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SYSTEM FOR CONVERTING AU ELECTRICAL POWER TO BU ELECUTRICAL

FOWER ARND METHODLS

TECHNICAL FHEELD
HOO01 ] The prosont disclosurs relates gonorally to AC to DL powsr conversion, and move
particalarhy o Hputing mpul corrent havmonics in a power converter system ingluding a rectifier

hasi mg a mltlovel converter

BACKGROUND
00021 The conversion of alterpating current {AD) electrios! power to divect current {8
chocirival power is used for nany purposes tluonghout the werld, High voltage clectrics! power
travsmission and distribobion, lew voltage housebold snd consamey dovices, and mediwn vollage
tools, mobile and stationary machines, and various indostrial apphivations are exanples of where
AC to DO conversion tochmiques are spplied. The techncdogy bost sutied for copverting batwaen
AL and DO clecivical power i any given application ean vary {or many wasony, and thus

enginedrs e welcoming of innovative design and conirod stratogios,

SUMMARY

EHLEIRY! A system for comverting altomating current (AC) slectrical power to direst current
(D0} electrival power tocludes a rectifior having phase legs ssch with an AL input aode, and @

+3

multiiovel converter. The multiloved ponverter can be controllad to gonprate auipui voltage for
compensaiing differences batween vollage phase and coerent phase in AL electrical power

suppdied to the sysom o as 1 Hmit input current harmonios,
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BRIEF DESCRIPTION OF THE DRAWDIGS

04 PG T s s disgrammatie dlustration of @ sysiom, acoording fo one embodiment;
0003 FIG. 2 is a graph ilostrating operating principles of the system of FIG. 1
HII0G] FHG. 3 ks block disgram illustrating a control Ioop, according to onc

smbodiment;

FHIT L 4 s a graph dhaesinating Inpot voltage and current svaveforis duving
operation of the systerm of FIG, 1, accordivg o one exampls sconaviy;

p—
P

U FH3. 3 s o dlagrammatic iHlustration of a system, socording o another

prthodiment; and

HO00G] FHi. 6 15 2 uraph of voltage and current duting operation of the systemy of FIGL 8,

secording 0 ong oxample sconario,
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

H For porposes of promoting @ understanding of the principles of the System For

Converting AC Blectrical Power to DC Electricsd Poveer and Mothods, reference will now be

made to the exanples Hlustrated i the drawings, and speoific lnpmage will be nsed wo desertbe

the samme, It will nonethelpss de understond that no linitation of the scaps of the nventien
mtended by the itustration and desoription of certain examples of the neention, In addition, any
alterations wadior modifications of the dlustrated wndfor deseribed enmbodiment{s) are
contemplated sy betng within the scope of the prosent avention. Further, any othor spphications
of the principles of the nventing, as Hustrated andfor deseribod herein, as would novmally cecur

i one shilled in the ant o which the invention pertaing, are contemplated ss being within the

seope of the prosent invention,

HHIEH] Referiog to Figare 1, there ix showi & system 1 for converting aliemating
curesnt (AC electricsl power 1o direct enrrent {13 olectrical power, Systom 18 includes a DO

3.

Hink 12 having 2 Srst DO rail 14, and 2 second DO radl 18 Tn the Hustnted embodimens, Srst

k3
8

BC rail 14 tncludes a positive DO rail, whereds socond DU rail 1618 of negaiive polarity, Ina

practical implomentation stratogy, T hink 12 will provide gloctrical commumication terminala
suitable for comnecting with o DC load such ss an electric motor, an actugtor, or any of u great

many other types of clectrics! loads. System 1 may be applied in medium voltage

ERNIOTEn anis, fori rostance, i connection wil e indusinagl and marutse Lumg >£;m‘m\vm awd the

N &

ke, While no specific definition of what constiutes “medinm”™ volisge iy intended by way of

)

