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ABSTRACT
Growing awareness of greenhouse gas emissions and exhaustion of fossil fuels leads to the 
adoption of electric vehicles (EVs). However, the major limitations with respect to EV technology 
are the driving range and charging time. Also, the proliferation of EVs overloads the power grid and 
paves the way of incorporating renewable energy sources and energy storage devices. The use of 
multiple sources necessitates the deployment of compact, low-cost, and high-power electronic 
converters. This paper proposes a novel configuration of a Multi-Source Non-Isolated Quasi- 
Resonant Converter (MSNQRC) to overcome the limitations in the charging infrastructure. Due to 
the presence of a quasi-resonant network, the proposed MSNQRC with a single switch can achieve 
high voltage gain even at low-duty cycles, provide continuous current and low voltage stress. In 
addition, this paper elaborates on the parametric design of the converter along with PV modeling 
based on load ratings and the reliability research of MSNQRC by analysing component failures. 
A prototype model of 300W is built to verify the efficacy of the designed converter model. The 
results thus obtained validate the designed model and prove that the proposed system can be 
used for off-board battery charging systems.
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1. Introduction

Hybridization of photovoltaic (PV) modules, grid, 
and battery storage packs has found its way in dif
ferent commercial applications. Hybrid systems are 
mainly utilized in electric vehicles, energy storage 
systems, and in many industrial applications. 
Renewable sources like solar energy are readily avail
able and economic [1]. As referred in reference [2], 
there exist certain challenges during the integration 
of DC bus system, and different components such as 
loads and energy storage devices. To overcome the 
challenges and maximize the performance of grid, 
solar arrays, electric vehicles (EVs), and loads con
nected to DC buses, suitable controllers must be 
developed. The importance of power management 
system (PMS) of an EV in a hybrid PV/grid multi
source power supply is elaborated in [3,4].

EV chargers with hybrid systems are implemented in 
commercial places to charge electric cars while parked 
during the daytime. Maximum PV energy consumption 
for EV charging with minimal grid energy exchange is 
the objective of a hybrid system. The features of EV – 
PV charger will be:

● Development of sustainable charging stations.
● Reduction of grid dependency with an increase in 

the utilization of renewable energy.
● Clean, renewable, cost-effective, and easily avail

able alternative energy source requirement during 
the non-availability of grid power [5–8].

Reference [9] discusses the planning methodology for 
an Electric vehicle charging station (EVCS) with 
optimization techniques, and sensitivity analysis. 
Also, researchers [10] provide an assessment of 
EVCS location and its impact on the local distribu
tion network [11]. A comprehensive analysis of 
EVCS, including the choice of locations, sizing meth
ods, modeling, charging methodologies, and modes 
of transport, is well elaborated in [12]. Paper [13] 
examined bidirectional converters for rapid charging 
EV/PHEVs. The authors concluded that high gain 
and efficiency converter is suitable to charge the 
high rated battery. Reference [14] discusses the per
formance of low voltage battery packs, maintenance, 
safety, and compares three battery pack voltages (24  
V, 48 V, and 300 V). The article [15] suggested 
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semi-bridgeless ac-dc converters at the front end for 
rapid charging with 400 V dc voltage to overcome 
North America’s low residential power (Level 1/ 
level 2). Grid-assisted bidirectional EV charging for 
PHEVs was presented in [16]. The study in [17] 
examined wireless EV charging technologies and 
power electronics (PE) designs. The paper [18] pro
poses a Constant Current Constant Voltage (CCCV) 
charging method for grid-connected EVs with vol
tage-control management. A novel resonant conver
ter topology for charging EVs is proposed using 
a CCCV profile with experimental results [19]. The 
study in [20] covers the pulse charging method for 
Li-Ion battery charger, CCCV with linear and 
switching circuits. In [21], a charging system for 
electric vehicles (EVs) employing distributed energy 
resources (DERs) such as PV array and a battery 
storage system is analysed. This study also presented 
charging EVs with a distinct charging profile (CC 
charging profiling), as well as a small-scale power 
system for a single EV [22]. The authors of [23,24] 
discussed the design of a PV system for charging 
EVs with BESS.

