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Abstract—An optimal control strategy based on simple model,

single phase unity power factor boost convertgrésented with an

limited improvement in input current quality. Onettother
hand the boost type converter generates dc volialgeh is
higher than the input ac voltage. However, the frquurent in

evaluation of first order differential equation$id paper presents an these converters flows through the inductor andefoee can

evaluation of single phase boost converter haviogvep factor
correction. The simple discrete model of boost eoter is formed
and optimal control is obtained, digital Pl is atimpto adjust control
error. The method of instantaneous current coigrptoposed in this
paper for its good tracking performance of dynaneisponse. The
simulation and experimental results verified owsige.
Keywords—Single phase, boost converter, Power
correction (PFC), Pulse Width Modulation (PWM).

|. INTRODUCTION

SINGLE-phase switch mode ac-dc converters are beirf

used as front-end rectifiers for a variety of apgions due

to the advantages of high efficiency and power itgns
These classical converters, however, draw-non-sidab
input ac currents leading to low input power fast@and
injection of harmonics into the utility lines. Raseh in
improved power quality utility interface has gairietbortance
due to stringent power quality regulation and sthimits on
total harmonic distortion (THD) of input currentagked by
standards such as IEC 61000-3-2 and IEEE 519-19D2i2.
has led to consistent research in the various tgoha for
power quality improvement. Research into passivt aative
techniques for input current wave shaping has tygted their
inherent drawbacks. Passive filters have the desnefifixed
compensation, large size and resonance whereassthef
active filters is limited due to added cost and tomn
complexity.

Research into switch mode power factor correctedicac
converters has been in two directions namely bunck lzoost
type topologies. The advantage of Buck type topplisgthat
the converter can provide variable output voltaghich is
lower than the input voltage. However, when théangneous
input voltage is below the output voltage the coirrdrops to
zero and the results in significant increase inutnpurrent
THD.

Design of input filters for power factor improventeim
buck converters is therefore complex and providesy o
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easily be actively wave-shaped with appropriateenirmode
control. Moreover, boost converters provide regdatdc
output voltage at unity input power factor and regth THD of

input ac current. These converters have found idesl use
in various applications due to the advantages ajh hi

efficiency, high power density and inherent poweraldy

factofmprovement at ac input and dc output. The prefepewer

circuit configuration of single-phase boost coneeitl-9] is
the most popular and economical PFC converter stingiof
diode bridge rectifier with step-up chopper. Thdated
Ssearch work is addressed in subsequent work41.0-1
This paper provides a study of single phase bomrstearter
topology. Complete mathematical modeling of PFCveoters
is carried out. Simulation results are provideddwealuation of

converter performance under steady state and dgnami

conditions and performance of single-phase boastexter is
then experimentally verified.

Il. CIRCUIT CONFIGURATION
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Fig. 1 Boost Converter
PFC converter topology considered in this workasatibed
in this section. The single-phase boost converti¢h wni-
directional power flow shown in Figure 1 is reatizéy
cascading single-phase diode bridge rectifier witbost
chopper topology.

I1l.  CONTROL SCHEME

The objective of the control scheme of the boosiveaters
is to regulate the power flow ensuring tight outpuitage
regulation as well as unity input power factor. €ated
control structure shown in Figure 2 is the mostersgively
used control scheme for the converter. In this sehethe
output of voltage regulator, limited to a safe ealforms the
amplitude of input reference current. This refeeeamplitude
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is then multiplied to a template of input voltagesynchronize
the reference with input voltage, as required foityupower
factor operation. The inductor current is forcedtrack its
reference current using current controller, whigtnerates
appropriate gating signals for the active device(s)
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Fig. 2 Control scheme of PFC converter

IV. MATHEMATICAL MODELLING OF PFCCONVERTER

The proposed PFC converter system comprises Soiglse
ac supply, power converter circuit, and controlesob. In this
section modeling equations of various componentsthef
converter system are formulated separately to devel
comprehensive model for their performance simutatio

Supply System:
Under normal operating conditions the supply systam be

modeled as a sinusoidal voltage source of ampN{jdend
frequencyf, . The instantaneous voltage is given as:
V,(t) =V, sinat 1)
where w= 2lNft electrical rad/s and
t = instantaneous time.

From sensed supply voltage, a template u (t) isnagtd for
converter topologies with ac side inductor.

— Vs
u®=<- )
u(t) for converter topologies with dc
obtained from:

u(H="e 3)

DC Voltage Controller:

The objective of dc voltage controller is descritestlier. A
proportional integral (Pl) voltage controller islesgted for
voltage loop for tight regulation of the output tagle. The dc

V,.". The resulting voltage errolV,(n)at nth sampling
instant is:

Ve(n) :Vdc _Vdc(n) (4)
Output of PI voltage regulatoy,(n) at nth sampling instant
is:

V(M) = Vp(n=1) + K, (v,(n) —v,(n ~1) + K,v,(n)

®)

where Kp and K, are the proportional and integral gain

constants.
V,(n—1) is the error at th¢n —1) " sampling instant.

