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ABSTRACT 

 One of the biggest problems in power quality aspects is the harmonic contents in the 

electrical system. Most of the current harmonics are due to the nonlinear operation of the 

power converters and arc furnaces . These harmonics cause overheating of the magnetic 

cores of transformers and motors beside their effect on the torque –speed of the later  . These 

problems  have lead to the creation of design standards for purpose of limiting the allowable 

harmonics on the power lines, and hence to improve the power factor. 

   This paper presents two types of power factor correction (PFC) for single  phase AC/DC 

converter, the Boost converter and  the Buck- Boost converter. The output of the Boost 

converter is fixed (400V , 3kW)  while the output of the Buck – Boost converter is variable 

(150-400V, 3kW-1kW) and due to the discontinuous inductor current mode operation of the 

Buck mode of the Buck- Boost converter an average charge current control is used in the 

inner current loop control. From harmonic analysis the two types of converters has less 

harmonics as compared with the IEC1000-3-2 standards. The Buck Boost converter 

eliminates the problem of high inrush input current produced by the Boost converter type.  

 

ةــلاصـالخ 

ان واحدة من اهم المشاكل  الموجودة في المنظومات الكهـربائية هي توافـقيــات التـيار     (Current Harmonics) 

 Non –Linear Operation of)وان اكثـــر هـــوا التوافقيـــات هـــي يرتي ـــة ة ـــل مةـــ ات القـــدرة ال   يـــة  

Converters )  . وافران الشرارة  
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يات حـــرارة فائقـــة في القنـــس المةناويتـــي لن  ـــوتت بات ـــافة  اا تزم هـــا ةنـــ   ـــوا  ال ـــ     التـــرةة تولـــد هـــوهالتوافق
(Torque _ Speed)  لن  ركــات و هــوا المشــاكل  دت اا  وــاد حــدود ديا ــية لت دفــد هــوا التوافقيــات في
 المنظومات الكهربائية وبالتالي تحتين ةامل القدرة.
هـي احـدم مدـادر هـوا التوافقيـات  ـ   ( Single Phase Buck – Boost Converter) ان مةـ ات 
(Variable Output)المر وب فيها وهي تتتخد  في ب ض الت بيقات  التي تحتاج اا  رج متة   .  
و فولتية الخرج (230V- 85)لنفولتية ذو وور واحد بزد ال ةا   ( Buck- Boost Converter)لقد تم ادتراح 
(400V -150)متةــــ ة مــــن  وفــــتم الــــت كم بفولتيــــة الخــــرج بز ــــتخدا  حنقتــــين  حنقــــة الفولتيــــة الخارجيــــة   (Outer 

Voltage Loop)  و حنقة التيار الدا نية(Inner Current Loop) بحيث فكون تيار الد ل وفولتية الد ل  
 في وور واحد.

دـتراح ورفقـة تحتـع م ـدل الشـ نة في حنقـة وةندما ف  ل المة  كخافض لنفولتيـة فـزن التيـار الـدا ل فكـون متق ـتم لـوا تم ا
(Charge Average Current Sensing)التيـار الدا نيـة  . ولقـد تم اوــاد ورفقـة لنت ـدفل في حنقـة التيــار  
(Gain)الدا نية لتةي  الكتس  ةندما تكون فولتية الخرج لن ة  متة ة.   
( Inrush Current)ك ــا تم ادــتراح دائــرة لت دفــد تيــار البــد   ز ــتخدا  ورفقــة الكشــم ةــن د ــة فولتيــة الــد ل ب 
(Peak Input Voltage Detection)  .  
تم احتتاب توافقيات الدائرة المقترحـة ووجـد بز ـا ادـل بالمقاريرـة مـتم الموالـفات القيا ـية ك ـا ان كفـا ة الـدائرة اةنـ  في حالـة 
 الد ل ال الي من الد ل الواوي.

 

 
KEY WORDS 

  Boost converter, Buck – Boost converter, Power Factor   Correction (PFC), current 

harmonics. 

