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Abstract—This paper proposes a single-phase to three
phaseinverter,andaninductionmotor.Theproposedtopol
input converter side, and presents improvements on the fault tolerance characteristics. Even with the increase in the number 
ofswitches, the total energy loss of the proposed system may be lower than that of a conventional one. The model of the system is 
derived,and it is shown that the reduction of circulating current is an important objective in the system design. A suitable control 
strategy,includingthepulsewidthmodulation technique(PWM),isdeveloped.Experimentalresultsarepresentedaswell.

IndexTerms—Ac-dc-acpowerconverter,drivesystem,parallelconverter.
 
 

Severalsolutionshavebeen proposed whentheobjec
ac mains. It is quite common to have only a single
inruralareas,whiletheadjustablespeeddrivesmayrequestathree

Single-phase to three-phase ac–dc–ac conversion usually employs a full
switches,asshowninFig.1.Thisconverterisdenotedhereasconventional topology.

Parallel converters have been used to improve the power capa
convertertechniques can be employed to improve the performance of active power filters , uninterruptible power supplies (UPS)
faulttolerance of doubly fed induction gener- ators , and three
atransformerforisolation.However, weight, size, and cost associated with the transformer maymakesuchasolutionundesirable
an isolation transformer is not used, the reduction of circulating currents among different conver
animportantobjectiveinthesystemdesign. 

In this paper, a single-phase to three-phase drive system com
phaseInverterisproposed,asshowninFig.2.Theproposedsystemisconceivedtooperatewherethesin
phaseutilitygridistheuniqueoptionavailable.Comparedtotheconventionaltopol
ogy,theproposedsystempermits:toreducetherectifierswitchcurrents;thetotalharmonicdistortion(
rentwithsameswitchingfrequencyortheswitchingfrequencywithsame
eristics.Inaddition,thelossesoftheproposedsystemmaybelowerthanthatoftheconventionalcounterpart.Theaforementionedbenefitsju
stifytheinitialinvestmentoftheproposedsystem,duetotheincreaseofnumberofswitches.
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phase to three-phase drive system composed of two parallel single
uctionmotor.Theproposedtopol-ogy permitsto reducethe rectifier switchcurrents, the harmonic distortion

presents improvements on the fault tolerance characteristics. Even with the increase in the number 
energy loss of the proposed system may be lower than that of a conventional one. The model of the system is 

of circulating current is an important objective in the system design. A suitable control 
ingthepulsewidthmodulation technique(PWM),isdeveloped.Experimentalresultsarepresentedaswell.

powerconverter,drivesystem,parallelconverter. 

I.INTRODUCTION 

Severalsolutionshavebeen proposed whentheobjec-tiveistosupplyathree-phasemotorsfromasingle-phase 
ac mains. It is quite common to have only a single- phase power grid in residential, commercial, manufacturing, and mainly 
inruralareas,whiletheadjustablespeeddrivesmayrequestathree-phasepowergrid. 

conversion usually employs a full-bridge topology, which implies in ten power 
switches,asshowninFig.1.Thisconverterisdenotedhereasconventional topology. 

Parallel converters have been used to improve the power capa- bility, reliability, efficiency, and redu
convertertechniques can be employed to improve the performance of active power filters , uninterruptible power supplies (UPS)

ators , and three-phase drives , Usually the opera- tion of conve
atransformerforisolation.However, weight, size, and cost associated with the transformer maymakesuchasolutionundesirable

transformer is not used, the reduction of circulating currents among different conver

phase drive system com- posedoftwo parallel single-phaserectifiers andathree
Inverterisproposed,asshowninFig.2.Theproposedsystemisconceivedtooperatewherethesingle-

phaseutilitygridistheuniqueoptionavailable.Comparedtotheconventionaltopol-
ogy,theproposedsystempermits:toreducetherectifierswitchcurrents;thetotalharmonicdistortion(THD)ofthegridcur
rentwithsameswitchingfrequencyortheswitchingfrequencywithsameTHDofthegridcurrent;andtoincreasethefaulttolerancecharact

systemmaybelowerthanthatoftheconventionalcounterpart.Theaforementionedbenefitsju
theinitialinvestmentoftheproposedsystem,duetotheincreaseofnumberofswitches. 
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energy loss of the proposed system may be lower than that of a conventional one. The model of the system is 

of circulating current is an important objective in the system design. A suitable control 
ingthepulsewidthmodulation technique(PWM),isdeveloped.Experimentalresultsarepresentedaswell. 
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Fig.1.Conventionalsingle
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2.Proposedsingle
 
