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 Elecetric vehicle batteries require direct current (DC) current for charging; 

hence the circuit alternating current (AC) is converted to DC by a battery 

charger. Battery charger mostly consists of a rectifier and DC-DC converter 

with a controller built in to serve as a protective circuit. A harmonic source 

load is a type of electric car charger. During the AC-DC change over 

method, harmonic current is introduced into the power system, affecting 

power quality. In this study, a charging station consisting of buck boost and 

a charging station consisting a KY Boost converter were simulated. To 

maintain output voltage of DC-DC converters constant controller is used, the 

controller is either PI or fuzzy logic controller. So, four models are 

developed and simulated which are buck-boost converter controlled by 

proportional-integral (PI)-controller, KY-boost converter controlled by 

proportional integral-controller, buck boost converter controller fuzzy logic 

controller and KY boost-converter controlled by fuzzy logic controller. The 

total harmonic distortion (THD) of the four models is compared. 

Keywords: 

Fuzzy logic controller 

Electric vehicle 

KY boost converter  

This is an open access article under the CC BY-SA license. 

 

Corresponding Author: 

Jalla Upendar 

Department of Electrical Engineering, Faculty of Engineering, University College of Engineering (A) 

Osmania University 

Hyderabad, Telangana 500007, India 

Email: dr.8500003210@gmail.com 

 

 

1. INTRODUCTION 

Electric vehicles will play a critical part in resolving energy shortages and environmental 

degradation issues since they emit less pollution and consume less energy. Electric vehicles are becoming 

more environmentally friendly than gasolinepowered vehicles, which is being pushed by automakers' desire 

to sell zero-emission automobiles. Electric vehicles provide roughly 60% more mileage for the same amount 

of raw energy, demonstrating outstanding energy conservation. Electric cars have the potential to enhance the 

energy structure, save energy, and reduce emissions [1]. As civilization progresses, more electric vehicles 

will become available to the general public, necessitating the installation of a massive number of charging 

points at the same instant. Electric vehicles are charged quickly and easily at home or at a charging station. 

Electric vehicles could be recharged during low-load periods, which occur frequently after midnight, 

reducing peak load and boosting valley load, resulting in increased power system efficiency. Large volumes 

of harmonic are produced while charging of electric vehicles due to the presence of converters, and if the 

harmonics is not regulated properly, it may cause huge damage to the power system [2]. Harmonic current in 

large quantities can increase system line loss, add to the problem of electric gear warming, cause control 

equipment failure, interrupt production or function, and possibly cause a huge shutdown [3]–[6]. 
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2. PROPOSED METHOD  

The block diagram of proposed model is in Figure 1. In this model power is taken at 11 KV and it is 

step down to 415 V and then to 120 V using two three phase transformers. The output of the 415 V/120 V 

transformer is given to “three phase-controlled thyristor bridge rectifiers”. The DC out put is given to seven 

DC-DC converters. In this model either KY boost or the buck boost converter are being used. To control the 

load voltage of converter a controller is used. In this model either PI or fuzzy logic controller is used. So, 

four models are developed they are i) buck-boost converter controlled by “PI controller”, ii) buck-boost-

controlled by “fuzzy logic controller”, iii) KY boost-controlled by “PI controller, and iv) KY boost controlled 

with “fuzzy logic controller”. The Harmonics of Current generated by four different models are be examined. 
 

 

 
 

Figure 1. Proposed model block diagram 
 
 

3. KY BOOST CONVERTER 

Figure 2 displays the proposed “KY boost converter”, which consists of a “KY –converter” and a 

“conventional SR-boost-converter”. KY-boost converter Its made up of switches S2, S1, the diode (Db),  

the energy-transferring-capacitor (Cb), the load side inductor (Lo), and the load side capacitor (Co) [7]–[9].  

