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Abstract -This paper presents the Shunt Active Filter (SARpstalling the active filter on the end bus of elich is
intended for installation on a transformerless lseeffective in harmonic damping. On the other hand,
Distribution System (DS). In order to improve tt@ver distributed generators such as solar cells, wirlzirtas
Iaft?;; Comp_ens(?tet t?'e r??ﬁtg’)edpowe; and Sltllpplf:ess and soon have been developed and installed oty utili
Otal narmonics distortuon rawn rrom a Nomer it : fetr

_ - ower distribution systems. A distributed generator
Diode Rectifier Load (NLDRL) of DSTATCOM, we pr@posproduces an amount of active power, and injeatsat

a Hysteresis Current Pulse Width Modulation (HCPWM he distributi Th . il d
technique is used as control for the switches &f.3he D e distribution system. The active power influering

-Q reference frame theory is used to generatedfarence Weather and/or wind velocity causes voltage
compensating currents for DSTATCOM and proportiongiuctuatlons in the distribution line, because kiaches
and integral (P1) control is used for capacitors doitage  independently of power demand from loads. Moreover,

regulation for DSTATCOM The system with controkssl  distributed generators may produce the following
is implemented in Matlab/Simulink. The simulatiesuits  problem in a utility distribution system: Some ngwl
are shown to verify the effectiveness of the coebindeveloped towns, apartments and buildings are being
harmonic reduction and voltage regulation. equipped with solar cells. This may make difficult

o _ voltage regulation throughout multiple distribution
Index Terms —Power distribution systems, Shunt activg; | o

filters, Voltage regulation, Hysteresis current gohtD-Q

A static synchronous compensator (STATCOM) is
reference frame theory

one of the most effective solutions to regulatelittes
voltage [6]. The STATCOM consists of a voltage
The harmonic problems haween SOUTCe converter connected in shunt with the power

serious in industrial and utility power distribuiio SyStém, and enables to control a leading or lagging

systems. “Harmonic amplification” is one of the mogiactive power by means of adjusting its ac voltége
serious problems. It is caused by harmonic resanane | A TCOM for installation on a distribution systeon,
between line inductance and power factor correctidh€ SO - called D-STATCOM, has been researched and
(PFC) capacitors installed by consumers. Activer§il PUt into commission to solve voltage fluctuationd an
for damping out harmonic resonance in industrial arP" Voltage flickers [6]-[8]. It is possible to usslaunt
utility power distribution systems have been resieed  2CtIVe filter as a D-STATCOM, because they have the

[1]-[5]. The authors have proposed a voltage detgcti SAMe circuit configuration. However, no literatuas h
shunt active filter for installation on a IOOWeraddressed the dynamic behavior of the active filter

distribution system [1]2]. The main purpose ofVhen it performs both harmonic damping and voltage
installing the active filter is to damp out the hamic  régulation at the same time. This paper discusses a
amplification. The active filter is characterized bynunt active filter intended for installation onawer

behaving like a resistor for harmonic frequenciedistribution system, with focus on voltage regulati

resulting in damping out the harmonic amplificatioff@Pability. Theoretical analysis as well as compute
throughout a distribution line. Since a real disttion  Simulation provides the dynamic performance of

system consists of four to eight distribution lined'@rmonic damping and voltage regulation. As a tesul

1. Introduction



harmonic damping has the capability to improve thidter, which consists of a three — phase voltagk fe
stability of voltage regulation. Thus, adjustmefth®@ PWM inverter and a series connection of L and C per
feedback gains makes it possible to reduce voltaphase. Note that the tuned frequency of L andr®ts
fluctuation in transient states, when the activerfitias the fifth — harmonic frequency but around the sdvent
the function of combined harmonic damping antiarmonic frequency. The reason is that the seventh
voltage regulation. The simulation results are shtaw tuned LC filter is less bulky than the fifth - tuned
verify the effectiveness of the active filter cagabf filter as long as both filters have the same induastdr.
both harmonic damping and voltage regulation. The dc-bus of the PWM inverter has only a capacitor
without external supply, and the dc — bus voltage i
2. Active Filter for Harmonic Damping controlled by the Active filter. The Active filter is
2.1 System Configuration controlled so as to draw the compensating current f
the distribution line
Fig.1 shows a three - phase, 50 Hz, 1000 V
simplified power distribution feeder under no- loa@.2 Calculation Of Characteristics Impedance
conditions, where a shunt pure active filter for g
out harmonic propagation is connected by a LCrfilte Fig. 3 shows the simplified circuit of
The purpose of the capacitor in LC filter is to W8 distribution system under no-load conditions. In

