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ABSTRACT-This paper proposesa new buck-boost
DC/DCconverters,whichisconnectedinseriestothepowersupply.Theproposed  circuit  provides  only
differential voltage between

theinputvoltageandtheoutputvoltagecommand. Thepowerratingofaconventionalcircuitisdominatedbytheinpu
tvoltageortheoutput voltage. In contrast, the voltage rating of the proposedcircuit requires only the
differential voltage between the inputand output voltage. In addition, the series converter generates
apositive and negative voltage to realize boost mode and buckmode, respectively. As a result, the power
rating of the DC/DCconverter can be drastically reduced. A new approach for seriescompensation
converters is introduced in order to realize highefficiency and a reduction of power rating. Two new buck-
boostconverters and their control methods are proposed based on anew concept in which the proposed
circuits consist of an H-bridge circuit and a power assist circuit. The H-bridge circuit
isusedinordertodeterminethepolarityofthedifferentialvoltage. The power assist circuit controls the DC
voltage of the H-bridgecircuitdependingontheoutputvoltagecommand.Intheproposed circuit, a flyback
converter and inverting chopper areused as the power assist circuit. Simulation and experimentalresults are
shown in order to demonstrate the advantages of theproposed converters in comparison with a
conventional buck-boost converter. A maximum efficiency of 98% was obtainedwith the proposed circuit.
The proposed circuits can decreaselossesby2/3incomparisonwithaconventionalbuck-boostconverter.
Therefore, the proposed converter can realize highefficiencyanddown-
sizinginapplicationsthatrequiretheoutputvoltagetobeclosedtotheinputvoltage.
IndexDC/DCconverters,Highefficiency,batteryapplications,flybackconverter,invertingchopper

I. INTRODUCTION
Recently, most mobile equipments used
battery as

6].Especially, the resonant converter is suitable
for the
DCDCconverterbecausetheDC/DCconverterrequ

powersource. TheefficiencyofDC/DCconvertersh
ecomesanimportant issue, in order to maintain
long working times forbatteries in mobile
devices such as mobile phones,
laptopcomputersandsoon.

A general conventional buck-boost DC/DC
converter usesan inverting chopper or a
combination chopper, which consistsof a buck
copper and a boost chopper. The inverting
chopperstores output energy in storage device,
such as reactor orcapacitors. Therefore, the
converter efficiency is decreasedsince the power
loss occurs in the storage devices. On theother
hands, because the combination chopper has two
stagesfor conversion process, the converter
efficiency
decreases.ManycircuittopologiesofDC/DCconver
tershavebeenstudiedinordertoobtainhighefficienc
y[1-
3].Resonanttypeconverters,whichusezerocurrents
witchingorzerovoltageswitching, are a good
solution to obtain high efficiency [5-
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ireshighswitching frequency in order to realize
downsizing and highspeed output voltage
response. However, the number of
partsinthecircuitincreases,becauseresonantconver
tersrequireanadditional inductor or capacitor.
Moreover, the voltage andcurrent rating of the
DC/DC  converter are dominated by
theoutputvoltageratingandtheoutputcurrentratingi
nconventionalDC/DCconverters.

From the viewpoint of the battery application,
the inputvoltage i.e. battery voltage, is almost
constants under normaloperation. The battery
voltage becomes markedly higher
thannormalvoltageintheinitialconditionorovercha
rgeoperation,and lower than the nominal voltage
in the overdischarge.Therefore the efficiency for
voltage at normal condition isveryimportant.
Insomebatteryapplications,theoutputvoltageisregu
latedby the DC/DC converter as the output
voltage is close to
theinputvoltage.Inthiscase,theconventionalDC/D
Cconverterhas to convert all power regardless of
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the output
voltagebecausetheconventionalconverterisconnec
tedinparalleltoapowersupplyandaload.
Incontrast,therehavebeensometypesofseriesconve
rtersthat have been proposed for boost up
converters [7]. Theoutput voltage of a series
converter is obtained by adding theconverter
voltage to the input voltage. Therefore, the
converterpowerratingcanbesuppressedbecausethe
convertervoltagebecomeslow.However,proposed
typesofconverterscannotworkforstep-
downoperation.Manybatteryapplicationsrequireb
uck-boostoperationofthepowerconverter.

