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Abstract:  

The resonance analysis and design of soft switching of the boost isolated converter with inductors which are coupled, have been 

studied in this project. As resonance participated by voltage doublers, the capacitor, the clamping capacitor, and the leakag e 

inductance of the coupled inductors, the problem of reverse-recovery of secondary diodes has been restrained within range of whole 

operation. By selecting suitable magnetic inductance of coupled inductors, ZVS on of main MOSFETs has been obtained in the 

working conditions which are similar, without the help of any device in addition. For achieving soft switching and an optimal 

operational point, the duty ratio range has been enlarged with minimum ripple current input, as the duty ratio is approaching  0.5. For 

achieving the power density, there are two types of resonances which are analyzed and also the optimized resonance has been u sed. 

The vehicles inverter which have input voltages of 10.8 – 16V, and output voltages of 360V, a prototype inverter has been developed 

which gives output power of 150W. The experiment results have been verified for the design and it is shown that a min imum of 

93.55% efficiency at low load and 90.53% at fu ll load has been achieved. 

 

Introduction 

            The vehicle inverters are becoming popular nowadays. 

The top car manufacturers like Audi, Bavarian, etc. have 

implemented vehicle inverters. The earlier inverters comprised 

of two stages, i.e. DC-DC converters and the DC-AC inverter. 

For achieving a 220V RMS sinusoidal wave, an input of 360V 

DC is required fo r the DC-AC inverter with a high level of 

efficiency. 

 It is important for us to note that the batteries in the 

vehicles show a low voltage of about 10.8 to 16V. But usually 

we consider it to be 12V. Therefore, the DC-AC inverter 

should have conversion ratio of voltage as high as possible at 

beginning of the DC-DC converter stage. The following points 

have to be considered in order to have an efficient vehicle 

inverter: 

 The span of life o f a battery 

 The space where it is mounted with a naturally  

cooling 

  For a DC-DC converter, the current ripple at input 

should be low. 

 The efficiency of operation has to be high. 

 Galvanic isolation need to provide for meeting safety 

standards. 

Among various topologies, the push-pull topology 

has been in wide use in DC-DC stage. In case of voltage-fed 

topology of push-pull converters, the current ripple current is 

found to be high as the primary current is discontinuous. 

Therefore, fo r minimizing the current ripple an LC low pass 

filter can be used at the input. The introduction of low pass 

filter may increase the volume of system for high current at 

the input. But the conversion ratio of the voltage at converter 

will be estimated by turns ration of the transforme r. For 

achieving this kind of setup, the turns ratio which is high, 

brings a large transformer, and with that we come across a 

leakage inductance which will degrade the power density and 

performance of the circuit.  

 For lesser input voltage and more input current we 

can choose the current-fed push-pull topology as it contains 

inductor at input. Many topologies have been in use for fuel 

cell system; the application where a battery is used as source, 

for achieving clamping along with resonance has become 

popular where we can implement 0V switching ON of the 

MOSFETs or to resolve the problem of reverse-recovery 

posed by the rectifying diodes at the secondary.   For 

achieving an high power density and a high efficiency, we can 

use the soft-switching characteristic and high operational 

frequency. For a better performance of vehicle inverter, the 

active clamping in case of current-fed topology of the push 

pull converter.  But still better resonance analysis has to be 

carried out. The optimized resonance can be des igned in order 

to min imize the volume of the capacitors and for power 

density to be improved. 

 From the prior research study resonance converters 

can be classified in two classes based on characteristic of soft 

switching.  

1. To obtain zero voltage switching ON of MOSFETs. 

2. To obtain turn off softy of secondary diodes. 

 

One more converter is proposed which belongs to 

first class which is a isolated novel ZVT step up converter and 

coupled inductors. Sharing of input current and to obtain 

reduction in the conduction losses, parallel configuration of 

input is adopted. With addition circuits of active clamp are 
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used to obtain ZVT for active switches. However, p roblem of 

reverse recovery of secondary diodes still remains and D must 

be greater than 0.5 in order to achieve zero voltage switching 

ON of MOSFETs. But, different kinds of characteristic of soft 

switching at same working conditions have not been obtained 

yet.  

