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Abstract. A new single-phase of the harmonic current detection method and compensating current

control method are presented in this paper. It’s a simple algorithm and achieve more , fast response

and red-time. This detecting method is fit for t single-phase parallel active power filters. The
simulative result shows that the active power filter possesses good dynamic capability and synthetical
compensation.

Introduction

Active power filter (Active Power Filter, referred to as APF) is a power electronic device, reactive
power compensation which can change the frequency and amplitude of harmonic and changes, and the
compensation performanceis not affected by the grid impedance; Active power filter can overcomethe
shortcomings of traditional harmonic suppression and reactive power compensation methods such as
LC filter, and has become a research hotspot of harmonic suppresson and reactive power
compensation.

At present, the principle of APF is generally to detect harmonic current, to track and control the
current, and to drive the main circuit inverter. The key factors to determine the compensation
performanceis accurate, real-time detection of harmful currentsin three-phase systems, In three-phase
systems, the instantaneous power theory and detection methods have been widely applied. First, three
phase currents are constructed in single-phase harmonic detection, then the harmonic is calculated by
three-phase instantaneous power theory, but the algorithm is relatively complex [1-4].

Based on the analysis of harmonic current detection method, a new single-phase harmonic detection
method and an improved triangular wave modulation current control method are put forward, and the
control of the DC side capacitor voltage of the main circuit is studied..

The basic principle of active power filter

The active filter consists of two main parts. harmonic and reactive power detection circuits and
compensation circuits that produce compensation current. The former'srole is to detect harmonic and
reactive current components from the compensation objects. The latter's role is to generate equal
amplitude and phase harmonic components based on the detected harmonic and reactive currents, and
then injects the power grid to achieve the purpose of real-time harmonic compensation. The basic
principle structure of the voltage type parallel type is shown in Figure 1..
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Figure 1 The basic principle of active filter

single-phase circuit harmonic current detection method

If the voltage of the grid is not distorted,then :
uy(t) =U sinwt (1)
The current is:
¥
ig(t) =i,sin(wt+q)+ & i sin(mwt +q)

n=2

¥
=i, cosq sinwt +i,sing coswt + & i, sin(nwt +q)
n=2

¥

=l sinwt +1 coswt+ & i sin(rwt +q)
n=2

=i, +ig +i,

(2)
Among them, lp =1, Snwt =1, cosq Sthi is instantaneous fundamental active current,
coswt =i, Sing coswt .

i =1 )
q is I nstantaneous fundamental wave reactive current

Ko}

n

i, sin(rwt +q,) :
2 is Instantaneous harmonic current
Multiply both sides of equation (3-2) by 2 : .

7 Qo

¥
2i (t)sinwt =21 sin’wt + 2|  coswtsinwt + & 2i sin(nwt +q,)sinwt
n=2

=1,- 1, cos2wt + Iqsin2vvt+g in{cosén- D)wt +q,]- cosgn+1)wt +q,]}
n=2

(3)
Multiply both sides of equation (3-3) by 2C0SWt -

¥
i, (t) coswt =1, +1, coswt + & i, {Sngn+1)wt +q, g+sing(n- Ywt +q, g (1)
n=2
From (3) (4) formula, it is known that the low pass filter (LPF) with cut-off frequency less than 2

times current fundamental frequency can get ' and g , and the standard and function synchronized
with the supply voltage can be obtained by using phase-locked loop (PLL), which can get ' and

a,.Inthisway, the power filter can compensate the harmonic and reactive current at the same time or
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only harmonics according to the user's choice. If the harmonic and reactive current are compensated at
the sametime, it only needsto separate the active current of the fundamental wave as the compensation
current, then the algorithmis smpler.

The block diagram is shown in Figure 2. In fact, the phase locked loop can be removed, and a
positive cosine signal with the voltage frequency of the grid is generated by the control circuit, and the
phase can be arbitrary. At the time of redlization, it is easier to realize the positive cosine signal of the
same frequency of the power grid voltage within the control system.

