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ABSTRACT 

This paper presents a new bidirectional dc-dc converter for renewable energy sources with a main objective of 

building a reliable power source with the available unreliable energy sources i.e., renewable energy sources. 

Compared to the traditional full and half bridge bidirectional dc-dc converters for the similar applications, the 

new topology has the advantages of soft switching implementation without additional devices, high efficiency 

and simple control. These advantages make the new converter promising for medium and high power 

applications especially for auxiliary power supply in fuel vehicles and power generation where the high power 

density, low cost, light weight and high reliability power converters are required. The bi-directional dc-dc 

converter is simulated using ORCAD. The circuit is simulated in the Buck & Boost mode. The simulation 

results coincide with the results tested experimentally on bidirectional converters. The operating principle, 

theoretical analysis is provided in this project. The control circuit, power circuit & driver circuit are fabricated 

on general purpose PCB. The experimental results coincide with the simulation results. 

Keywords: Renewable energy sources, Auxiliary power supply , dc–dc converter, fuel cell vehicle,  power 

generation. 

1. INTRODUCTION 

Multiple input energy storage elements such as 

batteries and ultra-capacitors are used for the 

storage of power from non-conventional power 

generating stations such as solar, wind, gas 

turbine, etc. These power generating stations are 

non-conventional since their output is not 

dependable at all seasons of the year. In order to 

reduce the risk of non dependability the power 

output from these stations are made to charge 

battery sources or ultra-capacitors through charge 

controllers. Battery Charge Controllers prevent the 

overcharging phenomena of batteries. When 

battery voltage rises to a preset maximum, where 

the battery is completely charged, the controller  

 

Automatically reduces or stops the charging rate of 

the battery in use. The dc sources act as input to 

the proposed bi-directional power flow converter.  

The load connected to this converter can be a 

continuously operating electric drive. [1],[2]. 

 In the previous types of bi-directional power 

flow controllers the input source was a single unit 

employing a single high frequency converter. In 

the later stages of development of these converters 

led to the addition of multiple input energy 

sources. The design of the transformer used, to 

transfer power from the primary side to the 

secondary, in a special way has led to the inclusion 

of more number of input voltage sources. The 

proposed converter in this project employs a 
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control circuit to toggle between the two input 

voltage sources automatically when their effective  

value of voltage depreciates. This control was not 

implemented in the previous researches done and 

the toggling of the input voltage sources was done 

manually. The main objective of this bidirectional 

power flow converter is to build a highly reliable 

power source for continuously operating drives 

from non-conventional energy sources. The main 

demerit of non-conventional energy sources is that 

they are unreliable. This demerit causes the use of 

“greener” ways of power production to stagnate 

for implementation in real time. The bi-directional 

power flow converter proposed here overcomes 

this demerit and produces good overall efficiency. 

 This paper presents a new bidirectional, isolated 

dc–dc converter. The new converter is based on a 

dual half-bridge topology. Compared to the dual 

full-bridge topologies, it has half the component 

count for the same power rating with no total 

device rating (TDR) penalty. In addition, unified 

ZVS is achieved in either direction of power flow 

without any additional component. Therefore, a 

minimum number of devices is used in the 

proposed circuit. Also the design has less control 

and accessory power needs than its full-bridge 

competitors. All these new features allow efficient 

power conversion, easy control, light weight and 

compacted packaging [8]. 

 

2. MAIN CIRCUIT CONFIGURATION 

The proposed bidirectional dc–dc converter for 

fuel cell applications is shown in Fig. 2. The 

circuit consists of an inductor on the battery side 

and two half-bridges each placed on each side of 

the main transformer. Each switching device has a 

small parallel capacitor for soft switching. When 

power flows from the low voltage side (LVS) to 

the high voltage side (HVS), the circuit works in 

boost mode to keep the HVS voltage at a desired 

high value. In the other direction of power flow, 

the circuit works in buck mode to recharge the 

battery from the fuel cell or from absorbing 

regenerated energy. The HVS switches and the 

low voltage side switches are MOSFETs. The 

arrangement of the inductor and the LVS half 

bridge is unique. The LVS half bridge has double 

functions serving as 

1) A boost converter to step up voltage 

2) An inverter to produce high frequency ac 

voltage. 

The boost function is achieved by the inductor and 

the LVS half bridge. The LVS boost converter 

draws much smoother current from the load 

voltage source than full bridge voltage source 

inverter. This integrated double function provided 

by the LVS half bridge is advantageous over other 

topologies, because the primary current rating of 

the transformer and current stress of the LVS 

devices are minimized. The capacitor across each 

switch is a lossless snubber (or resonant capacitor) 

for soft switching. The transformer is used to 

provide isolation and voltage matching. The 

leakage inductance of the transformer is utilized as 

an interface and energy transfer element between 

the two voltage-source half bridge inverters: LVS 

and HVS half bridges. The two voltage-source half 

bridge inverters: LVS and HVS half bridges, each 

generates a square-wave voltage applied to the 

primary and secondary of the transformer, 

respectively. The amount of power transferred is 

determined by the phase shift of the two square-

wave voltages. 

