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PI Control of Current-Fed Dual Active Bridge
Converter for DC Microgrid

A. Geetha, N. P. Subramaniam

Abstract: A detailed modelling of soft-switching isolated
current-fed dual active bridge (CFDAB) DC/DC converter is
presented. This converter is suitable for an interface between two
DC buses in a microgrid but is not controlled. The model of the
converter is derived with the help of state space averaging method.
Based on this modelling, the P1 controller designed to improve the
operation of the CFDAB converter. Simulation results using
MATLAB/Simulink with controller design to verify the stability of
the converter and validated performance of the system used for
DC microgrid applications of between two buses. The effectiveness
of the controller has justified in terms of line, load variation and
tracking the reference values.

Index Terms: Bidirectional, Current-fed, DC Microgrid, Dual
Active Bridge, PI control

I. INTRODUCTION

Increasing the penetration of sustainable energy sources
and storage systems, clustered distributed generations (DGSs)
have become an interesting option for microgrid. This growth
motivates environmental concerns created by the harmful
effects of carbon dioxide discharges from the conventional
power plants [1], [2]. Resurgence of DC microgrids [3], [4],
owing to the development of modern semiconductor
technologies and sustainable DC power sources such as
photovoltaic (PV), fuel cell and energy storage to enhance the
efficiency of power systems, which becomes one of the most
prominent research issues in electric energy system. Also,
DC microgrid has more advantages [3]-[5] such as, higher
efficiency and reduced losses due to the reduction of multiple
converters used for dc loads such as electric vehicles and
LED lights, there is no need to synchronize the energy
generation sources, DC power uses over 90% of household
loads [6], [7]. The DC power can maximize the DC DGs
preventing the power conversion losses. The terminal of
microgrid depends only on power electronic devices, so the
converters are the most important part of the microgrid
systems. Especially in DC microgrid system, DC/DC
converters [8] play the most prominent group of converters.
Because, it allows voltage control, power flow control and
system balancing. In addition, the bidirectional converter
regulates the DC- bus voltage with the help of controllers [9],
[10].
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Figure 1: Structure of DC Microgrid Using CFDAB
Converter

In Fig. 1 shows the detailed construction of DC microgrid has
led to a modern approach of microgrid which comprises an
interfacing bidirectional converter (IBC) links the two DC
buses. DC microgrid has proposed various bidirectional
isolated DC/DC converters [11] to interfaces for energy
storage devices. This system uses two buses which have PV
generations, storage systems and utility grid etc. Low voltage
DC (LVDC) bus connects the outputs of PV array, battery and
super capacitors and consumes loads from it. Utility grid uses
AC voltage from the high voltage DC (HVDC) bus by
converting high DC into AC voltage and PV array aids to
provide energy to HVDC bus. To realize power distribution
between two buses in DC microgrids, various bidirectional
converters [12] proposes to interface between a high and low
voltage buses. Photovoltaic array is equipped as the
distribution generation and a storage system of a battery or
a super capacitor is implements galvanic isolation for IBC. It
is needed for flexibility of system reconfiguration and find
safety standards an isolated DC/DC converter. Especially,
current-fed dual active bridge (CFDAB) topology [13]
having input inductor has many advantages compared to
traditional converters. They are electrical isolation, high
reliability, simple to achieve soft switching control even in
case of small load conditions, lowers the turns ratio, small
diode ringing and bidirectional power flow. Most of the
converters in the DC microgrid act as constant power loads
when their outputs are controlled with slight changes around
the reference values. For that, use of PI controller [14], [15] to
improve the operation of the CFDAB converter. State-space
averaging method uses to model the controller.
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The objective of this paper proposes Pl controller and to
improve the performance of CFDAB converter. Modelling
of the converter have been discussed in section Il. Section
I11 presents description of the PI controller designs of the
converter. Simulation results using MATLAB is done to
verify the performance of converter and to confirm the
controller design in section IV. The conclusion is given in
the section V.
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Figure 2: Circuit Diagram of CFDAB Converter
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Figure 3: Key Waveforms of CFDAB Converter

Il. MODELLING OF CFDAB

Fig. 2 shows the structure of the DAB DC-DC converter
[16]. It consists of a high frequency transformer with
discharge inductance Ly and transformation ratio k, two
full active bridges, current-fed/boost inductance Lg and
capacitance Cs in the source side, capacitance C, and load
resistance Riyaq in the output side. Key waveforms of the
converter as shown in Fig. 3. The primary side switches are
operated with same gating signal of 80% and secondary
side with 20% duty cycle. The operation modes of
half-cycle have been explained with the help of equivalent
circuits [17]. State variables of the converter are 1. Current
through the boost inductor is, 2. Discharge inductor current
i, 3. Output voltage Vo, and 4. Input voltage vs.
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Figure 5: Mode 11

A. Mode | (tz—tl)

In this mode, switches T, & T, of primary bridge and
diodes Ds & Dg of secondary bridge are conducting. Current
through the leakage inductance is constant and equal to input
current is and current in the secondary bridge is I¢/n. voltage
across the primary of the transformer is vo,/k.

