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ABSTRACT: The predominant part of air pollution is caused by the emanation of carbon dioxide from the 

conventional engine. Nowadays, air pollution has become the main cause of degradation of environment, making the 

electric vehicle the best option to mitigate it. By comparing with conventional engine vehicles the electric vehicles have 

very few moving parts, good speed control, high acceleration, and high starting torque. This paper gives an idea about 

power converter types used for plug-in electric vehicles with their applications and comparison. 
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I.INTRODUCTION 

In the early period of automotive industry Competition between the three automotive technologies i.e. Electric Vehicles 

(EVs), steam cars and Internal combustion engine vehicles (ICEVs) takes place for market domination [1]. Steam cars 

had two major issues: they needed to be heated about 20 minutes before driving, and they required huge quantities of 

water causing it to disappear in 1920 from market [2]. The downsides of the ICEVs were the struggle of engine 

starting, the noise, the low top speed and the short range [3]. The drawback of electric vehicle (EV) was linked to poor 

battery performance: low top speed, limited driving range and not able to climb hills. From year 1900 onwards, a 

number of developments enabled ICE vehicles to enhance the top speed and range of driving, solve the problem of 

start-up offering a wide range of sales volume till now [4]. In today's world, due to technological advancement, 

environmental needs and the unavoidable decline of fossil fuels, it seems that the EV market is starting to rise. For a 

variety of ecological and economical factors, the EV industry is expected to have a major effect on the global 

automotive market. 

EVs (plug-in electric vehicles) draw whole or portion of their energy from the electrical grid. Two types of EVs are, 

a) All-electric vehicles (AEVs) - It includes Battery Electric Vehicles (BEVs) and Fuel Cell Electric Vehicles 

(FCEVs). They collect energy by connecting it to the grid and storing it in the batteries. Most have ranges 

from 80 to 100 miles except for luxurious models have range upto 250 miles. When battery has been drained 

it can take 30 minutes for fast charging and upto 1 day for level 1 charging to recharge it. 

b)   Plug-in hybrid electric vehicles (PHEVs) - It runs on electricity for shorter range from 6 to 40 miles then 

switched with ICE and can be used for higher ranges [5]. 

 

 

In vehicular Technology, the more focus shift towards the electrical system as it becomes a promising solution to 

restrain air pollution. The EV system comprises of batteries, power converters, electronic controllers, electric motors. 

As shown in Fig.1 In this system battery packs, supercapacitors, flywheels can be used to store the electricity whereas 

rechargeable batteries used for primary storage [6]. In recent years, the implementation of rechargeable batteries in EVs 

has been highly widespread. Various types of energy storage batteries, including lead acid, lithium-ion and Ni-

MH have been implemented and examined for EVs [7]. Due to its long lifespan, good energy density and peak 

performance, lithium-ion battery is extensively used [8]. Nowadays, DC-DC converters are broadly utilized in EVs and 

various applications in industry. For battery charging and discharging in Plug-in EVs bidirectional DC-DC converter is 

employed. But the size of this converter is very large and the cost is also high and used for medium Power application 

compared to non-isolated converter [9]. From an economical aspect, the cost of electricity is lesser than that of fossil 

fuels. Some of the objectives associated with the greenhouse gas footprint, dependency upon oil, and cost have attained 

by consolidating EVs [10]. 
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The global market of plug-in EVs rapidly increasing from the last five years. From the statistical aspect, around 2.2 

million units of EVs were sold globally due to the initiatives taken by the governments of various countries [11]. 

The operation of various power converters used in plug-in EVs are studied in this paper. 

 

Fig.1 Electric Vehicle System 

 

II.POWER CONVERTERS SYSTEM MODEL AND ASSUMPTIONS 

The role of power converter is to regulate and process the stream of electrical energy by providing currents and 

voltages in manner that is suitable for the load of user. The Various types of converter used in EVs are as follows,   

A. Buck converter 

Also called step down converter as its steps down a DC voltage from the input side to output side. It basically operates 

in two modes depending on the position of a switch. It is use to send the power to the battery in EVs as well as for 

various loads such as sensors, safety equipments and entertainment. The circuit diagram is as shown in Fig.2 

    Mode 1 - When switch (Q) is ON the current starts flowing through the inductor (L) and starts charging it and source 

voltage (Vs) appears across the output side. 

    Mode 2- When Q is OFF inductor starts discharging through load and diode. It is the ability to provide less output 

and input ripple current [12], [13]. 