$

the present description, those skilled i the art will be fandhiae with cortain distinctions anong

medinm veltage applications, low voltage applicstions such as cortain conswemer goods, and high
voltage spplications such g5 cloctnics! power distribution and trsnsmission, Various power

Page 3 of 18
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suditioning compeonats, for exampie a capactier, sould be coupled botween DU rails 14 gnd

16, at o location cleptrically between other components of sysiern 10 vetio be deseribed and the

# 3 L e e # S

subjeot P load. Systom 1 may further mnolude o reciifior TR, such as 2 passive reotifier,

coupded with DC Hnk 12 sad including a plurality of phase Jogs 20, 22, and 24, coupled with first

o s

and secosd DO rals 14 and 16 and s owdtilovel converter 20 alsn coupled with fivst and second
DO rails 14 and 16, Bach of phase legs 20, 22 andd 24 may be structared 1o receive one phase of

maltiple phases of AU clectrical power supplicd fo system 1, generadly i 2 knows manner.

Applications whors & phase number other tan three s emploved may sl fall within the scope
of the presey disclozure. System 10 may Auther include & multilovel converter 26 coupled with
DC Hok 12, s plurality of clamping switches 5, Sy and S, and g controller 30 opoersbly coupled
with muliilevel eonverier 26 and also oporably coupled with clamping switches 8y, Sy and 8. As

will be further appavent from the following deseription, systom HE may be uniguely configured o

uA

sonvert AU clectrics! power to DO electricnl power in ¢ manner that 48 more off
otherwise advantageous over state of the art techagues.

& i

H Each of phase legs 20, 22 gnd 24 further includes an AC npatnode 21, 23 and 25,
respoctively. Bach of phase begy 20, 22 and 24 Rerther includes o first passive eivowt eloment Iy,
21 and Dy connected between the conosponding AL toput node and first D ratl 14, and &
second passive circutt element D, Uy and Dy connected betweon the eorresponding AL input
node and second DO rail 16, In the illustrated embodiment, the plorality of phase legs includes s
it of three phase logs, and the passive eivouit elements welnde divdes avranged so as to form

aa - Gpadse bridee,

(G013 Multilovel converter 26 moludes s middis node 28, & first active amm 38 coupled

hotwern midhile node 28 and fivst DO radl 14, and 8 second active srm 32 conpled between

Page d of 18
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middie node 28 snd second DO rail 16, Multilovel converior 26 muy further tnclude within each

of active srms 30 and 32 8 pluralify of colls 34, Bach of volls 34 may include g first switeh 36, a

Bara

socond switch 38, and an energy storage dovice 40 soch ay a capacitor. Fiest switch 36, seecond
switelr 3%, and cupacitor 4 within cuch coll 34 may be arvanged in & beidge configuration. Ina
practicsl implementation steategy, the bridge configuration 15 a halSbridge configiation, ss

g3 Loc

shown in g dotailed colarpemast of one o cells 34 in Figure 1. Also in g practics]

implementation strategy, cach of Srat and second switches 38 wnd 38 may include 8 transintor
switeh, such as an insulated gute bigolar transistor JGETY Inthe disgranvmatic illustration of

Figure 1, cach of active srms 30 and 32 is shown having three colls 34 ponneoted iy sexies,
although it should be sppreciated that any number of cells 34 might be used, and possibly other

connsction configurstions, without departing from the scope of the present diselosurs.

(00141 Multitowel converter 26 {8 structured viw sctive controdling of armux 30 and 32 10
genersie @ voltage output o DO madls 14 and 16, 1o provide & stepped voltage waveform of

A

desired shape, and desired phase angle, relative o AC supply voltages, the significance of which
wifl be farthey apparent from the following deseription. Thoese skilied B the artwill appreciaie
the generad manner i which swiches iy sctive molifove] converter arms can be oporated W
provide a voltags output having @ wavelonn spproximaling & sine wave, or sotiy wavefors
Iy goveral torms, ang of the two switches in cach coll may b turnod off| and the ether tirned an,
to clecivically connedt the corvesponding capactior 40 with an input and output of the cell,
making the capacitor charge available for supplying o one of the DO rils 4 and 16 By
sequentially oporating the switches in cells 34 In ¢ divecuon from muidpoint 28 toward the
cortesponding one of the DO ratl 14 and 16, the capacitors 40 may be sequentially broughe

