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Abstract— Charging the batteries of electric cars (EVs) is the 

primary problem because electric vehicles (EVs) are becoming 

the primary mode of transportation all over the globe. While 

simultaneously charging batteries at a high rate, the electric 

vehicle charger can flexibly make voltage adjustments over a 

wide range. By finding a balance between efficiency and gain 

range, it is difficult to optimize inductor-inductor-capacitor 

(LLC) converters in a way that is both efficient and effective. 

Inductances that are resonant and magnetizing are going to be 

included into the LLC converter. It is possible to make dynamic 

adjustments to the magnetically attracting inductance 

depending on changes in the load and the electrical output 

voltage. A switch-controlled magnetic inductor (SCMI) that is 

connected in parallel with the secondary side winding of the 

converter transformer is used to achieve the desired correction. 

Fast-charging electric vehicles (EVs) increase efficiency by up to 

96.4%, minimizing energy waste. The proposed converter's 

power density makes it small and space-efficient enough for fast-

charging stations. Electric vehicle charging is fast with the 

suggested converter, which can give up to 800 watts of electricity 

from 80V to 100V on different dynamic conditions. To validate 

the essential concepts, a functional prototype of the whole LLC-

RC bridge, as described. 

Keywords—Converter transformer, Electric Vehicles (EVs), 

efficiency enhancement, LLC resonant converter, Switched 

controlled magnetic inductor (SCMI) 

I. INTRODUCTION 

Currently, environmental contamination and air pollution 
are significant worldwide concerns [1]. Specifically, 
conventional vehicles powered by both diesel and petrol are 
the main contributors to respiratory and environmental 
pollution, mostly due to the pollutants they emit. 
Consequently, there is a growing need for environmentally 
friendly electric vehicles. The percentage share of the 
worldwide automobile market occupied by electric vehicles 
(EVs) and low-emission vehicles is consistently expanding 
[2]. Furthermore, electric vehicles (EVs) have the benefit of 
reduced servicing requirements and lower noise emissions as 
compared to gasoline- or diesel-powered cars [3]. On the other 
hand, they need quite a lengthy amount of time to charge. For 
this reason, it is of the utmost importance to build electric 
automobiles that are capable of a relatively short charging 
time. In recent times, there has been a focus on enhancing the 
power of rapid fast charging technologies[4]. To state it 
another way, boosting the power implies raising the voltage or 
current levels and vice versa [5]. When the voltage is 
increased, there is a difference in the electric potential between 
the converter's output voltages and the voltage produced by 

the battery [6]. As a result, the charging current is increased. 
High-efficiency converters and quick charging topologies are 
the subject of a significant amount of research that is now 
being conducted for the electric vehicle charging system. On 
the other hand, research on fast charging systems with high 
efficiency for EVs is far less prevalent in contrast to research 
on electric vehicles [5-6]. 

Furthermore, the majority of rapid chargers used by the 
public for electric vehicles (EVs) are specifically engineered 
and manufactured to accommodate lead-acid batteries[7]. 
Because it has a direct influence on the converter's 
effectiveness, dimensions, density of power, and reliability, 
the converter transformer is an essential component of the 
LLC resonant converter (LLC-RC) for charging the batteries, 
it is responsible for fast charging [8]. In contrast to the phase-
shift full-bridge converter, the LLC-RC exhibits a much 
higher fraction of overall loss while operating at the same 
power level [9].  

The LLC-RC displays a fringing effect due to an air gap 
inside the iron core of the transformer. This action boosts the 
corresponding resistance of the windings close to the air gap, 
which also causes an imbalance in the temperature rise 
distribution inside the transformer. Another problem 
contributing to the diminished effectiveness of the LLC 
resonant converter is the short magnetizing inductance, which 
contributes to a larger conduction loss and switching loss [10]. 
Therefore, the efficiency of the converter is impaired. 

The LLC-RC technology for full-bridge is commonly 
utilized in diverse sectors and applications due to its 
prominent features, including significant excellent efficiency, 
and cost-effectiveness [11-12]. To enhance the efficiency of 
the transformers, a variable magnetizing inductance is 
included in the design of the transformers mentioned in 
references [13-14]. A step gap in the core column is used to 
provide a higher magnetizing inductance under low load 
conditions, which reduces under heavy load conditions [15]. 
However, the range of magnetizing inductance is non-linear 
and cannot be controlled. To enable the simultaneous 
functioning of two transformers in parallel, the authors 
proposed a power switch that also operates in both directions 
[16-17]. During periods of high demand, the switch activates 
and two transformers on the main side operate simultaneously. 
Even though the magnetically attractive inductance of the 
resonance chamber is rather low, it is effective enough to 
provide the required gain during the first phase of the charging 
process. When there is a low load, the switch is disengaged, 
resulting in just one transformer being active. The 
magnetically attracting inductance of the resonant chamber is 


