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Abstract: For the existence of the dc side active power filter ripple voltage will directly affect
the selection of dc side capacitor value problems, in order to improve the control precision
and reduce the dc side voltage ripple as the goal, a kind of dc side APF ripple voltage
proportional resonant (Proportional Resonance, PR) control method is put forward, using an
improved i, —i; harmonic detection method at the same time. Improved i, —i, harmonic
detection method is instead of low pass filter with integral delay gain module, increase the
precision of harmonic filter and improve the system control precision. PR control method is
used to join the resonant link, which makes PR controller in tracking the current instruction
and can eliminate the steady-state error, thus reducing the ripple voltage, and solving the
problem of the selection of the dc side capacitor in the actual engineering application. At last,
a simulation experiment is done to verify the principle above.

Keyword: Active power filter, dc side ripple voltage, proportional resonance control,
improved i, — i, harmonic method
reliability, but the conventional Pl control
for AC reference signal is difficult to
In fact, the operational principle of the achieve the ideal control effect. Due to the
active power filter is that by detecting the  proportional resonant controller gain is
load side harmonic  current, the infinite at the resonant frequency, it can
compensation current harmonic current make the sine signals with the same
which has equal amplitude and opposite frequency and resonant frequency is zero
phase with harmonic current is directly  steady-state error control. Due to the gain of
injected to the grid. By using the  the proportional resonant controller is

1 Introduction

compensation current to offset the harmonic infinite at the resonance frequency, it can
current, the current in the power network as make the sinusoidal signal which is same
a standard sine wave can be ensured [1-3]. with the resonance frequency in frequency

Tracking and compensating current control to realize zero steady-state error control.
in the APF performance is directly related to ~ Therefore, the use of proportional resonant
the effect of harmonic compensation, so the controller can focus on specific harmonic
compensation current tracking control is the compensation [7].

core of APF system. Common compensation In this paper, firstly the produce of APF
current tracking control methods have dc side voltage ripple is reasoned and
hysteresis control, Pl control, deadbeat  computed in detail. The ripple voltage is
control and so on [4-6]. PI control has the ~ produced by the impact of compensation
characteristics of simple algorithm and high current harmonics. In order to eliminate the
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dc side ripple voltage, a proportional
resonant controller is used in this paper. By
using this controller, the influence of the
steady-state error can be eliminated and
compensation  effect is better when
compensating current. At the same time, the
use of the improved harmonic detection
method can reduce the influence of error in
harmonic detection for harmonic and reduce
the voltage ripple further.

2 The Analysis of APF DC Side
Ripple Voltage

In the structure of the APF system in
the power supply voltage can be expressed
as follows [9-12]:

u, =2U,sin(a,t + ¢, )
u, =v2U,sin(at+¢, -120°) (1)
u, :«/EUS sin(a)ot+(pu +120°)

Among them, «,=2zf, ; f, : the
fundamental frequency; ¢, :power supply
phase.

The power loss in the general power
converter is very small, we can be ignored,
so it will produce the AC side and DC side
power balance, i.e.:

Poc = Pac (2)
Wherein, P, represents the instantaneous

power absorbed from the capacitor at DC
side of APF, P,.on behalf of the AC side

instantaneous power supply system APF,
equation (2) can also be written:

dw, d(1 i i i
- d?c :_E[ECUZDC] = Uplye U by + Ul (3)

Where: C is APF the DC side capacitor;
Uy IS the capacitor voltage; i, , i, and i, is
the output K current of APF, They can also
be expressed as:

iy =21, sin(kayt + ¢, )
iy =21, sin (Koot + ¢, ~120°)  (4)
iy =21, sin(kayt + g, +120°)

Equation ( 3) can be rewritten:
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d(1_,
——|=cC
dt(z uf’cj

= Uiy +U by + Uiy, (5)

a ak

=3U,l, cos[27r(k —1) fit—g, +(p.k}

Combined equation (2), (3) and(5), we
found that when APF was injected into the
K harmonics current to the system, if the
P.. IS positive, the capacitor voltageu,. is
reduced; However, if P,.is negative, the
capacitor voltage u,. is increasing, so the
voltage ripple formation.

