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Abstract - Now a days the human life has become tough 

because of availability of the non-Renewable sources are 

reduced. Such as Gasoline, petroleum products, coal, 

natural gas and other fossil fuels. These resources cannot 

be recycled again. To overcome this problem IC engine 

automobiles are replaced  by electric vehicles. hybrid 

energy storage systems are used such as battery, super 

capacitor and other storage devices in the electric  vehicles. 

This project presents DC-DC converters with Interleaved 

boost stage for the hybrid storage systems. The interleaved 

boost converters have may advantages such as less ripple 

current, high efficiency and faster dynamics. The 

interleaved boost converter boosts the output voltage up to 

350-400v compared to the input voltage. PID controller is 

the mechanism used to the control the operation of the 

converter to operate in the safe mode and reduces the 

stress on the switches. The Simulink diagrams and 

experimental results are investigated by using 

MATLAB/SIMULINK software. 
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I. INTRODUCTION 

The increased environmental pollution has led to the 

replacement of conventional sources by renewable sources 

like photovoltaic sources, windmills etc which result in turn an 

increase in the demand of DC- DC converters. Basically DC-

DC converters are used to boost the input voltage to required 

output voltage and to get the high voltage gain[1]. The 

converter should be operated with the duty cycle of more than 

50% to get higher gain in voltage level. As power densities 

continue to rise, interleaved boost designs become a powerful 

tool to manage 

 

input currents with increased efficiency. The interleaved DC-

DC boost converters are used for the application requiring 

demands such as low current ripple, high efficiency, faster 

dynamics, and higher power density. With the help of 

interleaving technique, the inductor current of interleaved 

boost converter can be reduced[2].  

Multi-input DC-DC converters are widely used to combine 

various power sources in an efficient way. Hybrid Energy 

Storage Systems (HESS) which integrates high-capacity 

batteries with fast-responding ultra-capacitors (UC), is an 

efficient solution for high-power and high-energy 

applications. Although batteries can achieve high specific 

energy up to 500 Wh/kg, their specific power usually does not 

exceed hundreds of watts per kg. In contrast, UCs have high 

specific power in the order of kilowatts per kilogram[3],[4] 

Recently, HESS has been utilized for Electric Vehicle (EV), 

Hybrid Electric Vehicle (HEV), and Plug-in Hybrid Electric 

Vehicle (PHEV) to improve power and energy density, 

lifetime, and cost of the storage system[5]. In order to use the 

HESS efficiently, the topology of the system and also the 

control scheme, should be designed carefully.[5],[6] 

By integrating DC-DC converters, multi-input DC-DC 

converter with reduced size and cost can be achieved. multi-

input topologies with multiple energy sources combine desired 

characteristics of each source (with different voltage levels and 

power and energy capacity) and also increase the reliability of 

the system [7],[8]. A wide range of applications can be 

imagined for multi-input converters including hybrid micro-

grids, EV and HEV, and integrated renewable sources[9].. The 

limitation of this converter is that at a specific time, only one 

input source can be charged or feed the load. In addition, the 

input sources cannot share power between each other. 
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II. BLOCK DIAGRAM DISCRIPTION 

 

Fig 1: Block diagram of the system 

DC voltage supply:  

A DC power supply is one that supplies a constant DC voltage 

to its load. Depending on its design, a DC power supply may 

be powered from a DC source or from an AC source such as 

the power mains. 

Interleaved boost converters:  

A basic boost converter converts a DC voltage to a higher 

DC voltage. Interleaving adds additional benefits such as 

reduced ripple currents in both the input and output circuits. 

Higher efficiency is realized by splitting the output current into 

two paths, substantially reducing 𝐼2𝑅 losses and inductor AC 

losses. 

Hybrid storage systems: 

Hybrid energy storage systems (HESSs) characterized by 

coupling of two or more energy storage technologies are 

emerged as a solution to achieve the desired performance by 

combining the appropriate features of different technologies. 

PID controller: 

A PID controller is an instrument used in industrial 

control applications to regulate temperature, flow, pressure, 

speed and other process variables. PID (proportional integral 

derivative) controllers use a control loop feedback mechanism 

to control process variables and are the most accurate and 

stable controller. 

 

 

 

 

III. BOOST CONVERTER 

Figure 2 shows the boost converter that raises the voltage of 

DC input to a given voltage of DC output. The source of input 

voltage is connected to an inductor. The source connected to 

the solid-state device works as a switch. A diode is the second 

switch used. The diode is connected to a capacitor which is in 

parallel to the load as shown in the figure. 

 

Fig 2: Topology of boost converter 

 

Stage1: Switch is ON, Diode is OFF 

 

Fig 3: Equivalent circuit for switch closed 

When the switch is ON the diode becomes reverse biased and 

the current will flow through inductor, switch and then back to 

the source.  

