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Abstract

Background and Objectives: Increasing environmental problems have led to the
spread of Electric Vehicles (EVs). One of the attractive research fields of electric
vehicles is the charging battery of this strategic product. Electric vehicle battery
chargersoftenlackbidirectional powerflow and the flexibility to handleawide range
ofbatteryvoltages. Thisstudy proposesanon-isolated bidirectional DC-DCconverter
connected to a T-type converter with a reduced number of switches to solve this
limitation.

Methods: The proposed converter uses a DC-DC converter that has an interleaved
structurealongwithathree-level T-typeconverterwithareduced numberofswitches
and a common ground for the input and output terminals. Space vector pulse width
modulation (SVPWM)and carrierbasedsinusoidal pulse widthmodulation (CBPWM)
control the converter for Vehicle to grid (V2G) and grid to Vehicle (G2V) operation,
respectively.

Results: Theoretical analysis shows 96.9% efficiency for 15.8kW output power and
3.06% THDduringchargingwithlowbatteryvoltageripple.InV2Gmode,itachievesan
efficiencyof96.5%whileinjecting 0.5 kW of powerintothe380V50Hzgrid. The DClink
voltage is stabilized. The proposed converter also provides good performance for a
widerangeofbatterydevelopment.

Conclusion: The proposed converter offers high efficiency and cost reduction. It
providesthepossibilityofchargingawiderangeofbatteriesandprovidesV2Gand G2V
powerflowperformance.Theproposedconverteriscapableofbeingplacedinthefast
battery charging category. The ability to charge two batteries makes it a suitable
optionforchargingstations.
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charging stations is required. There is a large variety of
approachesthatcanbeemployedtoconstructfastcharging
stations that differ in the voltage levels, the presence of

Introduction

Electric vehicles (EV) play an important role in

transportation and automotive related markets. The
expansion of electric vehicles (EVs) is an ongoing trend in
today’ssociety, withtheEVmarketgrowingataveryfastrate
[1]. Therefore, to fully employ the potentially great number
of EVs, proper charginginfrastructureis anecessity [2]. This
is especially crucial in terms of the ability to chargethe EVs
rapidly,e.g.,onhighways,wherethe utilization of highly-
performant fast and ultra-fast

additional battery energy storage, as well as the grid
structure (unipolarvs. bipolar) [3], [4]. Here,an EV charging
systemwithabipolarDCgridwith+/-750Vandextrabattery
energystorageisconsidered,assuchasystemis considered
advantageouscomparedtomoreconventionalapproaches
[5]-[7]. Increasing demand in the transportation industry
with electric vehicles requires a suitable charging
infrastructureforthisdemand.
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Fig. 1: ProcessofG2VandV2G.

However, the cost and charging time of the batteryinan
electric vehicle are two main issues that continue to
challenge the wider application of EVs [8]. Both issues are
directlyrelatedtothechargingsystemforEVs. Forexample,
compared to the fossil fuel station, in EV charging stations,
the chargingtime with the batteryislongerthanrecharging
an internal combustion car, which can be balanced in the
time and construction costs with the optimal design of the
charger circuits. Therefore, for the development of EV
applications, itis necessary to improve the charger system,
especially for the off-board fast charger. In addition to
solving the challenges of battery charging time and
manufacturing cost, the optimal design of charger circuits
should also provide power flow in two directions (V2G) and
(G2V).Fig.1showstheprocessof(V2G)and(G2V).Thepower
density can be increased by increasing the switching
frequency and integrating the DC-DC converter togetherin
an interleaved form, magnetic integration technique and
introducing a single-stage approach [9]. When the battery
interface converter required to connect the station’s DC-
linkandthe battery energy storageis considered, anumber
oftopologiescanbeused[10],[11].Thethree-leveltopology
providesthe possibility to employ well- performing off-the-
shelf 1.2 kV SiC MOSFETs and obtain lower power losses
comparedto otherapproaches [12], aswellastheoptionto
balance the DC grid [13] with low general complexity.
Moreover, theinterleaved two phase topology shows good
perspective in terms of low output ripples [14], [15],
especially important for cooperating with a battery energy
storage.

Some chargertopologies are suitable forasmallrange of
outputvoltages. However,advanced EV chargers with wide
outputvoltagerangeshavebeendiscussedin[16].

In[17],an EV charger based on Vienna converter is

presented.

The wide output voltage range is the main advantage of
the topology, stated by the authors. It is noteworthy that
most existing chargers, regardless of their single or two-
stage power processing structures,

use line frequency or high frequency
transformers. However, transformers not only affect
the cost and size of thecharger but also, increase
the voltage stress across semiconductor devices and
reduce efficiency. Due to these disadvantages and
motivated by the concept ofintegrated

chargers [18], few researchers have
demonstrated the configuration of transformer
lesschargers for  EVs applications [19].

Researchers in [20]-[22] introduced some
converters for wide ranges of output voltage in order to
cover the wide variety of battery voltage from
different car manufacturers. On- board battery
chargers are generally lightweight and compact and
have less power. But in electric chargingstations,they
are bulky chargers which have high weight. Therefore, the
Off-board battery charging time is less than the
On-board  type [23], [24]. Electric  vehicle
batteriescanhelpthereliabilityandstabilityofthepowergrid
by storing energy in times of low demand and
deliveringpowerintimesofpeakloadtothepowergrid.

Therefore, bidirectional chargers are important parts in
thesesystem[25]-[27].

