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rtc muhilcacl volhg. suru atv.n.6 .E @ntly .p0lk\ll ln 6,y
rPpli.rtio4 rr.n a .. pomr rupptlG rld s ooio. drnr* Tb. onspr of

rltild.l vohrg. souEe l.Erter h.rolihEd. Tne corc€rl olih. h$'n.!ic
climinrtio. pul$-rldtl,,modubtioi (HEPwnD @hniqus b!r.d on wakh
tufttiotr i! prsrrr.d, By rlibg IIEPWM lechniquc, ltto.illc tos order
hlrboni.r sn b..llm,ndql, r rotal trrno . cotrrtrr tu nlnif,lNc{,nd the
ouQur vok4€ tl{, .u h. iDp@.i. A pr...durc io r.hhr. ln rpprepnrk
$ircii.a .!gL. of EEPWM i' poto!.d. The r.@o!i .hdnrda of ri.
DrldL".l inv.n rourlrvolr.A.o t .rpEr.d a tu!.rlon.of *iLhirA
.I3l* Th.., @Mn8 lirEr .lgrbnl. .quiioN iBt rd o, $Mtrg mDli!6r
lnrsrd.rlol .q{.dou opriEi&! rt. lolr.ii.g .!glq.
Th. mPWM l.chnlquc i! impl.a.nt d od r nlnrilF.t ,Nrner usirg
caud.d-iovslerrllh 8el,.nled dc.oura., Simu!.lion E uli!.re pr*ir.d
usiIg ORCAD D.clu8. verion 9l-

!111L..l rrr. udri 3i1l!t \&i i-.,I ar. d-ili rlrt

e! lis:/s crrslri \&' J rtls !riJi..i iur. ir3l- raJs u.sr &.BiJ
dJi F.i g-.d ri J.e,rE r./rJ osp 11{ qfui{t!..i;}t }4
q']rirjir lJLJ {-i:r q., dr.d i,&r rl,Ji-.n re {r!Jt' r& !"!E {.r.
i4l,J !", a+4 irni d-r r,.r,I 1! J ds..., .!ri"-,1 r& qtjr.i o"iA
e--!i ,irJ-3r d.r-3.rr J-rnr ri i-rrjl' *Jr Eii rr,]ri rrlr,r !,rai!i .ii,r
u.$ll i-_J..r lilrN uqgJ Jor,.,I iiri 'i. C. rrr4.o5,irr i$.,rr
& !{ i!{r EIr! Jt+ .J!i,5t r+! d +4 a!..i !F. d,ir .dr5 VrjI Jrlr
c. a{!,-.! .r:. gr& dbr rrf,Pwlu lri dii .Tl@od.nd rds.r J.

,(OtaCAD veEio! 9.1) dJirr.{ E riJ J !# L.3i il,L Jr&

Tne dercloph. oa eldic ed
hy,brid{leclric trhicl.s lill oficr
mdr neB oppmnniG !d
chllkrE.s to ri. lomr eletuf,ics
indNtr, Bp.cially in .h.
dcv.lop'Denr of ftc flei! tlorioi

nk or drive ll.Maq cufrni atrd
hN. designs *ill nrlorporatc rhc use
.l inducrid mordr as lnc Fnn ry
@rc. fr ldio. in .leui. v.hicles.

Dasbns fd ruq duiy tuks
6d IM! miliury conbd vchiclG
th3r hare ldrae cl.cric dive Pill
Equito adv.nc.d power elecrdnic
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EB . & rdru&y. vd r4 &,.ro.1dr

in!.cts !o mer rh€ hisn po!.r
d.mdds rcquiEd of $.h.
Dcvclopmlnr of clccric drivs rEin!
,or derc l.rac v.hicre6 witt r6suh ii
incrcd6d fu.l efricisncy_ Iowrr
omi$ions, rnd likcty be(.r v.lricL
p.rf.mrnc. teceldrion lnd

