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Abstract: With the expansion popular for electrical energy, important to store it in the battery to work on the                      

reliability and effectiveness of it. Various kinds of charging techniques are proposed in the writing to charge the batteries from 

the three phase ac source. In this paper, novel techniques are carried out for fast and effective charging of the battery from the 

three phase ac source by utilizing a power controlled voltage source rectifier and voltage-current controlled dc-dc step down 

converter. Further developing the input power factor and decreases the harmonic distortion in the supply current by utilizing 

the Direct Power Control (DPC) strategy and Virtual Flux based Direct Power Control (VFDPC) system to the voltage source 

rectifier (VSR). In these two strategies, the instantaneous active and reactive powers are directly controlled by choosing an 

appropriate switching state with sensing the input voltages in the previous methodology and without sensing the input voltages 

in the last system. The Constant Current Constant Voltage (CCCV) charging calculation is developed to evolved the battery 

with the help of the buck converter to acquire quick and safe charging of the battery. The simulation of the proposed model is 

done in MATLAB and the output of the equipment is checked and coordinated with the simulation results. 

Keywords- Battery modeling, CCCV charging, Direct power controlled VSR, Virtual flux based direct power 

controlled VSR, Voltage source rectifier. 

I. INTRODUCTION  
 

The interest for electrical energy is expanding day by day. So it is important to expand the reliability and effectiveness of 

electrical energy. It tends to be accomplished by storing electrical energy. The rechargeable batteries are the most utilized gadgets 

for storing electrical energy, which is utilized in various kinds of uses like convenient electronic gadgets, electrical vehicle, crisis 

lighting applications, and various types of industries where the requirement for nonstop electrical energy [10].  

 

For changing over the AC signal into a DC signal with the use of (ordinary rectifiers) diode and thyristor rectifiers are having 

an issue of low input power factor and infused harmonic currents into the distribution system and transmission system [8]. These 

rectifiers are drawn a non sinusoidal state of the input current, which will bring about expanding the apparent power rating of the 

generators, transformers, and transmission lines. In this way, we can go for active front end voltage source rectifiers because of 

their various benefits like low harmonic content in input current which leads the practically sinusoidal current, bidirectional power 

flow, managed DC link voltage, controllable power factor, phenomenal consistent state and active reaction [6].  

 

Various sorts of control systems have been carried out for voltage source rectifier over the most recent couple of years. The 

input current control is the ordinary control procedure of voltage source rectifier, which incorporates the hysteresis current 

control, phase and ampitude control [3], voltage oriented control, virtual flux oriented control [7]. This control method is 

ordinarily utilized a pulse width modulation (PWM) square to create switching pulses. The benefits of these strategies are the 

lower harmonic content in the input current and better the input power factor however the disadvantages are less static and active 

performance, required pulse width modulation block, and the control performance basically mainly depends upon the nature of 

the current control circle. Thusly, another control technique is carried out in this exploration work for the voltage source rectifier 

to acquire a superior active and static performance, managed output voltage and unity power factor in the input side of the 

rectifier.  
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The conventional techniques for charging (Constant Current (CC), Constant Voltage (CV), Pulse Charging, Multiple Constant 

Current Charging) the batteries are having issues with slow charging, debasement of the existence cycle, decrease the 

performance, decrease the productive use of battery [4]. Accordingly, a new charging calculation is carried out in this exploration 

work for charging the battery to get the fast and safe charging, increase the life cycle and performance of it [8]. 

 

 

 

 

II. MODELING AND DESIGN OF CONTROLLED VOLTAGE SOURCE RECTIFIER 

2.1 PWM Voltage Source Rectifier 

The arrangement of the bidirectional three-phase voltage source rectifier is displayed in Figure.2.1. The insulated gate bipolar 

transistors (IGBT) with against equal diodes are utilized as switches in the rectifier. The contribution of the rectifier is associated 

with a three-phase AC supply through a line resistance (R) and line inductance (L) in each phase. The equal plan of the capacitor 

(Cdc) and load resistance (RL) is associated across the rectifier output of the dc link. The capacitor is utilized for smoothening the 

pulsating output dc-link voltage. In Figure.2.1, Uabc, uabc, iabc are addressed as RMS values of grid phase voltages, rectifier input 

voltages, and line currents individually. Vdc addresses a output voltage of the rectifier.  

 

 
Figure. 2.1. three-phase voltage source rectifier. 

 

The choice of parameters that are utilized in Figure.2.1, the line inductance, and dc-link capacitance is very to accomplish the 

desired control performance of the rectifier [11]. The line inductance and capacitance values are estimated by utilizing Eqn. 2.1 

and Eqn. 2.2.  

 

 

                                  
  (2𝑉𝑑𝑐−3𝑈𝑚)𝑈𝑚𝑇𝑠)

2𝑉𝑑𝑐∆𝑖𝑚𝑎𝑥
≤ 𝐿𝑖 ≤

2𝑉𝑑𝑐

3𝑖𝑚𝑤
                                                                    2.1 

 

                                              
1

 2𝑅𝑙∆𝑉𝑑𝑐
≤ 𝐶𝑑𝑐 ≤

t∗r

𝑅𝐿 ln (6−
8.27×𝑈𝑚

𝑉𝑑𝑐
)
                                                                                   2.2 

 

 

Where 'Um' addresses the peak value of the matrix phase voltage, 'im ' addresses the peak worth of the input phase current, 'ω' 

addresses the angular frequency of the supply, 'Ts' addresses the switching time, '∆imax' addresses the maximum acceptable  

satisfactory wave in the supply current, 'RL ' load resistance, 'tr' addresses the rise time of dc bus voltage and 'ΔVdc' addresses the 

distructive immunity  which is assessed from (Eqn. 2.3).  

