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Ahstract- Ttir prpcr prt!.rl! thc .ppli.rtlon of ringle pbrrc
mrlrir conv.rld ( SPMC ) rr rn AC-DC corlroll.d rrctllLr
with th. cff!.t of pr!.rivc liltlr. For brsic opcnaiolr, multiplc
PWM tcthniqo.s rtr ur.d l! r rrrltchiig bailhu. to !yolb6L.
th. o.tprt voltaF rld c.rEat 8..5G.. c{or.t li.rr rfra.S/
rrr &vclopcd ao .vold ov.rLppht durlq tur! ON ..d turtr
OFF ltll of ti. IGBTr rlcr hdrctivc loede .rr I' d. FiL.ri!!
rcqdrtoala! for currall-roorcr .talifial! att lrlllly t.firfiod
through lhc ulc of Pl.6lvc Filt r Bhhh i! low-p.!! LC iDpua
llh.rr Dcdgn of LC fllt n itrvoly.! tL pclriotrbt of tL
raolrrtrt fatquctrcy to m.Gt th. harDorlc rttcnc.tlo!
r.!quittmaDt!.

hantlonics hav€ lcgc current magdtud€s Efcr to th?ir h8monic
specEur. The hannonics gcrErst€d will be divided into tlrEc tlpcs
ollt is pcitive scqr.Enc€s hsrElotric components such as 70l , l3tb,
l9th rrd n€gative rcquarc. hslmoric compoornts such as 5th, I llh,
l7th tha is cxccssivc in plEs. lh€ which iDc{ras. thc THD ofhe
slstqrt. Wtilc zero seqt.EDc.s hErnooics c'ullrnt that is tiplctr
hrmrqrics sudl 6 3, 9, 15 will floqrs drcugh dE ncqlral wir! &d
nuy crulr€ ov.drcdinS m thal wirr [81. Siryle nrcthod for
minimizing tIE harmooics supply cuflut diitortidl associared wi$
SPMC !3 r rcctififi fd LC (inpd filtrr b prEsented by using Plcaive
filter.

Kcyrpft- e,7ix Coavqtq WC); d&.f,tna al ULS);
h.h. WiAh Mdtldton (PVI{); Srqle Phe lldx ContqE
(sP c)6 P,6tbv nbcr; l,6rldd Gd. Blph, ftunslsrot

I. INTRODUCTION

Thc rutrix cmverter (Mc) offc's pciblc 'all silicon" soluticn for
AC-AC convqsioo, rEmoving tho nocd for rca{tiw c'notE/ stonge
compooqia rscd io cutwrtiooal cqwlttq syltctrL MC is ao
ldv{rccd circuit topolos/ thEt ofrrf,s m{ty ldvdrtrg.s sudr as thc
rbility to .!g€l!€rst! eolr$/ bd to l[c rxility, ciousoidsl itrput md
ou&ur olrrEnt ed cootollEblc iryrd (rlnutt displaccarcnt frcra [ll.
Its topoloe/ wEs fll3t dBcribed by Gyugyi in 1976 [21. MC in tlE
rturc,phrse vailnt is widely rcs€arphod whikt the Sirlgle Phsse
MEtrix Coov€rtar (SPMC) has vcry litrlc d.dioo wlril* offeting
very wide applic.arion SPMC w!6 first te lbed by zuckoterger [31.

In this wort th€ SPMC t6polos/ was prescotcd to opqrte as a
confolled ,rctificr by suitible switching schcrn s, wltot IGBTs at
used fc thc maia po*vt switcling deviccs. Tlrc multiple PWM was

choseo due to theL suitability in pplicdion fo,r AC-DC oonvefld 6
a switching teclmique to syft€size the output voltsgc and cunEnt.
Th€ hafinonics in th€ or.tput voltage of por,i€t €lcc-tooic coovett [s
can be reduced using PulseWidth Modulation (PWM) switchirE
tcchniques I U. Safe oommutatio slratl$/ wss &vclecd to avoid
overlaping during turo ON ad ttEr OFf srst! of thc IGBT3 shce
indrctive loads arc usod.

