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Abstract— The conventional SSPFC (single-stage power factor 

correction) converters suffer from low efficiency because of high 

voltage and current stresses acting on switching devices and other 

circuit parameters. The introduction of resonant converters along 

with the conventional SSPFC provides a very sensible solution for 

the above mentioned problem. Since this resonant SSPFC 

converter operation carried out with variable frequency, it 

provides an efficient operation only at full load. Below full load, 

the operation results in efficiency drop due to the shift from 

resonant frequency. A load dependent strategy helps in 

maintaining the efficiency level as constant even below full load. 

Two variables are to be controlled in this circuit, which are 

resonant frequency and duty ratio. Normally two controllers are 

essential to perform the operation which cause increased cost and 

requires more processing time. This paper proposes a single PI 

controller to control the both variables to provide high converter 

efficiency and to reduce the cost and the processing time. The 

proposed system provides a constant efficiency in conversion 

process up to 50% of full load current. The MATLAB simulation 

is presented to verify the performance analysis. 

 
Index Terms— AC/DC converters, power factor correction 

converters, PI controller, resonant converter. 

I. INTRODUCTION 

  For any electronic equipment, the switch mode ac/dc 

converters provide the first functional block to supply the 

power from ac mains to rest of the circuit elements. So these 

switch mode converters must have some acceptability 

criterions suitable for both the ac mains and the output load. 

A good power quality, such that purely sinusoidal input 

current and input voltage waveforms is essential from the ac 

mains points of view. Similarly, well regulated output 

voltage and high conversion efficiency are also required from 

output and energy conversion point of view. But the normal 

ac/dc switch mode converters cause some problems on ac 

side such that input waveform distortion, voltage drop and 

electromagnetic interference due to high frequency 

switching. The power factor correction circuitry is proposed 

to meet the above mentioned problems. There are mainly two 

methods are mentioned in literatures for the input power 

factor correction; passive and active power factor correction. 
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Passive power factor correction can be achieved with the help 

of passive reactive elements. Even though it is simple and 

direct method, its size, weight and cost at low frequencies 

limits its applications [1]. In active method, power electronic 

switches are used to attain the input power factor correction. 

The conduction time of these switching devices are 

controlled to make the voltage and current waveforms in 

phase and distortion less. High power factor, low harmonics, 

low weight and high reliability are the major advantages of 

active PFC [2]. The active PFC can be implemented in two 

different ways; two-stage and single-stage power factor 

correction. The two-stage PFC circuit consists of a power 

factor pre-regulator and a dc-dc converter. This method has 

the advantages such as high power factor, low input 

harmonics but the cost, size and efficiency are more superior 

[3].  The single-stage power factor correction circuit provide 

all the features of two-stage PFC in addition to small 

component size, low switching loss and cost effective due to 

less number of switches [4]. 

In both two-stage and single-stage PFC, dc-dc converters 

are used as the input current shaper. All basic types of dc-dc 

converters have the “self power factor correction” capability 

while they are operating in discontinuous conduction mode. 

Boost converter is the most suited dc-dc converter for the 

power factor correction purpose [5]. Most of SSPFC 

converters cascade a boost converter with a forward dc-dc 

converter and an energy storage capacitor in between, 

provides input power factor correction, isolation and also 

output voltage regulation in a single stage [6]. The switching 

operation is controlled by the appropriate SPWM technique 

[7]. When a small capacitor is used for the energy storage 

purpose, the SSPFC leads large ripples in the output voltage. 

If a large capacitor is used, it causes floating of dc-bus 

voltage that will results in high voltage stress across the 

switches which leads to more switching losses. As in [8], a 

resonant circuit can solve these problems by controlling 

stress and switching loss. These SSPFC resonant converters 

have the flexibility to operate with variable frequency 

asymmetrical pulse width modulation [9] or with variable 

frequency phase shift modulation [10]. In both of the cases 

the operation is carried out with variable frequency. Because 

of this reason, when the circuit is operating below full load 

current, the switching frequency may shift from resonant 

value. This will leads to drop in their conversion efficiency. 

For maintaining high efficiency even below full load, a load 

adaptive energy storage technique is introduced in [11]. Here, 

two variables have to be controlled at a time, namely; the 

switching frequency to control output voltage and duty ratio 

to control dc bus voltage level. Two separate controllers 

increase the cost and the processing time. 
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   In this paper a single PI controller is proposed to attain the 

load adaptive control of single stage SSPFC resonant AC/DC 

converter. This will help in providing ripple free output 

voltage and a well regulated dc-bus voltage with reduced cost 

and reduced processing time.  

II. POWER CIRCUIT 

The variable frequency asymmetrical pulse width 

modulation (VFAPWM) converter topology and its 

switching sequence are shown in figures 1 and 2. 

