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Abstract: This paper presents a single phase AC/DC/AC converter based on parallel AC/DC and cascaded
multi-level DC/AC Converter. For a two-cell AC/DC/AC converter, two units of full-bridges are connected in
parallel and two units of full-bridges are connected in cascade. It is proposed that instead of using two separate
control loops of DC link voltages at the AC to DC conversion stage, only a single control loop with only one
voltage sensor is proposed in this paper when two cells are equally loaded. It is also shown that by controlling
only one cell DC link voltage, the other dc link voltage also gets controlled automatically. Use of simple and
unipolar ramp comparison control at both the stages leads to fixed switching frequency operation of all the
switches along with the improved quality of input current and output voltage as compared to simple PWM
control. The simulation result for the proposed topology has been obtained through the MATLAB simulation
studies, for a two-cell based parallel cum cascaded AC/DC/AC converter. The experimental verification of the
proposed topology and control strategy has been obtained.

Index Terms: AC/DC converter, DC/AC converter, AC/DC/AC Converter, Parallel Converter, Unipolar PWM.

l. Introduction

High power converters employed in industrial and power system applications employ distribution of
power among multiple power semiconductor devices. Advancements in the special topologies of power
converters give additional benefits of high reliability, redundancy and better out power quality. Concern of
power quality in power systems has gained considerable attention in past decade. Thus these special topologies
of power-electronic converters are increasingly used in power conditioning, power filtering, electrical drives,
distributed generation applications and development of electric drive trains for large vehicles.

There are many converter topologies that come under the two stages of the AC/DC/AC converter. A
single phase to three-phase drive system using two parallel single phase rectifiers are used in [1]-[2]. In order to
resolve the problem of circulating currents among the cells different converter topologies have been proposed in
[3]-[8]. In all these topologies the THD at the input AC side is reduced considerably but the THD at the output
side still remain high. Transformer less back-to-back connected topology used in [5] reduces the cost as well as
THD in both input current and output voltage but this additionally increases circulating current. For reducing the
THD at output AC voltage a multilevel converter with series connected cells is described in [6]. The converter
has reduced harmonics in the output voltage as well as in the input current and has high efficiency but uses
separate control loops for each cells of the converter at the AC to DC conversion stage.

Grid interface or utility supplied power conversion mainly involves either AC to DC, DC to AC or
combination of both the converters. An AC to DC to AC converter or AC/DC/AC system interfaces two AC
subsystems using two stage power conversions that is from AC to DC and then DC to AC. Such AC/DC/AC
converters consist of two back-to back AC/DC converters which are interfaced through their DC sides. The
advantages of two stage power conversion are simple control, low total harmonic distortions, improved power
factor, reduced number of switches, variable frequency output, decoupling of different AC signals, etc. The two
main high power converter topologies used in AC/DC and DC/AC converters are parallel converter and
multilevel converter, respectively. The parallel converter has the advantage of distribution of currents among the
number of subunits, whereas the advantage of multilevel converter is the distribution of voltage among number
of subunits of the converter.

In this paper advantage of both these converters are utilized by connecting parallel converter topology
in the input stage and cascaded multilevel converter in the output stage of the AC/DC/AC converters. It is
shown that unipolar PWM is better for AC/DC converter (high ripple frequency in input current) in input side
and simple PWM is better for DC/AC converter at output side due to limitation of cascaded full bridge inverter.

1. Converter Topology
Fig. 1 shows the proposed AC/DC/AC converter for two cell converter system. One single AC voltage
source V, is used for each cell of the converter connected in parallel in the input AC/DC converter stage.
Multiple DC outputs of the parallel inverter are cascaded to give one single AC output in the output DC/AC
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converter stage. The combination of above two-stages thus forms a single-phase AC/DC/AC converter. Each
cell contains eight switches. In the first cell, the switches Sy, S1a, Si3, S14 and capacitor C; are used to develop
AC/DC voltage converter and switches Sis, Si5, Si7 and Syg are used for full bridge inverter. Similarly, the
switches Sy, Sy, Sz, Saay Sos, Soe, Sp7 and Syg are used in the second cell.
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Fig.1. AC/DC/AC converter based on parallel AC/DC converter and cascaded multilevel inverter
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The voltages V4.1 and Ve, represent the DC link voltages of the two cells. The full bridge inverters of
two cells are connected in cascade through an AC load. The AC load is considered linear consisting of
resistance R, and inductance L,. The isolated DC of each of the AC/DC converter stage feeds the full-bridge
cells of the cascaded two-level inverter to generate AC output. The output voltage of the inverter is the sum of
full-bridge inverter voltages which are in series at any instant. The v, and i, represents the inverter output
voltage and current.

I11.  Control Of Ac/Dc/Ac Converter

In this paper ramp comparison current control method is used in AC/DC converter and DC/AC inverter
side to obtain the fixed switching frequency operation of the switches as shown in Fig.1.

In this control, the error which is the difference between the reference current i and the actual input
current i, is compared with the fixed switching frequency triangular carrier given by vy having frequency fy; to
get the constant switching frequency switching signals. In this control method the error e is proportional to the
amplitude of the carrier. However there is minimum amplitude of the carrier below which the switches will not
operate at the fixed carrier switching frequency, rather it enters into the multiple crossings and leads to non-
uniform switching operation. To determine this minimum amplitude, the criteria of slope should be satisfied. for
the AC/DC converter consisting of AC source with inductance L and DC link voltage referred towards DC side
Vg is considered. The minimum amplitude of the carrier for fixed switching frequency operation can be
obtained as

Veri min = 2 [(5) + 7] (1)

Equation (1) shows the minimum carrier amplitude for fixed switching frequency for general pulse
width modulation. If the amplitude of the triangular carrier Vy; is chosen according to (1) above, the average
switching frequency of the power switches shown in Fig. 1 becomes constant and equal to the carrier frequency.

