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Abstract—In this paper, performance analysis of Flux Additive DC-
DC converter is proposed for electric vehicle. The flux additive dc-dc 
converter combines input dc sources in magnetic form by adding up 
the produced magnetic flux together in the magnetic core of the 
coupled converter and produce the output voltage with less ripple.The 
main advantage of this converter can draw power from two different dc 
sources and deliver it to the load individually and simultaneously. 

Multi-input converters are preferred when one of the source is 
diminished to obtain the regulated output, so another input is chosen to 
get the desired regulated voltage. This converter has been designed for 
140watts in order to establish the stability and to obtain desired output 
voltage of 100 volts, 1.4A with multiple input voltage of 80 volts and 
50volts respectively. Using simulation, the performance of flux 
additive dc-dc converter has been validated by using PSIM software. 
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I. INTRODUCTION 

 
The Electric Vehicle has high energy efficiency and zero 

environmental pollution over conventional ICE conventional 

vehicle. A worldwide overview of present status of electric 

vehicle has been discussed along with their state of the art, with 

emphasis on engineering and key technologies of  in reference 

[1].  

Multiple sources allows for improved reliability, flexibility, and 

utilization of preferred energy sources. If one of the input given 
to the converter got diminished which affects the desired and 

regulated output hence another input has been chosen [2][3]. 

The rechargeable batteries are the common sources for electric 

vehicles. In order to achieve high performance compared to 

internal combustion engine , the electric vehicles are provided 

by the multi-input energy sources like battery, fuel cell, super 

capacitors, ultra-capacitors etc. The general configuration of  

multi-input DC-DC converters for the propulsion of the electric 

vehicle is as shown in fig 1. It consists of the fuel tank which 

fed to the ICE and given to the generators which converts 

mechanical energy to electrical energy. In this two DC-DC 

converters like battery and supercapacitor are given as input 
sources,  

 

 
 
 

hence this is called hybrid electric vehicle which combines both 

ICE and battery for wheel propulsion[3][4][5][6][7]. 
 

 

 
Fig. 1: Block diagram of Multi-Input DC-DC converter 

 

Transformer consists of two electrically isolated coils which 

works on the principle of Faraday’s law of electromagnetic 

induction in which the magnetic flux generated by the voltage 
and the current flowing in the primary winding induces an emf 

in the secondary winding of the transformer. It does not require 

any moving parts to transfer the energy hence there is no 

winding losses and friction loss which is present in electrical 

machines.The two coil winding present in the transformer are 

electrically isolated from each other allowing the electrical 

power to transfer magnetically. If the  

fluxes produced in the same direction they are added and if the 
fluxes produced in the opposite direction they are subtracted. 

This DC-DC converter works on the principle of the flux 

additivity such that flux induced by the multiple inputs has been 

added in order to obtain the regulated output voltage[8][9][10]. 

The objective of this paper is to analyze the proposed converter 

along with their waveform and steady state analysis of the 

proposed converter under continuous conduction mode of 

operation. The flux additive DC-DC converters has the two 

input current fed full bridge DC-AC converters , three winding 

coupled transformer along with only one output stage circuit. 

The gate pulses is given to the MOSFET switches with the 

phase shifted PWM pulses for the operation of the proposed 
converter.By using PSIM software which are mainly used for 

power design software tool the proposed converter simulation 

result has been validated.[11][12][13]. 

 

 II.  METHODOLOGY 

 

The block diagram of the Multi-input flux additive DC-DC 

converter is as shown in Fig 2. The proposed converter consists 

of the following components namely, 
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• First input-stage circuit 

 

• Second input-stage circuit 
 

• Output-stage circuit 

 

• Transformer 

 

1. First input-stage circuit: It consists of primary winding 

of T1 with no. of turns n1 has the current is1’ which 

produces the flux of φ1. 

 

2. Second input-stage circuit: It consists of primary 

winding of T2 with no. of turns n2 has the current is2’ 

which produces the flux of φ2. 
 

3. Output-stage circuit: It consists of primary winding of 

T3 with no. of turns n3 has the current is3’ which 

produces the flux of φo. 

 

4. Transformer: It is a static electrical device that 

transfers electrical energy from one circuit to another. 

The emf has been induced on secondary winding n2 

no. of turns of transformer if the current present in the 

primary winding n1 no. of turns induces a magnetic 

flux. 

 

Fig 2: Block diagram of Proposed Converter 

 

 

III. CIRCUIT DIAGRAM OF FLUX ADDITIVE DC-DC 

CONVERTERS 

 

The circuit diagram of the quadratic boost converter is as shown 

in Fig 3.. According to the lenz law states that the induced emf 
opposes the supply voltage i.e the current produced in the 

output stage circuit io’ produces the flux φo which opposes the 

additive fluxes φ1+φ2 produced by the multi-input given to the 

coupled transformer. The proposed works on the principle of 

flux additivity as the fluxes produced in the same 

direction.Hence this converter is known as Flux additive DC-

DC Converter.  

