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Abstract: The traditiona single-phase active power factor correction (APFC) has been widely used. There
are two voltage levels between the output terminal of boost inductor and the negative rail of DC link,
which correspond to turn-on time and turn-off time of IGBTs. IGBT is the normally used power device.
One level is near zero, the other is approximately the positive Output DC voltage. Just due to this, no
matter which control strategy is used, zero-crossing distortion of the mains current occurs theoretically that
isinevitable. In the paper a novel two-level APFC topology is presented. It can completely eliminate the
zero-crossing distortion in essence, at the time the current control strategies can be used. The two voltage
levels between the output termina of boost inductor and the negative rail of DC link are the positive
Output DC voltage when IGBT isin on state and the negative Output DC voltage when IGBT isin off state,
respectively. With regard to single-phase APFC's control strategies, in order to generate the primitive
driving pulse used for the next switching cycle, it is common that the data used in the current switching
cycleisthose measured in the previous switching cycle and the current switching cycle. It isinevitable that
the method causes lagging control effects. Considering the function of gray prediction, the modulation of
GM(1,1) is employed in order to achieve precise control. Thus the electrical quantities required in the next
switching cycle can be accurately predicted, including the input AC voltage, the output DC voltage, the
boost inductor current, the boost inductor current error and the output DC voltage error. It is aso true that
the single-phase APFC is powered by sinusoidal voltage, and the expected are DC voltage and sinusoidal
current in phase with input voltage. It is inevitable that the method causes steady state errors, when using
the traditional double loop control strategy, consisting of the voltage outer loop and the current inner loop.
Therefore, the repetitive control strategy is utilized at the same time. The steady state errors can be
eliminated and the dynamic characteristics can be improved by both adding voltage error in current
switching cycle to the predicted current error and adding voltage error in current switching cycle to the
predicted output voltage error.  After analysis of the operation principle of the novel two-level APFC, a
comprehensive control strategy based on gray prediction and repetitive control is designed. Then the
comprehensive control strategy based two-level APFC is simulated and analyzed by means of
MATLAB/SIMULINK and implemented. The obtained results are satisfactory and prove comprehensive
control strategy.
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Single-phase active power factor corrector
(APFC) can eliminate harmonic currents and gain

11ntroduction unitary power factor at mains side, which can
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make electrical equipment fed by single-phase
power supply meet the harmonic current
standards™™?. Till now, it has been applied
extensively in the fields of the inverter-powered
household appliances and communication power
supplies. Great progress has been made to
single-phase APFC in terms of circuit topology,
control strategy, modulation algorithm, analysis
approach and implementation technology.

Specificaly speaking, a lot of different
power circuits has arisen, inclusive of bridged
APFC and bridgeless APFC¥, single-channel
APFC and interleaved APFC!, and three-level
APFCP™ and so on.

There a'so are many distinct control strategies,
including the traditional double closed-loop control,
one-cycle control, follower control and many other
classical control and intelligent control strategies.

In addition, there are a variety of modulation
algorithms, including pulse width modulation
(PWM), pulse phase modulation (PPM) and pulse
frequency modulation (PFM), the latter two can
be used as single random modulation,
double-random modulation.

In practice, there are various practica
technologies, including planar inductor, inductor
current synthesis and current sharing.

For the traditiona single-phase APFC, there

are totally two voltage levels between the output
terminal of boost inductor and the negative rail of
DC link, one level is near zero, the other is
approximately the positive Output DC voltage.
The two voltage levels correspond to turn-on time
and turn-off time of IGBTSs respectively. Given
this, when any control strategy is used,
zero-crossing distortion of the input current at
mains side comes into being in theory.
In the paper a novel two-level APFC topology is
presented. It can completely eliminate the
zero-crossing distortion in essence, at the time the
current control strategies can be used. The two
voltage levels between the output termina of
boost inductor and the negative rail of DC link
are the positive Output DC voltage when IGBT is
in on state and the negative Output DC voltage
when IGBT is in off state, respectively. Within
the on time of IGBT, the boost inductor stores
energy in the form of magnetic field. During the
off time of IGBT, it releases energy into the
electrolysis capacitor in the form of chemica
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energy. The form of boost inductor current looks
sinusoidal with consequent ripple current. As a
consequence, the form of input current at mains
side is amost pure sinusoidal waveform after
filtered by filter capacitor placed between the two
AC lines. Considering the voltage drop of the
rectifier bridge, even though the duty ratio is
large enough in the neighborhood of zero
crossing of the input sinusoidal voltage, it is hard
to form inductor current. The worst case will
happen when a greater inductance is selected. It
causes zero crossing distortion and deteriorates
the hoped correction effect. In order to eliminate
the zero crossing distortion of the input current, a
novel two-level APFC topology is presented,
simulated and experimented in a consecutive way.
It can completely eliminate the zero-crossing
digtortion naturally, featuring the positive Output
DC voltage when IGBT is on and the negative
Output DC voltage when IGBT is off. At the
same time, all the current control strategies can
be used only with alittle modification.

