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ABSTRACT: The EV is emerging as a promising 

solution to the problem caused by the fossil fuel 

powered vehicles. An integration of solar PV panel 

with EV not only useful for creating renewable 

energy based charging infrastructure but also 

compensate the negative impact of each other on 

the distribution grid. Effective photovoltaic power 

conditioning requires efficient power conversion. 

The main objective is to design the isolated boost 

converter (IBR) with accurate maximum power 

point tracking (MPPT) using P&O algorithm to 

counteract the effects of panel mismatch, shading, 

and general variance in power output during a daily 

cycle. The proposed isolated boost resonance (IBR) 

converter meets all requirements and gives high 

efficiency compared to the conventional converter. 

The IBR converter was designed for the solar PV 

input voltage ratings of 41.7V, input current 8.1A, 

336W rated power and frequency 100 kHz. The 

converter circuit was simulated in PSIM software. 

The proposed converter boosts the output voltage 

of 360V was observed from simulation results. 

KEYWORDS: Isolated Boost Resonant Converter 

(IBR), PSIM, P&O, MPPT. 

 

I. INTRODUCTION 
The main downside to electric vehicle 

(EV) technology is that energy from conventional 

sources is inadequate, so it cannot maintain the 

impact of EV demand. The renewable energy 

sources such as solar, wind is considered as 

alternative source to fossil fuel. The solar energy is 

abundant natural resource, which is freely available 

and is used as energy source to charge the EV 

battery.[1] 

The main drawback of solar energy is that 

it is not available all the time due its intermittent 

nature. Therefore, charging EV battery with only 

solar energy may not be reliable.  By integrating 

solar energy with grid support EV charging system. 

Whenever solar is not available to charge the 

battery, during that time grid supports in charging 

the EV battery. Correspondingly, when solar PV is 

generating ample amount of power to charge EV, 

the excess amount of power is supplied back to the 

grid.[2]-[5] 

Due to the varying climatic condition solar 

power obtained in not constant throughout the day 

and also the initial setup cost of the solar photo 

voltaic (SPV) is high, to overcome this situation 

MPPT (maximum power point tracking) is needed 

and maximum available power must be extracted 

from the SPV to offset the cost of the SPV. 

Therefore, an effective power converter is required 

to improve the power level for maintaining DC bus 

voltage requirements. [6]-[9] 

The power converter for solar 

photovoltaic (PV) application requires an adaptive 

converter that is able to respond to the change in 

input current and voltage due to varying irradiation 

conditions. The solar PV array voltage varies 

continuously with operating temperature and panel 

construction and PV panel current varies with 

change in solar irradiance and shadow 

conditions.[10] The solar PV with MPPT is 

integrated with the EV charger with the 

bidirectional flow of power. The distributed 

generating MPPT gives better harvesting of energy 

compared to the centralized power generation. [11]. 

From the literature survey, solar PV units 

connected in parallel gives more efficiency in low 

light and partial shading conditions compared to 

series connected PV system. 

The proposed isolated boost resonant 

converter (IBR) integrates the conventional boost 

converter into the DC-DC isolation transformer 

with a single inductor. The P&O algorithm is used 

for MPPT condition by sensing PV voltage and 

current. The proposed converter uses resonance 

condition (ZVS and ZCS) at the switches, thereby 

improves the efficiency of the converter by 

reducing switching looses. For PV application, the 

proposed converter satisfies the need for galvanic 
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isolation, easy gate drive control and low switching loss.[12]-[17] 

 

II. ADVANCED BOOST CONVERTER  FOR MULTI-FUNCTIONAL  EV CHARGER 

 
Figure 1 Block diagram EV Charger 

 

 

The proposed multi-functional EV charger 

is shown in Figure 1. The charger operates with 

both SPV array and the grid and power not only 

flows for charging the vehicle battery as in a 

conventional charger but it also flows between all 

the three sources of energy. SPV array injects the 

generated electric energy into the DC link to charge 

the vehicle battery and to support the grid with 

excess energy.  

