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 Abstract 

 

This paper presents a new zero-voltage-switching (ZVS) bidirectional dc–dc converter. Compared to 

the traditional full and half bridge bidirectional dc–dc converters for the similar applications, the new 

topology has the advantages of simple circuit topology with no total device rating (TDR) penalty, 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 cell vehicles and power generation where the high power density, 

low cost, lightweight and high reliability power converters are required. The operating principle, 

theoretical analysis, and design guidelines are provided in this paper. The simulation and the 

experimental verifications are also presented 

All simulations have been carried out in MATLAB/SIMULINK environment 

 
 Keywords: ZVS, QRS, IGBT, STATCOM, PWM,BI-DIRECTIONAL,SNUBBER CIRCUIT,SNUBBER 

LOSS. 

 

1. Introduction 

            Generally, electric power generated by renewable energy sources is unstable in nature, thus producing a bad 

effect on the utility grid. This fact spurs research on energy storage systems to smooth out active-power flow on the 

utility grid. Simplified existing energy storage system employing a line-frequency (50- or 60-Hz) transformer, a PWM 

converter, a bidirectional chopper, and an energy storage device such as electric double layer capacitors (EDLCs) or 

lithium-ion batteries. The transformer is indispensable for some applications that require voltage matching and/or 

galvanic isolation between the utility grid and the energy storage device. Replacing the line-frequency transformer with 

a high-frequency isolated dc-dc converter would make the energy storage system more compact and flexible. 
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              Various bidirectional isolated dc-dc converters have been proposed as the interface to energy storage devices 

with focus on automotive or fuel cell applications. Most of the presented dc-dc converters have asymmetrical circuit 

configurations to couple the two dc links having largely different voltages, several tens volts and several hundred volts. 

 

A bidirectional isolated dc-dc converter had two symmetrical single-phase voltage-source full-bridge Converters. It 

suffered from a low efficiency because the first-generation IGBTs were used as switching Power devices at previous 

days. However, advancement in power device technology over the last decade has enabled the dc-dc converter to 

operate at an efficiency as high as 97% by using the latest trench-gate IGBTs.  

 

            A similar dc-dc converter has also achieved an efficiency of 97%. In addition, the use of silicon-carbide power 

devices in the near future will raise it to 99%. Therefore, the dc-dc converter has become a promising candidate as a 

power electronic interface for an energy storage system. 

 

 A bidirectional converter has been discussed to exchange electric power between a fuel cell, a battery, and a load, 

based on a three-port extension of the circuit presented. The energy storage system using the bidirectional isolated 

dc-dc converter appropriately choosing the transformer turn ratio enables to design the voltage rating of the energy 

storage device, independent of the utility voltage.  

 

.  1.1 ZVS USING BI-DIRECTIONAL DC-TO-DC CONVERTER 

 In recent years, the development of high power isolated bidirectional dc–dc converters has become an urgent topic 

because of the requirements of fuel cell vehicle applications and battery based energy storage systems. A typical system 

configuration of a Battery system where a bidirectional dc–dc converter is needed for cold start and battery recharge. 

For cold start, the dc–dc converter converts to 350-V battery voltage to a desired high voltage (normally 0–200 V) for 

the Battery to chargel . Once the converter is starts, the dc-dc converter recharges the battery from the 0v to 350V. In 

order to increase efficiency, soft-switching technology has been widely used in dc–dc converters. However, most of the 

existing soft-switched dc–dc converters are low power or unidirectional and often are difficult to meet the requirements 

of the above applications. Full-bridge bidirectional dc–dc converters with soft switching are considered as one of the 

best choices for these applications. Several full-bridge based topologies have been published in the literature to reduce 

switching loss, improve EMI and increase efficiency. Normally, a voltage-source converter has high current ripples, 

while a current- source converter requires voltage clamp circuits. 

 

 This paper presents a new bidirectional, isolated dc–dc converter. The new converter is based on a Full bridge 

topology. 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. A 200 w prototype of the converter has been built and successfully tested under 

full power. The experimental results of the converter’s steady-state operation confirm the theoretical analysis and 
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simulation results. The proposed converter is a good alternative to the full-bridge isolated bidirectional dc–dc converter 

in high power applications and has distinct advantages for high power density and low cost applications. 

 

1.2 SOFT-SWITCHING PRINCIPLE: 

The soft switching of each device in either direction of power flow is demonstrated by exploring the commutation 

process in boost mode and buck mode, respectively.  

The transformer has three functions in the proposed converter. 