¥

online, and then a roverse process underiaken o take the capaciiors soquentially offhne,
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providing an output voltags wavelorn: that is stepped up and stopped down and aprorinaios g
sine wave, This control capability, snd s oxplotiation to oot input current harmonices, is

further discussed below,

FHHS Clamping switehes 8, S and 8, are cach coupled between middie node 2% of
rntifovel converter 26 and respective ones of AL input podes 21, 23 and 25 of phase legs 20, 22

and 24, Systern 10 further includes & controller 50 operaldy conplod with muliffovel converise
26, and typically also oporably couplod with switches B, Sy and 8¢ and structured 1o roduce input
crrenst harmonion to rectifier 18 vin controllably varying voltage outputs of first and second
active syms 30 and 32, Controllsbly varving the voltage muiputx iy the manner comtemplated
horeti componsates for differoncss betwoen voltags phase snd curvent phase W AL olectrical
power supplivd to svstom 100 These skilied i the artwdli be famihiar with the phonomanon of

v

AC voitage phase being different from AT current phase, sspecially o public service or other

o

large soale power syatoms. In other words, AC eleoirics! power in any of the throe phases
supphied to systom 10, depicted via reference lofters Vo, Vy, and ¥V, may bave voltage snd current
gut-of phase with one apother, The difference in phase angle betweon voltage and carvent hag
been observed to induce Input carrent Eavmonios in many syatems: As will also be readily
urderstond by those skilled o the ant, input corrent harmonics generally reprosent eladiios!
pnergy that cannot by passed through an AC 10 DO convartor systaan, or not i the usual or
gificient neomer. In thisway, input curvent harmonios generally affoct the overall effigiency ofa
converier systom, Controlter 58 may inclode sy suiteble progranumable microprocessar, and 1s
shown i control communicstion with switches 8, Spand 8. Controllor 30 8 also shown n

control compmpdoation vig one or more control Hoos (oot numbered) with active arm 33, and i

i be understood ther controller 50 s also & control compmupdostion with soitve arm 340,

Page fof 18
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Syston 18 may further innlude a phase monttoring mechanism 31, inpluding sy of a variety of
satable and cornmercially avatlable voltage anddor current sorsing wmechanisms, coupled with
gach of the AU phase clectrical powsr inputs to systom 1 and strectured to monitor voliage

3

phiass and current phase of the AC electrical power supplind, oy at foast the phy

39>1

se srgle

»1;,

difforence betweon voltags and current. Accordingly, controller 30 will be naderstoed
mterrogate, or receive signats from mechanism 32 tndicative of a phase angle of input current
and wphase angly of input voltage for electrival power in cach of the three phases, or whatever

number of phases ave wied, supphed o systora 18 Bused upon date obtained via mschanism 52

o dats vepeived vig any other suttably means, contmller 30 may doterming an ormn batwoos

vohage phase angle and current phese angle w the AC electrical power supphicd, and vary
voltage outputs generaled by each of active avms 30 and 32 responsive to the detorminegd evror,

Iy g practical impleniontation strategy, the characteristic of voltage output of multifevel converter
34 that is variod way be a voltage phase angle, angd v particular a voltage phase augle ofa

ridpoint voliage o g voltage output having 2 wavelorm approximating a g wave, 85 deseribed

herein,

[0016] Reforrimg alss now to Figase 2, theve 18 shown s graph 100 including a graphical
representation of varions propertizs of current and voltuge in systom 18 dwring operating system