Iluftil.v.t iN€ie6 m.
dijqu.lv 5u .d lor rhs ,Ppt,..rion
be(au< ui rhr hish vA mrm!\
po$,b]. rnh !hc& in\cnd^ t7 ilWh.r e.rrdtsd ac volatu \
arail$|. os fih anauefr;rr!r
ac genoaror, a bBkro-b&t dnntc-
dmr.d {onvon.r .on ronren rhhsu'r. ro vuilble frtqmc, e
rolrrgc for rhc drro moror Fdr
clebjc \'.nicbs (Evsla e*rdcd
tulbndgcs irvds Bn bc !s.n to

trdctiotr nol.r fro'n o s oi badcriqs

S.h. rBdirional :t.vct hish-
fqs.r$ nul* s'drh moJ',h;n
(PwM) inwn.6 lm &ir. s)5t mrq hrv. DDbloB 'si{.n wnh
ft€n hi8h volu8e (hans. mr.r
ldv/dr). rhich produ.e; r am'non
mode volr0gc icross rhc dordr
lviMings Hisli l€quency switchirs
cu exieddlc lh. pmbler bBcru$
ol th. dumclotrs timcs rhi5 €6mon
.'od. volbg. is inpEed np.! ri.
mdo 6ct cr!L. iWM .onhu.!
inrd.6 !l$ EquiB an
lmounr of h.d m.!.1 b6!us. ot
fi. addnbnrl srvlrct ns los! 14-51.

Mulril.v.l iiven 6 $t!.
Ih.sc prcblc r besuse
individual d.vi.oe h.ve amuch to*e!
(dv/do Fr swnchin8 and ihc]

terus rhry 6n s$ibh rt a tN.r
F,zcu4y rhln Pwu{nhtl.d

B- Mdtit r.l l!von.6 (MHr)
T]1e multilcvot vo,tsBe $urcc

irvenels uiiqu. ltruduE altols deh
ro Each I'i&[ vnlllgB tr'U tok
hrmtrics wirhou! r[. "sc of
tusfom.B or siB conner.d
srEteaz.d *irching devi6. nt.
E nenl fudion ot UE mhit*t
inv.r.. i. ro s)rchbni- a dsircd
volhgc ron *v.ru| lev.l..adc
volirles. For !]1n Edsotr, mntrile!.I
loltage $urer irv.n$ is recenlly
opplied ln ikiy irdu$riat
applicarions such d! !c p.r.r
suppli6, sr$ic vAR cmpcosroD,
d,ie6 ao. cl*ric horoc. a [i].A. t. rubq of kwt3
iicrcs, dE iydtMi4d ourput
uv.flm ha nr@ lcpi wii.h
producs B $rir*. urE dtll
lpproaches 3 d.si.n w6v.fom. Aho,
as moft (.p! rE idd.d ro th.
wavcfom, rh6 hlmonic disro(io, of
tn. oltpd *!v. &ce@,
.firmhina rm & rh. numto. of
l.vels incrgs. As rh. nmh€.of
Icvcls i'l@, rh. rcluge lhd c
b. edftd b, srmmiDe nuttipte
volrx8c levek al$ ilcrels.s rhr
drucrua ofrh. nuhilevcl irv.ner is
!uch rLor no volr.gc shianB p.obrcn
n.n.ount.nd bvihc {xEs roni&hi

fhft !!.s ol ruftiLrl
inv.n 6 h.v. b.!n ,DF$d by
N-sch.s rh6 a.r $c dio&{hnp.d
invcnei E oyin8{ard@ itrM&,
a.d ihe e$rda invd€r wirh

ThEe. lou. otul ,ve lcvel
i'rvea.r drive 3yfths which ha@
tr5ed mc fod ol aulalevcl PwM
.e a Ms to qhl 0. sncnins oa

invdisard in $. tiisduE [71].llulril4t P{/M ha to*s (dvldo
rim dd .xp.rj.nc.i in soDc No-
level PVM drives b.cd!s! switchinE



a ba6 *s! smlls roluer
lcvol. IIo$*c( srhdine ,o$ts and
volrige totrl hcmolic dinonioi
(ItlD) .rc {ill El.tiwv hi3h ror
rlt* pop6.d eh.rer rh. dtpur
vohare (TltD) *r! Epotud to be

119.7,/,) lat a fourrw.l PwM
ihwtu [9] ,id (5e!) tor . I l-r6e!
PWM inv.nq silho tlr us. ofa]

th; psp.r Dmpoics . mllril.t.l

!r. wiehid only .t fte 6nd.mH rl
ie{rucnoy od Lrrc inv.der out uline
hlr,Ee (TllD) ir ed@l le$ rhu (2)

tscnr wirhout ,E us 6l .nJ

qsrd. lrrlt . vftl S.lrded

A s6ctd.d nurliiovel
inv.ne .onri* of. *ri6 ol tull
kideP Ghgtc-ph6c) inwd.r unib.
118 senchl lun.rior of rhis nuhilevel
i .ner h lo sy h.sib a d.siEd
wlb8 f6m ffil scpdtt dc
soucs (SDcsr, which nry be

obrained fioh ban ri.s, fuel csll5. Dr

sld ccllr 001. I'iB(!) n'ors 'singlerh!* tulu( 6f , os&
iiv.ner wrh SDCST. Each SDCS is

connRl.d to o si,sl.'piro* iuu
lridgE irv.e. F4i inwtu. l.\rl
crn !en.r.'c tko. difi€Ml voh,gE
ourprB, +Vdc, 0, 6nd Vde, b]
conn4ing fi. dc oue io rh. &
ouFur sid. by diff.Mr Mbiilrions
df rc lonrsBi6hes.S,, S1. Sr,.nd S,.