Figure 1 show a three-level series-parallel LCC ( , , and 

) resonant converter circuit with an input boost inductor 

( ) directly connected to the lower pair of the switches. The 

boost inductor can operate in either DCM or CCM. The 

dc-bus consists of the two capacitors ( ) and ( ). These 

dc-bus capacitors provide the required hold up time and it 

will reduce the effect of low frequency ripples in the output 

voltage. If the capacitors are designed to have equal values 

and operate symmetrically, each should have half the dc-bus 

voltage in the normal condition. The two diodes ( ) and 

( ) acts as clamping diodes which clamp the switch 

voltages to half that of the dc-bus. The series-parallel 

resonant converter is used because of the reason that it can 

operate in a buck-boost mode according to the applied 

switching frequency. This property is required in order to 

adjust the output voltage throughout the power cycle. Other 

peculiar properties of the LCC resonant circuit are fast output 

regulation and low output voltage ripple as well as: 

input/output isolation; zero voltage switching; the use of an 

LC output filter, which results in an almost ripple free output 

voltage; and high conversion efficiency. Therefore, by 

designing the converter to operate close to its resonant 

frequency, high efficiency can be obtained for a wide range 

of input voltage and output load current. The input filter is 

used to reduce the high frequency components of the input 

current, which is especially important in the case of 

discontinuous input inductor current operation. The output 

stage is consists of a diode rectifier followed by an LC filter 

(  and ) to smooth the output voltage waveform. 

OPERATING PRINCIPLE 

During the interval ( ), switches  and  are 

ON and current through the boost inductor ( ) increases 

linearly. The current flowing through the switches is the sum 

of the resonant and boost inductor currents. The voltage 

across the terminals of the resonant circuit is , with 

capacitor  delivering energy to the output through the 

resonant circuit. This stage of operation ends at , 

where D is the duty ratio of the boost stage and  is the 

switching period. 

   At the beginning of the next interval ( ), switch 

 is turned OFF. The drain-source capacitor of switch  

starts charging. When the switch voltage ( ) reaches  

(the voltage across ), the clamping diode  turns on and 

clamps the switch voltage to half the dc-bus voltage. The 

voltage across the resonant circuit decreases to zero and the 

resonant current circulates through switch  and clamping 

diode . at the end of this period the current in the boost 

inductor is also diverted to the upper switches, discharging 

their drain-source capacitors. At , switch  is turned 

OFF and its drain-source capacitor gradually charges to . 

The inductor current continues to charge the dc-bus 

capacitors. The resonant current contributes to the discharge 

of the switch capacitances and when they are fully 

discharged, both currents flow through the body diodes of 

switches  and  as the voltage across the resonant circuit 

rises to . 

      At the beginning of the next stage ( ), switches 

and  are turned ON with zero voltage switching. The 

voltage across the resonant circuit remains at , with 

capacitor  delivering energy to the output through the 

resonant circuit. The current flowing through the switches in 

this case is the difference between the resonant current and 

the boost inductor current. At , switch  is turned 

OFF. The drain-source capacitor of switch  starts to charge. 

When the switch voltage ( ) reaches  (the voltage 

across ), the clamping diode  turns on and clamps the 

switch voltage to half the dc-bus voltage. The resonant circuit 

voltage again drops to zero, with the resonant current 

circulating through  and . 

   During the final stage, switch  is turned OFF and its 

drain-source capacitor gradually charges to . The 

resonant current is diverted to discharge the drain-source 

capacitors of switches and . When these capacitors are 

fully discharged, the body diodes of the switches start 

conducting. The cycle is repeated with switches  and  

being turned ON with zero voltage switching and the boost 

inductor starts charging in the new switching cycle. 

III. CONTROL STRATEGY 

 As mentioned earlier two control variables are available at 

a time to control the output voltage and the dc-bus voltage. 

They are: a) the switching frequency of the resonant 

converter to control the output voltage and b) the duty ratio, 

D of the boost converter to regulate the dc-bus voltage to the 

desired level. A single PI controller is introduced to control 

the both variables. The schematics of control strategy are 

shown in figure 3.  

The output current feedback is necessary in this circuit to 

enhance the load adaptive energy storage technique. The 

actual reference value for the dc bus voltage under full load 

condition based on the input ac voltage is given as 

                                      (1) 

Where   represents the reference dc-bus voltage and 

 represents the peak value of the input ac voltage. In order 

to incorporate the load adaptive technique the output current 

also takes into account for calculating the dc bus reference 

voltage. Therefore the equation (1) can be re written as 

http://www.ijeat.org/
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Figu

re 1: SSPFC with VFAPWM topology 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Switching sequence for VFAPWM topology 
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Figure 3: Schematic of control strategy 

 

 

 

                                (2) 

 

Where 

 

                                                               (3) 

 

In the above equation, the value of  can be selected based on 

the desired performance and the easiness of implementation. 

 Represents the output current and  represents the full 

load current. 

     The above reference bus voltage can be realized with the 

help of a polynomial evaluation block in the MATLAB 

software. This reference value is compared with the dc bus 

voltage and the output is given to saturation block to limit the 

signal to the upper and lower saturation values. Now the 

output voltage is compared with a constant value and the 

error signal is fed to the PI controller. The proportional 

responds quickly to changes in error deviation whereas the 

integral action is slower but removes offsets between the 

plant’s output and the reference. The basic block of PI 

controller is shown in figure (4).  