 
 

      Fig 3: Circuit diagram of Flux additive DC-DC Converter 

 

It consists of two current source input-stage circuits, a three-
winding coupled transformer, and a common output- stage 

circuit. Number of the input circuit can be increased depending 

upon the requirement of the application but the only one single 

common stage output circuit should be present. In this circuit 

diagram, two input stage circuit are current fed DC-DC 

converter are present. The supply voltages are Vs1 and Vs2 for 

first stage and second stage input circuit respectively are 

connected in series with choke inductors. Instead of using 

normal inductor, the main advantage of choke inductor acts as a 

low pass filters which suppress the high frequency. Each switch 

of the current fed DC-AC converter in the input stage circuit 

has a reverse blocking diode in series with it. By using the 
reverse blocking diode can regulate the direction of the current 

flow and prevent the reverse power flow from other DC sources 

via coupled transformer and switch body diode.Without this the 

proposed converter cannot deliver power to load 

simultaneously. All the input and output circuit should be 

would on the same magnetic core to ensure that total flux 

linkages produced by each input current sources can entirely 

pass through output stage circuit.[3]  

In the current fed DC-AC converter when the two MOSFET at 

the diagonal position are turned on then the power is transferred 

from primary to secondary winding .This stage is called power 
transferring state. When two MOSFET are turned on the same 

leg such that no power transfer take place, hence this stage is 

called free wheeling stage. The following assumptions are made 

to simplify the purpose of analysis, they are 

1. The choke inductance L1 & L2 are large enough such that the 

current flows through them should be constant. 

2. The transformer should be ideal such that leakage inductance 

and magnetizing current should be neglected. 

3. All the MOSFET and diodes should be ideal. 

4. Output filter capacitance should be large such that output 

voltage should be constant. [2] 

The flux additive DC-DC converter consists of 12 different 
modes of operation. The timing diagram for the gate pulses of 

MOSFET M1 to M8 with the timing varying from to - t6 .The 

gate pulses given to the MOSFET is as shown in the fig 4. 
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 .  
 

Fig 4: Gate pulse given to the MOSFET for M1 - M8 

 

Intially before to, the input currents of Is1 and Is2 are 
freewheeling through D1 M1 D3 M3 and D5 M5 D7 M7 

respectively. In the output stage all the diodes are reversed 

biased such that no power is transferring from input stage to the 

output stage. In addition to this , M4 turns on and no current 

flows as both the inputs are in freewheeling stage. 

 

1. Mode 1 operation (to<=t<t1): 

 

 

                 Fig 4.1: Mode 1 operation of proposed converter 

 

In this mode, M3 is turned off at the duration to. As shown in 

fig 4.1, the diagonal MOSFET conducts in the first input stage 

the power is transferring from input to the output stage such that 

the current Is1 flows through Vs1-L1-D1-M1-T1-D4-M4-Vs1. 

In the second input stage circuit the current Is2 flows through 

Vs2-L2-D5-M5-D7-M7-Vs2 such that no power transfer takes 

place hence this stage is in freewheeling. As magnetic flux 
produce due to Is1 induces emf on the output stage. D9 and D12 

conducts due to induced emf and results in the conduction of 

body diode of M8.respectively. The circuit diagram for the 

Mode 1 operation of the proposed converter is as shown in the 

Fig 4.1. 

 

2. Mode 2 operation(t1<=t<t2): 

 

In this mode, due to the conduction of body diode in mode 1 

M8 has been turns on at zero voltage but no current conducts. 

All the reamaining operation and current Is2 are same as 
previous mode.The circuit for the mode 2 operation is as shown 

in fig 4.2. 

 

 
Fig 4.2: Mode 2 operation of proposed converter 

 
3. Mode 3 operation(t2<=t<t3): 

 

In this mode, M7 turns on such that the current Is1 flows 

through Vs1-L1-D1-M1-T1-D4-M4 and the current Is2 flows 

through Vs2-L2-D5-M5-T2-D8-M8 such that both the input are 

transferring power to the output circuit. Hence both the inputs 

are in power transferring stage delivering the power to the load 

individually and simultaneously. Total magnetic flux linkages 

has been increased due to the addition of the current Is2. The 

output stage of operation remains unchanged. The circuit 

diagram for the mode 3 is shown in fig 3.3  

 
Fig 4.3: Mode 3 operation of proposed converter 

 

4. Mode 4 operation(t3<=t<t4): 

 

 
Fig 4.4: Mode 4 operation of proposed converter 

 

In this mode, M2 and M6 turns on such that the current Is1 and 

Is2 flows through Vs1-L1-D2-M2-T1-D4-M4-Vs1 & Vs2-L2-

D6-M6-T2-D8-M8-Vs2 respectively. M1 and M5 turns on but 

no current flows. As both the inputs are freewheeling no power 

transfer to the output circuit such that all the diode in the output 

stage are reverse biased. The circuit diagram for the mode 4 

operation is as shown in the fig 4.4. 
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5. Mode 5 operation(t4<=t<t5): 

 

 
Fig 4.5: Mode 5 operation of proposed converter 

 

In this mode, M1 and M5 are turns off at zero current such that 
current sources Is1 & Is2 are freewheeling so that no power 

transfer takes place from input to the output circuit. The circuit 

diagram for the mode 5 operation is as shown in the fig 4.5. 

