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Abstract

Multi-Active Bridge (MAB) converters are the extension of the well-known Dual-Active Bridge (DAB)
bidirectional DC-DC converter. This multiport structure has attracted a lot of attention recently, especially
for applications soliciting renewable energy sources and energy storage systems. Generally, MAB struc-
tures are based on voltage converters. However, in some cases, it could be interesting to have a current-
fed input port due to load characteristics or operation constraints. This leads to a hybrid MAB structure
mixing both current-fed and voltage-fed bridges. In the first part of this paper, the operation of a current-
fed DAB converter topology is investigated. Additionally, a continuous-time model is developed for this
topology and a control strategy is proposed. In the second part, the elaborated work is generalized to a
decoupled hybrid-fed MAB converter. Simulation results using Matlab/Simulink are presented to validate

this study.

1 Introduction

The integration of renewable energy sources and
energy storage systems in modern power elec-
tronics applications drew greater attention to mul-
tiport converters in recent years. These structures
form an Energy Hub where the production, con-
sumption and storage of electrical energy can be
done in one place [1]. Multi-Active Bridge (MAB)
converters are multiport converters provided with
intrinsic galvanic isolation. This is due to the con-
nection of this topology’s ports through a high fre-
quency (HF) transformer. Galvanic isolation is cru-
cial for applications where different energy
sources/loads with important voltage dissimilari-
ties should be connected together.

Current-fed DAB converters present several ad-
vantages compared to a classical voltage-fed DAB
converter such as soft switching on the full opera-
tion range and the absence of an input capacitor
at the current-fed port. This can be interesting for
different applications like connecting a PV panel or
a battery system to the current-fed port [2]-[5].
Some previous works addressed different topolo-
gies of multiport hybrid-fed converters [6]-[8]. In
this paper, a new topology of a fully isolated, de-
coupled hybrid-fed MAB converter was studied,
modelled and controlled.
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In the first part of this paper, the continuous-time
model of a current-fed DAB converter is devel-
oped. The mathematical modeling of a system
helps with the study of its dynamic behavior and
controller design. The main drawback that the cur-
rent-fed port introduces into the system is the com-
plexity of its control. In fact, the current inverter will
impose control restrictions on all the other ports of
the system. The non-compliance of these re-
strictions may cause brutal over-voltages that
could destroy the circuit. A control method is pro-
posed in this paper, based on the elaborated
mathematical model and the control constraints.
The second part of this paper extends this work for
a decoupled, hybrid-fed MAB converter, having
any number of ports. Simulation results are dis-
played to validate the developed model and con-
trol strategy.

2 Current-Fed DAB Converter

2.1 Topology and Working Concept

Figure 1 shows the studied topology of a current-
fed DAB converter connected to a current source
at its primary port and a voltage source at its sec-
ondary port.
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Voltage-fed port

Current-fed port

Fig. 1 Current-fed Dual-Active Bridge (DAB) con-
verter topology.

The waveforms of this DAB’s AC signals circulat-
ing in the transformer are shown in Fig. 2, all along
with the command signals of switches T of the
current inverter and T»1 of the H-Bridge. These
shapes are an approximation of the real signals’
shapes. In reality, the current i; is not perfectly
trapezoidal, as it is slightly affected by the switch-
ing of the secondary H-bridge at instants t1 and ts.

nv,

to t

o3

Ty

ta t
Fig.2 AC signals at the DAB converter's transformer
with the command signals of switches T1 and T21.

As shown in Fig. 2, D is the command duty cycle
of switch T4, with D > 0.5, and ¢ is the phase
shift angle in radians between the commands of T,
and T2. T, is the switching period (f; is the
switching frequency). The command duty cycle of
the secondary H-Bridge switches is fixed to 50%
on all the operation range, so v, is a 2-level volt-
age as shown in Fig. 2.