3.1. Control of AC/DC converter unit with simple PWM
For input stage, the principle of boost rectifier along with simple two-level bipolar PWM is used. A
control loop is used to convert AC into DC with unity power factor at input AC side as shown in Fig. 2.
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Fig. 2. Control block of rectifier unit with simple PWM.

In this method, the DC link voltages of one cell, i.e.Vge; 0r Vg, and the input currents of the ac source,
ioc are sensed and fed-back to generate switching signals for the full bridge switches of two cells to track the
common reference igs and control the DC link voltages of both the cells to the reference Vyees. A Pl controller is
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used to control the DC link voltage and the ramp comparison current controller is used to track the reference
current as shown in Fig. 2. The reference current is generated by multiplying the sinusoidal template of same
frequency as that of the AC supply voltage. The error of the current is then compared with the triangular carrier
to generate the switching signals. The same switching signal is given to both the rectifiers of the two cells.

3.2. Control of DC/AC inverter unit with simple PWM
For output stage a simple PWM for current control is used for the cascaded full bridge inverter as
shown in the Fig. 3.
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Fig. 3. Control Block of inverter unit.

In this the reference current is compared with the actual current to generate error and this error is then
compared with a triangular carrier to generate switching signal for the inverter switches. The same control signal
is given to both upper and lower full-bridges of the cells.

3.3. Control of AC/DC/AC converter by Unipolar PWM
3.3.1 Unipolar PWM Control of AC/DC Converter

In this method for input stage boost rectifier along with the unipolar phase shifted multicarrier
modulation is proposed for control of the multiple DC link voltages and input current wave-shaping and power
factor improvement with reduced current total harmonic distortion. Fig. 4 shows the unipolar PWM control
block diagram of the full bridge rectifier to control the DC link voltage at unity power factor. Voltage control
loop and reference current generation is same as in the simple PWM. In unipolar PWM, there are two triangular
carriers. The first one has the phase of 0° and other has phase of 180°. The switching signals are generated as
shown in the Fig. 4.

IBU;I:Jhase Shift)
Fig. 4. Control block of rectifier unit with unipolar modulation.

Similarly for carrier phase-shifted unipolar PWM (1) is modified as (2), effective carrier frequency is four times
as in simple PWM. Therefore the (2) is modified for unipolar modulation as follows.

Veri min = ——[(2) + X¢] )

3.3.2. Control of DC/AC inverter unit with Unipolar PWM
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Fig.5. Control Block of inverter unit.
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For output stage, the principle of triangular carrier comparison method of current control with unipolar
phase shifted multicarrier modulation is proposed for better current tracking and improved output voltage total
harmonic distortion. The unipolar pulse width modulation of full bridge inverter is shown in the Fig. 5. In this
two triangular carriers, one with 0° phase and another with 180° is used.

Like simple PWM control of inverter, the error is compared with the two triangular carriers to generate
the gating signals. For upper cell full bridge inverter, gating signals are generated for the switches S;s and Sy¢
shown in Fig. 1. The same error signal is again compared with 180° phase shifted triangular carrier to generate
the switching signal for the lower cell full bridge inverter switches S,5 and Syg as shown in Fig. 1.

IV. Simulation Results
In this section, simulation is performed for the proposed two-cell AC/DC/AC converter in MATLAB-
Simulink. The parameters considered for the power circuit of the converter are given in Table 1.

TABLE 1

PARAMETERS FOR SIMULATION
Parameters Numerical value
Input AC supply and inductance 120V, 1mH
DC capacitor 2mF
Transformer 600/600V, 5KVA
Load resistance and inductance 100Q, 1mH
DC link voltage 200V
Switching frequency 2.5KHz
Ierat AC side 12A (peak)

The other parameters used for simulation are proportional controller gain, Kp = 0.015; integral
controller gain, K; = 9. It has describe the output of cascaded multilevel inverter voltage and current with the 5
level inverter
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Fig.6 output voltage of cascaded multilevel inverter
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Fig.7 DC link voltage from the rectifier unit.
The output voltage of cascaded multilevel inverter and the DC link voltage obtained from the rectifier
terminal are shown in figure 6 and 7.
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Fig.8. output voltage of converter
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Fig.9. FFT plot for output voltage of AC/DC/AC converter

Fig 8 and 9 shows the output voltage of converter and its FFT plot. The total harmonic distortion
(THD) of output ac voltage in AC/DC/AC converter is 7.66%. The unipolar PWM control has better quality and
low THD as compared simple PWM control as the switching components shifts to the frequency at 4f;; due the
property of unipolar phase-shifted multi-carrier PWM. The converter has reduced harmonics in the output
voltage as well as in the input current and has high efficiency.

V.  Conclusions
In this paper single loop control with unipolar PSPWM is implemented to control the DC link voltages
of two cells of parallel connected AC/DC/AC converter. It is shown that the control method achieves less THD
along with the improved quality of the input current of the AC/DC converter. It is also verified that the ripple
frequency in input current is four times of the carrier frequency in unipolar PWM due harmonics cancellation.
The power rating of each cell reduces to half for two cells AC/DC/AC converter in comparison if one cell
AC/DC/AC converter is used.
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