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Abstract: Bidirectional energy transfer capability is the 
central part of a lot of modern power conversion systems. 
Preferably, for reduction of size, weight and cost these 
systems use a single high efficiency power electronic 
conversion system. A dual active bridge converter having 
two DC-AC converters connected back to back through 
an AC inductor/transformer is a common topology used 
for obtaining high efficiency bidirectional power 
conversion. Some characteristic features of the Dual 
Active bridge (DAB) converter topology are bidirectional 
power flow capability, inherent soft switching, high power 
density, high efficiency, galvanic isolation and reduced 
number of passive components. In this paper, 
comparative study of Dual active bridge converter is done 
with conventional buck-boost and flyback converters. 
Also efficiency of these three converters are compared. 
Switching of devices for three converters is also shown. 
Flyback converter is operated in both buck as well as 
boost mode. DAB is simulated in SPS (Single phase shift) 
and EPS (Extended phase shift) mode 
 
Keywords: Dual active bridge converter, bidirectional 
power flow, single phase shift, extended phase shift, 
closed loop control, PI controller, buck-boost converter, 
flyback converter . 
 
1. Introduction 

          In modern times, the bidirectional energy 
transfer capability has become the central part of a 
lot of modern power conversion systems. For the 
purpose of increasing, decreasing or channelizing 
voltage and for maintaining a bidirectional power 
flow between a storage element and DC voltage bus, 
bidirectional DC-DC converter (BDCs) [1,2] have 
become very common at power electronics and 
industrial applications such as renewable energy 
systems, transportation vehicles industry, HVDCs 
[3] portable electronic equipments, microgrids [4] 
and many power applications [5] which require an 
intermediate energy storage system [6-7]. One such 
application is shown in Fig-1, the application of 
Dual active bridge converter in DC micro grid [8]. 
Advanced versions of DAB are also developed for 
meeting energy conversion purposes [9]. 

 
 
 
 

 
  
 
 
 
 
 
 
Fig.1. Dual active bridge converter in DC Micro-grid 

            Many researchers have worked for 
improving system efficiency of the BDCs and these 
studies are mostly related to phase shift control 
methods and their different variations [10]. Basically 
Dual active bridge (DAB) converters were first 
proposed in early 1990s. However the efficiency 
was low and due to high power losses no 
advancement could be made and thus the literatures 
related to these converters were very few.  The most 
common method used for phase shift control is 
Single phase shift (SPS) control. After this for 
improvement of system efficiency, extension of Zero 
Voltage switching(ZVS) operating range [11], 
extended phase-shift control (EPS) [12], dual phase-
shift control (DPS) [13-14] and triple phase-shift 
control (TPS) [15] are used and studied in detail. 
DAB converters have inherent soft switching 
capability [16] but the operating range decreases 
under light load conditions. However if the voltage 
amplitude of the two sides of the transformer do not 
match, then it leads to a decrement in efficiency and 
increment in circulating current. Dual active bridge 
converters can also be used in bidirectional power 
flow in custom power devices (UPQC etc)[17], for 
mitigation of power quality problems [18,19]. Also 
three phase topologies and multilevel topologies 
[20] are possible for dual active bridge converter and 
have been successfully implemented. 
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              Buck and boost converters are the base of 
any bidirectional DC-DC Converters, the 
bidirectional buck-boost converters are derived from 
these two converters, these converters fall into the 
category of non- isolated bidirectional dc-dc 
converters. The non-isolated types include the buck-
boost type, cuk type, coupled-inductor type, multi-
level type, switched-capacitor type, sepic/zeta type 
converters. For providing large voltage gain in 
multilevel type converters more switches and 
capacitors are required. The control logic for these 
converters is also complicated. In case of these 
converters, due to connection of two power stages, 
the conversion efficiency is lower. The circuit 
structure of buck-boost converter is very simple but 
it is having a demerit that it does not provide wide 
voltage conversion range. 
             The flyback converter is of isolated type 
converter. Various other isolated converters are, 
forward-flyback type [21-25] and full-bridge type 
[26-27]. In these converters, by adjusting the turns 
ratio of isolation transformer, large voltage gains can 
be achieved. The circuit structure is quite simple and 
control is also easy in these converters. The 
drawback of these converters is that high voltage 
stress appears on the switches. Thus these converters 
are used for low power applications only.   
              In this paper, circuit operation, design, 
comparison of efficiency and closed loop operation 
of DAB in SPS and EPS mode is performed with 
flyback and bidirectional buck-boost converters. 
Various control strategies like single phase shift 
(SPS), extended phase shift (EPS) are compared and 
respective waveforms for DAB, flyback and buck 
boost converter are shown. By extensive simulation 
studies in MATLAB/Simulink and 
SimPowerSystem software, the above control 
strategies and converters are tested and results are 
obtained for a comprehensive comparative 
evaluation. 
2. Basic operating principle of DAB, Buck-boost, 

