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ABSTRACT

A single phase boost reclifier circuit is studied with and without
feedforward  techmiques. The circut 35 implemented and tested
experimentalty, It can be operated at high power factor (greater than 0.9%),
and ot line current total harmonic distortion (THDY) {less than 0.06), by

selecting a switable control parameters at ihe desired output power.
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List of Symbols

: Snubber cirenit capasitor (F). PF  :Powser factor,

- Load eurrent {A). r - Inductor resistance (Chrn},
: Line cutrent (A). ' Ru  : Load resistance {Ohm)

: Rectificr inductance (H). THD : Total harmonie distortion.
: Snubber circuit inductance (H). Vo @ Cutput voltage (V).

; Modulation index. Ve AL input voltage (V).
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1. Introduction

it is  well  koown that
conventional ac-do power supplies
are characterized by high input
eurrent total harmonic distortion
(THD) and low power factor (PF)
[1]. Scveral techniques have been
proposed  and  demonstrated o
overcatne  these drawbacks, atul
they have essentizlly based of pulse
width modulation (PWM} scheme
[2]. For example, the thput current
THD of a boost rectifier has been
reduced by intentionally introducing
a lagging power factor cmrent
command 3], The geal has been
achieved in a tingle phase rectifier
by using current mode contro]

technique [4-6}. Differentlwntrol

circuits employing either
compensator, current control, and
multiplier, ©f nonlingar carrier

control scheme have been proposed

to overcoms the probled [7-9).

In this paper, a sinple phase
boast rectifier eircuit supported by a
siiple feedforward control civouit
is proposed to achieve high power
Factor and fow THD, The rectilier
circuil can be used with different
ranges of putput power by changing

the contrel cireuit parameters. The

proposed circuit is implemented and

tested

experimental

experimentally. The

resuliz are found in

good agreement with  theoretical

predictions, and with the results

oblained in [6],[10), and [13}.

2. The Proposed Circuit

2.1. Cirenit Operation

‘The proposed circuit is shown

in Fig.{1}. It consists of four diodes

(D to D), two switches MOSFET

transistors (S

capacitor

and Sz2), two

inducters (L), and a smoothing

The switching

{Ca).

operation of the main diodes and

switches can be described by two

modes of operation for each half

cycle az follows:

During positive hall cycle of the

input supply oltage, the transistor

repeatedly

is switching on and off

according  to  the

switching frequency signal. Scthe

operation of the

rectifier eircuit

during this cycle is consists of two

mades.

Mode 1

In this mode of operation, the

switching transistor 51 iz on, and the
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supply current flows through 51, Da
and L, while the capacilor (Lo}
discharging throngh the load a8
shown in Fip. (2}, The following two

cquations desctibe the operatiot of
this m.odc.

Vae = Ldifdt +1i2 e {1}
o = CedVoldt ~ -——= {2}
Wode 2

When the wansistor S is

switched off, the operation is

transferred from mode 1 to mode 2.

In this mode, tie input line current

Blows throu;gﬁ the inductor L, the

. two diodes D and Da, then the load
and the smoothing cap‘acitur, Co, as
shown in Fig.(3). The operation of
this mode can be described by the

folluwing two equations:

Ve = L diwfdt +ri2t+ Vo -------(3)
b T i CedVoldt e {4)

At tae nepative half cycle of
the supply, mode 1 and mode 2 are
repcated with transistor S2and the

two diodes Dz and Ds,

2.2. The Control Circuil
Different PWM techniques

have been used to improve the

power factor and THD of a recttfier
gircuit  [2,12] These techniques are
used in the case of open loop
contrn),  but the improvement is ool
significant.  For that reagson a
feedforward  conirol technique has
been used to met high input power
factar and low THD [6,7 and 10]

and this technique is adopted here.

