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 ABSTRACT 

Over the last ten years, this project's vehicle-to-grid idea has garnered a lot of 

attention. Electric vehicles share the load of the DC mini grid, may store energy 

dispersedly to boost the DC micro grid's stability and operational performance, 

support the integration of renewable energy sources, and provide excellent results. 

The article recommends a three-level CLLC powerful converter for off-board EV 

battery chargers as a means to provide bidirectional power transfer between electric 

vehicles and the DC micro grid. The substantial series voltage ranges from 200 to 

700 volts, which is achieved by combining the two CLLC components with all 

three complete bridges and their operational parameters. An analogous circuit 

variant using the first harmonic circuit. A three-level CLLC resonant's main benefit 

is that it verifies the efficiency. The minimal transformer RMS existing setting is 

the main operational choice of the circuit. The system's efficacy is shown by the 

converter's ability to transform a wide variety of result voltages. 

Introduction: 

In the last five years, dc micro grids have become more powerful and useful in both 

academic and business settings. Both its efficiency and its friendliness to renewable 
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energy sources (RES) are excellent. There are no issues with reactive power, power 

quality, frequency policy, or any other issue when this device is connected to the DC bus 

bar. There are a few issues with dc mini grids, such as dc electrical Arc detection, dc 

plugs, and dc breakers, in comparison to AC micro grids.  

Among them, electric cars have the same average load on dc micro grids; using them as 

an ESS would save money, space, and power. Through careful management, we may 

achieve a system that improves the Dc micro grid's overall efficiency while 

simultaneously increasing its stability and dependability.The ESS's job is to power the 

bidirectional DC-DC converter, which may switch between two modes: vehicle-to-grid 

and grid-to-car. This needs an off-board charger for the electric vehicle. 

 

PROPOSED THREE-LEVEL CLLC RESONANT CONVERTER :- 

A. The topology of the three-level CLLC resonant converter :- 

Two three-level full bridges and a one-of-a-kind frequency transformer that uses two 

resonant inductors and capacitors (Lr1, Lr2 and Cr1, Cr2) make up the bulk of it. The 

CLLC converter's totally balanced architecture makes it obvious that it can function in 

two ways. The primary bridge functions as an inverter and the secondary bridge as a 

rectifier when the converter is in the G2v mode. But the switch flips to G2v mode while 

the converter is in the V2G mode.  

B. How the essential three-level complete bridge functions: -.  

With the primary three-level full bridge, a voltage waveform with a non-zero mean value 

may be generated. There will be very little change to the Dc component of Vab due to the 

strong capacitor. Consistently, Vab is the value of the ordinary voltage across capacitor 

Cr1. The three-level leg has four different states it may run in at once. By activating s1 
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and s2 while deactivating s3 and s4, for instance, one may get positive voltage. A 

three-level main bridge leg's switching states are P, O1, O2, and N. There is no change (ip) 

in the voltage of flying capacitor C5 for states P and N. The C5 voltage is affected in 

different ways by the current ip for the O1 and O2 outcomes. The three-level full bridge 

may be configured in 16 different ways using only two three-level legs.There are four 

possible modes of operation for the main three-level full bridge, depending on the 

changing situation.Modes A, B, C, and D are examples of this.  

The secondary three-level full bridge's operational parameters are: -.  

Common applications include lowering switching losses and recommending certain 

operating modes for usage in three-level CLLC powerful converter secondary bridges. 

When both the web link and fly wheel capacitors are in a constant state DC, their 

voltages are 0.5 v2. Details on three more switching states are available for the second 

bridge in addition to the four main ones. that is, R0, R1, and L2. The polarity of the 

current determines the voltage that the bridge produces. 
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FREQUENCY CHARACTERISTICS OF THREE LEVEL CLLC RESONANT 

CONVERTER 

A. Equivalent circuit 

At this point, the resonant converter is located close to the resonant frequency in 

order to enhance regularity. Consequently, it has four distinct modes of operation. During 

the first three stages of operation, the entire bridge converter generates a voltage that is 

square wave (VAB). The frequency of resonance in the container, fo, is near the regularity 

fs.  