This paper proposes a new buck-boost converter
that isconnected in series to the power supply.
The proposed circuitprovides only differential
voltage between the input
voltageandtheoutputvoltagecommand.Asaresult,t
hepowerratingof the DC/DC converter is reduced
drastically. Firstly, thispaper introduces an
approach that uses series
compensationconverters to obtain high efficiency
and a reduction of powerrating. Two new types
of buck-boost converters and theircontrol
methods are proposed based on this new
concept.Finally, simulation and experimental
results are shown
inordertodemonstratetheadvantagesofthepropose
dconvertersincomparisonwithaconventionalbuck-
boostconverter.

i

PROPOSEDBUCKBOOSTCONVER
TERS
A. Seriescompensationconcept
Fig.1showspowerflowdiagramoftheconventional
DC/DC converter and proposed  series
compensation DC/DCconverter. Fig. 2 shows the
configuration of a
conventionaloneandtheproposedone. Thepowerrat
ingoftheconventional circuit is dominated by the
input voltage or theoutput voltage. In contrast,
the voltage rating of the
proposedcircuitonlyrequiresthedifferentialvoltag
ebetweentheinputandoutputvoltage.Inaddition,th
eseriesconvertergeneratesapositiveandnegativevo
Itagetorealizeboostmodeandbuckmode,respective
ly. TheoutputvoltageV isobtainedby(1),using
series converter output voltage Vonand input
voltageViy.
Vout) Vin Veonv 1)

Forexample,iftheinputvoltagevariationis2.6\Vto4.
OVand the output rating is 3.3 V, 1 A, then the
power rating
oftheconventionalconverteris3.3W.Incontrast,for
theproposedconverter,itrequiresonly0.7W.
Theseriescompensationmethodcanobtainhigheffic
iency.Alloutputpowerissuppliedthroughtheconve
rterinaconventionalconfiguration,asshownbythep
owerflowoftheconventionalconvertergiveninFig.
1.TheoutputpowerPoutisthenobtainedby(2),using
theefficiency¢,andtheinput
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However,notalltheoutputpowerisdirectlysupplied
inthe
proposedconverter,becausetheconvertercanadjustt
hesmalldifferentialvoltage. Asaresult,thetotaleffic
iencyofthe

—Total efficiency %]

=]

proposedconverterisobtainedby(3)ifthelossofthed
irect 85

modepowerP;canbeneglected.

0 10 20 30 40 50
Ratioofseriesconverteroutputpower[%]

Therefore,thetotalefficiencyobtainedbyusingthep
roposed concept is improved, as shown by (4). It
should
benotedthattheproposedmethodissoeffectivethatt
hedifferentialvoltageissmall.

Fig.3.Relationbetweenoutputvoltageandefficiencyoftheproposedseriesconverter.

converterisappliedthelowconductionlossswitchin
gdevicessincethevoltageratingofthepowerdevices
islowerthanthe

3)

conventional
theseriesconverter
becomesmallthen,thetotalefficiencyofthesystemis
improved.

one.Asaresult,thelossof

ol 20k
(4)
P2 P2

Fig.3showsthetheoreticaltotalefficiencyoftheprop
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osedbuckboostconverter. Theefficiencyiscalculate
dbasedon(3)for each series converter efficiency.
Even though the seriesconverter efficiency is no
so high, high total efficiency isobtained at the
low output power ratio to series
converterpowerintheoutputpower.Astheoutputpo
werratioincrease,the total efficiency is
decreasing because the converter lossincreases.
Thepointsubjectstoincreasingtheefficiencyarethes
witchinglossandchoiceofthepowerdevice. Thecon
duction

lossisdominatedbythecurrent. Thelossisnotreduci
ngeventhoughthepowerratingofconverterbecomes
small.However,thevoltageratingofthepowerdevic
eintheseriesconverterisonlydifferentialvoltage,th
ereforetheswitchinglossissmallerthantheconventi
onalcircuit.Moreover,theseries

