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 Pollution is one of the most hazard facing in the world. Day by day pollutions 

has been increased in the society due to population growth, industries, 

constructions, and transportation. As per the world health organization 

(WHO) survey, 45% of the air pollution is due to transportation because they 

lay on internal combustion engine (ICE) based engines. To avoid carbon 

footprints, green transportation should be encouraged for further generations. 

In recent days many electric vehicles (EV’s) are found in the market but facing 

some issues like battery blasts, storage limitations and lack of charging 

infrastructure. Out of these issues, mainly my focus is on developing a 

compact, efficient, simple, medium gain coupled inductor-based DC-DC 

boost converter is proposed which is helpful for fast charging system. In this 

paper, coupled inductor (CI) and switched coupled inductor (SCI) based 

converters are designed and analysed with mathematical approach. The 

outputs of both CI and SCI converters are verified and compared with 

simulation results and as well CI based converter is developed with hardware 

prototype and verified hardware and simulation results in terms of gain, 

elements and efficient. 
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1. INTRODUCTION 

Now a days most of the countries are facing the problems due to pollution. The reasons for increment 

of pollution in world are due transportation and industries especcially in modern cities. Industries are necessary 

to increase the employability of people for the development of nation. Transportaion is major cause of 

pollution, to prevent them internal combustion engine (ICE) vehicles need to be replaced with electric vehicles 

(EV’s). The major problem with electric vehicles is stoarage capacity, time taken to charge a battery, charging 

system development, fire accidents. Out of these problems, my main focus is on fast charging system 

development to reduce charging time of battery [1]–[3]. To develop a fast-charging system, high rated constant 

current is required to charge a battery in less time. Constant current can be developed by using the resonant 

converter circuits. But the problem is generation of high rated current which is not possible with resonant 

converters, so it need to be cascaded with DC-DC converter. 

DC-DC converters are preferable for voltage gain, but based on load the converter delivers the current 

to load. By increasing the load, the voltage as well as current for the load increases. Therefore proper choosing 

of DC-DC converter is most important task in fast charging system. One more advantage of DC-DC converter 
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is integration of renewable energy source. Photo-voltaic energy can be used to generate DC power which can 

be integrated at the input of DC-DC converter [4]–[6]. DC-DC converters has many classifications like single 

stage (conventional boost, buck, and buck-boost), multi stage (switched inductor/capacitors), impedance 

networks (transformer/coupled inductor), multi-level and multi phase converters [7]–[9]. These many types of 

DC-DC converters are available in the market, but the main focus is on magnetically coupled based converters. 

As per the literature, magnetic coupled based converters are preferred to boost the output voltage of 

the converter which can be attained through transformer or coupled inductor. Transformer based converter 

provides the isolation but cannot minimise of low leakage inductance and minimum ripple currents which can 

be achieved through coupled inductor [10]–[15]. A proposed novel coupled inductor (CI) based converter is 

used in this paper because of many advantages compared to other converters like; 

− DC-DC boost converter for medium gain applications which uses three switching elements wherein one is 

controlled the other two are uncontrolled elements. 

− Low loss power conversion due to least number of semiconductor switches and conduction losses. 

− Coupled inductor overcomes leakage inductance and can have better regulation on output due to low 

harmonics. 

− Compact in size due to low conduction loss and simple thermal management. 

− Simple gate driver with minimum protection features is sufficient to drive controlled switch. 

− Least weight, size and minimum maintenance due to simple circuitry and thermal management. 

Because of above said benefits, CI based DC-DC converter is used in fast charging technology.  

Many coupled inductor based topologies [16]–[25] are available like switched coupled inductor (SCI) but the 

proposed novel topology has unique construction. The block diagram of coupled inductor-based DC-DC 

converter circuit is shown in Figure 1. 