 
 
 

 
Theinvertercanbecommandedbyusinganadequatepulsewidthmodulation(PWM)strategyfor
(VSI)[19], sothat itwillnotbediscussedhere.Inthissection,thePWMstrategy fortherectifier willbepresented.

Theparameterµchangestheplaceofthevoltagep
(µ=1)areselected,thepulsesareplacedinthebeginorinthe endofthehalfperiod(
carriersignal[seeFig.5(a)and(c)].Ontheotherhand
and(d)].Thechangeofthepositionofthevoltagepulsesleadsalso
voltages (i.e., va = 0 and vb = 0). With µ = 0 or 
theswitchingperiod,respectively,while 
withµ=0.5,theyaredistributedequallyatthebeginningand
voltagevectorinthethree-phase inverter. 

 
 

Fig.3presentsthecontrolblockdiagramofthesysteminFig.2,highlightingthecontroloftherectifier.
The Rectifier circuit of the proposed system has the same objectives of that in Fig. 1, i.e., to control the dc
toguarantee the grid power factor close to one. Additionally, the circulatingcurrent 
tobecontrolled. 

Inthisway,thedc-

linkvoltagevcisadjustedtoitsreferencevaluevc∗usingthecontroller

udeoftherefer-encegridcurrentIg∗.Tocontrolpow
thegridside,theinstantaneousreferencecurrentig∗mus

(VOC)forthree-phasesystem[32].Thisisobtainedvi

areobtainedbymakingia∗=i∗b=ig∗/2,whichmeansthateachrectifier
of the rectifier currents is implemented using the controllers indicated by blocks 
mentedusinglinearornonlineartechniques[33]–

sequences synchronous controller described in [38]. These current controllers define the input reference voltages 

Thehomopolarcurrentismeasured(io)andcompar

determinesthevoltagevo∗.Thecalculationofvoltag
SectionV.Themotorthere-phasevoltagesaresuppliedfromtheinverter
The control system is composed of the PWM command and a torque/flux control strategy (e.g., field
orvolts/hertzcontrol). 

Fig.1.Conventionalsingle-phasetothree-phasedrivesystem 

Fig.2.Proposedsingle-phasetothree-phasedrivesystem 

II PWMSTRATEGY 

Theinvertercanbecommandedbyusinganadequatepulsewidthmodulation(PWM)strategyforthree-phasevolt
(VSI)[19], sothat itwillnotbediscussedhere.Inthissection,thePWMstrategy fortherectifier willbepresented.

pulsesrelatedtovaandvb.Whenvx∗=vx∗min(µ=0)orvx∗=vx∗max
pulsesareplacedinthebeginorinthe endofthehalfperiod(

nd,whenvx∗=vx∗avethepulsesarecenteredinthehalfperiodofthecar
and(d)].Thechangeofthepositionofthevoltagepulsesleadsalsotothechangein thedistribution ofthezeroinstantaneous

= 0 or µ = 1 the zero instantaneous voltages are placed at the beginning or at the endof 

lyatthebeginningandattheendofthehalfperiod.Thisissimilartothe distributionofthe zero