The purpose of PV-powered EVCS is to improve 
the benefits of utilizing renewable sources, and to 
reduce the costs associated with charging, and 
dependency on the grid. On the other hand, with 
the help of a comprehensive power infrastructure, it 
is essential to develop a CCCV charging profile that 
is both efficient and safe. Table 1 provides 
a comparative study of EVCS. In recent years, 
a significant amount of research has been devoted 
to evaluating the reliability performance of power 
equipped converters [25,26]. The power electronic 
converter’s reliability is examined based on switch 
type, application, and redundant structure in [27– 
29]. The reliability of a 3-phase interleaved boost 
converter can be enhanced using soft switching with
out auxiliary components [30]. The number of stages 
that can be modified in an optimization model for an 
interleaved boost converter is presented in [31]. This 
approach achieves a compromise between both 
affordability and reliability. In [32], a comparison 

of reliability levels of interleaved and single-stage 
boost converters’ is presented. The two-stage inter
leaved boost converter that operates at half the 
energy provides the maximum level of reliability, 
and it needs more components than a single-stage 
model. The life time of an isolated converter with 
a redundant power source application is character
ized in [33] by voltage, current stress, ambient tem
peratures, junction temperatures, load profiles, 
switching and conduction losses, and load profiles. 
This paper describes a MSNQRC interfaced to off 
board EVCS. The PV array, grid, and EV batteries 
can exchange energy in all possible ways. DC-DC 
converters are synthesized, and parameters are 
designed for EVCS. Voltage control mode and cur
rent control mode are incorporated to charge vehi
cles with the utmost efficiency in the shortest period 
of time possible.

The proposed charging method is validated via 
simulation in a variety of operational scenarios. 
With this intention, description of the system of 
EVCS and modeling of PV is described in 
Section 2. The considerations in the parametric 
design of a power source, ratings, operating princi
ple, and modes of operation of MSNQRC are pre
sented in Sections 3 and 4, respectively. Designing 
a controller for an EV battery charging is discussed 
in Section 5. Prototype of MSNQRC is realized, and 
the experimental results are presented in Section 6 to 
validate the theoretical and simulation-based ana
lyses. The dynamic behavior of the converter is 
described in Section 7. In the final Section 8, the 
conclusions are summarized.

2. Description of the system

2.1. Configuration of a system with an EV 
connected to dc bus

As illustrated in Figure 1, the system uses a grid as 
the primary power source and PV as the secondary 
source. A secondary energy source is needed to bal
ance the power demand when one input source fails 

Table 1. Comparative study on EVCS.

Ref. Design for charging EVs Modes
Configuration of 

system Efficiency
Voltage 

regulation
Charging hour 

taken
Method of 
Charging

[2] Detail study for 3 EV’s battery 
(load)

3 Grid connected Not  
mentioned

Good <3 hr CCM and CVM

[20] Detail study for 1 EV’s battery 
(load)

3 Standalone Not mentioned Worst Not mention Stepped-CC

[22] Detail study for 5 EV’s battery 
(load)

Nil Grid connected Not mentioned Not mentioned 4–5 hr CC

Proposed 
method

Detail study for 10 EV’s 
battery (load)

3 Grid/PV connected Calculated >91% 
(CEC)

Excellent 4 hr CC-CV
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to charge the electric vehicle. During the daytime, 
the PV source can meet the load demand. Likewise, 
when the grid is unable to meet the load demand, 
the PV source supports the required EV power. 
According to CC-CV control system, grid/PV inter
faced MSNQRC is used to supply power from the 
utility grid to the battery. Ten charging sockets, 
points, or outlets on the load side are intended to 
use MSNQRC to charge EVs at various voltage levels. 
Electric vehicle battery voltages are often multiples of 
24 V and 48 V.