The operation cycle of this current-fed DAB con-
verter is divided into the following time intervals:

° OStStO

At t = 0, switches T1 and T4 are turned on. T2 and
T3 were already ON right before t = 0 from the
previous cycle. Since all the current i; was pass-
ing through T2 and T3, the switching of T1 and T4 is
done at zero current (ZCS), thus decreasing the
switching losses. In this time interval, all the cur-
rent inverter's switches are ON, so the voltage
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v; = 0 (Fig. 3.a). On the voltage port, the AC volt-
age should be v, = —V,,; < 0 in order to reverse
the transformer current, so T2 and T2s are ON.
Therefore, the transformer current increases from
—I1; to I; in this interval and is represented by the
following expression (neglecting the value of the
transformer’s series resistance R):

. nv, nVout

i,(t) I t—1I L (D
Where n is the turn ratio of the transformer and L
is the link inductance between the ports. [ is the
value of the input current at a certain operating
point. This current is considered constant at each
operating point as it is limited by the input induct-
ance L, which’s value is a lot bigger than the
value of the link inductance L.

As i; gets closer to I, the current starts passing
more through diodes D¢ and Ds and less through
D, and Ds. At t=ty, D2 and Ds; are naturally
turned off.

t—1,

. tOStS%:

In this time interval, the input current passes
through T4, T4, D1 and D4 and i; = I; (Fig. 3.b).
Switches T, and T3 are turned off between t, and
t, at zero current (ZCS) since D, and D; are
blocking the current. At t = t,, the voltage port’s
H-Bridge is switched at zero voltage (ZVS) since
i; > 0 (T2 and T4 are turned off while T2 and Tas
are turned on). Therefore, v,=V,,;>0
(Fig. 3.c). Ideally, the switching of the voltage port
does not affect the transformer’s current value
since it is imposed by the current source (L; > L).
However, it will allow the transformer current to re-
verse again in the next time interval.

L %Ststz'

At t =T,/2, T, and Ts are turned on at zero cur-
rent. Therefore, all the current inverter’'s switches
are ON again and the voltage v; = 0 (Fig. 3.d).
The transformer current decreases from I; to
—1, since nv, > 0 in this interval and it is repre-
sented by the following expression:

. Ts Vou TS
i) =-"2(t-Z)+ L =-"2(c-Z) 4+, (2)
At t = t,, D1 and D4 are naturally blocked.

e t, <t<Tg

The input current passes entirely through T, Ts,
D2 and Ds in this time interval and i, = —I;. At t =
t3, T1 and T4 are turned off at zero current. At t =
t4, the voltage port’s H-bridge is switched with ZVS
and v, = —V,,; < 0. This cycle is then repeated
for each switching period Ts.
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(d)

Equivalent circuits of the DAB converter at:

Fig. 3
(@) 0<t<t, (b) to<t<t
d) T,/2<t<t,.

(c) t; <t<Ty/2

2.2 Operating Conditions

In order to be able to transfer power from port 1 to
port 2 with soft switching on the whole operation
range at both active bridges, while avoiding over-
voltages at port 1, two main conditions should be
respected:

a) In order to avoid over-voltages and to have a
soft switching at the primary side, the switches
of the current inverter should not be turned off
before the complete reversal of the trans-
former current and the blocking of their series
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diodes. Otherwise, these switches would block
an important current in the link inductance,
which will cause brutal over-voltages at the
current port. This means that:

Ts
t32t2—>DT52?+t0

2LI,
"Wout

With t, =
Therefore,

from eq. (1).

J_ 2 1 ]
T VT * 2 3
b) The voltage port’s AC voltage v, should be
reversed after the transformer current’s full re-
versal and the blocking of both the diodes and
their series switches. If v, is reversed before
that, over-voltages will occur at the primary
side. Additionally, the current might not be able
to reverse, so no power would be exchanged
between the two ports. If v, is reversed be-
fore the blocking of the primary’s switches
(t, <ty < t3), the diodes could be turned on
again. This condition also ensures a soft
switching at the voltage port and it can be writ-

tenas:
DT T, T,
ty =13 > 5 +§0%+Z2DTS
Therefore,
p<fyil @)
T 2

As we can notice, these conditions depend on the
operating point of the converter as I;, D and
¢ vary according to the desired input power. This
is what makes the control of this topology of a cur-
rent-fed DAB converter more complex than a DAB
converter with 2 H-bridges.

