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Abstract: The paper presents the Design of Half-wave Rectifier 

with Inductive Load for High Speed Converter Design in Charging 

Station of Electric Vehicles. The research challenge in this study is 

to confirm the high speed converter design in charging station of 

electric vehicles. The mathematical modelling for AC to DC 

converter design is also evaluated. The SIMULINK model for AC 

to DC converter design is implemented. The simulation results 

from the implemented SIMULINK model were confirmed with the 

recent works. The designs are verified by MATLAB Simulink 

simulation tool. The results show that the efficiencies of converter 

with different rectifiers are above 92% at full load analyses. 
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A. INTRODUCTION 
The global shift towards electric vehicles (EVs) 

is driven by the urgent need to reduce carbon emissions 

and mitigate climate change. At the core of EV 

technology is the battery system, which plays a pivotal 

role in determining vehicle performance, range, and 

safety [1-5]. 

 

An electric car or electric vehicle (EV) is an 

automobile that is propelled by one or more electric 

traction motors, using only energy stored in batteries. 

Compared to conventional internal combustion engine 

(ICE) vehicles, electric cars are quieter, more responsive, 

have superior energy conversion efficiency and no 

exhaust emissions and lower overall vehicle emissions 

[6-12]. 

 

Nowadays, researchers have focused on power 

converters for cost effective, limited space, efficiency 

and performance in some areas such as electric vehicle 

and data center. In electric vehicles, power converters are 

important in flowing electrical energy for storing battery, 

APM Power Module, motor and other components. The 

space is one of the important converter design 

considerations for EV. The switching frequency is 

increased to reduce converter size. As a result, switches 

losses become excessive and power in components is 

dissipated. The components become short life span and 

the size of cooling device such as fan will be large. 

Traditional PWM converters are operated in hard 

switching mode and cannot reduce switching losses. 

Therefore, overall efficiency will not become as 

expected design [12-16]. 

 

The paper is organized as follows. Section B 

presents the research method. Section C mentions the 

Effect of inductive load. Section D focuses on the Effect 

of freewheeling diode. Section E gives the SIMULINK 

model and analysis. Section F concludes the study. 

 

B. RESEARCH METHOD 
As only half the available power can be utilized, 

the circuit of Fig.1(a) is limited only to fractional 

horsepower machines. In the controlled half-wave 

circuit, the dc output voltage is controlled by varying the 

triggering angle (i.e. firing angle or delay angle α) at 

which the SCR (T) starts conduction. 
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Figure 1: (a) Circuit diagram of a half-wave controlled rectifier for an inductive load 

 

Let the SCR be triggered in the positive half-

cycle at ωt = α. The SCR conducts and load current iL 

becomes the SCR current iT . The load current iL may 

continue to conduct beyond ωt = ϕ to a point decided by 

the time constant (T = L/R) of the inductive load. The 

SCR will turn off by natural commutation when the 

current iT becomes zero. By varying the firing angle α, 

load voltage vL can be changed. The power consumed 

by the load decreases as the triggering angle increases. 

The reactive power input from the supply increases with 

the increase in trigger delay α. The waveform of the load 

current in Fig.1(b) will be improved if the load be highly 

inductive, i.e. large time constant. The load current may 

even get prolonged up to the next conducting half-cycle 

to give continuous load current. The conduction angle β 

is dependent upon the time constant of the inductive load 

and firing angle α. The expression for the average output 

voltage (Vdc = VL ) will be given by: 
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where 

Vm is the peak magnitude of the input voltage 

ZL is the load impedance 

f is the power factor angle 

T is the time constant of the inductive load. 

During time period β, the current flows through the load downwards and the 

voltage across the load is negative from ϕ to (α + β). 

The rms value of the load voltage will be given by 
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The ripple factor is given by 

( )
2 2
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Ripple factor=
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Figure 1: (b) Waveforms of a half-wave controlled rectifier for an inductive load 
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C. Effect of inductive load 

As the load consists of an inductance and a 

resistance, the waveform will be different from that 

obtained with a pure resistive load. In this case when the 

ac voltage passes through natural zero after ωt = ϕ, the 

SCR may not reach zero and may continue to conduct 

even when the voltage wave is passing through the 

negative half-cycle. According to Lenz’s law, this is due 

to the fact that the current through the inductance cannot 

be suddenly reduced to zero. During the negative half-

cycle of voltage, the current continues to flow till the 

energy is fed back to the source. 