To oboin +Vd., switch.! Sr !trd Sj
G Nn.i 6 TuniIg on sairch.s S:
rnd Sr yi.ld6 -Vdc. B, lmin! otr S'
otrd sr or Sr md sl, lh. oulpur volrase

Th. rc dpub of dch lh. diltEm

nunbf of ou$u pne voll{c l*le
in a .a*adc inv.,Er i5 dofined t,
m=2S+1. shee S is th..umbcr
of dc $!Id. IE ,lr.e volrqr

Fig, (l) Sinsl.-phN st ucluc oi !
rullil.ttl @!de Iulliad3.s

almonL EliDi...io. PwM

rh. w.kh runction mdhod
ol h.monic .li iiatior h6 ber
prop.s.d rb sinplit rh. pcs of

climli.rion equdtions onnino and to
nak rhc t*hriqe more fl.xible d

w,kh fnicrion for ri ord.Ed
sr of Nckrsllor rrwloms Lrk s

sly rM mrlirud. Yilo.s. *l d-
l- ov.r one nmlliEn ftqency
period, Th. wlhh tuncrion! fom d

cmDl.E oihoEoEl sr; lBrcc,
wsls[ tudio! tu b. ulcd ro
EpEs.nl sigftls in llE en. my !r
fie tolri.r*iier Since rhq rirueidal
Me€fom h.. qu.na slllwEy, ii i.
Nncd ild rh. P$IM ourpur
rv.vcfom f O hlk unir .mplirud.
&nd qldcrN.vr t hmer4.coinecrd in seii.s such th6r rhe

srnrheied vohxeF \a*fiIn ir rhe
3u6 of th. inv€ns ourprB, lne
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Equation (7) ir ear.ix aorm is

lt-tr.., I1,.,,,

By inilializiDg 6e fidrg
mAles ar the Walsh furcrion
mefiicienrs W." r of rhc PWM ourpul
{avefdmN mn b. olculaled fDm
eq.(4). By samplins {0 vith M
eqtridhranr poina. L\e inre3al in eq.
(r) k toplaed by sunmation

w,, , = J(0w^(a,-3,odi

{r)=t/h,,sir(2k-r}4r4..0)

lting Fo$er series
e^tusion $. oupur wa\efom t(r)
(in b( c.pre$cd a loltows.

ai=B:.rwiBjrwr+Brlw!+..,.

Walsh funcrions which hNe
only so amplituds +! ald -t over
orc nomaliz.n rine period csn oho
ht red ro 6prc$ ihe pwM ou our
wa\eform (r,s totlops

tr=xr{ .wA(4rlr}... c)

si., =lios^ui-10d ra)

The Wln k the W.hh coeficient of
the n'cds ourFur lolrqge. Ont) rhe
(lf,-lj ord. or Wirsh f[nd'.i\ )re
used be.au* ol quiner*als
syhmerry of ihe inv€der ourpui

A) rcp14.inc [r) in q(2r
$irh cq (ll Lhe (q!arioo bccomes
...ii,.,1;,i'.{ ,.,^.,,o ,., r-l

Iq - .., o)

.. li,q+i-" ),"r , r",.r!,, ,,

R:rlr"r is ihe (2k-l) hMhonic
@efticie of the (20,r) wakh
Iunctioo . The v.tue! or Bl .a.
coeftciht cm he catfutated dircth
lmr lhe cquarioi doiued S.i..;

A,=B, i w'+B L rv,+8,{wc+ ...

(9)
M is an inteBer power oftwo

deremincd by rhe high.s sequence
orderd conponcnt of dr Wdsh

'lhe value of M t rl*0,€ lo
he eqi.l b 4N. uhere N is tjven in
cq (3) Since WAr, (4d-3, 0 is
replaced b]/ WAL (4n^3,m). Thus eq.