2.3 Mathematical Modelling of the Cur-
rent-Fed DAB Converter

In general, the mathematical model of a system
makes the study of its dynamic behavior easier,
giving valuable information about its response
characteristics such as stability margins and time
response. Additionally, it helps with the design of
its controllers. For the proposed current-fed DAB
converter, the state space equations are:

di1 _ .

i ng =Vin = Viae1 —R1. 44
di .
L_L: v1 —THJZ _R.lL

dt

We can also write, from Fig. 1 and Fig. 2:

© VDE VERLAG GMBH - Berlin - Offenbach



PCIM Europe 2023, 09 — 11 May 2023, Nuremberg

Ts
121 forOStS?

Vdc,l = T
for ES <t<T;

By considering the transformer current perfectly
trapezoidal, and by neglecting the transformer re-
sistance R, we can write :

0 for 0<t<t,

—nVour for to<t<t,
Vdc,l = T

nVout for t; <t< ?S
Therefore, V4., has a period of T;/2 and can be
written as Vy. 1 = So.nVgye With:

0 for 0<t<t,

-1 fOT toStStl
S():

T
1 for t; <t < >
The first state equation becomes:
L1E = Vin = So-"MWVour — R1.03 (5)

The state variable i; of Eq. (5) is DC. Therefore,
in order to have a continuous-time model, i; can
be represented by its average value, which is the
0" coefficient of its Fourier series representation.

Considering that (x),(t) is the ki coefficient of
the Fourier series of a variable x, we can write:

d(iy)o _ .
Ly dc (Vindo — n<SO>O<Vout)O — Ri(i1)o  (6)
With: .
(So) —2_[755 (t).dt = z(t +TS Zt)
0/9 — Ts 0 0 . - Ts 0 2 1)
where:
_ 2L(i1)o
to = o (from Eq. (1))
DT Ty T .
th=—+o =7 (from Fig. 2)
Therefore:
: %
= 2—2D—-2=
(So)o Vo T (i1)o + - (7)
Equation (6) becomes:
d{iy) 4L\
1% =- (R1 + ?) Ao + (Vindo
—2.(1-D-=
( Z) 1 Vouclo (8)

The approximations that were done made the first
equation of the state space representation enough
to get the relation between current I; (the control
output) and the control parameters ¢ and D.
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The small-signal model of this system is obtained
by linearizing it about an operating point and then
applying a perturbation to its variables. The varia-
bles will therefore be represented as:

(x) = Xeq t (x)

Where variables with the symbol “ *” represent the
small signals (perturbations around the operating
point) and x., represents the value of (x) at the
operating point, also called equilibrium point.

The linearization of Eq. (8) around an operating
point is done using Taylor series expansion. The
variations of the input and output voltages around
their average values can be neglected ((Vm) =
(Vout) = 0) since their dynamics are considered
relatlvely slow. Therefore, we can write:

S 2nV0ut R

Alg)o +
+2nVout. D

9)
At the equilibrium point, where all the dynamics
are zero (M = O), we can write:
dt
%
Iyeq = (Vin — 2V (1 = Deg — %))
1

X ———— (10)
R, + 4L

Ts
2.4 Control of the Input Current

From Eq. (10), we can notice that, at a certain op-
erating point, the input current I; depends on the
command duty cycle D and the phase shift ¢. An
infinity of combinations of the values of D, and
@eq Can give us the same desired input current
value I .4, as long as conditions of Eq. (3) and
Eq. (4) are respected.

