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Abstract: There is a wide range of functionalities, if EV’s are
connected to electric grid.EV is capable of both battery recharging
and providing back energy to the grid. This is promoted as
vehicle-to-grid(V2G) technology which is becoming more
attractive in the era of e-mobility industry.Therefore,a
bidirectional converter is needed to allow power flow in both
directions at the regulated level.Hence,this effort analyses and
compares the performance of ‘BDABDC-DC’ system in closed
loop operation using ‘proportional —integral’ and ‘Fractional
order’ PID controller. The simulation is carried out in Matlab
Simulink. The responses of both the controllers on BDABDC-DC
systems are compared and tabulated.

Keywords:  ‘Bidirectional Dual Active Bride DC-DC
converter’ (BDABDC-DC), -Vehicle-to-Grid, DC-Micro-grids,
-Electric-Vehicles, Batteries, fractional-order- PID(FOPID),

proportional-integral-controller(Pl).

I. INTRODUCTION

Popularity of electric vehicle has increased due to degradation
of fossil fuels. The most vital part of the EV is the charging
system of battery which has been the area of interest in the
field of research [1]-[5]. The main feature of EV is the benefit
of V2G technology which allows the stored energy in the
battery system to the grid network whenever there is a high
demand. Other benefits of using V2G technology are
regulated voltage, distributed generation and reactive power
compensation .Thus, an EV needs a bidirectional battery
charger to enhance the power flow in both the directions in a
controlled manner[6]-[11].

Electric wvehicles produce nearly zero carbon emission,
provided that they are charged through renewable energy
sources. Electric vehicles reduce our dependency on foreign
oil .The bidirectional dc-dc converter along with energy
storage has become a promising option for many power
related systems, including hybrid vehicle, fuel cell vehicle,
renewable energy system and so forth. It not only reduces the
cost and improves efficiency, but also improves the
performance of the system.
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Il. DUAL-ACTIVE ISOLATED BRIDGE
CONVERTERS

For high power density, isolated type BDABDC-DC system
was proposed in [23]. This work focuses on in using dual
active isolated bridge converter as it has less stress in
components, zero voltage switching and bidirectional power
flow. ‘Dual Active Bridge’ (DAB) is comprised of two
bridges which are of ‘H’-type and a high frequency
transformer .This high frequency transformer provides
galvanic isolation. Since both the bridge are active, the name
dual active is given .As there are many differences in the
inversion and rectification process such as ‘PWM’ technique,
the commutation control of MOSFET can be done by
generating square wave with a 50% duty cycle .Moreover for
high power applications square waves are more beneficial
.When square waves are imposed on the windings of the
transformer “dead’ time for the voltage to go to zero is
reduced, which in turn reduces the losses in the switch.

In [12]-[16], topologies and various control strategies of
BDABDDC-DC was proposed. “-A-grid tied-PV framework
comprising of measured-current fed-dual-active Bridge
(CFDAB) dc-dc-converter with-MLI” was proposed by
VenkateswaraRao [17]-[20]. In [14], new ideology on
converter interfacing hybrid-appropriate —energy sources &
dc-bus” was proposed.

“PSM (Phase shift modulation) in addition
to duty-proportion control had been connected to
DAB-Converters to accomplish higher level of control
freedom” [21]-[22].Diverse —regulation techniques were
assessed and looked at. New —switching —techniques were
displayed to diminish the switching misfortune and increment
productivity of DAB-Converters. The above literature does
not report the evaluation of Pl and FOPID controlled for
BDBA-BDDC system.
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Fig 1. ‘Isolated Type’ DAB DC-DC converter
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I11. SYSTEM-DESCRIPTION BDABDC-DC’s Input side Voltage is appeared in
Fig-4&its- value is 18V.
“-Block-diagram of BDABDC-DC” is appeared in = ! ! !
Fig-2.Converter-1 acts as inverter in forward-mode of ' ' 3
BDABDC-DC-system. 18 V is stepped up to 40 V using m
HF--Transformer. The “yield of HFT is converted to
DC-using converter-2”.