In this project, design of soft switching isolated step 

up converter and its analysis is presented. The converter 

schematic is implemented. Comparison is done between 

previous proposed converter, ZCS of a secondary diodes and 

switching at zero voltage of main MOSFETs at similar 

working conditions. Moreover D is enlarged in order to design 

and also to obtain optimal point of operation when D reaches 

0.5 input current ripple approaches to zero. By using small 

size transformers and capacitors the converter volume can be 

decreased. To carry out verification of design implementation 

of dc-dc converter for application like vehicle inverter is done. 

 

 II.OBJECTIVES:-  
 To switch on the main MOSFETs in the primary and to 

turn off the secondary diodes by ZCS in similar 

conditions and without using additional devices. 

 By enlarging range of the duty ratio for achieving the 

optimal operational point and to achieve the soft 

switching. 

 To adopt the parallel configuration at the input side, for 

sharing large current at input and to see that the 

conduction losses are reduced. 

 To obtain the high voltage at the output side, series 

connections of the secondary windings is to be done and 

also the rectifying voltage doubler circuit is to be 

connected. 

                  III.LITERATURE S URVEY:- 

The DC-DC converters of switched mode type is one 

of the circuits of power electronics, This by using switching 

action can convert a voltage from one level to the other. 

These DC-DC converters of switched mode type have 

received as a deal of a interest in most areas. This is because 

of their use in wide range of applications like in power 

supplies in personal computers, appliance control, office 

equipments, telecommunication equipments etc. Presentation 

of literature survey of various converters is done in the form of 

design, application and modeling.    

The author [1] in this paper has proposed a current 

fed converter half bridge with PWM and also with ZVS active 

clamping. The active clamping circu it of snubber, abs orb the 

surge voltage across the switch when it is turned OFF and also 

switching of switches at zero voltages is also achieved. Here 

auxiliary switches in a snubber circuit  is switched in  

complementary way for a main switches, an additional 

componenets are not necessary as in the case of conventional 

circuit. Therefore it gives operating frequency high, less cost 

of a production, easy implementation and high efficiency. In 

this theoretical analysis and designing of the proposed 

topology is presented. 

  The author [2] has discussed about the analysis of a 

converter which is presented in a detail, by which using design 

equations of a circuit and also the parameters of a circuit were 

derived. The converter which is proposed can be used to 

operate with constant value of switching frequency and also 

PWM control. The problems like energy trapped  of the 

inductors it can be also recovered, switching at zero voltage 

can also be achieved and suppression of voltage spikes can be 

achieved effectively. In this the problem associated with the 

transformer  such as imbalance in potential flux is eliminated. 

This is most preferable for step-up discharge type of 

applications. 

The author [3] proposed a PCS of fuel cell with high 

efficiency and also reduction in the ripple in the input current. 

To provide high ratio of voltage conversion and to eliminate 

the problem of reverse recovery a rectifying voltage doubler 

circuit is used. The proposed circuit operates with reduction in 

ripple in the input current which is achieved without any 

additional component and for a wide range of input voltage. 

The implementation of the 1.5-KW prototype was done for the 

range of input of 30-70V. 

The author [4] introduced a DC-DC converter of 

push pull resonant with ZVS current fed and ZCS zero current 

in the paper. This proposed topology is more suitable for low 

voltage unregulated to power with high voltage conversion 

with less ripple in the input current. The frequency of 

capacitor and also the inductor is selected in such a way that is 

twice that of frequency of the main switch. In addition, ZVS 

on of the switches is also achieved and also the switch and 

rectifier circu it at the output are used by switching at zero 

current. The proposed topology is verified on 400w prototype. 

The author [5] introduced a converter of isolated type 

Novel ZVT with a input parallel also the output of series 

configuration type in applications like high step-up. In this 

paper the of the input current by two branches and reduction 

of conduction losses is done by connecting the input in 

parallel configuration. Also to achieve high gained voltage the 

output is connected in series configuration. In order to recover 

the stored energy from leakage inductance and to suppress the 

switches voltage spikes an introduction of clamped active 

circuits is done. Moreover, the switching of zero voltage the 

main switch and the clamp switches is gained. The problem of 

reverse recovery is eliminated by the coupled inductors 

leakage inductance. Apart from that the reduction of core 

losses is done by employing the technology of magnetic 

integration. Analysis of 1KW high efficiency converter with 

48V-380V prototype is built. This type is applicable for 

converter high step-up and high power with isolation.  