We can get the expression of ¢,, in function of
D.q and I, from Eq. (10) as follows:

- ( R111,eq 2L11,eq _ Vin
Pea =T\ 2Vt WoutTs  2Vngt

By choosing the value of D,, to be equal to its
minimum allowed value expressed in Eq. (3), with
a certain added safety margin ¢, we get:

2LL 1

tote
Wyl "2 €

—Deg + 1)

Deq = Dmin +e=
Therefore,

Ril1eq
= T1. 4 — + - —
Peq ”( Wy 2V 2 C

(1 Vin )
2T, €

Vin 1 )

(11)
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R; has a relatively small value compared to other
terms of this equation, so it can be neglected. We
notice from Eq. (11) that for D, = Dp,;n, + €, the
phase shift ¢., does not depend on the operating
point anymore. Therefore, to move from a certain
operating point to another (in order to change the
input current’s desired value), we do not need to
modify the value of ¢ (as long as the input and
output voltages are constant). Only the modifica-
tion of the duty cycle D is required, making it eas-
ier for conditions of Eq. (3) and Eq. (4) to be re-
spected.

The maximum allowed value D,,,, of D, givenin
Eq. (4), also becomes independent of the operat-
ing point since it is a function of ¢. From Eq. (3),
Eq. (10) and Eq. (11), we can get the correspond-
ing maximum reachable value of the input current:

nVour — Vi
I max = 40;—”1 (12)
T, M

The approximations that were done in the devel-
oped mat hematical model will lead to a steady
state error if only an open loop ( a feedforward)
control is applied. A feedback with a Pl controller
is therefore added in order to cancel this error.

The closed-loop control block diagram of the input
current I; is shown in Fig. 4. A safety margin € =
0.01 for the control of D was taken into consider-
ation (Dgq = Dy + €). This value was chosen ar-
bitrarily in this study. In future works, a more accu-
rate margin value could be calculated by taking
into co nsideration the variation s of the voltage
sources, the error on the values of the inductances,
current and voltage sensors, etc...

I

Deq [i3 ., Vou
A
]1,ref 4?— D

= DAB
converter

Fig. 4 Block diagram of the input current closed-loop

control of the current-fed DAB converter.

The open loop transfer function of this control loop

can be calculated from the Laplace transform of

Eq. (9) and has the following expression:

PI

—
+

DOI:10.30420/566091242

We choose T; = t. The closed loop transfer func-
tion will therefore become:

C(s)Gin(s) 1
1+C(s)Gi(s) %g.s +1

Consequently, the new time constant would be:

CLTF(s) =

T
Tqg = K_g
Knowing that the feedback time responseto get to
95% of the desired input current value is t, 950, =
3.74, the gain K is chosen for a desired value of
tr 959, such that:

3.7

tr95% 9

Decoupled Hybrid-Fed MAB
Converter

In this secti on, a TAB converter having two volt-
age-fed ports and one currentfed port is modeled
and controlled ( Fig. 5). The proposed TAB con-
verter’s ports are decoupled using the hardware
decoupling technique described in [9]. Therefore,
this converter will have a master port and two
slave ports. The decoupling is ensured by having
a low leakage inductance at the master port and
relatively higher leakage inductances (with exter-
nally added series inductances) at the slave ports.
Ideally, this will make the link inductance between
the two slaves big enough so no (or little) power is
directly exchanged between them. The link induct-
ance between a port #i and a port #j is calculated
from the delta equivalent representation of the sys-
tem as follows:

3

NA, Vi=j
1 (14)
Lij = o
Y L + L} + LiL; ZL_’ , Vi#j
k=i, K

Where L) is the leakage inductance of port #i re-
ferred to a chosen reference side of the trans-
former which is port 1 in this work.

In this study, the master port will be port 2, which
is a voltage -fed port. Ports 1 and 3 will be slave

.(s) % ports with port 1 being a current-fed port and port
Gi1(s) = 1 = 1 =9 (13) 3 avoltage-fed port, as shown in Fig. 5. The mas-
D)oo s+ (& 4 AL ) s+1 ter port should be connected to a stiff voltag e
Ly~ LaT; source such as the grid or a battery system [9].
It is a first order transfer function witha gain g Port 1 necessarily generates power so it can rep-
and a time constant t. resent a PV panel for example, port 2 is bidirec-
The PI controller’s transfer function is: tional and port 3 is connected to a load.
K.(Tys+ 1) Consequently, with L, = 0, we will have:
C(s) =————=
Ti' S
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Port 1: Current port
(slave)

Fig. 5

Ly,

!
Ly = Ls
Lz =

le

Controlling the power flows of this converter can
be done by regulating port 1’s input current i; and
port 3’s output voltage Vs.