 

INTRODUCTION 

 Most modern electronic apparatus use some form of AC to DC power conversion within 

their architecture , and they draw pulses of current from the AC network during each half 

cycle of the supply waveform. The amount of reactive power drawn by a single apparatus 

may be small , but within a typical large number of these apparatus the amount of reactive 

power is large and hence the amount of current harmonics are also high.    

   The effect of power factor and harmonics generated by equipment that can be connected to 

the public mains network is a matter of concern today. These harmonics must be filtered and 

this has led to the creation of EN 61000-3-2 standards which is adapted by the European 

Community [ 1]. 

   Boost , Buck – Boost converter is one type of AC/DC converter which is either for step up 

or step up- step down respectively. Many researchers have investigated in the field of power 

factor correction of AC/DC converter , a three phase Buck –Boost converter is presented in 

[2], the converter with an additional current loop and a circuit switches which switches  

between Buck and Boost stages using two transistors while a single phase Buck –Boost 
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converter with two current feedback loop is presented in [3] and [4] , the model used two 

transistors signal to generate the pulse width modulation (PWM) of the Buck – Boost 

switches . A  single phase Buck – Boost with variable output is presented in [5]. A current 

programmed control for cascade two switches Buck- Boost converter is presented in [6]and 

its provided a variable output . A computer model for common switch mode control  with 

average and conventional cycle by cycle switching operation mode for Buck – Boost is 

presented in [7].  A two switch Boost interleaved Buck- Boost converter is presented in [8] 

and it has the capability of producing both step-up and step down conversion with lower 

switches voltage stress.  

    

  POWER  CIRCUIT  DESIGN 
This work presents a Boost converter with fixed output (400 V , 3kW ) and a power 

factor preregulator (UC3854 ) is used in order to improve the power factor (as shown in 

figure 1)  in such a way that the input current is forced to follow the sinusoidal input voltage . 

Two loops are used to control the output voltage and the input current , the outer voltage loop 

and the inner voltage loop [9]. 
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Fig(1)  Power factor correction for Boost converter AC/DC Converter(UC3854) 

 

    The second converter is the Buck – Boost converter shown in figure 2 , the converter 

is either operate in boost mode in such away that the output voltage is higher than the 

maximum input voltage or in Buck Boost mode where the   output voltage is lower than 

the maximum input voltage. Figure 3 shows the two operation mode of the Buck Boost 

converter .        

 

  The output inductor employed in the converter  provides   the energy storage and 

filtering . The current flowing through it has a triangular waveform . In selecting the 

inductance a compromise has to  be found  between high rating required for diminishing 

the  ripple , and a low rating required for quick response to load changes.  

The peak inductor current is the sum of the peak line current and half of the peak to peak 

high frequency ripple current. The inductor must be designed to handle this current level.  
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Fig (2) Power factor correction for          (Fig3) The Buck Boost converter  

   Buck Boost Converter                                                operation modes 

 

 
 BOOST CONVERTER INDUCTOR DESIGN: 

 The Boost converter inductor is decided according to the minimum rms input 

voltage  then  

rmsi

in
peak

V

P
I

2
                                                              (1) 

where PEAKI is the maximum input current, inP  is the input power to the  converter and 

rmsiV ,,  is the root mean square of the input voltage. 

Since in steady state the time integral of the inductor voltage over  one time periods 

must be zero [10] ,  therefore 

0)(  OFFoiONi tVvtv                                             (2)     

where iv is the instantaneous value of the input voltage , ONt is the on time of the switch , 

oV is the output voltage of the converter and OFFt is the off time of the switch. 

Dividing both sides by Ts   Where Ts   is the switching frequency and rearranging terms 

yield     

dv

V

i

o




1

1
                                                                 (3) 

where d is the duty cycle of the ON time of the boost switch. 

