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Abstract 
  

Solid state transformer (SST) is one of the greatest emergent technologies in 

the field of renewable energy integration. Various topologies of SST are 
available, out of which the most promising one is the three stage SST with 

Dual Active Bridge (DAB). In this paper, a novel three stage DAB based 

SST with dual secondary winding is proposed. The transformer of the DAB 
stage is replaced by with dual secondary winding transformer enabling load 

sharing among the winding. The simulation model is developed using 

MATLAB/Simulink. The performance of the system is analyzed for various 
load conditions. The results infer that the proposed SST system can be wisely 

used for integration of distributed energy resources of the renewable energy 

system.   

 
Keywords: Solid State Transformer (SST), H-Bridge inverter, Dual 

Secondary Winding, THD, Dual Active Bridge (DAB), Voltage Sag, Voltage 

Swell, Power factor 

 

1 Introduction 

Intelligent Universal Transformer (IUT) or Solid State Transformer 

(SST) is a transformer based on power electronic switching devices.  The 

power electronic devices operates at high frequency and voltage ranges.  
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Conventional transformer operates at 50/60 Hz power frequency. The 

size, volume, weight and space occupied by conventional transformers 

increases with increase in the capacity of the transformer. SST operating at 

high frequency makes its size to be reduced [1]. Owing to these 
characteristics, SST founds to be most suitable for DC transmission lines, 

and Smart & Microgrid applications. SSTs are also applied in STATCOMs 

of high and medium voltage levels. They are used widely in the renewable 
energy systems for their integration, distributed generation systems and 

Flexible Alternating Current Transmission Systems (FACTS) [2].  

In Wind Energy Conversion Systems (WECS), conventional transformer 
is operating at fundamental frequency actions as a main interface amid the 

wind turbine and the grid. Lately, these conventional transformers are 

replaced with SST [3]. WECS with SSTs and DC loads are studied with a 

distributed power management algorithm to achieve self-contained power-
balanced condition [4]. An autonomous power management strategy without 

any energy storage devices is proposed based on improved DC bus signaling 

for grid connected and islanding modes of photovoltaic systems [5]. Wind 
turbines based on Doubly Fed Induction Generator (DFIG) and SST 

configuration are proposed with three stages [6]. The three stages of SST 

with DAB consist of the following power conversions AC to DC, DC to DC 

and DC to AC.  
The organization of the paper as follows: Section 2 analyses some of the 

existing SST approaches. Section 3 details the proposed methodology and its 

working principle. Section 4 illustrates the simulation studies of the system. 
Finally, section 5 concludes the work followed by the references. 

 

2 Related Works 
 

A novel topology for completely bidirectional soft switching SST was 

devised [7]. This topology has high frequency transformer without the 
intermediate DC voltage link. The system resulted with sinusoidal output 

voltage. SST with isolated DC-DC converter suggested [8], with medium 

frequency transformer providing isolation between primary and secondary 
sides. The proposed system was designed for a 166 kW system with 20 kHz 

as operating frequency of the high frequency transformer. Voltage adjustable 

capacitor isolated SST is proposed with an intermediate medium voltage DC 

link [9]. This scheme of interest is matched with conservative remote 
bidirectional DC to DC converter. Comparative analysis inferred the voltage 

adjustment capability of the proposed system.  

Modular design of a 50 kVA soft-switched AC to AC SST system with 
silicon carbide (SiC) was presented and analysed [10]. This system was 

designed for MV systems with 180 kHz switching frequency. The system 

resulted with increased reliability and reduced costs. A new control scheme 
for WECS connected with SST was recommended for integration of 

microgrids [11]. The components of this WECS are wind turbine, permanent  
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magnet synchronous generator, rectifier and load connected with DC bus. 

Closed loop performance of this system was study with classical PI controller 

and the system dynamics are discussed. SST can significantly reduce the 
losses. A modular SST with such capability is presented [12]. This topology 

consisted of AC-DC conversion with H-bridge configuration, isolated DC-

DC converter and an H-bridge inverter on the output for DC-AC conversion 

at power frequency.  
Four port SST developed resulted in controlled power flow and output 

voltage [13]. Three ports are formed from the H-bridge converter and the 

fourth one is from diode bridge rectifier. This configuration enabled the 
bidirectional power flow capability and also controlled VAR operation. The 

study made on these topologies hinted the need for dual secondary 

transformer based SST system. The proposed SST system comprises of the 
following: 

 A linear transformer with two secondary side windings as upper limb 

winding and lower limb winding. 

 AC-DC conversion in input stage followed by generation of DC-DC 

through high frequency AC in DAB and DC-AC at power frequency in 

the output stage.  
 

