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DCboostconverterwithbuckbuffer①

RENXiang,WANGYaoqi,WANGXiaopeng
(SchoolofElectronicandInformationEngineering,LanzhouJiaotongUniversity,Lanzhou730070,China)

Abstract:Foraconventionalhigh-poweractivepowerfactorcorrection(APFC)boostconverter,itsoutputcapacitorneedsto
beprecharged,whichmeansthattwopowerswitchesofthemaincircuitandthecontrolcircuitareneededtoberespectively
turnedonandturnedoffinafixedorder.Afterthemaincircuitswitchisturnedon,itisnecessarytowaitforprecharging
beforeturningonthecontrolcircuitpowerswitch.Onceaninadvertentoperationisperformed,anovercurrentphenomenon
fromtheoutputcapacitorwilloccur.Inthisstudy,thebuckcircuitisusedasthepre-stagesnubbercircuit,whichcandirectly
supplypowertothecircuitwithoutprechargingtheoutputcapacitor.Asaresult,potentialsafetyhazardcausedbythe
overcurrentduetothecapacitorandthechargingmaloperationduringthestart-upstagecanbeavoided.Theoreticalanalysis
andsimulationexperimentshowthattheDCboostconverterwithbuckbuffercanmaintainthepeakvalueofthemaincircuit
withinthesaferangewhenthedevicebootdoesnotprechargetheoutputcapacitor,andthusthesafetyandstableoperationof
theDCboostconverterareensured.
Keywords:activepowerfactorcorrection(APFC);boostconverter;precharging;powerswitch;overcurrent;buckbuffer

0 Introduction
 Activepowerfactorcorrection(APFC)technology
isaneffectivemethodtosuppressharmoniccurrent
andimprovepowerfactor[1-3].Boostcircuitisusually
usedintheconventionalhigh-powerAPFCboost
convertertoincreasetheinductorcurrentwhenthe
outputcapacitorisstartedwithoutprecharging[4].
Controllingtheconducttimeoftheswitchtransistor
cannotcontrolthesizeoftheinputcurrent.Insuch
case,bothinductancestoredenergyandcurrent
increaseconstantly.Afterseveralcyclesofturningon
andturningofftheswitch,thecurrentturnsintoa
largeshockcurrent.Ifnothingisdone,overcurrent
willhappeninthemaincircuitandworstofallthe
equipmentisdamaged[5].
 This problem willoccur becausethe output
capacitorisnotprechargedbeforethedeviceboots[6].
Inresponsetothisproblem,thetraditionalsolution
istofirstturnonandturnoffthetwopowerswitches
ofthemaincircuitandthecontrolcircuitrespectively
inafixedorder,then waitforprechargingafter
turningonthemaincircuitswitch,andfinallyturn
offthecontrolcircuitswitch[7].Thismethoddepands
on manualoperation.Oncemaloperationoccurrs,

i.e.thetwopowerswitchesofthemaincircuitand
thecontrolcircuitareturnedoninreverseorder,and
thetimefortheprechargingisnotenough,the
instantaneouscurrentofthemaincircuitwillbeout
ofthesaferange.InRef.[8],asingle-stageboost
bridgeactivepowercorrectionconverterbasedon
activeclampisproposed.Thiscircuitoftheactive
clampcircuitcanabsorbovervoltageproducedinthe
convertercircuit.However,whenthevoltageofthe
circuittotheoutputcapacitanceislow,theenergy
storedintheinductorisclosetosaturationafter
severalcyclesofturningonandturningoffofthe
switchtube.Asaresult,thereleasedcurrentbreaks
throughtheoutputcapacitance,whichcausesdamage
totheequipment.Alloftheabovemethodsmay
causeafireandposeathreattopersonalandproperty
safety.Ingeneral,theDCinputusesabatteryasa
powersource.Inmediumandhighvoltagebattery
applications,electricvehicle power batteryisa
common example. And power safety, power
controllabilityandequipmentintelligencearemajor
considerations[9].Sincetheswitching processof
traditional professional APFC boost converter
requiresprofessionaloperation,furtherconsideration
isneededtoincreaseitsversatilityandsafety,soas
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to avoidthesafety hazardthatcaused bythe
operation[10].
 Toavoidtheovercurrentgeneratedbyprecharging
theoutputcapacitorintheconventionalhigh-power
APFCboostconverter,basedonthecharacteristicsof
thebuckcircuit,wedesignaDCboostconverterwith
buckbuffer,whichcanbootdeviceatanytime.
Overcurrentphenomenon duringthe whole work
processisavoidedandthesafetyofthedeviceis
improvedeventhoughtheoutputcapacitorisnot
precharged. Theoretical analysis and simulation
experimentsshowthatthedesignedconvertercan
greatlyreducetheinstantaneouscurrentandmakethe
converterworkstably.