 

 

                                                                    ∆𝑉𝑑𝑐 =
𝑉𝑑𝑐−𝑉𝑑𝑐 𝑚𝑖𝑛

𝑉𝑑𝑐
                                                                                        2.3 

 

 

The choice of Vdc is additionally assumed a very part in VSR to meet the necessity of load and appropriate control of supply 

current. With the goal that its worth determined from (Eqn. 2.5) and disregarding the higher order hamonics and consider the 

control system is steady condition. 

                                                    

                                                                   𝑉𝑑𝑐  √6𝑈𝑑𝑐                                                                                                       2.4 

                                                                                                                                                              
                                             𝑉𝑑𝑐 ≥ √6 [(𝑢𝑎𝑏𝑐 + 𝑅𝑙𝑖𝑎𝑏𝑐) 2 + (𝜔𝐿𝑙𝑖𝑎𝑏𝑐) 2]                                                                      2.5 

 

 

The parameters are used for designing the rectifier is shown in TABLE Ⅰ.  
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Table Ⅰ. Rectifier parameters 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2 Direct power control strategy  

In this control methodology, the quick active and reactive powers are assessed by utilizing the input phase voltages and 

line currents [5]. This methodology was pinspired by the immediate power control (DTC) procedure of the electrical 

machine. The circuit diagram of the immediate power controlled three phase voltage source rectifier is displayed in 

Figure.2.2.  

 

The output voltage of the rectifier is estimated and compared with the predefined reference value which is determined 

with the assistance of an Eqn. 2.4, which gives the voltage error signal  and this error signal is offered contribution to the 

PI regulator, which produces a signal are known as the current reference signal. This current reference signal is increased 

with the actions DC link voltage to acquire the command value of the instantaneous power (pref). The command value of 

instantaneous reactive power (qref) is considered as zero for accomplishing the Unity Power Factor (UPF) in the source 

side of the rectifier. The error signal of instantaneous active power (Δp) and reactive powers (Δq) are acquired by 

contrasting the order upsides of the momentary active power and receptive powers with the deliberate upsides of active 

power (p) and reactive power (q) are gotten in the Eqn. 2.9 and Eqn. 2.10. The error sign of the prompt active power and 

reactive powers are offered contribution to the hysteresis regulators, which gives a output signal is either 0 or 1 (Sp and 

Sq) in view of error signals. For appropriate switching state, select the reasonable rectifier voltage vector dependent on Sp, 

Sq and angular position of the system phase voltage (θn) which is gotten in Eqn. 2.11. as displayed in TABLE ⅰⅰ.  

 

Initially, the input phase voltages and line currents are changed into a stationary coordinate transformation (i.e α-β 

coordination) from abc sequence by utilizing the Eqn. 2.6 and Eqn. 2.7. 

                                                

                                                              [
𝑈𝛼

𝑈𝛽
]=[

1 −.0.5 −0.5

0
√3

2

−√3

2

] [

𝑈𝑎

𝑈𝑏

𝑈𝑐

]                                                                           2.6 

                                              

                                                                 [
𝑖𝛼

𝑖𝛽
] = [

1 −0.5 −0.5

0
√3

2

−√3

2

] [

𝑖𝑎

𝑖𝑏

𝑖𝑐

]                                                                         2.7 

 

The input voltage of the rectifier is expressed as 

       

                                                                        U= u +L 
𝑑𝑖

𝑑𝑡
+ 𝑅𝑖                                                                                        2.8 

 

 From the Eqn. 2.9 and Eqn. 2.10, the instantaneous active and reactive powers are measured.  

                                                        

                                                                       P = Uα iα +Uβ iβ                                                                                            2.9 

                                                                  

                                                                         q = Uβ iα +Uβ iα                                                                                   2.10 

 

 

In this paper work, one 2-level and three-phase voltage source rectifier is utilized to change over the air conditioner signal into 

a dc signal. The presentation of this rectifier depends upon the sequence of switching states. The switching conditions of the 

rectifier thought about voltage vectors. The quantity of rectifier input voltage vectors is assessed by Ln , where n addresses the 

quantity of phases and L addresses the level of the rectifier. Accordingly, an total of 8 voltage vectors are in this rectifier. These 

voltage vectors are addressed as V0-V7 is displayed in Figure. 2.3. In this complete eight voltage vectors, V0, V7 is considered as 

nothing/invalid vectors and V1-V6 are considered as active vectors.  