10, Atsection 110 of graph 10, volisges Yor cach of phases Vi Vi and V. are shown orver a

time interval covresponding fo one Rmdamontal oyele. At section 112, voltage output of anm 30
is shown via How ¥V, and voltage outpat of anm 32 18 shown via line Vi Atsection 114, an topa
cureet from phase ¥V, is showy, whereas sections 1314, 116, 118, and 120 show how npat
curtent 1, & distriboted among snd to difforent parts of syseom 10, with oach of the current flows
Yo K L bemg fabelod slso on Figure 1, Qucthe Xeaxis i graph 100 ave shown o plavalivy of

RS

Page Tof 18
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thme dntervals W7 Reparating the tew intervals are the voltage cressing potuts of the thee

phases of AL clectrical power V,, Vi and V. At the top of graph 108, within cach of intereals 1~
7 can be seen the veferenve lolfers for the ciropit eloments that are Von™ and conducting clecincud
current in that Hme interval. Thus, it can be xoon that i time interval 2 clrcuit elensent or diode
Dy is conneoting the phase with the highest voltage t the DO+ terminal or first DC rad 14

Crrowit olement or diode Dy is connecting the phase with the lowest voltage to the DBO- termingl,

and clamping awitch 8, s closed to conpect the phase with the medivm voltage to midpoin 28,

o

(00171 In e interval 3, phase V, continues to be the highest voliage phase, and carvent

flows vis diode Dy to frst DO sail 14, but now phase V. has bocome the phase with the lowass
voltage sud thus diode B, conncats plase Vot DC rail 16, Since phase Vy, now has the medium
voltage o fime wntorval 3, switch 8y, comects phase Vito midpoint 28 In con mesnwhile be
seen that current §; Nows through dinde 3y for tine tmtervals 2 and 3. Draring tume interval 1,
phase Y, is conpected to midpeint 38, and 1t can thus bo seon that curvent §yp would How through

switgh 8, o foed multdevel ponverier 26, The conncctions via switches S, By or 5. will change

every one-sixth cycle st the zorp crossings of line o line grid voliages wthe tHustraed

mbodiment. The Hoe s e voltages bohind mpedance, scon from AU inpet nodes 21, 23 and

23 it vectifier 18, are defined by the two active arms 30 and 32 By svthesizing nufttfoved

voltage wavetorms aceording oV, and WV, as shown in Figare 2, the AQ gnd effectively sees
three-phase sinusoidal vollages behind popedance at the AC fnpat nodes, of rectifier 18, The

npat currents are geverally stmsoudal.

(001K} Siso depioted in Pigere 1 are DO-side owrvents gy, b Loy Land L Bl

3

generally be dustrgble to control AC input Guvents to be in phase with AC voltages so as o

priviize reactive power =0, to casure continunus DO side currents Ly, Ly and ki betore sud
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aftor each current covrmstation. Beofore switeh 5, turns on to connent phase V), to midpoiat I8,
boadso=h, After By soffand 8, turns on, L =8, To avold overvoltage due o owrent
stepping, this commutation should also happen at the crosding points of phase currents, ths
current should by i phuse with voltags, As notad above, additions! circnit eloments for
smoothing the DO signal sre not shown, but will conunonly be used in connection with or as past
of systen 18, The DU oulpwt waveform condifionzd vis such circoit elemonts may be a S-pulse
D wavelorm sunilay o g conventional reotifier

(0019 fowill be rocalied that voutrolier 30 s strochured to redues npat st

x

urther be

r“/.

harmonios te rectifior 18 via the varying of voltage outputs of aroms 30 and 32, Howill §

rovallod that the line to Hoae voltage at AC taput nodes 21, 23 and 25 s doternined on the basis

"
1
IV

of the voltage outpat of active wrms 30 and 320 Accordingly, the AC volage phase prosent at the

input nodes, or in othor wordy seen by the wput nodes iy dependent upon the operation of arms

