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The increasing adoption of electric vehicles (EVs) has created a growing need for 
efficient, reliable, and safe battery charging systems. Lithium-Ion batteries are 
widely used in EVs because of their high energy density, long cycle life, and fast 
charging capability. However, their performance and lifespan depend significantly 
on the charging method employed. This work presents the design and development 
of an SMPS-based battery charger using the Constant Current–Constant Voltage 
(CC–CV) charging technique for a 36 V (10S) Lithium-Ion battery pack. 
The proposed charger converts a single-phase AC supply into a regulated 42 V DC 
output with a maximum charging current of 7.5 A. A buck converter controlled by 
Pulse Width Modulation (PWM) is used to achieve high conversion efficiency, 
while a MOSFET serves as the primary switching device. A relay driver circuit is 
incorporated to protect the battery from reverse charging and enhance operational 
safety. The charging process is controlled by a Raspberry Pi, which continuously 
monitors battery voltage and charging current and automatically switches from 
constant-current mode to constant-voltage mode as the battery reaches its rated 
voltage. This intelligent control strategy improves charging efficiency, reduces 
overheating, and helps extend battery life. 
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 The charger is designed, modeled, and analyzed using MATLAB/Simulink, 
followed by converter design, component selection, thermal analysis, and 
hardware implementation. Simulation and experimental results demonstrate that 
the proposed charger provides stable operation, improved power quality, high 
efficiency, and reliable charging performance. The developed system offers a 
practical, cost-effective, and scalable solution for modern electric vehicle charging 
applications. 

 

Introduction 

In recent years, electric vehicles (EVs) have gained 
significant attention worldwide due to their 
potential to reduce carbon emissions, decrease 
dependence on fossil fuels, and promote 
sustainable transportation. As the adoption of EVs 
continues to grow, the demand for efficient, 
reliable, and safe battery charging systems has 
increased considerably. However, long charging 
times and limited driving range, commonly referred 
to as range anxiety, remain major challenges that 
hinder the widespread adoption of electric vehicles. 
[1] 

The battery charger is one of the most critical 
components of an electric vehicle, as it directly 
affects charging efficiency, battery life, and overall 
vehicle performance. Most public charging stations 
provide a single-phase AC power supply, which is 
converted into the required DC voltage by an 
onboard Switched-Mode Power Supply (SMPS) 
charger. In India, commercially available onboard 
chargers typically have power ratings ranging from 
2.5 kW to 3 kW and operate from a 230 V 
single-phase AC supply. These chargers are 
designed to provide efficient power conversion 
while ensuring safe and reliable battery charging. 
[2] 

Lithium-Ion batteries have become the preferred 
energy storage technology for modern electric 
vehicles because of their high energy density, long 
cycle life, low self-discharge rate, and excellent 
charging performance. However, the efficiency, 
safety, and lifespan of these batteries depend 
largely on the charging method employed. [3] 
Several charging techniques have been developed 
for Lithium-Ion batteries, including Constant 
Trickle Charging (CTC), Constant Current (CC), 
Constant Voltage (CV), and Constant 

Current–Constant Voltage (CC–CV) charging. 
Among these methods, the CC–CV charging 
technique is widely recognized as the most 
effective because it enables faster charging while 
minimizing the risks of overcharging, overheating, 
and battery degradation. [4], [5] 

The novelty of this research lies in the design and 
development of a digitally controlled SMPS-based 
CC–CV battery charger for a 36 V (10S) 
Lithium-Ion battery pack using a Raspberry Pi as 
the main controller. Unlike conventional battery 
chargers that rely on analog control circuits or 
dedicated charging integrated circuits, the proposed 
charger employs a programmable Raspberry Pi to 
implement an intelligent CC–CV charging 
algorithm. The controller continuously monitors the 
battery voltage and charging current and 
automatically switches between the 
constant-current and constant-voltage charging 
modes to ensure safe and efficient charging. 
Furthermore, the proposed system incorporates a 
PWM-controlled buck converter with a 
MOSFET-based switching circuit and a relay driver 
to provide reverse-polarity protection, thereby 
enhancing the safety and reliability of the charger. 