The author [6] proposed a converter flyback-forward  

with high step-up interleaved ZVS for a system power 

generation with fuel cell. In this the problem of reverse 

recovery of output diode and large ratio of voltage conversion 

is removed by employing a structure of rectifying of voltage 

doubler. Further to minimize the switching losses a ZVS 

operation of active switches is used. Analysis of steady state 

and the performance of main circuit is discussed. The 

proposed circuit is applicable fo r fuel cell of high efficiency 

and high step-up. 

The author [7] discussed about designing of a 

converter push pull current-fed with active clamping. In this 

for volume restrict ion a clamping capacitor is utilized and also 

for ratio of conversion a capacitor with one switch topology of 

voltage doubler is employed. Analysis of resonance of two 

kinds are carried to achieve switching of switches at zero 

voltage or switching off of rect ifying diodes at zero current. 

Sketching of relat ionship and optimizat ion of two types of 

resonances is done. 
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The author [8] has discussed of switching method for 

RPWM for a DC-DC converter with a step-up and soft 

switching. 

                      The following are the improvements achieved 

over a PWM method. 

1) By reducing the current during turn off, the switch 

losses are reduced 

2) Reducing the auxiliary capacitor by 20 fold.  

3) For small duty cycle the switching losses of reverse 

recovery of the diode become negligible.  

4) By increasing step-up ratio the losses of duty cycle is 

reduced. 

The author [9] has proposed converter of push pull 

voltage fed ZVCS resonant for application of vehicle inverter. 

A voltage doubler with a resonant structure is adopted on the 

secondary side to reduce the disadvantages. Also it achieves 

switching off of the switch at zero current with appropriate 

parameters of resonance. In addition, it achieves ZVS ON by 

selecting dead time appropriately of the main MOSFETs. To 

control bus voltage burst mode is utilized.  

The author [10] has discussed about improved method of 

switching for a BHB converter with a active clamped for 

application of high step-up. A resonant capacitor  is used for 

operation of  quasi resonant  circuit during switching ON 

process in order to reduce current during turning OFF of the 

switches. To reduce switching losses further a external s mall 

capacitor is used across the lower switches. 

                 

IV.METHODOLOGY OF THE PROJECT  

This project consists of simulation based analysis and 

design of the “Isolated boost converter with coupled inductors 

for vehicle inverter applications”. The fig 1.5.1 shows the 

project flow and different phases involved in the project.  

 
Figure 1.5.1 Different phases of the project. 

The first phase of the project is to study the ZVS switching of 

boost converter with the coupled inductors. In the second 

phase of the project, the reduction of large ripple in the input 

current and conduction losses is done by adopting parallel 

configuration of the input s ide. Third phase gives about using 

circuits of active clamp to achieve switching at zero voltage 

for all active switches. The fourth phase gives about selecting 

smaller sized transformers, small capacitor, so that the 

converter volume can be decreased. In the fifth phase, the 

circuit analysis is carried out for different duty ratios, i.e. for 

d<0.5 and d>0.5. In the sixth phase switching of the boost 

converter which is coupled with inductors is carried out at 

zero voltage is proposed. 

 

V.PROPOS ED WORK:- 

This scheme implements the resonance analysis and 

also the soft switching of a boost isolated converter with a 

coupled inductors is presented. The figure 4.1.1 gives the 

implementation of schematic diagram of converter which is 

obtained by comparing with a former proposed converter, both 

switching ON of a MOSFETs at zero voltage and switching 

OFF at zero current of a secondary diodes is obtained 

collectively in a same conditions of working, but without 

including additional devices. Moreover, designing of the 

circuit is carried out by enlarging the duty ratio and when D 

approaches 0.5, the point of optimal operation is obtained. 

Also by using small transformers and a small capacitors, the 

converter volume is decreased. The implementation of DC to 

DC converter is done for a application of vehicle inverter in  

order to verify design.  

 

Figure 4.1.1 schematic diagram of a converter.  

 This scheme is arranged as following. The section II 

gives the operation principle, the section III g ives the 

illustration of analysis and a design of a resonance circuit.  