In addition, the KY converter’s input is substituted with one buffer capacitor-Cm. In contrast, a conventional 

“SR-boost converter” made up of switches S2 and S1 and (Li) the input-inductor. Furthermore, buffer 

capacitor (Cm) serves as a buffer here with the conventional SR boost converter and KY-converter, in other 

words, the buffer-capacitor (Cm) replaces output of conventional “SR boost-converter”. One load resistor  

RL [10] represents the output load. 
 

 

 
 

Figure 2. KY Boost converter  
 

 

Some of the assumptions include the following: i) There is no delay between the power electronic 

switches; ii) There are zero voltage-drops at switch and diodes throughout on-period; iii) Currents-flowing in 

the inductors Lo and Li were denoted as iLo and iLi;  and iv) the energy-transfer capacitor (Cb) which operates 

wih the principle of “charge pump”,Cm is rapidly excited with VCm in  the small time, lesser than the 

switching period Ts [11]. 

As a result, the converter is operated in two functional modes, switching-on time for the switches 

are (1-D, D), where D and (1-D) are the duty cycles of switch S2 and S1 respectively, duty-cycle (D) for 

switch S1. Furthermore, because all components are in perfect working order, the voltage at (Cm) roughly 

equals the voltage at (Cb). 

- Mode 1: In Figure 3(a), S2 is switched on while S1 is switched off. In this situation, cathode (Cb) terminal 

is dragged to the ground potential, and Db becomes forward-biased it begins to conduct. In this phase, the 

Cm is deenergized while the Cb is charged. As a result, the voltage at Li is Vi, making Li to magnetise, but 
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the voltage at Lo is Vo–VCm, making Lo to discharge. Furthermore, the current through Co Becomes  

iLo−iRL, but the current through Cm equals the addition of –iCb and –iLo. [12], [13]. 

- Mode2: S2 is switched off and switch S1 is switched-on as represented in Figure 3(b). Because S1 was 

switched-on during present situation, Db is swiched-off. Cm is energised in this mode, whereas Cb is 

denergised. As a consequence, the voltage at Li was Vi-Vcm resulting in Li is discharged, but the voltage at 

Lo was 2VCm-V0; resulting in Lo is magnetized. Furthermore, the current through Co equals iLo-iRL, but the 

current through Cm equals to iLi –iLo [14]. 

As a result, “KY boost-converter” out-put to input voltage-ratio is:  

 
𝑉𝑜

𝑉𝑖
=

2 − 𝐷

1 − 𝐷
 

 

 

  
(a) (b) 

 

Figure 3. KY boost converter: (a) flow of power in mode 1 and (b) flow of power in mode 2                             
 

 

4. ELECTRIC VEHICLE 

An electric vehicle is one that is propelled by electric motors and draws power from an onboard 

electric source. It is more durable and has a simpler mechanical design than a gasoline vehicle. Because it 

does not emit emissions like an internal combustion engine, it has a higher fuel economy than gasoline. 

However, the automobile industry is not yet fully committed to pure electric vehicles due to an issue with 

current battery technology. The battery is the most popular storage device used in electric vehicles for storing 

electric energy. It can store a lot of energy in a small amount of space and weight [15]–[18]. In this model Li-

ion Battery with nominal voltage of 320 V is used as load at the out put of either “buck boost converter” or 

“KY-boost converter”. 
 

 

5. FUZZY LOGIC CONTROLLER 

Rules defined by the linguistic variables are primarily responsible for fuzzy logic control. The 

model is controlled solely by simple mathematical computations. Despite the fact that it is based on basic 

mathematics. It has good performance in a control system, according to analysis. As a result, this strategy is 

one of the most popular. The greatest approaches accessible, as well as one that is easier to control a plant. A 

fuzzy-logic controller has three important blocks they are i) “fuzzification”, ii) “fuzzy rule-base” and 

“interfacing”, iii) “de-fuzzification”. 

In this model there are seven-member ship functions for inputs and outputs in this fuzzy-logic 

controller. The following are the member ship functions: negative huge (NH), negative moderate (NM), 

negative less (NL), zero (ZO), positive less (PL), positive moderate (PM), positive huge (PH). 