III. CONTROLSTRATEGY 

Fig.3presentsthecontrolblockdiagramofthesysteminFig.2,highlightingthecontroloftherectifier. 
of the proposed system has the same objectives of that in Fig. 1, i.e., to control the dc

guarantee the grid power factor close to one. Additionally, the circulatingcurrent io in the rectifier of the proposed system needs 

usingthecontrollerRc,whichisastandardPItypecontroller.Thisc

werfactorandharmonicsin 
mustbesynchronizedwithvoltageeg,asgiveninthevoltage-orien

tainedviablocksGe-ig,basedonaPLLscheme.Thereferencecur

thateachrectifierreceiveshalfofthegridcurrent.Thecontrol 
of the rectifier currents is implemented using the controllers indicated by blocks Raand Rb. These controllers can be imple

–[37].Inthispaper,thecurrentcontrollawisthesameasthatusedinthetwo

sequences synchronous controller described in [38]. These current controllers define the input reference voltages 

redtoitsreference(io∗=0).TheerroristheinputofPIcontrollerRo

gevx∗isgivenfrom(30)to(32)asafunctionofµ,selectedasshowninthe 
phasevoltagesaresuppliedfromtheinverter(VSI).BlockVSI-Ctrindicatestheinverterandits

control system is composed of the PWM command and a torque/flux control strategy (e.g., field

phasevolt-age sourceinverter 
(VSI)[19], sothat itwillnotbediscussedhere.Inthissection,thePWMstrategy fortherectifier willbepresented. 

x 
pulsesareplacedinthebeginorinthe endofthehalfperiod(Ts)ofthetriangular 

dofthecarriersignal[seeFig.5(b) 
tothechangein thedistribution ofthezeroinstantaneous 

= 1 the zero instantaneous voltages are placed at the beginning or at the endof 

attheendofthehalfperiod.Thisissimilartothe distributionofthe zero-

of the proposed system has the same objectives of that in Fig. 1, i.e., to control the dc-link voltage and 
in the rectifier of the proposed system needs 

iscontrollerprovidestheamplit
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rrentsia∗ andib
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. These controllers can be imple-
thecurrentcontrollawisthesameasthatusedinthetwo 

sequences synchronous controller described in [38]. These current controllers define the input reference voltages va∗and vb
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o,that 
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Ctrindicatestheinverteranditscontrol. 

control system is composed of the PWM command and a torque/flux control strategy (e.g., field-orientedcontrol 
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Fig.3.Controlblockdiagram.
 
 
 
 

The harmonic distortion of the converter voltages has been evaluated by using the weighted 
theWTHDof voltagesgenerated byrectifiers [vab

 

one]atratedgridvoltageasafunctionofµ.Notethatth−
isresponsibletocontrolig[see(16)],whichmeansthatthisvoltageisusedtoregulatetheharmonicdistortionoftheutilitygrid.

 
 
 
 

 
Fig.4.WTHDof rectifiervoltage(vabforproposedconfiguration and 

Fig.3.Controlblockdiagram. 

IV. HARMONICDISTORTION 

The harmonic distortion of the converter voltages has been evaluated by using the weighted THD (WTHD
ab=(va+vb)/2fortheproposedconfigurationandvg=vg10

 

h−eparameterµdeterminesvx∗from.Theresultantvoltagevab generatedbyrectifier
[see(16)],whichmeansthatthisvoltageisusedtoregulatetheharmonicdistortionoftheutilitygrid.

proposedconfiguration and vgforstandardconfiguration)asafunctionofµ. 

 

WTHD).Fig. 4 shows 

 vg20fortheconventional

generatedbyrectifier 
[see(16)],whichmeansthatthisvoltageisusedtoregulatetheharmonicdistortionoftheutilitygrid. 
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When the single-carrier PWM is used, the behavior of 
forallµ,asobservedinFig.4.Whenthedouble-carrierPWM 
configurations.However, for the other values of 
WTHD of theproposed topology (double-carrier with 
0.5). Thestudy has also shown that it is possible 
sameWTHDofthestandardconfiguration. 