1 Hardwarestructure
 The hardware structure of buck and boost
convertersisacascadeconnection,sothattheoutput
capacitorvoltagecangraduallyrisefromzerotothe
targetvoltagewithoutaprechargingprocess.The
circuitconfigurationofaDCboostconverterwitha
buckbufferisshowninFig.1.Simultaneouscontrol
ofM1andM2canmakethefrontbufferoutputand
thefinaloutputofthecircuitriseslowlytoachieve
thepurposeofprotectingthecircuit.

Fig.1 CircuitstructureofDCboostconverterwithbuckbuffer

2 Theoreticalderivation
 ThecorepartoftheDCboostconverteristhe
boostcircuit,asshowninFig.2.

Fig.2 Schematicdiagramofboostcircuit

 Whenthecircuitstartstoworkanduieq≥uo,itcan
beconcludedthatMisdisconnectedaccordingtothe
proportionalintegral(PI)controlprinciple[11-12].
Beforethecurrentisreversed,theequivalentcircuit

ofFig.2isshowninFig.3.Thevoltageandcurrent
equationsinboostcircuitareexpressedas

uieq=uL+uo,

uieq=Ldidt+uo,

i=Cduodt
,

􀮠

􀮢

􀮡

􀪁
􀪁􀪁

􀪁
􀪁􀪁

(1)

andthesimplifiedexpressionofEq.(1)isgivenas

uieq=uo+LCd
2uo
dt2
, (2)

whereuieqistheequivalentinputvoltage;uListhe
voltageoftheequivalentinductanceofL;uoisthe
outputvoltage;Listheequivalentinductance;andC
istheequivalentcapacitance.

Fig.3 Equivalentcircuitofinitialstateofboostcircuit

 Whenuieq1istherealpartofuieq,assumingthat
uieq1≠0,wecanget

uo=uieq1-uieq1cos t
LC
, (3)

i=uieq1 C
Lsin

t
LC

. (4)

 Meanwhile,assuming thatuieq is a positive
proportionalfunctionoftimet,andtheproportional
coefficientisk,whenuieq=kt,wecanobtain

kt=uo+LCd
2uo

dt2 . (5)

 AccordingtoEqs.(2)and(5),wecanobtain

uo=k(t- LCsin t
LC
), (6)

i=kC(1-cos t
LC
). (7)

 CombiningEqs.(4)and(7),whenuieq1≠0,the
maximumcurrentcanbededucedas

imax=uieq1 C
L
, (8)

whereuieq1istherealpartofuieq.
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 CombiningEqs.(4)and(7),whenuieq=kt,t≤
π LC
2 andi⩾0,themaximumcurrentcanbe

deducedas

imax1=kC, (9)

wherekistheproportionalcoefficient.
 FromRef.[13],wecanobtainthattheorderof
magnitudeofcapacitorintheboostcircuitisμF,and
thethatofinductanceisμH.
 Eqs.(8)and (9)showthattheinstantaneous
currentimaxandimax1andequivalentvoltageuieqinthe
boostcircuitareofthesameorderofmagnitude,
whileinstantaneous currentimax1 in the circuit
structureoftheDCboostconverterwithbuckbuffer
is10-6orderofmagnitude.Bycomparingthecurrent
withbuck bufferandthecurrent withoutbuck
buffer,theinstantaneouscurrentimax1oftheDCboost
convertercircuitwithbuckbufferislessthanthe
instantaneous currentimax ofthe boostcircuit.
Therefore,thecircuitstructureoftheDCboost
converter with buck buffer can reduce the
instantaneouscurrent,andthepeakcurrentofthe
maincircuitwillnotexceedthesaferangewhenthe
deviceboots.