B. Circuitconfigurationsbasedontheproposedc
oncept
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Fig.J Simulationrasultseftheproposadeirenitll.
Fig. 4 and Fig. 6 show two types of proposed proposed circuits have to isolate the
circuit usingthe proposed concept. The series seriesvoltage to the input voltage in order to
converter needs a avoid a short circuitbetween the input voltage
powerassistcircuitinordertochargeordischargethe and series voltage. The flybacktransformer is
voltageofthecapacitorCc,. Aflybackconverterandi used for the isolation in the proposed circuit
nvertingconverterareusedasthepowerassistcircuit, I.Ontheotherhands,theshortcircuitisavoidedbythe
asshowninFig.4andFig.6,respectively. The switchesSc,andSc4intheproposedcircuitll.
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TheH-
bridgecircuitisusedtodeterminethepolarityofthedi
fferentialvoltage. Thus,theH-
bridgecircuitselectsonlytheboostmodeatpositived
ifferentialvoltageorbuckmodeat

negativedifferentialvoltage. Thepowerassistcircui
tcontrol

Vce2
dependsontheoutputvoltagecommand. Therefore,|
ow

conduction loss and low voltage rating switching
devices canbe used in the H-bridge circuit. Also, a
switching device withlow current rating and low
switching loss characteristics
canbeselectedforthepowerassistcircuit.

Fig. 5 and Fig. 7 are shown the simulation results
for theproposed circuits. Since the proposed
circuits operate as thebuck-boost converter, the
reactor current i_in the proposedcircuit Il is
similar to the flyback transformer current in
theproposedcircuitl.Inaddition,theoutputvoltageis
controlledto reference voltage 12V by power
assist circuit.
Therefore,theinvertingchopperusingtheswitchS¢,
andSgscanbeusedastheseriesconverter.

These simulation resultscan confirm that
theproposedseriescompensationmethodhasvalidit
y.

C. Controlmethodfortheproposedcircuits
Fig.8showscontrolblockdiagramsfortheproposedc
ircuitll, the inverting chopper type. Basically, the
output voltage isadjusted by the DC capacitor
voltage Vcczin Fig. 4 and 5.However, it is
difficult to control the output voltage when
thedifferentialvoltageisclosetozero,becausenonli
nearcomponents, such as the effects of dead time
periodanddevicecharacteristicsdisturbtheoutputv
oltagecontrol. Therefore,whentheinputvoltageisne
artotheoutputvoltage,the output voltage will be
controlled by PWM using the H-bridge circuit.
In the small differential voltage region, the
DCcapacitorvoltageVccoiscontrolledtoaconstantv
alueandH-
bridgeiscontrolledasaquadrantchopper,whichcang
enerateand regenerate the power. The threshold
voltage
Vengmeansthevoltagestartingswitchingoperationi
nH-bridgepart. When the differential voltage is
less than V¢ng, Veczis held toVeng, and the series

converter output voltage Vonis controlledby
PWM modulation of H-bridge part. The
threshold voltageVenghas to be set larger than
non-linear error voltage in theseries converters.
The switching loss of the H-bridge circuitwill be
small, because the DC voltage Vccp0f the H-
bridgecircuitislow.

Fig. 9 and Fig. 10 show the comparison of
theoutputvoltage waveform with and without
PWM modulation at
lowdifferentialvoltagerespectively. Theoutputvolt
ageiskeptataconstantvoltageof12V,althoughthein
putvoltageincreasedfrom10Vtol4Vanddecreasesf
rom14Vtol0V.In particular, when the input
voltage is closed to 12 V, anoutput voltage
oscillation occurs when PWM is not used,
asshowninFig.9. Themaximumerroroftheoutputvo
Itageis
1.2V.However,theoscillationcanbesuppressedtole
ssthan
0.1VbytheproposedPWMcontrol,usinganH-
bridgecircuitas shown in Fig. 10. It should be
noted that the control of theproposed circuit |
could apply the same strategy as shown inFig.8.
D. Designoftheproposedcircuit.
Therearetwooperationmodesinseriesconverter,the
boostmodeandthebuckmode. Theproposedcircuiti
sdesigned

individually for boost mode and buck mode.
Then,
dominantparametervaluesareadopted.ltisnotedtha
tthedesignoftheproposed circuit 1l is only
explained in this paper because
thedesignoftwoproposedcircuitsisalmostsame.Ta
ble2showsthespecificationsoftheexperimentalcirc
uit.

