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ABSTRACT                                                                                                               
Future electric power distribution will heavily rely on solid-state 
transformers (SST). Typically, traction and transportation systems use 
the SST. It can be used for various purposes, though. For instance, the 
current demand for electric vehicles (EVs) requires the service 
provider to enhance the infrastructure, such as the number of high-
power EV charging stations in urban areas. SST-based charging 
stations are one design option for high-power charging stations, and 
they can be linked to the distribution network. The article suggested 
a novel design for optimizing PI gains using the chaotic GWO 
algorithm for DC link voltage regulation and a reduction in THD using 
the SST instead of a shunt active filter in SST-based conductive 
charging of EVs. Second, the SST is used in place of a series active filter to mitigate voltage sag, swell, and PF correction when faults or abrupt 
changes in load occur in the AC system. Thirdly, for safety reasons, the SST-based charging of EVs uses a 4P DC breaker. Finally, using the 
SIMULINK/MATLAB platform, all the cases were simulated, and the results were displayed. 

Keywords: solid state transformer(SST),Low frequency transformer(LFT),4P-DC circuit breaker, Chaotic GWO, Battery Pack, Electric vehicle, 
Charging station, Power converters,Shunt active filter(SAF).

INTRODUCTION 
Due to their rapid growth, electric vehicles (EVs) are anticipated 

to be one of the key contributors to the energy shift in global 
transportation. The use of transportation is viewed as a desired way 
to lessen our reliance on fossil fuels and the negative effects they 
have on the environment, including improved air quality, a 
reduction in greenhouse gas (GHG) emissions, and climate change. 
In comparison to conventional internal combustion engine (ICE) 
vehicles, electric vehicles (EVs) offer zero-emission, extremely 
reliable, efficient, and low-maintenance automobile.1. Due to their 
promising qualities like free-pollutant gases, no greenhouse gas 

emissions, and great efficiency, EVs have increasingly gained more 
attention.2 An emerging innovation known as the solid state 
transformer (SST) holds promise for influencing various domains, 
such as smart grids, traction systems, and renewable energy 
systems (RESs). Some advantages of SST over traditional low-
frequency transformers (LFT) include reactive power correction, 
voltage control, power distribution management, voltage sag 
correction, bidirectional power transfer, fault current restriction, 
harmonic blocking, and electrical isolation. Notably, SST offers the 
significant benefit of reduced size and weight.3 

 
Figure 1. The external appearance of the high-frequency solid-state 
transformer. 
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Figure1 shows the physical appearance of SST and in future EV 
focus on static charging via WPT systems.4 The developed 
countries transport sector is investing in EVs.5 

 
 

Figure 2 . (a) Single stage, (b)double stage with isolation at the HVDC 
side, (c) double stage with isolation at the LVAC side, (d)and three 
stage SST are the four different types of SST architectures.6 

 
Figure 2 shows types of SST.When non-linear loads and power 

electronics equipment are used excessively at the (PCC), harmonic 
currents are generated, which reduce the quality of the electrical 
power.7 The DC-link capacitor, located on the front of the VSI, is 
used to manage reactive power for the grid.8 The most commonly 
used controller in business is the proportional-integral-derivative 
(PID) controller, but it only performs properly when its settings are 
correctly tuned.While conventional approaches like Ziegler-
Nichols and pole placement have been employed historically for 
achieving this objective, there has been a growing trend in the 
adoption of state-of-the-art techniques such as heuristic 
optimization algorithms in recent times.9-11 

The heuristic algorithm randomly traverses a huge space until it 
finds the optimal solution ,or one that is very close to it.The rando
m numbers produced by the algorithm  are what determine conver
gence.12 Instead of using random numbers, chaotic sequences were 
used to get better outcomes. This is causing a new heuristics 
movement that seeks to get better results.13 The 10 chaotic maps in 
ref [14] include the Tent, sinusoidal, singer, piecewise, logistic, 
iterative, sine, Gauss/mouse, circle, and Chebyshev maps. Grey 
wolf optimization is utilized to fine-tune the PI, and the circle map's 
chaotic sequence is employed to further enhance its efficiency. 
Despite the many advantages of the DC grid, its advancement has 
been constrained by the challenges of stopping fault currents. Most 
AC breakers are not useful because the DC grid does not have a 
natural current-zero crossover like the AC grid does.15 

The current study reports the a novel design of an SST-based DC 
conduction charging system, and control strategies for THD 
reduction by using SST. The Ch-GWO, simulation and analysis of 
mitigation capabilities of SST; and further DC breaker 
implementation in the protection scenario and their simulation. 