 

6. Mode 6 operation(t5<=t<t6): 

 

 
Fig 4.6: Mode 6 operation of proposed converter 

 

In this mode, M3 is turns on at zero voltage due to clamped 

zero voltage of the transformer winding T1. Both the inputs are 

in freewheeling stage such that no current flows through the 

output circuit. The circuit diagram for the mode 6 is shown in 

fig 4.6  

 
7. Mode 7 to Mode 12 operation: 

 

In the mode 7, M4 turns off at t6 with symmetrical conducting 

and freewheeling in both the inputs and outputs circuit such that 

the polarity of the voltage and the current are opposite to 

mode1.Similarly, Mode 8,9,10,11,12 is symmetrical but 

opposite in polarity as in Mode2,3,4,5,6 respectively. The 

circuit diagram for the Mode 7 to Mode 12 is as shown in fig 

4.7. 

 

 
 

 

 

 
 

Fig 4.7: Mode7-Mode 12 operation of proposed converter 

 

IV.   SIMULATION RESULTS OF FLUX ADDITIVE DC-DC 

CONVERTER 

 Open loop simulation: 

 

The circuit diagram and simulation result along with gate pulses 

given to the MOSFET of the flux additive dc-dc converter in 

open loop is as shown in Fig 5.1 to Fig 5.14. 

 

TABLE 1: Values of different components used in the circuit 

 

Sl.no Components Values 

1 First stage input voltage Vs1 80V 

2 Second stage input voltage Vs2 50V 

3 Inductor L1 470uH 

4 Inductor L2 200uH 

5 Capacitance C 470uF 

6 Resistance R 72ohm 

7 Output Voltage Vo 100V 

8 Output Current Io 1.4A 

9 Frequency f 50KHz 
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TABLE 2: Gate Pulses values given for the MOSFET M1 - M8 

 

Sl.no Gate Pulses for MOSFETs Values in degrees 

1 M1 0-190 

2 M2 0-20-180-370 

3 M3 0-60-210-390 

4 M4 50-220-380-580 

5 M5 0-190 

6 M6 0-20-180-370 

7 M7 0-150-330-510 

8 M8 140-340-500-610 

 

 
 

Fig 5.1: Circuit Diagram of  Flux additive DC-DC converter in PSIM 

 

 
Fig 5.2: Simulation result Vo & Io of converter in PSIM 

 

 
Fig 5.3: Gate pulses given to the MOSFET M1 -M8 

 

 

 
Fig 5.4: Voltages form the transformers T1, T2 & T3 

 

 
Fig 5.5: Currents form the transformers T1, T2 & T3 
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Fig 5.6: Waveform of Voltage and Current Ripple 

 

 

 
Fig 5.7: Circuit diagram for Mode 1 operation 

 

 

 
Fig 5.8: Waveform of Vo & Io for mode 1 operation 

 

 
 

 

Fig 5.9: Circuit diagram for Mode 3 operation 

 

 

Fig 5.10: Waveform of Vo & Io for mode 3 operation 

 

Fig 5.11: Circuit diagram for Mode 7 operation 

 

 

Fig 5.12: Waveform of Vo & Io for mode 7 operation 

 

 
 

Fig 5.13: Circuit diagram for Mode  9 operation 
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Fig 5.14: Circuit diagram for Mode 9 operation 

 

V.  RESULTS AND DISCUSSIONS 

TABLE 3: Output result obtained from Flux additive DC-DC 

converter 

Sl.no Parameters Result values 

1 Output Voltage Vo 100.64V 

2 Output Current Io 1.39A 

3 Output voltage ripple 1% 

4 Output current ripple 2.02% 

5 Voltage from transformer 1 1.92mV 

6 Voltage from transformer 2 45uV 

7 Voltage from transformer 3 100.64V 

8 Current from transformer 1 1.88A 

9 Current from transformer 2 31.19mA 

10 Current from transformer 3 1.31A 

 

With respect to the resultant waveform of the output voltage 

and currents , the ripples obtained are 1%  and 2.02% 

respectively. The converters operates in forwarding direction 
i.e motoring mode from mode 1 to mode 6 and the converter 

should operates in opposite direction from mode 7 to Mode 12 

for the opposite flow of power in order to achieve the bi-

directional power flow converter. Only mode 7 operates in 

reverse flow of power but the power flow is same direction in 

mode 9. 

 

VI. CONCLUSION 

 

In this paper, Flux additivity of the transformer for the multiple 

inputs are preferred if one of the source is diminished to get the 
desired regulated output have been discussed. From mode 1 to 

mode 6 operates like motoring mode and from mode 7 to mode 

12 operates should behave as regenerative braking mode such 

that bi-directional flow of current can be used for the hybrid 

electric vehicle which are present trending today , but in this 

converter mode 9 power flow has not reversed.Simulation 

results proves that this converter can be implemented for the bi-

directional flow of hybrid electric vehicles if mode 9 operates in 

reverse power flow. 
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