¢

30 sud 32, thus enabling phase angle of the voltage cutput of some 30 and 32, and s disoussed
abeve the midpoint voltage phase angly, to componsate for the ditforence in phase angle that

might exist between AL input current and AU mput voltage, Controller 58 may perfoem this

function i g closcd foop manner m at least some embodiments. Reforring now w Figure 3, there

)

i3 shiown # contvol loog 200 whore  voltage put 210 0 Ve correspomding

frlacey

o voltsge oo ong of

¢

phases Vi, Vi or Vo, and & cyrrent input 220 or by, corresponding to curvent {nput on the one of
those phases, sre received saud a phase difference between voliage sad curvent fo detormmine
reactive power Q conyputed at hloek 240, The phase ditforence s wed to compute & change in

phase term 268 or A I a control ook 230, Meanwhile, the voltage input 210 1 wsed ina

phiase bcked foop st block 230 to compute an actual voltsge phase sugle 235 or @ The sotual

f‘
4
o
e
=%
7]
o]
[
A
2
id
s
=
.
bl

vohage phase angle 235 and change 11 phase 260 ave swmmed & Mook 278, 1o goner

Page 9 of 18
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torm 283 ov Vg, Thiz control torns then sorves as a basis in gsleulations sceovding to controd
e af block 3880 10 gonerate o switching signal 288 or Sges, which serves a8 acormpnand Dy the

form of a control signal output o midpoint seitich Sy, S or ¥, and slss o command 298, Ve o
Yo, 88 the cuse may be, o one of arms 30 and 32 to provide @ pormetive vollage as desoribed
hersin, The phase angle that resulis from the csloulations i controd Ioop 200 will be ¢ phase
angle that is different from the phase angle of sither of the put voltage phase or the g
corrent phase, in other words @ corrective phase angle, wd 1 successtve tterations of the control
foon may be oloser to the current phuse and voltsge phase i the supplicd AL elpvivics! power sy

the phase orror i roduged

HO26] Referring now o Figure 4, there sre shown fapot voltage and faput current
waveforms, with magnitude sod polanity shown on the Yeaxis gnd time shown on the Xeaxasin a
graph 300 i an example simudsted implonssatation of the proseut disclosure, Reforsnoe numeral
310 identifios the voltage wavelorm, wherses reforency numeral 320 identifioy the current
waveform, In the dlustrated tastanes, a DO load stop from sbout 50% o about 100% wapplied
at 0.2 secords. Input curvor tolal hanmomic distoriion (THDY iy about 2.9%, maindy fi8h
feemsonios. The barmonio content s connidered Hkely dae to coll capacitor voltage vaniation in

arms 30 and 32, Figure 4 thay iHlustratey an lnstance where closed loop control sccording to the

control strategy set forth hoven s used to ropulate reactive powery via the sdjustment of the phase

o Loc

angle of midpoint voltages ovtpot by amms 30 and 32, demoenstrabing o relatively low tovel of
THID
(00211 Roferrmg now to Figure §, thore s showen a system 418 according to another

embaodiment, sid inchuding a ximilay topology and components to systent 1 discnssed above,

tnchuding 2 rectifier 418, a multilevel converter 426, and ¢ DC Hok 432, System 4190 is adapted

Page 10of 16
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for faudt current bocking capabality tn DO short oivcutt faulty, and {n coutrast to systony 10 and

s wse of & diode bridge, system 41 aroploys a thyristor bridge, where thyrisiors 419 ave nsed in
place of dipdes. n multileve! converter 426 colls 434, simatlar or wondical to colls used in system
1Y, ave provided, sad will be rovogaized to have o hulflridge configuration ay in the dotpiled

cnlargement. One ov more full bride colls 436 may alse be used, and pnsble secclerated