One input to the “fuzzy logic controller” given with error voltage that is difference in output voltage 

to reference voltage [19]–[27]. Second input is difference in error that is difference-between the present error 

voltages to previous-error voltage. Out-put the “fuzzy-logic” is “duty ratio”. The “fuzzy-logic” works on the 

rule base. It has two in-puts and single out-put and seven membership-functions for each input, so total of  

49 rules are obtained as shown in following Table 1. Where CE is difference in error voltage. 
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Table 1. Rule base for fuzzy logic controller  
 ERROR VOLTAGE 

CE 

 NH NM NL ZO PL PM PH 
PH ZO PL PM PH PH PH PH 

PM NL ZO PL PM PH PH PH 

PL NM NL ZO PL PM PH PH 
ZO NH NM NL ZO PL PM PH 

NL NH NH NM NL ZO PL PM 

NM NH NH NH NM NL ZO PL 
NH NH NH NH NH NM NL ZO 

 

 

6. MATLAB/SIMULATION RESULTS 

In this model up to the rectifier unit for all the four models is same. The rectifier is generating output 

voltage of 167 V. The MATLAB simulation of this model from AC source to output of rectifier is as shown 

in Figure 4(a) and output voltage across the rectifier is as shown in Figure 4(b). 
 
 

 
(a) 

 

 
(b) 

 

Figure 4. The AC source to output of rectifier is (a) MATLAB simulation of proposed system and  

(b) output voltage across rectifier 
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6.1. Buck boost converter with PI controller  

Output of “Three-phase thyristor bridge rectifier” was supplied to seven buck boost converter which 

is placed in parallel across the AC-DC rectifier. One of the Buck boost conveter connected to battery with 

proportional integral controller is shown in Figure 5(a). These seven buck-boost converters adjust the DC 

output voltage to feed the seven EV batteries. The controller used is PI controller.  

The output voltage for three phase rectifier bridge rectifiers for firing angle α=300 is maintained at 

approximately at a constant value of 167.1 V. This 167.1 V this 167.1 V is utilized by seven buck boost 

converters. These buck boost converters operate in closed loop. That is the load voltage is subtracted from 

the reference voltage which is set to 350V.The error signal is the difference between set voltage and load 

voltage is given to PI controller. The duty ratio is produced by “PI controller “is given to PWM generator. 

The SOC characteristics, output voltage, output current characteristics of battery while charging are shown in 

Figure 5(b). The rectifier and the DC-DC converter are non-linear power electronic circuits, so current 

harmonics are induced in AC side. The current THD at 11 KV line is 26.49% is observed in Figure 5(c).  

 

6.2. KY boost convetrer with PI controller 

The output of “three phase thyristor bridge rectifiers” was given to seven KY Boost converters 

which are connected in parallel. One of the KY boost conveter connected to battery with Proportional 

integral controller is shown in Figure 6(a). These seven KY Boost converters adjust the DC out put voltage to 

feed the seven EV batteries. The SOC characteristics, output voltage, output current characteristics of Battery 

while charging are shown in Figure 6(b). The rectifier and the DC-DC converter are non-linear power 

electronic circuits, so current harmonics are induced in AC side. The current THD at 11 KV line is 17.43% is 

observed in Figure 6(c).  