 

The switching states/appropriate voltage vector of the voltage source rectifier is chosen dependent on the rate of change of 

active power, rate of change of reactive power and angular position of input voltage (θ). The rate of change of active power and 

reactive powers are gotten by derivation of measured active and receptive powers to time. The position of the input phase voltage 

vector point is gotten by utilizing an Eqn. 2.11. The space vector angle range of the input voltage is 0 to 3600. This point is 

s.no. parameter rating 

01 Input phase voltage (U) 24V 

02 Line resistance(Rl)  0.1Ω 

03 Line inductance(Ll) 4mH 

04 DC Link capacitance(Cdc) 4700µF 

05 Load resistance (Rl) 20Ω 

06 IGBT device - 

07 IN 4007 Diode 10A 

08 Supply frequency (fs) 50Hz 

09 DC Link Voltage(Vdc) 61.389V 
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sectionalized into 12 equivalent areas and Sector divisions are made on angular position for each 300 to get 12 areas as displayed 

in Figure.2.3. 

 

                                                                           θ =tan-1(
𝑈𝛽

𝑈𝛼
)                                                                                          2.11 

 

 

 
 

 

Figure.2.2. Rectifier voltage vectors along with 12 equal divided sectors 

 

The merits of this strategy are  

 

 Unity input power factor  

 Less harmonic distortion in input current  

 Regulated dc-link voltage  

 No need of PWM block  

 

The demerits of this strategy are  

 

 Variable switching frequency  

 Required more number of sensors  

 High sensitive to grid voltage changes 

 

Due to the variable switching frequency, the estimation of filter inductance and capacitance values is very difficult.  

 

The above drawbacks are overcome by employing the advanced control technique of voltage source rectifier which 

is a virtual flux based direct power control strategy.  

 

2.3 virtual flux-based direct power control strategy 

 

The voltage powered by the grid is in mix with the line inductors and is thought to be amounts identified with a virtual 

ac machine [9] as displayed in Figure. 2.1. In this methodology, immediate active and reactive powers are estimated with 

the assistance of virtual transition and line currents. The circuit chart of the virtual flux based direct power controlled three 

phase voltage source rectifier is displayed in Figure.2.4.  
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Figure. 2.3. Virtual flux based direct power controlled VSR 

 

 

 

The output voltage of the rectifier is estimated and compared and the predefined reference value with the assistance of 

an Eqn. 2.4, which gives the voltage error signal and this error signal is given input the PI regulator, which creates a signal 

is known as the current reference signal. The current reference signal is increased with the actions dc link voltage to 

acquire the command value of the immediate active power (pref). The command value of instantaneous reactive power 

(qref) is considered as zero for accomplishing the Unity Power Factor (UPF) in the source side of the rectifier. 

  

 

The error signal of quick active power (Δp) and reactive powers (Δq) are gotten by comparting the command values of 

the immediate active power and reactive powers with the measured values of active power (p) and reactive power (q) are 

acquired in the Eqn. 2.36, and Eqn. 2.37. The error signal of the quick active power and reactive powers are offered 

contribution to the hysteresis regulators, which gives a output signal is Sp and Sq dependent on error signals. After then, at 

that point, select the appropriate rectifier voltage vector dependent on Sp, Sq and angular position of the virtual system 

transition vector (θn) which is gotten in Eqn. 2.38. as displayed in TABLE ⅰⅰ.  

 

The integration of the phase voltage prompts a virtual motion vector (ψ) as displayed in Eqn. 2.22. 

 

                                                                         

                                                                           =  Udt                                                                              2.22  

 

 

The line resistance (R) and line inductance (L) is treated as a stator winding opposition and stator inductance of the 

virtual ac machine. The matrix voltage is assessed as Eqn. 2.23. The assessment of the rectifier input voltage with the 

assistance of switching signs of the rectifier and rectifier dc-link voltage is displayed in Eqn. 2.24.  

 

                                                               𝑈 = 𝑢 + L
𝑑𝑖

𝑑𝑡
+ 𝑅𝑖                                                                                           2.23 

  

                                                                     Ua =[2Sa – (Sb+Sc)]×
𝑉𝑑𝑐

3
 

                                                     

                                                                     Ub =[2Sb – (Sa+Sc)]×
𝑉𝑑𝑐

3
 

 

                                                                 Uc =[2Sc – (Sb+Sa)]×
𝑉𝑑𝑐

3
                                                                                2.24 

 

Where Sa, Sb, and Sc are the switching beats of the three-phase rectifier and Vdc is the rectifier dc-interface voltage. 

Initially, the rectifier input phase voltages and line currents are changed into fixed facilitate change (i.e α-β coordination) 

from the abc arrangement as displayed in Eqn. 2.25 and Eqn. 2.26. 

 

                                         

                                                                      𝑢𝛼 = (
2

3
) × [𝑢𝑎 − 0.5(𝑢𝑏 + 𝑢𝑐)]                                                             2.25 

                            

                                                                       𝑢𝛽 = (
1

√3
) × (𝑢𝑏 − 𝑢𝑐)                                                                           2.26 
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The measured value of rectifier input voltages uα, uβ for appropriate switching state is shown TABLE ⅰⅰ. 

 

 

Table ⅠⅠ. switching state selection 

 

 

s.no. Voltage 

vector 

Sa Sb Sc uα uβ 

01 V1 1 0 0 2Vdc /3 0 

02 V2 1 1 0 Vdc /3 0.852∗ Vdc 

03 V3 0 1 0 -Vdc /3 0.852∗ Vdc 

04 V4 0 1 1 -2Vdc /3 0 

05 V5 0 0 1 -Vdc /3 −0.852∗ Vdc 

06 V6 1 0 1 Vdc /3 −0.852∗ Vdc 

07 V0 , V7 000 , 111 0 0 

 

 

 

In TABLE ⅠⅠ, the switching states are represented by either 1 or 0. Here ‘1’ means the upper switch in the leg 

should be ON and ‘0’ means the lower switch in the should be ON. Where the voltage vectors (V0-V7) are selected from 

TABLE Ⅲ.  