Flyback Converters 
              Single phase dual active bridge converter is 
shown in Fig-2 and various switches and diodes are 
numbered accordingly. As shown in the figure, it 
consists of two back to back connected DC/AC 
converters connected through a high frequency 
transformer. The primary side leakage inductance 
and the secondary leakage inductor is referred to the 
primary side. 
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Fig.2. Power circuit diagram of single-phase dual active 
bridge converter 
 
             Each bridge is operated with a duty ratio of 
50%. Also a high frequency square wave is 
generated at the transformer terminals; the two 
square waves can be shifted to control the direction 
of power flow. Phasor diagram for both the modes 
i.e, charging (forward power flow) as well as 
discharging (reverse power flow) are shown in Fig-
3. 
             Here, Vlv is voltage  on secondary side,  Vhv 
is voltage on primary side, IL is inductor current, Ɵ 
is phase displacement  between Vhv and  IL, ɸ is the 
controlled duty ratio and is the angle or phase shift 
between the primary side voltage (Vhv) and 
Secondary side voltage (Vlv). The duty ratio(D) of 
dual active bridge converter is defined as D= Φ/Π, 
where Φ corresponds to ton and Π corresponds to half 
of the switching period (Ts/2) 
 

 
 
 
 

 

 

(a) Forward power flow mode (b)Reverse power flow 

mode 
Fig.3. Phasor diagram in (a) Forward power flow mode 
(b) Reverse power flow mode 
 
2. (a) Single phase shift(SPS) control 
             The waveform for single phase shift control 
is shown in Fig-4: 
Time interval to- t1: 
Equivalent circuit is shown in Fig-5; 
Governing equations are written below; 
Vl=Vi+Vo/n (1) 
Vl=InductorVoltage,Vi=Input voltage,Vo=output 
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voltage,n=transformer ratio 
Ldil/dt=Vi+Vo/n                               (2) 
il =Inductor current,L= Leakage inductance of 
primary plus referred value of secondary leakage 
inductance on primary side.. 
dil/dt=(Vi+Vo/n)/L                           (3) 
thereforedil/dt is positive. 
 
 
Time interval t2-t3: 
Equivalent circuit is shown in Fig-6; 
Vl =Vi-Vo/n,                                   (4) 
Governing equations are written below; 
Vl=Inductor Voltage,Vi=Input voltage,Vo=output 
voltage,n=transformer ratio. 
Ldil/dt=Vi -Vo/n;                           (5) 
dil/dt=(Vi-Vo/n)/L,                        (6) 
Three cases arise for this time , 
Case (a)Vi>Vo/n (buck mode operation) 
Therefore, dil/dt is positive 
Case(b)Vi=Vo/n leads to constant current . 
Case (c)Vi<Vo/n(boost mode) 
Therefore dil/dt is negative. 
Time interval t3-t5: 
Equivalent circuit is shown in Fig-7; 
Vl = -(Vi+Vo/n)                            (7) 
dil/dt=-(Vi+Vo/n)/L,                    (8) 
Therefore dil/dt is negative. 
Time interval t5-t6: 
Equivalent circuit is shown in Fig-8. 
Governing equations are written below; 
Vl = -Vi+Vo/n;                          (9) 
Ldil/dt=-Vi +Vo/n;                  (10) 
dil/dt=(-Vi+Vo/n)/L                 (11) 
Therefore dil/dt is negative. 
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Fig.5. Equivalent circuit of DAB during time interval to 
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Fig.6.Equivalent circuit of DAB during timeinterval t2- t3 
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Fig.7. Equivalent circuit of DAB during time interval t3- t4 
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Fig.4.(a) Primary voltage(b)Secondary voltage (c) Inductor current for forward power flow.