 

 

 
 

Figure 1. Block diagram of proposed novel CI and SCI based DC-DC converter 

 

 

In the block diagram diode (D2) or capacitor (C1) is placed at same point. If the converter is placed 

with C1 then that is the proposed novel converter. In place of capacitor (C1) replaces with diode (D2) then it 

is said to be SCI. In this paper SCI based DC-DC converter is also designed, analyzed and simulated.  

After the results both the converters are compared. The outline of the paper is organized as section 1 with 

introduction, design and analysis of proposed novel CI based converter in section 2, simulation results and of 

CI based converter in developed a prototype which was discussed in section 3, SCI based converter analysis 

design and simulation in section 4, finally comparison of both CI and SCI based converter in section 5. 

 

 

2. DESIGN AND ANALYSIS OF PROPOSED NOVEL CI BASED DC-DC CONVERTER 

A novel CI based DC-DC boost converter is proposed for medium power applications, whose 

schematic is presented in Figure 2. Basically, the conversion ratio depends on the following parameters such 

as transformation ratio of coupled inductor, co-efficient of coupling, on time of switch. The main components 

used in the converter are two winding coupled inductor, metal oxide silicon field effect transistor (MOSFET) 

switch, two diodes-D1 is acts as blocking diode and D1’acts as free wheeling diode, two capacitors-C1 

capacitor used to charge and discharge during ON and OFF time of switch and C2 which is a filter capacitor 

and resistive load (RL). The couple inductor is manufactured with ferro magnetic material with high coupling 

factor i.e., coefficient of coupling (K=1). The specifications of proposed novel CI based boost converter is 

tabulated in Table 1. 
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Figure 2. Schematic circuit of a proposed novel CI based converter 
 
 

The above said converter will operates in two states, switch-ON state, and switch-OFF state. In one 

state, the circuit behaves as shown in Figure 3. In this state the switch is open (OFF state) and the diode (D1) 

will become ON then the coupled inductor (CI) and a capacitor (C1) stores the energy from input source. For 

the circuit shown in Figure 3(a). is analysed with voltage law then the voltage across the inductor (VL) is 

expressed in 1. 

In next state, the switch is closed (ON state) in such state both the legs get shorted which calls as shoot 

through state. In this state along with switch, remaining devices like diode (D1) and (D1’) get reversed bias 

i.e., OFF state because of high potential at switch compared to source as per the circuit shown in Figure 3(b). 

By applying Kirchhoff’s voltage law in this state, the voltage across the inductor is expressed as (2). 

 

𝑉𝑐1 +
𝑉𝐿

𝑁12
= 0 ⇒ 𝑉𝐿 = −𝑁12𝑉𝑐1 (1) 

 

 

  
(a) (b) 

 
Figure 3. Modes of operation states on proposed novel CI based converter; (a) Switch-OFF state and  

(b) Switch-ON state 

 
 

𝑉𝑑𝑐 = 𝑉𝐿 +
𝑉𝐿

𝑁12
+ 𝑉𝐶1 ⇒ 𝑉𝐿 =

𝑁12

𝑁12+1
(𝑉𝑑𝑐 − 𝑉𝑐1) (2) 

 

State averging technique is implemented for the circuit in both the states of switch then it is expressed 

as (3) and (4). By computing above said equations, the voltage across the capacitor C1 is derived w.r.t to input 

which is expressed as per (5). 

 

𝑉𝐿(𝑑𝑢𝑟𝑖𝑛𝑔 𝑂𝑁 𝑡𝑖𝑚𝑒) + 𝑉𝐿(𝑑𝑢𝑟𝑖𝑛𝑔 𝑂𝐹𝐹 𝑡𝑖𝑚𝑒) = 0 (3) 

 

𝑉𝐿𝐷 + 𝑉𝐿(1 − 𝐷) = 0 (4) 

 

𝑉𝑐1 = 𝑉𝑑𝑐
(1−𝐷)

(𝑁12𝐷+1)
 (5) 

 

By referring above said equations during ON and OFF states, the output voltage (Vo) is determined. 

