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Abstract: In this paper, the solar energy from SPV is extracted to charge the EV battery in an efficient manner using A- source dc-dc boost converter as 
a charge controller. The proposed converter is targeted to achieve high efficiency with low ripple content at the output side by having a proper design of 
an LC filter for RC load which acts as a load. The extracted power from the solar is completely transferred to the load in order to satisfy the maximum 
power transfer theorem. The power rating is around (400-450) W. The proposed converter is suitable for storing energy from any type of renewable 
source since it draws continuous current from the source. Using ASBC, the 25VDC from solar is boosted to 75VDC for charging an EV battery. The 
switching frequency maintained for MOSFET is 50 kHz at the boosting stage. The proposed converter is completely verified using MATLAB simulation 
study for both open-loop as well as closed loop systems respectively. The implementation of the PI controller and MPPT technique is done in a closed 
loop simulation system in order to have proper tuning. The MPPT technique used is the incremental conductance method for maximum power extraction 
purposes. 
 
Index Terms: A-source boost converter (ASBC), Solar Photovoltaic (SPV), MPPT (Maximum Power Point Track), Proportional and Integral controller 
(PI), Electric Vehicle (EV), Inductor capacitor (LC) filter, RC load, PV (Power Voltage), IV (Current Voltage). 

———————————————————— 

 

1 INTRODUCTION      
In recent decade's industry, transportation, and energy storage 
applications have been using battery systems for storing 
energy. It has been identified as a grooming technology for 
smart grid applications, electric vehicles and transportation. 
However, while dealing with high power applications several 
energy imbalances occur due to the variation in the charging 
and discharging process. To overcome these issues many 
efficient battery topologies have been investigated and 
developed [1-2].Solar energy is playing a vital role in 
compensating the increasing demand for energy. To cope with 
this, photovoltaic installation is being done in an electrical 
system. To extend the scope, newer trends and innovations 
are being taken. In a conventional system, passive and active 
balancing schemes are used which would create more energy 
losses [5-6].Passive balancing schemes have been used for 
many years due to low-cost advantages. The working principle 
of this scheme is so simple. When a single cell/module 
reaches the charge voltage limit, it will be discharged by a 
power resistor to allow other cells to be fully charged. A 
limitation of this approach is that it can be applied only for the 
charging process. This scheme cannot be applied for both 
charging and discharging processes [10-13]. On the other side 
in the active balancing scheme, they equalize the battery by 
transferring energy from a higher state of charge to a lower 
state of charge and it can be done in both charging and 
discharging process. Capacitive balancing, inductive 
balancing, and mixed active balancing are the three types of 
active balancing schemes.The major limitation of this scheme 
is that there is a huge power loss.  
 
 
 
 
 
 
 
 
 
 
 

Many types of research have and an ideal solution has been 
found out for this energy loss and low-efficiency issues. For 
efficient storing of solar power in the electric battery, three 
modes of operation are used [8-9]. They are solar-balancing 
mode, storage balancing mode, charge-balancing mode. 
Logical converter topology plays a notable role in the battery 
charging of electric vehicles in which the size of auxiliary 
inductor is reduced and there is the absence of a snubber 
circuit. For high voltage boost in single-stage power 
conversion, several network source topologies have been 
adapted. Depending upon the consideration of the application, 
Γ-Z-source, flipped-Γ-Z-source, T-source, Trans-Z-source, TZ-
source, LCCT-Z-source/quasi-LCCT-Z-source, LCCAt source, 
Y-sourcenetwork and quasi Y-Source network have also been 
introduced [3-4].  Without compromising output performance 
an A source impedance network has been developed. A-
source impedance network is designed for realizing converters 
that demand a high voltage gain while maintaining a small duty 
ratio and turns ratio of coupled magnetics.  The proposed 
converter is suitable for many types of renewable energy 
sources since it draws continuous current from the source [3]. 
In [4], the quasi Z source converters along with its switched 
capacitor are proposed for fuel cell vehicle application and 
also the analysis of voltage as well as current stress at each 
component are done. The duty of low value concludes the high 
value of boosting. The dynamic analysis is also done to check 
the system's dynamic performance. The expressions for each 
inductor and capacitor design are well defined [12-13]. The 
proposed network uses fewer components and hence the 
network design complexity is reduced. As a result, the cost of 
the system is reduced and power density can be improved. 
Circuit analysis is done using MATLAB software. Open loop 
and closed loop configurations were done and the simulation 
results were shown below. The test results are validated and 
verified using MATLAB software. The fig. 1 shows the overall 
block diagram of the proposed converter where the solar is 
integrated with battery with a help of a dc-dc boost converter 
which acts as a charge controller to have high power transfer 
from source to load with high efficiency. 
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2 CIRCUIT DIAGRAM OF THE PROPOSED 

