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ABSTRACT: A modified interleaved negative output elementary Luo converter to act as front-end power factor 

regulating converter for electric vehicle (EV) charger is proposed in this paper. The proposed converter is simple in 

design and offers non-inverted DC output voltage. It has the advantages of high efficiency, almost unity power 

factor, low AC source current ripple resulting in power quality enhancement, better DC load voltage regulation. Due 

to interleaved configuration, rating of circuit components gets greatly reduced. Also, minimum numbers of circuit 

components pave the way for simple system design of EV charger. The converter is designed to provide stable 

operation when subjected to sudden disturbance in load power/supply voltage. The simulation analysis is done using 

MATLAB/Simulink. A prototype of converter is built and tested. Better performance of the system obtained under 

power factor and low current ripple. Better performance of the system obtained under power factor and low current 

ripple. 
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I. INTRODUCTION 

With the significant development in battery technologies and power electronics, the automotive industries such as 

EVs (Electric Vehicles) have provided a wider platform for modern researchers to grab an opportunity for achieving 

the cleaner propelling power sources [1]. The high energy and fuel efficiency have become greater concern for 

manufacturers and EV consumers, which has catalysed the need of efficient battery chargers for EVs. To obtain the 

high efficiency and reliability during charging, the power factor correction (PFC) converters have become vital part 

of the modern EV chargers. The circuit OF traditional EV charger with input full bridge diode rectifier (DBR) and 

DC-DC converter can be used. To overcome the above PQ issues, the conventional boost and buck-boost PFC 

converters are incorporated at the front end, between DBR and DC-link capacitor. However, the addition of an extra 

converter in charger, adds to the number of total components. This affects the cost and size of the charger, which 

restricts the efficiency and reliability of the charger with increased weight. Therefore, single stage isolated AC–DC 

converters with input DBR, are more widely used in PFC applications at high-power rating. 

 

Luo converter, a new stream of DC-DC converter, is enticed by many researchers. Many more configurations of 

DC-DC Luo converter are detailed in literature.31–35 Voltage lifting techniques involved in Luo converter are quite 

commonly preferred for high gain operation. But the number of components is more in lifting configurations of Luo 

converter. Super lift Luo converter provides reduced input and output ripple content, but it belongs to boost 

configuration. In comparison to conventional configurations like Zeta, SEPIC, and Cuk, Luo converter possess so 

many positive attributes like capable of providing reduced ripple content at output voltage and input current, high 

voltage transfer gain, and higher efficient system [1]. 
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The literature presents many topologies for this purpose, but the synchronous buck converter is possibly the simplest 

available choice. However, it is not adequate for high-power applications considering that it employs only two 

switches that operate complementarily, resulting in poor efficiency in this case. On the other hand, bidirectional 

interleaved converters have been the scope of many recent works, in which it is possible to increase the processed 

power levels by adding more phases if necessary [2]. Prominent advantages also include reduced current stresses 

and improved thermal distribution, minimized dimensions of filter elements and alleviation of the effects of current 

ripple. For instance, a 16-phase interleaved converter is proposed in, which can operate at high frequency and power 

levels rated at tenths of kilowatts with high efficiency over a wide load range. Other topologies have also been 

proposed for EV applications, e.g., the interleaved double dual boost converter. 

 

Even though it is capable of achieving wide conversion range, isolated drive circuitry must be employed to drive all 

four active switches. The bidirectional converter based on the three-state switching cell is also suggested in, 

although it requires six active switches and one autotransformer. Besides, it is better recommended for applications 

where high-voltage step- up/step down is mandatory. The bidirectional full-bridge converter can also be considered 

as an option when galvanic isolation is required, but high component count and increased dimensions are major 

drawbacks [2]. For high-power applications, the interleaved converter seems to be a proper choice considering that 

the battery current is non-pulsating. Besides, interleaved structures are capable of achieving remarkable performance 

in EV applications due to reduced current. 
 

II. PROPOSED TOPOLOGY 
 

The high energy and fuel efficiency have become greater concern for manufacturers and EV consumers, which has 

catalyzed the need of efficient battery chargers for EVs. To obtain the high efficiency and reliability during 

charging, the power factor correction (PFC) converters have become vital part of the modern EV chargers. 

