepped-downAC voltage produced by a center trapped trans-
former is used as input supply during experiment. In order to
drive the gates of the switches, the switching signals are gen-
erated using Arduino Uno (ATMega16) processor board and
then, they are boosted up through the driver circuits developed
with optocouplers (TLP250) and isolated DC-DC converters
(B1212s). Finally, the boosted pulses are applied to the gates
of the switches using the synchronization mechanism offered
by the zero-cross detector circuits, and then, the output volt-
ages are recorded across resistive load on the oscilloscope
screen. In Table 2, the list of equipment that is used during
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FIGURE 17. Experimental setup to verify the performance of the
proposed multiconverter, (a) complete setup, and (b) magnified view of
the prototype.

FIGURE 18. Performance verification of the zero-cross detector circuit
before applying the gate pulses to the switches.

experiment is summarized. In Fig. 18, the performance of the
zero-cross detector circuit is evaluated.

In order to validate the performance, the experimen-
tal results of the presented converter as a step-down

FIGURE 19. Input (blue) and output (yellow) voltages of the proposed
prototype as a step-down cycloconverter with output frequency, (a) 25Hz,
(b) 16.67Hz, and (c) 12.5Hz.

TABLE 2. List of equipment used during experiment.

cycloconverter are shown in Fig. 19. The output voltages
of 25Hz, 16.67Hz, and 12.5Hz frequency are illustrated
in Fig. 19(a), Fig. 19(b) and Fig. 19(c) respectively.Moreover,
Fig. 20 represents the output voltage of 100Hz frequency
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FIGURE 20. Input (blue) and output (yellow) voltages of the proposed
prototype as a step-up cycloconverter with 100Hz output frequency.

FIGURE 21. Input (blue) and output (yellow) voltages of the proposed
prototype as an AC voltage regulator.

FIGURE 22. Input (blue) and output (yellow) voltages of the proposed
prototype as a full wave controlled rectifier.

which also evaluates the performance of the converter for
induction heating as a step-up cycloconverter experimentally.
However, the input and output voltages of the prototype
converter as an AC voltage regulator and full wave controlled
rectifier are illustrated in Fig. 21 and Fig. 22 respec-
tively. Therefore, it can be claimed that the proposed proto-
type shows quite similar results as compared to simulation
results and it can be operated as a multiconverter. Moreover,
it requires reduced number of semiconductor devices than
the existing topologies that decreases the total equipment
costs as well as total power losses and enhances the energy

TABLE 3. Comparison of the proposed converter with existing converters.

conversion efficiency. Hence, the proposed multiconverter is
highly compatible for multiple applications including elec-
tric traction, induction heating, variable AC, and DC power
supplies.

VII. COMPARATIVE ANALYSIS
In this section, a comparative analysis of the proposed topol-
ogy with some existing topologies is discussed in terms of
some parameters including number of switching elements,
gate driving complexity, total equipment costs, reliability,
etc. The comparative studies among the topologies are sum-
marized in Table 3 where it is seen that the proposed con-
verter requires minimum number of switching elements to
provide equivalent performance. Thus, the total equipment
cost is significantly reduced than other topologies mentioned
in Table 3. Moreover, the total losses occurred in the pre-
sented multiconverter are noticeably lower than the exist-
ing, as minimized number of semiconductor devices take
part into conduction process. Therefore, the presented con-
verter offers better energy conversion efficiency. Further-
more, the offered converter is applicable for multiple areas
simultaneously which also indicates its superiority than the
existing topologies.

VIII. CONCLUSION
In this paper, a new converter topology with reduced num-
ber of semiconductor switches has been proposed that has
massive application areas including electric traction, induc-
tion heating, AC and DC variable power supply, etc. The
circuit configuration, switching scheme, operating principle,
and loss calculations of this converter have been explained
sequentially in the above sections with necessary figures.
In the later sections, the performances of the presented con-
verter have been evaluated with both simulated and experi-
mental results. At last, a comparative analysis of the proposed
converter with some existing converters has been demon-
strated. From the aforesaid analysis, it can be claimed that
the proposed converter delivers some outstanding advantages
such as (i) it requires reduced number of semiconductor
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switches, (ii) it offers lower equipment costs, (iii) it pro-
duces lower losses than the existing topologies with enhanced
energy conversion efficiency, (iv) it has a very low level of
gate driver complexity and (v) it provides galvanic isolation
that increases the equipment reliability as well as confirms
safety

issues of the administrator. Therefore, it can be concluded
that the proposed multiconverter is highly compatible with
electric traction, induction heating, variable AC and DC
power supplies, etc.
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