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connection in the LV side and series connection in the HV of 
DAB converters is shown in Fig. 2, where there are 3 
interleaved DAB converters (called here S3DAB). 

iLVDC iHVDC- -

+ CLVTi.VDC 
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Fig. I. Typical Dual Active Bridge (DAB) converter. 
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 In a world of growing need for efficient energy conversion and 
distributed generation, Dual Active Bridge (DAB) converters 
represent a prominent converter topology given its soft switching 
properties and the low number of components, which allow the 
converter to be highly compact. Depending on the operating voltages 
and the transferred power, large circulating currents may occur. 
Parallel connection of converters is a good option in high current 
applications in order to adapt the converters to the use of standard 
semiconductors. Interleaving techniques provide, to both sides of the 
DAB converter, the reduction of the current ripple and the increase of 
its frequency. As a consequence the filters associated to the converter 
may be reduced. This paper introduces a new topology of DAB 
(named DABD3) which has a double three-phase connection in the 
low voltage (LV) high current side of the converter. This topology 
allows Zero Current Switching (ZCS) in the high voltage (HV) side 
switches. It has the same number of switches with the same blocking 
voltage of a parallel association of three single phase DAB 
converters. However, it presents lower ripple in the DC bus current 
and lower switched current in the LV side, which reduces the losses of 
the whole system. 

T'LVDC 

I. INTRODUCTION
Parallel and/or series operation of converters allows the 

increase of the converted power while using standard 
semiconductors. Interleaving the switching signals of 
commutation cells reduces the current ripple and increases the 
dynamic performance converters [1][2]. 

Paralleling techniques can be applied to many different types 
of power converters, such as: Flyback [3][4], boost [5], AC 
choppers [6], and especially in regular DC choppers [2] and 
inverters [7]. In recent years there is a growing need of the 
parallelization of bidirectional DC-DC converters due, in great 
part, to the increase of distributed generation [8,9] and 
automotive power electronics [lO]. A promising converter for 
bidirectional isolated DC-DC applications is the Dual Active 
Bridge (DAB) converter, which the most typical configuration 
is shown in Fig. 1. It is used in several applications having 
different modulation strategies, where the most common allows 
Zero Voltage Switching (ZVS) [11] and/or Zero Current 
Switching (ZCS) [12]. 

In application such as smart grids, it is common to find a 
great difference between the voltage in the DC bus of the two 
sides of the converter [9,13]. So, it is a natural solution to 
connect DAB converters in series in the HV side in order to use 
high performance switches with lower breakdown voltage. The 
L V side usually handles high current and so it is all natural to 
connect DAB converters in parallel. An example of parallel 

HVDC
+ T'HVDC2'--='--::-----==--1----+ C HV2 -

+ T'HVDC3
'----==-__ 1----+ C HV3 -

�� ��Cell a Cell b Cell b Cell a 
Fig. 2. DAB converter with series connection at HV side and parallel 
connection at the LV side. This converter is called here S3DAB. 

II. DUAL ACTIVE BRIDGE MODULATION
DAB converters are classically modulated applying a square 

wave of duty cycle of 50% in each side (V1LV and VHV in Fig. 1) 
and changing the phase shift (cp) between these two voltages.
The resulting current in the transformer has a quasi trapezoidal 
shape as the one shown in Fig. 3a. This modulation allows Zero 
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Voltage Switching (ZVS) in all switches in a certain power 
range [14] and reduced RMS current through the transformer 
depending on the maximum phase shift allowed in the system. 
However the switches in the HV side, which usually have a 
high breakdown voltage, present poor switching performance 
and consequently a modulation with ZCS at these switches is 
desired [13]. 

Triangular modulation allows ZCS at the HV side switches 
[13, 14] which can be seen by the relevant voltage and current 
waveforms shown in Fig 3b. In this type of modulation phase 
shift is zero and, in the case where VLVDCN, > VHVDC (where 
VLVDC, VHVDC and N, are respectively the DC voltages at the LV 
and HV sides and the turns ratio of the transformer), duty 
cycles in the HV and LV sides, respectively DHv and DLv, can 
be calculated as: 

(1) 

(2) 

where LHV is the inductance in the HV side of the transformer, 
P, is the transferred power and Ts is the switching period.

o 
, , , , , ............... ...................................•... 

o 
Turn-on cell "b ", LV side Turn-on cell "b", HV si.de 

a) 

, , , , , 
'----2""--- --------------T tHV 

T,12 T,

o T,DLV T,DHV T'b)
Fig. 3. Relevant voltages and currents of a DAB converter using a) phase shift 
modulation and b) triangular modulation. 