The most advanced unidirectional battery chargers are
focusedonincreasingpowerdensity, whichhasadvantages
such as high efficiency. The topology presented in [28] is
suitable for a very high voltage battery where the
aforementioned EV charger is unidirectional. Existing
charging solutions for EVs with very low power factor
sometimes work below 0.85. In addition, it makes the total
harmonic distortion of the supply current  worse [29]. So,

atthefullload ofthechargingstations, it
B2

b
e} L

i | i
oA 43 55 Li 5.1 L
1y o fo . Jf".‘ L Fos i T 512
_ — | [ | : :
[ = | | B ‘*mu o4 0
val [ - — e
Vel Al Pdvgs =Vde el % : HI:. |cs
T | o1 ==
L4
T8
= 874 | 521~ gicd ] &g 1 sl e .+
NI LV i e L o - e T i o aial T el
LTor " Jor ™y fow ™ s Y 1 caa=Sel | v s1

E 3 -
LR [ LIl ]

Fig. 2: Proposedchargerconfiguration.
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affectsotherlocalloads.Highefficiencyisrequiredtoreduce
heatsinksizeandincreasemileagepercharge.

Toreduce conduction losses at highload current, DC-DC
convertersaredesignedinparallelconfigurationforEV[30].
Duetolimitationofvoltageincreaseintheswitchesbecause
of addition of leakage inductances and magnetic
interference in the EMI filter and the large number of
switchesin the circuit, which increases the cost and reduce
the efficiency of power converters. Having a common
ground between the input and output ports avoids

AR RRIS RIS rdpppeicial for

ThispaperproposesaconfigurationforuseinV2Gand
G2V applications using a bidirectional converter as an
interface. The suggested configuration has good voltage
gain, the low power stress in semiconductor devices, and
simplestructureforimplementation. Theconvertercanuse
switches with low rated power due to the interleaved
configurationalso,theproposedstructurecanbesuitablefor
battery charging station and have good performance.
Covering a wide range of battery voltage is one of the
features of the DC-DC converter. The battery charger can
chargea380Vand40Amp-Hour batteryfrom 20%to 80% of
State of Charge (SOC)in less than 38 minutes. The proposed
configurationincludes T-type three-level reduced switches
converter, whichis atwo-way power flow AC-DC converter.
In section 3, the proposed configuration is described in
detail.Section4illustrates DC-DCconvertertopologyandits
operation.Inthenextsections,thecontrolsystemisstudied
and then, the results obtained from simulations are
reviewed.Finally,thelastsectionincludesconclusions.

ConfigurationofProposedCharger

Fig.2showstheproposedchargerconfiguration.AT-type
three-levelPWMconverterisemployedforgrid-connection
application. Onthe ACside, the three-phase voltage source
is connected to the output of the three- level T-type PWM
converterthroughaninductorfilter,Lg. The ACsideconverter
consists of nine power switches, which has three switches
less than the conventional T- type three-level PWM
converter.IntheDClink,acapacitorwhosevoltageisfixedat
600Visused.WhenpowerflowsfromthepowergridtotheDC
side,switches S2,S4,and S6 are off. Also, when power flows
fromthe DCsidetothepowergrid, switchesS7,S8andS9are
off.

A.G2VOperation

For the power flow from the power grid to DC side, the
switches of one leg are turned on and off complementary
using sinusoidal pulse width modulation (SPWM)
technique. Fig. 3 shows the simplified schematic of the
proposed converter control, where iabc and Vanc are the
current and voltage of the three phases input to the
converter, Vrefis the DC link reference voltage and Vyc is
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the DClink voltage. The ratio of the carrier frequency to the
mainfrequencyislarger, therefore, the main component of
the output voltage changes linearly with the reference
voltage. Also, the output voltage frequency is equal to the
referencevoltage. VrefforaconstantDClinkvoltagefromthe
followingequation:

Vour =Vef (sin(mt)+sin(mt+%ﬁ) +sin(u>t+%ﬂ) ) (2)

The output voltage can be written in term

ofmodulationindexMl,asfollows:

out

Vdc 21 4m
v = ; MI (sin (ot )—I—sin(mt+—)+sin(mt+—)2 (2)

S0, Vret<Vdc/2and 0<MI< 1.SPWM, which are used
tostabilizetheDClinkvoltageat600voltsandtransferpower
fromthegridto DC. Voltages An, Bnand Cnvary betweentwo
valuesVac/2and-Ve/2.Inthismode, T-typethree-level PWM
converter operates like the Vienna rectifier, and diodes D1,
D2,D3, D4, D5 and D6 conduct. Also, switchesS1,52,S3, 54,
S5andS6willbeturned off.Itshouldbenotedthatturningon
thetopthreeswitchesineachlegreducesthevoltage of the
currentpassingthroughthetopdiodesofeachleg.

AC-DC CONVERTER
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Fig. 3: SimplifiedschematicofAC-DCConverterwithcontroller
forG2Voperation.
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Fig.4: Spacevectordiagram.
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Fig. 5: SimplifiedschematicofAC-DCConverterwithcontroller
forV2Goperation.
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Fig. 6: ProposedDC-DCConversionsystem.

B.V2GOperation

In this working mode, power flows from the electric
vehicle to the grid. Therefore, the performance of the
converterwillbethe sameasa3-phaseinverter. Aconstant
voltage to a three-phase sinusoidal voltage should be
provided for the network. Switches S1-S6 are active in
directingpowerfromtheDCsidetothegrid.