DESIGN OF SST BASED CHARGING STATION AND THD 
REDUCTION BY USING SST 

   2.1. SST Topology 
Solid-state transformer technology has advanced rapidly during 

the past 20 years. Solid state transformers are already replacing 
low-frequency transformers in traction applications as a result. This 
results in considerable weight and volume reductions as well as 
increased dependability.16 To charge the EVs, the SST can take the 
place of the conventional transformer. Figure 3 below shows the 
solid-state transformer's block diagram. 

 

 
Figure 3. SST three stages block diagram[17] 

 
A feature of the SST architecture makes it possible to power DC 

loads. It is predicted that the SST configuration's conversion stages 
will have an overall efficiency of 94%.18 (AC-DC,DC-DC,DC-AC). 

 

 
Figure 4. TR core[19] 

Area Product: Acore. Awdg = √2/π  
Pt

KwJrmsBmax f  
 

             Volume: V ∝  �AcoreAwdg�
3/4 ∝ 1

(f)3/4              (1)         

The area product demonstrates that a transformer's total core flux 
density (BMAXT) and winding current density (JRMS) can be 
maintained while having its volume and weight decreased. Eq. (1) 
displays the transmitting power. Equation (2) displays the 
transformer design equation.TR core is shown in Figure 4.                     
 Vpri = √2 .π. f. Npri.ϕm = 4.44. f. NpriBm. A            (2)     

 
Figure 5. Transformer Volume vs Frequency[20] 
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Systems with volume and weight restrictions would benefit the 
most from SSTs' higher power transmission efficiency. With MF 
transformers, future differentiation is more manageable than with 
other discrete power electronic converters that connect to MV via a 
low-voltage (LV) input. Line and load disruptions are controlled 
using an SST. The blue line in Figure 5 has a silicon steel core, 
where as the red line has a ferrite core. For frequencies between 1 
and 1.5 KHz, silicon core material is appropriate. 
2.2  A solid-state transformer with a capacity of 1 MVA, designed 
for conversion between 11 kV AC input voltage and two output 
voltages: 415V AC and 800V DC. 

In today's power networks, transformers serve the crucial 
functions of voltage adjustment and electrical isolation. These 
components are dependable and effective, but their passive design 
significantly restricts control options. Regional Solid State 
Transformers (SSTs), which operate as power electronic networks, 
establish connections between low-voltage AC or DC distribution 
systems, such as microgrids, and medium-voltage grids. SSTs offer 
a high level of controllability, stability, and electrical isolation, 
enabling functionalities like reactive power regulation, active 
harmonic filtering, and equitable distribution of peak loads. In this 
context, a fully rated 80 kW converter cell has been successfully 
developed, considering both the bidirectional capabilities of the 
distribution-level SST system and its efficiency and power density. 
 

 
Figure 6. SST schematic diagram[21]. 
 
2.3  Scenario-1, when the input is alternating current (AC), the 
mathematical modeling is as follows. 
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⎥
⎥
⎤
                                                 (3) 

 

With the help of the switching function ,we get high-frequency 
AC from low-frequency AC input. The output voltage’s frequency 
spectrum (FFT), which is depicted in Figure 7 supports the 
equations. 

 

 
Figure 7. square wave switching function for AC input. 