The complete system is modeled and analyzed in 
MATLAB/Simulink, followed by hardware 
implementation and experimental validation. The 
proposed charger demonstrates improved charging 
efficiency, better power quality, reliable operation, 
and enhanced battery protection. In addition, its 
digital control architecture provides a flexible and 
scalable platform that can be extended to support 
advanced Battery Management System (BMS) 
functions, real-time monitoring, data logging, and 
IoT-enabled smart charging applications. These 
features make the proposed charger a practical and 
cost-effective solution for next-generation electric 
vehicle charging systems. 
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Literature Review 

Abdulkarim Nasir et al. [1] proposed the design of 
a Constant Voltage–Constant Current (CVCC) fast 
battery charger for electric vehicles. Their study 
reviewed several AC–DC fast charging topologies, 
including PWM rectifiers, NPC Vienna rectifiers, 
and buck converters. After discussing the 
limitations of existing charging systems, the 
authors developed a DC–DC buck converter-based 
charger employing the CVCC charging technique 
to achieve efficient and reliable battery charging. 

Prasad Vijay Yadav et al. [2] developed a robust 
Switched-Mode Power Supply (SMPS) battery 
charger for Lithium-Ion batteries and incorporated 
several protection mechanisms to improve charging 
safety. The proposed charger was based on a 
forward converter topology, with the output voltage 
regulated through a feedback control system. The 
authors also presented a detailed simulation model 
featuring a wide input voltage range, a window 
comparator, a soft-start circuit using a totem-pole 
comparator, and a PWM controller for effective 
converter operation. 

H. A. Hidayah and M. Somantri [3] investigated a 
fast-charging system based on a high-current 
charging technique. Their design employed a 
rectifier circuit, a buck converter, and an Atmega 
microcontroller to regulate the charging process. 
Experimental results showed that the proposed 
approach increased the charging current, thereby 
reducing the overall battery charging time. 

Mahesh Sharma [4] presented a 
microcontroller-based charger for Lithium-Ion 
batteries and identified the Constant 
Current–Constant Voltage (CC–CV) charging 
technique as the most suitable method for Li-Ion 
battery charging. The proposed charger was 
implemented using an 89S52 microcontroller, 
providing accurate charging control and improved 
battery protection. 

L. Chitra et al. [5] proposed two different 
approaches for charging electric vehicles: 
Grid-to-Vehicle (G2V) and Solar-to-Vehicle (S2V) 
charging. Their work demonstrated that EV 
batteries can be charged either from a conventional 

single-phase grid supply or through renewable 
energy generated by photovoltaic solar panels, 
thereby supporting environmentally friendly 
charging solutions. 

Rutvi T. Vora et al. [6] provided a comprehensive 
review of charging and control circuits used in 
electric vehicles. The paper explained the operation 
of each section of the charging system, from power 
conversion to battery control, and discussed several 
charger design approaches suitable for EV 
applications. 

Hidayah H. A. et al. [7] presented the design and 
implementation of a fast battery charging control 
system using an Atmega32 microcontroller. The 
proposed controller dynamically adjusted the 
charging current according to the battery condition 
and circuit requirements, resulting in improved 
charging efficiency and reduced charging time. 
Experimental results demonstrated that the system 
significantly increased the charging current while 
maintaining battery safety and reliability. 

Prasad Vijay Yadav et al. [8] developed and 
experimentally validated an SMPS-based battery 
charger for Lithium-Ion batteries used in electric 
vehicles. The charger continuously monitored the 
battery voltage and gradually reduced the charging 
current as the battery approached full charge using 
a PWM controller. This intelligent charging 
strategy minimized battery stress, improved battery 
life, and ensured safe and complete charging. The 
developed prototype demonstrated reliable 
performance and was found to be suitable for 
electric two-wheelers. 

Abdulkarim Nasir et al. [9] presented the design, 
simulation, and experimental validation of a 
Constant Current–Constant Voltage (CC–CV) fast 
battery charger for electric vehicles. The proposed 
charger consisted of a three-phase controlled 
rectifier, a DC–DC buck converter, and a battery 
charging unit. A Voltage-Oriented Control (VOC) 
strategy based on direct–quadrature (d–q) control 
was employed to regulate the rectifier. The 
charging controller implementing the CC–CV 
algorithm was modeled and analyzed using 
MATLAB/Simulink. The hardware prototype was 
developed using an Arduino Nano microcontroller, 
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a buck converter, and a current sensing circuit, and 
it was tested with both lead-acid and Lithium-Ion 
batteries. The experimental results confirmed the 
effectiveness of the proposed charger in achieving 
efficient and reliable battery charging. 