TheWTHDbehaviorinFig.4canbe explainedfromFig. 5.Thatfiguredepictsthepolevoltages(

(va∗10 , va∗20 , vb
∗
10 , vb

∗
20 ), the triangular carriersignals (

voltage (vo ). Fig. 5(a) and (c) shows these variableswith single
For the double-carrier [see Fig. 5(c)] the voltage 
than that of single-carrier [see Fig. 5(a)], which means a lower 
theotherhand,forµ=0.5[seeFig.5(b)and(d)]thedistribution
carrierand double-carrierhave the same WTHD

Besides the total harmonic distortion (THD
monicdistortion analysis must also consider the currents in therectifiers. This is an 

verter [39],[40].Theharmonicdistortionoftherecti
ig . When the parallel rectifier with double
andincreasedforµ=0.5.Ontheotherhand,theTHD
currentsia,iJa,andiofordouble-
carrierwithµ=1andµ=0.5.Itcanbeseenthatthemeanvaluesoftheripplesofallcur

 
 

 

 
Fig.  5. Variables  of  rectifiers  A  and  B.  (a)  Single

carrierwithµ=0.5. 

 

Fig.6.Currentsia,iaJ,andiofordouble-carrie

carrier PWM is used, the behavior of WTHD of the proposed system is similar to that of conventional one 
carrierPWM is used with µ = 0.5, the WTHD is also the same for both 

However, for the other values of µ the WTHD ofthe proposed system is lower than that of the conventional one. The 
carrier with µ = 0 or µ = 1) is close to 63% of that of the conventional topology (with 

study has also shown that it is possible to reduce the switching frequency of the proposed system in 60% and still have the 

xplainedfromFig. 5.Thatfiguredepictsthepolevoltages(va10,va20,

), the triangular carriersignals (vt1 , vt2 ), the resultant rectifier voltage (
). Fig. 5(a) and (c) shows these variableswith single-carrier (with µ = 1) and double-carrier (with 

carrier [see Fig. 5(c)] the voltage vabhas smaller amplitude and better distribution along the half
carrier [see Fig. 5(a)], which means a lower WTHD (as observed in Fig. 4 for 

=0.5[seeFig.5(b)and(d)]thedistributionofvoltagevabalongtheswitchingperiodisthesameforbothcases,i.e.,
WTHD(asobservedinFig.4forµ=0.5). 

THD) of the grid cur-rent ig , associated to the WTHD of the voltage 
distortion analysis must also consider the currents in therectifiers. This is an important issue due to losses of the con

ctifiercurrents(ia,iaJ,ib,andiJ
b)withdouble-carrierishigherthant

. When the parallel rectifier with double-carrier is used, the THD of all these currents are reduced for 
THDofthecirculatingcurrentisalsosmallerwithµ=0orµ=1.Fig.6shows

=0.5.Itcanbeseenthatthemeanvaluesoftheripplesofallcurrentsaresmallerwhenµ=1isselected.Inconclusion,

Fig.  5. Variables  of  rectifiers  A  and  B.  (a)  Single-carrier  with  µ = 1.  (b)  Single-carrier with µ = 0.5. (c) Double

erwithµ=1andµ=0.5. 

of the proposed system is similar to that of conventional one 
is also the same for both 

system is lower than that of the conventional one. The 
ose to 63% of that of the conventional topology (with µ = 

to reduce the switching frequency of the proposed system in 60% and still have the 

,vb10,vb20)andtheirreferences 

), the resultant rectifier voltage (vab ) and thecirculating 
carrier (with µ =1),respectively. 

has smaller amplitude and better distribution along the halfswitching period 
(as observed in Fig. 4 for µ = 1). On 

alongtheswitchingperiodisthesameforbothcases,i.e.,single-

of the voltage vab , the har- 
important issue due to losses of the con- 

nthatofthegridcurrent 
of all these currents are reduced for µ = 0 or µ = 1 

=1.Fig.6shows 

=1isselected.Inconclusion, 

0.5. (c) Double-carrier with µ = 1. (d) Double-
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the optimal rectifier operation is obtained with double
alsobe used. Compared with the two-carrier strategy, the four
distortion ofthegridcurrent,butincreasestherectifierlosses.

 
 

 
 

Fig. 7.Flow of active power. (a) Conventional ac
tworectifiers. 

