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Abstract—In this paper, a controlled two stage single phase ac to 

dc three interleaved boost converters power factor correction 

(PFC) system based on operating with pulsewidth modulation 

(PWM) technique. Both converters are independently controlled 

by an inner control loop based on a sliding-mode (SM) approach 

that imposes minimum current ripple behavior on each cell. The 

switching of power electronics devices gives an average current 

control mode so that the power factor (PF) of the converter is 

high. The SM-based controller is designed to operate at a 

constant switching frequency so that the L-C filter of interleaving 

technique, which is recommended for ac–dc power conversion 

systems is stable and output power is higher than 0.5 kW. An 

outer loop regulates the output voltage by means of a 

proportional–integral (PI) compensator directly obtained from a 

small-signal model of the ideal sliding mode control dynamics. 

The control law proposed has been validated using numerical 

simulations and experimental results in a 0.5-kW prototype. 
IndexTerms—AC–DC power conversion, boost converter, sliding 

mode control (SMC), interleaving, L-C filter, power factor 

correction (PFC). 

I. INTRODUCTION(HEADING1) 

HIGH power density, high conversion efficiency, high 

power factor, and low total harmonic distortion (THD) are the 

desired features expected from onboard plug-in electric 

vehicle (PEV) battery chargers [1]–[4]. Fig. 1 shows the 

general power electronic architecture of a typical onboard 

PEV battery charger. The system consists of a front-end ac/dc 

converter used for rectification at a unity power factor and a 

second stage dc/dc converter responsible for battery current 

regulation and providing galvanic isolation [5],[6]. A 

comprehensive topological survey of the currently available 

PEV charging solutions has been presented in [4]. A boost 

converter is a common front-end PFC interface due to its 

simple structure, good THD reduction performance, and unity 

power factor operation capability [7], [8]. However, the 

volume of the converter tends to increase with the increase in 

charging power. Moreover, high RMS current in the dc-link 

capacitors would generate high power loss and significantly 

reduce the capacitor’s lifetime, leading to capacitor failures. In 

addition, the required inductance value to reduce the ripples in 

the input current for better THD performance would 

considerably increase as the charging power increases [9]. 

This results in a large-volume inductor core and wire size. 

Compared with a single-phase boost PFC converter, the 

interleaved boost topology has the benefits of reduced overall 

volume and improved power density [10]–[12]. In the dc/dc 

isolation stage, resonant converters are preferable at high-

voltage and high-power PEV battery charging applications. In 

particular, multi-resonance-based LLC topology has several 

advantages over other resonant topologies, such as 1) good 

voltage regulation performance at light load condition, 2) the 

ability to operate with zero-voltage switching (ZVS) over-

wide load ranges, 3) no diode reverse recovery losses through 

soft commutation, 4) low voltage stress on the output diodes 

and 5) having only a capacitor as the output filter compared 

with the conventional LC filters [13], [14]. Despite these 

advantages, operating the circuit at the maximum efficiency 

considering the conduction and switching losses over the full 

output voltage ranges remains a challenging issue as the 

battery voltage varies in a wide range depending on the 

different states of charge.

 
Fig. 1. Block diagram of a two-loop control for a single-phase PFC, AC to DC 

Rectifier. 

 

 
 II. PROPOSED WORK  

Fig. 1 shows the block diagram of in proposed work single 

phase ac supply is given to the rectifier which output is 

pulsating dc. Output of rectifier is given to the interleaved. 

DC-DC converters are non-linear in nature hence the design of 
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controller is most challenging task for DC-DC converters. 

There are linear and non-linear controllers. Non-linear 

controllers are more accurate as compared to linear controller 

[3]. In traditional controller, application of linear control 

theory based on linearised model. A linear control method 

fails to respond properly to any variation in the operating point 

and load disturbance. To overcome these issues, nonlinear 

controller can be used which are more robust and faster 

dynamic response [4]. There are many non-linear control 

schemes, such as fuzzy logic control, current-mode control 

and sliding mode control proposed for DC-DC converter. Due 

to simple and model free implementation sliding mode control 

and fuzzy logic control can be applied with satisfactory results 

[4], [5]. Out of this controller sliding mode control is powerful 

method which able to makes the system very robust. The 

system with sliding mode control avoided effects of modeling 

uncertainties, fluctuations and disturbance of parameter and 

load variations. The advantages of sliding mode controller are 

robustness and stability [4]. Due to this reason sliding mode 

control technique has gained popularity in the applications 

involving converter and inverters [5]. 
 