1 l l 1 1 l l
1] 05 1 15 2 25 k| 15 4 45 5

Figu-4 ‘Input-voltage’
e HIGH -
SOURCE | CONVERTER | =) ]RF,;R_E'EFL;}E&C[:R CONVERTER? 1= LOAD ‘Output-voltage-across —RLoad of BDABDC-DC’ is
shown in Figu.5& 40V is its value.
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Figu-5. “-Output-voltage-across-R-Load”
“-Qutput-current through load of BDABDC-DC is
Fig-2. “-Block-diagram of BDABDC-DC System appeared in Figu -6& 0.065 A is its value.
T T T
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FOf the pI’OpOSGd SyStem |n the above b|OCk dlagram, 1 P OO ............... .........................
performance analysis is done for the BDABDC-DC converter 1111 T PO OO P SO O ST U T TP S UTITOO ............... s
by using ‘P’ & ‘FOPID’ controller. ‘Fractional order IS S A ST ............... ]
Control, is a method that uses ‘Fractional —order Integrator’ 0 i 1‘ s : 5 ; S i s 5

which serves as a portion of ‘control system design’. By Figu-6. “-Output-current-through-load”

adopting ‘fractional calculus’, we can improvise the method

of strategy and control. This control serves better for the  “-Output-power of BDABDC-DC is appeared in Figu-7&2.7
difficulties that occur due to the ‘overshoot and resonance’  Watts is the attained value.

condition. .By implementing ‘fractional order control’, we 3

can attain a efficient response for the proposed system with
improved dynamic response | N S L S S SO S N |
V SIMULATION : ; ! 3 : : ; ! 3
A “-Open-loop-BDABDC-DC with-Disturbance” L . """"""" pr— P i A |
“-Circuit-diagram  of  the  Open-loop-BDABDC-DC 5 1 : 5 ‘
with-disturbance” is appeared in Fig-3. 0 ' ' ‘ ‘ ' ' | ‘ ‘
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Figu-7. “-Output-power”
— Mt i *E B Closed-loop-BDDABDDC with-Pl-controller
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< =i Pl-controller”. The value of voltage across the load is
= measured and evaluated with VVRef. Comparison of these two
[ parameters is the error which is fed to Pl Controller. Response
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of Pl is used to update the pulse-width of lower-MOSFETS.
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Figu-3. “-Circuit-diagram of Open-loop-BDABDC-DC
converter with- Disturbance”
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Figu-8. ‘-Closed-loop-BDDABDDC-with Pl-controller’

The ‘-input-voltage of BDABDC-DC converter with
Pl-controller’ is appeared in Fig 9 &its value is 18V.

Figu-9. ‘-Input-voltage’

“-Qutput-voltage across-R-Load of
BDABDC-DC-converter with Pl-controller” is appeared
in Fig-10&its-value is 34 V.

Figu-10 ‘-Output-voltage-across-R-Load
of-BDABDC-DC’

‘-Output-current-through-load’ is delineated in
Fig-11& its-value is 0.056 A.
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Figu-11. ‘-Output-current-through-load’

‘-Output-power” is delineated in Fig-12&its value is
1.9W.
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C—Closed-loop-BDDABDDC-with-FOPID-controller

Figu 13 shows the “-Closed-loop- BDABDC-DC with
FOPID-controller”. The value of voltage across the load
is measured and evaluated with VRef. Comparison of
these two parameters is the error which is fed to FOPID
Controller. Response of FOPID is used to update the
pulse-width of lower-MOSFETs
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Figu-13.BDABDC-DC’s closed loop with
FOPID-controller’

Fig 14 shows the Voltage value at the input side which is
18 V.
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Figu-14. ‘-Input-Voltage’
‘-Output-voltage-across-R-Load’ is delineated in
Fig-15&its-value is 34V.
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Figu-15. ‘-Output-voltage-across-R-Load’

‘-Output-current-through-load’ is delineated in
Fig-16&its-value is 0.056A.
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Figu-16. ‘-Output-current-through-load’

‘-Output-power ‘is delineated in Fig-17&its-value is 1.8 W.

Figu-17. *-Output-power’

Table 1 clearly indicates the analyzed responses of both PI
& FOPID Controllers in BDABDC-DC system. It is seen, By
using FOPID-controller, Tr1(s) (Rise time) gets decreased
from 1.3sec to 1.2sec;Tpl(s)(peak-time)decreases from
1.6sec to 1.4sec; Ts1(s) (settling-time)decreases from 3.0 sec
to 2.2 sec ;Ess1(‘steady-State-error’) decreases from 0.70 V
t00.32 V.

Table -1 Analysis of the responses Using Pl & FOPID

Controllers
Types of Tri(s) Tpl(s) Ts1(s) Essl
controller
Plcontroller 1.3 1.6 3 0.7
FOPID 1.2 1.4 2.2

VI CONCLUSION

In this work, simulation of closed loop -BDDABDC-DC
with’ PI and FOPID controller’ is done and the outcomes are
evaluated .It is analyzed when FOPID controller is
used,Ts,Tr,Tp & Ess are getting decreased which can
observed from the above Table-1.The evaluation implies that
for the proposed converter the ‘dynamic response’s improved
using ‘FOPID Controller’. The present work deals with only
comparison of closed loop-BDDABDC-DC with ‘PI’ and
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‘FOPID’ controller. ‘Proportional Resonant controlled
converter ‘can be implemented in the next stage of the work.
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