 

 

Assuming same rms voltages at both grid and machine sides, a machine power factor of 0
converterlosses,currentsoftherectifierswitchesnormalized
theconventional and the proposed single-phase to three
activepowerintheconventionalandintheproposedsingle

three-phase converter, respectively. For balanced system (
thatthedc-linkvoltageisequaltothatrequiredbytheconventionalsys
tem.Sincetheparallelconnectionschemepermitstoreducetheswitchcurrents andpreserve thedc
linkvoltage,theratingofeachpowerswitchintherectifiersideisreduced.

 

The dc-link capacitor current behavior is examined in this section. Fig. 8 illustrates the harmonic spectrums of the dc
linkcapacitorcurrentfortheconventionalconverter(
[see Fig. 8(b)], double-carrier with µ = 0.5 [see Fig. 8(c)] and double
using double-carrier with µ = 0 provides the best reduction of the high frequency harmonics. Table I (obtained 
fromFig.8)presentstheTHDofthedc-
linkcapacitorcurrentoftheproposedconverter(THDp
of THD is obtained for the converter using double

the optimal rectifier operation is obtained with double-carrier making µ = 0 or µ = 1. A four
carrier strategy, the four-carrier strategy permits to 

distortion ofthegridcurrent,butincreasestherectifierlosses. 

Fig. 7.Flow of active power. (a) Conventional ac–dc–ac single-phase to three- phase converter. (b) Proposed system with 

V.RATINGSOFSWITCHES 

at both grid and machine sides, a machine power factor of 0
losses,currentsoftherectifierswitchesnormalized interms of currents of the inverter switches are 2

phase to three-phase con- verter, respectively. Fig. 7(a) and (b) shows the flow of 
activepowerintheconventionalandintheproposedsingle-phaseto 

phase converter, respectively. For balanced system (LJg =La  = LJa   = Lb  = Lb
J  ), voltage 

linkvoltageisequaltothatrequiredbytheconventionalsys- 
tem.Sincetheparallelconnectionschemepermitstoreducetheswitchcurrents andpreserve thedc
linkvoltage,theratingofeachpowerswitchintherectifiersideisreduced. 

VI. DC-LINKCAPACITOR 

link capacitor current behavior is examined in this section. Fig. 8 illustrates the harmonic spectrums of the dc
linkcapacitorcurrentfortheconventionalconverter(µ=0.5)[seeFig.8(a)]andfortheproposedconverterusingsingle

= 0.5 [see Fig. 8(c)] and double-carrier with µ = 0 [see Fig. 8(d)]. The proposedconverter 
= 0 provides the best reduction of the high frequency harmonics. Table I (obtained 

THDp)referredtotheTHDoftheconventionalconverter (THDc
is obtained for the converter using double-carrier with µ=0. The THDobtainedforµ=1isequaltothat for

1. A four-carrier approach may 
carrier strategy permits to reduce the harmonic 

phase converter. (b) Proposed system with 

at both grid and machine sides, a machine power factor of 0.85 and neglecting the 
interms of currents of the inverter switches are 2.55 and 1.27 for 

verter, respectively. Fig. 7(a) and (b) shows the flow of 

), voltage vo   is close to zero, so 

tem.Sincetheparallelconnectionschemepermitstoreducetheswitchcurrents andpreserve thedc-

link capacitor current behavior is examined in this section. Fig. 8 illustrates the harmonic spectrums of the dc-
=0.5)[seeFig.8(a)]andfortheproposedconverterusingsingle-carrierwithµ = 0.5 

= 0 [see Fig. 8(d)]. The proposedconverter 
= 0 provides the best reduction of the high frequency harmonics. Table I (obtained 

THDc). The highest reduction 
=1isequaltothat forµ=0. 
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Fig.8.Harmonicspectrumofthedc
 

NORMALIZEDTHDOFDC
 

 
 

Itispossibletoreducethesecondorderharmonicintro
causeitrequiresunbalancingandincreasingrectifiercurrents

 
 

VII.