1) It isolates the LVS and HVS. 

2) It boosts the voltage of HVS. 

3) The leakage inductance of the transformer is used as an energy storage and transfer element. The turns-ratio 

selection of transformer is easy and based on the voltage ratio of the HVS over the LVS. 

        The selection of leakage inductance will be presented in the following. In order to find the right leakage 

inductance value, the transfer power must be derived first. If no loss is considered in the converter, the transfer power 

equals to output power. The derivation of output power is based on the primary-referred equivalent circuit and the 

idealized waveforms. 

        This again gives plenty of flexibility for driving either logic gates or transistors. If higher bandwidth is needed, it 

can be achieved by using only the collector and base connections, and by using the transistor as a photodiode. This 

lowers the opto coupler’s CTR and transfer gain considerably, but can increase the bandwidth to 30MHz or so. 

        An alternative approach is still to use the output device as a phototransistor, but tie the base down to ground (or the 

emitter) via a resistor Rb, to assist in removal of stored charge This can extend the opto’s bandwidth usefully (although 

not dramatically), without lowering the CTR and transfer gain any more than is necessary. Typically you’d start with a 

resistor value of 1MW, and reduce it gradually down to about 47kW to see if the desired bandwidth can be reached. 

A variation on the standard opto coupler with a single output phototransistor is the type having a photo- Darlington 

transistor pair in the output. As mentioned earlier this type of device gives a much higher CTR and transfer gain, but 

with a significant penalty in terms of bandwidth. Connecting a base tieback resistor can again allow a useful extension 

of bandwidth without sacrificing too much in terms of transfer gain. 

 

Fig. 1.1Bidirectional isolated dc-dc converter 
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1.3 OPERATING PRINCIPLE 

1.3.1Operating Points and ZVS Conditions: 

In above fig snubber capacitor Csnub is connected in parallel with each IGBT both to reduce switching loss and to 

damp out overvoltage. If the IGBT is turned on with its snubber capacitor charged, the IGBT shorts out the snubber 

capacitor and dissipates the energy stored in the capacitor. This paper refers to this power loss as “snubber loss.” 

Each IGBT can be turned on in zero-voltage switching (ZVS) manner to generate no snubber loss when both dc 

voltages are equal (VD1=VD2), and the power transfer is sufficient to ensure the ZVS operation. However,  when 

VD1≠VD2, the IGBT is not necessarily turned on in ZVS manner.  

 

Fig. 1. 2 Waveforms when a positive 𝐼11forces bridge 1 to operate in hard switching manner. 

 

Simplified  theoretical waveforms when the IGBTs in bridge 1 are turned on in hard-switching manner. The power 

transfer is less than that although the dc voltages 𝑣𝐷1 and 𝑣𝐷2  are the same. The so-called “reverse recovery” occurs in 

the free-wheeling diodes in bridge 1 because the switching current 𝐼11  is positive. However, the four IGBTs in bridge 2 

are turned on in ZVS manner. One can classify the turn-on processes of the IGBTs in bridges 1 and 2 into the following 

three: 1) hard switching operation; 2) incomplete ZVS operation; and 3) ZVS operation, depending on the power 

transfer 𝑃𝐷  , the phase shift , the dc voltages 𝑣𝐷1 and 𝑣𝐷2 , and the dead time. The hard-switching operation and the 

incomplete ZVS operation can take place only in one bridge, whose dc voltage is lower than the other. The following 

calculations mainly focus on phenomena in bridge 1 because those in bridge 2 can be described alike. 

5.3.2Hard-Switching Operation: Fig. 1.3 shows circuit modes when a leg (for example, consisting of and) operates in 

hard-switching manner. The IGBTs in bridge 1 are turned on in hard-switching manner if the dc voltage is lower than, 

and the following equation is satisfied. 

The snubber capacitor of , or , has been charged at [see Fig. 1.3(a)] before the end of the dead time. Just after is turned 

on, experiences reverse recovery. Discharges from to zero while charges from zero to 𝑉𝐷1   see Fig. 1.3(b). Only an 

equivalent resistance of  S1 limits the charging/discharging currents, resulting in a joule loss of Wsnub=CsnubV
2
D1. 
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Note that represents an amount of energy lost at one switching per leg where Csnub=Csnub1=Csnub2. Then, the snubber loss 

Psnub1  in bridge 1 is calculated as 

 

 

 

Fig. 1.3 Hard switching on a leg in Bridge 1: (a) just before the dead time ends, 

(a) rapid charging/discharging of  Csnub1 , and  Csnub2 , (c) after commutation 

 

 

1.3.3ZVS Operation: when a leg in bridge 1 operates in ZVS manner. Before the dead time, the current I11 of is 

flowing in S2. Turning off  S2 starts the dead time. The current flowing in S2 is commutated to Csnub1 and Csnub2 .  

