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ABSTRACT- A comparative study of single-phase PWM
converters having active filtering functions both on ac-input
and dc-output sides have been carried out. Based on the func-
tion of the de-output side active filter, two types of configu-
rations, the RPM (ripple power managing) type and the APM
(average power managing) type are compared to show their
contrastive characteristics. The prototype system using DSP
based control algorithms, i.e. deadbeet current control and
voltage sensor-less technique using full-order observer, show
the availability of the proposed systems.

1.INTRODUCTION

The effect of the low order harmonic current generated by
the residential or office use static power converters on the
power transmission system is becoming a serious problem.
Especially, so-called capacitor input type diode rectifiers draw
highly distorted current from the ac system line. Swilching
mode rectifiers (SMRS) using single switching device to
improve the input current wave shape is one of the solutions.
Though it is suited for small size unidirectional power con-
version, it cannot manage bidirectional power flow and not
suited for active filtering on ac system line side to cancel the
harmonics generated by other converters.

The single-phase PWM converter gives an effeclive solu-
tion in stead, but there remains a problem that its dc-output
voltage contains fairly large twice-omega ripple component
unless very large size of capacitor is adopied. Especially in
the case of connecting a battery to its de bus for energy stor-
age purpose, it is reported that even a small voltage ripple
leads to a large current ripple which heats and damages the
battery. Several methods have already been proposed to re-
duce the dc-output voltage npple without using a large ca-
pacitor, e.g. using a series L-C resonant circuit [1] ora DC
active filter [2][3). However, there remains a problem of sim-
plifying the circuit configuration and the estimation of the
resulted characteristics.

This paper carries ouf a comparative study of single-phase
PWM converter circuits having active filtering functions both
on ac-input and d¢-output sides [4]-[7]. The main circuit con-
figuration should be basically the combination of a PWM
bridge converter stage operating as an ac active filter (abbre-
viated as ACAF in the following) and a step-up/down chop-
per stage operating as a dc active filter (abbreviated as DCAF
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in the following). From the view point of the function of
DCAF stage, two types of control strategies “RPM-type
(ripple power managing type)” and “APM-type (average
power managing type)” can be considered, whose concep-
tual block diagrams are shown in Fig.1. For the control of
RPM-type, a new conirol scheme to improve the DCAF
slage’s characteristics is proposed by considering the stored
energy in the filter inductances into account. It is also shown
that the APM-type is advantageous both in the characterist-
ics and ease of implementation than RPM-type with the ex-
pense of increased conversion stages,

The prototype system using a DSP based digital control
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Fig.1 Conceptual block diagrams of two types of single
phase PWM converters having active filtering functions both
on ac-input and dc-output sides.
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algorithms, i'e. deadbeet (or minimum time seitling) current
control and full-order observer, realizes a robust and ac volt-
age sensor-less system, The operating characteristics of RPM-
type and APM-type are clarified by both simulation and
experiment, which show the availability of the proposed sys-
tems.

2.CIRCUITS AND CONTROL

(ain Cireuit Tonologi
The main circuit topologies for RPM-type and APM-type
converters are shown in Fig.2 and Fig.3, respectively. To
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(b) Combined RPM-type.

Fig.2 Circuit topologies of RPM-type converters.

reduce the number of the power devices, the combined types
in which the ACAF stage and DCAF stage are combined to
omit one leg is also available. However, only the separated
types are studied in the following 1o show the basic contras-
tive characteristics between RPM and APM types.

Contro] Schemes

In the case of RPM-types, the ripple power component is
dealt in the DCAF stage. Therefore, the problem is how faith-
fully is the unnecessary power ripple appearing on dc side
cancelled. Fig.4 shows the proposed control block diagram
for RPM-types. It has an unique feature of magnetic energy
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(b) Combined APM-type.

Fig.3 Circuit topologies of APM-type converters.
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Fig.4 Control block diagram for RPM-types.
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compensatioh of both filter inductances L and L. The effect
of this compensation is clearly shown in the following chap-
ter.

In the case of APM-types, on the other hand, the DCAF
stage deals with the average power required by the dc load.
In other word, the capacitor as an energy bank acts as a d¢
link between ACAF and DCAF stages. It’s control block dia-
gram is shown in Fig.5. In comparison with the former RPM-
types, the APM-types have merits of easy control and better
characteristics of DCAF stage as shown later.

The current references i~ and i’ obtained by Fig.4 and Fig.5
are directly utilized in the ACAF and DCAF stages if the
hysteresis current control scheme is used. However, if the
triangular carrier wave and deadbeat control scheme are ap-
plied to get the PWM pulse patterns. the ac system line volt-
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Fig.5 Control block diagram for APM-types.
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(b) Full-order observer to eslimate ac system vollage.