2.4  Scenario-2: When working with solar integration and the 
input is in the form of direct current (DC), mathematical 
modeling is employed 

  
           𝑉𝑉𝑖𝑖𝑖𝑖 = 𝑉𝑉𝑑𝑑𝑑𝑑   *  𝑆𝑆𝑟𝑟𝑠𝑠𝑠𝑠𝑠𝑠𝑟𝑟𝑠𝑠 = 4
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𝑠𝑠𝑠𝑠𝑠𝑠(𝑠𝑠.𝜔𝜔𝑟𝑟𝑠𝑠 . 𝑡𝑡)    

            =   𝑉𝑉𝑐𝑐𝑜𝑜𝑡𝑡 =
4

𝜋𝜋
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𝑠𝑠

∞

𝑠𝑠=1,3,5
𝑠𝑠𝑠𝑠𝑠𝑠(𝑠𝑠. 𝜔𝜔𝑠𝑠𝑠𝑠 . 𝑡𝑡)                   (4) 

 
Figure 8. for DC input square wave switching function 

 
A power converter switching function for a situation where a HF 

square wave is the desired output and a DC signal is the input is 
depicted in equ-4 The equations are supported by the frequency 
spectrum of the output voltage (FFT), which is shown in Figure 8. 

3.  Control strategies -THD reduction by using SST. 
3.1 Conventional SAF system. 

 
Figure 9. Conventional SAF system [22].                      

 



D. Yeddu & B.L. Rao 

Journal of Integrated Science and Technology J. Integr. Sci. Technol., 2024, 12(3), 772   Pg   4 

The source current in the preceding diagram Figure 9 must 
provide both the load current and the compensatory current. The 
three phase compensating currents Ica, Icb, and Icc are then calculated 
using the inverse transform from alpha and beta to a, b, and c. It has 
two blocks: an active filter controller and a PWM block. Power 
processing is carried out through PWM control, which also creates 
the compensating current that should be drawn from the system. 
The real-time instantaneous compensating current references are 
determined by the active filter controller through signal processing. 
The PI-controller, which is included in reference current theory, 
manages harmonic mitigation, and its Kp and Ki gain values must 
be properly adjusted. 

In theory, the voltage across the DC-link capacitor plays a crucial 
role in regulating harmonic compensation current. The generated 
harmonic compensation current should ideally match the harmonic 
current drawn by the nonlinear load, resulting in their cancellation, 
provided that the voltage across the DC-link capacitor is maintained 
at the predetermined level.In light of this, the current in the system 
starts to follow the fundamental frequency's sinusoidal pattern [23]. 

                   𝐼𝐼𝑆𝑆  =𝐼𝐼1𝐿𝐿  +𝐼𝐼𝑑𝑑𝑑𝑑                                         (5) 
 
3.2 Proposed harmonic filtering  in conductive charging system 
of EV using SST 

This system will be connected to an 11 KV high-voltage power 
distribution network by an active rectifier of the modular type. The 
high-voltage DC generated by this rectifier enters the DAB (dual 
active bridge) through its input. Each H-bridge generates a DC 
voltage, which is sent to DAB, as seen in Fig.6. A dual active bridge 
or other bidirectional converter (DAB) is present in the stage. It 
offers isolation. The EV will be charged by the 800V LV-DC bus 
output.The overall block diagram is shown in Graphical Abstract. 

The SST supplies the compensatory current for reactive power 
compensation in the output, which lowers the THD as shown in 
Figure 10. 

 

 
Figure 10. The SST provides reactive power consumption and 
harmonic filtering[24] 

4.0 GREY WOLF OPTIMIZATION(GWO) 
Typically referred to as apex predators, grey wolves are at the 

top of the food chain. They often live in groups of 5 to 12 people 
and maintain a rigid social hierarchy. They are often divided into 

three levels: Level one: Alphas; level two: Betas;and level three: 
Deltas. 

Alphas: Here, a male and female are in charge of making 
decisions on hunting, where to find refuge, when to wake up, and 
other matters. Alphas sometimes follow the habits of others in the 
wolf pack and the group as a whole when making decisions. 
Because the alpha is the dominant one, the other wolves submit to 
him by holding their tails down. This demonstrates the group's 
organization and discipline. 