During the ON period  
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dt

di
LV l

L                                                                    (4) 

where ldi is the inductor ripple current 

S

o

i
S T

V

v
dTdt )1(                                                     (5) 

then 

 

)1(
max,max,

o

i

L

Si

V

V

di

TV
L                                                   (6) 

 

 BUCK- BOOST INDUCTOR DESIGN: 
The value of inductance   is decided  depending on the  worst operating condition , 

i.e, when the ripple is  X% and it  is in continuous conduction during buck   mode 

operation [5] . This  occurs when the input voltage is at its maximum peak value and the 

output is at its minimum value then  the peak input current  is given by 

(max)

2

,rmsi

in
peak

V

P
I                                                           (7) 

 peakL I
X

i
100

                                                               (8) 

where Li  is the peak to peak ripple of inductor current .  

When the converter operates at buck mode ,  as the Buck switch is ON then, 

 
dt

di
LVvV L

oiL                                                   (9) 

    STddt 1   

 

where 1d  is the duty cycle of the Buck switch , and as  

 

max

2
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d                                                               (10) 

then  

)1(
maxi

o

L

So

V

V

i

TV
L 


                                                  (11) 

 

 OUTPUT CAPACITOR:  
The output capacitance selection depends on the following factors[10],[11] 

   The switching frequency .   

   The ripple current.   

   The second harmonic ripple  current.  

   The output    ripple.    

   The output d.c.   voltage .  

    The hold up time of the capacitor. 
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It should be noted that for a given capacitance the capacitor value is proportional to the 

voltage rating and the maximum energy storage capability which  is proportional to the 

square of the voltage rating. According to the above factors the capacitor with a certain 

hold up time is given by [10],[11] 

  

                          
2

min

2

2

oo

UPHOLDout

O

VV

tP
C


                                                       (12) 

        where UPHOLDt     is the time hold up by the capacitor and it is in the range of 16 to 50 

ms[1].   

 

BUCK BOOST CONVERTER CONTROL CIRCUIT :  
 Active   PFC   performs   much better and is significantly smaller and  lighter  than  the    

passive   PFC   circuit.   The active   PFC   can   be   implemented   with  a single   chip   

controller,     making the   circuit   relatively   simple  with minimum number of 

components .   

         One  of the  most  popular  chip   is the  Unitrode  UC3854 controller  which    accepts  

an  ac   input  voltage  of  75-275   rms voltage and a frequency of 50 – 400 Hz [9] . 

     The  circuit  has  two  control  loop  one  of them  is  the fast  acting        internal  current   

loop .  It  defines the input current shape to be sinusoidal and force it to be in phase with 

the input voltage .The second loop is the external voltage loop which regulates the output 

dc voltage. 

          The  principle  of operation of Boost  PFC is as   follows: The   rectified   sinusoidal  

input voltage is fed to a multiplier circuit , providing a current reference  to the multiplier  

and  a feed   forward  signal proportional to     the rms value of  the line voltage .The 

filtered  DC voltage of Boost PFC   is   compared to a reference voltage Vref  and 

amplified. The error  amplifier   sense the variation between  the output voltage and the  

fixed dc   reference     voltage. The error signal is applied  to  the multiplier .The 

multiplier output   follows the  shape of  the input  ac voltage.  This signal is compared  

to the   current signal sensed  by  Rs  in   a Pulse Width Modulation (PWM) circuit. The 

inductor current waveform   follows  the shape   of the    rectified   ac  line voltage. The  

gate  drive signal controls the inductor current amplitude and maintains a constant output 

voltage.  

   A charge control scheme is adopted in this design of the current loop control of the 

Buck Boost converter since the input current to the converter is discontinuous and its one 

form of average current control [12-14].Charge control uses a reset integrator to control 

the average value of a pulsating circuit variable.  Figure 4 show the  input current for the 

two cases . 