The major advantages of the proposed circuit are 

1) The total device rating is the same for the dual 

half bridge topology and the dual full bridge for 

the same output power. 

2) Although the devices of the half-bridge are 

subject to twice the dc input voltage, this is an 

advantage in EV/HEV and fuel cell applications 

because the dc input voltage is very low (12 V 

battery). 

3) The dual half bridge topology uses only half the 

number of devices as the full-bridge topology. 

4) The LVS half bridge produces a relatively 

ripple-free dc current that is desirable and friendly 

to the low-voltage source (fuel cell or battery); 

5) Current ratings (stresses) are minimized for the 

LVS switching devices and transformer due to the 

boost function of the LVS half bridge. 

6) The unified soft-switching capabilities in either 
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direction of power flow without additional 

switching devices are achieved. [4] 

When power flows from the LVS to the HVS, the 

converter works in boost mode to keep the HVS at 

a desired high value. In the other direction of 

power flow, the converter works in buck mode to 

charge the energy storage elements. 

 

 

Fig 1: Proposed bi-directional dc-dc converter 

 

The following assumptions are made to simplify 

the analysis. 

• The inductance of L1 and L2 are large enough to 

maintain the currents flowing through them to be 

constant. 

• All switching devices are considered ideal. 

• The output filter capacitors C1 –C6 are large 

enough that V1–V6 are constant. 

As shown in Fig. 3, each LVS generates a square-

wave voltage (Vr12 and Vr56) on the primary side 

of the transformer. The HVS half-bridge generates 

a square-wave voltage (Vr34) on the secondary 

side of the transformer. The amount of power 

transferred is related to the phase-shift angles 

between the square-wave voltages. Fig. 4 

illustrates the key waveforms in boost mode with 

the condition V1=V2=V5=V6<V3=V4. 

Based on Fig. 4, the operation over one full 

switching cycle can be divided into six stages. The 

“Y” type transformer currents , and can be derived 

by the “∆-Y ” transformation, as shown in Fig. 3. 

 

3. MODES OF OPERATION AND 

EQUIVALENT CIRCUITS 

There are totally four modes of operation as 

explained in detail as shown below. 

Boost Mode 

The intervals of Fig. 10 describes the various 

stages of operation during one switching period in 

boost mode. The converter operation is repetitive 

in the switching cycle. One complete switching 

cycle is divided into thirteen steps. To aid in 

understanding each step, a set of corresponding 

annotated circuit diagrams is given in Fig.  with a 

brief description of each step. 

 

Forward mode-I: 

During the forward mode-I or the boost mode-I of 

operation, the voltage source 1 is connected to the 

circuit since its value is well above the reference 

value. The split source capacitors C1, C2 plays a 

vital role in dividing the input voltage into two 

equal values i.e., 2*(Vs/2). The gate pulse to the 

MOSFET M1 is given first time period t1. The 

half bridge inverter acts appropriately and the 

output obtained is alternating in nature. This 

alternating square pulse is given as an input to the 

ferrite core transformer. The transformer steps up 

this value of voltage and is sent to the full bridge 

converter. Now the converter acts as a full bridge 

rectifier. The diodes D6 and D7 are conducting in 

this time period. The alternating input to the 

rectifier is converted in DC and is given as the 

input to the DC motor load. The voltage 

expression applying Kirchhoff’s voltage law is 

obtained and also is linearised. The current ripple 

is hence obtained from the final expression 

substituting the known values.   

 

 
Fig 3: Equivalent circuit of forward mode I 
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Voltage Expression Applying Kvl To The Above 

Loop 1 

 
1

1

1

1
1

2

1

dt

di
M

dt

di
ML

dc
V



             1

1

1

1

2 dt

di
L

Vdc   

 

 

Linearized Voltage Expression 

 

1

1
1

1

2 t

I
L

Vdc 


                        1

11

1
2L

tV
I dc  

Substituting the values of Vdc1=15V, t1=50us, 

L1=5H in the above equation we get ∆I1=0.075mA 

 

Voltage Expression Applying Kvl To The Above 

Loop 2 
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Substituting the values of  M=3.353H, t1=50us, 

L1=5H,  L2=10H, RL=50Ω  and  ∆I1=0.075mA  in 

the above equation we get ∆I2=0.0189mA. 

