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Abstraczt Active power filer (APF) is canmon]y used © eliminate hamon ic contm jnaton and improve power facoor When he sys
tem contamns nonjijnear load’s thehamonjc current canmand hecan e d rastica|ly vibrating and contajnsmany djscontinucus points [t i$
important © desgn h gh Perfom ance curent @cking congo]ler practive power fijers For current conwojlerhased on [ineardesig) its
perfomance is |inited near operating point (On the other hand most contro]ler desgns redu jre hig€h 8an at hese discontinuous points
to achjeve fast track ng Buta high gain conto]w i]] excite high freduency unmodelled dYnam ics and cause unstaple An jterative leam
ing controlled APF is used © mprove these drawhacks The hamonjc cument canmands in d-q frame ae periodic and a PD-tpe jtera
tive Jeam ng scheme is enppyed As leaming conuo] schan e adds contro] pputofPrevious eam ng cycle © wnwo] |av generated fran

track n& enors n Present eaming cycle the canwollerw i]] evenual]ly pioduce desired conto] mput © achieve accurae and fast current

track n€ which leads to Jow curent tota] hamm ¢ d storton (THD) and high Power factor Hence

thehih gain effect n contro] Jaw

isPrevented ExPerinenta] resujts on ap kVA DSP-based cantolled evidence these attractive features
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sive ﬁlter,s canposed of IESiS‘[OI’S nductors and capac
itOr,s are used to elinmat the hamon s and inprove
power factor Yet the passive filers havemany disad-
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active power fijter (APF) is canmonly used as a sub.
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non Jinear ag

ear desigp s Perpmance is |imited near operatng
poit ¥ On the other hang most contofler desBns
requ jre hi€h gain at these disconthuous ponts t0 a
chieve fast track g Alhough this leads © reduce in
track ng eror a hi€h gain contro]l w {]] excite high fre
quency ummadelled dynamics and cause unsthle
Hencg nonljnear contro] meﬂqods ke fuzzy contro]
and feedback linearizatpr® ¥ were consgered 10 en
hance the tracking performance

An jteratve Jeaming controlled APEF t© mprove
these drawbacks is used in this Paper The hamonjc
curren t canmangds m d-9 frame are perijodic and a P-
tpe iterative leamning schane is employed® ' As
learmnng contro] scheme adds contro] nput of prevpus
leaming cyck 10 contio] |aw Eenerated fran track hger
rors jn present Jeamng cycle the controjjer wi]] even
tua]ly produce desired contro] fnput to achijeve accurate
track ing Hence the high gin effect n conto] aw s
prevente] The effectiveness of the Proposed APF will
be verified via hardware experinent on ap kKVA PotQ
ryp7e where the jteratve leaming conto] algoritm is
realized on a DSP board
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| Model of the Shunt Active Power Filter

Fi81 shovs a sandard s swith three Phase
shunt active power filer n parlle]with non]inear Joad
Under a hbahnced hree Phase ac supPly neglecting he
resistance of the power sv jches the dynan camode] of

filter out the fundament] currents and uptracted fram
load current as shown n Fi€9 On the oher hand 10
canpensate the converter switching and conduction os
ses currents at the fundamen ] frequency must add to
the axis and axjs current camnm ang Thu’s conclud ng

the shunt APF under consy eration
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Power circujt of the shuutactive power fijter

Fig |

di 1 2%— %— %
— —_—p2v,—== >
dj, 1 2% — % — %
it I?uz—ll‘éc*—3L @)
— =Py —=- > -
WhereR L resistance and mductance of the pduc

or respectijvely ( capac itance of the DC-1ink ca

. 1S on
Pacjtor and P, . S off =a b ¢
The contio] npug b and B are the bipolar
switching functpns g B and R in d a fran(_e It 1
easy o verified that
b= L+ 1 4)
BY perfom ng e a— h— ¢ 0 d— 4 axis transfom

IRt

1 1 1
on |ine voltag€es and curren
may he expressed as

n the stationaryfrane
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Sine the d and 9 axis harmonjic current canmands cor
respond t© the high-orJer parts of e nonjjnear Joad
currents  wos) Hz band_Pass filters are empP pyed ©

the ahove derivatiogl the d and 9 axjs current cam.
mandsmay he written as

- lid + 0qu
= i+ da

Ot %

(D
®)

Ot

Band-pass
Filter

Band-pass Filter

CoOsSmt O-

sinw?