Space Vector Pulse Width Modulation (SVPWM) control
method is applied to reduce switching losses, reduce
harmonic distortion and also, use DC link terminal voltage
properly. SVPWM can be used to generate pulses for three-
phase two-level DC-AC converters. the referencevectorUref
isaveraged using two adjacent space vectors (U3 and U4 in
theFig.4)foragivenperiodandanull vector (U7 or U8) for
the rest of the period. Fig. 5
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shows a simple schematic and controller for V2G operation
of T-type converter. Table 1 shows the state of the top
switches of each leg for each vector. Eight switchingmodes,
includingsixactivemodesandtwozeromodes,areavailable.
These vectors form a hexagon (Figure 4), which can be seen
as consisting of six sections at 60 degrees. The reference
vector representing the three-phase sinusoidal voltage is
generated using SVPWM by switching between the two
nearest active vectors and the zero vector. The sinusoidal
reference space vector forms a circular path inside the
hexagon. The largest output voltage value that can be
obtained usingSVPWMiistheradius ofthelargestcirclethat
can be recorded in the hexagon. Thiscircleis tangent to the
midpoints of the lines that join the ends of the active space
vector.Finally,themodel ofathree-phaseinverterbasedon
space vector representation enables the proposed
convertertodeliverpowerfromthebatterytothegrid.

mocde] mesdeld madel mosdel
I -2y 0T
H———
SI1.812.513, S11,512.513,
514,517,518 514,517,518
S — -
515,516 S15.516
- S— —
; "_"‘_'-o |_L'I-|-l-.._____ -— : _J‘_'I-n e
e — ha — T —
-Tr-_ A | — “,'q."‘,-"__.-*
Ve V¥
ls iy
Na¥er NtV

(a) {b)
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DC-DCConversion

Fig. 6 shows the configuration of the proposed DC-DC
conversion system. The DC-DC converter is connected to
battery on one side and to the DC link on the other side. Vo
and Vg4 show the battery and the DC link voltages,
respectively. Interleaved DC-DC converter is proposed to
reduce the voltage and current stress and, increase the
reliability of the DC-DC conversion. Therefore, we will only
examinethefirstpartofthe DC-DCconverter. The proposed
converter consists of four inductors L1, L2, L3, and L4, four
capacitors C1, C2, C3, and C4, eight switches S11, 512, 513,
S14,515,516,517,and S18 and ten diodes D11, D12, D13,
D14, D15, D16, D17, D18, D19 and D20.
Bodyswitchesanddiodesconductcomplementaryduringa
complete switching period (Ts). The V2G and G2V working
modes of the DC-DC converter in continuous conduction
mode (CCM) and discontinuous conduction

mode (DCM) are shown in Fig. 7 and Fig. 8, and
the
detailedanalysisofeachmodeisgiveninthefollowing.

A.G2VOQperation

Two modes for CCM operation and four modes for DCM
aredefinedasfollow:

ThefirstmodeofCCMandDCM([0-t1]:accordingtoFig.9(a),
switchesS11,513andS17areturnedonandswitchS15isoff.
In this time interval, inductor L1 is charged by the input DC
link and the energy released from capacitor C3. Therefore,
thecurrentthroughinductorL3increases, whileinductor L3
is energized from C5. The derived current and voltage
equations according to the time- domain waveform in Fig.
8(a)are:

dip
vii=ly d; =Vac-vez=Vacves
{ dis 3)
viz=L3 dt =-Vo+vez=-Votvcs

thevoltageoftwocapacitorsC3andC5areequal.

The second mode of CCM [t1-Ts]and DCM [t1-t2]: unlike
the first mode, according to Fig. 9(b), while diodes D15 and
D19 conduct, switches S11, S13 and S15 are turned off.
InductorL1givesitsenergytocapacitorsC3andC5.Also,the
energyofinductorlL3isdischarged.

dig1

S (4)

Applyingvolt-secondbalancelawoninductorsL1andL2
yields:

D(Vac-Ve3)+(1-D)(-Vez-Ves)=0 (5)
D(-V,+V¢3)+(1-D)(-V,)=0 (6)

Dstandsfordutycycle.Using(6),theaveragevoltageon
thecapacitorsC3andC5arecalculatedasfollows:

Vez=Ves=Vo/D (7)

http://trpubonline.org/index.php/Genomica

Vol 1, Issue 1, 2026

The voltage conversion ratio of the proposed converter
duringCCMoperationforG2Vmodeisobtainedfrom(6)and
(7)asfollows:

v, D2
Moy (comy =v.~2-D
C

(8)

The third mode of DCM [t2-t3]: in this state, the current
passing through inductor L1 in t2 and the current passing
throughinductorL3int3reachzero.

Thefourth mode of DCM [t3-Ts]:in this state, the current
through the inductors reaches zero and all the switches are
off. Afull cycle of Tsiscompleted at the end of this interval.
Diodes D1 and D2 can be defined as duty cycles where the
current through the inductors becomes zero. Therefore,
according to the Fig. 9(c), the voltages across the inductors
aregivenasfollow:

Vdc'VC3 OSt<DTS
V= {-vez-ves  DTs<t<(D+D2)Ts (9)
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Fig. 9: EquivalentcircuitoftheproposedDC-DCconverterin
G2Voperation:(a)Mode1,(b)Mode2,(c)Mode3.

—VD +vc3 0<t< DTS
VL3 ={ —Vo DTsSt<(D +D1)Ts (10)
0 (D+D)Ts; <t<T;

22


http://trpubonline.org/index.php/Genomica/index
http://trpubonline.org/index.php/Genomica

Genomica

Byapplyingvolt-secondbalancelawonbothinductors,
voltageofcapacitorsiscalculatedasgivenin(16).