Considering that in half the time P, is
positive, u,. will be reduced to u,,, from
Upe min - ACCOrding to the law of conservation

of energy, we have:
P,

T

1
PAC dt= EC (U 2D() max U 2DC min ) (6)

The equation (6) can be rewritten:

eyt

[ Pt

T

et
= j 3,1, cos| 27 (k—1) fyt — ¢, + 3, [t
3U,1,
z(k-1)f,

()
The right of equation (6) can be
rewritten:

%C(UZDCmax _UZDCmin)

1
:EC(UDCmax_UDCmin)(UDCmax +UDCmin) (8)
= 2CUDC_ref Ak

Wherein, U is the DC capacitor given

DC _ref

voltage value, in most cases it can be
assumed as:

UDC max +UDC min (9)

DC_ref —
- 2

U

Wherein, A, is the amplitude of the DC

voltage ripple caused by the K harmonics,
can be defined as:
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U

_ DC max
A =

-uU
2

It is obtained from the equation (6)-(8)
we derive:

DC min

(10)

31,
" 27(k-1) fUpe 1 C
\oltage ripple in fact change over time,
we can also infer its function through time.
So in any instantaneous voltage ripple can
be expressed as:

(11)

5k = Upc _UDC_ref (12)

Putting equations (12) into equation (2)

and(3) considered together , can be
obtained:
2
d |:C (UDCJef +5k) /2:|
dt =Py (13)
Usually, compared withuU,. . , g is

small, the equations (14) did not bring
obvious error and enough ignore the high
harmonics, so it will lead to:

5 _ 3Us|k
“ 27 (k=1) fUpe o
sin 27 (k1) ft =¥, + ¥, |

*

(14)

Equation (15) gives the instantaneous
value of the capacitor voltage ripple caused
by the K harmonic current. Based on this
result, we can infer that all harmonics
caused the accumulation of the voltage
ripple. In the APF design process, the
voltage ripple through capacitor usually
depends on the actual application that is one
of the most important performance
indicators. If not eliminated, it is difficult to
determine the value of APF DC side
capacitor. In order to control the ripple
voltage, harmonic detection method is
improved and the proportional resonant
controller is used.

3 Improved Harmonic Method
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The traditional i, —i, harmonic detection
method based on the theory of instantaneous
reactive power uses the PLL that generates a
sine signal sinwt and cosine signal cos wt
which has similar phase with A phase

voltage e. . According to the above theory b
andl can be calculated[13,14]. The DC
components (iandi) are obtained after the
LPF filter, The fundamental positive
sequence component kr ki » ki can be obtained
through inverse transform. The phase of the
harmonic current component kn. kn.kn can be
obtained through the currenti.b.ksubtracts

bt br ke The schematic diagram shown in
figure 1.
In order to increase and improve

system voltage ripple caused by harmonic
filtering is not clean, improved i, —i,
harmonic detection method is used. This
method using a integral delay gain module
to replace the traditional low pass filter.
Improved the block diagram shown in figure
2.
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Fig.2 Improved simulation module
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The improved method is found by
calculation that it will shorten the entire
operating cycle to 1/6 of the power cycle,
that is, this method only use T / 6 cycle to
complete the entire process of filtering.
harmonic
detection method . This method improved
the increased harmonic flow caused by time
delay during the operation process. This
further improved the error be generated in
the harmonic detection and the harmonic

Compared with the traditional

reduced [15,16].