= Jitowat-1+"

* J't'r

Iroa



bs r rcd,mko,. vur.lq Mro. m

+wa!,(4tr-l,D I(0&+........

+ wa!(4n-3,M-r) Fodr

=.,y
(10)

Auogn th. .ru. tslG ol

Dt (M in @h of drM m6r b.
inirbli^n in nmrlin8 inEdtls h,,
h2, .. m1. So .e,1 siichi.g .r8lo
dr is coi$ilhod eifiin th6

aelr.{,1....,1-l (1,)
wer sn b. csprelsd 6 a aundion
of 3*ir.hins oSlB

\...i. .,4,. .r*,-D

wre,=cr!,iq,qi.,r.,r ..s:.4.D!",

{t2)
*hse C' r. Crr.,,, c.*a -.

lhe cocllicionlr of $. sqirching
dsl.s .dd Dr, D,, . . Ddn lrc
@61 ts. Th. mrir fo6 6t rq. ( 12)

l; I l:: :r

l."il.

[.][.]

r'_rr I
=:wran-3,Di lfl,)d' i

*Lr"-r.', I,1,,*l

(D)

lAt=lBitcllalltBltDl
=tEltzl+lFl (14)

wh6 t r*ilchang &316 ,.t
quer p€rio4 rt d.8E. ortum
in .{.(ra) is k, t is.Lsinblc ro e
on .lcgEe of i.ldom sonri.l rh.
firrd.hental .mDlitud., Md (k-l)
ricgcs of ne€dom u. !*d io
.liftii,r. (kr) 6mrd h.m@i*.
By dins tt. slar.d (,(-l ) h.mic
mlPlitod6 .qr.l to a6 .q.(14)

A'-E'.'ar+Euar,.+E rar+F1
0-E,ar+E:rd, +,,.+Elrar +F,

oEq r 4r +EQ4, +,.+Eq dL i Fr

(,5)
Eq-(15) @ b. @d b

.Ebu r qo.!r.r F iod .l PwM
vlElm By or urll,',g indYtl.
Ths E ed r cin b. co plt J dd
oq.(ls) is $rvcd lo computc lhe
.riiohing aulls Nid tnc desnes
tund.ndLl lmDlitud.r lnder lh.
snrfli s oalh. innial 6ddlriona

I!. vil.nln! rd6 6 b.
.rprB.d.s lidadd polrM of
frid.rnbl 

"Dlirr& 
Ar 16:

=(p{A,+qLy160F (kc) (r6)



fe., &T ainoloa, \nlr.. \o 141005

$her. A o'l r' iMicaie rli.
nlndm.ntal li!qu...y ond
tur&hml sphudc. pr dd qi e
polrnohill Elfid..B for d.

Thccoetricic s pr and qt drc
ddedin.d by otr-lirc ri! lne Walsh
fumrion hlmonk ndhod iid
frigh! Iin. co@.filrinB *dod
[]2j. T.bl. (l) in aF.idi\ (r) showr
the swirchirs Mslcs as line(
lu nctions of tutrdrm..ia I ampl itudc l
$. Iid qurnerp.riod. FiE.(2{)
slos di. lalE' El.rioshiD b.st.n
swnciin! eglG rnd fird.cnul
amplirude. The oulpur r.vcfom ofai
3l'levcloGcaded inv.ner h rho*n in

x.mtlldnddPsfir.diiqc

bridgo inv.ncr. I1le lch.m.ric of33.
Id.l HEPWM invccr n illched
in rpr.i'dn (A)- Sixlan l2 PwL
volh8. $uG e 6.d ro s*mcd(l]6 vi,J00H2) outplt ptrqlc
volh8.. Thus, the lolll numb€r ol
PwL lor lh@ phss. sy$n k (48).
A (l0O) Eisb' ud . (2.5 mH)
ind*br. whicl mnkhd i. s;er
&. u*d ,s rie load per plre r
ine.n.r circuir. Th. :imllal.d
tuMnnc rlihplitodc (Ar-1.00, and
0.4). Thc simul.rion rc.ul6 {ill b.

Evalllfloi ol T EPWM ro

Th.E e. ror p.rfomnc6
8.d i, rhis Fpd ro !wld. of
HEPi/M b climi b ihmi6 e

Th. he6ic n ror (or th.
n$ hmi.! qhi.-h i5 ! trEE ol
individnrl hmonic sribdion. is

I

(+i,l

, r;;;;r:-
Y]i3[..]

7
(tr)'!