 

L

Vi Vo/n

Fig.8. Equivalent circuit of DAB  during time interval t5- 

t6 
 
             Similarly the waveforms can be seen in Fig-
9 for reverse power flow mode.The conduction of 
various devices in charging as well as discharging 
mode is shown in table I(a) and tableI (b). 
          Also the primary voltage, secondary voltage, 
inductor voltage and inductor current are shown in 
Fig-10 and Fig-11 for forward as well as reverse  
mode respectively 
                                                 Table I(a) 
                             Conduction table for forward power flow 

 
Time interval Device conducting in 

primary bridge 
Device 
conducting in 
primary bridge 

t0-t1 D1-D4 D5-D8 

t1-t2 S1-S4 S5-S8 

t2-t3 S1-S4 D6-D7 

t3-t4 D2-D3 D6-D7 

t4-t5 S2-S3 S7-S6 

t5-t6 S2-S3 D5-D8 

                                                 Table I(b) 

                       Conduction table for forward power flow 
Time interval Device conducting 

in primary bridge 
Device conducting in 
primary bridge 

t0-t1 D2-D3 D6-D7 

t1-t2 S2-S3 S7-S6 

t2-t3 D1-D4 S7-S6 

t3-t4 D1-D4 D5-D8 

t4-t5 S1-S4 S5-S8 

 

 
Fig.10.(a) Simulated Primary voltage, (b)Secondary 
voltage, (c)Inductor voltage,(d) Inductor current for 
forward power flow. 

 
Fig.11.(a) Simulated primary voltage (b) Secondary 
voltage, (c) Inductor voltage, (d) Inductor current for 
reverse power flow 
 
2.(b). Extended phase shift (EPS) control 
             For overcoming the deficiencies of SPS 
control strategy, EPS control is used .In EPS control 
the switch pairs in one bridge are provided with 
inner phase shift while other switch pairs are 
switched as before with outer phase shift only. As a 
result of this the primary side voltage  becomes a 
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Fig.9.(a)Primary voltage (b)Secondary voltage 
(c)Inductor current for reverse power flow 
 
three level wave and waveform on secondary side 
becomes two level wave having 50% duty ratio. In 
reverse conduction mode, the waveshapes of both 
the voltages are  reversed. 
             The operating principle and performance of 
EPS has been discussed by many researchers. 
Analysis of EPS can be done in the same way as for 
SPS technique discussed above. 
         Also the waveforms for EPS technique in 
forward and reverse conduction mode are shown in 
Fig-12 and Fig-13. 
           The conduction of various devices in 
charging as well as discharging mode is shown in 
table II(a) and tableII (b).These tables are obtained 
from Fig-12 and Fig-13.  
                                     Table II(a) 
                 Conduction table for forward power flow 

Time interval Device conducting in 
primary bridge 

Device conducting 
in secondary bridge 

t0-t1 D1-S3 D5-D8 

t1-t2 S1-D4 S5-S8 

t2-t3 S1-S4 S5-S8 

t3-t4 S1-S4 D7-D6 

t4-t5 D2-S4 D7-D6 

t5-t6 S2-D4 S7-S6 

t6-t7 S2-S3 S7-S6 

t7-t8 S2-S3 D5-D8 

 

 
Fig.12.(a)Simulated Primary voltage (b) Secondary 
voltage (c)Inductor current for forward power flow 
 
 
 
 
 
 

 

Fig.13.(a)Primary voltage (b)Secondary voltag(c)inductor  
current for reverse power flow 
 
                                                Table II(b) 
                             Conduction table for reverse power flow 

Time interval Device conducting in 
primary bridge 

Device conducting 
in primary bridge 

t0-t1 D1-D3 S7-S6 

t1-t2 D1-D3 S6-D8 

t2-t3 S1-S4 S8-D6 

t3-t4 S1-S4 S5-S8 

t4-t5 D2-S4 S5-S8 

t5-t6 D2-S4 S5-D7 

t6-t7 S2-S3 D5-S7 

t7-t8 S2-S3 S7-S6 

 
                Also the primary voltage, secondary 
voltage, inductor voltage, inductor current, input 
current and output current are shown in Fig-14 and 
Fig-15 for forward as well as reverse mode 
respectively. The EPS as compared to SPS has better 
efficiency, lower switch stress and large ZVS(zero 
voltage switching ) operating range. 
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Fig.14.(a)Simulated primary voltage,(b)Secondary 
voltage,(c)Inductor voltage,(d) Inductor current, for 
forward power flow. 