 

The merits of this control strategy are  

 

 Constant dc-link voltage  

 unity input power factor  

 Low harmonic content in input current  

 Less number of sensors required  

 Less sensitive to grid voltage  

 No need of PWM block 

 

 The drawback of this control strategy is only variable switching frequency, so it is difficult to estimate the filter 

inductance and capacitance value.  

 

2.6 switching table formation  

 

The voltage vectors of the rectifier are chosen from the switching table, which is framed dependent on the subordinate 

of active power and derivative of reactive power versus angular position of the matrix voltage as displayed in TABLE ⅲ.  

 

The waveforms of the derivatives of instantaneous active power and reactive power versus the angular position of the 

grid voltage are displayed in Figure.2.6. From Figure.2.6, we can easily say that all the rectifier input voltage vectors are 

introduced in each area. In any case, we should choose just a single voltage vector in every area at a specific instant. So the 

choice of the voltage vector depends upon the prerequisite of expanding or decreasing the active power and receptive 

power. 

http://www.jetir.org/


© 2021 JETIR October 2021, Volume 8, Issue 10                                                      www.jetir.org (ISSN-2349-5162) 

JETIR2110126 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org b228 
 

 
 

Figure.2.6. (a) and (b) are representing the rate of change of active and reactive power with the angular position of grid 

voltage vector respectively. 

 

The switching table is created by utilizing the extent and indication of the adjustment of active and receptive powers in every 

area. For instance, think about the second area, i.e the point range is 300 - 600 as displayed in Figure 2.6.(a). The voltage vectors 

V2, V4, V5, V6, V0, and V7 has created a positive time derivative of the active power. So we can apply any one voltage vector 

for expanding the active power. The voltage vector V3 has produced a negative time derivative of the active power. So this vector 

can apply just to decreasing the active power. the voltage vector V1 has created both positive and negative time derivative of the 

active power. So this vector can apply in both decreasing or expanding the active power. A similar activity is applied to the 

remaining areas for the choice of appropriate voltage vector. Essentially, in Figure 2.5.(b), the voltage vectors V2, V3, V5, V6, 

V0, and V7 has produced positive time derivative of the reactive power. So we can apply any one voltage vector to build the 

reactive power. The voltage vectors V1 and V4 have created a negative time subordinate of the receptive power. So we can apply 

any one voltage vector to decrease the reactive power. 

 

Let consider,  

dp/dt > 0, Sp = 1; (the requirement of active power is increased)  

dp/dt < 0, Sp = 0; (the requirement of active power is decreased)  

dq/dt > 0, Sq = 1; (the requirement of reactive power is increased)  

dq/dt < 0, Sq = 0; (the requirement of reactive power is decreased)  

 

The formation of the switching table for selection of suitable voltage vector is based on the variation of Sp, Sq and 

angular position of grid voltage as shown in TABLE 1 and Which switches are ON and OFF for respected voltage vector is 

shown in TABLE Ⅲ.  

 

 

 

Table Ⅲ. Switching Table 

 

Sp Sq 𝜃1 𝜃2 𝜃3 𝜃4 𝜃5 𝜃6 𝜃7 𝜃8 𝜃9 𝜃10 𝜃11 𝜃12 

0 0 𝑉1 𝑉1 𝑉2 𝑉2 𝑉3 𝑉3 𝑉4 𝑉4 𝑉5 𝑉5 𝑉6 𝑉6 

0 1 𝑉2 𝑉2 𝑉3 𝑉3 𝑉4 𝑉4 𝑉5 𝑉5 𝑉6 𝑉6 𝑉1 𝑉1 

1 0 𝑉7 𝑉1 𝑉0 𝑉2 𝑉7 𝑉3 𝑉0 𝑉4 𝑉7 𝑉5 𝑉0 𝑉6 

1 1 𝑉7 𝑉0 𝑉0 𝑉7 𝑉7 𝑉0 𝑉0 𝑉7 𝑉7 𝑉0 𝑉0 𝑉7 
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III. MODELING AND DESIGN OF CLOSED-LOOP BUCK CONVERTER 

3.1 parameters calculation  

  

The buck converter activity can be acknowledged in two modes. The main mode is the switch ON mode. In this mode, 

the switch is going about as a short circuit and diode is goes about as an open circuit as displayed in Figure. 3.3. The flow 

moving through the inductor is expanded and energy is put away as an electric field in it. A restricting voltage produces 

across the inductor, which makes the decreased voltage across the load. The subsequent mode is the switch OFF mode. In 

this mode, the source isn't associated with the load implies the switch is going about as an open circuit and the diode goes 

about as a short out is displayed in Figure. 3.4. The energy stored in the inductor is answerable for consistently drive the 

load. The output voltage and inductor current of the converter is practically something similar and consistent in both the 

modes.  