'.’m' -

Band-pass
Filter

F&872 d and q axis cumentcanm and generator

2 Design of Contro]ler

2.1 CurrentLoo[:J Iteratve [Leampng Conto|

In order t0 achieve fast current tracking and Pre
venth 8h contro] gapn jteratve conto] scheme  Pra
posed Bepre applymng the leamng aRorihm a pre
linnary fed foward canpensation must he dJone hy w
tilizing

I%:%L—[—l Y+ U ©)
de
a:%i (- ut (10)

where u, and y are [eaming conto] laws 10 be defned
next A PD-tPe jterative leaming qchemé”

L?'(t):tf‘(w&dé*%m

dtd
€07 an
Uy = E(Y+ Koo & + Koy %*%t)
ISV (12)
where 6= j— }, &= i— 4, the superscript k

denotes the nunper of jteraton This iterative leam ng
contro] aBoritim tfe author has desBned and its con
vergence has heen proved i reference [9].

2.2 DC Volage [.oop PIConto]

The regujation of DC- Jink volage utjlizes a PJcon
to]lerwhose nput is the capacior voltage eror v, —
Vi. The outbut of the P] conto]ers sewes as anPli
tudes of the compensatng cuments §, and j, i



eds (7)) and (8), 0 draw |ine currentwith finda
menta] frequency The reguption is achijevaple since
the psses i the converter can he campensatd bY ad
justing d and 4 axis curreni®” it is Possible 10 contro]
the powver flow n the converter and hence he DC- link
voltage The canpPlete contio] schane of he APF sys
team is shown in Fig 3
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F83 TheBlck diagram of iterative Jeam ng
controlfer for APE

3 ExpPerinenta] Results

In the exPerinent the gans of the Proportiona]
and ntegra] contro]lers are set 10 he 5 and15
tively thatis k=5 and k=15,

A Prototype was huiltwith the specfication [ist in
Ta, 1. Hardware configuraton n the experinent is
shown nFig4 ThedYnamica] tracking perfomance of
the proposed contio]| schane  verified through a sep
change n nonlpear pad fram 33 © g 7 at tne =

respec

0.3 s The THD of the bad current s measured as
28. 5%. The resulting d and g axjs currents are shown

nFE 5 Themeasured THD of the supply current is
5.28 %, Which is 8reat)y mproved from that of he
load current Hence the power factor is close toun ity

The hamone $ectmm of § and j, are dePicted n
Fi€gq The rePoses waves of the DC- link voltage

supp y voltage and currents and the Joad current and
nverter currents are an jtte Fran these Wavef)m,s 1t
can he dhserved that the Proposed schane exh b its sat
isfactory results

4 (Conclusions

This Paper has studied the hatmonic camp ensatpn
Proh km with shunt APF t0 mmprove the Power factor
due to nonlinear pad and switch ng€ devees Jtisds
covered that the hamonic current canmands in 4.9
frame are perijodic and iterative Jeaming contro]lers are
devsed to canmand the APF deliver desired canpensa
ting currents  The iterative Jeaming conto]led APF can
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Tah 1 The Pectificaton of the three Phase PW M
current source rectifier in the experinental
Power rating 2 kVA
Line voltage 220 V/50 Hz
Vie 500 V
L 0 5mH
L 5 mH
R 010
C 1410 UF
PWM Carrier 5 V/10 kHz
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Fi€ 4 Hayware confguraton in the Jahoraory experin ent
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Fi€5 Experinenta] tiack ing responses of he d and 4
axis currents  at steady state

inprove these drawhacks of the current conto]ler
based on [near desi€n such as Jin ited per{ormange
hEh &in exciting high freduency urmaodelled dynam jcs
and causing unsthle This approach achieves fast cur
rent trackng which leads 0 pw current tota] hamonic
dsortio) high power fictor and ExPerinenta] resujts
evidence these attractjve features
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Amp,  Harmonic Spectrum of i, THD = 28.5%
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Amp.  Harmonic Spectrum of igg THD = 5.28%
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Fig ¢ Hamonjc spectrun of the Joad current ih ('Top)

and supply current i, ( botam)
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