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Abstract  

In this research, online uninterruptible power supply (UPS) system with high-

frequency transformer isolation was designed and simulated using 

Matlab/Simulink with the aim of safety to customer and based on the 

specifications given taken into account based on the open loop operation. 

Results were obtained during the normal mode operation and energy stored 

mode operation. Analysis and discussion of the results shows the output voltage 

and output current with very low total harmonic distortion (THD) and zero 

distortion were significantly improved. 

 

Index Terms - Uninterruptible power supplies, rectifiers, buck converters, 

Battery charger, inverters, rectifiers  

 

Introduction  

UPS is an electronic device that supplies continuous power to the critical loads 

even when the supply is not available. The batteries will supply to the load 

during the stored energy mode operation for duration of preset backup time or 

until AC line returns. The main purpose of the UPS is to supplies power during 

the blackout and also to provide a smooth sinusoidal voltage to the critical 

loads[1, 2].  
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Mainly the UPS is divided into three categories; static UPS, rotary UPS and 

hybrid static/rotary UPS. Static UPS is also divided into three categories; one 

online UPS, offline UPS and line-interactive UPS. Online UPS has popular 

topologies; low frequency transformer isolation topology and high frequency 

transformer isolation[3].  

This work is based on high frequency transformer isolation online UPS. This 

topology has some advantages over the other topology; small size, load is totally 

isolated from the transformer AC supplies, high switching frequency, good 

transient response to changes in load and input voltage etc. [4, 5]. 

 
Figure1: On-Line UPS 

 

Figure 1 shows the basic block diagram of a typical online UPS in this system 

the static switch is normally in OFF condition. It has three modes of operation; 

normal mode, stored energy mode and bypass mode[6]. 

Figure 2 shows the block diagram of high frequency transformer isolation 

online UPS for this assignment. 

 
Figure 2: High frequency transformer isolation Online UPS 
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Methodology 

On the basis of the type of the filter used in UPS, there are two filter categories; 

passive filter-based UPS and active filter-based UPS. In case of passive filter 

LC is as filter while in case of active filter a different inverter is used as source 

of current or voltage injecting into the line so that THD of the system is 

reduced[7, 8]. In this work, active filter is injecting a reference signal into the 

system which is negation of the harmonics present in the system and hence it 

will reduce the total harmonics in the system. 

 
Figure 3: Complete Circuit Diagram of UPS System 

 

Results and Discussion 

a. Normal Mode Operation:  

During this mode of operation, the power to the load is continuously 

supplied via the rectifier/charger and inverter. In fact, a double conversion, 

that is, AC/DC and DC/AC, takes place. It allows very good line 

conditioning. The AC/DC converter charges the battery set and supplies 

power to the load via the inverter. In Figure 4 the output of rectifier 1 starts 

from 0V and exponentially increased until it reached the peak voltage of 

339.14V then it normalized.  

 
Figure 4: output voltage of rectifier 1 



 

 

International Journal of Pure and Applied Science  

Published by Cambridge Research and Publications 

 

                                                                      IJPAS ISSN-2743-6264 (Print) 
186 

Vol. 23 No.9 

December, 2021. 

The battery charged during the normal mode of operation. The rectifier 1 

voltage will be step down by the buck converter and then charge the battery. 

In figure 5 the Bulk DC-DC converter will step down the 339.14V to 100V i.e. 

the maximum capacity of the battery (50V x 2)  

 

 
Figure 5: Buck DC-DC converter output  

 

When the battery is charging, the initial charge status will also be change. The 

following results were obtained at 29.81% of the initial charge as shown in 

Figure 6. 

 

 
Figure 6: Buck converter output charging the battery during normal mode 

 

Figure 7 shows the output voltage and current during the normal mode of 

operation. The load voltage was achieved as 240V with the corresponding load 

current of zero distortion. Figure 8 shows the FFT analysis of the output voltage 

and current. It was found that the THD is 0.45 which was very low.   
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Figure 7: output Voltage and Current at Normal Mode 

 

 
 

 
Figure 8: FFT analysis of output voltage 
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Figure 9: FFT analysis of output current 

 

b. Store Energy Mode Operation: 

During the stored energy mode, we are expecting the battery to be discharge 

and supplies to the load when the AC line is not available [9]. The output of the 

battery which is 100V need to step up by the boost converter to 339.14V and 

then converted to AC by the inverter 1 and supplies to the high frequency 

transformer. Figure 10 shows the discharging characteristics of the battery as 

the voltage varies with time when the nominal current discharge is 2.83A 



 

 

International Journal of Pure and Applied Science  

Published by Cambridge Research and Publications 

 

                                                                      IJPAS ISSN-2743-6264 (Print) 
189 

Vol. 23 No.9 

December, 2021. 

 
Figure 10: Discharging characteristic curve 

 

 
Figure 11: Voltage and current characteristics when the battery is discharging  
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Figure 11 shows how the battery discharging from 99.91V with corresponding 

changes in the voltage and current. The boost DC-DC converter stepped up the 

voltage to 339.41V and fed inverter1. Figure 12 shows a good transient response 

of the boost converter. After reaching more than 400V it normalised at the 

required voltage of 339.14V. 

 

 
Figure 12: Output of the boost converter  

 

The tendency of an inductor in the boost converter circuit is to resist changes in 

current by creating and destroying a magnetic field [10]. In a boost converter, 

the output voltage is always higher than the input voltage. Figure 13 shows the 

output voltage of the boost converter after it was converted the input voltage to 

AC. The shape of the signal needs to be converted sinusoidal by the filter and 

fed the high frequency transformer. 

 

 
Figure 13: Output of the inverter 1 

https://en.wikipedia.org/wiki/Inductor
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The high frequency transformer steps up the voltage and converts to DC by 

rectifier 2. The filtering capacitor removed the ripples. Figure 14 show how the 

rectifier 2 output voltage exponentially increased from 0V to 339.14V.  

 

 
Figure 14: Output of the rectifier 2 

 

The output voltage is fed to inverter 2 where it was converted to AC and the 

signal was shaped to sinusoidal by filter 2 and fed the load. Figure 15 shows the 

load current and voltage which was found to be 3.6A and 240V respectively 

with zero distortion.   

 

 
Figure 15: Load Current and Voltage during Stored Energy Mode 

 

Figure 16 and 17 shows the FFT analysis of the output current and voltage as 

the UPS changes when connected with nonlinear load and Total Harmonics 

Distortions. The simulator shows the THD is 0.43 and the output still sinusoidal 

waveform as the design requirements need. 
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Figure 16: FFT analysis of output voltage 

 

 
Figure 17: FFT analysis of output current 

 

Conclusion 

The On-line uninterrupted power supply system with high frequency 

transformer isolation was successful designed and simulated, and it has met the 

design criteria given within certain tolerance. The calculated values were 

verified in MATLAB/Simulink software for confirmation of the design. The 

output voltage and current with very low total harmonic distortion was 

successfully obtained. The significance and mode of operation of this proposed 

UPS system was well explained. The results verified the advantages of the 

online UPS system over the offline system. 
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