 

The performance of any converter mainly depends upon the parameters utilized in the converter. In the buck converter, 

the inductance and capacitance parameters are utilized with reasonable qualities to work on the parameters of converter 

and these parameters are determined easily by thinking about the constant switching frequency and change in capacitor 

ripple voltage and inductor ripple current. The setup of the open-loop buck converter is displayed in Figure 3.1 

 

Figure.3.1. Open-loop buck converter 

let us to consider, where Vdc is the dc-link voltage of the rectifier or input voltage of the buck converter which 

fluctuates from 30V to 50V, V0 is the output voltage of the buck converter which is kept up with consaent at 15V, I0 is the 

output current which is kept constant at 7A. The inductor current rippler (ΔIL) is considered as 10% of the output current 

and capacitor voltage ripple is considered as 5% of the output voltage and working switching frequency (fs) is 20KHz to 

accomplish the better performance of the converter.  

 

The switch utilized in the converter has been chosen dependent on their voltage rating, current rating and operating 

characteristics.  

 

The duty cycle is characterized as the proportion of turn on schedule of the change to the complete switching season of 

the switch. 

                                                                                         𝐷 =
𝑇𝑜𝑛

𝑇𝑠
                                                                                    3.1 

 

The output voltage and output current of the buck converter is calculated as shown in Eqn. 3.2. and Eqn. 3.3. 

                                                                 

                                                                                         V0 = Vdc D                                                                                3.2 

 

                                                                                             I0 = 
𝑉0

𝑅𝐿
                                                                                   3.3 

 

The calculation of line inductance (L) and dc-link capacitance (C) is shown below  
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                                                                       𝐿 =
𝑉𝑑𝑐×𝐷(1−𝐷)

∆𝑉0×𝑓𝑠
                                                                                           3.4 

 

                                                                         𝐶 =
𝑉𝑑𝑐×𝐷(1−𝐷)

8×∆𝑉0×𝐿×𝑓𝑠
2                                                                                        3.5 

 

The parameters are used for designing the buck converter is shown in TABLE Ⅲ.  

 

 

Table Ⅳ. Buck Converter parameters 

 

S.No. Parameter Rating 

01 Supply voltage (Vdc) 61.389V 
02 Output current (i0) 7A 
03 Output voltage (V0) 30V 
04 Switching frequency (fs) 20KHz 
05 Inductance (L) 10.389mH 
06 Capacitance (C) 32.31μF 
07 Output resistance (R0) 4.285Ω 
08 IRF540n MOSFET 100V, 20A 
09 Schottky diode 10A 

  

3.2 modeling of the closed loop buck converter  

 

Basically in a closed loop buck converter, the negligible portion of output voltage or the inductor current is estimated 

and is compared and the predefined reference value, which creates the error signal and is permitted to go through the PI 

regulator unit. The output signal of the PI regulator is given to the Pulse Width Modulator (PWM) generator unit, which 

creates the pulse signal by comparing and saw tooth sign of the very frequency as that of the working frequency of the 

switching device to trigger the MOSFET. In this way the system can meet the ideal directed output voltage or controlled 

inductor current.  

 

3.2.1 Transfer Function for the Current and voltage Controlled Buck Converter  

 

On account of current-controlled mode, either the output current or inductor current is taken as feedback and compared 

and the predefined reference value, which produced a error signal fed to the designed PI regulator, which creates the 

reference signal to the switch. The output of the PI regulator is compared and saw tooth wave of high frequency to create 

the proper gate pulses for the switching device. The schematic represntation of the closed loop current-controlled buck 

converter is displayed in Figure 3.2.  

 

 

 
 

Figure.3.2. Current-controlled closed-loop buck converter. 

 

 

For this load of things, it is important to discover the exchange capacity of an open-loop buck converter to control the 

inductor current or output current. Open-loop buck converter transfer function is separated in two ways, which are the 

circuit averaging model and the state-space model. Here we will discuss about the state space derivative technique to 

acquire the exchange capacity of the current-controlled buck converter.  

 

In any dc-dc converters, the capacitor and inductor are energy stockpiling components. So the current moving through 

the inductor and voltage across the capacitor is considered as state factors in the state-space averaging technique to 

discover the exchange capacity of the buck converter. These factors are primarily subject to the past worth of the system 

and free of the current status of the system. The total activity of the buck converter is 

 

 

 

http://www.jetir.org/


© 2021 JETIR October 2021, Volume 8, Issue 10                                                      www.jetir.org (ISSN-2349-5162) 

JETIR2110126 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org b231 
 

• During switch ON mode  

 

The switch in the converter is behaving as a short circuit and the diode behaves as the open circuit is shown in 

Figure 3.3.  