Fig.6 Control block diagram of dead-beat current control
and ac system voltage estimation.

age can be estimated by applying the observer theory. For
example, Fig.6(a) shows a block diagram to generate the
PWM pulse patterns for separated RPM-type. “S™ is the prob-
ability switching function of the ACAF stage that presents
the normalized input terminal voltage. By using this “S”,
the appearing voltage at ac-input side v, is given as (25-1)v,.
Therefore, the ac system voltage can be estimated by using
the full-order observer given in Fig.6(b), where carrier fre-
quency is 20kHz and the sampling time is selected to be 50
s which is fast enough for ac line voltage estimation. Thus
the ac voltage sensor-less control is achieved in this system.
Fig.7 shows two cases of examples of operaling wave forms
of the observer. The ac line voltage and current are estimated
irrespective of the operating conditions.

3. EXPERIMENTAL RESULTS

Aci ide ol .

The typical operating wave forms of the separated RPM-
type converter are shown in Fig.8. In this example, a capaci-
tor input type diode rectifier is connected in parallel with the
converter as an external harmonic source, and whosc har-
monic current is compensated by the ACAF stage ol the con-
verier. The simulation results and the experimental oncs agree
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(b) In the case of harmonic ac-input current to compensate
the harmonics generated by a diode rectifier on ac side.

Fig.7 Experimental results of observer for ac system volt-
ape sensor-less current control.
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'Fig.8 Operating wave forms of the separated RPM-type
converter, where the input harmonic current of diode recti-
fier (FE=500W) is compensated by the separated RPM-type
converter with dc loading condition itself (p, =500W).

16 T T ™

ot
F-

e
[==R

o

=,

Simulation résults

THD of AC line current {%2)

E-N

Py

e

200 400 600 800 1000

Active power of external load p_E(W)

Fig9 THD of ac line current, where the input harmonic
current of diode rectifier is compensated by the separated

RPM-type converter with no load condition on dc side.

very well. As for the THD of the ac line current, the worst
condition is given under no-load condition (p_ =0) on the d¢-
output side. Fig.9 shows the relationship between active
power of external diode bridge p, and the THD of ac line
current under such condition. As p,, increases, THD converges
to a constant value.

De- ide cl .

As for the DCAF’s current control, the effect of consider-
ing the magnetic energy of filter inductances L, and L, into
account is clearly shown by comparing Fig.10 and Fig.11,
Without compensation, twice-omega dc-output voltage ripple
component still remains. However, once the proposed scheme
is applied, the dc-output ripple drastically decreases. A quan-
titative comparison is given in Fig.12. Although the experi-
mental results are always larger than simulation results, the
tendency that the magnetic energy compensation reduces the
de-output voltage ripple to be about one-half is observed.
This means that the dc side filter capacitance can be reduced
to achieve the same dc-output voltage ripple.

Fig.13 shows typical operating wave forms of separated
APM-type, and the de-output voltage ripple characteristics
curves are given in Fig.14. Again, the experimental results
are always larger than simulated ones. It is considered be-
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Fig.10 Operating wave forms of separated RPM-type with-
out compensating the magnetic energy stored in the reac-
tors Ls and Lf,
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Fig.11 Effect of magnelic energy compensation of Ls and L{
on the operating wave forms of separated RPM-type.
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Fig.12 Relationship curves between ac-input active power
and dc-output ripple voltage in separated RPM-type, which
shows the effectiveness of magnetic energy compensation
of Ls and Lf.
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Fig.13 Operating wave forms of separated APM-type.
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cause of nontheoretical factors, such as the operational ac-
curacy of DSP, offset errors of sensors, unbalance or time
delay of the switching operations of power devices. But it
can be seen that the dc-output voltage ripple is almost inde-
pendent to the operating power level. Fig.15 shows the con-
trastive dc-output voltage ripple characienistics of RPM and
APM types when the aclive power of the external diode
bridge p, is changed. As p, increases, the harmonic current
disturbance on d¢-output side also increases. Since the har-
monic currehnt cancellation of RPM-type is approximate and
incomplete, the uncompensated voliage ripple also increases.
On the other hand, the voltage ripple of APM-type is almost
unrelated to the operating conditions, which gives excellent
de active filtering results.
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Fig.15 Comparison of relationship curves between ac-input
active power and dc-output ripple voliage in two types.

4.CONCLUSIONS

The main results of the study carried out in this paper are
summarized as follows;

1) The dc-output voltage ripple of RPM-type can be re-
duced by compensating the magnetic energy stored in the
filter inductances L and L

2) As for the dc-output voltage ripple, the APM-type real-
izes better characteristics than that of RPM-type even with
the proposed magnetic energy compensation technique. It is
almost robust to the operating conditions of ACAT stage.
The only drawback is the increase of the power conversion
stages. It is especially suited for the applications connecting
batteries on de side for energy storage purpose.

3) Ac system voltage sensor-less system can be realized
by using deadbeat control scheme and full-order observer
theory.

4) By locating the proposed converter at upper stream of
the power flow, all the harmonics generated by the nonlin-
ear loads at lower stream can be compensated all together.

5) To reduce the numbers of the power devices used, the
combined type is also available, however, the amplitude of
de-output voltage should be twice as high as that of sepa-
rated types.
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