Vez=Ves=(D+D1)V,/D (11)
So,duringthismode, DCMvoltagegaintransferratiois
calculatedasfollows:

D? (12)

M _Vo__
G2V(DCM) ™y, (D+D1)(D+2D2)

B.V2GOperation

Unlikethe G2V Operation mode, in thismode, the power
flows from the battery side to the DC link. Two modes are
definedforCCMoperationandfourmodesfor DCM:

First mode of CCM and DCM [0-t1]: in this interval, only
switch S15 conducts, as shown in Fig. 10(a). The DC source
chargesinductorsL3andL1, thatincreasesthecurrent.The
energy of capacitors C1and C2 isdischarged ininductor L1.
Fig.8(b)showsthederivedcurrentandvoltageequation.

{ L1 1 dt c3  C5 (13)

The second mode, CCM [t1-Ts] and DCM [t1-t2]:
accordingtoFig. 10(b), only threediodes D11, D13 and D17
conduct and all switches are off. Inductor L3 discharges
energytocapacitorC5,andinductorL1dischargesitsenergy

toDClink.
di
VL1:L1£=-Vd v =-V +v c5
de c G (14)
¢ v =L CI1L3—V v =V-v
L3 3 o o
dt a3 s

Itcanbeseenthatthevoltage of capacitorsC3andC5 are
equal. If we apply the volt-second balance law on the

inductors,wehave:
D(Vo)+(1-D)(Vo-Vc3)=0 (15)
D(Vez+Ves)+(1-D) (-VetVez)=0 (16)

Using(15),thevoltageofcapacitorsClandC2canbe
determinedasfollow:

V =V _ Y (17)

c3 €5~ (1-p)

The voltage conversion ratio of the proposed
converterduringCCMoperationforV2Gisobtainedfrom
(16)and(17).

Vac 14D

My26comy= (18)

~ @Dy
Third mode of DCM [T2 -T3]: current of inductor L1
reachestozero.
Fourth mode, DCM [t3-Ts]: the current through the
inductorsreachestozeroandallswitchesare off. Atthe

end of this interval, a full switching period of Ts

is
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completed.AsshowninFig.10(c),thevoltagesonbothsidesof
theinductorsarecalculatedasfollow:
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Fig. 10: EquivalentcircuitoftheproposedDC-DCconverterin
V2Goperation:(a)Mode1,(b)Mode2,(c)Mode3.

Veztves 0<t<DT;
Vii= {'Vdc+VC3 DTsSt<(D+D2)Ts (19)
0 (D+Dy)To<t<T,
Vo 0<t<DT,
VL3:{VO'VC3 DTsSt<(D+D1)Ts (20)
0 (DD )T<t<T
1 s S

Thevolt-secondbalancelawisappliedtoinductorsL1land
L3.

Therefore,thevoltagesofcapacitorsC3andC5are
equalto(21).

Ves=Ves= """

So,theDCMvoltagegaininV2Gmodecanbeobtainedas
follows:

Vdc _(D+D1)(2D+D7) (22)
V2G(DCM) — D1D;
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Fig. 11: schematicofDC-DCConverterwithcontroller:(a)G2V, Table2:ValuesforeachelementintheproposedDC-DC

(b)V2G. converter

ProposedDC-DCConverterControlSystem Parameters Values

In G2V operating mode, the difference between Vg4 and Ratedpower (Pout) 17[KW]
Vref is given to Pl controller. The Pl controller output duty BatteryandDCLinkside 380[V]and600[V]
cycle is compared with a sawtooth wave to apply the gate voltages(Vo, Vac)
pulses to the switches S15 and 516 (fig. 11(a)). During G2V 3-PhaseGridsidevoltage (Ve) 380[V],50[Hz]
operation, switches S15 and S16 are off. SOC extracts the
appropriate current of isattery” Usinglookup table (LUT) data. Switchingfrequency(f;) 1[kHz]
The difference between igattery and isattery” is given to the Pl InductorsL1,L3andL, 1[mH],2.2[mH]and1
controller. The output of the Pl controller determines the [mH]
dutycycle(fig.11(b)).ByusingPWM Generator, therequired CapacitorsC1,C3,C5andC7 470[uF],330[uF],330

pulsesareappliedtoswitchesS11,512,513,514,S17andS18 [uFland2.2[uF]

with the desired duty cycle. A 380 Volt 40 ampere-hour
battery is applied in the studied system. The proposed
topologycanbeusedforawiderangeofbatteryvoltages.

In CCM operation mode, the minimum inductor current
must be positive, so the critical values of inductors are

obtainedasfollow;
Bpeiagioesy, |

. > (2-D)(1-D) V (33)
DutyCycleforG2VandV2GOperation 3 2f5lo = g ©
UsingthebatteryandDClinkvoltages,itobtainedthatthe V2G:L gMQ;L iM)szg (34)
duty cycle in G2V and V2G operation modes are 2fslo (1-D)*fslo
calculatedasfollow: Valuesofcapacitorsaredeterminedasfollow:
D =0.5(-V+V¥+8¥¥—)/V (23 G2ViC_ 5 DOD oo (DN (35)
G2v o o o dc de 3;5_AVC3:5f5(2'D) ’ - 8Avc$f2L1
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D(1-D)Io D(1-D)2V,
. > _ 2 0
V2G:iCg52 Avcs;sfs(1+D) = Avcdefs(1+D) (36)

dc
By having the allowed ripple of capacitors voltage, and
considering (35) and (36), the values of capacitors are
obtained. Considering the interleaved configuration of DC-
DC converter, the obtained values for each element in one
partissimilartothe same elementinthe other part. Table 2
showsthevaluesof DC-DCconverterelements.
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Fig. 12: Thevoltageofonswitches:(a)G2V,(b)V2G.