. di v .
(LB + Lik )2 =v + 92t (1)
iy =g (2)
dvout _is Vout "
Cout —at ~ % Riogg

B. Mode Il (t3—t2)

In this interval, all four switches T; & T,, T, & T3in the
input bridge and diodes Ds & Dg of output bridge are
conducting. The voltage across the discharge inductance is
negative reflected output voltage (-vo./K) and thus its current
decreases linearly. Because of that current in the already
conducting switches T; & T, are reducing linearly and active
devices T, & T; initiate conducting with zero current
switching (ZCS), it means decreases the turn-on loss.

dis _
L ar="s (4)
L dilk _ Yout
Ik dt k (5)
C dout _ is  Vout
out gt k Rload (6)
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Figure 7: Mode IV

C. Mode Il (t4—t3)

Secondary switches Ts & Tg are switched on with zero
voltage switching (ZVS). Current through discharge
inductance further decreases and changes its polarity in
negative direction.

dig .
L5V (7)
difk _ Vout -
T (&)
dvout _ is | Vout ,
Cout & kT Rioad 9)

D. Mode IV (t5 - t4)

In this mode, primary switches T, & T, are commutated
naturally and current through these switches reduces to zero
therefore active devices turn-off with ZCS. Corresponding
diodes D; & D, are conducting and it causes extended zero
voltage appear across T, & T, switches. Current through
these devices and transformer reach their peak value.

dig .
Le & = 's (10)
difk _ Vout .
dvout _ is | Vout ;
Cout &t k. Ripad \12)
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FiE,]ure 8: Mode V
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E. Mode V (t6 . t5)

During this mode, in secondary side diodes Dy & D7 have
ready to take the currents Ts & Tg active devices because
currents in the switches Ts & Tg are reduces to zero and going
to turn-off. So, the voltage appears across the discharge
inductance changes its polarity (positive). At the end of this
mode, currents in primary side diodes D; & D, decrease to
zero and transformer current is equal to the constant input
current.

dis
L3~ Vs (13)
dilk VOUT (14
—— — |
T K |
c  Sout _ I Vout (15)
out  dt k' Rioad

The above-suggested state equations are similar for the
next half-cycle because of its symmetry. The averaged state
equations over the half-cycle and these values of rate of
change of discharge inductance current is zero, i.e.,

(16)

Therefore, for analysis simplicity, the state variable iy is
removed and its effects are neglected. Using remaining state
variable, the averaged state equations are as follows:

dis Y out (17]
dvout > _ iS N Vout PR
Cou (G- B 09 pmg 09

Where, d;= (t, — t,)/T and de= (t; — ts)/T as shown in Fig. 3.

The extended diodes conduction period d is defined as the
half of the total time, i.e.,

d =ds=djg  (19)

Where,
" 2kigLy, £
ks
-0.5- (20)

Vout

fg = switching frequency, T= total time and k=

transformation ratio of isolation transformer. Using d the
equations can be simplified as

di f ny Y
Lp{—)=vg-2(1-d-4 |- (21)
B<dt> 5 [ ] . (21)

dv 1 . " v
Cout { —2t )=2(1-4-d )-—out (22)
OULY gt k R ==
load

Let us consider the perturbations around the steady-state
values are as follows
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ig=lg +ig,Vg=Vs+VUg,d=D+d,andd =D +d
Therefore, by applying these perturbations and are further
simplified by elimination second order terms, dc terms and

D , the state equations become,

dig . 4D-3, 4V s .
—C=g o+ v o+ ldo4L £ (23)
B Vs T Yest T Tk 's's

7 ou .
a k KVout Rigad Vout k

L

(24)

Cout

After taking Laplace Transform of eqn’s. (23) & (24),

y ? 4D-3 CWVout v L. ne

\_4]_11,Cf5-%—1_]3,s|1S [s)- T Vout Is\—Td\_sH—xs s) (23)