A review of the existing literature indicates that 
significant progress has been made in the 
development of battery chargers for electric 
vehicles. Most researchers have focused on 
improving charging efficiency through different 
converter topologies, charging algorithms, and 
microcontroller-based control systems. However, 

many of these studies rely on conventional 
controllers such as the Atmega series or Arduino 
platforms and primarily emphasize simulation or 
prototype development. These observations 
highlight the need for a more flexible and 
intelligent charging system capable of delivering 
efficient CC–CV charging with enhanced control, 
monitoring, and safety features. This research 
addresses that need by developing a Raspberry 
Pi-based SMPS charger that combines digital 
control, efficient power conversion, and practical 
hardware implementation for modern electric 
vehicle applications. 

Table 1: Types of Chargers 

 

 

 

  

 

 

Comparison of different ac/dc topologies for fast 
dc chargers 

Popular converter topologies used in EV battery 
chargers are PWM converters, NPC converters, 
Vienna converters and Buck type converters.  

 

 

 

 

Pulse Width Modulation Converter (PWM): 
PWM converter controls the output voltage or 
current by adjusting the width of pulses. It also 
converts average power delivered to the load. Such 
devices are used in inverters and DC TO DC 
converters.  

 

Figure 1: PWM convertor block diagram 
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Specifications/Parameters Level 1 Level 2 Level 3 

Working Voltage 110/120V 208/220/240V AC 3-Phase,400V 

Current Capacity 12-16Amp 12-80Amp <125Amp 

Power Output 3.6KW 7.6KW 50-1000KW 

Range 2-5 Miles/hrs. 10-30 Miles/hrs. 50-100 Miles/hrs. 

Charging Time 10-12 hrs. 4-8hrs. 30min-2hrs. 
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PWM Devices use MOSFETS or IGFETS as a high 
speed switching devices where the duty cycle 
decides the average output voltage. Higher duty 
cycle means MOSFET is ON for a longer time on 
the other hand lower duty cycle means MOSFET is 
ON for a shorter duration. In this way the duty 
cycle controls the output voltage. Hence PWM 
converts are used in DC to DC converters.PWM 
converters are highly efficient and they have 
precise control over output voltage and current. 
They are also able to minimize the harmonic 
distortions in the output waveform.  

Neutral Point Clamped Converter (NPC) : This 
design is suited for higher voltage output. 
Clamping diodes allows to handle higher input 
voltages. Hence they are specially used in medium 
and high voltage applications. For battery vehicles 
they are used in onboard chargers.  

Vienna Converters:  

Vienna converter is a popular 3 phase AC to DC 
converter. It is a unidirectional 3 phase PWM 
rectifier. They are highly efficient and able to 

produce very low harmonic distortion. In AC 
switching circuits the Vienna rectifier is used as a 
boost converter. In Electric Vehicle chargers Vienna 
converts are used in vehicle to grid (V2G) 
technology. 

Buck type Converters:  

Buck converter is a DC to DC converter which 
converts high input to a low voltage output. 
Switching devices used to reduce the voltage are 
Diode, Capacitor, Inductor, MOSFETS etc. by 
Buck converters. 

Diode is a unidirectional device which flows 
current when it is forward biased. The capacitor 
provides stable voltage by reducing ripples. The 
inductor stores the energy when it is ON and 
reduces the output voltage and increases the output 
voltage when it is OFF. Thus provides constant 
voltage at the output. MOSFET is a very fast 
device to make input voltage ON and OFF 
maintains the output voltage constant also. 
Efficiency for buck regulators is about 90% or 
more.  

 

 DESIGN OF FAST CHARGING CIRCUIT 

 

Figure 2: Block diagram of fast charging circuit 

Buck Converter Circuit  

Buck converter circuit converts DC-DC voltage 
which is variable. This circuit uses Pulse Width 

Modulation (PWM) technique which is nothing but 
a continuous ON/OFF switch and duty cycle to 
control the speed of switch.  
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 MOSFET Driver Circuit 

MOSFET driver circuit communicates between the 
microcontroller and a buck converter acts as a 
separator between power circuits with control 
circuit. Which protects the microcontroller from 
voltage behind the buck converter. 

Relay Circuit  

The relay circuit connects and disconnects the 
voltage from the voltage source to the battery fast 
charging circuit set by the microcontroller. Input of 
relay circuit is adjusted from voltage and current 
sensors. 