Comparision

The proposed battery charger is compared with similar
chargers in this section and results are given in Table. 3. As
mentioned before, the proposed configuration has
bidirectional power flow capability which only some of the
chargers have this capability. Also, from efficiency point of
view, the proposed configuration has relatively good
situation. It should be noted that the ratio of the output
powertotheinputpowerisusedtodeterminetheefficiency.
As,intheV2Gworkingmode theinputpower

http://trpubonline.org/index.php/Genomica
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is the battery power and the power delivered to the
network is the output power, and in the G2V working

mode, the powertothe batteryisthe output powerandthe
converterpowerisconsideredastheinputpower.Thegiven
battery charger has the best battery voltage range among
thecomparedchargers.

Table3:Resultsofcomparisonbetweentheproposedchargerand
similarconfigurations

- Bidirectional Battery Switching
REF.  Efficiency voltage
powerflow range frequency
[1] 99% No 200-650V  20-80kHz
[2] 97.01% No 460-800V 150kHz
[4] 97.5% Yes 48V 10kHz
[5] 98.4% Yes 400V 20kHz
7] 98.2% No 150-950V  500kHz
[8] 95.6% Yes 48-450V 40kHz
[9] 97.2% Yes 40V 50kHz
[12] 99.2% No 700-900V  50-160kHz
[13] 98% Yes 430-620V 20kHz
[15] 97.9% No 800V 100kHz
[16] 92.08% No 46-65V 20kHz
[17] 96.7% No 9-16V 26&:;00
Proposed >96% Yes 20-600V 1kHz

Simulation Results

It has been designed in Simulink MATLAB software to
validate the control scheme and battery topology of the
proposedcharger. Theswitchingfrequencyisconsidered to
be 1kHz, and the selfie filteris 1 mH is connected to a three-
phase network of 380 V and 50 Hz. In this simulation, a
battery with a voltage of 380 volts and a current of 40 amp-
hoursisused, which canbereplaced with differentbatteries
with different voltage-current ranges. Fig. 12(a) in CCM
mode showsthevoltage of switchesS11,513andS17in G2V
mode, which are “on” in this mode. Fig. 12(b) shows the
voltage of switch S15in DCM mode and in V2G mode. The
voltages of other switches are the same as the
correspondinginterleaved switch.InCCM modeandin G2V
operation mode, according to Fig. 13(a), Battery voltage
ripple is less than one volt. Fig. 13(b) shows the charging
currentofthebatteryinfullload.
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Fig. 13: CCMoperationinG2V:(a)Batteryvoltage,(b)Battery
current.

The ripple of the battery charging current is less than 4
amps. In DCM mode and V2G operation mode, battery
dischargevoltageandcurrentareshownasshowninFig.14.
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Fig. 15: Inductorvoltage,and(b)inductorcurrentinCCMmode.
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Fig. 16: DCLinkvoltage:(a)G2V,(b)V2G.

Fig. 15showsthe voltage and current ofinductorsL1and
L3 in G2V operation mode. The current ripple of the
inductorsisabout2amps.Also,DClinkvoltageinG2VandV2G
operation modes are given in Fig. 16. In the V2G operation
mode,thevoltageandcurrentoftheinductorsfor0.5kWload
onthenetworksideareshowninFig.17.

The reference voltage for the DC link is 600 volts, which
showsarippleoflessthan4voltsforG2Voperationmode.By
connecting a load of 380V and 500W, the phase- to-phase
voltageandthecurrentwaveformofphaseAareobtainedas
showninFig.18.

In order to check the usability of the proposed converter
inchargingstations,twoDC-DCconvertersareconnectedto
the DClink in parallel. This type of connection provides the
ability to charge an electric vehicle with only one AC-DC
converter, which will ultimately lead to a reduction in the
number of elements and cost, but also can charge cars with
differentbatterycapacitiesatthesametime.

Fig. 19 shows the charging current of two identical
batteriesthathavethesameSOCs.Thecurrentrippleofboth
batteries is equal and varies from 36 to 41 amps.
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Assumingthatthese 2 electriccarsarecharging, thecurrent
ofphaseAisshowninFig.20.

The peak of this current depends on the number of EVs
beingchargedandtheSOCofthebatteries. Accordingtothe
obtained simulation results, the proposed converter can be
placed in the category of off-board fast charger, which can
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500
charge a 380 volt and 40 amp-hour battery in less than 38
minutes. The peak ofthiscurrentdependson the number of 55 5.55 5 58 585 57
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Fig. 18: Loadvoltageandcurrent:(a)PhasetoPhaseVoltage,
200 (b)PhaseAcurrent.
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Fig. 19: ThecurrentofBatteriesinthechargingstation.
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Fig. 17: (a)Inductorvoltage,and(b)inductorcurrentinDCM
mode.

According to the obtained simulation results, the
proposed converter can be placed in the category of off-
board fastcharger, which canchargea380voltand40amp-
hourbatteryinlessthan38minutes.Fig.21illustratespower
factor variations in the grid side of the proposed battery
charger. As shown in this figure, power factor is nearly unit
duringthechargeprocess.

