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Abstract: This paper deals with the design of a single phase six 

switch AC/AC converter for UPS application. Reduced switch-

count topology is used here. This converter is designed for 

calculating the optimal operating point of the converter based on 

the design specifications in order to maximize dc bus voltage 

utilization. It is designed in such a way that output voltage has 

less THD with unity power factor. This also enhances battery 

charging applications and also increases the input power. There 

by the proposed converter has Less THD of input current and 

output voltage and unity power factor. The strategies have been 

confirmed by both simulation and experimental results obtained 

from the converter which used for UPS applications. 

 

Keywords: UPS, AC/AC converter, PWM control, Switch 

reduction, THD. 

I. INTRODUCTION 

An  uninterruptible power supply also uninterruptable power 

source (UPS) or battery/flywheel backup is an electrical 

apparatus that provides emergency power to a load when the 

input power source fails. A UPS differs from an auxiliary 

or emergency power system or standby in that it will 

provide instantaneous or near-instantaneous protection from 

input power interruptions by means of one or more attached 

batteries and associated electronic circuitry for low power 

users, and or by means of diesel generators and flywheels 

for high power users. The on-battery runtime of most 

uninterruptible power sources is relatively short 5–15 

minutes being typical for smaller unit, but sufficient to 

allow time to bring an auxiliary power source on line, or 

to properly shut down the protected equipment.  
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While not limited to protecting any particular type of 

equipment, a UPS is typically used to 

protect computers, datacenters, telecommunication 

equipment or other electrical equipment where an 

unexpected power disruption could cause injuries, fatalities, 

serious business disruption or data loss.UPS units range in 

size from units designed to protect a single computer 

without a video monitor (around 200 VA rating) to large 

units powering entire data centers, buildings, or even cities. 
Conventional UPS topologies can mainly be categorized 

into three different types: off line, line-interactive and on-

line. Amongst different types of UPS systems, on-line 

configuration (Fig. 1) is known to have the best performance 

considering power conditioning, reliability and load 

protection. Great tolerance to input voltage variation and 

precise regulation of output voltage are the most eminent 

advantages of this group [1]. 

Fig.1Basic Block diagram of on line ups 

 

II. CONTROL TOPOLOGIES 

The recent trend in on line UPS system configuration is to 

reduce the number of switches used. The objective is to 

reduce the cost of the system and also the harmonic 

distortions. The converter used also plays a main role in the 

harmonic profile. There are two types of topologies offered 

for on-line UPS. The first and early topology consists of a 

series inductor between the utility mains and the critical 

load, and bilateral converter in parallel with the critical load, 

acting as abattery charger under normal condition and an 

inverter supply backup power from the battery to the load in 

the event of power outage. This type of UPS is also 

sometimes referred to as parallel-processing UPS which 

involves only one power stage [2]. 
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The other approach to switch reduction of on-line UPS 

systems is based on merging the two stages of power 

conversion into one. Specifically, the proposed converter in 

(Fig.2), and in general the AC/AC converters which share 

one or two legs between the inverter and the rectifier stage 

use this concept [3].  

 
Fig.2 Three leg single phase inverter 

III. SINGLE PHASE CONVERTER 

In this paper, a single phase converter is designed in which 

the switches of the converter are shared [4].This is shown in 

figure 3. Similar to three phase converters there are two 

operating modes in this converter. They are equal frequency 

(EF) and different frequency (DF).

 
Fig.3 Proposed single phase converter 

 

Equal frequency mode is considered most suitable for UPS 

systems [5]. This is concluded considering the output 

voltage THD, switching losses, input power factor,DC bus 

utilization. To maximize the use of DC utilization as well as 

regulation of output frequency, techniques is used in this 

paper. The technique is that to find optimal operating point 

for normal operation and a battery charging strategy after 

backup mode is finished for maximum battery charging 

pace. The proposed topology enjoys the benefits of an ideal 

single-phase AC/AC converter such as low THD input 

current, unity power factor, fast dynamic response and the 

ability to compensate input voltage drop when supplying 

linear or nonlinear loads. 

 

The fig.3 shows the proposed structure that consists of six 

semiconductor devices Q1, Q2, Q3, Q4, Q5, and Q6. 

Q1,Q2,Q4,Q5  act as a rectifier  and Q2,Q5,Q3,Q6 act as a 

inverter  and Q2,Q5 is the  shared switches.   It is shared 

between inverter and rectifier. Here the single phase input ac 

voltage is given to rectifier and here it converts the ac 

supply voltage to dc voltage. And then this dc voltage is 

given to inverter this again converts the dc voltage to ac 

voltage. Here we convert the ac through dc link converter. 

We go for this type of converter to get a unity power factor 

and low THD values. The number of switches is reduced by 

25% compared to common back to back converter. 