4 APF DC Ripple Voltage PR
and

Control
Realization

Analysis

4.1 PR CONTROL ANALYSIS

The PR controller is also called the
and
link and
resonant link, and no static error control for
can be achieved. At
present the PR controller has got widespread
application and research in the filter and
characteristic of PR
controller is elaborated just only from the

proportional  resonant  controller

consisted by a proportional

sinusoidal signal

converter. Control

current tracking characteristic [17-19]:
KiS

2 2

GPR(S): Kp+s o

Among them, K, is the time constant of
proportionality, K, is the integration time
constant, «,is resonance frequency. In the
the
proportional gain is used to adjust the gain
for the entire frequency signal, at the same
time the resonance gain provides the desired
frequency. The
simulation diagram of the transfer function

proportional ~ resonant  controller,

gain for a particular

is shown in figure 3.
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Constantl

Fig.3 The simulation diagram of transfer
function
Ki is used to change the band width, a

low K; can produce narrow frequency
band, a high K;can generate wide band.
When K, is increased, the PR controller
increased until the resonant frequency
increased to a peak value. In additional,
when the value of K, increased, the phase
amplitude decreased. In this case, the
harmonic impedance increased and may
lead to a low harmonic component.

4.2 PR CONTROLLER TO REALIZE
DC RIPPLE VOLTAGE OF APF

In equation (15), unlike there is a high
gain at zero frequency under the PI
controller, the PR controller provides a high
gain AC system frequency (resonant
frequency) to ensure zero steady-state error
when regulating the sinusoidal signal. The
amplitude-frequency characteristic of PR
controller is as follow:

A(w) = \/sz +(abi<i_“’w2 jz

Through the analysis, it is easy to
obtain the voltage loop equation of AC side
active power filter:

(16)

u, =ug, —I di, iR

dt

diy, .
u, =ug —| dtb —iyR (17)
u, =ug —I di, iR

dt

When using the PR controller of DC
ripple voltage control equation is as follows:
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Kis
Sz—i-wb

Uk :—(Kp+ 2j(ih—ic)+usk (18)

Wherein, k=a,b,c , i is harmonic

current, i.is compensation current. Control
system structure of active power filter
shown in figure 4[20-21] .

Power
Supply

‘ L

Nonli-
near o u C

load
,!UL;, i JUV}, 4 J J
A
fundamental ic
detection . PWM
Im _" PR PWM
+

Fig.4 The control system structure
diagram of APF

Control system of active power filter is
double closed loop control structure, which
is comprised with an outer voltage loop and
an inner current loop control. In order to
achieve the desired uniform grid side power
factor control, frequency and phase of the
supply side voltage are required the same
with sinusoidal voltage. Obviously, a precise
phase locked loop is necessary for the
detection of supply side voltage, and in
order to realize the better synchronous
control of the supply side current.

current
generation

5 Simulation Analysis and

Experimental Validation

In order to verify the rationality of the
above method, using MATLAB/SIMULINK
to do the simulation, the simulation
parameters are shown in table 1.

Tab.1 Simulation parameters of system

Name Parameters
System power 380V/50HZ
supply
Grid side load 30Q2,10mH
AC resistance 0.02Q,2mH
DC capacitor 6800uF
Given voltage value 600V
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The
improved
method based on instantaneous reactive
power theory are employed as detection
algorithm, the traditional Pl control and
proportional resonant control are used as the
controller, hysteresis control is adopted as
PWM control strategy, the simulation
results are shown in figure 5 to figure 8.

harmonic detection and
harmonic  detection

b=y

b=y

400 -
/

Us
oA /A

200

/

Us/V Is/A
o

-200

-400

0.1 0.15

t/s

0 0.05 0.2

() The power supply voltage waveform and
current waveform
755

Y g

745 1

760

Udc/V

740
0.3

0.31 0.32 0.33

t/s

0.34 0.35 0.36

(b) Through the capacitor voltage ripple
Fig.5 i, -i,harmonic test simulation
results