Us mpic snwt

Figure 2 harmonic and reactive current compensation harmonic detection diagram
If the harmonic is compensated only, all the active and reactive current should be calculated. As
shown in Figure 3
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Figure 3 harmonic current compensation harmonic detection block diagram

improved triangular wave modulation current control method [2]
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Figure 4 main circuit structure of single phase parallel APF system
Fig. 4 isthe main circuit structure diagram of a single-phase shunt active power filter system. The
converter's equivalent bridge arm is equivalent to an idea single pole double throw switch. The
switching coefficient of all the working states of the main circuit is shown in table 1.
Table 1 switching coefficient of the working state of the main circuit

Working Working state of power K (Switch coefficient)
mode electronic devices in main circuit
A B Ka Kb
0 0 0 0 0
1 0 1 0 1
2 1 0 -1 0
3 1 1 0 0
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The compensation current of the active power filter is generated by the interaction between the

output voltage Ky of the converter and Ysthe voltage of the AC side on the filter inductance L.
:% :l[kaudc - us]
% d L
: % _ —QJ* .
T dt L ’ ) ( 5 )

- -

Inthe formula, * isthe instruction current of the converter and the “ is the command voltage on
the corresponding converter. From the upper form

di’

Up = L=<+,
‘ (6)

It can be seen that ¢ is related to the instantaneous voltage™: of the power supply, and thereisa

linear proportional relationship between them. So a parameter £ which is directly proportional to the

instantaneous value of the supply voltage isintroduced. Then the control relation is shown in the form
(7).
uc:kl(lc_lc)+k2us (7)

Among them, £ . %2 s the ratio coefficient, which can be realized through the PI controller and

select the appropriate parameters.
The principle of the improved triangular wave modulation current control method is shown in
Figure 5.
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Figure 5 improved triangular wave current modulation control method
The improved triangular wave modulation current control method is compared with the traditional
triangular wave modulation current control method.An output voltage proportiona to the
instantaneous value of the supply voltage is added to eliminate the interference factors of the supply
voltage and reduce the fluctuation range of the current error. Thisimproves the accuracy of the output
voltage of the converter, so that the actual output current of the active power filter can accurately track
the change of the instruction current.

Simulation of single-phase active power filter

This paper uses the corresponding modulesin the MATLAB Simulink to make up the model of the
simulation circuit in the simulation model. As shown in Figure 6, the main parameters are:

The power supply voltage Vs, =311V, the frequency is 50, the power side of the two inductor
L, =110°H L,=1 10°H R, =0.02W

,. The nonlinear load is based on diode bridge rectifier

capacitor filter, resistor T2 T100W  reciifier capacitor €T 200UF 1od side AC side

—E 103 =
inductor s =° 107H DC sde capacitance of inverter C, = 2000uF , and sampling
=100W

resistance R
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Simulation curve of single-phase active power filter

The detected harmonic, reactive current, and compensatory power side current waveform are
shown in Figure 7-9.

Figure 7 harmonic and reactive current d
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Figure 9 power side current after compensation
Figure 5-2 system simulation waveform after introducing APF
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FromFig. 8, itisknown that the DC side voltage of the converter reaches 400V at the time of (about
0.1s), and the subsequent waveform is relatively straight, indicating that the control method of the
voltage loop has basically succeeded in the control of the DC side voltage.When the DC side voltage
does not reach the given value, the converter works in the inverter state. Voltage tracking control
makes the compensation current track the harmonic and reactive current quickly, and has smaller
tracking error. The width of the hysteresis loop in the model parameter is set to 1.

After the DC side voltage of the inverter reaches a specified value, the power supply side current is
basically sinusoidal, and is in the same phase with the supply voltage. It shows that the single-phase
active power filter basically realizes the function of eliminating harmonic and improving power factor.

Conclusions

The detection of harmonic and reactive current and the tracking control of compensation current are
the two core parts of APF. In this paper, the harmonic and reactive current detection of single phase
APF and the tracking control of compensation current are analyzed and verified by simulation.The
detection method of single-phase harmonic current and the improved triangular wave modulation
current control method is proposed.

It can track the variation of harmonic currentsin real time, effectively suppress the harmonics, and
successfully control the DC side voltage, so that APF can achieve the purpose of eliminating harmonic
and improving power factor.
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