Note that this modulation, although achieving ZCS at the 
HV side switches, imposes the LV side switches to commutate 
at the maximum value of the current of the switching period. 
This may induce high switching losses at the LV side 
semiconductors. This can be reduced if using the proposed 
three-phase topology (DABD3) of this paper, which will be 
explained in Section III. 

A. DC bus current 
For the DAB converter of Fig. 1, the current flowing in the 

DC bus of the LV side (hVDd of the converter is equal to the 
current on the LV side of the transformer (l'LV), but switched by 
L V full bridge. The resulting waveform is shown in Fig. 4a. In 

the same manner, the current flowing in the DC bus of the HV 
side (lHvDd of the converter is equal to the current on the HV 
side of the transformer (l/Hv), but switched by HV full bridge. 
The resulting wavefonn is also shown in Fig. 4a. Neglecting 
the magnetizing current of the transfonner, I'Lv = l/HV ·N,. 

Both currents of Fig. 4a have high ripple compared to the DC 
value. This may induce high losses on the conductors 
connected to DC bus capacitors. It also highly influences the 
amount of capacitance necessary in each side to maintain a 
reasonable value of voltage ripple. Thus, in the case of parallel 
connection of the LV side converters (e.g. Fig 2), the ripple in 
the DC bus current can be reduced and the apparent frequency 
of the current ripple is increased. This is shown in Fig 4b, 
where the DC bus current at the LV side is plotted for a nwnber 
of paralleled converters (Np) equal to 1, 2, 3, and 6, operating at 
the same point, transferring the same total power from the LV 
side to the HV side. With the current ripple reduction and the 
apparent frequency increase, capacitor CLV and eventual input 
filter size can be significantly reduced. 

= OJ .... .... = 0 
j
u Q 
�

.£ 0.. 0.. "C OJ en 13 p 0 � ..0 
U Q 
�

o 

0 

-------------------

T,DLV T,DHV
a) 

c) 

T, 

T, 

Fig. 4. a) Current in the LV and HV DC buses of a single-phase DAB converter 
with triangular modulation; b) current in the LV DC bus and c) voltage in the 
HV DC bus of interleaved DAB converters with parallel connection in the LV 
side and series connection in the HV side, using triangular modulation. 

When converters are connected in series in the HV side, the 
current flowing through each bus capacitor (CHVn in Fig. 2) is 
practically equal to current corresponding to its own converter 
and so the resulting capacitance needed to keep each individual 
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voltage ripple (VHVDCn in Fig. 2) within a certain limit is not 
reduced by the interleaved characteristic of the entire converter. 
However, since the voltage ripple in the HV side of the entire 
converter (VHVDC in Fig. 2) is equal to the sum of the voltage 
ripple in each capacitor (I'vHVDCn) and since the individual 
capacitor voltages have different phase shifts due to interleaved 
switching signals, VHVDC has a very low ripple. Thus, increasing 
the number of series connected interleaved converters may 
reduce the size of eventual filters needed between the bus 
capacitors and the HV DC source/load. 

The reduction in the DC bus voltage ripple and the increase 
of the apparent frequency are shown in Fig 4c for a number of 
series connected converters (Ns) equal to 1, 2, 3, and 6,
operating at the same point, transferring the same total power 
from the HV side to the LV side. 

Section III will show that the proposed DABD3 reduces the 
current ripple in the LV side bus capacitor and it also reduces 
the total voltage ripple in the HV side capacitors. 

III. NOVEL DOUBLE THREE-PHASE DAB
CONVERTER (DABD3) 

Analysis of this structure will be only present for half a 
switching period as it is commonly done for DAB converters 
since waveforms are symmetrical to half cycle point. 

The structure of the new double three-phase DAB converter, 
named DABD3, is shown in Fig. 5. The HV side of the 
converter is the same as in the three interleaved single phase of 
Fig. 2. However, the HV side winding of each transformer of 
Fig. 2 is split in two and wound in two different transformers. 
Analysis of this new three-phase DAB will be done for these 3 
full bridges in series at the HV side, as shown in Fig. 5. 
However, the operation of the converter and all the analysis 
presented in this section can be extended to any converter in the 
HV side which can apply a three-level voltage in the 
transformers, such as Neutral Point Clamped (NPC) converter, 
a Flying Capacitor (FC) converter, independently if they are 
connected in series or in parallel. 

