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Abstract— A Power factor correction (PFC) converter used 

to input current track the input voltage so the harmonic of 

input current is reduced and improved power factor. Non-

isolated boost converter is used to improve power factor and 

regulate the DC link voltage. The series inductor will 

remove ripple current from next to the rectifier, also 

Continuous conduction mode (CCM) is obtain with higher 

values of an inductor. In many industrial PFC applications 

the major concern of the conventional PFC converter 

inductor volume and switching losses will affect the 

efficiency of the converter. In this proposed topology the 

voltage are boosted and regulate DC link voltage. Hence the 

CCM mode need to be concern, which is controlled by 

Closed loop PI (Proposals integral) Controller, i.e. MOSFET 

and GTO. In this proposal the current is sensed by the 

Current transformer (CT), and its values taken as reference 

to the input current. 

Key words: CCM (Continous Conduction mode), PI-

Controller, Boost converter 

I. INTRODUCTION 

Battery chargers are connected to ac supply, and these 

chargers causes harmonic currents also several problems 

associate with harmonics such as voltage distortion, heating, 

noise and reduce the capability of the line to provide energy. 

Most of power electronic equipment are nonlinear load, 

these types of load produced shot time dead line current to 

supply utility and distortion of voltage and current can 

reduces the power factor. Unity power factor and output 

voltage regulation are achieved with the very well-known 

two methods, shown in next chapter. [16] Since the power 

stage is composed by two converters, size, cost and 

efficiency are penalized, mainly in low power applications. 

However, this is probably the best option for ac-dc 

converters due to the following reasons. 

Battery charging and discharging interval 

characteristic are mostly consider while designing, but with 

the detail study of supply utility of a charging circuit, it can 

found that harmonics at common point of coupling (PCC) is 

beyond or near to the Indian standard. So it is very 

important to maintain the supply harmonics. Need to reduce 

the charging unit losses and heating of material. [7] 

Switching losses reduced the efficiency of converter and 

other parameter is affected with the battery charging time.  

For achieving better performance using a 

technology, that is available today in existing products. 

Research on standard battery charger designs and some of 

design strategies will take into consideration for further 

improvement of power quality and charger efficiency. 

A. Conventional charger topology working 

The rectifiers contain a large output filter capacitor. The 

diodes in these rectifiers conduct current for a very short 

portion of a cycle. The conduction angle of the diode current 

is very small because the filter capacitor remains charged at 

or near the peak ac voltage during each cycle. As a result, 

the rectifier diodes are reverse biased most of the time and 

no current flows. [3] The unidirectional diode currents are 

reflected to the input of the front-end rectifier and form the 

line current waveform is composed of very narrow positive 

and negative pulses. Therefore, the input current waveform 

of peak rectifiers with capacitive filters consists of half sine 

pulses and contains a lot of harmonics, resulting in a very 

low power factor.  

B. Linear charger 

Linear chargers consist of a power supply, which converts 

ac power to lower voltage dc power, and a linear regulating 

element, which limits the current that flows into the battery. 

The principal difference between a linear power supply and 

a linear battery charger is that the battery charger 

incorporates a battery charge control element to regulate 

current output. This type of charger is common in the most 

inexpensive NiCad battery-powered products. 

 

 
Fig. 1: Resistance current control charger schematic 

C. Switch mode power supply charger 

The switch mode charger is similar to a switch mode power 

supply, in which ac power from a wall outlet is converted to 

high-voltage dc power by a rectifier and also converted to 

low-voltage dc power through a dc-dc converter. Overall, 

full-cycle efficiencies for switch mode battery charger 

systems range from 40 to 60%, including losses within the 

battery. 

 
Fig. 2: Switch mode power supply schematic 

D. Ferro-Resonant charger 

Ferro-resonant chargers (sometimes called Ferro chargers), 

operate by way of a special component called a Ferro-

resonant transformer. The Ferro-resonant transformer 

reduces the voltage from the wall outlet to a lower regulated 
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voltage, while simultaneously controlling the charge current. 

A rectifier then converts the AC–DC suitable for the battery. 

Unfortunately, they are also heavy and bulky and are not 

capable of highly sophisticated current control.  

 

 
Fig. 3 : Schematic diagram of resonant charger using 

transformer 

These chargers are highly cost effective for larger 

applications (particularly those for which average ac power 

input exceeds 500 watts), especially if the charger targets 

one application with a single battery voltage. They are 

extremely durable because of the absence of sensitive 

electronic components. Unfortunately, they are also heavy 

and bulky and are not capable of highly sophisticated 

current control.  