suppression of a faplt currart,

H2 Referning also to Figure 6, thore is depicted DO faalt corvent dynamics with a DO
pole to pole fault ocowming at 8.2 scconds, Graph 300 of Figiee & molades a finst seotion 310
whers the graph Hoo represents DU voltags, sud another section 520 where the graph fine
reproseonts DO currenty In the dlustrated sxample, no full bridge cells sre used, bat could be in
oihior embodivients,. A tota] of 30% DO regotance s asedio Hmit fault curront rise, Fapli
rosistance may be assumed to be one ohm. The active arms of converter 426 and mudpomt
clamping switchexs sre blocked when overcurrent is detected. One of the logs of thoaistors 419
may be gated ON o freowheel the fsult current, to prevent the fault cwrrent from passing thvough

the diodes inthe arms of conyverter 426,

HOO23] The present desoription i for illostrative pueposes only and shoold not be
construed to nacrow the broadth of the present disclosure i any way. Thus, those skilled i the
art will appreciate that various modifications might be wade to the prosently disclosed
embodiments withont departing fren the full and fair seope and spictt of the present disclosure,
Other aspocts, features and sdvaniages will be spparevt npon an examingtion of the sttached

drawings and appended clams.
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CLAMS

What ix Clammed s

i, A systom for convarting ablormating curvest {AC) slectrical power to divect curram
(D) elecivical power comprising:

a DO hnk moluding @ St D ratl;

a second DO rail;

a pasaive reotifler coupled with the DO Hok and including a plovality of phase legs
coupded with the first and second DO mils, cach of the phase logs having an AC foput node &
firat pasaive oiroat eloment connected between the AT input node and the Hest DO ral, and »

soond passive circuit element connectod between the AC input node and the second DC rail;

a paitilevel converter coupled with the DU hiak, and ncluding & raiddie node, g first
active sy eoupled between the middie node and the fizst DO rasl, snd a sccond active arm
coupled betweors the middie node snsd the sccond DO raily

a phwality of clamping switthies each coupled botwoon the middle node of the radttdoved
canverier and vespentive ones of the AC fnput nodes of the plurality of phase legs; and

a controller oporably coupled with the moudttleved comvertor and structured 1o reduce input
current harmentics 0 the passive rectifior and to reduce mput reactive powsr, vie oontrollably
varying voliage outputs of the first and sccond active s o as to componsate for differences

betweny voltags phase and curvent phase in A elecirical power supplied to the systent

&4 The svatem of olainn 1 wherein cach of the sotive ams fcludes & plurality of ealls
gach having sn cnergy storage device and & Best swilch and a scoond switeh arvanged with the

cutgy storage device o a beidge confignration.

2%
‘-I

o~

3 The svatem of claim 2 wherein each of the encrgy storage deviees inchudes 8
capacitor sid each of the first and second switches includes a tranststor switeh, end wherein the

bridge configuration includes a half-bridge configuration,
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4, The svatem of elainn 2 wherein the plurality of phase legx includes g total of thise

phase fegs, and wherem the passive oirent eloments inchude diodes srranged within the phase

cus 80 as  form a Hepulse brides.

LA

The system of claim 2 whorein the pheadity of phase logs inctodes atotad of theee
phiase fogs, and whereln the passive civcutt clomentys inchude thyeistors srvanged within the phasse
foge so as 1o formea 6epolse brides.

2. The systenrof claim 1 whereh the varying of the voltsge outputs includes

adjusting @ voltsgs phase ungle so ax o shift a voltags phase anple present st the AD mput aodes.
7. The aystom of elsim & wherein the adiusted voltage phase angle Includes #

nridpoint voltege n 2 voltage cuiput having s wavelonm approxXinmiing a sing waye,

) The svstem of elaive U whenein the pentrobler 1s further structueod to detertning au
srvor Detweon voltage phase and current phase in AT eloctrical power supplied to the system, and

t vary the voltags outpuls rosponsive to the determmed orver.