 

Figure.3.3. Buck converter during switch ON 

 

In this mode, the current coursing through the inductor is equivalent to source current and voltage across the capacitor 

is equivalent to the output voltage of the converter. The rate of change current coursing through the inductor is  

 

                                                                               −𝑉𝑑𝑐 + 𝐿
𝑑𝑖𝐿

𝑑𝑡
+V0=0                                                                            3.6 

                                                          

   
𝑑𝑖𝐿

𝑑𝑡
=

𝑉𝑑𝑐

𝐿
−

𝑉0

𝐿
                                       

 

 

The rate of change of voltage across the capacitor is  

 

       𝑖𝐿 = 𝑖𝑐 + 𝑖0                                                                  
 

        𝑖𝐿 = 𝐶
𝑑𝑣𝑐

𝑑𝑡
+

𝑉𝑐

𝑅
                                                            

 

                                                                                        
𝑑𝑣𝑐

𝑑𝑡
=

𝑖𝐿

𝐶
−

𝑉𝑐

𝑅𝐶
                                                                            3.7 

 

 

The output current coursing through the load resistance can be communicated as  

 

                                                                                      𝑖0 =
𝑉𝑐

𝑅
                                                                                                  3.8 

 

The state-space model of any system can be composed as 

          

                                                                  [
𝑖𝐿

∗

𝑉𝑐
∗] = [

0
−1

𝐿
1

𝐶

−1

𝑅𝐶

] [
𝑖𝐿

𝑉𝑐
] + [

1

𝐿

0
] 𝑉𝑑𝑐                                                                       3.9 

 

                                                                     𝑖0 = 𝐶 [
𝑖𝐿

𝑉𝑐
] + 𝐷 [

𝑉𝑑𝑐

0
]                                                                                 3.10 

 

 

 

• During switch OFF mode  

 

The switch in the converter is behaving as an open circuit and the diode behaves as short circuit is shown in Figure 3.4.  

 

 
 

Figure.3.4. Buck converter during switch OFF 
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In this mode, the current flowing through the inductor is the same as diode current and voltage across the capacitor 

is the same as the output voltage of the converter.  

 

The rate of change current flowing through the inductor is 

 

                                                                    
𝑑𝑖𝐿

𝑑𝑡
= −

𝑉0

𝐿
                                                                                                    3.11 

  

                                     

The rate of change of voltage across the capacitor is  

 

                                                                 
𝑑𝑣𝑐

𝑑𝑡
=

𝐼𝐿

𝐶
−

𝑣𝑐

𝑅𝐶
                                                                                                  3.12 

 

The output current flowing through the load resistance can be expressed as  

 

 

                                                                     𝑖0 =
𝑉𝑐

𝑅
                                                                                                        3.13 

 

The state-space model of the buck converter during switch OFF mode can be written as an Eqn. 3.14 and Eqn. 3.15. 

 

                                                           [
𝑖𝐿

∗

𝑉𝑐
∗] = [

0
−1

𝐿
1

𝐶

−1

𝑅𝐶

] [
𝑖𝐿

𝑉𝑐
] + [

0
0

] 𝑉𝑑𝑐                                                                             3.14 

 

                                                            𝑖0 = [0
1

𝑅
] [

𝑖𝐿

𝑉𝐶
] + [0] [

𝑉𝑑𝑐

0
]                                                                           3.15 

 

The state-space equation for any converter can be written as  

 

                                            𝑋 = [𝐴𝑂𝑁𝑋 + 𝐵𝑂𝑁𝑈]𝐷 + [𝐴𝑂𝐹𝐹𝑋 +̇ 𝐵𝑂𝐹𝐹𝑈]𝐷′ 
 

The small-signal analysis is applied for the above derived state-space equation and we can write  

 

                                                                     𝑥 = 𝐴�̅� + 𝐵�̅� + 𝐸�̅�̇                                                                            3.16                          

 

�̅� = 𝐶�̅� 

  

Where  

 

A = [ AON D + AOFF (1-D) ];      B = [ BON D + BOFF (1-D) ];  

 

C = [ CON D + COFF (1-D) ];      E = [ ( AON – AOFF ) x + ( BON – BOFF ) u ];  

 

 The transfer function is defined as the ratio of the output signal to the input signal. In this control strategy, the output 

parameter is controlled by changing the duty cycle of the switch under the consideration of the small change in input is 

zero. Now the output to control transfer function can be written as 

 
�̅�

�̅�
|�̅� = 0 

                                                  

                                                                             𝑥 = 𝐴�̅� + 𝐸�̅�̇                                                                                      3.17 

 

�̅� = 𝑐�̅� 
 

Applying Laplace transformation to Eqn. 3.17. and can be written in S-domain form  

 

𝑠�̅�(𝑠) − �̅�(0) = 𝐴�̅�(𝑠) + 𝐸�̅�(𝑠) 
                                                      

                                                                          �̅�(𝑠) = 𝐶�̅�(𝑠)                                                                                       3.18                                 

       

Where initial value of state matrix can be considered zero to find out the transfer function of the above state equation 

 

𝑠�̅�(𝑠) = 𝐴�̅�(𝑠) + 𝐸�̅�(𝑠) 
                                                       

                                                                            �̅�(𝑠) = 𝐶�̅�(𝑠)                                                                                     3.19 
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From the above equation,  

 

𝑠�̅�(𝑠) = 𝐴�̅�(𝑠) + 𝐸�̅�(𝑠) 
 

(𝑠𝐼 − 𝐴)�̅�(𝑠) = 𝐸�̅�(𝑠) 
                                                      

                                                                              �̅�(𝑠) = (𝑠𝐼 − 𝐴)−1𝐸�̅�(𝑠)                                                                 3.20 

 

 

The transfer function of the converter can be obtained from the Eqn. 3.21, and it can be expressed as 

                                    

                                                                           
�̅�(𝑠)