It is well known that control strategy used
efficiently or not decides the whole controlling
performance. Single-phase APFC is fed by the
sinusoidal voltage, and even more the expected
are DC voltage and sinusoidal current in phase
with input voltage. The direct results state that the
method causes steady state errors inevitably,
when the traditional plain double-loop control
strategy is used, which consists of the voltage
outer loop and the current inner loop. Therefore,
the repetitive control strategy is utilized. The
steady state errors can be eliminated and the
dynamic characteristics can be improved by both
adding voltage error in current switching cycle to
the predicted current error and adding voltage
error in current switching cycle to the predicted
output voltage error.

The other fact can't be neglected that the
single-phase APFC is powered by sinusoida
voltage, and the expected are DC voltage and
sinusoidal current in phase with input voltage.
The method causes steady state errors certainly,
when using the traditional double loop control
strategy, that is, voltage outer |oop and the current
inner loop. Therefore, the repetitive control
strategy is utilized ", which can bring about
the eliminated steady state errors and the
improved dynamic characteristics through both
adding voltage error in current switching cycle to
the predicted current error and adding voltage
error in current switching cycle to the predicted
output voltage error.

Considering  the

above said, a
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comprehensive control strategy based on gray
prediction and repetitive control is designed for
the novel two-level APFC in order to reduce zero
crossing distortion of the mains current, to
implement real time control and to eiminate
steady state errors for the whole system. Then the
novel two-level APFC using the comprehensive
control strategy is simulated by means of
MATLAB/SIMULINK and experimented. The
gained results are satisfactory and prove
comprehensive control strategy.

2. Two-level APFC

2.1 Circuit topology

The circuit topology of two-level APFC is
shown in Fig.l, which is powered by the
single-phase AC power supply and produces DC
voltage at output and sinusoidal current at input

side. It consists of adiode rectifier B1( D1~D4 ),

a boost inductors (L1), an inverter bridge by
power devices (S1~$4), an electrolysis capacitor
(E1), a filtering capacitor (C1) and stabilizing
resistor (R1). A stable DC voltage is desired at
output side.
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Fig.1 Topology of the novel single-phase APFC
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Power devices S2 and S3 are defined as the
first group, and S1 and S4 are defined as the
second group, and the switching states of the two
groups of switches are complementary. Assuming
the circuit stays in the steady state and the Output
DC voltage keeps unchanged at +U .

When only the first group of power devices
isturned on in one switching cycle, the voltage of
the output end of inductor with respect to point D
is close to +Ug. The energy stored in the boost
inductor istransferred to the electrolysis capacitor
partiadly or completely according to the used
conduction mode, DCM or CCM. The current of
inductor drops. The electrolysis capacitor rel eases
energy to the load.

When only the second group of power
devices is turned on for the rest time in the same
switching cycle, the voltage of the output end of
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inductor with respect to point D is close to -Ug.
The boost inductor stores energy coming from
mains side. The current of inductor rises. The
electrolysis capacitor releases energy to the load.

It is certain that the proposed novel
two-level APFC can holds al the conversion
function by the control of the duty cycle of two
groups of power devices. In fact, the single-phase
or three-phase voltage source PWM rectifier has
the same conversion principle, where the voltage
between two midpoints of the two or three arms
is either positive or negative DC voltage one after
another in any switching cycle.