L g 2(t-p-0)| |x(p-0s-D) i
5l S, ( is(s]— ( + +lets Gout(s}:—sd(s] (26)
\Y k kV k
out out load

In matrix form,

. 4Ly fs+Lgs — { Ayt
1g(s) - H ~ un J k El[s]{l}? [S.‘ (27)
Youtls) 4[5111‘_@72[_1—13—1)] x (D050 .. l i [0
- out T

4]
Vot k Wou Ry k
Where,
o mjy] mj? Y
M(s)=| . (28)
lmp2] m22)
mllqulkfs +LBs 29)
4D -3
m _ -
12 " (30)
4 L, £ 2(1-D-D]
m,y =— K (31)
Vout k
ag(D-05-D°)
Moy =- - - -Couts (32)
k\*out Rload

I11. PICONTROLLER DESIGN

In Fig. 9 shows the block diagram of PI controller [18], [19]
is used to control the CFDAB converter. Open loop converter
is the plant to be controlled and the reference input is the set
point to control the output voltage. Difference between
reference input and feedback signal is called as error signal
[20]. The output of the error is given to the PI Controller and
then compared with repeating sequence of 100 kHz to
generate the duty ratio of the primary active switches.

—
Bridge-| b Bridge-ll f———¢
pc DCIAC p |§ Ac/DC DC

Driver Circuit

ulse Vo
Width | PI
Modulation Controller

Vref
Figure 9: Block Diagram of Pl Control of CFDAB
Converter
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PI controller is designed to reduce the steady state error and
tries to keep the desired output to the value of the reference
input. The transfer function output voltages to duty ratio
have derived using the following equations. Using the
transfer function of the converter in the equation, gain
values have calculated and the values are Kp = 0.0025 and
Ki=0.98.

IV. SIMULATION RESULTS

The CFDAB converter is simulated using
MATLAB/Simulink and the following specifications are as
follows: v =24V, v,;=380V, Load resistor R p,¢=144.4Q, Py
= 1kW, switching frequency f;=100kHz. The boost inductor
and series inductor values are Lg=36uH and L=2uH, values
of the input and output capacitors are Cs=C,,=50uF and
turns ratio of isolation transformer is k=10.

400 T T T r r
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Figure 10: Waveform of Line Regulation of CFDAB
Converter
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Figure 11: Output Voltage Response of CFDAB
Converter

From the simulation responses, Fig. 10 indicates the line
regulation. It has obtained by varying the input voltage of
12V in each step from 24V to 48V, the converter provides
constant output voltage. The results in the Fig. 11, Fig. 12 and
Fig. 13 are the rated output voltage, boost inductor current
and leakage inductor current of CFDAB converter
respectively for rated input voltage. Boost inductor current
ripple is two times that of the switching frequency and leads
to decrease in size.
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Series inductor current of isolation transformer has small
peak above the steady value due to the reverse diodes across
the switches, which gives the ZCS turn-off.
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Figure 12: Response of Boost Inductor Current Ripple of
CFDAB Converter
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Figure 13: Response of Leakage Inductor Current of
CFDAB Converter

Fig. 14 shows the load regulation with same output
response by changing the load resistors from 150Q to 2509.
In the same way, for tracking the reference signal with large
variation from 200 V to 380 V proves good results are shown
in Fig. 15 and Fig. 16. Also, primary and secondary side
switching currents are shown in Fig. 17 and Fig. 18
respectively. It clearly indicates that the primary devices
achieve ZCS and secondary switches achieve ZVS.
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Tracking of CFDAB Converter
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Figure 17: Responses of I+; & I+3 Currents of CFDAB
Converter
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Figure 18: Responses of 115 & I+7 Currents of CFDAB
Converter
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V. CONCLUSION

The design of Pl controller implements to interface
CFDAB converter in a DC microgrid applications.
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The input of controller is only error signal, and this is one
the prime interest of the PI model. Owing to high sensitivity
of the latter to even small changes of duty cycle of primary
side switches. This control design procedure gives an
essentially stable high-level regulation and suited for this
converter. Also, controller has found to be higher potent in
terms of disturbance rejection and therefore, better satisfied
for this application. MATLAB/SIMULINK perform the
closed-loop simulations and it produced appropriate
responses in terms  of reference tracking action, line and
load variation. The ultimate scope is to study the load flow of
above proposed microgrid with the CFDAB converter and
investigate the microgrid performance.
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