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Abstract

New simple control method of power fac-
tor correcting(PFC) boost converter without in-
stantaneous measurement of input current is pro-
posed. Using the averaged model, the power
factor correction scheme is presented. With the
measurements of input voltage and output volt-
age, the control signal is generated to make the
shape of the line current same as the input volt-
age. The validity of the controller is verified
through the computer simulations.

I. Introduction

The boost converter is known as the most suitable
configuration for power factor correction because its in-
put current is continuous and can be shaped to track a
desired waveform with minimum conducted noise[1}-{4].
Conventionally, with the measurement of input current,
the boost converter input current is forced to track a
given reference current waveform propotional to the in-
put voltage by sensing the input current, comparing it
with the reference current waveform. The circuit di-
agram of power factor correction boost converter and
block diagram of PFC scheme for conventional PFC eon-
verter are presented in Fig. 1 and Fig. 2. The amplitude
of the input current is controlled by the output voltage
controller which regulate the desired output voltage. In
this control structure, the measurement of input cur-
rent is important factor. Therefore, the measurement
method should be adequately fast to measure the vari-
ations in the line current as it tracks a sinewave within
a power frequency cycle. To overcome this problem,
a control method which can be used as power factor
correction without instantaneous measurement of input
line current was proposed in [5]. By the method used in
(5], the high power factor can be obtained. However, in
this control structure, the measurement of output load
current should be made. This means another needs of

Fig. 1. Circuit diagram of boost converter
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Fig. 2. Conventional PFC Scheme

current sensor although its response time may be slow.
There are no guide line for controlling the output volt-
age of boost converter used in {5]. Therefore, in this
paper, a simple new control method of power factor cor-
recting boost converter without instantaneous measure-
ment of input line current is proposed. With the mea-
surements of only input voltage and output voltage, a
high power factor and fast output voltage regulation can
be achieved. By the computer simulations, the validities
of proposed scheme are verified.

I1I. Power factor correction scheme

In deriving the expressions for the control strategy,
the averaged model of boost converter is considered.
To obtain the averaged model of boost converter, the
switched model is considered at first. When the switch
is on state, the state equation of boost converter can be
expressed as follows:
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And, the state equation during the off status of switch
can be obtained as follows:
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By appling averaging method to the above two equa-
tions during the switching period, the averaged model
of boost converter can be obtained. The averaged model

of boost converter with duty ratio as a control input can
be derived as follows:

[ 0o a-an w(t)/L
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where, X = [dir(t)/dt dv,(t)/dt]T, and d is the duty
ratio at switching period. By assuming the desired in-
ductor current waveform as

Liesired(t) = Isin(wt) 4)

the required duty ratio can be derived as follows from
equation (3):

d=1 Z:g; - v%%cos(wt) (5)

By making the inductor current waveform as equation
(4), the high power factor can be obtained. The infor-
mations required for high power factor operation from

equation (5) are only the input voltage and output volt-
age. Therefore, by the control law in equaiton (5), high
power factor without instantaneous measurement of in-
put line current can be obtained.

III. Output voltage regulation

The output voltage regulation can be achieved by
controlling the variable / which is the amplitude of de-
sired line current command. It is required for high power
factor operation and to guarantee the fast output volt-
age dynamics that the current command should be kept
constant during the half period of source line waveform.
Therefore, it is adequate to use the descrete time domain
control method for output voltage regulation. To obtain

the discrete time domain state model, the followings are
assumed.

1) Output filter capacitance is adequately large so that

the output voltage can be considered as constant
over a half power cycle period.

2) The current flowing through output filter capacitor
and load is dc component. This means that the

high frequency component is rejected by the large
output capacitance.
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Fig. 3. Diagram of duty generator for PFC

3) The current dymanics is so fast that the inductor
current is same as the current command driven by
output voltage controller.

With the assumptions 1), 2), and 3) above, the discrete
time domain state equation during the positive half cycle
can be described as:

V(k+1) = DV,(k) + gR,(1-D)U(k)  (6)

where, D is e T/RC, g is 1 — 2Vp/(piV,) which is a gain
factor compensating the deference between current com-
mand and real current flowing to output filtor side, and

U{k) is the current command driven by output voltage
controller at k-th time. The control input, U(k) can
be designed with suitable controller. In this paper, the
analysis and design of output voltage controller are car-
ried out using PI controller. By the PI controller, the
control input U(k) can be specified as follows:

k
UR) = Kpe(k) + K; Y eli) )

where e(k) is the error between the voltage reference,
V,; and output voltage at k-th time. From (6) and (7),
the transfer function of the closed-loop system is

v(z) Ge(2)G(2)

T =) = T+ 6.8

(8)
- gR(1 — D)(K, + Ki)z — gR(1 - D)K,
T 2+ GRI-D)(Kp+ K~ 1- Dlz+[D-gR(1 - I))K,,](.g)

The characteristic equation becomes

CH(z) = 2+ [gR(1~ D)(Kp+ Ki) 1 - D)2+ [D - gR(1 - D)K,).
(10

IV. Simulation Results

A simple PFC scheme controlled using the control
law (5) was simulated and the results of the simulation
are presented in Fig. 4 and Fig. 5. In performing the
simulation, the effect of the load and output capacitor
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on the PFC voltage was considered by including a state
equation. The basic model of the PFC boost converter
used in the simulation is summarized by the following

equation.
d|i i 1/L
— = R 11

where v, and v, are the instantaneous values of the in-
put and the output voltage and H is the state feedback

matrix:
~Ry/L  ~1/L
H = 2
[ 1/C —-I/RLCn} (12)
when the switch is open and
—-Ry/L 0
H= 13
[ 0 -1/R.C, } (13)

when the switch is closed. where R; are the resitors
in series with L modeling the power losses in the boost
ocnverter.
Shown in Fig. 4 is the steady-state trace of the in-
put line current for 1kW load. The actual line current
- is observed to track the desired input current waveform.
Therefore, it is expected that high power factor can be
obtained by the proposed method. Shown in Fig. 5 is
the transient response of the output voltage and the in-
put line current for step load changes between 500W to
1kW, and vice verse. The trace of output voltage re-
sponse reveals the fast regulation for step load changes.
This featurcs can be designed with pole assignment tech-
nique.

V. Conclusion

A new simple control scheme for the power factor
correction boost converter which eliminates the need for
instantaneous measurement of the line current is pro-
posed in this paper. Using the averaged model of the
boost converter, the control scheme is generatedto ob-
tain high power factor while guarateeing fast output
voltage regulation. Simulation results are presented to
show the steady-state response and the transient re-
sponse with step load changes. It is shown that the line
current waveform can be shaped to track the input volt-
age waveform. Therefore, high power factor above 0.95
can be obtained. By varying the amplitude of desired

current driven by output voltage controller, it is shown
that fast output voltage regulation can be achived. It is
expected that the proposed control scheme is useful for
the digitally controlled high power factor converter.
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Fig. 4. Simulation results: input current and current
command waveforms
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Fig. 5. Simulation results: output voltage and input
current waveforms
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