As shown in Fig.1, considering the role of
S1 and $4 on the APFC, they can be reduced and
replaced by fast reverse recovery diode FRD1
and FRD2 respectively. The resultant topology is
shown in Fig.2.
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Fig.2 Topology of the reduced novel single-phase
APFC

2.2Voltageratio

Take Fig.2 for example, the novel APFC is
connected to the single-phase AC voltage source.
U, denotes its instantaneous value, and U,
denotes the average output DC voltage. When the
second group of power devices S2 and S3 are
turned on and their conduction voltage drops are
neglected, the voltage between points E and D is
-U,. According to Fig.3, being in continuous
conduction mode (CCM), the inductor loop
eguation can be written as

di
u |=L,—2-u 1
| |n| 1 dt 0 ( )
L1
C YL P2

Zor 502 T | |seongs e '
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D
Fig.3 Inductor current path of single phase APFC
when power devices S2 and S3 are turned on

Pl
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Fig.4 Inductor current path of single phase APFC
when power devices S2 and S3 are turned off

When power devices S2 and S3 are turned
off and their conduction voltage drops are
neglected, the voltage between points E and D is
+U,. According to Fig.4, being in continuous
conduction mode (CCM), the inductor loop
equation can be written as

di

|uin|+le_I£l:u0 ( 2 )
Therefore, the voltage transfer ratio of the
APFC can be deduced by the volt-second
equilibrium equation of inductor L1. Assuming
the duty cycle of S1 and S2 is d, according to
Fig3 and Fig4 and equation 1 and 2, the
volt-second equilibrium equation of inductor L1

iswritten as

(|uin|+uo)dTS:(uo-|uin|)(1_d)TS ( 3 )
Then,

u, _ 1
m—ﬁ , (0<d<0.5) (4)

Obviously, compared to the traditiona
APFC, the maximum duty cycle of power device
for the novel two-level APFC is 05
mathematically. Of course, the maximum
available duty cycle of power device is less than
0.5 practicaly.

3 Control Srategy
3.1 Gray prediction control

Prediction can be used to estimate and
predetermine the trends and results of an event
happening in the future. Among all the existing
prediction methods, the gray prediction method is
dedicated to exponentialy varying system. By
employing the historically measured data, gray
prediction can accurately predict the electrica
quantities, which are needed as the primitive
information in the next switching cycle, inclusive
of the output DC voltage, the boost inductor
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current and the input AC voltage. that can bring
about more precise regulation.

Take the boost inductor current for example
to describe the prediction principle and process of
gray prediction.

Assuming x©(k)=1, (k) is the original
data sequence,

x© =x2(1),x?(2), -, x%(n 5
(5)

where n denotes the number of sampled data.

Since the sampled data are either positive or
negative, the origina data should be processed to
be positive by the following expression,

X9 (k) =M +N-x(K) (6)

where M, N>0 ,and |V|>|N'X(O)(k)| k=1,2,...n.
Then,
X0 =0, x0@, xOMf  (7)

According to gray prediction, after processed
to be positive, xg’) can be accumul ated,

k
X () =" %7 (i) (8)
i=1
wherek=1, 2, ..., n.
Then,
X(pl) = {X(pl)(l)l X(pl)(z)l' "y X(pl)(n)} ( 9 )
Therefore, the differential equations of

GM(1,2) grey formof x©(K) s,

dx
p o _
T'Faxp =u (10)

where a and u are unknown parameters , which

can be expressed as below,
a TRY1RT
[u}:(B B)"B'Y, (11)
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-%(xé” D+x5@) 1

-%(xg” @+x9@3) 1

where, B= (12)
1.0 @
__E( 5’ (n-1)+ x5 () 1_
x?(2)
©
v, (13)
x©(n)

Substitute parameters a and u into Equation
10, the discrete solution is gained as below,

X0 (k+1) = [xg“ (1)- E}e-ak 4 (a4
a a
Restore them to the positive column,
X (k+1) = x5 (k+1) -5 (K)
(15)

=(1- ea){xf) (N -E}e'ak
a

And then restore them to the origina data
column,
0
XX

k+1) :%{(1- ea){x<°)(1) -ﬂe‘ak . M} (16)

Therefore, on the basis of the sampled data
sequence, the boost inductor current in next
switching cycle can be predicted. Likewise, the
output DC voltage and the input AC voltage in a
switching cycle can a so be predicted.

3.2 Repetitive control

Repetitive control was presented in 1981 by
Inoue, a Japanese scholar, which can acquire
high-precision control over the repetitive track for
the servo system.

Repetitive contral is derived from the internal
model principle. The reason for the improved
tracking accuracy for a system under control is
that the input signal for the controlled object
includes not only the error signal but aso the
control error at the same time of the prior period.
Hence, the periodic disturbance for the output
signal can be suppressed dramatically.