1) Boostmode
Toimproveefficiency,thereactorcurrentisneededt
okeepcontinuous.Therefore,thelargestcalculatedi
nductanceundertheconditionsisadopted. Theinduc
tancebecomesmaximumvaluewhenthestorageene
rgyisatmaximum.Inboostmode,thereactorstorage
energybecomesmaximumvaluewhentheinput
voltage isminimum value.ln case of Table 2,
theminimuminputvoltageis6V,andtheoutputvolta
geisconstant 12V, then, the series converter
output voltage isdifferential voltage 6V.

InputvoltageVin[V]

Outputvoltage
Vou[V]

Therefore, the series converter
inputandoutputvoltageis6V.ThedutyratioDisobtai
nedby(5),
usingswitchontimeton,andofftimet,.
10to
14
12
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OutputpowerPout[ 14

W]

Switchingfrequency | 100
fsw[kHz]
Controlchangeoverv
oltage 1
VenglV]
ACRintegrationtime| 0.37
[ms] 5
AVRintegrationtime| 3.75
[ms]

ACRproportionalgai| 0.22

n[pu]
AVRproportionalgai 4.03
n[pu]
OnresistanceofF | 5
ET
[mQ]
ForwardVoltag
edropofdiode[V | 0-5
]
Lf[uH] 22
Cf[uF] 220
0
Le[uH] 29
Ccl,Ccz[uF] 220
0
H- 120
bridgepropotiona
|
gainfpu]
H-bridge
integrationti 0.7
me[ms] 2

Tablel.Conditionofsimulation.
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In this condition, the reactor storage power is
obtained by(6), using the reactor current peak

value i;p, and switchingfrequencyfy,.
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(6)

c
Next,theseriesconverteroutputvoltageisobtainedb
y(7),using maximum output current l,y. Then the
series
converteroutputpoweriscontrolledbystorageenerg
yofreactor.

V242§

Pconv

I Veonv
lout

~inon  sw
2L

(7)

c
From(6)and(7),theinductanceoftheseriesconverte
rreactorisobtainedby(8).

22 Vit f
L non SsWror g

(8)

¢ 2V |

2) Buckmode

convout

The reactor storage energy becomes the

maximum valueswhen the input voltage is at
maximum value. In condition
ofTable2,themaximuminputvoltageis18V,theseri
esconverter output voltage is 6V. Similarly to
boost mode,
theinductanceofthebuckmodeiscalculatedas40(1 H
by(8).Thebuck mode inductance is larger than
the boost mode
one.Thereforethebuckmodevalueisadopted.

1. EXPERIMENTALRESULTS
To confirm the validity of the proposed
converter concept,the proposed converter was
tested under the
experimentalconditionsshowninTable2.Itshouldb
enotedthatthecircuitparameterschosenistoconfirm
basicoperation,andoptimizationwasnotconsidered
.Inaddition,theconventionalcombination buck
boost converter, which uses a step-
downconverter and a boost-up converter, as
shown in Fig. 11 istested in order to compare the
efficiency. It is noted that
thereactorintheconventionalcircuitisdesignedasfo
llows.
In conventional combination chopper, the reactor
has
thefunctionsofsmoothingtheoutputcurrentandener
gystorage.The inductance value is designed in
allowance. The
rectorcurrentbecomesdiscontinuousinlightloadre
gion.The

discontinuouscurrentcausesincreasinglossandunst
ableoutputvoltageduetononlinearcontrol.

