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Abstract: This project is mainly used to reduce the voltage ripple and improve the power quality of the DC
system. The proposed method superimposes a negative sequence fundamental current on the compensating
current to cancel out the active power ripple caused by harmonic. We have proposed a control method for
active power filter using k-step compensator capable of a great reduction in the dc capacitor voltage fluctuation
when a sudden load change occurs. The proposed method has also confirmed to fulfil the reduction in the
capacitance value of the dc capacitor to 1/7 by theoretically analysis and experimental verification. As a
result, the proposed method has the capability to eliminate the source frequency.
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. Introduction

Currently many control methods for various power converters have been developed to employ a film
capacitor as the dc capacitor [1]-[5]. Although, the electrolytic capacitor having some problems in the
maintenance its is widely used as the dc capacitor because of its merit in the cost and the size [6]-[8]. The
power converter would be expected to extend the operation lifetime and to puts down the power loss and
volume. An active power filter is generally connected with a large electrolytic capacitor for the practical
application because it requires an energy storage element [9]-[11]. The active power filter reduces the source
current harmonic by using the harmonic current which is antiphase from the load side harmonic current. The
small film capacitor is used as the dc capacitor when the APF is operated only under balanced steady-state
condition. If the APF is operated under the unbalanced or transient condition it requires large energy storage
element to reduce the voltage fluctuation across the dc capacitor.

In the proposed control method for APF using the k-step compensator which has the capability to
reduce the dc capacitor voltage fluctuation during the sudden load change occurs. From the theoretical analysis
and the experimental verification, the proposed method reduces the capacitor value of the dc capacitor in to 1/7
[4]. In addition, a dc capacitor voltage control fitting for the APF equipped with a small dc capacitor has been
proposed in [12]. The three-phase diode rectifier produces the negative sequence fundamental current when the
source voltage and impedance are unbalanced. The APF is not compensate for the negative sequence
fundamental current because it’s not a harmonic current, but should be required to compensate for the third-
order harmonic current.
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Fig. 1. Experiment system configuration.
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Fig. 2. Main circuit of the experimental three-phase active power filter.

I1. Circuit Configuration

Fig. 1 shows the experimental system configuration used in the following experiments, and Fig. 2
shows the circuit configuration of the three-phase active power filter (APF). The circuit parameters are listed in
Table I. The main purpose of the APF in this paper is to compensate the harmonics produced by a motor drive
system in air conditioners and so on. The diode rectifiers used in such the system essentially have a balanced
three-phase current with a unity displacement power factor. The main circuit of the APF is a conventional three-
phase bridge PWM converter using an intelligent power module (IPM: PS21869, 600 V, 50 A, Mitsubishi),
which is rated at 5 kVA. The converter is equipped with a cascaded ripple filter consisting of ac inductors Lfl
and Lf2 and filter capacitors Cfl and Cf2 on its ac side. The switching frequency is set to be fsw = 20 kHz. A
three-phase diode rectifier rated at 10 kVA is employed as a harmonic producing load in the following
experiments.

C, is represented by
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In thistransformation, the positive-sequence fundamental component in the load current is transformed
into dc components in i(1) Ld and i(1) Lq, and the other components are transformed into ac components.
Moving average filters extract the dc components and the inverse transformation matrix CT 1 calculates the
fundamental currents. The load current harmonics iLh are extracted by subtracting the fundamental current from
the load current iL. Note that the inverse transformation matrix CT 1 is not the inverse matrix, but the transpose
of Clin ().
In this analysis, the source is assumed to be a three-phase balanced sinusoidal voltage without any harmonic

component as given by
— COS (wH)
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where VS is the source rms voltage. The compensating current i can be defined as the sum of the fundamental
and harmonic components as follows:
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where I(n) is the rms current of the component at the angular frequency of nw, ¢(n) is the
corresponding phase angle. Here, I(1) and I(—1) represent the positive- and negative-sequence fundamental
currents, respectively. As the same manner, both positive and negative numbers should be considered in the
integer n for each harmonic order |n|. For example, a three phase diode rectifier produces a fifth-order harmonic
current which includes the dominant component of n = —5. On the other hand, a single-phase diode rectifier
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produces an unbalanced harmonic current which is represented by using both n = —5 and n = 5 components. It is
assumed that the switching ripple current and the leading current through the filter capacitors Cfl and Cf2 are
negligible, and thus, iAF = i. This approximation yields the instantaneous active power flowing into the APF, as
given by

p:'iul"Su + ivl’Sv i i\VUS\\'