3.1 Mathematical Modelling of the De-
coupled Hybrid-Fed TAB Converter

By decoupling the ports of this TAB converter, this
Multiple-Input Multiple-Output (MIMO) system is
transformed into two independent Single-Input
Single-Output (SISO) systems that can be mod-
elled as two DAB converters. Ports 1 and 2 form
the first SISO system which is a current-fed DAB
converter having the topology described in the pre-
vious section. Ports 2 and 3 form the second SISO
system, which is a classical DAB converter having
two voltage-fed ports.

The modeling of the first SISO system was de-
scribed in the first section. Therefore, by analogy,

DOI:10.30420/566091242

Port 2: Voltage port
(master)

:ng Vs

Port 3: Voltage port
(slave)

Decoupled hybrid-fed Triple-Active Bridge (TAB) converter.

n,/n, is the turn ratio of the transformer between
ports 1 and 2. The other parameters are repre-
sented in Fig. 5.

The same control conditions explained in the pre-
vious section apply for ports 1 and 2 of the decou-
pled hybrid-fed TAB converter. Accordingly, we
can write:

2L, 1 16)
LT anT 2
v 1

Dy <=4 17

1S +2 17)

The mathematical modelling of the second SISO
system, which is the classical voltage-fed DAB
converter consisting of ports 2 and 3, can be found
in many previous works [10], [11]. The generalized
average model is used to accurately represent the
AC signals of this system. The phase shift ¢,
between the command signals of ports 2 and 3 is
the control input parameter of the DC voltage
V5 of port 3. Equation (18) (shown in the bottom of
this page) is the transfer function linking ¢,; to
V5 in the frequency domain, where:

we can directly write the following transfer function a=—. = v.cos(d T
for the control of the input current I; of port 1: Ly n, = (d23,eq7)
ﬂV 2 ng )
~ n, ' 2 b= —L_-n_-Vz-Sln(dzs,eqﬂ)
G () = Y as) o
i1(8) = = = . @
i1 D,(s)| - Ry 4L, with: dy; = =22,
$2=0 s+ I, + T.T. T
f fis
D; is the command duty cycle of port 1’s switches
and the control parameter of the input current I;.
75(s)
Gua(s) = =
d3(s) =0
4b R; a
~ 7c St W)
B R 1 R,? R 8 8R R, w2
S+ (2245 ). 2+ |+ wi+ 25— s+ ot 2t
y ( Ls RL3C3) N Ls? s Ri3CsLs T w2Csly )0 m2C3L3%  Ry3C3L3®  RisCs
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3.2 Control Strategy

Port 1 is chosen to be the phase shift reference
port of this system,so ¢, = 0.

The first SISO system, which is equivalent to a cur-

rent-fed DAB converter, is controlled as it was de-
scribed in Section 2.4. Therefore, the command
duty cycle D, of port 1 is set equal to its minimum
allowed value expres sed in Eq. (16), with an
added safety margin €. The command phase shift
¢, of port 2 would therefore be fixed to the value
given in Eq. (19) (as long as the voltage sources
V: and V, are not perturbed), independently of
the chosen operating point ( i.e. the values
of I and V3).

1 V.
P2eq = ”'( 2 2.2—£.V2 a E) (19)

The phase shift ¢,; between the command sig-
nals of ports 2 and 3 is calculated from the well -
known power flow expression of a voltage  -fed
DAB converter, for a desired value of V5:

__ n3VaVzeq @23eq (1 _ <P23,eq)
23 2nafslas T m m )

where P,; is the power received by port 2 from
port 3.

The steady state errors of the input current control
of port 1 and the output voltage control of port 3
are cancelled by using PI controllers. The param-
eters of these PI controllers are calculated based
on the transfer functions of Eq. (15) and Eq. (18)
and the imposed response characteristics (e .g.
time response, stability margins ...). The control
block diagrams are presented in Fig. 6.