The LV side of the DABD3 is also similar to that of three 
interleaved paralleled full bridges of Fig. 2. Each LV side 
winding of each transformer of Fig. 2 is also split in two and 
wound in two different transformers. However, the difference is 
that the middle point of these two split windings are connected 
in a common node to the corresponding middle point of split 
windings of the other two phases, as shown in Fig. 5. This 
common node, which is represented by point Y in Fig. 5, is a
floating point which has the voltage VLVY equal to 

v = VLVla + VLVlb + VLV2a + VLV2b + VLV3a + VLV3b 
LVY 6 

VHV1 + VHV2 + V HV3 
6 N, 

(3) 

In the LV side of the DABD3, the voltage in each "half' 
winding is equal to the difference between the voltage applied 
by each bridge leg (VLVmn where m= 1 ,2,3 and n=a,b) and the 
voltage in the node Y. Having this information and noting the
transformer dots in Fig. 5, the voltage reflected to the HV side 
of the transformer (V1HVm where m=I,2,3, in Fig. 5) can be 
calculated. For example, in phase 1, V/HVI is: 

f!;HVI 
= Nt· [(VLvla - VLVY ) + (VLVlb - VLVY )] = 

= Nt . ( 2VLVIa + 2VLVIb - VLv2a
3 

- VLV2b - VLV3a - VLV3b )
VHV1 + VHV2 + VHV3 

+ --'-'-'--'----'-'-'--"----'-'-'-""-
3 

Three-phase Three-phase 
sub-conyerter a sub-converter b 

+ T"HVDCl,-t--+ C HVI -

L,Jy Cell a Cell b 

+ "HVDC2j--f_--+ C HV2 -

+ T'HVDC3j--f_--+ C HV3 -

(4) 

Fig. 5. Double three-phase DAB converter proposed in this paper with series 
connection at HV side. 

This is not a 3-level voltage as in the case of single phase 
DAB, as it can be seen in Fig. 6, where it is also shown the 
voltage applied at the HV full bridge (VHVa. The difference 
between these two voltages is the voltage (VL,HVa applied to the 
inductor LHV, which can be calculated as in (5). The resulting 
current waveform in the transformer is also shown in Fig. 6. 

V = Nt. (2VLvla + 2VLVIb - VLV2a - VLV2b - VLV3a - VLV3b ) 
L,HVI 

3 

3 

(5) 

Rearranging (5) it is clearer the double three-phase nature of 
the system. This is shown in (6) where one can see that the 
voltage over the inductor is equal to the sum of voltages of two 
three-phase systems on the LV side minus the voltage of a 
three-phase system on the HV side. 

VL,HVI 
= Nt· ((VLvla - VN,Lva )+ (VLVlb - VN,LVb ))- (V HVI - VN,HV ) (6)

where VN,LVa, VN,LVb and VN,HV are virtual neutral voltages to its 
corresponding three-phase converter 

V = VHV1 + VHV2 + VHV3 
N,HV " -' 

V = VLVla + VLV2a + VLV3a
N,LVa "'" -' 

V = VLVlb + VLV2b + VLV3b 
N,LVb " -' 

(7) 
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As it can be seen by (6) and (7) and voltage and current 
waveforms in Fig. 6, there are many intervals and modes which 
have to be used to calculate the current, transferred power and 
duty cycle. To simplify the analysis of all these modes and to 
approximate this analysis to the one made for the single-phase 
DAB, we will define virtual voltages in the LV side, V VLVm =
VLVma + VLVmb, where m=I,2,3. Like this, (6) becomes

VL HVI = Nt· (VVLVI - VN VLV )- (VHVI - VN HV ). . . (8) 

To analyze the system, the different modes must be 
identified. Each mode consists on a specific sequence of 
switching instants of each of the phases. If we define, as in the 
triangular modulation of a single-phase DAB, that phase-shift is 
equal to zero, VLV-N, > VHV and DHV > DLV, all possible modes
can be reduced to only 9, which are shown in Table I. 