The proposed IBR converter s shown in 

Figure 2, the input is connected to SPV array. The 

MPPT P&O algorithm adjusts the duty ratio of IBR 

converter to achieve the MPPT condition by 

sensing the PV voltage and current. The soft 

switching operation (ZVS and ZCS) at Mosfet Q1 

and diode D1 is used to reduce the switching 

looses, by this converter efficiency improves. 

Secondary side doubler circuit is used to double the 

voltage from 200V to 400V. 

 

 
Figure 2 Advanced Boost Converter. 

 

The high frequency transformer is used to 

increase the voltage level and also to isolate PV 

system from faults occurring at the grid. The 

secondary side voltage doubler circuit is used to 

reduce the size of the transformer and ratings of the 

components. 

 

Mode-1 Operation: When MOSFET Q1 is On and  

MOSFET Q2 is OFF, the voltage across each 

capacitor, which are in series, is Vin each. And the 

total voltage across both the capacitors is 2Vin. 

Therefore, the voltage appearing across the primary 

of the transformer is Vin. With the transformer 

being inverted, and for a turns ratio of n= 
Vs

Vp
 , (Vs 

is secondary voltage and Vp is Transformer primary 

voltage), Vs = - (n*Vp). This forward biases D2 

and reverses biases D1. Thus C3 charges to Vs 

through D2. 
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Figure 3 Mode-1 Operation when Mosfet Q1 is On 

 

Mode-2 Operation: When Q1 is turned OFF and 

Q2 is turned on at the next half cycle, the input 

current goes through Q2 and at the same time, with 

C2 alone in the picture, C2 resonates with the LK, 

and the transformer current also goes through 

MOSFET (Path is C2 – XFMR – Q2). Thus current 

in Q2, IQ2=Transformer current + input current. 

Now, the primary voltage (Vp =2Vin) is reflected 

at the secondary side, and the secondary voltage is 

Vs = n*VP. With C3 previously charged with Vs 

and with additional Vs, the net potential is 2Vs 

causing D1 to forward bias, charging C4 with 2Vs. 

Note that the combination C3, C4, D1 and D2 is a 

voltage doubler. So, whatever voltage comes at the 

secondary, it is again doubled at C4. And here, at 

the end of the second half of the cycle, voltage at 

C4 is 2Vs, as expected. 

 

 
Figure 4 Mode-2 Operation when Mosfet Q2 is ON 

 

The figure 5 represents the waveforms during two modes of the operation. The current through the switch Iq1, 

Iq2, resonant capacitor C1, C2 and C3 and diode current D1 and D2 during switching operation is shown. 

 

 
Figure 5 timing diagram showing circuit operation 

 

III. DESIGN OF THE IBR CONVERTER 
1. Duty ratio for input requirements: By setting the maximum and minimum duty ratio the Vmin and Vmax 

range is obtained from equation (1) 

 

Dmax = 
Vin ,max

Vin ,min +Vin ,max
             (1) 
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Dmin = 1 - Dmin                        (2) 

 

The 50% duty ratio is obtained at nominal input voltage, the dc bus voltage Vbus is obtained across the 

resonance capacitor C1 & C2. 

 

Vbus = Vin, min+ Vin, max      (3) 

 

2. Input Inductor Design: In PV application the inductor L is calculated based on maximum ripple current 

∆IL. 

 

L = 
Vbus ∗Tsw

4∗ILavg ∗% ∆ILmax
                (4) 

 

3. Transformer Design: The transformer turns ratio (n) is calculated based Vbus voltage and desired 

output voltage Vout, 

    n = 
Nsec

Npri
= 

Vout

Vbus
                              (5) 

4. Maximum resonant period lengths: The maximum & minimum duty ratios are known from equation-1 

& 2.  By assuming desired switching frequency, resonant period Tres1 & Tres2 are obtained. 

