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ABSTRACT  

This paper presents cascaded boost AC-AC converter with control strategy. The proposed system can attain 

high-gain voltage by using low-voltage rating switch devices. The control technique leads to nearly unity 

power factor and the required high voltage at stop working unit (SWU). The output voltage can be controlled 

up to double the input voltage multiplied by the number of units. The proposed converter has many 

advantages such as, low number of semiconductor switches, nearly sinusoidal output voltage, and negligible 

distortion in the supply current and load voltage waveforms. The proposed cascaded converter is suitable to 

be extended because all the AC - AC converter units have similar construction, control strategy, and 

operating conditions. Accordingly, maintenance is simple and the defective unit can be easily detected and 

compensated. The prototype converter with several numbers of units is constructed and tested to verify the 

performance. The proposed circuit and control technique is validated by the simulation results with 

MATLAB software.  
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1. Introduction 

AC-AC Converter has been widely used to obtain 

both AC voltage and frequency controlled or one of 

them according to the requirement of the load. They 

are used in many industrial applications such as 

lighting control, starting and speed control of the 

motor [1]. The AC/AC converters are divided into 

two main types:  

 Indirect AC converter which utilizes a DC link 

between AC supply and load.  

 Direct AC converter that provides direct 

conversion. 

Indirect AC converters are complicated and have 

high conversion losses, therefore give rise to poor 

proficiency. Their dependability is ditto low, because 

of a middle DC interface capacitor [2]. In direct AC-

AC converters [3–5], the variable output voltage and 

the frequency are obtained through a single stage 

power conversion [6-7]. These can be implemented 

as AC voltage controllers and direct frequency 

changers (DFC). They offer many advantages, such 

as simple circuit implementation, easier control, 

small size, and low price.  

The single-phase boost AC–AC converter is depicted 

in Figure (1). It uses two bidirectional switches and 

one inductor.  It has a simple structure and produces 

an output voltage more than the input voltage. 
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Figure 1- Single – Phase AC-AC boost converter 

 

Cascaded AC–AC converters are widely used in high 

voltage and high power applications [8-9]. Its 

converters have been considered as a viable solution 

for high voltage applications. The attractive features 

of multilevel converters are as follows:  

1) Cascaded converters can easily work at medium 

and high voltage. 

2) Can be obtained high-gain output voltages using 

low-voltage rating switch devices.  

3) They can operate at low switching frequencies 

4) Can produce output voltages with low distortion.  

5) Allow for high quality output voltages and input 

currents. 
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Because of this features the cascaded converters have 

been recognized as attractive solutions for high- gain 

voltage direct-current transmission, solid state 

transformers (SST) and photovoltaic (PV) systems. In 

this paper, a proposed converter in this paper features 

a different series connection concept, the cascading, 

which has separate AC power supplies for each unit 

and can be extended for n unit to achieve high 

voltage. The presented system is to improve the 

cascaded boost AC – AC converter with the 

simplicity of structure and control and high voltage 

by using standard low-voltage rating semiconductor 

devices. Study of proposed system, theoretical, and 

mathematical analysis are discussed. The principle of 

operation and control of the converter are presented. 

A prototype of high-gain cascaded AC – AC 

converter is constructed for the simulation studies. 

 

2. System Description 

2.1 Power Circuit 

Figure (2) shows a cascaded AC-AC boost type 

voltage regulator. Boost AC-AC converter consists of 

two bi-directional switches (S1, S2) are used in this 

circuit as shows in Figure (1). An input boost 

inductor (Ls1) is located between the ac source and 

the switch S1. Can use more boost ac-ac converter in 

series to achieve high- gain voltage. 
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Figure 2- Proposed cascaded boost ac-ac converter  

unit 

2.2 Control Circuit 

In figure (3), the voltage reference signal Vref, is 

select according to the required load voltage. This 

value divided on number of units and compared with 

the reference voltage signal. The error signal is 

passed through a Proportional Integral (PI) controller. 

The controller output is then multiplied by the input 

voltages v1, to produce the command currents isref for 

one unit. The supply currents is1 are compared with 

their corresponding command and the errors is 

processed through hysteresis controller to produce 

the signal pulse for S11. The signal pulse is 

processed through logic NOT gate to produce the 

signal pulse for S21. The first unit signals can be 

used for the rest of the units due to its similar 

structures with the other units. So that, the output of 

the hysteresis controller is used signal pulse for S1n 

and output NOT gat is used signal pulse for S2n. This 

control strategy ensures that the load voltage is kept 

at voltage reference.  
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Figure 3- Block diagram of the Proposed Control 

Strategy 

2.3 Operation Modes 

The cascaded boost ac-ac converter shown in Figure 

(2) has two modes of operations; 

Mode 1: In this mode, the switches S1n are turned 

OFF and switches S2n are turned ON. The current 

supply decreases and the energy stored in each 

capacitor are charged from each unit. This mode 

continuous until the supply currents is1 decrease to 

be less than or equal to [(isref) - 0.5*H].  