�̅�(𝑠)
= 𝐶(𝑠𝐼 − 𝐴)−1𝐸                                                                          3.21 

 

From the state space model of buck converter in both ON and OFF modes,  

 

A = AON = AOFF, B = BON D, C= CON = COFF, E= BON u   

      

 

IV. MODELING AND DESIGN OF CHARGING ALGORITHM FOR LI-ION BATTERY 

4.1 modeling of a battery  

The presentation of the battery is genuinely impacted by internal and external environment. The designed battery model 

having a fit for anticipating both runtime and I-V performance, advance circuit and system performance, battery runtime for 

various load profiles, copy batteries with electronic circuits and further develop battery energy efficiency. Various types of 

modelings are created in the writing, those are Mathematical Modeling [13], Circuit Oriented Modeling [12], and Electrochemical 

Modeling [12].  

 

4.2 Numerical model  

The numerical modeling of the battery is utilized in this research work. This model is created dependent on the shepherd 

relation to forecast the behavior of system levels like capacity, effectiveness, and battery run time yet it very well may be utilized 

in restricted applications since it gives inaccurate results in the request for 5% error [13]. Generally, a few sub models are 

included for this type of model. The voltage-current sub-model is the most utilized for concentrating on the electrical system, 

Which depicts how the battery voltage can change with the battery current. The numerical displaying of the battery is displayed in 

Figure.4.1. 

 

 
Figure. 4.1. numerical modeling of the battery. 

 

The battery voltage can be expressed as  

 

                                                      𝑉𝑏 = 𝐸0 − 𝐾 [
𝑄

𝑄 − 𝑖𝑏𝑡⁄ ] × 𝑖 − 𝑅𝑖𝑛𝑡𝑖𝑏                                                                                  4.1 

 

The battery voltage is proportional to the state of charge (SOC) of a battery. Therefore, the modified battery voltage can be 

expressed as 

 

                                                   

                                                        𝑉𝑏 = 𝐸0 − 𝐾[𝐾
𝑆𝑂𝐶⁄ ] × 𝑖 − 𝑅𝑖𝑛𝑡𝑖𝑏                                                                                            4.2 
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Figure. 4.2. Battery charging characteristics.  

 

From the battery charging characteristics, the battery voltage can be expressed as 

 

                     𝑉𝑏 = 𝐸0 − 𝑅𝑖𝑛𝑡𝑖𝑏 − 𝐾 [
𝑖𝑏

∗

0.5−𝑆𝑂𝐶
] − 𝐾 [

𝑄

𝑆𝑂𝐶
− 𝑄] + 𝐴𝑒−𝐵𝑄[1−𝑆𝑂𝐶]                              4.3 

 
Where 'A' addresses the voltage amplitude in the exponential zone and 'B' addresses the time steady inverse in the 

exponential zone. In the Eqn. 4.3, the State of Charge (SOC) is the only variable parameter in each moment. Consequently, 

it is important to assess the SOC at each moment for acquiring the specific value of battery voltage (Vb). The condition of 

charge can be assessed by utilizing the Coulomb Counting strategy is displayed in Eqn. 4.4.  

 

                                             𝑆𝑂𝐶 = 𝑆𝑂𝐶0 − ∫ 𝑖𝑏𝑑𝑡                                                                             4.4 

 

Here, 'SOC0' shows the initial value of SOC and it is evaluted by utilizing the battery voltage versus the condition of 

charge characteristic waveform given by the manufacturer. The battery parameters utilized in this examination work are 

displayed in TABLE ⅳ. 

 

 

 

 

 

Table Ⅴ. Battery Modeling Parameters 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.4 Constant Current Constant Voltage Charging  

 

The presentation and life pattern of the battery is improved by utilizing the proper charging calculation to charge it. The 

Constant Current Constant Voltage (CCCV) is the most broadly utilized charging algorithm for the battery. Here, charging starts 

with constant current region where the fixed current which is an evaluated current applied to the battery to charge it and the 

battery voltage is expanded. When the battery voltage came to its most extreme voltage, then, at that point, the calculation is 

changed to constant voltage area. Here, battery voltage kept constant at the most extreme accepted voltage and the current 

streaming into the battery is decreased. When the battery current is decreased to its 10% of the acceptable evaluated current, then, 

at that point, considered a battery is completely energized, so ends the charging system [14], [10]. The graphical representation of 

the CCCV charging strategy is displayed in Figure. 4.3. what's more, its executed calculation is displayed in Figure. 4.3.  

 

In deeply discharged batteries, we can utilize another extra area which is the stream charging region. A deeply released battery 

implies its voltage is underneath the base voltage of the battery. During this condition, stream charging is utilized. In this 

charging, Initially, we applied 5% of the appraised current to charge the battery until the battery voltage is reaches to its base  

voltage, then, at that point, switch into a constant current area.  

 

s.no. Parameter rating 

01 Nominal voltage (Vb) 24V 

02 Capacity (Q) 7 Ah 

03 Open circuit voltage (E0) 26.0246 V 

04 A 2.0154 V 

05 B 8.7231 (Ah)-1 

06 Internal resistance (Rint) 0.034286 Ω 

07 K 0.025686 V/Ah 
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This charging strategy has given a protected and proficient charging for lithium-particle batteries. The charging season of the 

battery when utilizing this calculation depends upon how prolonged stretch of time we charge the battery in the constant current 

region. 