 The power sources have quite low–voltage output and require 

series connection of voltage booster to provide higher output 

voltage. DC-DC Boost converter is generally used to further 

boost the voltage to the required level [6]. Other booster 

converter such as Boost, Buck, Boost series resonant full 

bridge and push-pull are not recommended due to 

objectionable ripples in the current flowing out of the 

renewable energy sources. During electronically extreme 

thermal excursions it become to develop a high temperature, 

high power density and high efficiency electrical power 

system which can be reliably function. To fulfill this 

requirement interleaved boost converters have been studies in 

recent years due to their potential to improve power converter 

performance in terms of efficiency, size, conducted 

electromagnetic emission and transient response [6], [7]. The 

power system can have high voltage step up and smaller ripple 

at the output voltage and output current. As compare with the 

single boost converter amplitude of input current ripple is less 

in interleaved boost converter [8], [9]. Interleaved boost 

converter has low switching loss and faster transient response 

[10]. 

 

II. MODELLING OF DC TO DC BOOST CONVETER 

 

 
Figure 2. Boost converter 

. 

Fig. 2 shows a DC–DC boost converter. It consists of a DC 

input voltage source (Vin), a controlled switch (Sw), a diode 

(D), a filter inductor (L), a filter capacitor (C), and a load 

resistor (R). The equations describing the operation of the 

converter can be written for the switching conditions ON and 

OFF, respectively as 

diL/dt = 1/L(Vin)    (1) 

dv0/dt = 1/C(-V0/R)   (2) 

And 

diL/dt = 1/L(Vin- V0)   (3) 

dv0/dt = 1/C(1-V0/R)  (4) 

By Adding equation (1) – (4) Gives 

diL/dt = 1/L(Vin- uV0)    (5) 

dv0/dt = 1/C(u-V0/R)    (6) 

Where „u‟ is the control input which takes 1 for the ON state 

of the switch and 0 for the OFF state. 

 

 
Fig. 3. Model of DC-DC interleaved Boost Converter 

 

Fig. 3 shows model of dc-dc interleaved boost converter. 

Interleaved boost converter can be simply obtained by 

operating three boost converters operating 1200 out of phase. 

The input current is the sum of three inductor currents IL1, IL2 

and IL3. As the inductor ripple current is out of phase, they 

abandon each other and diminish the input ripple current 

produce by inductor of boost converter.  

The output capacitor current is the sum of the three diode 

currents, I1+ I2+ I3 minus Dc output current, which reduces the 

dc- output capacitor ripple Iout As a function of duty cycle. 

The design aspects of Interleaved Boost Converter are given in 

the below section:  

1) Boost Ratio  

The boosting ratio of the converter is a function of the duty 

ratio. It is same as in conventional boost converter. It is 

defined as  

Vdc/ Vin= 1/1-D      (7)  

Where Vdc is the output voltage, Vin is the input voltage and D 

is the duty ratio.  
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2) Input Current  

The input current can be calculated by the input power and the 

input voltage.  

Iin = Pin/Vin      (8)  

Where Pin is the input power, in is the input voltage  

3) Inductor current ripple peak -to-peak amplitude  

The inductor current ripple peak-to-peak amplitude is given 

by.  

I L1, L2, L3 = Vin*D/fsw*L     (9)  

Where fsw is the switching frequency, D is the duty cycle, Vin 

is the input voltage and L is the inductance.  

Interleaved boost converter is employed to reduce input and 

output a voltage ripple which reduces the size of filters since 

the output current split into N parts it reduces the I2R losses 

and inductor loss which leads to higher efficiency [6].  

B. selection of inductor and capacitor  

In recent day magnetic components plays a vital role for 

energy storage and filtering in power electronic systems. 

Interleaved boost converter used for transferring the energy 

from the input voltage to the output voltage. For interleaved 

boost converter the three inductors are identical for balance 

the current in the three boost converter.  

1) Inductor Selection  

The value of inductor can be found by using following 

formulae [11]  

L = Vi Δ (V0-Vi)/ Δ IL Δ fs Δ V0    (10)  

Where Vi represents input voltage, V0 represents output 

voltage, fs represents frequency and Δ IL represents inductor 

ripple current.  