2.2. Modelling of PV array

The photovoltaic module serves as the interface for 
converting light energy into electrical energy. To 
model this device, it is necessary to utilize the 
irradiance and temperature of the surrounding 
environment as input variables. Output can be cur
rent, voltage, or power. It is essential to utilize an 

appropriate PV module. A particularly precise 
mathematical model [21] that is ideal for circuit 
modeling is the one depicted in Figure 2(a). The 
mathematical model of PV can be deduced from 
Equations (1–5). 

The temperature coefficient of cell’s short circuit cur
rent, denoted as Ki, is 0.0017 Amp/C. In the above 
equations, Isc represents the short circuit current of 
the cell in amperes (A), and G represents the solar 
radiation in watts per square meter (W/m2). The 
impact of temperature fluctuations and wind velocity 
is neglected.

2.3. Modeling of MSNQRC

Figure 2(b) depicts the schematic diagram of 
MSNQRC modeling circuit, with two sources, PV, 
and grid, and the load side is accommodated with an 
EV battery.

Figure 1. Schematic architecture for off board EVs charging station.

Figure 2a. Schematic diagram of MSNQRC modelling circuit.

3



High gain DC-DC converters are required for PV 
and MSNQRC works in boosting mode to provide 
high gain during charging. While designing parameters 
for MSNQRC in boost mode, the input voltage 
(Vinput-min and Vinput-max), nominal output voltage, 
and maximum output current is required to compute 
the power stage.

3. Ratings and parametric design of PV module, 
and QRC

3.1. Load estimation

The MSNQRC system consists of specific 10 EV battery 
packs of 28 V, 8Ah and 48 V, 12Ah as load in parallel. 
The overall power capacity of the load may be computed 
as indicated below in Equation (6): 

3.2. Sizing of PV system

PV modules are designed to charge 10 electric vehicles 
simultaneously. In addition, the PV modules are 
designed to recharge the EV battery during daytime 
without moving the vehicles. The EVs charge for 4  
hours, from 0% to 100% SOC in the worst-case sce
nario, to reduce grid dependency and improve the 
utilization of PV source. Charging time is decreased 
by increasing the number of PV modules by increasing 
the installation of PV. PV is included with the grid to 
attain high power and fast charging. The PV module’s 
power to charge the 10 batteries is estimated by 
Equation (7). 

where Tch is the time required for charging, ȠPV is 
the efficiency of the PV converter, and ȠMSNQRC is 
the MSNQRC efficiency. For PV modules rated at 
20W, the number of PV modules (Npv) for 10 
battery-powered EVs is calculated as shown in 
Equation (8). 

So, 58 PV modules are needed to be connected in 
parallel at a rated voltage of 12 V and a rated current 
of 1.6A for 10 EV’s batteries.

3.3. Inductor

The inductor current ripple is essential for designing 
inductors. Equation (9) represents the inductor current 
ripple. Inductor voltage VL1 = L(di/dt) into account. 

Inductors are designed to limit twice the magnitude 
of the ripple current differential. The inductor cur
rent iL1 should oscillate within 20% of average cur
rent. Equation (10)helps to design inductor L1 by 
utilizing the appropriate current ripple and volt-sec 
balancing theory. 

where f s represents switching frequency.
Similarly, inductor values for L2 and L3 are designed 

as mentioned by Equation (11). 

Figure 2b. Schematic diagram of QRC.
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3.4. Capacitor

The capacitors are designed to limit the change in 
voltage difference (ΔVC) as mentioned by Equation 
(12). By assumption, it is designed with the permis
sible value of ΔVC1 as 20% of the average capacitor 
voltage. 

Using capacitor voltage charge-sec balance and voltage 
ripple, the capacitor C1 is designed as shown in 
Equation (13). 