A sinusoidal cornpon€ot of a poiodic wave c quantity having a
fiEqu€ocy tht is ar integml multiple of thE findrmental fiEquency.
Thus, rcduclioa of harmonics is bccorning impo.lant topic arnong
clcctric poutr cngiErs in Ot6 dsys. Thr lol.Gr oomponcnt

ll. SPMC

SPMC rtquirls 4 bi{irEdiod switches as slto,vr in Fig l; eaclr
crpqblc of condding cl[Ilal ir both dircctions, blocking fonxad
ad r!acl!. voltlgrs [,1]. It rcquins 6E usc of bidircctiqEl switclles
ceable of bloc&iflg voltage aad oorductng curtBnt in Ml
dirEctiqB. Unfotunrtcly therc is no disqet. s€micorductG device
clnrndy tha oould fulfll thc oGG& ad hcncc thc ur of ccnunm
cmid€. sati-potrllcl IGBT, diodc prir I sho*n h Fig. 2. Tb€ IGBT
uq! ulGd dlE to its populrity onogn rercalehct! dut could lood to
higFpowrt 4plicatiors with r!8olbty f8t switchitg fr.$Ercy fo(
fiE cqltal.

nb s?.

Fi8. l: AC-AC rirgc-plt se mrtrix convcncr bpolos/
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Fig. 2: Bi{ ir.ctiorul swirch
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III. BASIC CONTROLLED RECTIFIER

Thc clsssica! rccrificr nomally using a bridgediode in
hpleri€ntarion withou affGding &ty cqltsol filrctioo. Th€ sirplicity
makes it univeFsl for rEclificatim of lowroser mlicdiql aid sqrtc
ooortur highlowcr applioations btlt atE nEjor conEihnors io powcr
fartor cnd c8rent disldtion probl€rns. S€nsirivc cquipn€nts aE less
tolcrablc to Duisanc6 cals.d by hfinonics poffiion into dE $Sply
systenL As using nolinear loa& such as b.idge diode rrctifiq with
@acitor f ltri', 0rer€ Er ssseidcd pmbleos sincc this rectiffers
suffer iom poor irpd po\iq fncror, txating effcus, dcvice
mslfinxnion dd high ccrtclt of low qder harmmics in the srpply
curlErt ${dch cet yield a nurnber of problcos fc other elecrrical
appdratus in the vicinity ofthc r€ctifi€r. Thetlfo@ the dernard for high
quslity poqe sr.pply has shown 8n upwsrd increasc in rccert yers.
'l'his tr€rd reflesa in the incrcase rsc of provision of uoity supply
poE€r frclor [8].

IV. SWTCHING TECHNIQI.JE OF SPMC

SPMC ooosiras of fqr Ed bidirEdidlal switclE io cq rol th
odpd voltrgr, whcrr orE rci of bidirlctioul switdr b bdih by s i.r
of two IGBTS, two dktcr, attd it is ellurd io aati-parallcl as
previously described [5,6,71. This SPMC *fiich has fou swikhing
strtes is ilhEtrstcd by Fi& 3 to 6.

Fig. 3: Statr I AC InDd (pcitive cych)

Fi8. 4: Stsle 2 Ac Inpu (ncAdvc cFlc)

Fi& 6: Stde 4 AC InBrt (negarive cycle)

V. SPMC OPERATING AS RECTIFIER

For iql.nErftin8 SPMC as a canuollcd roaificr, q y Statc I rrd
4 d.scribcd in tIE prsvioos s.€{iq arr usc4 makhg State 2 8td Ststr
3 rEdudert [61. Fig. ? &rd Fig. t illumatc op€ratioo that includca
safe cmmurian arrangcrn(,rs !s indicdod by thc highlight-line ard
win bc discus!.d itr subsaCurri s€€{io.

Switching pstt rD cnnmutatiotr straiegr in Fig 9 atd switching
statrs h Tcblc l. During stEbl, the swirch S4a urd S3b arr
msintEiicd ON whilc thc PWM scqu€nce will bc scnt !o SIE ooly.
Meadqg th'f hwEen two PWM s€qrEnces" rbe inductive lood
cunEtrt will flow though S,la ard S3b urtil dccoy. Duri[g stat€3, 0rc
switch Sla qd S2b arc mlintsin d ON in whole sh& 3 ard the
PWM sequettcB will be sqlt to S3b. Th€d 0E ioductiv€ lood culent
will flow tEough S2b snd S16 fq the satnc parr for fuerrteeling

Fi8. 7: Poahiw cycle with cornmulsliofl (strE I )
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Fig. t: NeSdive cycle wnh cqnmut tioo (stdc 3)

?