 
Fig.15.(a) Simulated Primary voltage, (b)Secondary 
voltage, (c)Inductor voltage,(d) Inductor current, for 
reverse power flow. 

 
2(c). Flyback converter 
            A bidirectional  flyback  converter is shown 
in Fig 16.As shown in the diagram, it consists of two 
DC source connected with each other in opposite 
polarity with the help of an isolation transformer. 
Also the primary side current and secondary side 
current for boost mode is shown in fig.17.Again,the 
primary side current and secondary side current for 
buck mode is shown in fig.18. 
            In forward direction of power flow 
V1,S1,D1,Load1,Cf1conduct and power flow is 
maintained in forward direction. Similarly for 
reverse direction V2,S2,D2,Load2,Cf2 conduct and 
power flow is maintained in reverse direction 

V1

S1
Cf1

Load1

D1

S2

D2

Cf2 Load2

V2

Isolation 

transformer

Fig.16. Power circuit diagram of a bidirectional  flyback 
converter 
 

 
Fig.17. Simulated a)Primary current b)Secondary current 
in boost mode. 

 
Fig.18.Simulated  a)Primary current b)Secondary current 
in buck mode. 
 
2(d). Buck-boost  converter 
           A bidirectional buck-boost converter is 
shown in Fig 19.As shown in diagram, two DC 
sources are connected via an inductor switches and 
diodes. In forward direction of power flow V1, S1, 
D2, Load1, Cf1and Lconduct and power flow is 
maintained in forward direction(boost mode). 
Similarly for reverse direction V2, S2, D1, Load2, Cf2 
conduct and power flow is maintained in reverse 
direction (buck mode).Inductor Voltage and inductor 
voltage in buck mode of operation is shown 
inFig.20.Also inductor voltage and current in boost 
mode are shown in Fig.21. 

V1

S1

L

Cf1

Load1D1

S2

D2

Cf2
Load2 V2

Fig.19.Power circuit diagram of a bidirectional buck-
boost converter. 
 

 
Fig.20. Inductor voltage and inductor current for buck 
mode of operation. 

 
Fig.21. Inductor current and inductor voltage for boost 
mode of operation 
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3.Control Techniques 
3.a)Dual Active bridge Converter 
           Before moving onto the closed loop control 
used in the present work, first the dependence of 
transmission power on respective duty ratios (inner 
and outer phase shift) for all the control strategies is 
first discussed. 
      In SPS mode transmitted power is given by  
P= (NV1V2D(1-D))/ 2fsL                          (12) 
where, V1=Primary side voltage,  V2=Secondary side 
voltage, N=Transformation ratio of isolation 
transformer, D=Duty ratio corresponding to outer 
phase shift between the two bridges 
fs=Switching frequency,  L=Leakage inductance of 
primary plus referred value of secondary leakage 
inductance on primary side. 
Cinput=(ΔILTsw)/8ΔVo                                                            (13)  
Cinput=Input side capacitor value, ΔIL=Peak to Peak 
ripple in inductor current 
Tsw=Total time period(1/fsw), fsw=switching 
frequency 
Coutput=(IoDTsw)/ΔVo                                                            (14) 
Coutput=Output side capacitor value, Io=Output 
current value, D=Duty ratio corresponding to outer 
phase shift between the two bridges, Tsw=Total time 
period(1/fsw),fsw=switching frequency, ΔVo=Peak to 
Peak ripple in output voltage. 
        In EPS mode, transmitted power is given by 
P=NV1V2[D2(1-D2)+1/2D1(1-D1-2D2)]/2fsL    (15) 
where,     V1=Primary side voltage, V2=Secondary 
side voltage, N=Transformation ratio of isolation 
transformer, D1=Inner phase shift duty ratio in 
primary bridge,  D2=Outer phase shift duty ratio 
between primary bridge voltage and secondary 
bridge voltage, fs=Switching frequency,  L=Leakage 
inductance of primary plus referred value of 
secondary   leakage inductance on primary side. 
         After the discussion on transmission power, 
the closed loop controller used in the closed loop 
operation is discussed now. 
        As shown in above Fig-22,in closed loop 
control of dual active bridge converter, firstly