( r3)

v, fonditMr.l vo,bs. (m,
vr hamii. vol4. (n,

H.rhoDk rrs F&ror (fiLr)
I]i. htuic 16 racior.

*hi.h i! p,lponi@l ro r@l d!
hmonic cuml is d.fiftd 33

Fi&(2) Ci.cadcd inv.tur (!) slurioi
rrjedori.s(b) ouipul * .fom

To d.sign a sinllllion syst m
fq dsd.d inv€ner *nn lcpdstc dc
sourc.s (b{reri€s) and $cd b driv.
atr indldioi motoi ORCAO prcgnh
is mdoyql 6 a eitulariuo bl A
pi.wie lins IPWL) vohg.
$ur* k tr*d ro BpE..n! ! full. Tcl H$mer Dkr.rdon F.tur



st'!Tdbd@'v!u.,xo'10.s

f he blal l!rmoiic. vhioh is a
60!sur. of clwn.$ in stap.
b.i*a slv.fom rnd irj
fud.n.nbl volEge, i dclired 6

rHD =l

TIE dico(ioi tdor rndk €s
rrx mtud of hemi. dMim lnx
m.i$ in r p.nidt0 u*rM anfr fts
h.mmlc or rhd Ev.im' h'vc h..tr
n,bh6.d ro i .Eoid.ordn abouion
(i.r., divid.d b, i1. mu. oF i. i hcsurc
of drdNffis 

'n 
Edudh utrsmELl

h.Jmft! "idur hrving !;jF'i ric
rdud or. *ord{dc tod 6tr- md i!

trTl
I! ir 6fins md l'.r ihi rhe

v&iou. p.rfmre ftctou HF- HLI,
THD &d DF shan in tpFdMC)
lmw ban plon d ve6E $c
luNlamcntal amplitft. 41. Fis.(6)
illurldte rhat ptrtomdnces ricrots
deE$. pbsBdvely *iei rha

a. Tn HEPVM rchniqc h4 6.rn
Gd ro ninimiz Ae L,m.nic
rorr.trr ol rhc i'Nrner olipnr
vohi8e h lhis lcchiiqrc rhe
lundinoul hplltudc cln bc
c(pc$ed b! r !.r of liMr
.quriN i,rst d ol nclinar
equdim !y Bing tiMr
flnctiors such I (WAISH)

5. 'l'h. hi8n numh.. ofhamonicr to
.limlnare is (t5). h h very
ttucti€l lo elimin.le !h.
hrmonics up h fi. 1.i7') s d{
th. Lr€{ hamic .sponor,
lhkh m) rpp<.r in rhc idr.nrr
"uFUr wsv.rum, s rh. (aCJr

E[,n,mFsiiTd,i(

lundcmctrlll vokg. mpliiudo Ar i.

Th. volngc hmnio spelE
fd EEPWM ofopcditr ft gilcn in
rDp.ndn @). wirh tunb.r of
n.ltMi6 b h..linind.d (15), F6
.wple climindjn8 6f {15)
lrimonics qul s (16)-svncLing
andes Dcr qud.r cycl.6frhc dulpur
eolbae wlvcfom tis figuE shoN!
rht in.jtriI8 of ssiehine Mglcs
{.ill dE incrs in ih. n!0bs Dl
low onlct clinindEd h.moni.s,
*liioi laus.i r. ,u!h mie hmonic
.nerer into high &.quenoy rcsi.nsi
$e*foE low frcquency h@oiic!

l. A mnhiln.l.i{rd. inwn.r unh
ep.ar. d. source h6 bc.i
prcp@d hc4u* n can uso lh.
had.ri.! d lu!l cell to srn$.sia
a si.mid.l ourpur !016!.
mvlfom lo driv. u indBrion

,. This rlsr.m h$ highs.lliciaEy
brc.u* $c inininum swirchilg

l. No rolhge shtiiry prcblem .xit
lor sie coeted daic.s
!.likc lrditio.l hl]fu.
fldion lo obrrin dE si!.fiiil

Cl6 on,lift Esulting in
elimimrins ihe u'.nt.d
h.motric!, ro gEt n.rijy
sinnsoidrl oulput be in{ll
@p.ed *nh oaf- lie eluron.
rnd lNr compubriont !F
EquiEd lor $. hdd$G

Then, wc find tnsl it nol i.ed.d
lo ue of dy nltcring

lll Mirrd. ,.M !d G,re, ,\R.,
''Hybrid{ldric V.hi.L Sue.$

( t9)

DF =I l"+t,frl-zl;'
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