1

t

t

L

r- -[

I

II

I

:11tt
il

I

I

T--_

I

Fig.5: SErc 3 AC Irp(lt (pooitive cycle)
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Fig. 9: SwirniDg P!!rm Commur.don Srac8y

s'tatl:

I Sln

Slt! Slh $d Sli

Tablc I:SwitchirSSt.L

VI. COMMUTATION TECHNIQUE OF SPMC

MC is very simple in st uct!rc and has powcrful c@tollability but
commutation problern ard complex cootnol bas kcpt it tun being
utilized io indllstry. Theorrticdly the switciing s.qwirce in the
SPMC must be irEtsnh€ous ard simultrEous. Unfortlutely
irnpossiblc for prrEticsl rEolizlrion drE to th€ IGBT charsct ristic,
where thcre is I sh6t cirEuit or ovcrhpgilg ocaus between rh€
switch tum-off with the next switch turn-orl This will be illu$8fed
by consido Fig. 10. 'lhi! ploblc-rn ocaus when inductive loods art
used. So that I systqnatic awitchiry saqu.occ b tEquircd tlut allowg
for the energ flowing in the ICBT3 to d€cay [41.

}' t)
Fig. I 0: Slrcit citruit corfigwdin in ICBT

F6 th€ coowrtional contollcd r!.rificr, fte-wbo.ling diodc is uscd
for this FrpG. wbidr rrrrlly iryLfiHlrd in thc fcm of te,
rrt din8 diodc in rEdifiGr sp6ns lrrlogrd fu ati-pddlcl wi0r
por,tr switdiag drvio6. But itr SPMC lhb dG mt cxirt, b.ooe tt
rEod to d.vchD a s*ithirg scrlEcc to dlow h. fqlrd nlc
*tr.€ling acti6r. This it rxcd !o prctcct dlc coovrd.r fiodr bsiog
dsDagpd rs r Esult of voltlgc rrd currlol sp&6 rs dcscribcd. Il this
study, u,s will focrs or.f,rntion to snitchi[g spil€s srd .sslm Ihlt
tlEna is rp-cluryr in dp diroctiro of cuttnt so 13 to miriDize
cornplexitics

VIl. SPMC wrrH PAssrvE FTLTER

Psssiw flt r is qE of the cartier malpds rxod to rd&Es harDdc
mitigation issr!€s blvc been alwals crnsidcrod !s ! good .ltEhstive
fc cl.r.rfft lE morics cqrpcisftio. lrw plss IIC fitaf, is dcsigned

fc tite secondorder passive filtcr, which contsins two reactivc
colrporE s tluf sE fuductor and cspscitor. lnoersing fqrrncy
l€r& t,o in(f!{sirg impedocc [9]. The trquency for thc LC filter cal
be calculated as:

where
Lc = cri ofi nequenc,
L = inducrarca
C = capacitenca

hE to tlBe two Esctiw cqrpocrts, rhosf of orc fu(IrEry c.n
blo.k sod r€duce th€ numbcr of harmqric OcqrE|cy 0raf go€s
lfuoogh the sy{eor As a result, it .ar reducc thc cuntnl hannonics
fq phase od nqdral cq|dldor of the inpul si& of SPMC.

To get the pur€ly DC Coove*ionally, rlctilicr u3cs LC fil&i !r the
DC side ofthe rcctifier wh€re &e capacitor holds the dtout voltsge
d the cq$talt level ard indrctor srnooth orc clErrot 6om the
rDctifier will qEsl€ a rloD sinusoidal cuntnr srpply hcnoc gcnerated
@rrcnt hsmuric$ *trich are injeacd ba.k to the AC s,st.rrl. As a

Gsull cqf butrs !o high l,otal hErnonic distdtior (THD). Filtering
rlguitEmeDts for curEnt-sourc€ rcctifiers ara usually safisfiod
ttEqrgh dle ure of lo$ pass LC inpd fihEr as ir Fig. I l. So fir, therc
has been m slstauric srd usq ftictdly approach in choocing the
filtcr compqletlts.

I
ttrZn2

l

VIII. RESULT AND E)OLANATIoN

The simulation using MLS are shown in Fig. 12. Table 12 and
Fig. 13 shows the Tolal Harmonics Distqtion (%) levcl versus
modulation indcx for I kHz switching ftequency and the rcsult
slpws that th€ THD (7o) will be decress€d by an increase in
modulatioo indcx value. The input currEnt and suply voltage
is as shown in Fig. 14. With pure resistive load no spikes are
apparent (Fi& l5). Upon the introdudive load, damaging
spikes was observed (Fig. 16). lmplernatation of the
ccrnmunicdion strEfe8/ as proposcd hEs rrsulted in spikcs
being elininacd (Fi& l7). In Fig. lE ttr€ t mind loqd voltagc
is 8ble to be mrint8incd d m 8v€r8ge vsluc of46v dc.