high impedance to the fundamental frequency, S0 th@e feeder simulator harmonic is generated by a

the fundamental voltage appears exclusively athess NLDRL connected at bus, which produces an

capacitor. This means that no fundamental VOItagea‘tmount of harmonic voltage. When a lossless line
applied across the active filter [8]. ge.

Is assumed, the characteristic impedance of the
v . feeder simulator, can be calculated as using
S Ly Ly Ls ic

@% equation (1)
C
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2.3 Operating principle

=

Vie - Ce
The hybrid filter with current control is leason
J JE JE voltage detection. The compensating current of the
| active filter consists of a fundamental componext an
harmonic components. The fundamental component is
Fig.2. Power circuit of the SAF. determined by the impedance of the LC filter wHike t
harmonic components are controlled by the actite fil
Fig.2. shows the detailed power circuit of the\&eti Three-phase voltages and currents are detectée at t

i




installation bus. The harmonic voltage in each ph&s 3.2 Voltage Detection
extracted from the detected three phase voltagk, an

then the harmonic voltage is amplified by a corgaih In line — voltage regulation part is perfeadrby a

Ky. Thus the harmonic current referencgib given feedback control. Two co — ordinates ¥nd \j is

by equation (2), compared with harmonic extracted voltagg \and
th*. A gain K, amplifies and to produce current

th= Ky * Vi, (2) references for harmonic damping, Ilnq, and b as

shown in equation (3), equation (4) and equatign (5

The actual harmonic compensating current ihe current reference for the voltage — sourcerteve
extracted from the detected compensating curreig.the sum of the current references from the three
Assuming that is equal to its reference, the hyfitet  parts, as follows:
behaves as a damping resistor of \1/K//A] for
harmonic frequencies. The optimal value of isetal  1',q(S) =K, (Gy Vg - Vo) + (Ve *-V ac)  (3)
the inverse of the characteristic impedance of the
distribution feeder. With this value, the hybridefil I'eq () = K, (Gh Vg - Vq) 4)
can damp out harmonic propagation effectively.

o (8) = 13 (Ve + Vi + Vo) (5)
3. Control Scheme
3.1 Harmonic Damping The obtained current reference is converteeeth
phase current reference by inverse D - Q

There are several methods to extract thedic  transformation L, I's, andl'e. The three phase
components from the detected three-phase waveformeference compensating current is compared with the
Among themthe so-called p - q theory based on timactive filter compensating current extracted froen a
domain has been widelgpplied to the harmonic system. Thus three phase compensating cuggeht,|
extraction circuit of active filters. Thietected three- andl. are produced. The obtained reference current is
phase voltage is transformed inthe D — QO giventoa HCPWM scheme, which is used to generate
coordinates as shown in Fig.4. Two first order digit controlled gate signal for shunt active filter.
high pass filters (HPFs) with the same cut off
frequency a0 Hz extract the dc componem;j\/vhq* 3.3 DC — Bus Voltage Control and PWM Method
and \, which corresponds to the fundamental

frequency in the coordinates [7]. A critical issue in this hybrid active filtisrthe dc-
bus voltage control. The dc bus consists of a singl
v, l L Pl Controller capacitor charged from the power supply. During
¢ lea kb lec operation, the active filter may absorb an amount of

active power into, or release it from, the dc cépac
Excessive active power absorption will increasealttie
bus voltage, and may damage the active filter. The
strategy used to control the dc-bus voltage isdage
active power control. According to the D— Q theary,

dc component in the D—Q coordinates corresponds to
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V= Vfl. M _[\KV _D‘qo :>D_%‘ active power. No direct axis current on the D-Q
T~y ' T C;ﬁs coordinates flows in the LC filter. Thus, the active
V= ) = "~ power is controlled by adjusting the quadratures axi
v component. The direct axis is set to zero. Figofvsta
TR 1 mms ey 210CK diagram for the dc bus voltage control. The d
) i T CONTROLLR bus voltage is detected and compared with a referen
PLL SNICOS ‘ amplifying the error signal by a control gain of®. A