The C2 and C3 capacitor values are designed as repre
sented by Equation (14). 

4. Description, operating principles, and modes 
of operation of MSNQRC

Figure 3 depicts the designed power circuit for 
MSNQRC. This circuit contains one power- 
controlled switch (S), three (C1, C2, and C3) capaci
tors, and three (L1, L2, and L3) inductors, in addition 
to one uncontrolled switch (D). The controlled 
power switch S transfers power from the grid (pri
mary source) and PV (secondary source) to EV bat
tery (load) based on demand. Consequently, the grid 
and the photovoltaic panel are regarded as input 
ports, whereas the EV battery is connected at the 
output port.

Depending on the availability of supply and the 
switching conditions of switch S, the proposed 
MNQRC has three operating modes with two dissimilar 
states. Figure 4 depicts different modes of operation and 
the equivalent circuits for each interval of MSNQRC 
operating period. Table 2 provides details regarding 
the ports involved and the direction of power transfer 
in MSNQRC during various modes of operation. 
Switches, diodes, inductors, and capacitors are assumed 
to be lossless components.Figure 3. Power circuit for MSNQRC.

(a) (b)

Figure 4. Operation of MSNQRC, (a) switch S = ON, (b) switch S = OFF.

Table 2. Operating modes of proposed MSNQRC.
Mode Power flow direction Type of Mode Constraints

Mode-1 Figure 5(a) Grid to EV battery SISO-Single Input Single Output ● Grid power is sufficient.
(Pgrid>P bat)

Mode-2 Figure 5(b) PV to EV battery SISO-Single Input Single Output ● PV power is sufficient.
(PPV>P bat)

Mode-3 Figure 5(c) Grid and PV to EV battery MISO-Multiple Input Single Output ● Grid + PV is sufficient.
((Pgrid+PPv) >P bat)
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4.1. Operating principle

4.1.1. STATE 1
During this interval 0<d1TS, the switch S is turned 
on as depicted in Figure 4(a). The current IL1 flow
ing through the inductor L1 increases with 
a positive slope. The discharge of capacitor C2 mag
netizes the inductor L2 and charges the capacitor 
C1. As a result, the inductor L3 and capacitor C2 are 
discharging. Equations (15–18) are valid for opera
tion in state 1. 

4.1.2. STATE 2
During this period, d1Ts<t<Ts switch S is turned off 
as shown in Figure 4(b). As a result, there is a drop 
in inductor current iL1g with a negative slope. The 
inductor L2 and the capacitor C1 are discharging. L3 
and C2 are charged. The steady state equations 
related to the state are described as shown in 
Equations (19–22). 

The volt-second balance Equations (15–24) with 
respect to inductor ‘L’ and charge-second balance 
equation with respect to capacitor ‘C’ can be used to 
calculate the capacitor’s voltages and voltage gain using 
Equations (23–26). 

4.2. Modes of operation

4.2.1. Mode 1 (Pg > PPV) single input single output
Figure 5(a) depicts the equivalent circuit of MSNQRC as 
well as the power flow schematic while the converter is 

 (b) 

(c)  

(a)     

Figure 5. Modes of power transfer, (a) mode-1 (SISO).
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operating in mode-1. During such conditions, the grid 
delivers power individually to EV 

4.2.2. Mode 2 -(PPV>Pg) single input single output
During the daytime PV provides sufficient power to 
meet the load demand. This mode delivers energy 
from the PV to EV batteries individually, as depicted 
in Figure 5(b). 

Grid to EV’s Battery, (b) Mode-2 (SISO) PV to EV’s 
Battery, (c) Mode-3 (DISO) Grid/PV to EV’s Battery.

4.2.3. Mode 3 - (PPV = Pg) multiple input single output
When the demand for EV battery power is significant, 
as depicted in Figure 5(c), both PV and the grid provide 

power to the EV battery. During this state, the switch ‘S’ 
is activated. 