 

IV. EQUAL FREQUENCY MODE OF 

OPERATION 

In this mode input and output frequency are considered 

equal. If the references are in-phase, for optimal switching 

modulation, the offset is determined by (1) in which M1 and 

M2 could be either rectifier or inverter modulation indices 

and could be increased up to one [6]. If the references are 

phase-shifted, the condition (2) should be met and no offset 

should be added. 

 

 

If M1>M2 =         {
𝑜𝑓𝑓𝑠𝑒𝑡1 = 0

𝑜𝑓𝑓𝑠𝑒𝑡2 = 𝑀2 − 𝑀1
 (1) 

 

𝑀1 sin(𝜔𝑡 +  θ) +  1 − 𝑀1  ≥  𝑀2 sin 𝜔𝑡 + 𝑀2 − 1 
                                                                               (2) 

 

V. DIFFERENT FREQUENCY MODE OF 

OPERATION 

 

 
Fig.4 Block diagram of signal generation unit 

 

The fig.4 shows the modulating signal of the proposed 

converter. This circuit uses logical XOR gates. The 

modulating signal is obtained from the negative values by 

either shifting up or down with appropriate operating mode 

(DF or EF).This generates the modulating signal of the 

upper and lower switches. The frequency and amplitude 

various independently in different frequency mode by 

splitting the modulation index between them. Adding offsets 

of 0.5and -0.5 to rectifier and inverter references and 

restricting their amplitudes to less than half, gives the proper 

modulating signals. 
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VI. CONTROL CIRCUIT 

 

The modulation signals of the inverter and rectifier are 

produced independently. Therefore all existing methods can 

be applied for controlling the DC bus voltage in single phase 

rectifiers. The method used here is single phase P-Q theory, 

which is developed from the convectional P-Q theory [7]. 

The block diagram is represented in fig.5. The main 

advantages for using this theory are that reduced THD, unity 

power factor and dynamic response. First by using (3), and 

imaginary component of the feedback variable is created 

which lags the real signal by 90o 

 

 
Fig.5 Block diagram of the control circuit 

 

 

{
𝑆𝑆𝐼𝑚 = 𝑆𝑆𝑚 sin ( 𝜔𝑡 +  𝜙 −

Π

2
)

𝑆𝑆𝑅 =  𝑆𝑆𝑀 sin(𝜔𝑡 +  𝜙)
     (3) 

 

 

Using these two signals and (4), the feedback variable will 

be transformed to d-q plane; reference values of Vd
* and Vq

* 

are obtained by indirectly controlling injected 

active/reactive power to the system with the aim of 

controlling dc bus voltage. 

 

[
𝑆𝑑

𝑆𝑑
] =  [

sin 𝜃 −cos 𝜃
cos 𝜃 sin 𝜃

] [
𝑆𝑆𝑅

𝑆𝑆𝐼𝑚
]             (4) 

 

The main disadvantages in EF operating mode of operation 

is that frequency dependency between rectifier and inverter 

stages. This dependency will disable the system from 

regulating output frequency in normal operation, which is an 

important criterion for on-line operating UPS. SO choice 

less DF operating mode is chosen. The only disadvantage in 

DF operating mode is that Dc bus is utilized less and there 

by switching losses occur. To avoid this a operating point 

for the converter is designed and this can be used for battery 

charging applications. 

VII. SIMULATION OF THE PROPOSED 

CIRCUIT 

The proposed converter circuit is simulated using MATLAB 

7.8. This is represented in fig.6. In this simulation, the value 

of DC bus voltage is decreased so as by increasing the 

modulation index. This will reduce the maximum output 

power of inverter since the value of the input power is 

decreased. Therefore the limitation is justified here, i.e. the 

output voltage THD is reduced and also the switching 

losses. 

 

 
 

Fig.6 Simulated matlab model of proposed single phase 

converter 

 

The output waveforms of the simulated circuit are shown in 

fig.7, fig.8 & fig.9. If the conventional method were used, 

the level of dc bus voltage would be 450 V for this 

converter. But this value is 350v for the novel method. This 

means that the dc bus voltage level is reduced by 22.2%. 

 
Fig.7 Input ac supply and converted dc output voltage 

 

 
Fig.8output current from the inverter 
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Fig.9 output voltage and THD 

 

 

VIII. CONCLUSION 

 

Overall, the proposed converter and the suggested operating 

point along with the proposed strategy for the battery 

charging enjoys several advantages over its three-phase 

counterpart such as being suitable for low power/voltage 

applications, enhanced bus utilization, reduced switching 

loss, improved output voltage THD, expedited battery 

charging rate, etc. The proposed converter is simulated and 

results verify that this technique gives us less THD, unity 

power factor and reduced switching losses. 
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