In other words, the grid voltage prediction
error and model parameter errors make the mains
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current and the output DC voltage not properly
track the expected vaues. Fortunately, the
interfering factors recur with the same period of
mains voltage. Therefore the repetitive control
method can be used to weaken the interfering
impact.

The basic block diagram of repetitive control
isshownin Fig.5.

Fig. 5 Block diagram of repetitive control system

As shown in Fig.5, r is the reference signal,
y isthe output signal, eisthe error signal, zisthe
cycle delay, S is compensation of repetitive
control loop, Pis the controlled plant. Q-z-N the
internal model of repetitive controller, and it is
used to achieve the error memory function. Q is
the key parameter to design the controller, whose
vaue is closely relevant to the system
steady-state accuracy and error convergence rate,
andis.

Graphical representation of the dable
condition of the repetitive control is shown in
Fig.6. The stability of control system must satisfy
the constraints as bel ow,

[Q-sAf, <1

(17)

Fig.6 Graphical representation of repetitive control
system stability

When Q=SP, al the poles of system are at
the origin, the speed of convergence is the fastest.
Assuming Q=1, the error can be decayed to 0 by
repetitive controller. Theoretically, the system
behaves without steady state error and SP=1.
When SP is characteristic of zero gain and zero
phase-shift, the system acquires the best
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performance. So the ideal compensation should
be the reciprocal of the control object.

However, normally it is difficult for the
controlled object to meet the constraint equation
15 within the scope of frequency spectrum. In
order to make the circuit satisfy the constraint
conditions, being a constant, Q islessthan 1 or a
function with a low-pass nature. In practice, Q is
about 0.95. S is a first-order low-pass filter as
below.

m

S=

Ts+1
where m and T are constant, the low-frequency
gain of the control object can be rectified to one,
and the higher resonant peak can offset by the
filter, so that it does not do damage to stability. It
can enhance the high frequency attenuation
characteristics of the forward channel, and

(18)

improve the stability and resist the
high-frequency interference.
4 Simulation analyss and

experimental study
4.1 Comprehensive control strategy

As a singlephase APFC, the two-level
APFC can adopt the existing control algorithms.
The system control block diagram of the
two-level APFC designed with voltage outer loop
and current inner loop is shown in Fig.7.

L1

C
N mwh
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Differential
fion
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Fig.7 Control block diagram of the two level APFC
with double-loop control

As an outer loop, the voltage loop is used to
control the output DC voltage. The error between
the given output voltage U, and the actualy
detected output voltage U, are delivered to an
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error amplifier with low-pass filtering and
amplification, the error amplifier can be a PID
regulator. The purpose of the error amplifier isto
mai ntain the output voltage unchanged.

A multiplier is employed to multiply the
output of the voltage loop, the reference input
voltage (sinusoidal half-wave), and the reciprocal
of the sguared RMS of input voltage, and then
output a comprehensive current reference signal.
The effect of the reciprocal of the squared RMS
of input voltage is to make the APFC meet the
requirements for the worldwide power supply. In
addition, it also can maintain input power
constant.

As an inner loop, the current loop is used to
control the input AC current. The error between
the reference current signal and the detected
current signal are delivered to a current Pl
regulator. The current Pl regulator output the final
control signal, after compared with the triangular
carrier or saw tooth carrier, which can output the
original PWM driving signal.

In the paper, a novel comprehensive control
strategy is designed, which integrates the
double-loop control, gray prediction and
repetitive control. It can improve the system
dynamics and steady-state characteristics and
suppress periodic interference. The control block
diagram of the recommended comprehensive
control for the two-level APFC isshownin Fig.8,
where the voltage outer loop and current inner
loop are controlled with repetitive control strategy.
Output DC voltage, boost inductor current and
input AC voltage are controlled by gray
prediction control strategy.
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Driver
Isolator

Differential
detection

circuit

Fig.8 Control block diagram of two level APFC with
comprehensive control
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4.2 Smulation analysis

The two-level APFC is simulated by means
of MATLAB/Smulink, including the power
circuit and control circuit. The simulation
platform of double loop control for the two-level

APFC is shown in Fig9, and that of
comprehensive control for the two-level APFC is
shown in Fig.10.