3 Systemmodel

3.1 Generationalgorithm ofswitchcontrol
signal

 InFig.1,thebuckcircuitservesasthepower
structureoftheboostcircuitandperformsPIcontrol
onM1andM2.

Fig.4 AlgorithmofcontrolsignalofM1

 Thebuckcircuitprovidesapowersupplytothe
boostcircuitinEq.(5)andtheboostcircuitcanuse
thepowersupplytoperformaDCboostconversion
withoutprecharging.The block diagram ofthe
controlsignalgenerationalgorithmofM1isshownin
Fig.4,andtheblockdiagramofthecontrolsignal
generationalgorithmofM2isshowninFig.5.In
Fig.5,sistheoutputvoltagerisingslope,uoisthe
referencevalueofsteady-stateoutputtargetvoltage,
andiL2isthecurrentflowingthroughtheinductor
L2.

Fig.5 AlgorithmofcontrolsignalofM2

 ThecontrolsignalofM1isgeneratedbythePI
voltageloop.Specifically,thevoltagereferencevalue
isneededtobegraduallyincreasedfrom0Vtothe
inputvoltage.ThecontrolsignalofM2isgenerated
bythedoubleloopofPIvoltageandcurrent.This
voltagereferencevaluegraduallyrisesfrom0Vto
thefinaltargetvoltage.Sincetheequivalentinput
andoutputinitialstatesoftheboostconverterare
bothzeroaswellasthereisnoabruptchange,the
prechargingisactuallyperformedsimultaneouslyin
the working process. Therefore, no special
prechargingprocessisrequired,whichensuresthat
thereisnoovercurrentinthecircuit.
 The mathematical model of PID controlis
expressedas

u(t)=Kpe(t)+1Ti∫
t

0
e(t)dt+Tdde

(t)
dt  ,(10)

whereKpistheproportionalcoefficient,Tiisthe
integraltimeconstant,andTdisthedifferentialtime
constant.
 ThetransferfunctionofPIDisexpressedas

D(s)=U(s)
E(s)=Kp 1+1Ti+Tds  . (11)

 InMatlab/Simulink,itisimpossibletoprocessthe
continuousoutputsignallikeanalogPID.So,the
analogPIDalgorithmisneededtobediscretized.
Thisdiscretizationprocessingisasfollows:Takingk
asthesamplingserialnumber,Tasthesampling
period,andkTasthediscretesamplingcontinuous
time,bydiscretization,theintegralisreplacedbythe
summationandthedifferentialisreplacedbythe
incrementalform,whichareexpressedas

t≈kT k=(0,1,2,…),

∫
t

0
e(t)dt≈T∑

k

j=0
e(jT)=T∑

k

j=0
ej,

de(t)
dt ≈e(kT)-e[(k-1)T]

T =ek-ek-1

T .

􀮠

􀮢

􀮡

􀪁
􀪁
􀪁
􀪁
􀪁􀪁

(12)

 Inconclusion,wecanobtain

uk =Kpek+T
Ti∑

k

j=0
ej+Td

T
(ek-ek-1)  ,(13)
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whereekisthesimplifiede(kT)inEq.(13).
 Inthisstudy,asthecontrolledobjectsaremore
complicatedandthemathematicalmodelisdifficultto
establish,thePIDregulatorisdesignedbyZiegleand
Nicholsintheprocessofsystemdesignanddebug.
Thismethodisusedtoachievethe“quarter-decay”
response,thatis,thedesignedregulatormakesthe
overshootoftheclosedloopstepresponseofthe
systemadjacenttothenextcycledecreasetoabout
25% ofthepreviouscycle.Suitableforlowgain,
stablegainandhighgainsystems,theoscillationis
divergent.InthesecondmethodofZiegler-Nichols,
continuousoscillationisusedtosettheparameters.
Atthebeginning,onlytheproportionalcorrectionis
performed.Thesystemfirstlyworkswithalowgain
valueandthenslowlyincreasesthegainuntilthe
closed-loop system outputs equal amplitude
oscillation. The oscillation period To and the
proportionalgain Ko arerecorded,andthePID
parametersareobtainedby