Control pulses

Vo
ref

Vo

+

-
PI controller

Sawtooth Wave 

at 20KHz

A Constant wave 

of magnitude 0.5

+

- Phase shift 

modulator

 
Fig.22., Closed loop control scheme of dual active bridge 
converter. 

the output voltage is sensed, then it is compared 
with the required reference voltage and the error 
is processed through a PI controller. After this, a 
saw tooth wave is compared with a constant of 
magnitude 0.5. Both are given to the phase shift 

modulator to generate gating pulses for the 
converter. This closed loop controller is used for 
all the four techniques, only difference is the 
various phase shifting done through phase shift 
modulator. 
3.b) Flyback Converter 
        Designing of Flyback converters is done for 
two modes in both the directions  
a)Switch on mode: 

  =Lm

    
                                                                                      (16) 

  =PrimaryVoltage,Lm=Magnetizing Inductance, 

   =Magnetizing current 
Magnetizing current for closed switch operation  

          
=
    

  
                                                                       (17) 

  =  
  

  
                                                        (18) 

  =Secondary Voltage,
  

  
=Turns ratio 

  =   -  
  

  
                                                 (19) 

   Diode Voltage,  =Output Voltage 
b)Switch off  mode: 
  =     

  =   
  

  
 

    
  

= 
  

  

  

  
                                                    (20) 

 

        
=
          

  

  

  
                                     (21) 

  =Primary Voltage, Lm=Magnetizing Inductance, 

   =Magnetizing current,  =SecondaryVoltage, 
  

  
=Turns ratio,D=Duty Ratio of converter,T=Total 

Time. 
3.c) Buck-boost Converter 
           Operation of  Buck-boost converter can be 
studied in two modes. Buck mode and Boost mode. 
a)Buck mode of operation: 
         For analysis of circuit we assumed- 
 The value of Vo will be treated as constant through 
the operation it means the ripple value of  output  
voltage is nearly zero or very small. 
Consistent steady state operation of the circuit can 
be visualized. 
The inductor current is related to inductor voltage by  
diL/dt=VL/L=(V2-V1)/L   0<t<DT                     (22) 
After the inductor is charged, it discharges through 
Diode 
diL/dt=VL/L=-V1/L  DT<t<T                           (23) 
     =(V2-V1)/L                                                (24) 
  = (V2-V1)   /L    ,V1=DV2                                               (25) 
  =V2D(1-D)/fL                                           (26) 
for maximum ripple current,D=0.5    
     =V2/4fL,                                                   (27) 
IDM=Io+                                                          (28) 
       Here,V2=Input voltage for buck mode, 
V1=Output voltage for boost mode,  L=Inductor in 
the circuit, D=Duty Ratio of operation in buck 



 

mode,   =Ripple in inductor current, f=Switching 
frequency, T=1/f, iL=Inductor Current, Io=Output 
current, IDM=Peak Diode current. 
      The minimum filter capacitance required to 
reduce its peak to peak ripple voltage below a 
certain level Vcpis given by 
Cmin=     /8fVcp                                                                        (29) 
b) Boost mode of operation: 
            The inductor current is related to inductor 
voltage by  
diL/dt=VL/L=(V2)/L        0<t<DT                  (30) 
          After the inductor is charged, it discharges 
through Diode 

diL/dt=VL/L=V2-V1/L              DT<t<T      (31) 
         And the inductor is discharging. By steady-
state inductor principle, the average voltage VL 
across L is zero. 
thus giving ,   V2=V1/(1-D)                       (32) 
          The value of Inductor in low side results lower 
value of ripple current which improves the 
efficiency. 
         After the discussion on inductor 
characteristics, the closed loop controller used in the 
closed loop operation is discussed now. Same closed 
loop controller is used in both flyback and buck-
boost converter which is shown in Fig.23. 

Vo

Voref

+
-

Saw tooth 

Wave at 

10 KHz 

+

-
Firing 

pulses

PI 

Controller

Fig.23. Closed loop control scheme of flyback and buck-
boost converter 
 
4.Comparative analysis 
4 (a) SPS Technique 
          The dual active bridge converter is simulated 
using MATLAB/SIMULINK and SimPowerSystems  
software. The system parameters are specified in 
tableIII. 