Phase A Current [A]

E kL &85 E8H

.05 51 545
Tima [s]

Fig. 20: PhaseAcurrentwhenconnectingtotwoelectricvehicles.
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Conclusions

In this paper, a non-isolated bidirectional DC-DC
converterconnectedtoaT-typethreelevelconverterforV2G
andG2Vapplicationsispresented.Thenumberofkeysofthe
proposed T-type converter is reduced compared to the
conventional T-type converter, which leads to a cost
reduction inthis structure. The proposed configuration has
the merits of a common ground and ability of flow powerin
bothdirections.Thelowharmonicdistortionofthisstructure
is about 3%. In order to stabilize the DC link voltage, this
structure uses SVPWM controller in V2G operation and
SPWM controller in reverse power flow mode. The battery
chargercanchargea380Vand40amp-hourbatteryfrom20-
80% of SOC in less than 38 minutes that shows the charger
operatesasafastcharger.Theproposedbatterychargercan
be usedinthe charging station for a wide range of batteries
with different voltagesand currents. The advantages make
the proposed converter one of the suitable options for
batterychargersforelectricvehicles.

Abbreviations
EV ElectricVehicle
SvPWM SpaceVectorPulseWidthModulation
CBPWM CarrierBasedSinusoidalPulse Width
Modulation
V2G Vehicletogrid
G2v gridtoVehicle
THD TotalHarmonicDistortion
soc StateofCharge
SPWM SinusoidalPulse Width Modulation
ccm ContinuousCurrentMode
DCM DiscontinuousCurrentMode
References

[1] A. Ghosh, “Possibilities and challenges for the inclusion of the
ElectricVehicle (EV)toreduce thecarbonfootprintinthetransport
sector:Areview,” Energies, 13(10):1-22,2020.

[2] A. Hussain, V. H. Bui, J. W. Baek, H. M. Kim, “Stationary energy
storage systemforfastevchargingstations: Simultaneoussizing of
batteryandconverter,” Energies,12(23):1-17,2019.

[3] S.Rivera, R.L.F,S. Kouro, T. Dragicevi¢, B. Wu, “Bipolar DC power
conversion: State-of-the-art and emerging technologies,” IEEE J.
Emerg.Sel.Top.PowerElectron.,9(2):1192-1204,2020.

[4] M. A. H. Rafi, J. Bauman, “A comprehensive review of DC fast-
charging stations with energy storage: Architectures, power
converters, and analysis,” IEEE Trans. Transp. Electrif., 7(2): 345-
368,2021.

[S] S.Rivera, B. Wu, “Electric vehicle charging station with an energy
storage stage for Split-DC bus voltage balancing,” IEEE Trans.
PowerElectron,32(3):2376-2386,2016.

(6]

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

http://trpubonline.org/index.php/Genomica

Vol 1, Issue 1, 2026

I. Aghabali, J. Bauman, P. J. Kollmeyer, Y. Wang, B. Bilgin, A. Emadi,
“800-V electric vehicle powertrains: Review and analysis of
benefits, challenges, and future trends,” IEEE Trans. Transp.
Electrif.,7(3):927-948,2021.

Y. Tahir et al., “A state-of-the-art review on topologies and control
techniques of solid-state transformers for electric vehicle extreme
fastcharging,” IETPowerElectron.,14(9):1560-1561,2021.

L.Zhou, M. Jahnes, M. Eull, W.Wang, M. Preindl, “Controldesign ofa
99% efficiency transformerless EV charger providing standardized
gridservices,”IEEETrans.PowerElectron.,37(4): 4022-4038,2022.

H.Kim,J.Park,S.Kim,R.M.Hakim,H.Belkamel,S.Choi, “Asingle- stage
electrolytic capacitor-less EV charger with single- and three- phase
compatibility,”IEEETrans.PowerElectron.,37(6):6780- 6791,2022.

Y. Du, X. Zhou, S. Bai, S. Lukic, A. Huang, “Review of nonisolated bi-

directional DC-DC converters for plug-in hybrid electric vehicle
charge station application at municipal parking decks,” in Proc.
2010 Twenty-Fifth Annual |EEE Applied Power Electronics
ConferenceandExposition(APEC):1145-1151,2010.

P. Falkowski, M. Korzeniewski, A. Ruszczyk, K. Késka, "Analysis and
design of high efficiency DC/DC buck converter," Przeglad
Elektrotechniczny,5:150-156,2016.

S.Dusmez, A.Hasanzadeh, A.Khaligh, “Lossanalysisof non- isolated
bidirectional DC/DC converters for hybrid energy storage systemin
EVs,” inProc.2014 IEEE 23rd International Symposium onIndustrial
Electronics(ISIE):543-549,2014.

L. Tan, B. Wu, V. Yaramasu, S. Rivera, X. Guo, “Effective voltage
balance control for bipolar-DC-bus-fed EV charging station with
three-level DC-DC fast charger,” IEEE Trans. Ind. Electron., 63(7):
4031-4041,2016.

V. Monteiro, J. C. Ferreira, A. A. N. Meléndez, C. Couto, J. L. Afonso,
“Experimental validation of a novel architecture based on a dual-
stage converter for off-board fast battery chargers of electric
vehicles,” [EEETrans.Veh.Technol.,67(2):1000-1011,2018.