The output of the controllei,(n) after limiting to a safe

permissible value is taken as amplitude of refezesapply
current A.

PWM Current Regulator:

Current regulation loop is required for active wabaping of
input current to achieve unity input power factodaeduced
harmonics.

Reference Supply Current Generation:

The input voltage template B obtained from sensggply
voltage is multiplied with the amplitude of refecensource
current A in the multiplier-divider circuit. Moreev, a
component of input voltage feed forward C is alslolea to
improve the dynamic response of the converter sys$teline
disturbances [Figure 2]. The resulting signal forrise
reference for input current. The instantaneous evadfi the
reference current is given as:

i, =ABC" =2 (6)

Active Wave-shaping of Input Current:
The inductor current error is the difference otrehce supply

current and inductor current, =i —iy)

This error signal is amplified and compared toedix
frequency carrier wave to generate gating signatspbwer
devices of the converter. PWM switching algorittersélected
depending on the converter topology.

MODELLING OF SINGLE-PHASEBOOSTPFCCONVERTER
The converters are modeled using first order noeali

side inductor isjifferential equations. The number of equationegsal to the

number of energy storage components in the system.
The boost converter is modelled using two diffeisnt

equations for inductor curreril[ and dc link capacitor voltage
V.

- (Vd _Vp)
S L-r()

pi )

voltageV, is sensed and compared with set reference voltage
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(%
PVoe =— < ®)
Ca
where p = differential operator (d/dt),
r = the resistance of the inductor L,
V, = the rectified line voltage at diode
rectifier output,
R= resistance of the load and
Vp = PWM voltage across the switch
and is defined as
Vp =Vdc (15) (9)
ip is the current through the boost diode and iséefias
i, =i L9 (10)

where S is the switching signal obtained from aurre

regulation loop. Its value is 1 (ON) or 0 (OFF) degding
upon the state of the switch.

Performance Characteristics:

Performance simulation of converters modelled agstdbed
in the previous section is carried out for diffdrdoading
conditions at 100-kHz switching frequency. The ‘ealuof
inductor and capacitor are calculated for desirguiti current
ripple and output voltage ripple. A summary of penfiance
evaluation is presented in Table 1.

TABLE |
EXPERIMENTAL RESULTS OF SINGLE PHASE BOOST CONVERTER
Rise/Di Settling

TDH Power Factor pin time

(%) Output Load
Heavy Light Heavy | Light VoLt/age Applicatio

Load Load | Load | Load (%) n

/Removal

0.3917 | 1.0572 | 1.000 | 0.999 | 2.41/3 47/47

Seady-Sate and Dynamic Performance: Topology considered
in this work, provide smooth dc voltage at a pofeetor close
to unity and show excellent steady state (Figureslrput

current THD is well below the limits stipulated HEC61000-

3-2 and other standards. These converters exlab#factory

voltage regulation at load variations from 325 WL&25 W of

nominal. This makes these converters suitable gpfieations

with significant load variation. Half-bridge conver and

voltage source converter exhibit best charactesisti terms of
dc voltage regulation and input current THD. Ingutrent

distortion at zero crossovers is also non-exisienthese

converters.

Magnitude, A

05 F

30 40
Harmonic Order

20

Fig. 3 Harmonic Spectrum of input current for sexphase boost
converter at heavy load (1625W)

Efficiency:

Voltage drops across semi-conductor devices cane hav
significant effect on the overall efficiency of thenverters.
Number of voltage drops across single-phase bawsterter

is three.

Application Potential of PFC Converter:

Boost Converter is most economical and optimal eowv in
terms of performance and efficiency and provides
unidirectional power flow. This converter is usesl power
factor pre-regulators for power supplies; electtdmallast and
low power drive applications where bi-directionawer flow

is not required.

IV. EXPERIMENTAL TESTINGOF SINGLE PHASE BOOST
CONVERTER

Performance of single-phase boost converter is
experimentally tested to identify the numerous tapnlogical
factors that can impact the quality of current drawy these
converter as well as to develop greater confideimcéhe
simulation studies carried out in the paper.

A Texas Instrument IC-UC3854A power factor congoll
based implementation is carried out for a 500 Wyansal line
(80 V-270 V) single-phase boost converter. The pavireuit
is fabricated with IRFP460 MOSFET and MUR460 fast
recovery diode with Ls = 1.1 mH and Cd = 560mF. The
converter is fed from ac lines via an auto tranmsfer followed
by an isolation transformer to provide variableunpoltage
and protection, respectively. Figure 3 shows thetodiion in
the input voltage caused by distorted current wihensystem
is operated as an uncontrolled diode bridge rectifiarmonic
current interacting with the source impedance, arilpdue to
utility lines and transformers, causes this digort This
distortion is corrected by triggering the powertéacontroller
and wave shaping the input current into desiredissiil as
shown in Fig. 4.
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Fig. 4 Simulated result with modification control

(Input voltage and current waveforms of single-ghlagost Photo 2 Implemented Input voltage and current wave$ of single-

converter) phase boost converter
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