Table I. Different operation modes for the DABD3, considering that DHl,> DLV,VLV . N, > VHvand q>=0 Only modes 1 2 6 7 and 9 are suitable to be used , , , 

Mode DIY LV side) DHV (HV side) 
Number D Vmin D Vmax DHVmin DHVm,1X 

1 0 116 DLV 116 
2 0 116 116 DLv+1I6
3 0 1/6 DLv+1/6 1/3 
4 0 1/6 1/3 DLv+1/3
5 0 116 DLv+1I3 112 
6 116 113 DLV 113
7 116 113 113 DLv+1I6
8 1/6 1/3 DLv+1/6 1/2 
9 1/3 1/2 DLV 1/2

Further analysis, which will not be shown here for the 
purpose of conciseness, show that only modes I, 2, 6, 7 and 9 
can be used to efficiently transfer power from one side of the 
converter to the other. 

For each mode, the voltage over the inductor must be 
calculated and for each interval the inductor current must be 
calculated in order to find the values of DLV and DHV which 
imposes a ZCS at the HV side switches, for a given transferred 
power P, and inductor LHV• An example of the intervals used to
calculate the inductor current, for mode 9, is given in Fig. 7. 

Turn-on cell "a ", LV side 
VHV 

VHVDC+---�--���--+-�" Turn-on cell "a", HV side 

o 

Turn-on cell "b ", LV side Turn-on cell "b ", HV si�le , , 
o T,DLV T,DHV

Fig. 6. Relevant voltages and currents of the DABD3 converter. 

For this mode, if only interval I is taken as an example to 
show the value of the voltage applied to the inductor, we note 
that [using (5)]: 

V -N, .V ( 2(1)-(I)-(-I)Lv (2(1)-(1)-(-1)1 
L.HVI - t LVDC 3 ) HVDC 3 ) 

2 = - (Nt· VLVDC - V/IVDC)3 
(9) 

Intervals � 

N,' VLVDC' (2/3)' V HVDC 

N,.VLyDC- VHflD (2/3) (N,' VLVDCVHVDC o 
N,'VLVDc' (4/3)' VHVDC 

IV r II III: 
" 

, " , " 2/3 (-VHVDd -.f----·H-, , , ,

VI V :VIr VIII IX 

, ,, ,, , ----1'-1 

Fig. 7. Inductor voltage (VL./WI) showing all the intervals used to calculate the 
inductor current, with corresponding voltage value and instants where intervals 
are changed. Example given for mode 9. 

This approach can be used to all intervals and consequently 
the voltage applied to the inductor in each interval can be 
calculated (as in the example of mode 9 shown in Fig. 7). 

For each mode, one can solve a set of equations and, 
independently of the transferred power P, and inductor LHV, 
find the relationship between DLV and DHV which impose the 
switches at HV side to switch at zero current. Formulas to 
calculate the transferred power for the case of ZCS at HV side 
switches, for a given LHv, will not be shown here for a matter of
space. However, the formula for mode 9 is given below since it 
will be used in the next section in the comparison of the 
DABD3 with the 3 interleaved single phase DABs. 

p = N,' VLVDC • (N,' VLVDC - VHVDC)· (I + 6· DLV Y, 
18·fs·LHV 

(10) 

For modes 2, 6 and 7, there is no solution for ZCS in both 
half bridge legs. So Table III shows the formulas for modes 2, 6 
and 7 which impose ZCS in the three-phase sub-converter "a" 
(the one which impresses voltages VLV1a, VLV2a and VLV3a).

IV. COMPARISON BETWEENDABD3 AND 3

INTERLEA VED SINGLE PHASE DABs 

Smart grid applications are chosen to illustrate the 
advantages of the DABD3 (Fig. 5) over 3 interleaved DAB 
converters connected in parallel in the LV side and in series in 
the HV side (called here S3DAB). The parameters used in the 
comparison are given in Table IV. Given the high voltage at the 
HV side, l.7kV switches might be used in the HV side. 
Switches with such breakdown voltages have poor switching 
performance, and therefore ZCS in these switches is desired. 