CONVERTER 
 

 
 

Fig 2 provides a detailed explanation of the proposed 
converter circuit diagram. Since the voltage from solar is less 
here, the ASBC used which provides a high gain of voltage 
which helps to charge the battery with series and parallel 
connection. The battery impedance value is taken as the RC 
load.  
 

3 MODES OF OPERATION 
The fig. 3 shows the mode 1 operation where the switch Sw is 
turned on and the diode DA is reverse biased. Initially, the input 
inductor Li gets charged and the capacitor CB also charged. 
The coupled inductor gets energized L1 and L2 respectively. 
By applying KVL to Fig 3, we get 

Vin-VLi+VCB+(L2/L1)VLA+VLA-VCA=0--------------------------(1)                                                         
                   VLA=VCA---------------------------------------------(2) 
By rearranging (1), we obtain 
 

VLi=Vin+VCB+VLA((L2/L1)+1)-VCA---------------------------(3) 
From (2) and (3), the voltage across the inductor L during 

the shoot-through (on state) state is 
VLi=Vin+VCB+(L2/L1)VCA------------------------------(4) 
 
 
 
 
 
 

 
 

The equivalent circuit of the A-Source network during the non-
shoot through the state is shown in Fig 4. In this state, the 
switch SW is OFF and the diode D1 is forward biased. The 
state equations are 
VLi = Vin−VCA------------------------------------------------(5)    
 VCB+VLA+(L2/L1)VLA=0----------------------------------(6) 
VLA=-(VCB/(L2/L1)+1)-------------------------------------(7) 
Applying the volt-second balance principle to the inductor 
L1, we have 
VCADST –(VCB/(L2/L1)+1) (1-DST) = 0------------------(8) 
Now we get, 
VCA/VCB=(1-DST)/(1+(L2/L1)DST)----------------------(9) 
Where DST represents the shoot-through duty cycle of the 
switch. Applying the volt-second balance principle to the 
inductor L leads to  

 

 
 

(Vin + VCB + (L2/L1)VCA)DST + (Vin - VCA) (1-DST) = 0----(10) 
And solving the above equations we get, 
VCA= (1-DST)Vin/1-(1+N)DST-------------(11) 
VCB= (NDST)Vin/1-(1+N)DST------------(12) 
 
The above equation (11) and (12) shows that the variation 
capacitor voltage and output voltage completely depend on 
on-duty ratio changes. Thus, this provides the proper analysis 
of the proposed converter. 
 
 
 
 
 
 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 03, MARCH 2020       ISSN 2277-8616 
 

424 

IJSTR©2020 

www.ijstr.org 

4 SIMULATION REQUIREMENTS 
 

Table I: Simulink Specifications. 
 

Power rating (400-450)W 

Module Data Sunarray-S6B3612-450T 

Ir(irradiation) 
W/m

2
 

1000 @ 25
0
C 

Output 
Voltage(Voc) 

25V DC 

Output 
Current(Isc) 

18A DC 

Series string 1 

Parallel string 2 

Coupled Inductor 
Rb1=Rb2=1.123Ω; 

L1=45µH, L2=30µH 

Inductor Li, 
Capacitor C1,C2 

150mH, 470µF, 150µF 

ASBC Output 
Voltage 

75V DC 

ASBC Output 
Current 

6A DC 

MOSFET in ASBC 
Coss=4.93nF, VGS = 10 V, 

ID=5.6A, VDS=80V 

Duty ratio DST=0.2 

KP, Ki 6.25, 1.25 

L&C filter L=13mH, C=800µF 

Battery Nominal 
Voltage 

12V DC 

Capacity 7Ah 

 
The above table I specifies the Simulink parameters used in 
the simulation system. The controller PI with Kp and Ki values 
are designed using tuning toolbox present in MATLAB. 