_ _ o o limiter is included in the dc-bus control loop.idt
Fig.4. Block diagram of the control circuit equippeith the  designed to ensure a smooth transient respons® and
function of voltage regulation and harmonic dampingyyoid sudden increments or decrements in the dc-bus



voltage. It is also designed to prevent the coritrmb Table 2

from numerical saturation in the control signa#sDC  Total harmonic distortion (THD).
bus controller is required to regulate the DC bus
voltage \j. and to compensate the inverter losses in
Fig. 3. The measured DC bus voltage Vdc of eagh Source current Is Voltage V
phase is compared with its reference valug*.V

Similarly, the remaining phases and added all tha e g:tr; | | | Vv Vv V
signals. The resulting error is applied to a Putatpr. s . * * ! ’ ’

The proportional and integral gains are set to @12
and 0.008" s* respectively [11] Moreover, the Witho | 16% | 18% | 17% | 25% | 25% | 25%
DSTATCOM can build up and regulate the DG i
capacitor voltage, the electrical quantity to be shunt
controlled in the dc-voltage feedback loop i\ active
V4o).The limiter is set to + 2.5 V in the digital | filter
controller which corresponds to 25% of the maximum
control signal. For a 200-V dc-bus voltage, the
maximum dc-bus control signal corresponds to a + 1oWith | 2.% | 3% | 3% | 4% | 4% | 4%
V peak-to-peak fundamental voltage for the inverter SMUnt
The pulse width modulation (PWM) gate pulses for D+ ?ﬁttévre
STATCOM are generated by using HCPWM method

as in Fig. 4 [6]-[10].

4. Simulation Results

Table 1 shows the circuit parameters us#teiiD-
STATCOM (shunt active filter). The simulation is
carried for distribution system with and withoutish
active filter. Total harmonic distortion is calctéd for
the system voltage and current.

Table 1

Circuit parameters used for the shunt active filter
(DSTATCOM).

Three Phase Somrce Voltage without SAF

Source voltage| Y=V, =V, 1000 V 2
Power P 20KVA T e R B
Frequency F 50 Hz [y Al A A
Line inductance| L=1L,=L, 22.7 mH T T gz oed o 008 01 01z oM 006 018 02
DC - Capacitor C 4700uF Time (5)
DC - voltage Ve ref 200V

Fig.5. Three phase voltages of distribution systéthout

hunt active filter.
Tables 2 show the THD for with and without shun o 0

active filter. From the Table 2, THD for with shunt Fig. 7 show the three phases source current of

active filter is very low compared to without filteIn i tion system without shunt active filtercén be
Fig. 5 show the three phase voltages of dlSthletIQseen that wave shapes are non — sinusoidal (the

system without shunt active filter. It can be s#&t o onic is affected in the source currents). Big.
the harmonic is disturbed in voltages. In Fig. 6vgh
the three phase voltages of distribution system wit
shunt active filter. It could be found that the wav
shapes of the voltages are pure sinusoidal form.

how the three phases source current of distributio
stem with shunt active filter. It can be seem Wave
shapes are almost nearly sinusoidal (the harmenic i
suppressed in the source currents).
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Fig.6. Three phase voltages of distribution systéimSAF.

Isa (A)

Ish (A)

Three Phase Source Cmrent without SAF

062 D.i04 U.IUE D.iDS DH U.I12 D.iM U.I1E U.i18 0.2
Tine (s)

Fig.7. Three phase source currents of distribusigstem

without SAF
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Fig.8. Three phase source currents of distribusigstem

with SAF.
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Fig. 9. Compensating currents with SAF.
Fig. 9 show the three phases compensated currents
for shunt active filter. In Fig. 10 shows the camdt

and small ripple dc capacitor voltage of shuntvacti
filter without startup-transient overshoot.
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Fig.10. DC voltage of SAF.

In Fig. 11 shows the harmonic spectrum of piiase
source current. It cab be seen that the THD ofcsour
current A phase of 3.16 %.
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