I

*!"l
rl>c* lrllI1'

3

-l
Fr=

.... Equstion (1)

Fig. I l: L iryut filtcr
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ihduldron ln&r THO %

01 3@ 07

o.2 220 57

0.3 175.26

0.zl 1ut3 61

0.5 121 66

06 102 51

07 E7 6a

08 73.25

09 61.51

1.0 a.66

l2: Simuhtion circuit Mts

Tablc 2 pc.clrn rcduction in IllD r{irh nodulatioo indcx

Fig. l7: InFrt curtErrt widr communiotion

Fig. 18: t .d voltrgc

IX. DISCIISSION

There are few observaio has to b€ done in 6der to complete this
pmjecr. The struct re of lhis llojed was clrEfully plamed to get
suc.€ss ouQr.d of the projcct Theorcticrlly tbe switchiog, sequenc-€ in
th€ SPMC musf b€ ingtsnt4eous and simult&€ous. Unfontunobly
impossible fG prdical rcalizstiEr due to th€ ICBT charsc{cdstic,
irtterc ttEre is I short cifiruit 6 overlappi.lg occuN betwcen lhe
swiich tum-off with the n€xt switoh trro-on. Fcr the conventional
co$oll€d rectifier, free,whceling diodc is usod for this purpoce
which nornnlly irplementod in th€ fonn of ftrc.whecling diode in
rEctifier systems aranged in anti+rrall€l with pourer switching
d€viccs. Anotha prcblem sp8t tom convqtirlg AC inpd 6upply to
8 DC type, investigstiois ar€ also c$ri.d out by spplyinS I ps$siv€
filter at lhe AC sidc. h is shotlT that this passive filter improvcs high
input powEr frta od able to rEduce input cl,rcnt tobl hsrnonic
dktoition (THD), \ ,hicb cas lcld a nurnber of pmblems for other
elecEical appaahls in tlE vicinity of lhe rectifier. ln thes€ studies it
has be€n observ€d thst 0!e supply cuneflt has been improvcd ftom a

THD 300.079/0 to a THD level of below 47. We cln slatr tlut the
high6 rhe modulati@ inder thc THD is b.trer. S8fe cqnmutltim
.l$ propos€d to solv€ the inh€E rt cornmdalion problcm thar lerd to
switrhing spikes.

x. coNcLUSloNs

3!O !s!, rxDlXl F xr ll.dsl&i hr&r

L

Fig. I 4: lnprlt CunEnl and Supply Voluge

Fig. l5r Oup|n vohlge ofR lo6d

Fig. I 6r Input currenr wrrhoot communacltion

4

Fig.l3: TtlD (%) versur modulation indcx

Perforn nocs of SPMC opcr.ting a rlctifief with pessive filter hrve
been rcsated. Tte SPMC leolo6/ as s cootrollcd rcctifict by using
suitable switchiog schctrE, whclr ICBTS !rc llscd ffi th€ main
pou switchiry devicc. Simulatioo rnodcls in MLS is us€d to study
tte behavia of6c fopecd t dniqrr. Thc oormunicaiot statcgr
used in this wqt bas to a c€rtah cxtctrt rgduced fhr spik6 thal hsve
beco rcsltcd- Sraply otnltn di.uctirns havc ben elininrtad ad
DC o$ut vollsgp c@ dro bc tcp{ cfistrnt in 0E pEscof 6 l@d
vriEti@.

XI, FUTT-IREDEVELOPMENT

Even thougb p8ssive filters hsve always been corsidered as a good
altcmdivc for cl,trrent sot[c€ hannonics mitigafio4 th€(e aE still
many disadvantages exist fiorn this applicatiur. Thc rnost criticd
Espe.t of possive fltef,s a€ rlld€d to be fsct thrt they c{ntlot modiry

\
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theL comp€nsstion charac'teristic following 0le dynarnic changcs of
non liaear load afld dilficult to meet the THD following standEd
IEEE-std 519 which is less than 57G Hsnce, to solv€ this proble'rL
Active Filter can be us€s. lt can b€ elimhate borb of thc AC and DC
ride oftD. rccrificr cffcctively Uol.
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