 

Fig 1.4 Soft switching wave forms 
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Fig 1.5  ZVS on a leg in Bridge 1: (a) just before the dead time starts, (b) just after the dead time starts, (c) diode free 

wheeling, and (d) current polarity alternates after the dead time. 

A resonance begins between the inductance L   Csnub1 and Csnub2.Csnub1. Discharges from 𝑉𝐷1 to zero while Csnub2charges 

from zero to 𝑉𝐷1  .Once Csnub1 discharges down to zero, the current is commutated to D1 .Providing a gating signal 

during conduction of D1makes S1 ready to conduct the current. S1 actually starts to conduct the current in ZVS manner 

after the current in D1 decays to zero and alternates its polarity. This operation results in no snubber loss.  

 

5.3.4 Incomplete ZVS Operation: The IGBTs in bridge 1 can not necessarily be turned on in ZVS manner even if the 

switching current I11  is negative. Unlike in the ZVS operation, Csnub1does not discharge down to zero, and Csnub2 

does not charge up to𝑉𝐷1 , if the magnitude of , I11 or   is smaller than Imin  where 

 

 

 

 

as stated in. In this case, the operation of the leg makes a direct transition  Turning on S1 with the charged snubber 

capacitor Csnub1  results in an amount of snubber loss. This paper refers to this as “incomplete ZVS operation.” 
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The following is the calculation of the snubber loss caused by the incomplete ZVS operation. The collector-emitter 

voltage of  S1,vCE1,  it can be expressed as 

 

where t is the time after the dead time starts, and  is the resonant angular frequency of  Csnub and L . 

The collector-emitter voltage vCE1(t) is not zero at the end of the dead time (t=Td) .      

As result, the IGBT dissipates an energy of Wsnub=Csnub{vCE1(Td)}2 

  when it is turned on. Therefore, the snubber loss Psnub1 in bridge 1 is calculated as  

                P snub1=4f C snub {v CE1 (Td)}2 

 The snubber loss is proportional to the capacitance of the snubber capacitors. Minimizing the parasitic inductance 

leads to the use of small snubber capacitors without an excessive overvoltage appearing across an IGBT, thus resulting 

in reducing the snubber loss. 

 

2.1 POWER LOSSES AND LOWER LIMIT OF 𝑉𝐷2 

Comparison between Theoretical and Experimental Losses 

Theoretical losses described in the previous section are compared to measured results on the basis of an experimental 

dc-dc converter rated at 10 kW and 20 kHz.. The circuit parameters in Fig. 8 are the same as those in Table I. Both 

theoretical calculation and experimental measurement are carried out under VD1=VD2=350V. 

Note that VD is dc voltage source. A connection between the two dc links allows the power PD to be regenerated back 

to the dc voltage source. Thus, the power coming from VD equals Ploss , that is the overall loss in the dc-dc converter. 

Comparisons between the theoretical and experimental losses. The solid line corresponds to the theoretical overall loss 

Ptheory, although it excludes the switching loss in the IGBTs, or Psw. Even in the ZVS operation, the switching loss is not 

zero due to the so-called “tail current” in the IGBTs. It requires modeling of the IGBT switching behavior in this dc-dc 

converter to theoretically predict the switching loss Psw. However, it is beyond the scope of this paper. 

When PD =10KW, the theoretical losses were obtained as follows. The conducting loss was Pcond =189W . The snubber 

loss wasPsnud=0W. The copper loss both in the transformer and the inductors Pcopp=73W  including the core loss in the 

inductors, Pcore(ind) . The core loss in the transformer was 

 

Fig.2.1 Sum of theoretical conducting and snubber losses   (𝑃𝑐𝑜𝑛𝑑 +  𝑃𝑠𝑛𝑢𝑏 )  when P is positive. 
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Pcore(tr)  almost independent of the power transfer. Thus, the theoretical overall loss Ptheory is 282 W. 