Q

 

Fig.2 Buck Converter 

The average output voltage is 

 

 

 

Where,  V0 = output voltage  

 Vs = supply voltage 

   α = duty ratio 

B. Boost converter 

Also known as Step up converter as it steps up a DC voltage from the input side to output side. The circuit diagram 

is as shown in Fig.3The boost topology is simplified for regenerative mode for the battery charging and also used for 

supplying the power to I.M. in driving mode in EVs. 

V0=α . Vs 
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    Mode 1- When Q is ON the current starts flowing through the L, switch and back to the source and charges the 

inductor. As the switch is short-circuited the output voltage becomes zero. 

    Mode 2- As Q is OFF the polarity of inductor reverses and starts discharging. So that we get the increased voltage at 

output side which is the addition of input voltage that is vs and voltage due to inductor action [12],[13]. 

 

Q

Q

 

  Fig.3 Boost Converter 

The average output voltage is 

 

 

 

 

C. Buck- boost converter 

Depending upon the requirement it can be used Step Up or step down. Such type of bi-directional Topology is used 

for regenerative braking system in EVs. The circuit diagram is as shown in Fig.4 

    Mode 1- When Q is ON the current starts flowing through L and back to the source. At this time the inductor starts 

charging. 

   Mode 2- When Q is OFF the L starts discharging through capacitor and load during this period diode is on and the 

capacitor is charged. 

   Mode 3- When diode D and switch is OFF, capacitor voltage appears across output which is negative so it is also 

called as inverting regulator [12],[13]. 

Q

 

Fig.4 Buck-Boost Converter 

 
The average output voltage is 

 

 

 

 

  

D. Cuk converter 

This converter provides a buck or boost operation. It binds the good quality of buck and boost converter in terms of 

filtering input and output. The circuit diagram is as shown in Fig.5 the topology of cuk converter is used in charging the 

battery of EVs to reduce input current THD and PF improvement. It enables low voltage ripples on both sides. Energy 

transfer depends on capacitor C. It is an inverting type of converter. It has minimum switching losses and provides 

maximum power at high efficiency. An inductor providing at the output side to improve ripple-free characteristics of 

V0= 
Vs1 − 𝛼 

 

V0=Vs . 
α1 − 𝛼 
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output current. Output current is flowing through capacitor Co so that the capacitor of high ripple current rating and 

low value of series resistance are used to reduce the losses [12],[13]. 

Q

  
Fig.5 Cuk Converter 

 

The average output voltage is 

 

 

 

 

 

E. Sepic Converter 

Sepic is a single ended primary inductor converter. 

Such topology implemented for charging the battery in EVs giving low THD for input current and better efficiency.  

The output voltage of this converter may be equal, greater, or less than input depending on duty cycle that controls the 

output voltage. If the duty cycle is above 0.5, it will step up otherwise step down. This converter is same as buck boost 

converter except that of non-inverting output which is one of the advantages.  The circuit diagram and waveforms are 

as shown in Fig.6 and Fig.7 

    Mode 1- When Q1 is ON then L1 is charged and L2 charged via coupling capacitor where C2 maintains the output. 

    Mode 2- When Q1 is OFF the capacitor C2 charged by inductor L1 and L2 through the diode D. It gives lower 

ripples endless stress on capacitor C1.such type of converter is used  where high voltage is required [12], [17]. 

Q1

 
Fig.6 Sepic converter 

 

Here, the voltage across the switch is given by VQ1 and current IQ1 
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Fig.7 Switching Waveform 

 

 

 

V0=Vs . 
α1 − 𝛼 
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The average output voltage is 

 

 

 

F. Zeta converter 

Zeta converter or inverse sepic built by using pair of inductors and capacitors. It is able to operating in both the mode 

that is either in step up or step down. This topology have lower output-voltage ripple and is easy to compensate 

compare to the Sepic converter and also used for power factor correction. The integrated topology of zeta-sepic 

converter is best suitable in EVs as it requires less components as well as better efficiency.  The output voltage is 

positive which makes sensing circuit simple. The circuit diagram and waveforms are as shown in Fig.8 and Fig.11 

Q

L1

L2
C1

C2 RD
Vs

+

-

 
Fig.8 Zeta converter 

 

Mode 1-When Q1 is ON as shown in Fig.9 The diode D becomes OFF. The first inductor L1 stores the energy obtained 

from the rectifier. The energy provided to the load (R) through L2 and C2 by the C1. The currents through the 

inductors L1 and L2 increase linearly. Also called charging mode. 

