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Abstract 

This paper proposes novel current fed converter full bridge isolated DC-DC converter with voltage multiplier and active clamp 
circuit for fuel cell grid connected applications. The proposed converter is best suited for fuel cells and their interfacing to utility 
three phase grid. Active clamp concept introduced on the primary side of isolation transformer to reduce the turn-off voltage 
spikes of full bridge active devices. Innate soft-switching with elongated range can be achieved in the recommended converter by 
using the parasitic capacitance of MOSFET switches and leakage inductance of the high frequency transformer. Zero Voltage 
Switching(ZVS) is achieved for all the primary devices which allow greater switching frequency operation and improvement in 
over-all efficiency of the converter for utility interface. Cost, size and weight of the converter minimizes for the higher switching 
operation of the converter. Half-wave Cockcroft-Walton Voltage Multiplier (H-W C-W VM)  having minimum number of 
multiplying stages is used on the secondary side of the designed converter in order toget the required DC-link voltage for three 
phase utility grid connection. The converter’s switching frequency is maintained at 100 KHz. This paper is organized as 
introduction, steady state operation, simulation results with two different cases i.e. full load and half load conditions and finally, 
test result validation of a 250 Watt experimental setup with the proposed converter.  
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1. Introduction 

Today’s technology is mainly looking at sustainable energy. Though we have several renewable technologies 
available for different power applications, some constraints on existing topologies are not able to give promising 
solutions. Out of all the available renewable sources, fuel Cells are considered to be more capable and standard 
power generating units as fuel cells supply power as long as fuel supply is there. Lesser voltage at the output of 
stack, dull response to load variations, presence of ripple current which slashes down the efficiency and permitting 
reverse current flow are the disadvantages associated with fuel cell, inspire of it being a promising power solution. 
To overcome the above technical challenges very strong power conditioning unit should be present. To connect fuel 
cell with utility grid we need to develop a power converter with high voltage gain. 

More-over fuel cell characteristics differ from other renewable sources characteristics. This characteristic has 
three regions of operation as shown in Fig.1. These regions are very important in deciding converter operating set 
point for maximum power extraction from the fuel cell[1]. 

 
Current fed converters are best suitable for fuel cells. Current fed topologies either full bridge or half bridge 

isolated DC-DC converters have given appropriate solutions for most of the technical challenges faced by fuel cells 
[2]. Full bridge current fed isolated DC-DC converters were analyzed in [3, 4]. These converters and their complete 
analysis were given in [5, 6]. Active clamp concept was introduced in current fed converter topologies to reduce the 
turn-off spikes of active switches to greater extent in [7, 8]. 

 
A current fed converter with active clamp ZVS and having a rectifier on the secondary side is analyzed 

completely in [9].This converter’s gain depends on the turn’s Ratio of the transformer which in turn causes increase 
in the magnetic size thereby reducing its power density.The proposed converter is shown in fig.2.The paper is 
organized as detailed analysis of steady state operation in 2nd section and simulation and experimental results 
proposed in 3rd section. Finally, conclusion and references are included. 

 
 
 
 

 

 

 

Fig.1 Characteristics of Fuel Cell at low temperatures. 
 

 Fig.2 The proposed Current Fed converter with three stage multiplier 
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2. Steady State operation and analysis 
 
In this section, complete analysis and steady state operation of the converter with design equations is presented. 

Main focus is given to the proposed converter with active clamp circuit and voltage multiplier. Mode by mode 
analysis with Active-Clamped ZVS operation was explained for one complete half cycle. Analysis is done on the 
primary side alone, due to the presence of voltage multiplier on the secondary of the high frequency transformer 
which just behaves as a multiplying stage. Fig.3 shows the Theoretical steady state operating waveforms of the 
proposed converter. 

Fig.3.  Theoretical Steady State operating Waveforms of the proposed converter 
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2.1.Interval 1(t0< t < t1) 

 
In this interval, all the four switches on primary side S1 to S4 are turned ON and the Clamping Switch Sax is 

turned OFF. Boost inductor starts storing energy. The transformer leakage inductance current flows through all the 
switches so that increment in currents of switches S1 and S4 occurs. Other two switch currents through S2 and S3 
decreases. Fig.4(a) shows circuit equivalent of this interval. 
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Fig. 4(a) Interval 1; (b) Interval 2 

2.2.Interval 2(t1< t < t2) 
 
 In this interval at t=t1 primary switches S2 and S3 are made to turn OFF by removing the pulse. Boost inductor 
current changes the path through the clamping switch which causes zero current through all the switches. Leakage 
current flows through the body diodes of D1 and D4 of primary MOSFET devices S1 and S4 respectively. Hence 
the current through switches S1 and S4 immediately dips to negative value. Parasitic capacitance of device C2 and 
C3 of primary MOSFET devices S2 and S3 gets charged and clamping switch capacitor Cax gets discharged. 
Fig.4(b) shows the circuit equivalent of this interval.   
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Fig.5 (a) Interval 3; (b) Interval 4 
 
2.3. Interval 3(t2< t < t3) 
 

At the end of this interval parasitic capacitances of C2 and C3 charges up-to Vca and Cax discharges to zero. The 
primary side switches voltages Vs2 and Vs3 have increased from Vo/n to Vca. A positive voltage equal to (Vca–Vo/n) 
appears across the transformer leakage inductance and current through it, ilk rises linearly. Leakage Current ilk 
changes to positive which results in conduction of rectifying diodes DR1 and DR4. This interval is very short and 
Fig.5(a) shows the equivalent circuit diagram of this mode. 
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Fig.6 (a).Interval 5; (b) Interval 6 