TableIII System parameters 

 SPS(forward) SPS(reverse) 

Vin(Input voltage) 300V 50V 

Vout(Output voltage) 50V 10V 

Cin(Input capacitor) 300µF 4500µF 

Cout(Output capacitor) 4500 µF 300 µF 

L(Leakage inductor) 340 µH 340 µH 

N(Tranformer ratio) 300:100 100:300 

Rout(load resistance) 10Ω  10Ω  

Pin(VA) 391 23.32 
Pout(VA) 252 8.33 

Efficiency(%) 64.45 35.677 

Dual active bridge converter is modeled and 
simulated and operated in both forward and reverse 
mode. As seen in fig.24, first DAB is operated in 
forward mode, the input voltage is 300V and output 
is 50V, the transformer ratio is 300:100.In the 
reverse mode the input is maintained on the low 
voltage side that is on 100V side and the input 
voltage is 50V and the output is controlled at 10V. 
The transformer ratio is 100:300 corresponding to 
the input side.  
            Also the efficiency is found to be 64.45% in 
forward mode while 35.677 % in reverse mode. 

 
Fig.24. a)Input voltage forward mode(Vinp(V)) b)Output 
Voltage forward mode(Vouts) c)Input Voltage reverse 
mode(Vins(V)) d)Output voltage reverse mode( Voutp(V)) 
 
4(b) Inherent Soft Switching  
               Dual active bridge has inherent soft 
switching capability which can be seen for forward 
as well as reverse mode, this can be seen in Fig.25 
and Fig.26 for both the modes. 

 
Fig.25. a)Switch Current b)Switch voltage for soft 
switching in forward mode. 

 
Fig.26. a)Switch Current b)Switch voltage for soft 
switching in reverse mode. 
 
4 (c) EPS Technique 
                    The dual active bridge converter in EPS 
mode is simulated using MATLAB/SIMULINK and 
SimPowerSystem  software. The system parameters 
are specified in tableIV. 
                              TableIV System parameters 

 SPS(forward) SPS(reverse) 

Vin(Input voltage) 300V 50V 

Vout(Output voltage) 50V 20V 
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Cin(Input capacitor) 300µF 4500µF 

Cout(Output capacitor) 4500 µF 300 µF 

L(Leakage inductor) 490 µH 200 µH 

N(Tranformer ratio) 300:100 100:300 

Rout(load resistance) 10Ω  10Ω  

Pin(VA) 328 83.90 

Pout(VA) 252 47.52 

Efficiency(%) 76.83 56.64 

               Dual active bridge converter is modeled 
and simulated and operated in both forward and 
reverse mode. As seen in Fig.27 first DAB is 
operated in EPS in forward mode, the input voltage 
is 300V and output is 50V, the transformer ratio is 
300:100. In reverse mode the input is maintained on 
the low voltage side that is on 100V side and the 
input voltage is 50V and the output is controlled at 
20 V.the transformer ratio is 100:300 corresponding 
to the input side.  
            Also the efficiency is found to be 76.83% in 
forward mode while 56.64 % in reverse mode. 

 
Fig.27. a)Input voltage forward mode(Vinp(V)) b)Output 
Voltage forward mode(Vouts) c)Input Voltage reverse 
mode(Vins(V)) d)Output voltage reverse mode( 
Voutp(V)) 
4(d) Inherent Soft Switching   
           Dual active bridge in EPS mode has inherent 
soft switching capability which can be seen for 
forward as well as reverse mode, this can be seen in 
Fig.28 and Fig.29for both the modes. 

 
Fig.28. a) Switch Current b)Switch voltage for soft 
switching in forward mode 

 
Fig.29. a) Switch Current b)Switch voltage for soft 
switching in reverse mode. 
 
4(e) Flyback converter 
             The Flyback converter in bidirectional mode 
is simulated using MATLAB/SIMULINK and 
SimPowerSystem  software. The system parameters 
are specified in tableV. 

TableV System parameters 

 Forward mode Reverse mode 

Vin(Input voltage) 100V 300V 

Vout(Output voltage) 200V 60V 

Cin(Input capacitor) 500µF 500µF 

Cout(Output capacitor) 500 µF 500 µF 

L(Magnetising inductor) 28.2 mH 28.20 mH 

N(Tranformer ratio) 100:300 300:100 

Rout(load resistance) 100Ω  100Ω  

Pin(VA) 30000 772.5 

Pout(VA) 867.4 37.85 

Efficiency(%) 2.89 4.89 

           The operation had been discussed earlier now 
the simulated results are shown Fig.30 and discussed 
further, 
           In Fig.30, output of flyback converter in both 
direction forward as well as reverse is shown. 