3 Proposed Modified SST System 

 

 
Figure 1: Block Diagram of Modified SST 

 

Figure 1 shows the modified three stage DAB based SST system with 
dual secondary windings. The modified SST system has three stages of  
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power conversion; Input stage with AC-DC conversion through uncontrolled 

rectifier, intermediate DAB stage where DC-DC conversion happens and  

finally, the DC-AC at power frequency and desired voltage is done through 

inverter at output stage. The input rectifier stage converts the input 3-phase 
AC supply voltage at power frequency (50 Hz) to DC through a diode bridge 

rectifier circuit. This DC is fed as input to the intermediate DAB where DC-

AC conversion happens first through an H-bridge single phase high 
frequency inverter. This inverter is switched at 25 kHz frequency. The AC 

output of this stage will have a frequency of 25 kHz. This high frequency 

output voltage is fed as input to the primary of the transformer, which 
induces high frequency voltage at the transformer secondary.  The voltage 

induced at the secondary side of the transformer also has the same frequency 

of 25 kHz. The secondary side has an upper and lower limbs attached with 

active rectifiers. These active rectifiers convert the high frequency AC to DC. 
Thus the output of the DAB is DC. In the output stage, two hex-bridge 

inverters are connected one each on the upper and lower limbs. They convert 

the DC to AC at power frequency and desired voltage level. This is the 
working principle of the proposed modified three stage DAB based SST with 

dual secondary windings.  

4 Simulation Studies 

The proposed modified SST system has been simulated with the 

specifications as as listed in Table 1. The simulation model of the planned 

system is represented in Figure 2. The input AC voltage of 11 kV 3-phase 50 
Hz is converted to 415 V, 3-Phase 50 Hz at the load end. The transforme has 

dual windings and its capacity if 125 kVA. It means that 100 kW load can be 

connected. To study the perfromance of the system, initlally a load of 25 kW 

is connected on each limb of the transformer contribtuing to 50% of load i.e. 
50 kW. At t = 0 seconds, the simulation is started with this 25 kW load on 

each limb. At t = 1.5 seconds, the load is varied. Increase in load causes 

volateg sag and decrease in it causes volatge swell. The load volatge, current, 
THD and power factor are observed.  

Table 1: System Specifications 

Total Capacity 100 kW 

Input Voltage 11 kV, 3-Phase, 50 Hz 

Output Voltage  415 V, 3-Phase, 50 Hz 

Operating frequency of 

transformer 

25 kHz 

Minimum loads connected in 

secondary  

Total 50 kW  (25 kW each in 

upper and lower limbs) 
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Figure 2: Simulation Model 

  

 

4.1 Simulation Results 
 

The analysis is made on voltage sag and voltage swell conditions. When 

the load increases, the load voltage gets decreased causing voltage sag. This 

is evidenced from Figure 4 to 8 for voltage condition. Figure 3 shows that 
Load Current under voltage sag condition. 

 

 
                                                          Figure 3 : Load Current 
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Figure 4: Load Power 

 
Figure 5: Load Voltage 

 

 

Figure 4 shows that Load power under voltage sag condition. Figure 5 

shows that load voltage under voltage sag condition. 

 
                   Figure 6 : RMS value of Load Voltage 
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Figure 7: Transformer Primary Voltage 

 

 

Figure 6 shows that RMS value of Load Voltage under voltage sag 

condition. Figure 7 shows that Transformer Primary Voltage under voltage 

sag condition. Figure 7 shows that Transformer Secondary Voltage under 
voltage sag condition. In this case, the transformer primary and secondary 

voltage remained at 11 kV and 404 V respectively. 
 

 
Figure 8: Transformer Secondary Voltage 

 

(a) Voltage Sag Condition 

 

When the load is decreased the load voltage decreases, causing voltage 
swell, illustrated in below Figures. This is evidenced from Figure 9 to 14 for 

voltage condition.  Figure 9 shows load current under voltage swell 

condition. Figure 10 shows that Load power under voltage swell condition. 
Figure 11 shows that load voltage under voltage swell condition. 
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       Figure 9: Load Current 

 
Figure 10: Load Power 

 
Figure 11: Load Voltage 

 

Figure 12 shows that RMS value of Load Voltage under voltage swell 
condition. Figure 13 shows that Transformer Primary Voltage under voltage 

swell condition. Figure 14 shows that Transformer Secondary Voltage under 

voltage swell condition. In this case, the transformer primary and secondary 

voltage remained at 11 kV and 404 V respectively. 
 

 

 
 

 

 



                                                                                                                  
 

 

 
 
Performance Analysis of Novel Three Stage Dual Active Bridge based Solid State 

Transformer with Dual Secondary Winding for Renewable Energy Integration 7286 

 

 
Figure 12: RMS value of Load Voltage 

 
Figure 13: Transformer Primary Voltage 

 
Figure 14: Transformer Secondary Voltage 

(b) Voltage Swell Condition 

 

The THD of the system was analysed at power frequency of 50 Hz. It is 
depicted in Figure 15. The fundamental component of load voltage was 

found to be 404 V with 3.02% THD. The power factor of the system varied 

from 0.84 to 0.83 when the system load is increased from 50% to its full load 

capacity.  The variation of power factor from half load to its full is shown in 
Figure 16. 
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Figure 15: THD 

 
Figure 16: Power Factor 

 
 

5 Conclusion 
 

A novel three stage DAB based SST with dual secondary windings was 

proposed. The MATLAB/Simulink model of the suggested system was 

developed and analysed for voltage sag and swell conditions. The rms values 
of voltage and current at load side, transformer primary and secondary 

voltages, current and voltage THD functions and power factor are observed. 

The system resulted with rms value of load voltage as 404 V at various load 
conditions. The transformer primary and secondary voltages are found to be 

at 11 kV and 400 V respectively. The THD of the system seemed to be 

within permissible limit as less than 5%. The power factor varied from 0.84 
to 0.83. These results infer that the proposed SST system is most suitable for 

efficient incorporation of distributed energy resources in microgrids.  
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