2) Capacitor Selection  

The value of inductor can be found by using following 

formulae [11]. 

C = Io(max) Δ D/fs Δ Vo (11) 

Where Δ Vo represents the change in output voltage, fs 

represents frequency, D represents duty ratio, Io represents 

maximum output current  

V. SIMULATION RESULTS  

The boost converter parameters used in simulation are given in 

table I  

 
TABLE I. SIMULATION MODEL PARAMETERS 

 

 
Fig. 4. Simulation waveform of input voltage 

Fig. 4 shows waveform of single phase ac input voltage which 

is applied to rectifier. 

 
Fig. 5. Simulation waveform of output voltage 

 

Fig. 5 shows waveform of output voltage of interleaved boost 

converter. 

 
Fig. 6. Simulation waveform of output current 

Fig. 6 shows waveform of output current of interleaved boost 

converter. 

 
Fig. 7. Simulation waveform of output power 

Fig. 7 shows waveform of output power of interleaved boost 

converter. 
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Fig. 8. Simulation waveform of output voltage for change in input voltage 

Fig. 8 shows waveform of output voltage which remains 

unchanged as input voltage change of interleaved dc-dc boost 

converter. 

 
Fig. 9. Simulation waveform of output voltage for change in input voltage 

Fig. 9 shows clearly as change input voltage output voltage 

does not change for same resistive load. 

 
TABLE II. OUTPUT VOLTAGE AT DIFFERENT INPUT VOLTAGE  

 
 
 As change in the input voltage occurred due to due any 

uncertainty the output voltage remains unchanged. Output 

voltage remains stable which is clearly shown by simulation 

waveform and the values shown in Table. II  

 
TABLE III. OUTPUT VOLTAGE AT DIFFERENT LOAD 

 

 
 

As per values shown in table III it is cleared that variations in 

the load parameters or any uncertainty output voltage remains 

stable. For same value of input voltage with different load 

resistance output voltage remains stable which is clearly 

observed and shown in simulation waveform.  

From above explanation it is clear that slide mode control is 

robust and stable which proves the advantages of slide mode 

control.  

VI. EXPERIMENTAL SETUP 

 

 
 

Fig. 14. Experimental setup of a slide mode control dc-dc interleaved boost 

converter 
 

VII. EXPERIMENTAL RESULTS  

The performance of the sliding mode controller is 

experimentally verified. The specification of the converter is 

the same as that used in simulation. The experimental results 

match the simulation very well. Also, it can be seen that the 

output voltage is a little less than or higher than the desired 

650V in each circumstance, due to the parasitic parameters in 

the hardware circuit, which are neglected in simulation. 

 

 
Fig. 15. Hardware Input voltage waveform 

 

Simulation result and the hardware result are differ from each 

other as it is clearly seen from above result the some 

harmonics is present in the input of the 50Hz power supply. 

The result is varying due to the above reasons. 

Moreover, it does not require the line voltage sensing, the 

multiplier, and the current loop compensation design owing to 

its beneficial characteristics in nature, which greatly simplifies 

control circuitry. The intrinsic features of the proposed method 

enable a current balancing between the interleaved modules by 

just letting them use the phase-shifted modulated carrier 

signals with the same amplitude. The operation principle has 

been presented and mathematically detailed. 
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Fig. 16. Pulse generated in hardware 

 
 

TABLE IV. OUTPUT VOLTAGE AT DIFFERENT INPUT VOLTAGE  

 

From above table output voltage for various input voltage 

values is given which is more or less than 650v due to the 

parasitic parameters in the hardware circuit.  

Hardware output voltage waveform not possible to show due 

to the unavailability of higher range DSO, output voltage is 

measured by using multi-meter and shown in table IV.  

 

VIII. CONCLUSIONS  

This paper presented a sliding mode controller of dc-dc 

interleaved boost converter. The various conditions are 

considered for testing the simulation results. After variation in 

the input voltage output voltage remains constant. 

Simultaneously by changing the resistive load in the system of 

simulation model does not effect on the output voltage. 

Hardware results also shows the same expected results. Slight 

variations in the output voltage observed at the time of 

hardware experimentation. The simulation and hardware result 

shows that slide mode control is most robust and stable. This 

method which is proposed in this paper further may be 

investigated in other topologies of converters. 
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