The maximum value of the converter’s output voltage during OFF time of the switch is calculated and 

expressed in (6): 

 

𝑉𝑜 = 𝑉𝑑𝑐(1 −
𝑁12𝐷

𝑁12𝐷+1
) (6) 

 

the Table 1 says about the specifications of the proposed novel CI based converter which are used in simulation 

work. 
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Table 1. Design specifications of proposed novel CI based converter 
S.No. Specifications for the coupled inductor based DC-DC converter 

1 DC Input of the converter is Vdc is 5 V 

2 Turn’s ratio of coupled Inductor (CI) is N1:N2=1:2 
3 operating frequency of the converter is 10 KHz 

4 Self-inductances of coupled inductor are L1=3µH and L2=6 µH 

5 Mutual inductance of converter(LM)=4.2e-4H 
6 capacitors (C1) and (C2) =470 µF 

7 Resistive load (RL)=200 Ω 

8 Output voltage of the converter (VO) is Gain*Vdc 

 

 

3. SIMULATION AND HARDWARE RESULTS OF PROPOSED COUPLED INDUCTOR 

BASED DC-DC CONVERTER 

3.1.  Simulation of proposed CI based DC-DC converter 

The specifications which are mentioned in Table.1 are implemented in MATLAB/SIMLINK as per 

the Figure 4. The simulation circuit of proposed converter is shown in Figure 4(a). Simulated circuit is tested 

with two conditions such as:  

− Change in load resistance (RL). 

− Change in duty ratio (D). 

After testing simulation circuit, output voltages of the proposed converter are observed and measured 

with different loads @ dutyratio of 10% with input voltage of 5 volts which is shown in Figure 4(b). Similarlly 

the output voltages of converter are observed and measured with different dutyratio’s @ load resistance of 200 

Ω with same 5 volts input voltage which are shown in Figure 4(c). 

 

 

 
(a) 

  
(b) (c) 

 

Figure 4. Implementation in MATLAB/SIMULINK (a) MATLAB/SIMULINK circuit of CI based DC-DC 

converter; output voltages of the CI based converter, (b) different resistive loads @Duty ratio (D)=10% and 

Vdc with 5 volts, and (c) different dutyratio’s@ load resistance of 200 Ω and Vdc with 5 volts 

 

 

3.2.  Development of hardware prototype 

From the simulation results, it is observed that the output voltages are dependent on resistive load (RL) 

and duty ratio (D). To observe the same a hardware prototype is developed as shown in Figure 5. The 
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components used to develop the hardware prototype are listed in the Table 2. The coupled inductor (CI) was 

designed in-house, and manufacturing was done by 3rd party. An Arduino is used as a controller to generate 

gate pulse to trigger the MOSFET switch. To toggle the switch the current required will be high so a gate driver 

is used, the Arduino supplies the gate pulses to the gate driver which will supply to the MOSFET the required 

level of current to toggle the ON state of the switch. The gate driver is separately powered by 18 V using a 

step-down transformer. The ouput voltage of CI based converter @300 Ω is shown in Figure 6 and components 

used list is tabulated in Table 2. 
 
 

Table 2. Hardware components to develop prototype 
S.No. Components/Description Value/Part number 

1 Input voltage (Vdc) 5 V 
2 Capacitances C1 and C2 470 µF, 400 V, Kemet 

3 Turns ratio N1:N2 20:42 on 

4 Switching frequency fs 10 KHz 
5 Switch MOSFET, IRFP2907 PbF 

6 Diodes D1, D1’ IRF 

 

 

 
 

Figure 5. Hardware implementation of proposed novel CI based DC-DC converter 

 

 

 
 

Figure 6. Output voltage (Vo) of the proposed CI based converter @ D=10% and RL=300Ω 
 
 
3.3.  Comparison of hardware and simulation of proposed converter 

By validating the simulation and hardware results of proposed CI based converter in section 4. A 

comparative analysis on results is declared in Table 3. And other results in Table 4. 