The three-degree resonant circuit's equal characteristics will disregard the harmonics, and 

the power will be transferred by relying on the regularity of the switches. A variable 

resistor may be added to the circuit to allow for method customization; the resistance 

value is then utilized to calculate the voltage V2 and current I2 of the battery. A collection 

of inductors and capacitors is used in a powerful network.  

Because of this, the CLLC converter is equivalent to a strong L-C collection converter. 

Both LE and CE, which are strong inductance and capacitance equivalents, can control it.  

Max= kx/nky, LE= Lr1+ n2Lr2, K= V2/V1.  

The key components are derived as per the fourier collection formula.  

You may calculate the basic component of ip using this formula if you follow the theory 

of power conversion.  

It is possible to determine the equivalent resistance RE by using ohm's law.  

Selected Operating Mode for Optimal Performance.  

 

There are sixteen different ways that the powerful CLLC converter may work. The 

current generation of copper and conductor is symmetrical with respect to the square of 

the number of R.M.s present in the transformer. So, we may do this by reducing loss, 
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which allows us to pick the converter's operating parameters with the smallest value of 

transformers R.M.S. that exist.  

 

The root-mean-square (RMS) of ip1 is inversely proportional to ky, as shown in equation 

(5). Consequently, when ky achieves its optimal value, the RMS current of the 

transformer is at its lowest. The comprehensive algorithm is as follows. This can only be 

accomplished if the strong frequency is somewhat near to the frequency that is changing.  

What follows is a picture showing how the G2V working mode choice turned out. 

Optimal operation was associated with voltage conversion ratio but not with active power 

P. E > F > G > H is the sequence of functional modes that matters most for reducing the 

working environment with bigger modes. For both the power instructions, to choose the 

operating modes. The turns ratio of an isolation transformer is calculated using the notion 

of turn proportions.  

Using the CLLC powerful converter in section 3's mode makes it similar to the LC series 

powerful circuit. Therefore, to accomplish zero voltage switching (ZCS), the changing 

frequency has to be adjusted up from a strong regularity. As a critical bridge, the 

MOSFET can do its job. The block diagram of the converter, which may be operated in 

the G2V mode, is shown in Figure 10. It is easy to change the functioning parameters of 

three-degree bridges using v1 and v2, according to the choosing algorithm. When the 

pulse regularity module is in primary operating mode, it sets the switching frequency and 

makes the pulse. As described in section c, the second bridge provides information on the 

converter's extra functional settings, including how it determines the changing settings of 

the three level legs. When operating in V2G mode, the converter takes charge of I1. The 

existing controller depends on the error to provide switching regularity, namely pulse 

regularity modulation (PFM), which in turn generates gate pulses for the new bridge 

based on its switching mode and working mode. 
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. 

 

PI  SIMULINK  MODEL : 

 

 

Simulation Results 
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      Fig (a): The actual switching frquency for the experiment 

 

 Fig(b): Four working modes of the secondary full bridge in the three level CLLC 

converter 

 

  Fig (c): Three level CLLC converter using secondary full bridge 
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PID SIMULINK MODEL 

 

Simulation Results 

 

    Fig (a): Four working modes of the primary full bridge 
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Fig (b): Working mode of full bridge converter 

 

Fig (c): Working mode of primary full bridge at mode D 

Conclusion: 

For DC micro-grids that use off-board EV battery chargers, this study proposes a 

three-level CLLC powerful converter. There are four possible modes of operation for the 

converter's two 3-degree complete bridges. The suggested converter is versatile enough to 

handle applications with a wide variety of output voltages since it combines the operating 

modes of the two total bridges. The frequency attributes are investigated using the same 

circuit as a three-level CLLC strong converter that has been developed with FHA 

breakthrough. We advise using a calculation based on the existing minimal transformer 
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RMS to determine the operating settings. The proposed converter was tested using a 3.5 

W prototype device. The results of the simulations show that the converter can remain 

stable across a wide range of output voltages, and the efficiency of the suggested 

converter changes somewhat beyond that range. In addition, by choosing different 

switching states in different switching cycles, the three-level CLLC powerful converter's 

flying capacitor voltages are now stabilized. 
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