The evaluation of the rectifier losses is obtained through re
anddiode conduction losses; 2) IGBT turn-
evaluationtakesintoaccountjusttherectifiercircuit, since the inverter side of converter is the same for the proposed and 
standardconfigurations. 

When the rectifiers operate with a switching freque
proposedtopologywere70%and105%,respectively,ofthecorrespond
conventionaltopology.Consequently,inthiscase,
topology. The increase of the switch- ingfrequency does not change the conduction losses of both topologies, but increases their 
switching losses, especially for theproposedtopologythathasahighnumberofswitches.

Fig.8.Harmonicspectrumofthedc-linkcapacitorcurrent.(a)Conven-tionalconverter

TABLEI 
NORMALIZEDTHDOFDC-LINKCURRENTOFTHEPROPOSEDCONVERTER

Itispossibletoreducethesecondorderharmonicintro-ducedbysingle-phase operation,butthisis not ofinterestbe
uiresunbalancingandincreasingrectifiercurrentsiaand ib. 

VII. LOSSESANDEFFICIENCY 

The evaluation of the rectifier losses is obtained through re-gression model .The switch loss model in
-ON losses; 3) IGBT turn-OFF losses; and 4) diode turn

evaluationtakesintoaccountjusttherectifiercircuit, since the inverter side of converter is the same for the proposed and 

When the rectifiers operate with a switching frequency equalto 5 kHz, the conduction and switching losses of the 
proposedtopologywere70%and105%,respectively,ofthecorrespond-inglossesofthe 
conventionaltopology.Consequently,inthiscase,the total losses of the proposed topology was smaller than that of the con

ingfrequency does not change the conduction losses of both topologies, but increases their 
switching losses, especially for theproposedtopologythathasahighnumberofswitches. 

 

tionalconverter 

LINKCURRENTOFTHEPROPOSEDCONVERTER 

phase operation,butthisis not ofinterestbe-

gression model .The switch loss model in- cludes: 1) IGBT 
OFF losses; and 4) diode turn-OFF energy.The loss 

evaluationtakesintoaccountjusttherectifiercircuit, since the inverter side of converter is the same for the proposed and 

ncy equalto 5 kHz, the conduction and switching losses of the 

the proposed topology was smaller than that of the conventional 
ingfrequency does not change the conduction losses of both topologies, but increases their 
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Theefficiencyofthetopologiesoperating withaswitch
measurement with a 2 kW load. Table II shows the experimental results of the rectifier efficiency. Such 
resultsareobtainedfortheproposedsystem(ηp ) normalized in terms conventional one (
10kHzandLJg= Lg;2)bothrectifiersoperatingat 10 kHzand

strategies areconsideredintermsofPWMcontro

 

VIII.EXPERIMENTAL

The system shown in Fig. 2 has been implemented in the laboratory. The setup used in the experimental tests is based 
onamicrocomputer equipped with appropriate plug
equalto10kHz.Steadystate,transient,faultanalysis,andinterleaveoperationhavebeenevaluatedintheexperimentaltestes.

The steady-state experimental results are shown in Fig. 12. The waveforms in this figure are: (a) v
ofthegrid, (b) dc-link voltage, (c) currents of rectifier A and circulating current, (d) currents of rectifiers A and B, and (e) load 
linevoltage. Note that, with the proposed configuration, all control demanded for single
beenestablished. The control guarantees sinusoidal 
voltages under control [see Fig. 12(b) and (e)]. Furthermore, the proposed configuration provides currentreductio
intherectifierside(halfofthecurrentofthestandardtopology)[seeFig.12(d)],whichcanprovide loss reduction. 
Also,thecontrolguaranteesthecirculatingcurrentclosetozero[seeFig. 12(c)].