 

 

Table 3. Output voltages with different loads 

S.No. Duty ratio @ 10% 
Load (R) in Ω Output voltages (Vo) in volts (simulation) Output voltages (Vo) in volts (hardware) 

1 100 14.45 13.45 

2 200 19.55 18.35 
3 300 24.95 23.80 

4 400 26.63 25.33 

5 500 29.86 28.16 
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Table 4. Output voltages with different duty ratio 
S.No. Constant load resistance @200 Ω 

Duty ratio (D) in % Output voltages (Vo) in volts (simulation) output voltages (Vo) in volts (hardware) 

1 10 19.55 18.35 

2 20 37.34 36.12 

3 30 54.26 52.65 
4 40 69.40 67.38 

5 49.9 81.03 79.98 

 

 

4. SWITCHED COUPLED INDUCTOR BASED DC-DC CONVERTER 

A SCI based DC-DC converter which is also a boost converter which is shown in Figure 7. In this 

converter, the no. of turns of N1 is lesser than N2 (N1< N2). Compared to CI based converter, in this SCI 

converter capacitor (C1) is replaced with a diode (D2) as per the circuit [18]. The design specifications of SCI 

based converter is tabulated in Table 5. 

 

 

 
 

Figure 7. Schematic diagram of switched-coupled inductor converter 
 
 

4.1.  Operation and analysis of converter 

This switched-coupled inductor-based converter is also operates in two states as shown in Figure 8. 

In state: 1 the switch and diode (D2) is ON state as well the D get reverse biased because of zero potential at 

switch and high potential at capacitance as shown in Figure 8(a). Therefore, the same voltage will exist across 

the capacitor and load. By obeying Kirchhoff’s Voltage law, the circuit is operated as per (7) to (10). 

 

𝑉𝐿1 = 𝑉𝑑𝑐 (7) 

 

𝑉𝐿2 = 𝑁12𝑉𝑑𝑐 (8) 

 

𝑉𝐷2 = (1 − 𝑁12)𝑉𝑑𝑐 (9) 

 

𝑉𝑜 = −𝑉𝑐 (10) 

 

In state: 2, the circuit switch is in OFF state, so that the diode (D2) is also will get reversed. So that 

the current flows through the diode (D1) which is forward bias as per circuit shown in Figure 8(b). By 

implementing voltage law to the below circuit following (11) to (14) are obtained. 

 

 

  

(a) (b) 

 

Figure 8. Modes of operation; (a) state 1: switch-ON state and (b) state 2: switch-OFF state 
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𝑉𝐿2 = 𝑉𝑑𝑐 − 𝑉𝑜 (11) 

 

𝑉𝐿1 = 𝑁12(𝑉𝑑𝑐 − 𝑉𝑜) (12) 

 

𝑉𝑠𝑤𝑖𝑡𝑐ℎ = 𝑉𝑜 (13) 

 

𝑉𝐷1 = (1 − 𝑁12)(𝑉𝑑𝑐 − 𝑉𝑜) (14) 

 

By implementing state averaging technique during ON and OFF time of controlled switch used in the 

converter. The average voltage obtained under steady state condition are expressed in equations. The output 

voltage w.r.t to couple inductor and input voltage is expressed in (15) to (17);  

 

𝑉𝐿(𝑑𝑢𝑟𝑖𝑛𝑔 𝑂𝑁 𝑡𝑖𝑚𝑒) + 𝑉𝐿(𝑑𝑢𝑟𝑖𝑛𝑔 𝑂𝐹𝐹 𝑡𝑖𝑚𝑒) = 0 (15) 

 

𝑉𝑑𝑐𝐷 +
𝑁1

𝑁2
(𝑉𝑑𝑐 − 𝑉𝑜)(1 − 𝐷) = 0 (16) 

 
𝑉𝑜

𝑉𝑑𝑐
=

𝑁1

𝑁2
∗

1

(1−𝐷)
 (17) 

 

the Table 5 is representing the specifications used in SCI base converter. These specifications are used in 

simulations. 
 