5. Control design for MSNQRC

5.1. EV battery charging controller

Charge controllers regulate the rate at which voltage 
and current are delivered to a vehicle’s battery. It 
protects the battery from overcharging. The control
ler is responsible for controlling the switching 
sequence of the power electronic interface. Figure 6 
depicts the conventional PI controller used to control 
the output voltage and current of MSNQRC. Using 
constant-voltage and constant-current controllers, 
the EV battery is charged efficiently. Figure 7 
demonstrates that for rapid charging, both the 

Figure 6. CC-CV EV battery charging controller.

Figure 7. Equivalent circuit of MSNQRC with control.
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inner current control loop and the outer voltage 
control loop used for constant voltage and constant 
current charging are employed. Proportional-Integral 
control algorithm is used to modulate EV battery 
charging. The most popular PI controller is designed 
to eliminate the steady state error and regulate the 
battery current and voltage. Using Ziegler-Nichols 
tuning method, the proportional gain (Kp) and inte
gral (Ki) with time Ti values are determined from 
Equations (27 and 28).

6. Power losses and reliability analysis of 
MSNQRC

6.1. Power loss Analysis

Parasitic resistances are described for the effective 
analysis of the switch in MSNQRC. rs represents 
the ON-state resistance of switch (S), rD, and VD 
represent forward resistance, and threshold voltages 
of diode D respectively. Total power losses (PS) of 
the switch are estimated for the assumed 40% duty 
cycle and 10 V input voltage. The total switch power 
loss (PS) is calculated using Equation (29). 

Switch power conduction loss (Prs) is evaluated using 
Equation (30). 

‘Io’ and ‘d’ are the output current and duty cycle of 
MSNQRC switch, respectively.

MSNQRC switching loss (PSL) is 

Vin, CS, and fs are the input voltage, snubber capacitor, 
and switching frequency, respectively. Substituting the 
Equations (30) and (31) in (29). 

Equation (32) determines diode D (PD) power loss. 

The forward resistance loss (PFRD) of diode D can be 
calculated using the Equations (34-35) 

where rD and ID represent the diode’s resistance and 
current flow, respectively. The forward voltage loss 
(PFVD) of diode D can be calculated as follows: 

Substitute Equations (34) and (35) in (33), then the 
diode power loss PD is 

Here, closed-loop voltage mode and current mode con
trol using a PI controller with variable input and con
stant output has been implemented. Figure 8 illustrates 
the flowchart for EV battery charging method (constant 
voltage and constant current).

6.2. Reliability estimation

In this section, the evaluation of the reliability of an 
MSNQRC based on MILHDBK-217F [34] without any 
variation in component characteristic parameters is 
presented.

Table 3 contains the list of design elements. Under the 
assumption of a constant failure rate λSYSTEM, the system’s 
reliability can be calculated as shown in Equation (37).

Figure 8. EV battery charging controller.
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RS(t) is the probability of no failure occurring during the 
time interval ‘t’. λSYSTEM displays the system failure rate 
(failure per hour). Using the reliability probability for
mula in Equation (38), the mean time to failure (MTTF) 
of MSNQRC can be calculated.

The failure rate of power MOSFETs (failure per hour) 
can be expressed using Equation (39) 

The base failure rate (λB) is 0.012, both the quality factor 
(πQ) and the application factor (πA) are 8. The environ
mental factor πE for MSNQRC in electric vehicle char
ging station is 9. Equation (40) determines the junction 
temperature and temperature factor.

For MOSFET packaging in D2PAK, set junction-to- 
ambient thermal resistance θJA is 18 C/W and ambient 
temperature Ta is 25◦ Celsius. The PSW represents the 
switching device’s total power loss (the sum of conduc
tion and switching losses). The MOSFET failure rate can 
be computed from previously obtained parameters 
using Equation (41). 