Beta: They are the wolves of the subordinates who support the 
alpha in making decisions or other group tasks. The ideal contender 
in the event that the alpha wolves pass away or get very old is either 
a male or a female. Alternatively put, they are Delta: They are the 
lowest-ranking, which makes them the scapegoat. They are allowed 
to eat last because everyone else is more powerful. Despite the fact 
that they don't have any particular significance, they don't get lost 
in the crowd because they don't cause any issues. They are 
sometimes referred to as group babysitters at times. This GWO, 
which is depicted in Figure 11, is a new meta-heuristic technique 
that relies on swarm intelligence and is inspired by the thought of 
grey wolves when they are seeking prey.25 They remain as a pack 
and are placed in a position to conduct the hunting process. The 
mathematical approach is designed by giving the group the best 
fittest answer, which is then followed by the,and groups. Equations 
14 and 15 are used to describe how they construct a closed path 
around the injured in order to start pursuing the prey. 
𝐷𝐷��⃗ =  |𝑐𝑐�⃗�𝑥𝑃𝑃(𝑡𝑡) − �⃗�𝑥(𝑡𝑡)|                                                 (6) 

�⃗�𝑥(𝑡𝑡 + 1) = |�⃗�𝑥𝑝𝑝(𝑡𝑡) − 𝐴𝐴 ⋅ 𝐷𝐷��⃗ |    (7) 

't' in equation (6) stands for the current iteration. Where A and C 
are the coefficient vectors provided in equations (6) and (7), X and 
XP vectors represent the position of the injured Grey wolf and the 
injured position, respectively. 
𝐴𝐴 = 2 ⋅ �⃗�𝑎. 𝑜𝑜1���⃗ − �⃗�𝑎                                           (8) 

𝑐𝑐 = 2 ⋅ 𝑜𝑜2���⃗       (9) 
In equations (8)–(9), the components 'a' decrease from 2 to 0 

during iteration, while r1 and r2 denote the random vector that 
changes in the range of [0, 1]. Equations (10–15) provide a 
mathematical language for evaluating the hunting process. 

 
       Dα  ������⃗  = �C1  �����⃗ . Xα  ������⃗ − X  ����⃗ �                                                   (10) 
       Dβ  ������⃗  = �C2  �����⃗ . Xβ �����⃗ − X  ����⃗ �                                                    (11) 
       Dδ  ������⃗  = �C3  �����⃗ . Xδ �����⃗ − X  ����⃗ �       (12) 
 

          X1  ������⃗  = Xα  ������⃗  - A1  ������⃗ . (Dα �����⃗ )                                                    (13)                                                                       
       X2  ������⃗  = Xβ �����⃗  - A2  ������⃗ . (Dβ �����⃗ )                                                    (14) 
      X3  ������⃗  = Xδ  ������⃗ .−A3  ������⃗ . �Dδ �����⃗ �                                                    (15) 
 
      X  ����⃗ (𝑡𝑡 + 1) = (X1  ������⃗ + X2  ������⃗ + X3  ������⃗  )/3                                (16) 
 
 The average value of positions of α, β and δ wolves are found to 

be the best position of prey which is given in Eq. 16 
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(a)

(b) 
Figure 11.(a) Flow chart of GWO  (b) Position update in GWO[26] 

4.1 The novel  Chaotic Grey wolf optimization. 
Today's metaheuristic algorithms often make use of randomness 

or particular parameters that need to be changed. Choosing the 
parameters, though, could be challenging because they might 
change based on the dataset. So it is possible to successfully resolve 
the aforementioned problem by using chaos. Chaos is characterized 
by randomness, non-repetition, ergodicity, and the capacity for the 
initial condition to alter future behavior's nonlinearity.12 different 
chaotic maps exist.The circular chaotic map equation, which is 
described in Eq. (17) is used in the ref [27], 

xk+1 = mod(xk + β − ( α
2π

)sin(2πxk),1)                         (17) 
𝛼𝛼 = 0.5 ;𝛽𝛽 = 0.2 

The  circle chaotic map visualization is shown in Figure 12. 

        

Figure 12. circle chaotic map visualization 

The combination of GWO and the chaotic map gives the 
proposed Ch-GWO . The random value is initiated using the chaotic 
circle map in code. 

function r = chaotic_map() 
    persistent x; 
    if isempty(x) 
      x = rand(); % Initialize with a random value between 0 and 1 
    end 
    mu = 4; % Chaotic parameter (you can adjust this) 
    x = mod(mu * x * (1 - x), 1); % Circular map operation 
    r = x; 
end 

4.2 PI controller 
 The Problem Definition and Objective Function 
The algorithms' primary goal is to reduce the source current's 

THD (total harmonic distortion).The Ch-GWO suggested 
algorithm tunes and optimizes the PI controller gains Kp and Ki to 
achieve this and the block diagram is shown in Figure 13 

 
Figure 13. optimization Algorithms controlled PI  
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Eqns 19 & 20 gives  Transfer function  & output u(t)  of the PI 
controller. 