 

6.3. Buck boost converter controlled with fuzzy logic controller 

Output DC voltage of “Three-phase thyristor bridge rectifier” was given to seven buck boost 

converters which are connected in parallel. One of the Buck boost conveter connected to battery with fuzzy 

logic controller is shown in Figure 7(a).  These seven buck boost converters adjust the DC out put voltage to 

feed the seven EV batteries. The buck boost controlled with “fuzzy-logic-controller”. The output voltage for 

three phase rectifier bridge rectifiers for firing angle α=30° is maintained at approximately at a constant value 

of 166.9 V. This 166.9 V is utilized by seven buck boost converters. These buck boost converters operate in 

closed-loop that is the out-put voltage is compared with set voltage which is set to 350 V. The error signal 

generated, that is difference between the set and output voltage is fed to “Fuzzy logic controller” and also the 

difference in error was also given as in-put to “fuzzy-logic controller”. Duty ratio is produced by fuzzy logic 

controller utilizing the rule base, for which switch has to be operated to make error voltage equal to zero. The 

duty ratio from Fuzzy logic controller out-put is given to drive “pulse width modulation generater”. The 

pulses are used to drive the switches to control the load voltage. So, result battery starts charging. The SOC 

characteristics, output voltage, output current characteristics of battery while charging are shown in  

Figure 7(b). The rectifier and the DC-DC converter are non-linear power electronic circuits, so current 

harmonics are induced in AC side. The current THD at 11 KV line is 22.00% is observed in Figure 7(c).  

 

6.4. KY boost converter controlled with fuzzy logic controller  

The output voltage of “three phase thyristor bridge rectifiers” was given to seven KY Boost 

converters which are connected in parallel. One of the KY boost conveter connected to battery with fuzzy 

logic controller is shown in Figure 8(a).  These seven KY Boost converters adjust the DC out put voltage to 

feed the seven EV batteries. The KY Boost converter is operated by fuzzy logic controller. The SOC 

characteristics, output voltage, output current characteristics of battery while charging are shown in  

Figure 8(b). The rectifier and the DC-DC converter are non-linear power electronic circuits, so current 

harmonics are induced in AC side. The current THD at 11 KV line is 13.38% is observed in Figure 8(c). 

Table 2 represents the four different controllers current THD and power comparisons, among four controllers 

the KY boost converter with fuzzy logic controller has lower THD. 

 

 

Table 2. THD power comparisons  
Converter with controller Current THD at 11KV (%) Power at the rectifier output (W) 

Buck boost converter with PI controller 26.49 3482 

KY boost converter with PI controller 17.43 4078 
Buck boost converter with fuzzy logic controller 22.00 4222 

KY boost converter with fuzzy logic controller 13.38 3826 
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(a) 

 

 
(b) 

 

 
(c) 

 

Figure 5. Simulink waveform of buck-boost converter with PI-controller: (a) closed-loop buck-boost 

converter controlled by PI controller, (b) SOC characteristics, output voltage, output current characteristics of 

battery and (c) current THD at 11 KV 
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(a) 

 

 
(b) 

 

 
(c) 

 

Figure 6. Simulink waveform of KY boost converter with PI-controller (a) closed-loop KY Boost converter 

controlled by PI controller, (b) SOC characteristics, output voltage, output current characteristics of battery 

and (c) current THD at 11 KV 
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(a) 

 

 
(b) 

 

 
(c) 

 

Figure 7. Simulink waveform of buck-boost converter with fuzzy-logic controller: (a) closed-loop buck-boost 

converter controlled by fuzzy logic controller, (b) SOC characteristics, output voltage, output current 

characteristics of battery and (c) current THD at 11 KV 
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(a) 

 

 
(b) 

 

 
(c) 

 

Figure 8. Simulink waveform of KY-boost converter with fuzzy-logic controller: (a) closed-loop buck-boost 

converter controlled by PI controller, (b) SOC characteristics, output voltage, output current characteristics of 

battery and (c) current THD at 11 KV 
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7. CONCLUSIONS AND FUTURE SCOPE 

By comparing the four charges THD with the charger with KY boost-converter controlled with 

“fuzzy-logic controller” has lowest harmonic contamination in terms of voltage and current so it is better to 

have charger with KY Boost-converter controlled with “fuzzy logic controller” out of four charges. The 

harmonics can be effectively reduced by designing compensating equipments, so that these compensators 

will supply harmonics and the grid will supply only the fundamental current. 
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