A simple control circuit 1s
supgesied and implemented, Fig.(4)
show the complete diagram of the
power circuit as  well as the
suggested  control  circuit. The
coutrol circuit constsis of integrator,
adder, and sublractor circuits, and
has the benefit thal it is not
requiring any multiplier or divider
gircuits. The oulput voltage of the
rectifier is sensored with gain of Ko,
which is compared with a reference
voltage, Yt The vresult of
comparison is injected through an
approgriale veltage controller. The
current Is, is sensérenl with gain K,
and subtracted {Tom  the voltage
controller output. The rectifier ioput
AC woltape is rectified by two
diodes, sensored with gain Ks, and
then added to Lthe subtractor outpul,
The output of the adder is fed into a
PWh cirguit with a high frequency
triangular wavefortn to produce the

switching transistors.

(32)
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3. Simulation Results 3.1. Open Loop Operation

Fig(S) shows the simulated

The open loop operation of output vollage of the rectifier s a

the proposed boost rectifier is function of the modulation index

analyzed using sine p.uisc width (M) of the SPWM and for different

modulation  (SPWM)  technique. values of load resisiance at open

‘The feedforward  operation is loop operation. The variations of

analyzed by simutating the function the input power factor and the line

of the contral circuit shown in cwrent THD against modulation

Fig(4). Tn both cases, equations 1-4 mdex are depicted in Figs.{s) and

are solved numerically using fourth- (7} respectively, Note that, the

order Runge-Kutta method [13]. variations of power factor and THD

with moduefation index are very

The operation pa.l'amctcrs of small when the modulation index is

the rectifier circuit are: less than one and they are have poor

values when moduletion index is

Ve — 30 ¥V (tms} greater than ope. Fig (R) presents
L =1mH the power facter and THD of the
r =0 Ohm circuif ageinst oulput nower when
Co = 4700 uF the output vollage is kept constant
S, and Sz - IRFR40 {Ve=60 V). Fip.[8) reveals thal both
1. D4, Dy BYXTI power factor and THD are almost
D, D : 261-536 - constant during the large variation

of the output power, and they also
The snubber circuit have a reasonable values.

parameters  are: Ls =7 ull, and

=47 nF. The feedforward contro] 3.2, Fecdforward Operation

cifcuit has llwee paramelers, Ke, Ki, The feedtorward technique is
and Ks: Ko is kept constanl simnlated vsing different values of
(Ko=0 1}, whiie Kiand Ks are varied gain  parameters, Kiand K. The
according to the cwpot load power. power factor  and  TIID  are

(33)
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caloulated against output power for
K=02 and for different values of
i and the resnits are shown in
Figs.(9} and (10) respectively. From
these two figures it is shown that, to
keep the values of the power fartar
and the THD szround areasonable
values when the putput power is
varied, the corrent gain Ki must be
changed accordingly to match the
degired values. Fig(I1} illustraics
the variation of Ki against the
output  power, when the power
factor and the THD are
simultancously desired to be greater
than 099 and less than 0.06

respectively and for two values al’

s The waveforms of the input tine
current and woltage are sﬁown in
Fig(12). It is seen that the
waveform of the cusrent is
approximately sinusoidal.  In
Fig.{13), the waveform of the
outplmt voltage at K«=0.2, K26,
and lpad resistance {R1=25 Ohm) is
piotted. It is seen that the ripple

voltage is very small compared to

the averape output voltage.

4. Experimental Resulfs

The proposed single phase
boostrectifier circuit is implemented
and tester at both open loop mode
and with feedforward technigue. In
Figs(14-17), ~wec compare the
experimental data with theoretical
results to asses the performance of
the practical clreuit. Fig.(19)
illustrates  the variation of output
voltage  with modulation index at
open loop operation with SPWM
{echnique and  assuming R1=100
{Ohi, Fig.(15) shows  the
dependence of the power factoron
the oulput power when the output
voltage is kept constant equal to
60V and at open loop operation.
Data related to the varlation of
puwer factor and rectifier efficiency
under feedforward operation are
plotted in  Figs(16) and (173,
respectively, These results indicate
clearly that the experiment results
are in agreement  with theoretical
data. Note thal the practical circuit
is able to deliver an output power
wp to [35W with power factor
greater than ©.94 and efficiency
greater than 86%%. The theoretical
calculated cfficiency is greater than

the experimental results, becanse

(34)
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