 
Fig.30. a)Input voltage for boost mode(Vinboost) 
b)output voltage for boost mode(Voutboost) c)Input 
voltage for buck mode(Vinbuck) d)output voltage for 
buck mode(Voutbuck). 
         As shown in the fig.30, input voltage V1 is 
100V till time t=0.2sec and output voltage(load 
voltage) rises upto  300V.After  time t=0.2 sec input 
voltage  V2=300V and output voltage is 60 V. 
           Flyback converter doesn’t show inherent soft 

switching this can be seen in Fig.31 and Fig.32. 
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Fig.31 a)Switch Current b)Switch voltage for flyback 

converter  in forward mode. 

Fig.31 Expanded view of c)Switch Current d)Switch 
voltage for flyback converter  in forward mode 

 
Fig.32 a)Switch Current b)Switch voltage for flyback 
converter in reverse mode. 

 
Fig.32 Expanded view of c)Switch Current d)Switch 
voltage for flyback converter  in forward mode 
4(e) Buck-boost converter 
            The Buck-boost converter in bidirectional 
mode is simulated using MATLAB/SIMULINK and 
SimPowerSystem  software. The system parameters 
are specified in tableVI. 

TableVI System parameters 

 Forward 
mode 

Reverse mode 

Vin(Input voltage) 80V 300V 

Vout(Output voltage) 300V 50V 

Cin(Input capacitor) 6000µF 50µF 

Cout(Output capacitor) 50 µF 6000 µF 

L(Magnetising inductor) 10 mH 10 mH 

Rout(load resistance) 5kΩ  10Ω  

Pin(VA) 45.28 225 

Pout(VA) 18.06 205 

Efficiency(%) 39.88 91.11 

         The operation of buck boost converter had 
been discussed earlier now the simulated results are 

shown Fig.33 and discussed further, 
In Fig.33, output of buck-boost converter in both 
direction forward as well as reverse is shown. 

 
Fig-33a)Output voltage for buck mode(Vobuck) b)Input 
voltage for boost mode(Vinboost) c)Output voltage for 
boost mode(Voboost) d)input voltage for buck 
mode(Vinbuck) 
          As shown in fig.33, for boost mode input 
voltage is 50V and output voltage is 300 V. While 
after time t=0.3 sec in buck mode input of buck 
mode is kept at 300v and output becomes 50V as 
shown in fig .33. 
           Buck-boost converter doesn’t show inherent 
soft switching. This can be seen in Fig.34 and 
Fig.35. 

 
Fig.34.a a)Switch Current b)Switch voltage for buck-
boost converter in forward mode 

 
Fig.34.b Expanded view of  a)Switch Current b)Switch 
voltage for buck-boost converter in forward mode. 

 
Fig.35.a a)Switch Current b)Switch voltage for buck-
boost converter in reverse mode 

 
Fig.35.b Expanded view of  a)Switch Current b)Switch 
voltage for buck-boost converter in reverse mode 
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Conclusions 
           From the comparative analysis  of DAB with 
SPS and EPS control techniques with flyback as 
well as buck-boost converter, it can be concluded 
that DAB with EPS control technique is better than 
both flyback as well as conventional buck-boost 
converter. First of all DAB is having inherent soft 
switching capability, thus making it superior in 
terms of reduced switching losses as compared to 
both flyback as well as buck-boost converter. Also 
the efficiency is higher for bidirectional power flow  
for both the directions(reverse and forward) 
respectively for DAB with EPS control technique, 
while it is quite low for both the directions(forward 
and reverse respectively) in case of flyback 
converter. That is why flyback converters cannot be 
considered for bidirectional power flow at high 
voltages as its efficiency decreases considerably. In 
case of conventional bidirectional converters, 
efficiency is quite high in reverse direction but it 
decreases in forward direction, that’s why DAB with 
EPS is a better choice in case of bidirectional power 
flow required in power conversion systems as in 
case of DAB with SPS control technique efficiency 
is quite low. 
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