28


http://trpubonline.org/index.php/Genomica/index
http://trpubonline.org/index.php/Genomica
https://www.mdpi.com/1996-1073/13/10/2602
https://www.mdpi.com/1996-1073/13/10/2602
https://www.mdpi.com/1996-1073/13/10/2602
https://www.mdpi.com/1996-1073/12/23/4516
https://www.mdpi.com/1996-1073/12/23/4516
https://www.mdpi.com/1996-1073/12/23/4516
https://ieeexplore.ieee.org/document/9036877
https://ieeexplore.ieee.org/document/9036877
https://ieeexplore.ieee.org/document/9036877
https://ieeexplore.ieee.org/document/9165010
https://ieeexplore.ieee.org/document/9165010
https://ieeexplore.ieee.org/document/9165010
https://ieeexplore.ieee.org/document/9165010
https://ieeexplore.ieee.org/document/7469388
https://ieeexplore.ieee.org/document/7469388
https://ieeexplore.ieee.org/document/7469388
https://ieeexplore.ieee.org/document/9294077
https://ieeexplore.ieee.org/document/9294077
https://ieeexplore.ieee.org/document/9294077
https://ieeexplore.ieee.org/document/9294077
https://ietresearch.onlinelibrary.wiley.com/doi/epdf/10.1049/pel2.12141
https://ietresearch.onlinelibrary.wiley.com/doi/epdf/10.1049/pel2.12141
https://ietresearch.onlinelibrary.wiley.com/doi/epdf/10.1049/pel2.12141
https://ieeexplore.ieee.org/document/9601271
https://ieeexplore.ieee.org/document/9601271
https://ieeexplore.ieee.org/document/9601271
https://ieeexplore.ieee.org/document/9601271
https://ieeexplore.ieee.org/document/9601271
https://ieeexplore.ieee.org/document/9601271
https://ieeexplore.ieee.org/document/9615143
https://ieeexplore.ieee.org/document/9615143
https://ieeexplore.ieee.org/document/9615143
https://ieeexplore.ieee.org/document/9615143
https://ieeexplore.ieee.org/document/9615143
https://ieeexplore.ieee.org/document/9615143
https://ieeexplore.ieee.org/document/5433359
https://ieeexplore.ieee.org/document/5433359
https://ieeexplore.ieee.org/document/5433359
https://ieeexplore.ieee.org/document/5433359
https://ieeexplore.ieee.org/document/5433359
https://www.researchgate.net/publication/301906877_Analysis_and_design_of_high_efficiency_DCDC_buck_converter
https://www.researchgate.net/publication/301906877_Analysis_and_design_of_high_efficiency_DCDC_buck_converter
https://www.researchgate.net/publication/301906877_Analysis_and_design_of_high_efficiency_DCDC_buck_converter
https://ieeexplore.ieee.org/document/6864671
https://ieeexplore.ieee.org/document/6864671
https://ieeexplore.ieee.org/document/6864671
https://ieeexplore.ieee.org/document/6864671
https://ieeexplore.ieee.org/document/6864671
https://ieeexplore.ieee.org/document/6864671
https://ieeexplore.ieee.org/document/6864671
https://ieeexplore.ieee.org/document/7428939
https://ieeexplore.ieee.org/document/7428939
https://ieeexplore.ieee.org/document/7428939
https://ieeexplore.ieee.org/document/7428939
https://ieeexplore.ieee.org/document/8048018
https://ieeexplore.ieee.org/document/8048018
https://ieeexplore.ieee.org/document/8048018
https://ieeexplore.ieee.org/document/8048018

Genomica http://trpubonline.org/index.php/Genomica
Vol 1, Issue 1, 2026

[15] S. Lu, M. Mu, Y. Jiao, F. C. Lee, Z. Zhao, “Coupled inductors in
interleaved multiphase three-level DC-DC converter for high-
powerapplications,” IEEETrans. Power Electron,31(1):120-134,
2016.

[16] S.Utsav,B.Singh,“Abidirectionalbatterychargerforawiderange
of electric vehicles,” in Proc. 2022 IEEE Global Conference on
Computing, Power and Communication Technologies
(GlobConPT),2022.

[17] A.Jain, K. K. Gupta, S. K. Jain, P. Bhatnagar, “A bidirectional five-
level buck PFC rectifier with wide output range for EV charging
application,” IEEE Trans. Power Electron, 37(11): 13439-13455,
2022.

[18] M.Eull,L.Zhou, M. Jahnes, M. Preindl, “Bidirectional nonisolated
fast charger integrated in the electric vehicle traction
drivetrain,” IEEETrans.Transp.Electrif.,8(1):180-195,2022.

[19] J.Gupta,B.Singh, “Anon-board chargingsystem forlight EVswith
G2V and V2G power transfer capability,” in Proc. IEEE IAS Global
ConferenceonEmergingTechnologies(GlobConET),2022.

[20] S.Mukherjee, J. M. Ruiz, P. Barbosa, “A high power density wide
range DC-DC converter for universal electric vehicle charging,”
IEEETrans.PowerElectron,38(2):1998-2012,2023.

[21] H.Karneddi,D.Ronanki,“Universalbridgelessnonisolatedbattery
charger with wide-output voltage range,” IEEE Trans. Power
Electron, 38(3):2816-2820,2023.

[22] H.Heydari-doostabad, T.0’Donnell, “Awide-range high-voltage-
gain bidirectional DC—DC converter for V2G and G2V hybrid EV
charger,” [EEETrans.Ind.Electron,69(5):4718-4729,2021.

[23] D. Cittanti, M. Gregorio, E. Vico, E. Armando, R. Bojoi, “High
performance digital multi-loop control of LLC resonant
converters forEVfastchargingwith LUT-basedfeedforwardand
adaptive gain,” IEEETrans.Ind.Appl.,58(5):6266-6285,2022.

[24] M. A. Alharbi, A. M. Alcaide, M. Dahidah, P. Montero-Robina, S.
Ethni, V. Pickert, J. I. Leon, “Rotating phase shedding for
interleaved DC-DC converter-based EVs fast DC chargers,” IEEE
Trans.PowerElectron, 38(2):1901-1909,2023.