Given that 3 converters are connected in series in the HV 
side, the DC bus voltage in each converter is VHVDCn = IkV. 
Having 400V in one side and IkV in the other side, the turns 
ratio of the transformer which reduces the RMS current in both 
sides is N, = 3, which is the minimum integer number higher
than 1000V/400V [14]. 
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Table TIT. Relationship between DHV and DLv for ZCS at the HV side switches 
and transferred power formulas at this operation. This is shown for modes 
which suitable to be used in the DABD3 

Mode Relationship between 
Number DLvandDHv 

Nt' VLVDC . DLV 
1 DHV = VHVDC 
2 D -

VHVDC +6· Nt' VLVDC ' DLV 
HV - 12· VHVDC 

6 DHV = 
VHVDC - Nt' VLVDC + 12· Nt' VLVDC . DLV 

12· VHVDC 
7 DHV = 

- VHVDC - N, . VLVDC + 12· Nt . VLVDC . DLV 
6· VHVDC 

9 D - -VHVDC + Nt . VLVDC + 6· Nt . VLVDC • DIY
HV - 6· VHVDC 

Table IV. Svstem parameters used to comoare DABD3 and S3DAB. 

Parameter Value HVDC bus voltage (3'VHVDd 3kVL VDC bus voltage (VLVDd 400V
Maximum transferred power (Pfmax) 300kW (I00kW/phase)Switching frequency (fs) 20kHz Total HYDC bus capacitance (CHv/3) 30llF LVDC bus capacitor (CLV) 270uF 
Choosing that the maximum transferred power (Pfmax) will be 

achieved at the maximum duty cycle DHV = 0.5, inductance LHV 
can be calculated using (10) for the DABD3 and using formulas 
in [13] for the single phase DABs. They result on, respectively, 
LHv,DAB3D = 24.71lH and LHv,S3DAB = 20.7 IlH. 

Although LHv,DAB3D is 19% greater than LHv,S3DAB, this 
difference does not usually affect the size of the magnetic 
component since the inductance needed to shape the current is, 
in general, designed as the leakage inductance of the 
transformer. The size of the transformer is, for most practical 
cases, only slightly modified when its leakage inductance 
changes some few percents. 

The number of transformers in the DABD3 is the double 
when compared to the S3DAB. However since each 
transformer in the DABD3 has half the voltage when compared 
to the S3DAB, the core cross-section is also the half (for the 
same number of turns) and so the maximum core losses is about 
the same in both topologies. However, since the DABD3 have 
square wave voltages applied by each half bridge, high core 
losses is also observed at low power transfer point, as is the 
case of other three-phase DAB or single-phase DAB using 
phase-shift modulation. 

Another difference between these two converters can be seen 
at Fig. 8, which shows the variation of the duty cycles in both 
converters at both sides, for different transferred power values. 
Note the change in the slope of the duty cycles when changing 
the operation mode. Since the slope of DLV and DHV in the 
DABD3 are smaller than that of S3DAB for the range of 30kW 
to 80kW, S3DAB has fmer resolution in the transferred power 
control in this range. 

As an example of current waveforms, Fig. 9a shows the 
currents in the LV side winding of the transformers (l'LV) for 
both converters, operating at 90% of the maximum transferred 

power (from the LV to the HV side). The current switched by 
the LV side switches at the DABD3 converter is 34% smaller 
than the corresponding current in the S3DAB, which shows that 
DABD3 has lower switching losses. The same occurs for the 
whole transferred power range, as it can be seen in Fig. 9b. 
However, as it was said before, DABD3 with the modulation 
developed here does not guarantee ZCS in all bridge legs of the 
HV side switches at the modes 2, 6 and 7, as it can be seen in 
Fig. 9c. Nevertheless the switched current is not high 
(maximum of 18% of the peak current in the HV), and 
consequently the increase of the switching losses in the HV 
side switches at a certain transferred power range is not high. 0.5 

0.4 

20 40 60 80 100 TransfelTed power (k W) 
Fig. 8. Duty cycle variation for different transferred power per phase, for 
DABD3 converter and for 3 interleaved single phase DAB converters. 

Not only the peak current is reduced in the DABD3, but also 
the RMS current which flows in the transformer and in the 
switches (in a DAB converter, the RMS current value in the 
transformer is the same as in each of the bridge legs). This is 
shown in Fig. 9d, where the maximum difference between the 
RMS values of the currents is equal to 10.5% and the difference 
at the maximum transferred power is equal to 1.5%. This 
characteristic of the DABD3 converter shows that it generates 
lower conduction losses in the switches of both sides of the 
converter, when compared to the S3DAB converter. 