Voltage detector 

This voltage divider circuit works for voltage 
divider or voltage sensor circuit, because 
microcontroller system cannot accept voltage more 
than 5 volts and the circuit can measure larger DC 
voltage of 48V – 54V to 0V – 5V.  

Current sensor circuit 

The current sensor works for a safety and 
monitoring current which is flowing towards 
battery charging circuit. 

Selection of Microcontroller 

The Microcontroller is the brain of the battery 
charging system. One can select suitable 
microcontroller like PIC, Arm, Arduino, Atmega 
32, 89S52, Raspberry pie etc. Prior choice is made 
as the role of Microcontroller is very vital.  

Role of Raspberry Pi: 

In the provided setup (ev_charger_ui.py running on 
a Raspberry Pi with I²C peripherals ADS1x15 and 
MCP4725, Kivy touchscreen UI, and GPIO 
control), the Raspberry Pi functions as the real‑time 
supervisory controller: it executes the charging 
algorithm (control loop) implemented in 
ev_charger_ui.py, acquires analog measurement 
data via the ADS1x15 ADC over I²C (using 
smbus/smbus2), computes control actions 
(current/voltage set points, charge-phase 
transitions, and fault responses), and issues 
actuation commands through the MCP4725 DAC     
and GPIO (via RPi.GPIO) to the power stage 

(relays/MOSFET drivers). It also provides the 
human–machine interface through the Kivy 
application, logs telemetry and events for 
diagnostics, and enforces safety by monitoring 
thresholds (overvoltage, overcurrent, and 
temperature) and initiating immediate shutdown 
sequences when limits are exceeded. In short, 
within this programmatic configuration the Pi is the 
deterministic measurement–decision–actuation 
platform that integrates sensor input, control 
output, UI, and safety interlocks to manage the 
charger’s operation. 

EV Battery Charging Topologies 

Various charging topologies are used to transfer 
electrical energy efficiently from a source to a load. 

Linear Charging Topology 

This method directly connects the power source to 
the load through a resistor or linear regulator. 
Voltage regulation is achieved by controlling 
current flow. Although simple and inexpensive, it 
has low efficiency due to significant power losses 
and is suitable only for low-power applications. 

1.​ Buck Converter 
Reduces a higher input to a lower output voltage. 
Duty cycle controls the switching of the circuit. 
Converter offers high efficiency and accurate 
voltage regulation, making it widely used in battery 
chargers and portable electronic devices. 

2.​ Boost Converter 
Increases a low input voltage to a higher voltage 
output. Energy is stored in an inductor       and 
released to the load, enabling voltage amplification. 
Common applications include photovoltaic 
systems, LED drivers, and energy storage units. 

3.​ Buck-Boost Converter 

This topology can either increase or decrease 
voltage depending on operating conditions. Its 
flexibility makes it suitable for battery charging 
systems, voltage regulators, and applications with 
varying input voltages. 

4.​ Resonant Converter 
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Resonant converters use resonant circuits to 
achieve efficient power conversion with reduced 
switching losses and electromagnetic interference. 
They are commonly employed in high-power 
systems such as EV chargers and renewable energy 
converters. 

5.​ Inductive or Wireless Charging 

Transfers energy through electromagnetic induction 
between transmitter and receiver coils. It eliminates 
physical connectors and is widely used in consumer 
electronics and some EV charging applications. 

6.​ Bidirectional Charging 

Bidirectional systems allow energy flow in both 
directions. They support energy storage, grid 
interaction, and Vehicle-to-Grid (V2G) 
applications, enabling electric vehicles to both 
draw power from and supply power to the grid. 

EV Battery Technology 
Always battery performance is affected by vehicle 
range, efficiency, and overall cost. Hence efforts 
are focused on developing advanced battery 
technologies suitable for EV applications. The 

main battery types used in EVs are lead-acid, 
nickel-based, and lithium-ion batteries. 

Lead-acid batteries are inexpensive, reliable, and 
safe, making them suitable for certain high-power 
applications. However low energy density, heavy 
weight, and limited lifespan are some common 
limitations seen in the Lead-Acid batteries. 

Nickel-based batteries, particularly Nickel-Metal 
Hydride (NiMH) batteries which have higher 
power capability and efficiency over 90%. 
Limitations include high self-discharge rates, 
generate heat during operation, and require 
additional control systems, increasing their overall 
cost and complexity. 