II operational principle 

By controlling the S1 and a S2 interleave, iL frequency 

is twice o f that of switching frequency which in turn results in 

to reduction in the ripple of the input current  and when D 

approaches 0.5, the ripp le in the input is approximately 0. The 

principle operation is given as follows: 

1. Principle o f operation for D < 0.5 

 

When the value D is less than 0.5, operation of 

resonance takes place in non overlapping interval.  
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i) Mode 1: [t0, t1] 

 
Figure 4.1.2 equivalent circuit of converter mode 1.  

 

At t0, S1 is switched off, and S2 is already in off state. 

LP1 and LP2 inductors discharge and di/dt = (Vin – Vcc)/LP . 

Since LP1 and LP2 inductance values are small, at t1, iLP2 is zero 

from a clamping capacitor Cc. and auxiliary MOSFET (S4), 

reverse current starts flowing through inductor LP2, energy 

transformation to secondary side does not takes place. The 

figure 4.1.2 g ives the equivalent circuit of the converter. And 

the figure 4.1.3 gives the corresponding waveforms. 

 

 
Figure 4.1.3 waveforms for the duty ratio D < 0.5  

Mode 2: [t2, t3] 

 
Figure 4.1.3 equivalent circuit of converter mode 2.  

At t1, S4 is switched off, and then iLP2 is in reverse 

state. Discharge of parasitic capacitor (Cp2) takes place due to 

inductor LP2 for freewheeling. If the inductors (LP2) reverse 

current is very large enough, then that energy is used to 

discharge VDS2 to a zero value at t2. The figure 4.1.3 gives the 

equivalent circuit of the converter for mode 2. And the 

corresponding waveforms are shown in the figure 4.1.4.  

 

Mode 3: [t2, t3] 

 
Figure 4.1.5 equivalent circuit of a converter for mode 3.  

 

At t2, S2 is switched on and VDS2 reaches zero. Which 

results in on of the ZVS of S2. But S1 is in still off state. 

Hence, the inductor (LP1) discharges and also di/dt = (Vin – 

Vcc)/Lp. But, whereas, the inductor LP2 charges and di/dt = 

Vin/Lp. Now the circuit on the secondary side begins to 

conduct. Hence, the transformers T1 and T2 starts working as 

flyback and  forward converters. Now the clamping capacitor, 

capacitor of the voltage doubler and leakage inductance of 

transformer starts resonating. Therefore, the iLP1 and iLP2 

consists resonant and magnetizing currents. The figure 4.1.5 

shows equivalent circuit of converter for mode 3, and figure 

4.1.6 shows the corresponding waveforms.  

 

Mode 4: [t3, t4] 

 
Figure 4.1.7 equivalent circuit of a converter for mode 4.  

 

 At t3, the iLS on the secondary side reduces to zero, 

and with the help of diode D02, the resonance circuit gets cut 

off. Thus secondary diodes are switched off softly and also the 

problem of reverse recovery is removed where LP1 is 

discharging still at the rate determined as (Vin – Vcc)/LP . And 
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also, LP2 is charging still at rate determined as Vin/LP . The 

figure 4.1.7 gives the equivalent circuit of a converter for 

mode 4. And figure 4.1.8 gives the corresponding waveforms 

for the interval t3 to t4.  

During the remaining half of TS period, the operation of 

modes(5 to 8) are analogous to that of modes of operation (1 

to 4). From balance voltage-second law the LP1 and LP2 is 

given as  

 
As the topology on the secondary side is connected in series 

also the rectifying circuit of vo ltage doubler, the voltage at the 

output is given as  

…………..(3)

 

 ……………..(4) 

From equation 4, even though the magnetizing currents are 

reverse for some interval, there is no difference in the change 

of voltage gain. 

 

Principle of operation for D > 0.5  

When the duty ratio D>0.5, the resonance now 

operates in a overlapping interval. Analysis is analogous to the 

previous operation principle for D<0.5. figure 4.1.9 shows the 

corresponding waveforms. 

 
Figure 4.1.9 waveforms for a D>0.5  

 

III Optimized resonance design 

In this scheme for application of vehicle inverter, the 

operating point D = 0.5 is most preferred because the ripple in 

the input is min imized. The switching on the main switches at 

zero voltage can be done when the magnetizing inductance is 

small enough. Within the range of load an input voltage the 

switching off of the secondary diodes at zero current is 

designed. Because of high value of turns ratio, the value of Cc 

should be very large in order to obtain resonance of secondary 

dominance. In the converter topology design, clamping 

capacitor of communal type is used and its value is small due 

to optimized resonance design. 