The experimental results, Ploss, on the other hand, was 400 W. Thus, the difference between the theoretical and 

measured results were 118 W. It would include the switching loss in the IGBTs that was excluded from the theoretical 

overall loss. In, the switching loss in the IGBTs was 90 W when a power of 10 kW was transferred. Although the 

difference of 118w-90W=28Wcan not be identified, the theoretical calculations can be valid because the error of 

28Wcorresponds to 0.28% of the power transfer of 10 kW, and 7% of the measured overall loss of 400 W. 

A 250-V, 5-kW bidirectional isolated dc-dc converter was constructed and tested. The dc-dc converter employed the 

third-generation planar-gate IGBTs rated at 600 V and 100 A. The overall loss of the dc-dc converter was measured at 

six switching frequencies from 10 to 20 kHz with a step of 2 kHz. This measurement enabled to extract the switching 

loss from the overall loss because the switching loss is proportional to the switching frequency. As a result, the 

switching loss was approximately 75 W at a power transfer of 5 kW and a switching frequency of 20 kHz. The 

switching loss of 90 W in the 350-V, 10-kW dc-dc converter in this paper can be a reasonable value, considering the 

raised voltage from 250 V to 350 V, the increased power from 5 to 10 kW, and the use of the latest trench-gate IGBTs. 

2.2 PEAK CURRENT IN THE AUXILIARY INDUCTORS 

The ferrite cores in the auxiliary inductors would be magnetically saturated if the current  exceeds 60 A because the 

magnetic flux density reaches 0.3 T as calculated. The dc-dc converter has to be operated considering the limitation on 

the peak value of i1,or I1peak. The peak current imposes limitations on the dc voltage VD2.When VD1 > VD2, the peak 

current I1peak equals I11 . When VD1 > VD2, the peak current I1peak equals I11.  

 

Maximum power transfer when the peak current is limited lower than 60 A. Solid dots “ ● ” indicate the operating 

points of the waveforms. When VD2 =180V,I1peak, exceeds 60 A at PD=5.1KW. When VD2 =260V,I1peak, , exceeds 60 A 

at PD=9.4KW. Both the power loss and the peak current impose limitations on the power transfer PD and the dc voltage 

VD2. Operation of the dc-dc converter has to satisfy both limitations. 

Observed waveforms when one dc voltage is 320V while the other is 360V at PD=10KW from bridges 1 to 2. another 

example of the observed waveforms which was taken when VD1=320V while VD2 =180V at 

 

Fig.2.2 Experimental waveforms when VD2 =320V,VD2 =180V ,δ= - 41,and PD = -5 kW. 

PD =5KW from bridges 2 to 1. The power transfer PD was limited below 5 kW, as shown in when the dc-dc converter 

had a set of dc voltages of VD1=320V and VD2 =180V  . The peak current I1peak was 60 A,as calculated in this section. 
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2.3 Contact Rating :  

Nominal Load (Resistive Load Cosö=1) 

Contact Capacity  -  at 350VAC.10A at350VDC. 

Rated Carrying Current – 60A 

Max. Allowable Current - 60A 

Max. Allowable Voltage - AC 200V, DC 350V. 

Max. Allowable Power Force. 10K W 

Table1: 

 

   

2.4 AN ENERGY STORAGE SYSTEM  

2.4.1BATTERY TYPE  

Provides a set of predetermined charge behavior for four types of battery: 

 Lead-Acid 

 Lithium-Ion 

 Nickel-Cadmium 
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 Nickel-Metal-Hydride 

 2.4.2 BATTERY MODEL 

Nominal Voltage (V)  

The nominal voltage (Vnom) of the battery (volts). The nominal voltage represents the end of the linear zone 

of the discharge characteristics. 

Rated Capacity (Ah)  

The rated capacity (Qrated) of the battery in ampere-hour. The rated capacity is the minimum effective 

capacity of the battery.  

 

 

Fig 2.3 battery 

 +Ve and –ve are terminals .m is the measurement 

Initial State-Of-Charge (%)  

The initial State-Of-Charge (SOC) of the battery. 100% indicates a fully charged battery and 0% indicates an 

empty battery. This parameter is used as an initial condition for the simulation and does not affect the 

discharge curve (when the option Plot Discharge Characteristics is used). 

Use parameters based on Battery type and nominal values  

Load the corresponding parameters in the entries of the dialog box, depending on the selected Battery type, 

the Nominal Voltage and the Rated Capacity.  

When a preset model is used, the detailed parameters cannot be modified. If you want to modify the 

discharge curve, select the desired battery type to load the default parameters, and then uncheck the Use 

parameters based on Battery type and nominal values checkbox to access the detailed parameters. 
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Maximum Capacity (Ah)  

The maximum theoretical capacity (Q), when a discontinuity occurs in the battery voltage. This value is 

generally equal to 105% of the rated capacity.  