g, A methed of operating & systom for converting altemsting current (AL} elestricat
power 1o direst current (D) clectrical power comprising:

supplving AL eloctrical power baving & difforence in phase between voltage and cuvrent
ter Hhe sysieny;

generating € voltage output from & multtdeved converter toa DO hiok in the system,
responsive to the difference in phaser

inputiing eleotrical current of the AC elvctrical power to an AC input node ma reetifior

of the system that is coupled to the BC Hink: and

compenssiing for the Qifferonce in phase st the AU Dot node, via the voltage ontpat of

\

f»y

the multilevel convertor, 3¢ as to limit harmonios m the inputted elootrical cwrreant

¥

The method of claim % whersin genorating o voltage cutput inchudes detormining

and,
_n,
N

a phase angle of the voltsge putput vesponsive toe the difference in phase,
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claim 10 wherein the phase angle inclodes @ phase sngleof a
RIS

pan

i1 The method of

midpoin voltsge o 8 stepped wave oy approximating 8 sins wave,

nass

2. Themethod of claim 1 whersan a phase angle of the supphied AL clictrieal
power (s shifted gt the AT mput node via the output veltage of the multilovel nvertar,

13, The method of claim @ wherein snpplying AL olectrical pewer includes supplving
a fivst phase of AU elocirical power to g Hrst vail of the DU Hak, and Rather comprising
suppiving a second phase of AC clectrical powsr 0 8 second ratl of the DO ik, snd supplviag

third phase of AU electrica] power to the multilevel converter,

14, The mothod of claim 13 wherein the fost phase of AQ elpctrival power hag s

higher voltage, the second §1§1asw;s has a lower volisge and the third phase has a medium voltage

13, The method of clatm 14 whorein the sepplyving of the fivst, second, and third
phases pogurs ut an cavhier time, and Surther compising connecting the second phase to the

nmifievel converter in place of the thivd phase at & later time,

16, Themethed of clavm 13 Rurther comprising conveying a portion of the mputted
clectrioal current from the AC input node to the first PO rai! through 8 pasatve cireuit element.
7. A muthod of Hmting inpat current harmonios tna systeny for converting

alternating current {AC) cleetrical power to divegt enerent {82} electrical power comprising:

mominring a vollage phise and a curvent phase 1 AC electrical power supphod o the
system;

determining an ovror based on 4 ditference between the voltage phase and the current
pRras

outputting control signals to s multilovel converter coupled 1o a DT Ik in the system

rexponsive fo the detormined ervor; and
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gonerating & voltage output from the mulitlovel convarter fo the DC Hak vesponsive o the

comtrol signals 50 a3 10 redece input curvent harmonios via componssting for the difforence in
phase atan AL mput sode of & rectifior in the system.
1K, The method of olaim 17 wheramn gonervating the voltages includes geversting 8

vedtage output having & phase angle at & midpoint voltage that is depondent upon the detormined

STTGE.

.

19, The method of claim 18 wherein the dolenmingd ervor 1san crvey afb an earlior

s

time, and further comprising deterntindng 2 reduced orvor at 8 later time and genorsting suothor

p

voltage outpul responsive to the redaged orror,

20, A rectifier for converting altornating cucrent (AC) slectrical power to dirent
current (D) eloctrical power compuising:

a first DO rail;

a segond DO ral;

a plurality of phase leey couplod with the Birst and sccond DO ratls snd each having un
AL input node;

a wmuitifevel converter inclnding & niddle node, a first active anm coupled between the
riddio node wand the Hrst DO ral, and & second aotive anm coupled between the niddle node aad
theesocond DO rail;

a plurality of clamping switches cach coupled hotween the middie node of the mulilovel
converter and respective ones of the AU Inpat nodes of the plurality of phase legs;

R ﬁ”mx montoring mechantsm structured B monitor o veltage phasy snd a cyreont phass
i AC elecurival power supphiod o the convertor; and

a controlier operably coupled with the multifevel converter and structured to vedues input
current harmonics vig controllably varving voltage outputs of the first and second active srog so
as to compensste for differences botwoon voltsge phase gnd current phive in AL electrical power

supphied to the regtifter.
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