In order to imitate the practical situations to
the largest degree, simulation parameters and
conditions are specially stated as follows: the
tow-level APFC is powered by standard
single-phase power supply with RMS value of
240V, the desired output DC voltage is 385V, the
inductance of L1 is 0.5mH, the switching
frequency is 20kHz, the load resistance is 43.25¢2,
the rated load is 3.5kW. Furthermore, let the
voltage drop of FRD be 1.5V, the conduction
voltage drop of power device IGBT be 1.5V, the
voltage drop of rectifier diode be 2.0V, inductor
DC resistance be 0.15Q, AC capacitor C1 be
2.2uF and its ESR be 5mQ, electrolysis capacitor
E1 be 3,300uF and its ESR be 0.1Q.

In order to arrive at a precise and evident
comparison, the performance the traditiond
double-loop controlled APFC and the novel
two-level comprehensively controlled APFC are
adjusted to the best working conditions.

Fig.9 Simulation circuit of the two level APFC
with double-loop control
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E%*

Fig.10 Simulation circuit of the two level APFC
with comprehensive control

Casel: Neglecting a switching cycle delay

When not considering the simulation delay
for a switching cycle and considering the voltage
drops of al the power devices, for the double
loop control and the comprehensive control for
two-level APFC, at the rated output power, RMS
of fundamental current is 16.84A, THD is 5.19%,
the average of output DC voltage is 385V, the
peak to peak value of ripple voltage is 8V.

When not considering the simulation delay for
a switching cycle but considering no voltage drop of
power devices, RMS of fundamental current is
15.93A, THD is 5.46%, the average of output DC
voltage is 385V, and the peak to peak value of ripple
voltage is 9V. The waveforms of the mains current
are shown in Fig.11. The waveforms of the output
DC voltage are shown in Fig.12. Evidently, when
not considering the simulation delay for a switching
cycle, the effects of double loop control and the
comprehensive control for the two-level APFC is
the same on the whole.

a0
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(=] =
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4ol i i i i 1 i i
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(b) Traditional double loop control

Fig.11 Waveforms of mains current at 3.5kW load
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Output voltage
(5V/div)

Output voltage
(5V/div)

380 L

Timel] 5mg/div
(b) Traditional double loop control

Fig.12 Waveforms of DC voltage at 3.5kW load

Case 2. Considering a switch cycle delay

When considering the simulation delay of a
switching cycle and the other simulation
conditions remain unchanged, for the double loop
control and the comprehensive control for
two-level APFC, at the rated output power, the
waveforms of inductor current are shown in
Fig.13. The waveforms of the mains current are
shown in Fig.14.

Evidently, when considering the simulation
delay for a switching cycle, the effects of the
comprehensive control are better than those of the
double-loop control for the two-level APFC. The

waveforms of the DC voltage are shown in Fig.15.

When load resistance remains unchanged, the
effects of the comprehensive control remains
unchanged and the effect of double-loop control
deteriorates, but the average output DC voltage
increases. When load resistance changes, the

waveforms of the DC voltage are shown in Fig.16.

The effects of the comprehensive control and the
double loop control are the same as each other.
Because the capacitance of the electrolysis capacitor
is large enough, itsfiltering effect is strong so far.
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(b) Traditional double loop control
Fig.13 Waveforms of inductor current at load of
3.5kW
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Fig.14 Waveforms of mains current at load of 3.5kW
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Fig.15 Waveforms of DC voltage at load of 3.5kW
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Fig.16 Waveforms of DC voltage at varying load

4.3 Experimental Sudy

Experimental parameters and conditions are
stated as follows: the tow-level APFC is powered
by standard single-phase power supply with RMS
value of 240V, the desired output DC voltage is
385V, the inductance of L1 is 0.5mH, the
switching frequency is 20kHz. The estimated
overall efficiency is 95%, DSP TM S320F28335
is selected asthe kernel controller.

The discrete boost inductor is made of
magnetic material FeSIAl, and the inductance is
0.5mH under 20kHz and rated load current. The
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electrolysis capacitor is 6x680uF/450V, IGTB is
IKW50N60H3: 50A/100°C/600V anti-paralleled
with  FWD. FRD is FFAF60UAGODN:
2x30A/45°C/600V. The diode rectifier is
D50XB80. The driver of IGBT is HCPL-316J,
which is powered by single channel power supply
+15V.

Eventualy, the two-level APFC platform is
implemented with the double-loop control and
the comprehensive control, including hardware
design and software program. The overal
efficiency is not less than 0.92 under light load
and higher than 0.98 under rated load. The input
current is perfect with only a smal high
frequency ripple. The average output DC voltage
is 385V under light load and 380V under 3.5kW
load. The ripple of high frequency voltage of
electrolysis capacitor is smal. When the
comprehensive control is employed, the dynamic
and static characteristics of the current waveform
a mains side are better than those when the
double-loop control is employed.