[iy Vi Vol

Dy eq

J
D, [ e-
J'],ref—t@—- P11 _J:®_1.”J‘ — G (s)

. T ]l
da3.eq
Vares ;(?- T V3

Fig. 6 Control block diagrams of the decoupled hy-
brid-fed TAB converter.

+1 dy;

Y

PI3

Gy3(s)

3.3 Simulation Results

The simulation platform that was used to validate
this study is Matlab/Simulink.

The parameter values of the simulated decoupled
hybrid-fed TAB converter are shown in Table 1.

ISBN 978-3-8007-6091-6
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Table 1 Parameter values of the decoupled hybrid-fed
TAB converter.

Parameter symbol Parameter value

4} 200V
v, 400 V
R;3 120 Q
fs 20 KHz
L¢ 0.016 H
R¢ 10 mQ
Ly 83 uH
R4 10 mQ
Ls 230 yH
R 10 mQ
Cs 100 pH
R.3 1 mQ
L, 8.3 mH
ny 100 turns
n, 83 turns
Nng 124 turns
Prax” 4 KW

1756

*maximum power exchanged between 2 ports

The simulation results of the decoupled hybrid-fed
TAB converter are shown in Fig. 7.

Figure 7.a shows the response of the input current
control of port 1 when a change of setpoint is in-
troduced around its operating point . The chosen
time response to get the parameter values of th is
loop’s Pl controller is t, 959, = 6ms. We can see

from Fig. 7.a that the simulated closed-loop time

response is equal to its chosen value (6ms), which
validates the developed mathematical model and
control strategy.

Similarly, Figure 7.b shows the res ponse of the
output voltage control of port 3 when a setpoint
change is applied to it around a certain operating
point. The chosen time response for this loop is
tr2959% = 60ms with an overshoot of 5%. These
values are found in the response of the simulated
model, thus validating this study.

Figure 7.c shows the AC voltages of the trans-
former windings at ports 1 and 2 with the AC cur-
rent of port 1. The simulated waveforms match the
theoretical ones in Fig. 2.

© VDE VERLAG GMBH - Berlin - Offenbach
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I1,reference
N

. . I . . . I
0 2 4 6 8 10 12 14 16

time(s) %1078
(a)
T
T —
620 -
615 -
>
g
610
605 -
V3
600 —~ V3, reference ||
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16

time(s)

(b)

. T/
ol
A

-600 -

N
o
o

Transformer voltages (V)
N
(=]
o o

il

0.10222

v
v2'
iL1

0.10224 0.10226

time(s)

(c)

0.10218 0.1022 0.10228

Fig. 7 Simulation results of the control loops devel-
oped for the decoupled hybrid-fed TAB converter: (a)
input current control of slave current port 1 (b) output
voltage control of slave voltage port 3 (c) transformer
AC voltages of ports 1 and 2 and AC current of port 1 at
the chosen operating point.
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4 Conclusion

A hybrid-fed MAB converter is an interesting topol-
ogy for many applications such as PV panels and
battery storage systems. This is mainly due to their
soft-switching performances on the whole opera-
tion range. In the first part of this paper, the math-
ematical modelling and control of a current-fed
DAB converter topology were developed. The
working concept of this topology was explained
and so were the control conditions that should be
respected for a safe functioning without over-volt-
ages and with soft switching. This work was then
extended in the second part for a decoupled hy-
brid-fed TAB converter. The mathematical model
and the proposed control strategy were tested and
validated using Matlab/Simulink.

The work presented in this paper can be general-
ized for a decoupled hybrid-fed MAB converter
having a total of n ports, with m current-fed
ports and (n —m) voltage-fed ports. The master
port should be a voltage-fed port connected to a
stiff voltage source. The decoupling of this system
allows the addition of as many ports as needed
without increasing the complexity of its control.

In future works, a coupled hybrid-fed TAB con-
verter having leakage inductances at all its ports
will be investigated. The control restrictions will be
reevaluated in order to elaborate a new mathemat-
ical model and control strategy for the coupled sys-
tem.