 
 
 
 
 

 

 
 
 

Fig. 12. Steady-state experimental results. (a) Grid voltage (
ofrectifier A(iaandiJa)andcirculating current (

withaswitch- ing frequency equal to 10 kHz and 5 kHz was evaluated byexperimental 
measurement with a 2 kW load. Table II shows the experimental results of the rectifier efficiency. Such 

normalized in terms conventional one (ηc ), for three cases: 1) both rectifiers op
;2)bothrectifiersoperatingat 10 kHzandLJg= Lg /2;and3)bothrectifiers operatingat5 kHz and 

strategies areconsideredintermsofPWMcontrol:1)single-carrierwithµ=0.5(S-Caµ=0.5); 

VIII.EXPERIMENTALRESULTS 

The system shown in Fig. 2 has been implemented in the laboratory. The setup used in the experimental tests is based 
onamicrocomputer equipped with appropriate plug-in boards andsensors. The system operates with a switching frequency 
equalto10kHz.Steadystate,transient,faultanalysis,andinterleaveoperationhavebeenevaluatedintheexperimentaltestes.

state experimental results are shown in Fig. 12. The waveforms in this figure are: (a) v
link voltage, (c) currents of rectifier A and circulating current, (d) currents of rectifiers A and B, and (e) load 

linevoltage. Note that, with the proposed configuration, all control demanded for single-phase to three
established. The control guarantees sinusoidal grid currentwithpowerfactorclosetoone[seeFig.12(a)],dc

voltages under control [see Fig. 12(b) and (e)]. Furthermore, the proposed configuration provides currentreductio
standardtopology)[seeFig.12(d)],whichcanprovide loss reduction. 

Also,thecontrolguaranteesthecirculatingcurrentclosetozero[seeFig. 12(c)]. 

state experimental results. (a) Grid voltage (eg ) and gird current (ig ). (b) Capacitor voltage (
)andcirculating current (io).(d)CurrentsofrectifiersA(ia)andB(ib).(e)Linevoltageoftheload(

ing frequency equal to 10 kHz and 5 kHz was evaluated byexperimental 
measurement with a 2 kW load. Table II shows the experimental results of the rectifier efficiency. Such 

), for three cases: 1) both rectifiers op- erating at 
;and3)bothrectifiers operatingat5 kHz and LJg=Lg .Three 

The system shown in Fig. 2 has been implemented in the laboratory. The setup used in the experimental tests is based 
system operates with a switching frequency 

equalto10kHz.Steadystate,transient,faultanalysis,andinterleaveoperationhavebeenevaluatedintheexperimentaltestes. 
state experimental results are shown in Fig. 12. The waveforms in this figure are: (a) voltage and current 

link voltage, (c) currents of rectifier A and circulating current, (d) currents of rectifiers A and B, and (e) load 
phase to three-phase converterhas 

grid currentwithpowerfactorclosetoone[seeFig.12(a)],dc- link andmachine 
voltages under control [see Fig. 12(b) and (e)]. Furthermore, the proposed configuration provides currentreduction 

standardtopology)[seeFig.12(d)],whichcanprovide loss reduction. 

). (b) Capacitor voltage (vc ). (c) Currents 
).(e)Linevoltageoftheload(vs23). 
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Fig.13.Experimentalresultsforavolts/hertztransientappliedtothethree
phasemotor.(a)Gridvoltage(eg)andgirdcurrent(
age(vc).(c)CurrentsofrectifierA(iaandiJa)andcirculatingcurrent(
(b) Currents ofrectifiersA(ia)andB(ib).(e)Linevoltageoftheload(

 
 

A single-phase to three-phase drive system composed of twoparallel single
duction motor was proposed. The system combines two parallelrectifiers without the use of transformers. The system model and 
thecontrolstrategy,includingthePWMtechnique,have beendeveloped.

The complete comparison between the proposed and standard configurationshas been carried out in this paper.Compared to 
theconventional topology, the proposed system permits to reduce the rectifier switch currents
sameswitchingfrequencyortheswitchingfrequency
addition,the losses oftheproposedsystem maybelowerthanthatoftheconventionalcounterpart.

The initial investment of the proposed system (due to high number of semiconductor devices) cannot be considered a draw
back,especiallyconsideringthescenariowherethecitedadvan
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