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Abstract— AC to AC power converters are static systems using solid-state switching devices that directly convert ac power of a given
frequency to ac power of some desired frequency. They are used to link ac power systems of different frequencies, to provide variable
power frequency supplies for ac motor drives, and to generate constant frequency power from the output of variable-speed ac
generators. AC/AC converters can be categorized into 1) Converters with a DC-link 2) Cycloconverters 3) Hybrid Matrix Converters 4)
Matrix Converters. This paper includes the Study & Simulation of AC to AC converter with DC link subsequently the hardware design
of single phase AC to AC converter, the topology comprises double power conversions viz. AC to DC and DC to AC conversion. Also,
Power topology is simulated in PSIM 9.0 with PWM Generation using PIC microcontroller is discussed.

Keywords - AC/AC Converter, SPWM (Sine Pulse Width Modulation). Index Terms—Component, formatting, style, styling, insert.

I. INTRODUCTION
Today voltage and current source inverter are widely used in electrical motor drives. The DC voltage or current are usually
obtained by using rectifiers with phase control and line commutation converter
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Figure 1 (a) PSIM Simulation of 1-Phase Uncontrolled Rectifier
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Figure 1(b) Input Current Waveform

The most important disadvantages of classical rectifiers are: low order current harmonics generation on the AC line, lagging
displacement factor establishment to the utility grid that in its turn consume an important amount of reactive power, unidirectional
power transmission and large DC link filter [1, 2, and 3]. Fig.1 (a) and (b) shows the PSIM simulation and waveform of
uncontrolled rectifier, in which low order current harmonics generation on the AC line.

Besides, new limit has been applied by standards such as IEEE519- 1992 and IEC 61000-3-2/IEC 6100-3-4 that indicate the
current harmonic limits of power electronic converters [4].to overcome these problems in past few years PWM rectifiers are used
with its good capabilities such as power regeneration, low harmonic input current, sinusoidal input current wave form, high total
power factor, controlled dc-link voltage, small filter, 4-quadrant operation (bidirectional power transmission), PWM rectifiers
become more and more popular in industry application [3, 4].Two types of PWM converters, with a voltage source output and a
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current source output can be used. First of them called a boost rectifier (Fig.2 (a), increases the voltage) operates at fixed DC
voltage polarity, and the second, called a buck rectifier (Fig.2 (b), reduces the voltage) operates with fixed DC current flow.
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Figure 2 PWM Rectifier
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(a) Boost with voltage output
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(b) buck with current

1. TOPOLOGY OF AC-AC CONVERTER

Fig. 3 shows a generic three-phase ac-ac converter diagram with active front-end. All key size and weight contributors are
shown, including the input filter, dc link (filter and auxiliary circuits), output filter, switching devices, and heat sink, and need to be
considered in the high density design. It should be noted that not all of these elements are needed for all topologies, or for all
applications. The basic evaluation and comparison approach is formulated similarly to a design optimization problem. Design
conditions and constraints are first identified, including performance constraints, such as power quality and EMI standards, and
physical conditions and constraints, such as ambient temperature, maximum device junction temperature, and passive component
thermal and electrical limits. With a given design objective (in this case, size or weight), key design parameters can then be varied
and determined, including switching frequency, control/modulation strategy, minimum L and C values for both energy storage and
filter passives, device losses, and cooling system thermal impedances
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Figure 3 Typical Topology of 3-phase AC-AC converter
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111. SIMULATION RESULTS OF SINGLE PHASE AC-DC-AC CONVERTER
1. Simulation of AC-DC Converter

Figure 4 shows the power circuit of the fully controlled single-phase PWM rectifier in bridge connection, which uses four
Switches to produce a controlled dc voltage Vo. Using a bipolar PWM switching strategy, this converter may have two conduction
states: (i) Switches S1 and S4 in the on-state and S2 and S3 in the off-state; (ii) Transistors S2 and S3 in the on-state and S1 and S4
in the off-state. In this topology, the output voltage must be higher than the peak value of the ac source voltage, to ensure a proper
control of the input

current. When Switches S1 and S4 on. In this case, the inductor voltage is given by,

Therefore, in this condition a reduction of the inductor current is produced. When transistors T2 and T3 on. Here, the inductor
voltage has the following expression

This means an increase in the instantaneous value of the input current.
Finally, when transistors T1 and T3 or T2 and T4 are in the on-state. In this case, the input voltage source is short-circuited
through inductor L, which yields

Equation implies that the current value will depend on the sign of .
The waveform of the input current is can be controlled by appropriately switching S1-S4 or S2-S3, originating a similar shape
to the one shown in Fig.5 for the single-phase boost rectifier.[6]
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Figure 4 PSIM schematic diagram of a single phase AC-DC Controlled
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Figure 5 Results of PWM, Input voltage, Input Current and Output DC voltage waveform
2. Simulation of DC-AC Inverter

A basic topology of single-phase inverter in the full bridge Power circuit is as shown in Figure 6, which consists of four switching
devices, two of them on each leg. The full-bridge inverter can produce an output power twice that of the half-bridge inverter with
the same input voltage. Three different PWM switching schemes are discussed in this section, which improve the characteristics
of the inverter. The objective is to add a zero sequence voltage to the modulation signals in such a way to ensure the clamping of
the devices to either the positive or negative DC. In the process of which the voltage gain is improved, leading to an increased
load fundamental voltage, reduction in total current distortion and increased load power factor. In Figure 7, the top devices are
assigned to be S, and S, while the bottom devices as S, and 822’ the voltage equations for this converter are as given in the

following equations.

S11 4+ 812 = Tttt it (1)
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Figure 6 single phase full bridge inverter topology
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The voltages Van and Vbn the output voltages from phases A and B to an arbitrary point n, Vno the neutral voltage between
point n and the mid-point of the DC source. The switching function of the devices can be approximated by the Fourier series to be

equal to %2 (1 + M) where M is the modulation signal which when compared with the triangular waveform yields the switching
pulse. Thus from Equations 1, 2 and 3, the expressions for the modulation signals are obtained as

M11 =2(Van +Vno)/Vd.........cccceoee. 4)

M21 =2(Vbn + Vno) /Vd......ccoouuvnunenne. (5)

Equations (4) and (5) give the general expression for the modulation signals for single-phase dc-ac

converters.
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Figure 7 PSIM schematic Diagram of Single Phase Inverter.
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Figure 8 Input voltages, Input Current, Output AC voltage waveform
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IVV. CONCLUSION

An AC/AC converter using PIC 16F777 based control circuit has been implemented. A sine pulse width modulation scheme has
been used for the hardware implementation. The converter consists of the two stages first stage AC to DC acts as a rectifier and
second DC to AC acts as an inverter. The proposed converter can be further modified for the three phase topology and it can be
used in uninterruptible power supply, UPQC and voltage regulator.
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