                                  (18) 
  𝑮𝑮𝑪𝑪(S)=𝑲𝑲𝒑𝒑 + 𝒌𝒌𝒊𝒊/S                                            (19) 

   u(t)=e(t) +𝑘𝑘𝑖𝑖 ∫ 𝑜𝑜(𝑡𝑡)1
0  .dt                          (20) 

where e(t) is the error Vdc and the (Vdcref). 
The capacitor voltage ought to be constant if there is no actual 

power transfer between the filter and the AC grid. The VSI  
practically uses a small amount of real power for its switching 
action, as was already explained. The magnitudes of (isa, isb, isc) 
are approximately equivalent to the magnitudes of ia, ib, and ic when 
the VSI switches are operated at a high frequency. As a result, it is 
presumptive that the closed-loop transfer function is one [28]and is 
depicted in Figure 14 

 
Figure 14. cascade control loops of current and voltage. 

                   (21) 
 Table 1. SST Parameters  

Parameters Values 
Vi 11KV-AC 
Vo DC-800V 
CapMV 500nF 
CapLV 70 𝞵𝞵F 
TR mag ind (Lh) 4.1mH 
TR lea ind (L𝞼𝞼) 195𝞵𝞵H 
Fsw 50khz 

 
Table 2 .Parameters of DC/AC converter of SST  

Parameters Values 
 VS 380Vph-ph 
Freq 50Hz 
Source impedance Rs=0.1Ώ,Ls=10mh 
Filter impedance Ls=1mh 
DC-link capacitor 1000microF,400V 
Balanced load 10Ώ &40mh 
Unbalanced load  5Ώ,10Ώ,30Ώ 
Dc reference voltage  650V 
Kp,Ki 1.2, 20 

RESULTS AND ANALYSIS 
5.1 Scenario1: Simulation of SST based charging station 

The novel SST based charging system, 11KV/1MVA/800V was 
simulated.29 The output is 800V DC and waveform is shown in 
Figure 15 and the parameters are shown in table1 

 

 
Figure 15. SST output voltage waveform. 

 
5.2 Scenario 2: SST-Filtering the harmonics. 
By injecting current and lowering the harmonic current in this 

situation, the SST is enhancing the power quality. SST functions 
here as a shunt active filter.Table2 shows the parameters. 

5.2.1 Balanced system non-linear load without compensation 
In this case only voltage is supplied from SST no control action. 

Figure 16 shows the load and source currents waveforms , and 
source current FFT harmonic spectrum  shown in the Figure 17, 
then the THD is 9.05% 
 

 
Figure 16. source current & load current before compensation 
 

 
Figure 17. source current  FFT  analysis 
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5.2.2  After compensation- with SST connected balanced  non-
linear load. 

After compensation figure 18 shows waveforms of source 
,compensating and load currents respectively and THD of source 
current is 1.32% and its FFT spectrum is shown in figure 19. 

 

 
Figure 18. After compensation (a) Source current   (b) 
Compensating current (c) Load current. 
 

 
 Figure 19 . FFT analysis of source current. 
 
5.2.3 .Unbalanced system non-linear load with out SST filtering 
action. 

In this, SST with an unbalanced 3 phase RL load  connected to 
diode rectifier. The figure 20 shows waveforms of source  and load 
currents respectively. Figure 21 shows the THD spectrum of source 
current and is 5.47%. 
 

 
Figure 20. Before compensation unbalanced system (a) source 
current (b) load current. 

 
 

Figure 21.Before compensation unbalanced system fft analysis of 
source current. 

 
5.2.4 After compensation unbalanced system  

The figure 22 shows waveforms of source ,compensating and  
load currents respectively. Figure 23 shows the FFT spectrum of  
source current and is 1.96%. 
 

 
Figure 22. After compensation unbalanced system (a) source current 
(b) load current. 