 

By interleaving two Luo converter cells, the input current is divided between them, which provides reliable and 

efficient charging of the battery at high-power discontinuous conduction mode (DCM) operation. This reduces the 

switch conduction loss due to reduced device current stress and thus, the charger efficiency is improved. 

 

The interleaved Luo converter incorporates low input and output current ripple due to ripple cancellation. This 

charger operates in constant current mode up to certain battery state of charge (SOC). 

 

Fig 2.1 Basic Circuit of Interleaved Luo Converter 
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III. IMPLEMENTATION OF INTERLEAVED LUO CONVERTER 

Figure 1 shows the circuit of proposed interleaved elementary Luo converter providing non- inverted output voltage. 

To limit harmonics distortion, EMI filter of low value is used. The control circuit is uncomplicated, possessing 

single voltage sensing loop. I-Lue controller with sawtooth is chosen for controlling DC link voltage by processing 

error in DC link voltage signals[1]. Major goal is to design a simple, cost-effective front-end PFC converter offering 

unity input power factor, reduced line current harmonics and effective DC link voltage regulation under universal 

AC voltage variation/wide variation of load power. Totally, four modes of operation can be realized in the proposed 

interleaved Luo converter, which are explained in the forthcoming section 

A. First mode operation shows the first operating mode of proposed interleaved Luo converter. Initially, inductor 

(L2) and capacitor (C1) are assumed to be fully charged. Here, switch (S1) is in ON state, so that inductor (L1) 

is charged up. Meanwhile, inductor (L2) and capacitor (C1) discharge their stored energy to inductor (L0) and 

so the current through (L0) increases gradually. Capacitor (C0) delivers power to the load. 

 

 

Fig3.1First Mode 

 

B. Second mode operation Second operating mode of proposed converter is described in follwing figure. Switch 

(S1) is turned off, and so inductor (L1) starts discharging its stored energy to capacitor (C1) via diode (D1). 

Meanwhile, inductor (L0) delivers its stored energy to meet the load demand. Inductor (L2) imparts DCM 

operation as it transferred its whole energy. 

 

 

Fig3.2 Second Mode 

 

C. Following figure represents the third operating mode of proposed converter. In this mode, switch (S2) is turned 

ON exactly at a 180 phase shift from on time of switch (S1) which ensures the interleaved control operation. 
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Here, inductor (L2) is getting charged since switch (S2) being in ON state. Inductor (L1) and capacitor (C1) 

discharge their stored energy to charge the output inductor (L0). Capacitor (C0) delivers power to the load. 

 

 

Fig3.3Third Mode 

 

D. Fourth mode operation Similar to second mode, inductor (L2) discharges its stored energy to charge up the 

capacitor (C1) via diode (D2). Inductor (L0) discharges its stored energy to meet the load demand. As 

discharged its whole energy, inductor (L1) current becomes discontinuous and offers DCM operation of 

converter during this mode. 

 

Fig3.4Fourth Mode 
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IV. HARDWARE AND SOFTWARE IMPLEMENTATION 
 

 
 

Fig 4.1 Hardware setup 

 

 

Fig 4.2 Simulation Diagram 
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Fig 4.3 Power Factor Measurement 

V. RESULTS AND DISCUSSION 

 

 

 

Fig 5.1Input voltage And CurrentFor Luo Converter 

 

Fig 5.2 Power Factor Without Using Luo Converter 
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Fig 5.3 Power Factor Using Luo Converter 

This graphical waveform represents the power factor obtained from the ac input side. 

VI. CONCLUSION 

 

The design of an improved PQ based EV charger using a Interleaved Luo converter has been proposed to charge an 

EV battery under wide varying supply voltage and loadings. The proposed EV charger facilitates an integrated 

advantage of reduced devices stresses in single stage converter, simple control due to DCM operation and improved 

charging with isolation. The device voltage is reduced as compared to conventional isolated PFC converter-based 

charger and clamped at maximum input voltage; therefore, the reliability of the charger is improved, and it provides 

lower current ripple which is the desirable factor for power factor correction. Moreover, the size as well as cost of 

the charger is reduced. The effectiveness of proposed charger for built-in PF correction capabilities at mains, is 

tested at rated steady state and at wide range of varying line voltages. Therefore, the proposed improved PF based 

interleaved Luo converter features to be reliable, commercially cost effective and most viable solution for EV 

charging.. 
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