Time

i
i

i
i

     (a)Boost mode (b)Buck mode Time

 
            Fig(4) Input current for Boost and Buck mode 
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  Figure 5 illustrates the circuit used in charge average current control used to sense the 

current in the PFC of the Buck- Boost converter. The KiS /1  is hall current sensor which 

is proportional to the instantaneous input current. Two capacitors 1C  and 2C  are used 

for integrating the input current alternatively . Transistor 1T  and 2T  employed to quickly 

discharge the capacitors. The four diode bridge Da-Dd allows  KiS /1  to charge the 

capacitor with lower Vx to pick up the higher capacitor voltage which represents the 

average input current . 
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Fig( 5) Charge average current sensing used in buck boost converter 

SIMULATION RESULTS: 

 Using the package Orcad 10 the simulation results for the Boost converter given in 

figure 6 is shown in figure 7(a, b, and c) when the input voltage is 230 V rms , line 

frequency 50 Hz , output  voltage 400 V output power 3kW and the switching frequency 

is 20kHz . Figure 7 shows the input voltage input current , duty cycle of the boost switch 

, the output voltage and the input current harmonics. The input current at the first half 

cycle is 20-25 times the current of the converter. This problem is solved by using the 

Buck Boost    converter shown in figure 8. Figures 9 ,10 and 11 show the input voltage , 

input current output   voltage duty cycle of the   buck and boost   switch    and  input 

current   harmonics   when the output voltage of the converter is 400V ,250V and 150 V 

respectively.  

The input current harmonics for these cases is shown in figure 12 and it shows that the 

current harmonics is lower than the EIC standards . 

The problem of discontinuous input current in Buck mode operation is solved using 

average charge current control . 

 

CONCLUSIONS : 

 A power factor correction control for AC/  DC Boost converter is presented and the input 

current harmonics is eliminated and it is lower than the standards ,the output voltage and 

output power is fixed in this type of converters . 

   The problem of high inrush input current is solved by using Buck Boost converter and 

also the output voltage and output power can be made variable in this type of converters 
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   Since the input current in Buck mode of Buck Boost converter is discontinuous  , a 

charge average current control is used to provide the error signal for the inner loop 

current amplifier. Also the input current harmonics is lower than the standard harmonics 

current and hence the power factor is within the range 0.993-0.998. 
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Fig( 6) Single phase PFC boost converter schematic(UC3854) 
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Fig( 7)(a) Boost converter input voltage , input current  and 

                       output voltage  Vi=230Vrms,Vo=400V ,Po=3000W , fS=20kHz 
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Fig 7(b)Duty cycle of Boost converter  

Vi=230Vrms,Vo=400V Po=3000W , fS=20kHz 
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Fig7(c)Input current harmonics for Boost converter 

Vi=230Vrms,Vo=400V Po=3000W , fS=20kH 
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Fig8(a) The connection diagram for PFC single phase Buck Boost converter 
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Fig8(b) Buck Boost Converter block diagram 
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Fig9 (a)Buck –Boost converter input voltage , input current and 

out put voltage Vi=230Vrms,Vo=400V ,Po=3000W , fS=20kHz 
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Fig9(b)Input current harmonics of Buck –Boost converter 

Vi=230Vrms,Vo=400V ,Po=3000W , fS=20kHz 
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Fig 10(a)Buck- Boost converter input voltage , input current and 

                       out put voltage Vi=230Vrms,Vo=250V ,Po=2000W , fS=20kHz 
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Fig 10(b)Buck switch duty cycle for Buck- Boost converter 

Vi=230Vrms,Vo=250V Po=2000W  fS=20kHz 
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Fig 10(c)Boost switch duty cycle for Buck- Boost converter 

Vi=230Vrms,Vo=250V Po=2000W  fS=20kHz 
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Fig10(d)Input current harmonics for Buck- Boost converter 

Vi=230Vrms,Vo=250V Po=2000W  fS=20kHz 
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Fig11(a) Buck- Boost converter input voltage , input current and 

out put voltage Vi=230Vrms,Vo=150V ,Po=1000W , fS=20kHz 
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Fig 11(b) Boost switch duty cycle for Buck- Boost converter 

Vi=230Vrms,Vo=150V Po=1000W , fS=20kHz 
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Fig11 © Buck switch duty cycle for Buck- Boost converter 

Vi=230Vrms,Vo=150V Po=1000W , fS=20kHz 
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Fig 11 (d) Input current harmonics for Buck- Boost converter 

Vi=230Vrms,Vo=150V Po=1000W , fS=20kHz 
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Fig` 12 Input current harmonics contents for the different cases 
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