Fully charged Voltage (V)  

The fully charged voltage (Vfull), for a given discharge current. Note that the fully charged voltage is not the 

no-load voltage. 

Nominal Discharge Current (A)  

The nominal discharge current, for which the discharge curve has been measured. For example, a typical 

discharge current for a 1.5 Ah NiMH battery is 20% of the rated capacity: (0.2 * 1.5 Ah / 1h = 0.3A). 

Internal Resistance  

The  internal resistance of the battery (ohms). When a preset model is used, a generic value is loaded, 

corresponding to 1% of the nominal power (nominal voltage * rated capacity of the battery). The resistance 

is supposed to be constant during the charge and the discharge cycles and does not vary with the amplitude 

of the current. 

Capacity (Ah) @ Nominal Voltage  

The capacity (Qnom) extracted from the battery until the voltage drops under the nominal voltage. This 

value should be between Qexp and Qmax. 

Exponential zone [Voltage (V), Capacity (Ah)]                                                                                                                .  

The voltage (Vexp) and the capacity (Qexp) corresponding to the end of the exponential zone. The voltage 

should be between Vnom and Vfull. The capacity should be between 0 and Qnom. 

The 200-V, 10-kW, 2.6-kJ Laboratory Model 

      Experimental energy storage system rated at 200 V, 10 kW, and 2.6 kJ. Circuit parameters in the dc-dc converter 

were the same as those in Table I. An electrolytic capacitor bank of CES 60,000uF was used to simulate an EDLC bank. 

The capacitor bank is charged up to 350 V and discharged down to 190 V. Thus, an energy of 2.6 kJ is stored into, and 

released out of, the capacitor bank. It corresponds to 70% of the energy stored in at CES atVD2=350V. The carrier 

frequency of the PWM converter used as the front end was 10 Kh. 

Charging and Discharging of the Capacitor Bank 

 when the energy storage capacitor bank CES was repetitively charged up to 350 V, and then discharged down to 190 

V. The waveform of iD2 was observed via a low-pass filter with a cut-off frequency of 800 Hz. The maximal power 

transfer was 9.3 kW. In this experiment, the phase shift δ had a square waveform with an amplitude 30ᴼ of to make 

the controller simple. In actual energy storage systems, however, the power transfer PD should be given by power 

demand, or a higher level controller regulating the voltage on the utility grid 
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 3. Simulink model 

Fig.3.1simulink model  
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3.2  3-phase rectifier model 

 

 

 
Fig3.2 3-phase rectifier model 

 

3.3 IGBT with parallel diode and capacitor 

 
Fig 3.3 IGBT with parallel diode and capacitor 
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3.4 OUTPUT WAVE FORMS WITH ZVS 
 

Input voltage: 

 

 

 

Fig3.4 Input voltage 

 

Transformer voltage: 

 

 

 

Fig3.5Transformer voltage 
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Output voltage: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig3.6 Output voltage 

Voltage across battery: 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

               

 

 

 

 

 

 

 

 

 

 

 

 

Fig3.7 voltage across battery 
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Voltage across the switch: 

 

 

Fig3.8 voltage across the switch 

 

 

Output voltage 

 

 

 
 

 

 

Fig 3.9 Output voltage 
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3.5 OUTPUT WAVE FORMS WITH OUT ZVS 

 

Transformer voltage without zvs: 

 

Fig 3.10 Transformer voltage with out zvs 

 

 

 

 

Input voltage 

 

 
 

Fig 3.11 Input voltage 
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 CONCLUSION 
 

This paper has addressed a bidirectional isolated dc-dc converter suitable for an energy storage system. Theoretical 

calculations of power losses and peak current have clarified the dc-voltage limitations in the energy storage system. 

Experimental results have revealed that the dc-dc converter can charge and discharge the capacitor bank properly. 

Moreover, the dc-dc converter can charge the capacitor bank from zero to the rated voltage without any external 

precharging circuit. 

  In this project ZVS technique has been implemented so that losses has been decreased.  T he battery storing the 

energy up to 350V and whenever supply not presents the battery is working as a source so that the energy was possible 

to flow bidirectional and this circuit is storing the energy with the presence of galvanic isolation transformer. 

        And also concluded the power losses between the two circuits, characterized the performance in the charging and 

discharging mode.Compared the out power with different frequencies .observed as frequency increases power output 

decreases. 
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