Considering the power loss in a switch as 1.308 
W (which includes conduction and switching losses), 

Equation (42) determines the MOSFET failure rate. 
where TJ is 48.544. 

Similar analyses can be implemented on MSNQRC 
diode, inductor, and capacitor. The failure rate and 
MTTF of MSNQRC are represented by Equations (43) 
and (44), respectively, for the MSNQRC under 
consideration. 

Figure 9 and Table 4 show the fluctuations in reliability 
with respect to MSNQRC parameters, including gain, 
output voltage, power losses, duty cycle, and duration.

7. Results and discussion

As shown in Figure 10, to charge an EV battery with 
a capacity of 56.6 kWh, 650 V, 83.3Ah, the selection 
of the converter switch should have the rating of 650  
V C6D Silicon Carbide Schottky Diodes 

Table 3. Parameter details of MSNQRC.

Parameter used Input Voltage Vin

Inductors 
L1, L2, L3 Capacitor C1, C2, C3

Battery 
Rating Switching Frequency fs

Simulation Mode 1–12 V (Vin1) 
Mode 2–12 V (Vin2) 
Mode 3–10 V (Vin1) and 10 V (Vin2)

10 mH 12.6µF, 12.6 µF, 100 µF 24 V, 10 Ah 20 kHz

Experimental Mode 1–12 V (Vin1) 
Mode 2–12 V (Vin2) 
Mode 3–10 V (Vin1) and 10 V (Vin2)

12 mH 10 µF, 10 µF, 100 µF 24 V, 10 Ah MOSFET (IRFP4227Pbfx2 rs = 15 mΩ,  
CS = 46 PF-20 kHz), DIODE 
(RF1001NS2DFH) 
rD = 20 mΩ, VD = 0.87mV

Table 4. Analysis of MI-QRC with various duty cycles.
Duty Gain Operating Time Power loss λsw MTTF year/Failure (MOSFET)

0.1 1.12 0.5 x 10–5 0.0066 6.93 16.473
0.2 1.33 1 x 10–5 0.0342 7.005 16.29
0.3 1.75 1.5 x 10–5 0.944 9.7 11.65
0.4 3 2 x10–5 1.522 11.09 9.38
0.45 5.5 2.25 x10–5 2.712 17.16 6.65
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(C6D20065D) when ‘D’ is varied from 0.1 to 0.49 for 
an input voltage.

In the laboratory, a 300 W, 20 kHz MSNQRC with 
MOSFET switches is built with the designed values 
and are listed in Table 3. The MSNQRC employs two 
DC power sources. To sustain battery voltage, 
a simple PI controller [28] is used. The Xilinx 
FPGA Spartan 6 generates control signals that are 
applied to trigger the MOSFET. A 20 kHz switching 

frequency is used for gate pulses. As previously sta
ted, the MSNQRC is capable of charging EV batteries 
at low duty cycles.

Validation of efficiency and high voltage gain of 
MSNQRC at 0.4 duty cycle and constant input vol
tage are tested experimentally as a proof of concept. 
Experiments were carried out with MSNQRC with 
a 12 V voltage source. Duty ratios of 40% to 49% 
were chosen for boost operations, with a gain 

(a) 

(c) (d)

(e)

(b) 

Figure 9. (a) Gain and power losses for various duty cycles, (b) gain and output voltage for various duty cycles (c) reliability with duty 
cycle (d) MTTF with respect to time. (e) output voltage, duty cycle and power losses.
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increasing up to 23 times. Figures 11 and 12 show 
the simulation, and experimental output of all three 
modes of operation for the voltage source and cur
rent, load current, and voltage. Furthermore, the test 
is carried out with a 12 V source voltage (grid and 
PV) and the load voltage (battery voltage) as 24 V. 
Figure 13 shows the inductor current for all three 
modes and Figure 14(a–c) shows the experimental 
output of inductor current for all three modes.