Boost converter during steady state operation, for stage 1 

operation using KVL.  

VL = VS = L
dIL

dt
 

          Therefore, 
dIL

dt
=

Vs

L
 

∆IL

∆t
=

∆IL

DT
=

VS

L
 

 

Switch closed for (∆IL)= 
VSDT

L
 

Stage 2: Switch is OFF, Diode is ON 

 

Fig 4: Equivalent circuit for switch open 
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When the switch is OFF, the diode becomes forward biased to 

provide path for inductor current. The energy stored in the 

inductor will dissipate to the load resistance.  

Boost converter during steady state operation, for stage 2 

operation using KVL. 

VL = VS − 𝑉𝑂 = L
dIL

dt
 

Therefore, 
dIL

dt
=

Vs−𝑉𝑂

L
 

∆IL

∆t
=

∆IL

(1 − D)T
=

VS − 𝑉𝑂

L
 

Switch closed for (∆IL)= 
(VS−𝑉0)(1−DT)

L
 

The net change in  inductor current, 

(∆𝐼𝐿)𝑐𝑙𝑜𝑠𝑒𝑑 + (∆𝐼𝐿)𝑜𝑝𝑒𝑛 = 0 

VSDT

L
 + 

(VS−𝑉0)(1−DT)

L
 =0 

Solving for 𝑉𝑂 =
𝑉𝑆

(1−𝐷)
 

 

IV. INTERLEAVED BOOST CONVERTER 

The proposed system interleaved boost converter is used as 

charging stage for hybrid storage systems such as battery and 

super capacitor. This converter is used to get high voltage gain 

compared  to the existing system. In the proposed interleaved 

boost converter additional inductor and two diodes  is used to 

get high voltage gain and super capacitor is added for 

additional charging storage. PID controller is used to provide 

pulses and to get better performance of converter. The 

additional switch  S3 is added for the connection to the super 

capacitor. The super capacitor starts to charge after the 

completion of battery charging. The switch S3 turns on after 

battery charges to 100% to charge the super capacitor. 

 

Fig 5: Toplogy of interleaved boost converter 

Mode 1: 

during  this mode, switch  T1 is turned on and T2 is turned off. 

Diodes D2 and D3  are in the forward condition. D1 and D4 

are reverse biased. the inductor L1 stores the energy and L2 

and L3 transfers the energy to the load through the diodes D2 

and D3. 

 

Fig 6: Equivalent circuit for switch closed 

Mode 2: 

During this mode, switch T1 is turned off and T2 is also turned 

off. Diodes D1 and D4  are in the forward condition. D2 and 

D3 are reverse biased. the inductor L1  and L3 transfers the 

energy to the load through the diodes D1 and D4 

 

Fig 7: Equivalent circuit for switches open 

Mode 3: 

During this mode, switch T1 is turned off and T2 is also turned 

on. Diodes D1 and D4  are in the forward condition. D2 and 

D3 are reverse biased. the inductor L2 stores the energy and 

L1 and L3 transfers the energy to the load through the diodes 

D1 and D4. 

Fig 8: 

Equivalent circuit for switch  T2 closed 

Mode 4: 

During this mode, switch T1 is turned off and T2 is also turned 

off. Diodes D3 and D2  are in the forward condition. D1 and 

D4 are reverse biased. the inductor L2  and L3 transfers the 

stored energy to the load through the diodes D3 and D2. 
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Fig 9:  Equivalent circuit for switches open 

 

V. SIMULINK MODEL 

 

Fig 10: Simulink model of the system 

 

Fig 11: simulink model of PID controller 
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Fig 12: simulink model of interleaved boost converter 

 

 

 

Table I: Parameter values 

 

 

 

VI. SIMULINK RESULTS 

 

Fig 13: input voltage 100v 

 

Fig 14: input current 

 

Fig 15: inductor voltage  

 

Fig 16: inductor current 

 

 

Fig 17: output voltage 385v 

 

http://www.jetir.org/


© 2019 JETIR June 2019, Volume 6, Issue 6                                                                   www.jetir.org (ISSN-2349-5162) 

JETIR1907F01 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 6 
 

 

Fig 18: output current 

 

Fig 19: battery SOC 

 

Fig 20: Super capacitor SOC 

VII. CONCLUSION 

In this project Interleaved boost converter topology is 

proposed for DC-DC power conversions for electric vehicles 

with hybrid energy storage systems. The converter operates in 

all modes including DC-DC battery and super capacitor 

charging. The converter achieves the output voltage up to 350-

400V for the input voltage 100V and duty cycle 75%. The PID 

controller provides gate pulses and controls the operation of 

converter. The ripple current is reduced and efficiency is 

increased. The Simulink results shows the performance and 

results of the interleaved boost converter including battery and 

super capacitor charging. 
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