5 References

[11 M. Mohammadi, Y. Noorollahi, B. Moham-
madi-ivatloo, and H. Yousefi, “Energy hub:
From a model to a concept — A review,” Re-
newable and Sustainable Energy Reviews,
vol. 80, pp. 1512-1527, Dec. 2017, doi:
10.1016/j.rser.2017.07.030.

[2] A. Blinov, D. Vinnikov, and V. Ivakhno, “Full
soft-switching high step-up DC-DC converter
for photovoltaic applications,” in 2014 16th
European Conference on Power Electronics
and Applications, Lappeenranta, Finland,
Aug. 2014, pp. 1-7. doi:
10.1109/EPE.2014.6911013.

[3] Z. Guo, K. Sun, T.-F. Wu, and C. Li, “An Im-
proved Modulation Scheme of Current-Fed
Bidirectional DC-DC Converters For Loss
Reduction,” IEEE Trans. Power Electron., vol.
33, no. 5, pp. 4441-4457, May 2018, doi:
10.1109/TPEL.2017.2719722.

[4] A. Chub, J. Rabkowski, A. Blinov, and D. Vin-
nikov, “Study on power losses of the full soft-
switching current-fed DC/DC converter with

© VDE VERLAG GMBH - Berlin - Offenbach



PCIM Europe 2023, 09 — 11 May 2023, Nuremberg

[5]

[6]

[7]

[8]

[9]

[10]

[11]

ISBN 978-3-8007-6091-6

Si and GaN devices,” in [ECON 2015 - 41st
Annual Conference of the IEEE Industrial
Electronics Society, Yokohama, Nov. 2015,
pp. 000013-000018. doi: 10.1109/IE-
CON.2015.7392957.

A. Chub, R. Kosenko, and A. Blinov, “Zero-
voltage switching galvanically isolated cur-
rent-fed full-bridge DC-DC converter,” in
2016 10th International Conference on Com-
patibility, Power Electronics and Power Engi-
neering (CPE-POWERENG), Bydgoszcz,
Poland, Jun. 2016, pp. 455-459. doi:
10.1109/CPE.2016.7544231.

S. Kurm and V. Agarwal, “Current Fed Dual
Active Bridge based Multi-Port DC/AC Con-
verter for Standalone Solar PV fed Systems
with Battery Backup,” in 2020 IEEE Interna-
tional Conference on Power Electronics,
Drives and Energy Systems (PEDES), Jaipur,
India, Dec. 2020, pp. 1-6. doi:
10.1109/PEDES49360.2020.9379447.

V. Rathore, K. Rajashekara, A. Ray, L. A. G.
Rodriguez, and J. Mueller, “A Current-fed
High Gain Multilevel DC-DC Converter for
BESS Grid Integration Applications,” in 2021
IEEE Applied Power Electronics Conference
and Exposition (APEC), Phoenix, AZ, USA,
Jun. 2021, pp. 1964-1970. doi:
10.1109/APEC42165.2021.9487339.

D. Liu, “Topology, Development, and Control
of a Three-Port Triple-Half-Bridge DC-DC
Converter for Hybrid Energy Storage Applica-
tion”.

S. Bandyopadhyay, P. Purgat, Z. Qin, and P.
Bauer, “A Multiactive Bridge Converter With
Inherently Decoupled Power Flows,” IEEE
Trans. Power Electron., vol. 36, no. 2, pp.
2231-2245, Feb. 2021, doi:
10.1109/TPEL.2020.3006266.

Hengsi Qin and J. W. Kimball, “Generalized
Average Modeling of Dual Active Bridge DC—
DC Converter,” IEEE Trans. Power Electron.,
vol. 27, no. 4, pp. 2078-2084, Apr. 2012, doi:
10.1109/TPEL.2011.2165734.

P. Costa, P. Lobler, L. Roggia, and L. Schuch,
“Modeling and Control of DAB Converter Ap-
plied to Batteries Charging,” IEEE Trans. En-
ergy Convers., vol. 37, no. 1, pp. 175-184,
Mar. 2022, doi: 10.1109/TEC.2021.3082468.

1758

DOI:10.30420/566091242

© VDE VERLAG GMBH - Berlin - Offenbach