D. Effect of freewheeling diode 

To overcome the problem of the inductive load, 

a freewheeling diode D is connected across the load. 

There are two modes of operations for this circuit. In the 

first mode, the SCR is triggered in the positive half-cycle 

at ωt = α, the diode D will be reverse biased and it fails 

to take any active part in the operation of the circuit from 

ωt = α to ωt = ϕ, when the SCR current iT will be the 

load current iL, i.e. this mode exists from the instant of 

triggering to the time when the supply polarity reverses. 

The current in this mode is given by 
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where i0 is the load current when the SCR is triggered. 

 

During mode 2, the diode D will reverse bias 

the SCR T and turn it off beyond ωt = ϕ. The load is thus 

isolated from the ac supply. The stored energy in the 

inductance of the load will find its path through diode D, 

thereby freewheeling current iD flows that decays 

exponentially. Hence the supply current lasts only for 

one half-cycle. If the load be sufficiently inductive, then 

the diode will maintain the load current up to the 

beginning of the next instant of triggering at ωt = 2ϕ+α 

as in Fig.1(b). During mode 2, the inductive energy of 

the load is dissipated in the load resistance R instead of 

returning to the input. 

 

The conduction angle β is dependent upon the 

time constant of the inductive load and the firing angle 

α. By varying α, the load voltage vL can be changed. The 



 

 

 
Hnin Wint War Nyo et al; Middle East Res J. Eng. Technol., Jan-Feb, 2025; 5(1): 10-17 

© 2025 Middle East Research Journal of Engineering and Technology | Published by Kuwait Scholars Publisher, Kuwait  14 
 

 
 

power consumed by the load decreases as the triggering 

angle α is increased. The current during this period is 

given by 

 

( )/

0( )  / 2 /Rt L

Li t I e for t    −= −    (10) 

 

The phase angle control of an inductive load in 

the presence of the freewheeling diode D will not only 

help to improve the waveform by making it continuous 

but also help to relieve the SCR from conducting load 

current with the reversing of the supply polarity. It is seen 

that for the same triggering angle α, the power 

consumption in the load will be more with a 

freewheeling diode. However, the power flow from the 

input takes place only during the conduction of SCR T. 

Therefore, the ratio of the reactive power flow from the 

input to the total consumed in the load is less for the 

phase angle control circuit with a free-wheeling diode D. 

In other words, the freewheeling diode improves the 

input power factor. This is because the inductive energy 

stored in the inductance L of the load, instead of going 

back to the input, dissipates in the load resistance R 

during the conduction period of the diode D. The 

expression for the average output voltage (Vdc =VL) 

with freewheeling diode will be given by 
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If α = 0, then the average output voltage is 
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and 
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The ripple factor is given by 
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E. SIMULINK MODEL AND ANALYSIS 

Figure 2 illsutrates the SIMULINK Model. 

Figure 3 shows the Simulation Results. The SIMULINK 

model was created based on the mathematical model of 

the developed system for Electric Vehicles’ 

Applications. The performance of the developed system 

was confirmed based on the simulated waveforms from 

that SIMULINK model. The insights gained from these 

simulations are instrumental in advancing the field of 

electric vehicle technology and meeting the growing 

demands for sustainable and efficient transportation 

solutions. The robustness of the developed system 

confirm that the performance specification for the real-

world applications. 

 

 
Figure 2: SIMULINK Model 

 

 
Figure 3: Simulation Results 

 

F. CONCLUSION 
The developed design of AC to DC converter 

for Electric Vehicles is very efficient and high 

performance condition for reality. The experimental 

studies were analyzed in the laboratory of YTU and the 

results confirm that the performance of the developed 

converter design met the targeted specification for 

research works. The robustness of the system was also 
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acceptable for real world applications. The performance 

accuracy could be enhanced with the updated technology 

like AI-driven smart converter design for future work. 
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