 
5 SIMULATION RESULTS 
 

 
 

Fig 5 shows the open-loop Simulink model of the proposed 
converter where the irradiance (1000W/m

2
) and temperature 

(25
0
C) are fixed in solar panel. The voltage from solar is 

boosted to the desired value using ASBC for battery charging 
which is an RC load. The switching frequency for switching the 
MOSFET is 50 kHz. The coupled inductor is used for a high 
level of boosting operation from 25VDC to 75VDC. The other 
values used are mentioned in Simulink specifications. 

 
 
The fig 6 and fig 7 show the open-loop output voltage and 
current waveform respectively. It is observed that the 
waveform is completely rippled free and hence the efficiency is 
high around 95%. But the rise time and settling time of the 
response is high which can be eliminated in the closed loop 
simulation for further improvement in efficiency. The steady-
state error has to be minimized for better performance. 

 

 
 

Table II brings the irradiation variation analysis and its impact 
on the system. Here, the increase in irradiance value at 
constant temperature causes an increase in efficiency with a 
constant duty ratio respectively. 

 
Table II: Irradiation Variation 

 

S.No 
Ir 

(W/𝑚2
) 

DST 
(%) 

𝑣𝑖𝑛 
(V) 

𝑖𝑖𝑛 
(𝐀) 

𝑣𝑜𝑢𝑡 
(𝐕) 

𝑖𝑜𝑢𝑡 
(A) 

Ƞ 
(%) 

1 800 20 25 18 75 5.55 92.5 

2 900 20 25 18.1 75 5.62 93.6 

3 1000 20 25.2 18 75.2 5.75 95.27 

 
Fig 8 shows the closed loop Simulink model of the proposed 
converter which is achieved through MPPT and PI controller. 
That is, the AND logic made between the signal from the 
MPPT and PI control block. This results in the generation of 
triggering pulse for the switch. The tuned PI value helps to 
improve system efficiency. Here, the irradiation value kept as 
varying-parameter at a constant temperature in order to check 
the system stability with a finite value of Kp and Ki 
respectively. 
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Hence, fig 9 shows the graphical view of changes in irradiation 
value. 

 

 
 
The MPPT algorithm used here is the incremental 
conductance method as shown in fig 10. For maximum power 
extraction, it will be helpful.  

 

 
 
Fig 11 explains the PV and IV curve obtained from the solar 
panel after the MPPT is included. The panel is the combination 
of series and parallel connection of PV cells which provides 
450W power with 25VDC voltage and 18ADC current 
respectively. 
 

 
 
Fig 12 shows the battery model simulated on the MATLAB 
platform. The equivalent impedance for this lithium battery 
model is calculated and it is evaluated as RC load for easy 
analysis. 
 

 
 
The fig 13 and 14 show the closed loop output voltage and 
current waveform with slight ripple content but which is 
negligible. Here, the rise time and settling time of the response 
is low and hence the efficiency is improved. 
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Table III shows the reference voltage variation where the 
preset value is varied to check the system reliability and 
converter stability. This analysis is applicable only in a closed 
loop system. 

 
Table III: Reference Voltage Variation 

 

S.NO 
Vref 

(V) 

𝑣𝑖𝑛 
(V) 

𝑖𝑖𝑛 
(A) 

𝑣𝑜𝑢𝑡 
(V) 

𝑖𝑜𝑢𝑡 
(A) 

Ƞ 
(%) 

1 65 25 18 65 6.5 93.8 

2 70 25 18 70 6.2 96.4 

3 75 25 18 75.2 5.89 98.4 

 
6 CONCLUSION 
This paper presents an efficient way of charging an EV battery 
from a solar source with the help of boosting topology. The 
power output from solar is 450W which is transferred to load 
for charging a battery of 12V, 7Ah in an efficient way. The 
closed loop and open loop system analysis is done to verify 
the converter efficiency at various conditions. During the 
closed loop operation of the converter, the PI controller is 
getting tuned to the desired value of 6.25 and 1.25 
respectively. The low ripple content at the output side clearly 
describes the converter's better efficiency. Thus, the power 
rating of (400-450)W is achieved in the system and the 
desired values were obtained. 
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