Figure 5 shows the voltage waveform
and current waveform of phase A and the
corresponding voltage ripple through the
capacitance under the i,—i; harmonic
detection method and the traditional PI
controller. Figure 6 shows the voltage
waveform and current waveform of phase A
and the corresponding voltage ripple
through the capacitance under the improved
i, —i; harmonic detection method and the
traditional PI controller.
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400 obviously reduced.
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Fig.6 Improvedi, -i,harmonic test us
simulation (b) Through the capacitor voltage ripple

Compared figure 5 with figure 6 can be
seen that the burr of source current is

Fig.7 The simulation results of the two
methods

reduced, current shock in 0.01s is reduced
from 200A to 80A. Variation range of
voltage ripple is from 745V to 755V. But in
figure 5 the change of ripple is excursive
and instability and jump too fast. Compared
to figure 6, ripple transformation range
decreases, but also can change according to
the regular trend. By contrast, the change
range of ripple in figure6 is smaller, and can
change according to a regular trend.

Figure 7 shows the voltage waveform
and current waveform of phase A and the
corresponding ripple voltage under the
improved  i,—i;  harmonic  detection
method and the PR controller. Compared
with Fig. 6 can be seen that the current of
supply side is almost no burr and the current
shock in 0.01s. The variation range of DC
side voltage ripple is reduced from
745V-755V to 749V-751V, voltage ripple is
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Contrast figures of FFT analysis under
the improved i, —i, harmonic detection
method and the PR controller between
harmonic current and compensation current
and source current are shown by figure 8.

< HalRATAT AR AT
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N A
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-20
0

(a) Harmonic current and the compensation
current waveform
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Fundamental (50Hz) = 6.175 , THD= 1.36%
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(b) Analysis of current FFT current after t/(1ms/grid)
compensation
Fig.8 The analysis of simulation results (a) Supply current and fundamental current
From the analysis of simulation results N N N
in figure 8 can be seen that the amplitude of
the compensation current is the same with .
- - - =] Rafarp tha
harmonic current, but in the opposite =4 bt
. . N improvement
direction, so the compensation current can 2
compensate harmonic current. After the §,
compensation the total harmonic distortion § B
of source current felled down to 1.36%. The
simulation results show that the improved After the
harmonic  detection method and the improvement
roportional resonant control can reduce the
Prop . . . t/(10ms/grid)
harmonic current in varying degrees, so the
impact of harmonic current on the (b) The DC side voltage
capacitor’s voltage of DC side and the ripple Fig.9 Experimental waveforms
voltage are both reduced. Figure 9 (a) is the waveform of source

The experiment is based on power current and fundamental current.
380V/66KVA APF prototype. Experimental Figure 9 (b) is the experimental waveform
conditions : Three-phase AC voltage is of improved harmonic detection algorithm
380V/50Hz, the IGBT switching frequency and a proportional controller. From the
is 6.4 kHz, nonlinear load resistance is 30€2,  figure that the dc side capacitor voltage
inductance value is 10mH, inverter dc side ripple is significantly reduced and reached a
capacitor value is 6800uF, DC side given given voltage value 750V. So the effect
voltage value is 750V. The control part verify the rationality of the use of these two
adopts PR control method, harmonic methods.
detection algorithm based on improvedi, —i,
harmonic detection method, the current
tracking control is hysteresis pulse width Using an improved i, —i; harmonic
modulation method. detection method for harmonic detection

and put forward the proportional resonant
controller to complete the ripple voltage
control of DC side. Simulation results show
that the improvedi, —i, harmonic detection

6 Conclusion
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method can reduce the influence of
harmonics on the DC side ripple voltage, at
the same time, the use of proportional
resonant controller makes the steady state
error caused by harmonics eliminated, and
the control of DC side voltage ripple is
further strengthened. The experimental
results verified that the improved i, —i
harmonic detection method and proportional
resonant controller of the article proposed
was effective to improve the voltage ripple,
so its application in the practical
engineering can play a better role
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