Kp=0.45Ko,Ki=1.2Kp

To =0.54Ko

To . (14)

3.2 Softwarecontrolprocess
 Thedesigndescribedinthispaperdoesnotrequire
prechargingoftheoutputcapacitor,andcanturnon
orturnoffthemaincircuitandthecontrolcircuit
switchesatthesametime.Arelayisconnected
betweentheswitchand M1 forprogram control
protectionofthepowersupplyandthecircuit.In
ordertomaketheequipmentoperationnormaland
efficient,softwarecontrolprocessisshowninFig.6,
whereu1andu2aretheupperandlowerlimitsofthe
voltage,respectively,andurefisthereferencevalueof
equivalentinputvoltage,whichisthe maximum
allowableerrorofuieq,andurefisΔu.
 To control the program, firstly, system
initializationisperformed,makingsurethattheinput
voltageuiiswithintheupperandlowerlimitsofthe
voltagetoallowthepowersupplytosuccessfully
initializethesystem.Secondly,turnontherelayand
theprogramcontrolswitch,makingsurethatthe
inputvoltageuiiswithinthevoltagerangeduringthe
charginganddischargingprocess.Finally,perform
PIcontrolon M1 and M2.Whenthedifference
betweentheequivalentinputvoltageuieqandthe
referencevalueoftheequivalentinputvoltageurefare
greaterthanthemaximumallowederrorΔu,turnoff
therelayandendtheprogram.

Fig.6 Softwarecontrolprocess

3.3 DC boostconvertercircuit modelwith
buckbuffer

 ThecircuitmodeloftheDCboostconverterwith
buckbufferisbuiltbyMatlab/Simulinktoolbox,as
showninFig.7.

Fig.7 CircuitmodelofaDCboostconverterwithbuckbuffer

 InFig.7,thePWMwaveformisgeneratedbythe
programtoturnonandturnofftheswitchtube.
Accordingtothecontrolsignalgenerationalgorithm
ofthebuckcircuitshowninFig.4,thePWMdriving
modelofthebuckcircuitisestablished,asshownin
Fig.8.Thecontrolsignalgenerationalgorithmofthe
boostcircuitisshowninFig.5,thePWMdriving
modeloftheboostcircuitisestablished,asshownin
Fig.9.AccordingtoEq.(14),theparametersof
discretePIDcontroller1inFig.8areKp=0.2and
Ki=2.TheparametersofdiscretePIDcontroller2in
Fig.9areKp=0.0135andKi=0.704.The
parametersofdiscretePIDcontroller3areKp=0.702
andKi=1.46.
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Fig.8 PWMdrivingmodelofbuckcircuit

Fig.9 PWMdrivingmodelofboostcircuit

4 Simulation
 Inordertoverifythedesignedconverter,the
simulationexperimentsarecarriedoutwithMatlab/
Simulink.Thepowersupplyisa240Vbatteryand
thevoltageisboostedto380V.Theinductanceof
thecircuitis750μHandthecapacitanceis4230μF.
ThethyristorusesG40N60UFDIGBT withrated
voltageof600V,ratedworkingcurrentof40A,
maximum workingcurrentof60Aandmaximum
forwardinstantaneouscurrentof160A.Thediodeis
DSE160-06,whoseratedvoltage,ratedoperating
current, maximum operating current and the
maximumforwardinstantaneouscurrentare600V,
30A,60Aand160A,respectively.Thiscircuitis
subjectedtoasimulationexperimentwithaloadof
3000W,k=1500,ands=1700.Inorderto
illustratethesafetyimpactofprechargingtheoutput
capacitoronthecircuitintheconventionalhigh-
power APFC boost converter,the DC boost
converter without buck bufferis simulated by
Matlab/Simulink,andinputswhenprechargingis
performedare0V,50V,100V,150Vand200V,
respectively.Thecurrentwaveformisshownin
Fig.10.
 WhentheprechargingoftheDCboostconverter
withoutbuckbufferare0V,50V,100V,150V
and200V,themaximuminputcurrentisshownin
Table1.