 

 
 

Figure 4.3. Constant Current Constant Voltage charging of the battery 

 

 
 

Figure 4.4. Flow chart of CCCV charging algorithm of battery. 

 

V. SIMULATION RESULTS 

5.1 simulation of CCCV charging of the battery  

The Constant Current Constant Voltage charging of the lithium ion battery is simulated in MATLAB environment when applying 

the different control strategies to the voltage source rectifier 

 

5.1.1 Direct Power Controlled voltage source rectifier  

The direct power controlled voltage source rectifier along with closed loop buck converter and battery simulation is done in 

MATLAB environment as shown in Figure. 6.1 

 

 
Figure.5.1. Battery charging from three phase ac supply with direct power controlled VSR. 
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In the above simulation model, considering the predefined reference values of the rectifier output voltage is 61.389V, Battery 

current is 7A, the Battery voltage is 26.8V and instantaneous reactive power is zero. The simulation results of the proposed model 

are shown below. 

 
(a) 

 
(b) 

 
(c) 

Figure. 5.2. a) The rectifier output voltage, b) Instantaneous active power and reactive power, c) Harmonic distortion of input 

line current. 
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Figure. 5.3. Battery charging characteristics 

 

The CCCV charging of the battery is acquired effectively is displayed in Figure. 6.3. From Figure.6.3, in Constant Current area, 

greatest appraised current is streaming into the battery which is 7A and the battery voltage is expanded up to its most extreme 

admissible voltage which is 26.8V. In the Constant Voltage district, greatest suitable voltage is applied to the battery which is 

26.8V and the current is streaming into the battery is gradually decreased until the 0.7A. After then, at that point, the charging 

system is ended. 

 

5.1.2. Virtual Flux Based Direct Power Controlled voltage source rectifier  
 

The simulation model of fast and CCCV charging of the lithium-ion battery from a three AC supply by using a virtual flux 

based direct power controlled voltage source rectifier is done in MATLAB environment as shown in Figure6.4. 

 
Figure. 5.4. Battery charging from 3 phase AC supply with virtual flux based direct power controlled VSR 

 

In the above simulation model, considering the predefined reference values of the rectifier output voltage is 61.389V, Battery 

current is 7A, the Battery voltage is 26.8V and instantaneous reactive power is zero. The simulation results of the proposed model 

are shown below 
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(a) 

 
(b) 

 
(c) 

 

 
(d) 
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                                                                                            (e) 

 

Figure. 5.5. a) The rectifier output voltage, b) Instantaneous active power and reactive power,  

c) Battery current, d) Rectifier input phase voltage and line current, e) Harmonic distortion of input line current.  

 

 From Figure.5.5.(a), the obtained rectifier output voltage is almost nearly equal to the predefined reference value which is 

61.3V. the obtained rectifier instantaneous active power is nearly equal to the output power and the obtained instantaneous 

reactive power is the nearly equal predefined value which is equal to zero is shown in Figure. 5.5.(b).  

 

From Figure.5.5.(c), the small ripple content is presented in the battery current which is due to the switching effect. The 

rectifier line current is always in phase with the phase voltage is shown in Figure.5.5.(d). So we can say that the input power 

factor is nearly unity. The total harmonic distortion of the input phase current is nearly 2.64% is shown in Figure.5.2.(e) 

 
Figure.5.6. Battery charging characteristics 

 

The CCCV charging of the battery is gotten effectively is displayed in Figure. 6.6. From Figure.6.6, in Constant Current 

region, most extreme rated current is flowing into the battery which is 7A and the battery voltage is expanded up to its greatest 

permissible voltage which is 26.8V. In the Constant Voltage region greatest permissible voltage is applied to the battery which is 

26.8V and the current is flowing into the battery is gradually decreased until the 0.7A. After then, at that point, the charging 

system is ended 

 

VI. CONCLUSION AND FUTURE SCOPE 

7.1 Conclusion  

Plan and displaying of a CCCV charging of the lithium ion battery from the three phase ac supply source with the assistance 

of direct power controlled voltage source rectifier and managed output voltage and output current of the closed loop dc-dc buck 

converter are done and the simulation results are checked in MATLAB Simulink environment. The managed output dc voltage of 

the rectifier is gotten, further developed input power factor which is almost unity and decreases the harmonic content in input 

current waveform which is almost 6.61% and the steady current consistent voltage charging of the battery is acquired.  

 

Plan and displaying of a CCCV charging of the lithium particle battery from the three phase ac supply source with the 

assistance of virtual transition based direct power controlled voltage source rectifier and managed output voltage and output 

current of the closed loop dc-dc buck converter are done and the recreation results are checked in MATLAB Simulink climate. 

The directed output dc voltage of the rectifier is gotten, further developed input power factor which is almost unity and decreases 

the harmonic content in input current waveform which is almost 2.6% and the consistent current steady voltage charging of the 

battery is acquired.  
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7.2 Future Scope  

 

This undertaking future degree might incorporate  

 

 Design and execute a high level strategy which is space vector based direct power controlled for voltage source 

rectifier to work on the presentation of the rectifier.  

 Design and execute a high level dc-dc converter which is a simultaneous buck converter for performence 

improvement. 
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