 

 
Figure 23. FFT analysis of  source current. 

 
5.2.5  After compensation- Balanced system using GWO in SST 

based filtering  
The  GWO  is a optimization algorithm to minimize the THD  of 

the balanced system .It tunes the Kp and Ki  parameters .The values 
are Kp=88.5357 and kd=0.0001.After compensation source  and 
load currents waveforms   and THD of source current spectrum is 
1.08%. as shown in figure 24 & figure 25 respectively. 
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Figure 24. After compensation (a) source current (b) load current. 
 

 
Figure 25. FFT analysis of source current  

 
5.2.6 After compensation -Unbalanced system using GWO in SST 
filtering  

The unbalanced system using the chaotic grey wolf optimization 
The values are Kp=88.5357 and kd=0.0001.After compensation 
source  and load currents and  THD of the source current  is 0.98% 
as shown in figure 26 & figure 27. 

 
Figure 26.(a)Source current (b) Load current 

 
Figure 27. FFT analysis of source current 

5.2.7. Balanced system After compensation using chaotic GWO 
in SST based filtering  

In a balanced system  using chaotic GWO pi gains are tuned the 
Kp=99.9804 and ki =0.078521values.After compensation the 
source  and load current  waveforms and the THD of the source 
current  is 1.03% as shown in figure 28 and  figure 29 respectively. 

 
Figure 28.After compensation (a) source current (b) load current. 

 

 
Figure 29  FFT analysis of source current 

 
5.2.8 after compensation -Un Balanced system using chaotic- 

GWO with SST filtering 
 In the unbalanced system after compensation using ch-GWO to 

tune pi values .The Kp=99.9804 and Ki=0.078521.The source and 
load current waveforms and THD is 0.94% as shown in figure 30 
and figure.31 respectively. 

 

 
Figure 30  After compensation (a) source current (b) compensating 
current (c) Load current. 
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Figure 31. FFT analysis of source  current. 

 
5.3  THDs  of source current 
Table 3 shows the THD of above, all the scenarios 

Table.3: THD’S of different scenarios. 
No Load description %source 

current THD 
1 Balanced system non-linear load without 

SST 
9.05 

2 Balanced system non-linear load with SST 1.32 

3 Unbalanced system non-linear load without 
SST 

5.47 

4 Unbalanced system non-linear load with 
SST 

1.96 

5 Balanced system non-linear load with SST 
tuned by GWO 

1.08 

6 Unbalanced system non -linear load with 
SST tuned by GWO 

0.85 

7 Balanced system non-linear load with SST 
tuned by Ch-GWO 

1.03 

8 Un Balanced system non-linear load with 
SST tuned by Ch-GWO 

0.94 

 
5.4. With connected SST and  PI tuned  by ch-GWO 

Table 4 shows the %THD comparision of proposed  and existing 
algorithms       

Table .4 .% THD comparison         
Method                         % THD 

 Before 
compensation 

After compensation 

 Balance 
system 

Unbalance Balance 
system 

Unbalance 

Proposed 
PI 

9.05 5.47 1.32 1.96 

Proposed 
GWO 

-- --- 1.08 0.85 

Proposed 
Ch-GWO 

-- --- 1.03 0.94 

PSO[18] 11.4427 11.90 2.11 3.42 
ACO 
PI[19] 

28.01 - 3.72 - 

GA[20] 31.66 - 4.56 - 

IMPLEMENTATION OF PROTECTION SYSTEM IN SST BASED 
CHARGING STATION 

6.1 SST Mitigation capabilities under fault conditions- 
protection scenario. 

The proposed SST removes voltage sag and swells and corrects 
the input PF. Ref [30] and table 5 shows the parameters of  SST. 

 
Table 5. Parameters of SST 

Parameters Values 
Vi 11KV-AC 
Vo DC-800V 
CapMV 500nF 
CapLV 70 𝞵𝞵F 
TR mag ind (Lh) 4.1mH 
TR lea ind (L𝞼𝞼) 195𝞵𝞵H 
Fsw 50khz 
Output line voltage 380V 

 
6.2 PF correction 
The figure .32 shows the waveforms of input voltage and current 

.SST -controller makes the q component to  zero of input current 
for lag load. 