Figure 15 shows the behavior of MSNQRC during 
a dynamic change in the input voltage. For an open 
loop system, the MSNQRC provides quick transient 
performance. For an instance, when the source voltage 
is increased from 10 V to 12 V, a change in output 
voltage is observed from 27.7 to 28.1 V as shown in 
Figure 15(a) for mode 1. An increase in the input 
voltage of 10 to 12 V, causes a change in output 
voltage from 27.6 to 28.2 V as shown in Figure 15(b) 
for mode 2 and during mode 3 when input voltage is 
increased from 10 to 12 V, there was a change in 
output voltage from 27.75 to 28.3 V as shown in 
Figure 15(c). The regulated duty ratio of switch 
S with the EV battery charging controller manages 

Figure 10. Simulation results of MSNQRC for SISO mode to 
charge an EV battery of capacity 56.6 kWh, 650V, 83.3Ah.

(a) (b) 

(c) 

Figure 11. Simulation results, (a) mode-1 grid (source) to EV battery (load), (b) mode-2 PV (source) to EV battery(load), (c) mode-3 both 
grid and PV (sources) to EV battery (load). 11



(a)                                                     (b) 

(c) 

Figure 12. Experimental results, (a) mode-1 (power flow from grid (source) to EV battery (load)), (b) mode-2 (power flow from PV 
(source) to EV battery (load)), (c) mode-3 (power flow from both grid and PV (sources) to EV battery (load)).

Figure 13. Current through inductor L1, L2, and L3 during mode 1.
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(a)  (b) 

(c) 

Figure 14. Experimental results for inductor currents, (a) mode-1 (pulse, inductor current), (b) mode-2 (pulse, inductor current), (c) 
mode-3 (inductor current).

(a) (b) 

(c)     (d) 

Figure 15. Simulation results of input voltages, input currents, output voltages, output currents during transient condition for, (a) 
mode-1, (b) mode-2, (c) mode-3, and (d) experimental results.
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(a)         

(b)

Figure 16. Experimental results of input voltages, input currents, battery current and voltage, (a) during step up input voltage 
condition (transient condition) with PI controller, (b) during step down input voltage condition (transient condition) with PI 
controller.

(a) (b) 

Figure 17. Charging status of EV batteries from 40% to 90% SOC, (a) sample of a single battery voltage, battery current and SOC, first 
set of five battery SOC for 48V vehicle batteries, and (b) sample of single battery voltage, battery current and SOC, second set of five 
battery SOC for 28V vehicle batteries.
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the step down and step-up voltages as illustrated in 
Figure 16. EV battery charging controller controls the 
output voltage. Maintenance of constant output 28.2 V 
is achieved using the PI controller as shown in 
Figure 16. EV battery charging state, as shown in 
Figure 17(a,b), and the charging status of EV battery 
initially from 40% to 90% for 5 EV batteries at 28 V, 
and rest of 5 EV batteries at 48 V are depicted in 
Figure 17.

8. Conclusion

In this paper, a novel MSNQRC power electronics inter
face powered by a PV/Grid-EV battery system with the 
CC-CV controller has been analysed. First, the parametric 
design and selection of PV modules are discussed in rela
tion to load demand. To demonstrate the capabilities of 
MSNQRC, various modes of operation have been dis
cussed. From the analysis, it can be inferred that a PV 
hybrid system is suitable for EVCS (EV battery charge with 
a grid/PV station) to reduce the grid dependency. The 
converter parameters change due to the converter’s ageing. 
Therefore, this paper, along with the design and analysis of 
MSNQRC, presents the reliability analysis of converter 
based on degradation with the computation of component 
failure rates. The study considers the impact of input 
voltage, duty cycle, output power, and gain on the con
verter’s reliability, while operating in an open loop config
uration. The experimental results (300W prototype) and 
simulation results have been used to confirm the 
MSNQRC’s functionality.
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