 

Forward mode-II: 

In the forward mode-II operation the capacitor C2 

delivers the energy stored in it. Now the gate pulse 

to the MOSFET M2 is given second time period 

t2.the diodes D5 and D8 are conducting in this time 

period. The voltage expression applying 

Kirchhoff’s voltage law is obtained and also is 

linearised. The current ripple is hence obtained 

from the final expression substituting the known 

values 

 

Voltage Expression Applying Kvl To The Above 

Loop 1 
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Linearized Voltage Equations 

 

2

3
1

1

2 t

I
L

Vdc 


                                1

21
3

2L

tV
I dc  

Substituting the values of Vdc1=15V, t2=50us, 

L1=5H we get ∆I3=0.075mA. 

 
Fig 4: Equivalent circuit of forward mode II 

Voltage Expression Applying Kvl To The Above 

Loop 2 
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Linearized Voltage Equations 
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Substituting the values of  M=3.353H, t1=50us, 

L1=5H,  L2=10H, RL=50Ω  and  ∆I3=0.075mA  in 

the above equation we get ∆I4=0.0189mA. 

 The design analysis for the voltage source 2 is 

similar to the analysis carried out for voltage 

source 1 and hence the ripple current values are 

also identical for the respective modes of operation 

for voltage source2. 

Buck Mode: 

Reverse mode-I: 

During the reverse mode or the buck mode of 

operation the load side acts as the source and the 

source acts as the load. The gating pulses are given 

to the full bridge inverter module and the pulses 

are stopped to the half bridges. The MOSFETs M5 

and M8 are triggered first and the corresponding 

current paths are shown in the fig. 8. The output of 

the inverter is a square alternating pulse and is 

given to the ferrite core transformer. Now the 

transformer steps down the voltage and is given to 

the half bridge network. Now the half bridge 

inverter acts as a rectifier and converts the 

available AC voltage to DC and is obtained across 

the source resistance Rs.  The voltage expression 

applying Kirchhoff’s voltage law is obtained and 

also is linearised. The current ripple is hence 

obtained from the final expression substituting the 

known values 
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Fig 5: Equivalent circuit of reverse mode I 

Voltage Expression Applying Kvl To The Above 

Loop 1 
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Substituting the values for VL=35V, t'1=45us, 

L2=10H we get ∆I5=0.1575mA. 

 

Voltage Expression Applying Kvl To The Above 

Loop 2 
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Substituting the values for VL=35V, t'1=45us, 

L2=10H, Rs=1kΩ and ∆I5=0.1575mA we get  

∆I6=0.0123mA. 

 

Reverse mode-II: 

 In this mode of operation the triggering pulses 

are given to the MOSFETs M6 and M7 and the 

corresponding current directions are shown in the 

fig.7&8. The voltage expression applying 

Kirchhoff’s voltage law is obtained and also is 

linearised. The current ripple is hence obtained 

from the final expression substituting the known 

values. 

 

 
Fig 6: Equivalent circuit of reverse mode II 

 

Voltage Expression Applying Kvl To The Above 

Loop 1 
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Substituting the values of VL=35V, t'2=45us, 

L2=10H we get ∆I7=0.1575mA. 

 

Voltage Expression Applying Kvl To The Above 

Loop 2 
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Substituting the values for VL=35V, t'2=45us, 

L2=10H, Rs=1kΩ and ∆I7=0.1575mA we get 

∆I8=0.0123mA. 

 

Gating pulses to the semiconductor devices 

The pulses to the various semiconductor devices 

are provided with Pulse Width Modulation 

technique and the operating frequency chosen is 

10KHz. Pulse width is calculated using a 

frequency of 10 kHz 

 
  
                                                                                         

 

Total time period   sT 100  

The time delay between the switching of 

MOSFETs is taken to be 5µs. 

 

sec
1

f
T 

10000

1
T
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Fig.7 Gating pulses for MOSFETS in forward 

mode of operation 

 

 

 
 

Fig 8: Simulation circuit diagram for forward 

modes 

 
Fig 9: Simulation circuit diagram for reverse 

modes 

 

 
Fig.10 Gating pulses for MOSFETS in reverse 

mode of operation 

 

 
 

Fig 11: Output voltage waveform across the load 

for the forward mode operation of both the voltage 

sources Vdc1 and Vdc2 

 

 
 

Fig 12: Output voltage waveform across the load 

for the reverse mode operation of both the voltage 

source Vdc3 
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4. CONCLUSION 

The simulation of the project has been completed 

using the PSPICE software for a high-power-

density two-input bi-directional dc–dc converter 

proposed as shown above. The circuit model of the 

multi-winding transformer, power flow control, 

and the soft switching conditions of the switches 

are provided. It is shown that two energy sources 

with different dc voltage levels can be combined to 

deliver power simultaneously in either direction. 

In addition, high power efficiency, high reliability, 

and long life-cycle operation can be achieved by 

the optimum power sharing between the sources.  
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