= ‘/EVS Z Iy cos {(n — Dwt + B }- 4)

N=—00

Neglecting the power loss in the APF, all the active power is stored into the dc capacitor. Note that the
positive-sequence fundamental current I(1) is essentially zero in case of APF applications. The component 1(1)
causes an amount of active power flowing into the APF continuously, as given by

Po) = ﬁstu}COS@m- (5)

The component 1(1) is widely used to regulate the dc capacitor voltage. Thus, the active power makes it
possible to compensate for the power loss in the APF. On the other hand, the other components form ripples in
the active power p. The active power ripple having an angular frequency of mo is represented by

Pinw) = \/?_’VS{](HHI) cos (mwt + ¢(m+l))
+1(-m+l) Ccos (’770)’ == (bt —m+l))} . (6)

Therefore, the active power ripple having an angular frequency of mm consists of two different
components in the compensating current, which are corresponding to n = m + 1 and n = —m+1. Assuming that
the voltage ripple in the dc capacitor is much smaller than its mean voltage, the small signal analysis yields the
dc-capacitor voltage ripple at an angular frequency of mw, as follows

V3Vs

mwCy Vi

Udctmw) = {Limsa 1y SIN (Mt + Spya1y)

1 mary SIN (M = G pya1))} (7)

As (7), the lower angular-frequency current component exists, the more remarkable ripple in the dc
capacitor voltage is induced, because the amplitude of the voltage ripple is in inverse proportion to its angular-
frequency m®.On the other hand, the APF requires to compensate for the third-order harmonic current (n = 3)
and controls the corresponding component in the compensating current. The component theoretically forms the
active power ripple at 2. Moreover, it is possible to eliminate the 2w active power ripple by addition of a
negative-sequence fundamental current (n = —1) to the compensating current. To eliminate 2@ active power
ripple the following requirement should be satisfied:

Pew = V3Vs{I cos Quwt + ¢3)

+1(-1) cos Qwt — ¢(-1))} = 0, (8)

where I(—1) and ¢(—1) are rms value and phase angle of the superimposed negative-sequence
fundamental current. The superimposed component would flow out and cause an unbalance in the source
current, but it has no effect on the harmonic compensating performance. From (8), the rms value and phase
angle of the superimposed component should be controlled as follows:

{ /u l)=1|3|
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Under the condition in (9), the 2w ripple is not included in the dc-capacitor voltage even when the APF
compensates for the harmonic component at n = 3 in the load current. Here, the load current is defined as

9)
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where IL(n) is the rms value of the load current component having an angular frequency of nw and ¢pL(n) is its
phase angle. When the APF compensates for the harmonic component at n = 3, the rms value and phase angle of
the component at n = 3 in the compensating current are controlled as

Iull - Ilqll
di) =1 + dri3)

Therefore, the rms value and the phase angle of the superimposed negative-sequence fundamental current on the
compensating current are given by

(11)
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Fig.3. MATLAB circuit of the experimental three phase active filter.
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Fig. 4. Output wave form of the Simulink model of the three phase active power filter.

I11. Conclusion

This paper proposed a new control method for suppressing the dc capacitor voltage ripple caused by
the third-order harmonic current compensation in three-phase active power filters. The proposed method
superimposes a negative-sequencefundamental current on the compensating current to suppress the active power
flowing into the dc capacitor having double the source frequency. As a result, the voltage ripple fluctuating at
double the source frequency can be reduced without any effect on the harmonic compensating performance. The
validity of the proposed method has also be confirmed in the experimental verification using a three-phase diode
rectifier load under an unbalanced source voltage condition. In the experiments, it had been clarified that the
proposed method can reduce the dc capacitor voltage ripple compared with the conventional control method. It
has also confirmed that the voltage ripples were almost equal under both balanced and unbalanced conditions.
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From these experimental results, it is expected to reduce the capacitance of the dc capacitor by using the
proposed method.
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