6001 ���'------'==7""'3--'-A��----' 
400 

$ 200 

i 0 
, U-200 

, "/ \, \ :' 
-400 DABD3/ \"�'- ",j 

S3DAs/ -600 0"-'---71'0-0 �-=20�---oC30�---70o--'-----} Time(rs) 
a) 

200 ------ �----- ------ -------
<' Maximum current 
§ 150 in the S3DAB 
� to � 100 5 1l -:§ 50 DABD3, cell "a" 

�

DABD3, cell "b" 
S3DAB. cell "a" 
S3DAB. ell "b" 

600 �----�-�--:71 $
500 S3DAB, cell "a" 3 
i ::: ///liAi;:;: 
� 100 ./ DABD3. cell "b" rf, . /S3DAB. cell "b" 

o 0 20 40 60 80 100 Transferredpower(kW) 
b) 

350�-__ -_-�-� 
300 

$ 250 
g 200 
� 150 

en � 100 
50 

DABD3 

o 0
' 

20 40 60 80 100 0 0 20 40 60 80 100 Transferred power (k W) Transferred power (k W) 
o � 

Fig. 9. Comparison of converters DABD3 and S3DAB; a) current waveform in 
the LV side of the transformer, operating at 90% of the maximum transferred 
power. Value of the switched current at the bridge legs of the b) LV side 
converters and c) HV side converters; d) RMS current at each bridge leg of the 
HV side converters for different transferred power per phase. 
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Also the current ripple in the LV DC bus and the voltage 
ripple in the HV DC bus are reduced in the DABD3. As an 
example of current waveforms, Fig. lOa shows the currents in 
the LV DC bus and the HV DC bus voltage (respectively hVDC 
and VHVDC, in Fig. 3 and Fig. 5) for both converters, operating 
at 90% of the maximum transferred power (from the LV to the 
HV side). The apparent frequency of these currents and 
voltages is 6 times higher than the switching frequency. The 
current and voltage ripples in the DABD3 converter are, 
respectively, 25% and 52% smaller than in the S3DAB, which 
shows that DABD3 requires smaller input capacitor and/or 
filters to cope with THD and EMI standards related to the 
application where the converter will be used. The same occurs 
for the whole transferred power range, as it can be seen in Fig. 
lOb. 

10 20 30 Time(�s) 

DABD3 

40 50 

.40\----;'1""0 --;;'20;c----,;';30�-47;0:---,l50 Time(�s) 
a) b) 

$ 600'--�-------:71 
i 500 S3DAB 

� ::: / ........... .-... D;\i;;;�········ · ·· 
-'" / 8. 200 .,/ 
6 .-1 100 / 

0.. 0 0\-- 2"0 -�40,-----r'i60.-----8,:,0.-------,i,1 00 Transferredpower(kW) 

Fig. 10. Comparison of converters DABD3 and S3DAB; a) current waveform 
in the LV DC bus and voltage waveform of the HV DC bus, with the converters 
operating at 90% of the maximum power transferred; b) peak-to-peak value of 
the current ripple in the LV DC bus and the voltage ripple in the HV DC bus 

for different transferred power per phase. 

V. CONCLUSION

This paper presents a new bidirectional isolated DC-DC 
converter suitable for high frequency and high current 
applications. The converter, which is named DABD3, has two 
paralleled three-phase DAB converters at the low voltage side 
with a common node. The high voltage side converter can be 
composed by 3 single-phase converter which produces three
level voltages, such as full bridges, NPC or Flying Capacitor 
converters. In the present paper, though, the analysis was 
presented with 3 full bridge converters connected in series at 
the HV side. 

Analysis of the different modes used to control the power 
transfer was presented as well as the modulation methods. 
Comparison was performed between the new converter and 3 
interleaved single phase DAB converters (called here S3DAB), 
because both converters present the same number of switches 
having the same switched voltage and carrying about the same 
RMS current. S3DAB was controlled with triangular current 
modulation, which reduces switching losses given the ZCS 
characteristic at the HV side switches. 

For the same transferred power, when comparing to the 
S3DAB, the DABD3 presented lower switched current at the 
L V side (26% lower at maximum power transfer point) which 
reduces switching losses in the LV side. Also it presented lower 
current ripple in the LV DC bus and voltage ripple in the HV 
DC bus (respectively 25% and 50% lower at maximum power 
transfer point), which reduces the size of bus capacitors and 
input filters. In addition it presented slightly lower RMS current 
in the transformers and in the switches, which reduce 
transformer and switch losses. However, the new converter 
does not present ZCS at the HV side for all modes, although 
switched current at these modes are low. Also, this topology 
uses the double of the number of transformers, but with, 
theoretically, approximately half the size of those used in the 
S3DAB. 
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