The ripple current is needed at minimum value
when
theoutputcurrentisminimumatoutputpower5W,out
putcurrent417mA.The peak to peak value of the
ripple current of areactor is limited to 40% of
output current, then the ripplecurrent is 166mA
because the output current is 417mA atoutput
power 5W.In addition, the reactor voltage
becomesmaximum value when the input voltage
is at maximum
valueof18V.Inthiscondition,theinductanceofthere
actoris

calculatedby(9).

Table3.Circuitparameter.

Propo
sedcir

LT|40puH
1

LT|40pH
2

Np 5
Ns 5
Cc| 2200
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cuitl | 1 uF
Cc| 220p

2 F

Lf| 2uH

Cf 470}1

F

L. |22uH

Cc| 470p

Propo 1 F
sedcir | Cc| 2200
cuitll 2 uF
L¢ |22uH

Cf| 1000

pF

Convent | L | 220u
ionalcirc H
uit C | 2200
uF

Table2.Specificationsofexperimentalcircuit.
InputvoltageVin[V] ~18
Outputvoltage Vou[V][12

OutputpowerPout[W] [5~30

Switching frequency|100
foan[KHZ]

OVOVOE 180 1200 0 0 0.6670 100167

L0 In
01
out

out(PI P)
on 0

0.166
0240[0 H
)
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A Experimentalresults

Figuresl2and13showthecurrentwaveformsofprop
osedcir Fig. 12 and 13 show the current
waveforms of
proposedcircuitslandll,respectively. Thecurrentpo
laritydependsontheoperationmode;buckorboost. T
hetransformerandreactorweredesignedsothatthep
owerassistcircuitoperatesin  current continuous
mode. These results confirmed that
theproposedassistcircuitacceptsbidirectionalpowe
rflow,without unnecessary surges or oscillations
in the reactor
ortransformercurrent.Inaddition,theshortcurrentof

thepowersupplydoesnot
appearinthewaveforms.Therefore,
theflybackconverterandtheinvertingchopperwitht
heisolationswitchcanbeusedinaseriesconverter.
Fig. 14 presents a comparison between the
efficiency of
aconventionalbuckboostconverterandthepropose
dconvertersatconstantload. Amaximumefficiency
ofapproximately 98% was obtained for both of
the
proposedcircuits.Fortheconventionalconverterisa
pproximately94%.

- & 1Ei

g3 1 U

Fig.11.Confiznsstionofsconventionalcombinationchoppar,

| rfesadiv | :/:.,-:<§5[-§ div] LAl
*rf)f 7,’/
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T T Tedater T T TR z;._.;f,;-;[.‘;d';;y[
:::;:,*.,::uﬂm:“

—
Zi;ns ;li\‘l 2fusidiv]
(a) Stapdownmoda. (b)Boostmoda.
Fig,12.Currentwaveformsoftheflvbacktransformerinthepronosadeircy

il

WA

2[pdiv] 2pdiv]
(a)Stepdownmode. (b)Boostmoda.

Fig.13.Currentwavaformsoftharsactorintheproposadcircuitll

In other words, the converter loss
decrease from 6% to 2
%,theproposedcircuitcanimprovetheconverterloss
tol/3.Theinputvoltageissoclosetotheoutputvoltag
e,sothatconverter efficiency is even more
improved, as shown in Fig.14.

Fig. 15 shows the efficiency with load variation
for theconventional converter and the proposed
converters. In
bothboostmodeandbuckmode,efficiencyimprove
mentispossible.InFig.15,theefficiencyofthebuck

modeishigherthantheboostmodeonebecausethein
putpowerintheboostmode is larger than the buck

www.ijera.com

mode. The power loss in theseries converter is
provided from power source in the
boostmode.Incontrast,theregenerationpowerinthe
buckmodeisdisappeared by the circuit power
loss. Therefore, the
currentflowingtotheseriesconverterintheboostmo
deisdecreasedtobuckmodeone.