E. SCR controlled battery charger 

SCR chargers use a special component known as silicon 

controlled rectifier (SCR) to control the current to the 

battery. The SCR is a controllable switch that can be turned 

on and off many times a second. Though common in 

industrial applications, SCR chargers are rarely found in 

residential or commercial applications except where large 

banks of lead-acid batteries are used, such as in mid-range 

UPS systems. 

The conventional battery chargers are causes the 

heating of material due to increasing harmonics current 

R.M.S. values. To reduce harmonic level in chargers, the 

power factor correction rectifier (PFC) is used, and this 

converter are operated in high switching frequency and 

continuous conduction mode (CCM), as IEEE 519 standard 

shows the low power application equipment must be 

connected to supply mains and it has to satisfied 

requirement of limiting line current harmonics.  

The active power filter can provides the line 

current improvement and reducing harmonics by regulating 

boosted DC high voltage. PFC converter are with power 

rating of 300W is investigated in this research work and it is 

important to understand the standard and working of PFC 

converter techniques and its controlling, which help the 

improving power quality and cost of charger. 

II. MEASUREMENT OF LINE CURRENT 

The experimental test setup is verified the simulated FFT 

analysis of rectifier and charges, in which the AC-DC power 

converter are used in different power electronics application, 

to measure the line current by DSO and fluke meter is done 

in this chapter. The various chargers distorted current is 

shown in fig 5. 

 

 
Fig. 4 :  Experimental test setup for SMPS line current 

measurement with 1kΩ 5W resistance load 

 

 
Fig. 5 :  Measured line current waveform at input of SMPS 

III. MATLAB/SIMULINK SIMULATION OF PROPOSED BATTERY 

CHARGING SYSTEM 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6 :  Block diagram of proposed charger 

The high frequency PWM technique is used to control the 

front end converter, this converter requires a two 

controlling. The flyback may be the most commonly used 

isolated topology. It is generally found in low cost, low 

power applications.  

Flyback topology requires only a single active 

switch and does not require a separate output inductor in 

addition to the transformer. The disadvantages of the 

flyback topology are poor transformer utilization, as it is a 

single-ended topology, and extra capacitors are required at 

both the input and the output due to the high input and 

output ripple currents. The forward and active clamp 

forward topologies are often employed in medium power 

applications.  

The PWM controller technique is shown in fig 6. in 

which the instantaneous voltage and current values are taken 

from the output voltage and line current at bridge rectifier 

and after taking the signal from the converter output, the PI 
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controller is so designed that it follows the reference value 

given to the converter. This controller is working on 

basically two loops, one is voltage control loop and second 

is current control loop, in which the output voltage of 

converter is set by voltage PI control loop and with having 

synchronization of line current wave form, and the current 

reference is being calculated. And this current switching 

PWM controller will track the sinusoidal reference for line 

current improvement. 

The schematic diagram of battery charger is 

showing in simulation chapter.  Here in this topology the 

advantage of converter is to controlled output voltage by PI 

controller and this converter also installed at any nonlinear 

load. 

Fig. 7 shows the block diagram of improved power 

quality converter for battery charging system and also it 

reduces losses, noise and heating of materials. In working of 

power factor correction rectifier (PFC), it is a combination 

of diode bridge rectifier and step up boost converter with 

DC bus filtering as energy storage devices. Furthermore the 

EMI is present at supply side, it can also eliminate by 

connecting line current choke with continuous conduction 

mode filter design EMI will be reduces. 

 
Fig. 7: Switching waveform of line current with PWM 

current control 

IV. MATLAB/SIMULINK SIMULATION OF PROPOSED BATTERY 

CHARGING SYSTEM 

 
Fig. 8: Simulation schematic of PFC converter with voltage 

& current PI control loop 

 
Fig. 9 :  Output voltage of PFC boost converter 

 
Fig. 10 : PI controller compare with triangular gate pulse 

generated

 
Fig.11: Inductor current switching with current control loop 

 
Fig.12 :  Simulation of full bridge SMPS with battery 

connected load

 
Fig. 13 :  Line current & voltage waveform for nonlinear 

load 
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Fig. 14 : FFT analysis of Line current with measured 15% of 

THD 

V. CONCLUSION 

After preforming simulation of PFC converter it is conclude 

that the line current is successfully improved by closed loop 

current and PWM voltage control. The phase shifting of line 

current can be improved by selecting higher switching 

frequency for PWM controller and also the THD is 

measured 15% with 0.98 power factor. 
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