The following factors have to be considered to design 

optimized. 

1. Resonance duration: 

To achieve switching off of the secondary 

diodes at zero current, the resonance duration should 

be very small than minimal interval of overlapping 

(D>0.5) or interval of non-overlapping (D<0.5). But 

resonance duration is shortened then the resonant 

current reaches peak to transfer energy. Thus, Cc and 

Cr must be large to remove current stress on primary  

also on secondary sides. 

 

2. Ripple in the clamping voltage: 

If Cc value is very small then high stresses 

are sustained by main MOSFET. Therefore, Cc must 

restrict ripple value in clamping voltage to an 

acceptable value. 
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3. Volume of the capacitor  

Adoption of combination of a Cc and Cr is 

done to get a min imal capacitor volume. In the 

proposed topology converter, the value of Cr = 47nF 

and the value of Cc = 3µF. and turns ratio is 3:3:24. 

 

IV Analysis and design of circuit 

 

A. Design of switching of a secondary diodes at zero 

current 

At non-overlapping interval the secondary circuit 

conducts (D<0.5) or (D>0.5) overlapping interval. 

Minimal non-overlapping interval when D<0.5 is 

given as  

……………(5) 

When D > 0.5, the overlapping minimal period is  

……..(6) 

The secondary side current is given as 

………(7) 

Where 

………..(8) 

Lk,s1 and Lk,s2 is the equivalent values of leakage inductances 

on secondary side. 

The resonance period is given by  

……………(9) 

Also to get switching off of secondary diodes for entire range 

of operation, the resonance period must be restricted. 

………………….(10) 

The capacitor of voltage doubler is given by  

….(11) 

 

B. Design of a ZVS of a main MOS FETs  

During the interval of resonance, the reverse currents 

associated with the LP1 and LP2 are used for switching on of 

main MOSFETs at zero voltage. The condition given below 

must be achieved to switch on the main MOSFETs at zero 

voltage. 

……..(12) 

Lp – Transformer’s primary inductance 

Cp – Main MOSFET’s parasitic capacitance 

……….(13) 

To obtain enough energy to switch on the main  

MOSFETs, the magnetizing ripple must be large.  

….………..(14) 

The equation (14) can also be written as  

………….(15) 

 

C. Ripple present in the input current analysis  

 

Large ripple of input current are obtained because of a 

small inductors values. However, the interleaved controlling 

of switching S1 and S2 the input ripple is reduced remarkab ly.  

The ripple in the input current is derived as 

For D<0.5 

…….(16) 

For D>0.5 

………..(17) 

The figure 4.1.10 and 4.1.11 shows the ripple in input current 

is almost zero. Theoretically for D = 0.5 

 
 

Figure 4.1.10 Magnetizing ripple of v/s duty ratio 
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Figure 4.1.11 Ripple of input current v/s duty ratio 

 

From the above figures it is clear that the point of optimal 

operation is achieved when  

D = 0.5. By  maximizing values of magnetizing current ripples, 

the switching on main MOSFETs can be obtained. Thus, 

switching on of main MOSFETs, switching off of secondary 

diodes and minimum value of ripple in the input current is 

obtained collectively. 

  

VI.S IMULATION RES ULTS  

 

 

Figure 5.4.2 waveforms of S1, S2, S3 and S4 for D < 0.5. 

The above figure 5.4.2 shows the waveforms of 

switching pulses for S1, S2, S3 and S4 for the duty ratio D < 

0.5.  

 
Figure 5.4.3 waveforms of VDS1, VDS2, iLP1 and iLP2. 

The above figure 5.4.3 shows the waveforms of 

voltage across S1, S2 and current through primary inductors 

LP1 and LP2. 

 
Figure 5.4.4 waveforms of i in, iLS, iDO1, and iDO2 

The above figure shows waveforms of input current, 

current across secondary inductor, currents across diodes DO1 

and DO2. 

 
Figure 5.4.5 Waveform of output voltage. 
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The above figure shows waveform for output voltage. 

 
Figure 5.4.6 Waveform of output current 

The above figure shows the waveform of output current. 

 

 
Figure 5.4.7 Waveform of output power  

The above figure shows waveform of output power. 
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