 

L1

L2
C1

C2 RDVs

Q1 closed

i

IL1

 
Fig.9 Equivalent circuit when switch is ON 

 
Mode 2-When Q1 is OFF as shown in Fig.10 The diode D becomes ON as a result of the voltage across the inductor L2 

has reversed polarity, the energy which is stored in the inductor L1 is transmitted to C1. The load R receives energy 

from L2.Also called discharging mode [13], [18]. 
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+
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Fig.10 Equivalent circuit when switch is OFF 

 

V0=Vs . 
α1 − 𝛼 
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VQ1

 
Fig.11 Switching Waveform 

 

The average output voltage is 

 

 

 

 

G. Luo converter 

The battery which is used in EVs provides DC voltage which is not constant and consisting of high voltage ripples. 

The classical buck converter contains more ripples. So luo converter is put forward to overcome this problem in EVs. It 

is derived from the buck-boost converter. In such type, output ripples, enhancement of output voltage is done by 

additional filter which is present in this converter. The circuit diagram and waveforms are as shown in Fig.12 and 

Fig.15 

              

Q
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-

-
i0

+

-

Vo

 
                                                  Fig.12 Luo converter 

 

Mode 1- When Q is ON as shown in Fig.13 supply voltage Vs charges L1. Simultaneously, the energy from the C1 and 

voltage source is absorbed by L2. 
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Fig.13 Equivalent circuit when switch is ON 

V0=Vs . 
α1 − 𝛼 
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Mode 2- When Q is OFF as shown in Fig.14 the C1 is charged by Current iL1 via freewheeling diode. The flow of 

current iL2 is through C2-R and D to keep itself continuous [15], [16]. 
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iL1
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+

-

Vo

 
Fig.14 Equivalent circuit when switch is OFF 

 

 
Fig.15 Switching Waveform 

 

 

The average output voltage is 

 

 

 

Where, 

     V0 = output voltage  

     Vs = supply voltage 

       α = duty ratio 

V0=Vs . 
α1 − 𝛼 
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III. CLASSIC COMPARISON OF POWER CONVERTER 

TABLE 1COMPARISON OF POWER CONVERTERS 

 

CONVERTER Input current Output current Output voltage polarity Switch drive Efficiency Cost 

Buck-Boost Pulsating Pulsating Inverted Floated Low 

Medium 

due to 

float drive 

Cuk Non- Pulsating Non- Pulsating Inverted Floated Medium 

Medium due to additional 

block 

capacitor 

Sepic Non- Pulsating Pulsating Non-inverted Grounded Medium Medium 

Zeta Pulsating Non- Pulsating Non-inverted Floated High Medium 

Luo Pulsating Non- Pulsating Non-inverted Floated Medium High 

  

IV.APPLICATIONS IN EVS 

These systems consist of isolated dc-dc converter used for Bidirectional electrical vehicular applications. For charging 

and discharging the additional isolation circuit is required in conventional Buck-Boost converter [14]. 

The voltage levels of battery consist of high ripples so it doesn't give the effective output. So the overall system ripples 

are reduced by the topology of luo converter [15]. 

The topology of the sepic converter is used for charging and used for step down configuration. This gives the low THD 

for input current and better efficiency [17]. 

The zeta-sepic based integrated converter is used in this topology. In which it operates in three modes: first is charging, 

second is propulsion and third is regenerative braking. In the first mode, it works as zeta converter and in the second as 

sepic converter. It consists of the least components comparing with the existing single stage converter. And the 

efficiency of three modes are 95.9%, 97.1%and 96.7% respectively [18]. 

The boost system is simplified for regenerative charging the battery in regenerative mode and also used for supplying 

the power to I.M. in driving mode [19].   

For power factor correction the bridgeless zeta converter is used. The isolation between output and input is given by 

zeta converter [20]. 

The topology of Cuk converter by using interleaving technique is applied as EV charger for improving power factor at 

AC mains and reduce the THD of input current to significant amount [21]. 

 

V. ADVANTAGES OF POWER CONVERTERS 

The various advantages of power converter are,  

 High efficiency due to losses are limited in semiconductor devices  

 Long lifespan  

 Smaller size 

 It can manage high current output 

 Less maintenance due to the lack of  moving components 

 Flexibility in operations 

 Low cost of installation 

 Low thermal dissipation 

 

VI.CONCLUSION 

This paper gives a brief overview of operations, comparisons, and applications of power converters implemented in 

EVs. The various problems associated with the power converters and their applications in the field of EVs are 
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identified. The battery pack performance is limited over the charging time, i.e. when the current delivered from the 

power converter to battery is less then, the charging time of the battery will be longer. Adaptive controller is one of the 

most prominent and preferred solutions in EVs to overcome the problem of battery pack charging time. 
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