 

Tres1, max = (1- Dmax)*Tsw              (6)  

Tres2,max =  Dmin*Tsw                             (7) 

 

5. Resonant Capacitor C1 and C2: Based resonant time period calculated from equation (6) & (7) obtain 

the value of C1 & C2 assuming C3 capacitor, Lk is transformer leakage inductance, 

 

 Tres1= π Lk(
n2 C1+C2  C3 

C1+C2+n2∗C3
)                   (8) 

 Tres2= π Lk(
n2∗C2∗C3

C2+n2∗C3
)                                   (9) 

 

IV. SIMULATION AND RESULTS 
The selected topology is simulated in 

PSIM Software. The ZVS and ZCS resonance 

condition is observed and performance of the 

converter is checked. Table 1 shows the parameters 

values considered for the PSIM simulation of the 

circuit. 

 

Table: 1 Parameters of Simulation 

Parameters Ratings 

Open circuit Voltage 

Voc 

53V 

Short Circuit Current 

Isc 

8.1A 

Irradiance 1000W/m2 

Temperature 100 
o
C 

Input inductor L 8mH 

Resonance Capacitor 

C1, C2,and C3 

10uF,10uF and 0.1uF 

Switching Frequency 100 kHz 

Load Resistance  

Transformer turns ratio N1: N2 = 4:21 

 

The simulation circuit for IBR is as shown 

in Figure 6. The IBR is supplied by PV physical 

module as shown in simulation circuit. The 

irradiance and temperature value for PV panel is 

set as 1000W/m
2 

and 25
o
C using constant block. 

Solar PV panel open circuit voltage, short circuit 

current, MPPT Voltage and MPPT Power is set as 

per the simulation parameter Table 1. The 

secondary side doubler circuit is used to increase 
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the transformer secondary voltage from 200V to 400V. 

 

 
Figure 6 Simulation Circuit Advanced Boost Converter 

 

The MPPT sub-block is shown in figure 7. 

The P&O algorithm is used to achieve MPPT 

condition. The PWM pulses for mosfets are 

generated based on change in duty ratio. According 

P&O method change in PV voltage and change in 

PV power is obtained using differential block and 

the change in (dv) & (dp) is compared with respect 

to ground and given to exor gate. The error value is 

given to PI Controller block with Kp=1 and 

Ki=0.01. The signal from controller is compared 

with ramp signal. The complimentary generated 

pulses are given to MOSFET Q1 and Q2. 

 

 
Figure 7 MPPT Sub-block 

 

The Figure 8 shows the transformer primary and secondary current waveforms. The CLC resonance 

condition is observed in below figure. The transformer primary and secondary current observed is Ip=10.39A 

and Is=2.09A 

 
Figure 8 Transformer primary & secondary current waveforms 

 

The MOSFET Q1 voltage and current waveform are shown in figure 9. The Voltage across the switch 

is observed as twice the input PV voltage. The RMS voltage and current of the MOSFET Q1 is Vq1=53.2V and 

Iq1=3.94A and MOSFET Q2 is Vq2=45.49V and Iq2=14.12A. 
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Figure 9 MOSFET Q1 & Q2 Voltage & Current Waveforms. 

 

Resonance capacitor C1 and C2 current 

waveforms are shown in figure 10. The capacitor 

C1 is resonate when MOSFET Q1 is ON and 

capacitor C2 resonate when MOSFET Q2 is ON. 

The average current flowing through capacitor C1 

and C2 is Ic1=0.95A, Ic2=1.94A . 

 

 
Figure 10 Resonance capacitor C1 & C2 current waveforms 

 

The output Voltage and current waveforms of IBR circuit is shown in Figure 11. The average output voltage and 

current is Vo=360.29V, Io=0.816A. 

 
Figure 11 Output Voltage & current waveforms 

 

V. CONCLUSION 
The purpose of multi-functional EV 

charger with integration of solar PV array and grid 

to charge EV battery, which is connected to DC 

Bus, is presented in this work.  An isolated boost 

resonant converter is proposed as a solution to 

provide efficient, distributed PV power conversion. 

The circuit topology is a hybrid between a series 

resonant half bridge and traditional CCM boost 

converter, which uses only two active switches. 

The IBR converter topology was described with the 

circuit operating modes and waveforms. The 

proposed converter gives better efficiency 

compared to conventional converter with less 

component and easy control technique using P&O 

algorithm. 
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