Fig.17, Fig.18 and Fig.19 shows the
measured waveforms of mains voltage, mains
current and the spectrum distribution of mains
currents at loads of 1.4kw, 3.1kW, and 4.4kW
under the comprehensive control. Fig.20 shows
the measured waveforms of output DC voltage
with soft power-on, soft-start and load change of
0.5kW.

Apparently, the newly proposed single-phase
active power factor correction (APFC) equipped
with the said comprehensive control gains
satisfactory results, more specificaly, better
power factor correction, smaller static error, and

quicker dynamic response.
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Fig.17 Waveforms of measured mains voltage and
mains current at 1.4kW
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Fig.18 Waveforms of measured mains voltage, mains
current and the spectrum distribution of mains current
at 3.1kw
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Fig.19 Waveforms of measured mains voltage, mains
current and the spectrum distribution of mains current
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Fig.20 Waveforms of measured output DC voltage

Though the novel single-phase active power
factor corrector has the ability to eliminate the
zero crossing distortion of the mains current,
which is be superior to the traditional topology, it
increases the difficulty to the design of boost
inductor, due to the increase of voltage stress
across itstwo terminals.
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While at the same time, the new topology
can be used as active power filter to filter
harmonic currents at the DC side, instead of at the
AC side. Some preparatory work has been done
to verify the idea.

5 Conclusions

Firstly, a novel two-level APFC topology is
presented and analyzed, which can form two
voltage levels of +U, between the output end of
boost inductor and the negative rail of DC link.
The feature is helpful to eliminate the
zero-crossing distortion of the mains current.
Secondly, a gray prediction, named GM(Z, 1) is
employed to predict the electrica quantities
required in the next switching cycle in order to
acquire a better real time control for the novel
two-level APFC topology. Thirdly, repetitive
control strategy is utilized to reduce steady state
errors of input AC current and output DC voltage,
because the novel two-level APFC is powered by
a periodic snusoidal voltage. Finaly, a
comprehensive control strategy based on the
traditional double-loop PID regulator, gray
prediction and repetitive control is designed,
simulated by means of MATLAB/SIMULINK
and implemented. The obtained results prove
comprehensive control strategy, which makes the
novel two-level APFC an idea APFC with
unitary power factor at mains side and more
satisfactory dynamic and static performances.

References:

[1] IEC61000-3-2: 1995. Electromagnetic
compatibility Part3: limits-set.2: limits for
harmonic current emission (equipment input
current<16A per phase)” [M].

[2] IEC61000-3-12:  2005.  Electromagnetic
compatibility (EMC) Part3-2: limits-limits for
harmonic currents produced by equipment
connected to public low-voltage systems with
input current > 16 A and <75 A per phase[M].

[3] Wei-ming Lin, Chao Huang, Xiao-jun Guo. A
Bridgeless Interleaved PWM Boost Rectifier
with Intrinsic Voltage-Doubler

E-ISSN: 2224-350X

184

Wang Nan, Yang Xi-Jun, Lu Fei, Li Yin-Long

Characteristic[C]. Telecommunications

Energy Conference, 2009 : 1-6.

[4] Yungtack Jang, Milan M. Jovanovié.
Interleaved APFC Boost Converter with
Intrinsic Voltage-Doubler Characteristic[C].
Power Electronics Specialists Conference,
2006, 1-7.

[5] Bor-Ren Lin and Hsin-Hung Lu . Single-phase

Three-Level PWM Rectifier . IEEE 1999

International Conference on  Power
Electronics and Drive System, PEDS 99,July
1999, Hong Kong.

[6]Michad T. Zhang et a, Single phase
three-level boost power factor correct

converter [C].Proc. IEEE APEC'95 : 434-4309.

[7]Wanfeng Zhang, Guang Feng,Yan-Fei
Liu,Bin Wu. A New Predictive Control
Strategy for Power Factor Correction.
Applied Power Electronics Conference and
Exposition, 2003. APEC'03. Eighteenth
Annual |EEE, vol.1 .pp. 403-409.