Lithium-ion batteries are the most widely used 
energy in electric vehicles. The advantages are high 
energy density, low self-discharge, fast-charging 
capability, long cycle life, and excellent efficiency. 
Common lithium-ion chemistries include Lithium 
Nickel Manganese Cobalt Oxide (NMC), Lithium 
Nickel Cobalt Aluminum Oxide (NCA), and 
Lithium Iron Phosphate (LFP). Modern lithium-ion 
batteries can achieve energy densities around 200 
Wh/kg and power densities up to 5000 W/kg. [17] 

Table 2: Comparison of Batteries used in EV’s 
 

Sr.no Battery Type Energy 
Density 
Wh/Kg 

Cycle life Round trip 
Efficiency 

Power 
density/Charge 
Speed 

Cost 

1 Lithium-Ion 150-250 1000-5000 85-95 High supports 
fast charging 

Moderate 

2 Lead-Acid 30-60 200-1500 270-90 Low-Moderate Low 
3 Flow Batteries 20-50 10000+ 265-85 Moderate High 
4 Super Capacitors 25-10 500000 290+ Excellent High 
5 Sold State 

Batteries 
300-500 22000-1000

0 
290-98 Moderate High High 

6 Hydrogen Fuel 
Cells 

30 1000-5000 40-60 Long duration 
storage 

Very High 
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Figure 3: Comparative curvature graphs of energy storage technologies 

 

Battery Charging Methods 

1. Constant Voltage Charging (CV) ​
In this method, the charger maintains a fixed output 
voltage throughout the charging process. At the 
beginning, the battery draws a relatively high 
current, which gradually decreases as the battery 
approaches its fully charged state. Once fully 
charged, the battery can remain connected to the 
charger at a float voltage level to offset natural 
self-discharge and maintain charge. 

2. Constant Current Charging (CC) ​
Constant current charging supplies a steady current 
to the battery regardless of its terminal voltage. 
This method is simple and inexpensive however 
excessive charging can generate heat and shorten 

battery life. Therefore, charging should be stopped 
when the battery reaches full capacity. This 
technique is commonly applied in nickel-based 
batteries. 

3. Constant Current–Constant Voltage Charging 
(CC–CV) ​
This method gives the combined benefits of both 
CV and CC methods. Charging begins with any 
fixed current, allowing the battery voltage to rise 
steadily. When a predetermined voltage threshold is 
reached, the charger switches to constant voltage 
operation. During this stage, the charging current 
gradually decreases until the battery is fully 
charged. This provides fast charging while 
minimizing the risk of overcharging. This method 
is widely adopted in lead-acid and lithium-ion 
batteries. 

-------------------------------------------------------------------------------------------- 
Vijay J Kakade, Dr. S. R Kumbhar, Dr. Mangesh Kolapkar and Savita B Nikale, ‘Charging and 
Control Circuits for Lithium-Ion Batteries in Electric Vehicles: An Overview’ 

74 



Welfare of Masses: Peer-Reviewed Multidisciplinary Research Journal (WMRJ)  
                                             Vol. 2, Issue 1, August 2026, pp. 67-76 ​     ISSN: 3108-1134 (Online) 
_________________________________________________________________________________ 

 

 Figure 4: Constant Current–Constant Voltage Charging topology 

 CONCLUSION 

The proposed charger is designed based on the 
Constant Current–Constant Voltage (CC–CV) 
charging strategy, which is widely recognized as 
the most effective and reliable method for charging 
lithium-ion batteries used in electric vehicles 
(EVs). Initially, the charger operates in the 
constant-current mode, supplying a controlled 
charging current until the battery voltage reaches 
the predefined threshold. Subsequently, it 
automatically switches to the constant-voltage 
mode, where the charging voltage is maintained at 
a constant level while the charging current 
gradually decreases until the battery is fully 
charged. A Pulse Width Modulation (PWM) 
signal generated by the microcontroller drives the 
MOSFET to regulate the charging current with high 
precision. Voltage and current sensors continuously 
monitor the battery parameters and provide 
real-time feedback to the microcontroller. Based on 
these measurements, the microcontroller 
dynamically adjusts the PWM duty cycle to 
maintain the desired CC–CV charging profile. 
Furthermore, the charger operates in coordination 
with the Battery Management System (BMS) to 
monitor battery voltage, current, temperature, and 
overall battery condition. This integrated control 
approach enhances charging efficiency, prevents 
overcharging and overheating, extends battery 
lifespan, and ensures safe, reliable, and efficient 
operation throughout the charging process. 
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