 

Table 5. Design specifications of converter 
S.No. Specifications for the coupled inductor based DC-DC converter 

1 DC Input of the converter is Vdc is 5 V 

2 Turn’s ratio of CI is N1:N2=1:5 
3 operating frequency of the converter is 10 KHz 

4 Self-inductances of coupled inductor are L1=3µH and L2=3µH 

5 Mutual inductance of converter(LM)=44.2µH 

6 capacitors ©=470µF 

7 Resistive load (RL)=200Ω 

8 Output voltage of the converter (VO) is Gain*Vdc 

 

 

4.2.  Simulation of SCI-based converter 

The SCI based DC-DC boost converter is simulated in MATLAB/Simulink environment as shown in 

Figure 9. In this simulation, the converter is applied with 5 volts input voltage. The converter is operated with 

pulse generator under open loop, the circuit is tested with different loads and different duty-ratio’s. The results 

with different load resistances with 10% of duty ratio is tabulated in Table 6 along with output voltage 

waveforms of the converter are shown in Figure 10. Similarly, converter output voltage results with different 

duty ratios with 200 Ω load resistance are tabulated in Table 7 along with volt waveforms shown in Figure 10. 

 

 

 
 

Figure 9. MATLAB/Simulink circuit of SCI-based DC-DC converter 
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(a) (b) 

 

Figure 10. Output voltages of the SCI based converter; (a) different resistive loads@ Duty ratio of 10% and 

Vin=5 volts and (b) different dutyratio’s@load resistance of 200 Ω and Vin=5 volts 

 

 

Table 6. Output voltages with different loads 
S.No. Duty ratio @ 10% 

Load RL in Ω Output voltages (vo) in volts (simulation) 

1 200 7.15 
2 400 8.42 

3 600 11.38 

4 800 12.45 
5 1000 13.62 

 

 

Table 7. Output voltages with different duty ratio 
S.No. Constant load resistance @200 Ω 

Duty ratio (D) in % Output voltages (Vo) in volts (simulation) 

1 10 7.15 

2 20 13.22 

3 30 17.78 

4 40 24.30 

5 49.9 43.10 

 

 

5. COMPARISION OF CI AND SCI BASED CONVERTERS 

After design and simulation of the both (CI and SCI) the converters are compared in two aspects. 

Comparison tables are listed below in Table 8 and Table 9: i) comparison of components and devices, and ii) 

gain of the converter. After the comparison of both the Tables 8 and 9, a proposed novel CI based converter 

has less no. of turns in CI, less duty ratio, less no. of devices and more gain compared to SCI. 

 

 

Table 8. Comparison of elements in CI and SCI converter 
Components Proposed CI converter Switched CI converter 

Coupled inductor 1 1 

Diodes 2 3 
Capacitors 2 1 

MOSFET switch 1 1 

 

 

Table 9. Comparison of voltage gain 
Components Proposed CI converter Switched CI converter 

Turns ratio 1:2 1:5 

Voltage gain @ D=10% and RL=200 Ω 3.91 1.43 

 

 

6. CONCLUSION 

A proposed novel CI based converter is a boost converter which is required for battery charging 

system. The novel converter is designed and analyzed under steady state. The converter is simulated in 

MATLAB and developed a prototype to validate results of them. After validation, the gain of the proposed 

converter is 3.91 (near to 4) @ 10% of duty ratio. This converter more efficient because of less duty ratio, low 

conduction loss and high gain. Similar type of another converter i.e., SCI based converter is also analyzed, 
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designed and simulated. SCI converter is also a boost converter which gives gain of 1.43 @ same 10% duty 

ratio. By comparing both the converters but the proposed novel converter has less No of turns in coupled 

inductor, more voltage gain @ same duty ratio. Finally, the proposed novel CI based high-gain converter is 

preferreable for compact fast charging system in EV’s. 
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