[8] M. Yazdanian, S. Farhangi, M.R. Zolghadri. A
Novel Control Strategy for Power Factor
Corrections Based on Predictive Algorithm.
Power Electronic & Drive Systems &
Technologies Conference (PEDSTC), 2010

1st. p. 117-121.
[9]1S. Chattopadhyay, V. Ramanarayanan, V.
Jayashankar. A  Predictive  Switching

Modulator for Current Mode Control of High
Power Factor Boost Rectifier. In IEEE
Transactions on Power Electronics, Jan 2003
vol.18, pp. 114-123.

[10] Huann-Keng  Chiang, Bor-Ren  Lin,
Kai-Tsang Yang. Single-Phase High Power
Factor Rectifier Based on Pl Controller with
Gray Prediction. In TENCON 2004. 2004
IEEE Region 10 Conference, pp.
65-68,Vol .4 .

[11] Leandro Roggia, José Eduardo Baggio, Jose

Issue 4, Volume 8, October 2013


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Wanfeng%20Zhang.QT.&newsearch=partialPref�
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Guang%20Feng.QT.&newsearch=partialPref�
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Yan-Fei%20Liu.QT.&newsearch=partialPref�
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Yan-Fei%20Liu.QT.&newsearch=partialPref�
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Bin%20Wu.QT.&newsearch=partialPref�
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=8400�
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=8400�
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=8400�
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=63�
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=63�
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=63�
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=9709�
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=9709�

WSEAS TRANSACTIONS on POWER SYSTEMS

Renes Pinheiro. Predictive Current Controller
for a Power Factor Correction Boost
Converter Operating in Mixed Conduction
Mode. European Conference on Power
Electronics and Applications, 2009. EPE’ 09.
13th, p. 1-10.

[12] Paolo Mattavelli, Giorgio Spiazzi, Paolo
Tenti. Predictive Digital Control of Power
Factor Preregulators With Input Voltage
Estimation Using Disturbance Observers. In
IEEE Transactions on Power Electronics,
2005, pp. 140-147 .

[13] Li-Hui Zhou, Tian-Kun Wang, Pu Han,
Da-Ping Xu. Research of APFC agorithm
based on gray system model in networked
control system. In International Conference
on Machine Learning and Cybernetics, 2008,
Vol. 5, pp. 2663-2667.

[14] Gerardo Escobar, Michael
Herndndez-Gomez, Panfilo  R.Martinez,
Misael F. Martinez-Montegjano. A Repetitive
Based Controller for a Power Factor
recompensator. In |EEE Transactions on
Circuits and Systems, Sept.2007, Vol.54, pp.
1968-1976.

[15] G Escobar, P. R. Mart” ez, J. Leyva-Ramos,
A.A Vadez, M. Hernandez-Gomez. A
Repetitive-Based Controller for a Power

Factor Precompensator With Harmonic
Compensation. In  Power  Electronics
Specialists Conference, 2005. PESC '05,

|EEE 36th, pp.2363-2369.
[16] Kazuya Inazuma, Hiroaki Utsugi, Kiyoshi
Ohishi, Hitoshi Haga. High Power Factor

E-ISSN: 2224-350X

185

Wang Nan, Yang Xi-Jun, Lu Fei, Li Yin-Long

Single-phase Diode Rectifier Driven by
Repetitive Controlled IPM Motor. IEEE
Transactions on Industrial Electronics, pp.1.

[17] P R. Martinez-Rodriguez, G Escobar, M.
Hernandez Gomez. Power factor correction
with an active filter using a repetitive
controller”, In IEEE International Symposium
on Industriadl Electronics, 2006, vol.2,
pp.1394-1399.

[18] German A. Ramos, Josep M. Olm, Ramon
Costa Castello. Repetitive Control of an
Active Filter under Varying Network
Frequency Power Factor  Correction.
Raobotics Symposium, 2011 IEEE IX Latin
American and IEEE Colombian Conference
on Automatic Control and Industry
Applications (LARC), pp.1-5.

[19] Wei-Hsiang Wang, Ying-Yu Tzou. Using
Repetitive Control for THD Reduction over
Wide Load Range for Boost Digital APFC
Converters. |IEEE International Symposium
on Industrial Electronics (ISIE), 28-31 May
2012, pp.576-581.

[20] Younghoon Cho, Jih-Sheng Lai. Digitd
Plug-in Repetitive Controller for Single Phase
Bridgeless APFC Converters. In IEEE
Transactions on Power Electronics, pp.1.

Issue 4, Volume 8, October 2013