Where: H is the hysteresis band. isref is the command 

current. 

Mode 2: In this mode, the switches S1n are turned 

ON and switches S2n are turned OFF. The load is 

supplied from sum energy stored in each capacitor 

and the supply current is1 is increase less than or 

equal to [(isref) + 0.5*H]. 
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3. Mathematical Analysis 

For the two modes of operations the following 

equations can be deduced: 

Mode 1: Power switch S2n is turned ON and power 

switch S1n is turned OFF. 
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Figure 4- Equivalent circuit for mode1 
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Where Vm is the peak voltages,   is the angular 

frequency of the voltages. 

Mode 2: the odd no. power switch S2n is turned OFF 

and. power switch S1n is turned ON. 
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Figure 5- Equivalent circuit for mode2 

𝑣
𝑛
 

 𝑖
 𝑛

 𝜔
 
 𝑛

                                                                  (8)

 

𝑣 1  𝑣 2  𝑣 3  𝑣 𝑛                                                   9  

𝑣 1  𝑣 2   𝑣 𝑛  𝑖    
 𝑖 
 𝜔

                            1  
 

𝑖 1  𝑖 2  𝑖 3  𝑖 𝑛    𝑖                                        11  

4. Simulation Results 

The simulation results are executed for the proposed 

system by MATLAB software. The simulation results 

for the proposed method are taken with the following 

specifications; 

v1= v2= v3= vn =220 V, Ls1= Ls2= Ls3= Lsn =20mH 

C1 = C2 = C3 = Cn = 15μf 

Load side; is R=150Ω and L= 250 mH. 

 

The steady-state results of the proposed cascaded 

boost ac-ac converter using two units at reference 

voltage 700V are shown in Fig.6. Figure 6.a shows 

the supply voltage (v1) and current (is1). It is clear 

that the input current is sinusoidal and in phase with 

the supply voltage so, the supply has a nearly unity 

power factor. From Fig.6.d, it is clear that, the RMS 

load voltage is equal to the reference voltage. Figure 

6.c shows the sinusoidal load voltage. The output 

voltage for one unit is sine wave as shown in Figure 

(6.d). 
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(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 6- The steady state simulation results of 

proposed system; a) supply voltage and current; b) 

RMS load voltage; c) single phase load voltage d) 

output voltage of one unit 

 

The change of load voltage due to change in the 

reference voltage from 700 to 800 are shown in Fig7. 

Fig.7.a. shows the response of the RMS value of the 

load voltage during the change of the reference 

voltage. Figure 7.b shows the load voltage and its 

change during step change in reference voltage. The 

load voltage is nearly sine wave. Figure 7.c shows the 

output voltage of one unit, the figure indicate the 

change of step output voltage during the change in 

the reference voltage.  
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(b) 

 

(c) 

Figure 7- The transient state simulation results  

(the step change in reference voltage); a) RMS load 

voltage; b) the load voltage; c) output voltage of one 

unit 

Figure 8 shows the responses of the system consist of 

four units due to a stop working in one unit. Fig.8.a. 

shows how the control system maintains constant 

load voltage with a problem occurs in the unit. From 

Fig.8.b, It is clear that the load voltage is sinusoidal 

with stop working in one unit. Figure 8.c shows the 

change of the output voltage of one unit to keep the 

load voltage constant. The output voltage of stop 

working unit is shown in Fig.8.d. 

 

(a) 

 

(b) 

 

 (c) 

 

 (d) 

Figure 8- The transient state simulation results with 

bypass on the one unit; a) RMS of output voltage; b) 

wave farm of load voltage; c) output voltage of one 

unit; d) output voltage of stop working unit (SWU) 
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5. Conclusions   

A high-gain AC-AC boost converter with control 

technique has been presented in this paper. 

Mathematical analysis, control circuit and modeling 

of the circuit during the operation modes have been 

carried out. It can be concluded, the presented circuit 

yields high-gain AC voltage, reduction in the number 

of power switches. Simulation results show the 

effectiveness and validity of the proposed circuit. 

Transient response of the circuit has been tested and 

fast dynamic response has been achieved. The 

proposed system is effective to deal with faults in one 

of the units with fast compensation of the voltage. 

Supply currents are continuous, sine wave with 

nearly unity power factor.  
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