[25] L.Zhou, M.Jahnes, M. Eull, W.Wang, G. Cen, M. Preindl, “Robust
control design for ride-through/trip of transformerless onboard
bidirectional ev charger with variable-frequency critical-soft-
switching,” IEEETrans.Ind.Appl.,58(4):4825-4837,2022.

[26] R.Mayer, M.B.E.Kattel,S.V.G.Oliveira, “Multiphaseinterleaved
bidirectional DC/DC converter with coupled inductor for
electrified-vehicle applications,” IEEE Trans. Power Electron,
36(3): 2533-2547,2021.

[27] H. Moradisizkoohi, N. Elsayad, O. A. Mohammed, “A voltage-
quadrupler interleaved bidirectional DC-DC converter
with
intrinsic equal current sharing characteristic for electric
vehicles,”[EEETrans.Ind.Electron,68(2):1803-1813,2021.

[28] M. Abbasi, K. Kanathipan, J. Lam, “An interleaved bridgeless
single- stage AC/DC converter with stacked switches
configurationsand soft-switchingoperationforhighvoltageEV
battery systems,” IEEE Trans. Ind. Appl., 58(5): 5533-5545,
2022.

[29] R. Kushwaha, B. Singh, “A bridgeless isolated half bridge
converter based EV charger with power factor pre-
regulation,”[EEETrans. Ind.Appl,58(3):3967-3976,2022.

[30] X.Zhou et al., “A high-efficiency high-power-density on-board
low- voltage DC-DC converter for electric vehicles
application,” |IEEE Trans. Power Electron, 36(11): 12781-
12794,2021.

29


http://trpubonline.org/index.php/Genomica/index
http://trpubonline.org/index.php/Genomica
https://ieeexplore.ieee.org/document/7027864
https://ieeexplore.ieee.org/document/7027864
https://ieeexplore.ieee.org/document/7027864
https://ieeexplore.ieee.org/document/7027864
https://ieeexplore.ieee.org/document/9938288
https://ieeexplore.ieee.org/document/9938288
https://ieeexplore.ieee.org/document/9938288
https://ieeexplore.ieee.org/document/9938288
https://ieeexplore.ieee.org/abstract/document/9804814
https://ieeexplore.ieee.org/abstract/document/9804814
https://ieeexplore.ieee.org/abstract/document/9804814
https://ieeexplore.ieee.org/abstract/document/9804814
https://ieeexplore.ieee.org/document/9623555
https://ieeexplore.ieee.org/document/9623555
https://ieeexplore.ieee.org/document/9623555
https://ieeexplore.ieee.org/document/9872502
https://ieeexplore.ieee.org/document/9872502
https://ieeexplore.ieee.org/document/9872502
https://ieeexplore.ieee.org/document/9872502
https://ieeexplore.ieee.org/document/9928790
https://ieeexplore.ieee.org/document/9928790
https://ieeexplore.ieee.org/document/9928790
https://ieeexplore.ieee.org/document/9931985
https://ieeexplore.ieee.org/document/9931985
https://ieeexplore.ieee.org/document/9931985
https://ieeexplore.ieee.org/document/9447241
https://ieeexplore.ieee.org/document/9447241
https://ieeexplore.ieee.org/document/9447241
https://ieeexplore.ieee.org/author/37086178677
https://ieeexplore.ieee.org/author/37087078935
https://ieeexplore.ieee.org/document/9783099
https://ieeexplore.ieee.org/document/9783099
https://ieeexplore.ieee.org/document/9783099
https://ieeexplore.ieee.org/document/9783099
https://ieeexplore.ieee.org/document/9783099
https://ieeexplore.ieee.org/document/9783099
https://ieeexplore.ieee.org/document/9910420
https://ieeexplore.ieee.org/document/9910420
https://ieeexplore.ieee.org/document/9910420
https://ieeexplore.ieee.org/document/9910420
https://ieeexplore.ieee.org/document/9750904
https://ieeexplore.ieee.org/document/9750904
https://ieeexplore.ieee.org/document/9750904
https://ieeexplore.ieee.org/document/9750904
https://ieeexplore.ieee.org/document/9163288
https://ieeexplore.ieee.org/document/9163288
https://ieeexplore.ieee.org/document/9163288
https://ieeexplore.ieee.org/document/9163288
https://ieeexplore.ieee.org/document/9163288
https://ieeexplore.ieee.org/document/9108581
https://ieeexplore.ieee.org/document/9108581
https://ieeexplore.ieee.org/document/9108581
https://ieeexplore.ieee.org/document/9108581
https://ieeexplore.ieee.org/document/9108581
https://ieeexplore.ieee.org/document/9745827
https://ieeexplore.ieee.org/document/9745827
https://ieeexplore.ieee.org/document/9745827
https://ieeexplore.ieee.org/document/9745827
https://ieeexplore.ieee.org/document/9745827
https://ieeexplore.ieee.org/document/9745827
https://ieeexplore.ieee.org/document/9745827
https://ieeexplore.ieee.org/document/9745827
https://ieeexplore.ieee.org/document/9743711
https://ieeexplore.ieee.org/document/9743711
https://ieeexplore.ieee.org/document/9743711
https://ieeexplore.ieee.org/document/9743711
https://ieeexplore.ieee.org/document/9743711
https://ieeexplore.ieee.org/document/9420310
https://ieeexplore.ieee.org/document/9420310
https://ieeexplore.ieee.org/document/9420310
https://ieeexplore.ieee.org/document/9420310
https://ieeexplore.ieee.org/document/9420310
https://ieeexplore.ieee.org/document/9420310