 

The controller output is given by 

 

                                              (4) 

 

Where  is the error or deviation of actual measured value 

(PV) from the reference value (SP). 

           

 

 

 

 

 

 

  The output of the PI controller is given to the voltage 

controlled oscilloscope which generate a continuous-time 

output signal whose frequency changes in response to 

amplitude variation of the input signal. The pulse output of   

the VCO is integrated to get a corresponding triangular wave 

with the help of a polynomial evaluation block. This 

triangular wave is compared with the output from the 

saturation block to form the variable frequency asymmetrical 

pulse width modulated pulse. This pulse controls the 

switching operation of various switches present in the boost 

converter.  

 
Figure 4: Basic block of PI controller 

IV. TEST SYSTEM SPECIFICATIONS 

 
PARAMETERS VALUES 

Input voltage, Vs. 100 V 

http://www.ijeat.org/
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Input filter L=2 uH, C=4.4 uH 

Boost inductor, Lin 7 uH 

DC bus capacitors, Cb1,Cb2 560 uF 

Series resonant inductor, Ls 22 uH 

Series resonant capacitor, Cs 47 nF 

Parallel resonant capacitor, Cp 47 nF 

Transformer turns ratio, N1:N2 2:1 

Output inductor, Lo 20 uH 

Output capacitor, Co 330 uF 

V. EXPERIMENTAL RESULTS 

    The performance of the proposed system is experimentally 

analyzed using MATLAB/SIMULINK software. The circuit 

is designed to get a well regulated constant dc 50V as output. 

The experimental result shows the proposed system has the 

capability to meet the requirements of power factor 

correction and the output. The proposed system provides 

almost constant conversion efficiency for wide range of 

loading. The simulation waveforms of output voltage, dc bus 

voltage, output current, power factor correction and output of 

resonant converter for the different load currents are shown in 

figures (5-7). 

   The pulse formation corresponding to the error signal is the 

basic of the DC output voltage regulation and DC bus voltage 

regulation. The output DC voltage is compared with the 

reference signal. The error signal is processed through a PI 

controller whose control parameters are   and 

 which are selected manually by trial and error 

process. The PI controller output is given to the voltage 

controlled oscilloscope which generates a continuous time 

output signal of amplitude 1V whose frequency varies 

corresponding to the error signal. This continuous time 

output signal integrated to get the triangular wave with the 

help of a polynomial evaluation block. The polynomial 

co-efficient are given as [1 -0.5]. Now the DC bus voltage is 

compared with a reference value. This reference value is 

calculated using the equations (2) and (3) and whose 

polynomial co-efficient are given as [-2 328.5]. The error 

signal is saturated to upper and lower values with the help of 

a saturation block. Now, this output is compared with the 

triangular wave using a relational operator. If the triangular 

wave is above saturation reference value, that generates the 

pulses. The pulse formation is shown in figure 8. 

 

(a) 

 

 

(b) 

 

 

(c) 

 

(d) 

Figure 5: Experimental waveforms for full load current (a) 

DC bus voltage and output voltage (b) output current (c) 

input voltage and current (d) output of resonant circuit 
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(a) 

 

 

(b) 

 

(c) 

 

(d) 

Figure 6: Experimental waveforms for 60% of full load 

current (a) DC bus voltage and output voltage (b) output 

current (c) input voltage and current (d) output of resonant 

circuit 

 

(a) 

 
(b) 

 

(c) 

 

(d) 

Figure 7: Experimental waveforms for 40% of full load 

current (a) DC bus voltage and output voltage (b) output 

current (c) input voltage and current (d) output of resonant 

circuit 

Figure.5 shows the experimental waveforms for full load 

current. The figure 5(a) shows the output voltage and DC bus 

voltage provides constant value. Similarly 5(c) shows the 

current waveform follows the voltage waveform which gives 

almost unity power factor. Figure 6, the waveforms for 60% 

of full load current, as comparing with previous one gives 

almost the same waveform except for output current. 
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 The figure 7 shows the waveforms for 40% of full load 

current. In this, 7(c) shows the output of resonant circuit is 

considerably reduced from the same for full load current and 

realizes that the efficiency is considerably decreased. All the 

waveforms shows one thing is that, for any load current, the 

DC bus voltage, output voltage and input power factor are 

regular and constant. This highlights the acceptability of the 

control circuit. 

 
Figure 8: Asymmetrical pulse formation 

VI. CONCLUSION 

In this paper, a single PI controller is used to regulate 

output voltage and the dc bus voltage. The proposed control 

strategy meets the output, dc bus voltage and power factor 

correction requirements. It provides almost constant 

conversion efficiency for wide range of loading. The 

proposed system can handle higher power levels and it 

reduces the cost and processing time. Manual tuning is used 

for tuning the PI controller 
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