Fig. 16 shows the voltage waveform of Vfor
load stepresponse. The load is changed from 5W
to 14W. When
theloadconditionisrapidlychanged,theoutputvolta
geoscillation can be suppressed to less than 0.2
V. The outputvoltage oscillation can be
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improved by refinement of thecontrolstrategyoftheseriesconverter.
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Fig. 15 Loadcharactaristicsoftotalafficiancym.

differential voltage in PWM control region of the
H bridgepart. The output voltage is kept at 12 V
of a constant voltage,although the input voltage
increases from 10 V to 14 V ordecreases from 14
V to 10 V. In particular, when the
inputvoltageiscloseto12V,thecontroloutputvoltag

wWww.ijera.com
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eisdisturbedby the non linear components, such
as dead-time and
powerdevicecharacteristics.However,theoscillati
oncanbesuppressedtolessthan0.2VbyproposedP
WMcontrolofH-bridgeasshowninFig.17.

100|Page



Sankarsan Sahu Int. Journal of Engineering Research and Application www.ijera.com
ISSN : 2248-9622, Vol. 8, Issue 8, ( Part —I11') August 2018, pp.90-102

- -

| P e A V) = TR T

Fope LS8 i

O (Feery —B1
O F ey —

SmsScdiv

Fig.16.0utputvoltagewaveformforsteploadresponse.

Fie Fowr:

2% diw

O (" omtrosl
changoower
sigrmnl) -

O Flopy —

SdmmissSdiw

(a)Boosttostepdown.

Fia Floawr ®

2% Adiw

O (L onmitrosl |
changeowver | ]
sigrml)y | :

O CF . Fl.) —
SrmesSoliv
(b)Stepdowntoboost.
Fig.17.0utputvoltagewaveformatlowdifferentialvoltage.
Iv. CONCLUSION ZhaomingQian : "A new designmethod for
Inthispaper,aseriestypebuck- high efficiency DC-DC converters with
boostconverterisproposedthat uses an H-bridge flying
circuit and a power assist circuit withsmall capacitortechnology",APEC2006,pp.92-
power rating. A flyback converter and an 96(2006)
invertingconverterwereusedaspowerassistcircuits. [3] Xinke Wu, Wei Lu , Junming Zhang and
Theexperimentalresults  confirmed that the ZhaomingQian : "Extra Widelnput
proposed circuits could Voltage Range and High Efficiency DC-
decreaselossesby?2/3atthemaximumefficiencypoi DC Converter
nt.Therefore,theproposed converter can realize UsingHybridModulation",IEEEIAS2006,2
high efficiency and down- ,pp.588-594(2006)
sizingforuseinapplicationsthatrequiretheoutputvo [4] T.Hashimoto, T.Ninomiya, H.Tanaka, and
Itagetobeclosetotheinputvoltage. R.P.Tymerski,“ZVS-PWM-
controlledparallel-
REFERENCES resonantconverterappliedtoaconstant-
[1] Qun Zhao and Fred C. Lee : "High- currentpowersupply”,[EEEPESC1999,1,pp
Efficiency,  High  Step-Up  DC- .275-280(1999)
DCConverters”, |IEEE Transactions on [5(] HongMaoandOsamaAbdel-
Power Electronics, Vol.18, No.1pp.65- RahmanandlissaBatarseh:"Activeresonantt
73(2003) anktoachievezero-voltage-
[2] Fan Zhang, Lei Du, Fang Z. Peng, and switchingfornon-isolatedDC-

Www.ijera.com DOI: 10.9790/9622-08080390102 101|Page




Sankarsan Sahu Int. Journal of Engineering Research and Application www.ijera.com
ISSN : 2248-9622, Vol. 8, Issue 8, ( Part —I11') August 2018, pp.90-102

DCconverters with synchronous 61-866(1998)

rectifiers”, IEEE IECON2005, pp.585- [7] Giuseppe Guidi, Tore M. Undeland and

591(2005) Yoichi Hori : "An InterfaceConverter with
[6] A.KotsopoulosandD.G.Holmes,"Performa Reduced VA Ratings for Battery-

nceofaseries-parallelresonantDC- Supercapacitor

DCconvertermoduleforhighcurrentlowvolt MixedSystems",IEEEPCC2007,pp.936-

ageapplications”,IEEEPEDES1998,2,pp.8 941(2007)

Www.ijera.com DOI: 10.9790/9622-08080390102 102|Page