Fig.10 Waveformsofinputcurrentsatprecharged0V,50V,
100V,150Vand200V,respectively

Table1 MaximuminputcurrentofDCboostconverterwithout
buckbuffer

Precharge
voltage(V)

0 50 100 150 200

Maximumvalue
ofcurrent(A)

568.2 450.4 332.7 215.1 97.4

 The DC boostconverter withbuckbufferis
simulated by Matlab/Simulink. If the boost
converter without buck buffer is mistakenly
operated,theoutputcapacitorwillnotbecharged.
TheinputcurrentwaveformisshowninFig.11and
localamplificationfigureisshowninFig.12.
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Fig.11 Inputcurrentwaveform

Fig.12 Apartialenlargementofinputcurrentwaveform

 Thebuffercurrentwaveform oftheDC-boost
converterwithbuckbufferisshowninFig.13,
wheretheinputcurrentwaveformintheboostcircuit
isshowninFig.14.

Fig.13 BuffercurrentwaveformofaDCboostconverterwith
buckbuffer

Fig.14 Waveformofinputcurrentinboostcircuit

 Table2showsthedataofthemaximuminput
currentandthemaximumvalueofthebuffercurrent
fortheDCboostconverterwithoutbuckbufferand
theDCboostconverterwithbuckbuffer.

Table2 MaximuminputcurrentofDCboostconverter

Current
value

DCboost
converterwithout
buckbuffer

DCboost
converterwith
buckbuffer

Inputcurrent
maximum(A)

568.2 42.3

Buffercurrent
maximum(A)

Non-existence 81.8

 InordertoverifythestabilityoftheDCboost
converterwithbuckbuffer,theDCpowersupply
voltageischanged.WhentheDCpowersupply
voltageis100 V,theinputcurrentwaveformis
showninFig.15.Whenthepowersupplyvoltageis
150V,theinputcurrentwaveformisshownin
Fig.16.

Fig.15 Waveformofinputcurrentwhenpowersupplyis100V

Fig.16 Waveformofinputcurrentwhenpowersupplyis150V

 From thesimulation experiments,when the
prechargingoftheDCboostconverterwithoutbuck
bufferisnotcompleted,themaximuminputcurrent
isshowninTable1.Itcanbeconcludedthatthe
currentisgreaterthanthe maximum operating
currentofthethyristor,diodeandcapacitor,which
makesthecircuit unsafe.The maximum input
currentoftheDCboostconverterwithoutbuck
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bufferandtheDCboostconverterwithbuckbuffer
arecomparedandthedataareshowninTable2.The
maximumcurrentoftheDCboostconverterwith
buckbufferis81.8Aandthemaximuminputcurrent
is42.3A,whichislessthanthemaximumoperating
currentofthethyristors,diodes,andcapacitors.

5 Conclusions
 ThispaperpresentsaDCboostconverterwith
buckbufferisproposed,whichprovidesabuffered
equivalentpowersupplyforthepost-stageboost
circuit.Theoreticalcalculationsandexperimental
simulations show that the designed DC boost
converterwithbuckbuffernotonlycangreatly
reduce the instantaneous current to avoid
overcurrent,butalsocanprovidegoodstabilityfor
differentinputsupplyvoltagestoensurethesafetyof
theDCboostcircuit.
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带buck缓冲的直流升压变换器

任 相,王耀琦,王小鹏

(兰州交通大学 电子与信息工程学院,甘肃 兰州730070)

摘 要: 常规的大功率有源功率因数修正(Activepowerfactorcorrection,APFC)升压变换中对输出电容

需要进行预充电来避免过流现象,因此主电路和控制电路的电源开关需按固定顺序分别闭合和断开,在闭

合主电路开关后需要等待预充电,最后才闭合控制电路电源开关,一旦操作过程中出现误操作,输出电容就

会产生过流现象。本文采用buck电路作为前级缓冲电路,无需对输出电容进行预充电就可以直接对电路供

电,从而避免电容与充电误操作带来的启动阶段电路过流引起的安全隐患。对带buck缓冲的直流升压变换

器模型进行理论分析和仿真实验可知,带buck缓冲的直流升压变换器在不对输出电容预充电的情况下,可

以使设备启动时主电路电流峰值不超出安全范围,从而确保直流升压变换器安全稳定的工作。
关键词: 有源功率因数校正;升压变换;预充电;电源开关;过流;buck缓冲
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