 
2.4. Interval 4(t3< t < t4) 

 
In this interval body diode of clamping switch is made to conduct to ensure that voltage across the switch is zero 

for ZVS of clamping switch. Clamping capacitor Ca gets charged and the supply current flows through S1&S4. 
Fig.5(b)  shows the circuit equivalent of this interval. 
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2.5. Interval 5(t4< t < t5) 
 

In this interval Sax is gated for turning ON with ZVS and Ca discharges through clamping switch. Magnetizing 
current im increases with the same slope. Fig.6 (a) shows the circuit equivalent of this interval. 
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2.6. Interval 6(t5< t < t6) 
 
The clamp switch Sax is turned off at t=t5. Current ilk charges Cax  and discharges C2 and C3. The leakage inductance 
Llk resonates with snubber capacitors Cax and C2 + C3. This interval is very short and Fig.6(b) shows the circuit 
equivalent diagram of this interval. Vsax(t6) = (Vca-V0/n), Vs2(t6) = V0/n. 
 
2.7. Interval 7(t6< t < t7) 
 

In this interval ilk still discharges C2 and C3 charge Cax in resonant fashion. By the end of this mode C2 and C3 
completely discharges to zero and Cax charges to initial value and Fig.7(a)  shows the circuit equivalent of this 
interval. 
 
2.8. Interval 8(t7< t < t8) 
 

If ilk still present even after completely C2 and C3 discharged it  flows through the path of body diodes of S2 and 
S3 which results in ZVS turn on of the switches S2 and S3 and Fig.7(b)  shows the  circuit equivalent of this 
interval. 
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2.9. Interval 9(t8< t < t9) 
 

In this interval S2 and S3 are turned ON with ZVS. In this interval, switches S2 and S3are turned on with ZVS. 
Current ilk is transferred to the switches S2 and S3. The interval ends when current ilk equals to the current im. Fig.8 
shows the  circuit equivalent of  this interval. 
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Fig. 7(a) Interval 7; (b) Interval 8 

 
 
 
 
 
 
 
 
 
 

Fig.8. Interval 9 

 

3. Design , Simulation and Experimental Results 

The converter was designed by using the following design equations. 
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Where,  =  Output voltage 
Epk = Transformer secondary peak voltage. 
 
Optimum number of stages is given by, 
 

4 3 2
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Using the above equations, optimum number of stages was calculated to be 3 (n=3). 
 
Stage capacitances are calculated as follows , ( n=3) 
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C1 and C2 values are equal to 2.2µF ,C3 and C4 values  are equal to 1µF and C5 and C6 values were calculated to 
be 0.47µF.[10] 
 

Simulation results were considered for two cases for wide load variation. Results presented for full load and half 
load conditions with the following specifications of Table.1 which best suited for fuel cell interface with 3 phase 
grid connected applications.  

Hardware implementation done with 250 watts and the results are shown from Fig.18 to 20. Fig.18 shows 
prototype, Fig.19 shows input voltage and current and Fig.20 shows the soft switching results. Experimental 
efficiency of 93.4 % achieved for the converter for different load conditions. 

                                Table 1.Common  simulation parameters for different cases. 

Simulation Parameters Values Full load Values Half load 

Input Voltage 22V 28V 

Output Voltage  

Power Output 

Load Resistance 

Transformer turns ratio 

Operating frequency 

720 V 

1000W 

520 ohms 

1:3 

100 kHz 

720V 

500W 

1037 ohms 

1:3 

100 kHz 
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Fig. 9(a) Input voltage in full load ; (b) Input current in full load 
 
 
 
 
 
 
 
 
 

 
Fig. 10 (a) output voltage in full load ; (b) Output current in full load 

 
 
 
 
 
 
 
 
 

  
Fig. 11 (a) Transformer primary voltage in full load;  (b) Transformer secondary voltage in full load   

Fig. 12 (a) Capacitor Ca  current  in full load ;  (b)  Leakage Inductance current in full load    
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Fig.13 (a) Soft switching in switch 1  in full load ;  (b)  Soft switching in switch 2  in full load 

 
 
 
 
 
 
 
 

 
 
 
 

                                                                             

Fig. 14  Soft switching in switch Sax (auxiliary switch ) in full load    

 
 
 
 
 
 
 

 
  Fig. 15 (a) output voltage in half load;  (b) Output current in half  load 

 
 
 
 
 
 
 
 
 
 
 

Fig.16(a) Soft switching in switch 1  in half load; (b)  Soft switching in switch 2  in Half load 
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Fig. 17  Soft switching in switch Sax (auxiliary switch ) in half load    

From the soft switching waveforms, we can observe that soft switching is obtained for all the switches during half 
load as well as full load conditions. The switch pulse is turned on only when the voltage across the switch is zero ( 
ZVS ).  When the body diode starts conducting, the switch pulse is given which can be observed from the current 
waveform which becomes negative as shown in Fig.13 to Fig .17.This ZVS turn on reduces the losses thereby 
improving the efficiency. 

Fig.18. Hardware prototype model 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.19. Input voltage, Input  current, Output voltage and Output current 
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                                                               Fig20. Soft switching (ZVS)  waveforms 

4. Conclusion 

Novel current fed full bridge dc-dc converter topology with voltage multiplier on the secondary side for the fuel 
cell interface with three phase utility grid was proposed. Design, simulation results and experimental results for the 
proposed converter are presented in different section. DC link voltage (700V) for three phase utility grid was 
generated using proposed converter with 250watt prototype model. Experimental efficiency of 93.4% was achieved 
and the proposed converter is best suitable for fuel cell as the ripple in input current is very low from the hardware 
results. Moreover the proposed converter was simulated and tested for different load conditions to validate the wide 
range operation of the converter for different fuel cell stack voltages as shown in figure-1 in introduction.  
. 
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