 
Figure 32. SST current and voltage waveforms in inductive load 
(a). single phase input voltage and current. 

 
6.3 Response to SAG voltage  
Figure 33 (a) shows  three phase balanced voltage sag with 30% 

depth created at 0.4-0.5s at input voltage. Figure.33(b), the load 
voltage is maintained constant  with the compensating voltage 
shown in Figure 33(c) by using the SST. 

 
Figure 33 (a) Input line voltage  (b) compensating voltage (c) 
output voltage. 
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6.4 Responses to swell voltage 
The three-phase balanced voltage swell at input voltage is 

depicted in Figure 34(a). Between t = 0.4 and t = 0.5 s is the swell 
period.  The load voltage in figure 34(b ) is maintained constant 
with the compensating voltage in figure 34(c)  by using the SST. 

 
Figure 34 (a) Input line voltage (b) Compensating voltage (c) Output 
voltage 

IMPLEMENTATION OF  4P DC BREAKER  IN PROTECTION 
SYSTEM OF CHARGING STATION. 

DC system-Interrupting direct current. 
Direct current provides distinct challenges than alternating 

current because it is more difficult to extinguish an arc switching 
current. At each half cycle, there is a natural flow of current through 
zero  as shown in figure 35(a) which corresponds to the quenching 
of the arc during circuit opening. Since there is no such natural 
passage for direct current, as shown in figure 35(b) arc extinction 
must be ensured by forcing the current to flow through zero (null).31 

 

 
Figure 35. (a)Alternating current.(b)Direct current. 

   (a) 

    (b) 
Figure 36 (a) circuit diagram (b) graphical representation                                               

 
V=Ldi/dt+Ri+Va                                      (22) 
The formula can be written as 
Ldi/dt=V-Ri-Va                                        (23) 
For the arc to extinguish di/dt<0 
 
Figure 36(a) depicts DC circuit diagram.According to the 

circuit's time constant, the current begins to increase As per figure 
36(b) when a short circuit occurs at the instant ‘ to’. An arc starts at 
the instant ‘ts’ when the circuit breaker contacts start to separate.  

When using a 4P DC breaker, which is utilized in SST-based 
conductive charging systems, two poles are made in series with one 
another so that the arc's resistance rises and the arc can be quenched 
more quickly than with a 2-Pole arrangement and is depicted in 
figure 37. 

 
Figure 37. Implementation of 4P dc breaker in SST-EV charging 
station.   
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Matlab model for DC protection of Battery pack. 

 
Figure 38. Matlab  model for DC protection of Battery pack. 

 
In the above figure 38   for dc protection of battery pack is 

modelled  in simulink.The above model is simulated and the LG  
fault is applied at 0.1s and the Tsim=0.5s.The 4P dc breaker  (2p in 
series for +ve pole and 2p in series for -Ve pole).detected the fault 
and clear the fault in in 0.02s.Table6 shows the battery spec and  
MCB details. 

 
Table 6. Battery specifications & MCB details 

 

 

 

 
 

Waveforms of the simulation 
 

 
Figure 39. (a) Battery voltage (b)Battery current (c) SOC(%) 

 
As per figure 39, the 4P MCB cleared the fault within 0.02s when 

a LL fault is created in Simulink.The probability of quenching the 
arc is higher in a 4P Dc breaker than in a  2P because when two 
poles are added in series, it increases the resistance of the contacts. 

CONCLUSION 
The  SST will replace the LFT  in future. Initially, SST based 

11kv/800vdc is  simulated and waveforms are presented. Then SST 
is used as a shunt active filter role there by reducing the total 
harmonic distortion (THD), and the results are presented. The THD 

results are compared with out controller & with controller. Then 
with GWO & chaotic GWO tuned the PI controllers for better  
performance  i.e. THD, according  to IEEE 519 and finally 
compared them with other optimization  techniques. The topology 
described in this paper has many advantages, such as power factor 
correction, voltage regulation, voltage sag and swell elimination all 
of them results shown. Finally, we implemented 4p DC breaker for 
arc extinction in the charging station area which cleared the fault in 
0.02s when a LL faults is created, further supported by simulation 
in MATLAB/SIMULINK platform. 
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