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Abstract—The aim of this project is to develop a high-efficiency converter with two input power sources for a distributed power 
generation mechanism. The proposed converter can boost the varied voltages of different power sources in the sense of hybrid power 
supply to a stable output dc voltage for the load demand. An auxiliary circuit in the proposed converter is employed for achieving  
turn-ON zero-voltage switching (ZVS) of all switches. According to various situations, the operational states of the proposed 
converter can be divided into two states including a single power supply and a dual power supply. In the dual power-supply state, the 
input circuits connected in series together with the designed pulse width modulation can greatly reduce the conduction loss of the 
switches. In addition, the effectiveness of the designed circuit topology and the ZVS properties are verified by experimental results, 
and the goal of high-efficiency conversion can be obtained. 
 

I. INTRODUCTION 

I N order to protect the natural environment on the earth, the development of clean energy without pollution has the major 

representative role in the last decade. By Companying the permission of  Protocol, clean energies, such as fuel cell (FC), 
photovoltaic (PV), wind energy, etc., have been rapidly promoted. Due to the electric characteristics of clean energies, the 
generated power is critically affected by the climate or has slow transient responses, and the output voltage is easily influenced 
by load variations. . Thus, a storage element is necessary to ensure proper operation of clean energies. Batteries or super 
capacitors are usually taken as storage mechanisms for smoothing output power, start-up transition, and various load 
conditions . The corresponding installed capacity of clean energies can be further reduced to save the cost of system 
purchasing and power supply. For these reasons, hybrid power  conversion systems (PCS) have become one of interesting 
research topics for engineers and scientists at present. 
 Based on power electronics technique, the  Diversely developed power conditioners including dc–dc converters and 
dc–ac inverters are essential components for clean-energy applications. Generally, one power source needs a dc–dc converter 
either for rising the input voltage to a certain band or for regulating the input voltage to a constant dc-bus voltage . However, 
conventional converter structures have the disadvantages of large size, complex topology, and expensive cost. In order to 
simplify circuit topology, improve system performance, and reduce manufacturing cost, multi-input converters have received 
more attentions in recent years 

In this paper  proposed a general approach for developing multi-input converters. By analyzing the topologies of  
converters, the method for synthesizing multi-input converters was inspired by adding an extra pulsating voltage or a current 
source to a converter with an appropriate connection. 
 In this paper, a high-efficiency ZVS dual-input converter is investigated, and this converter directly utilizes the 
current source type applying to both input power sources. Based on the series-connected input circuits and the designed pulse 
width modulation (PWM) driving signals, the conduction loss of the switches can be greatly reduced in the dual power-supply 
state. 
 

II.BLOCK DIAGRAM 
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Fig. 1. Block diagram of hybrid power source using Two input DC-DC converter 
 

 Figure 1.shows the block diagram of the proposed dual input converter. It indicates that all the sources are converted 
into Dc and connected to the DC bus. The output from the dc bus is connected to the boost converter depending upon the 
requirement the relay acts and direct the power to the load or to the battery. For example if the load is 24 v the power output 
from the boost converter is 30v,At this situation the excess power from the converter will direct to the battery i.e,6v will be 
direct to the battery. 
 If the source power from the converter is low 
For example-The power from the boost coverter is 18 v then,the remaining power will taken from the battery to satisfied the 
full load (24v).This will achieve by the relay action. Here PWM technique is used to trigger the boost converter. The PIC 
microcontroller is used to follow the action by gave the priority to the coding.At last the power is converted into AC by the 
inverter and supply to the load. 
 
 

III.CIRCUIT TOPOLOGY 
 

 
 

Fig. 2. Equivalent circuit. 
 
 

Fig. 2. shows the circuit topology of the proposed ZVS dual input converter. It contains four parts including a primary input 
circuit, a secondary input circuit, an auxiliary circuit, and an output circuit. The major symbol representations are summarized 
as follows. V1 and I1 denote the primary input voltage and current, respectively. V2 and I2 exhibit the secondary input voltage 
and current, respectively. SP 1 , SP 2 , TP 1 , and TP 2 express the power ON/OFF switches and their driving signals produced by 
the power management. Ci , Li , Si , and Ti (i = 1, 2) represent individual capacitors, inductors, switches, and driving signals in 
the primary and secondary input circuit, respectively. Ca , La , Da1 , and Da2 are the auxiliary capacitor, inductor, and diodes of 
the auxiliary circuit. Sa and Ta are the auxiliary switch and its driving signal, which is generated by the PWM. Co , Vo , Io , and 
Ro describe the output capacitor, voltage, current, and equivalent load, respectively. 
 The simplification in Fig. 2 is compliant with the following assumptions: 
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1) All power switches and diodes have ideal characteristics 
without considering voltage drops when these devices are conducted; 
2) The capacitors Ca and Co are large enough so that the voltage ripples due to switching are negligible and could 
be taken as constant voltage sources Va and Vo ; and 
 3) The power ON/OFF switches SP 1 and SP 2 are omitted. According to different power conditions, the operational states of 
the proposed converter can be divided into two states including a single power-supply state with only one input power source 
and a dual power-supply state with two input power sources. 
 The powers produced by the voltage sources V1 and V2 are referred as P1 and P2 , respectively, while the power 
consumed by the load is referred as Po . If the condition of P1 > Po (P2 > Po ) holds, the switch SP 1 (SP 2 ) turns ON to supply 
the power with a single input power source V1 (V2 ). On the contrary, the switches SP 1 and SP 2 turn ON to supply the power 
with two input power sources if the conditions of P1 > Po and P2 > Po fail. 
 

IV.OPERATION STATES OF THE CONVERTER 
 
Single Power-Supply State 

By turning off one power ON/OFF switch SP 1 or SP 2 for cutting off the connection between the power source and the 
converter, the other input power source V2 or V1 can supply alone for supporting the output demand. The primary input power 
supply is considered, for example, to explain how to operate in this state, i.e., the switch SP 2 is always turned OFF and the 
switch S2 is triggered all the while for minimizing the conduction loss. The switching period is defined as TS . d1 and da denote 
the duty cycles of the switch S1 and Sa , respectively. dd and ddcm present the duty cycles of the dead time and the freewheeling 
time of the auxiliary inductor. 
 
 

 
Fig. 3. Characteristic waveforms in single power-supply state. 

 
B. Dual Power-Supply State 

When the proposed converter is operated in the dual power supply state with two input power sources, it can be taken 
as a superposition process of the primary and secondary input circuits. In this state, the summation of duty cycles d1 and d2 
should be greater than 1, i.e., each of duty cycles d1 and d2 is securely greater than 0.5. Moreover, the symbols da1 and da2 

denote the first and the second duty cycles of the switch Sa , respectively. ddcm1 and ddcm2 present the first and the second duty 
cycles of the freewheeling times of the auxiliary inductor. 

In order to explain the operational principle in the dual power supply state easily, the following theoretical analysis is 

based on the assumption of iL1 > iL2 > |iL1 − iL2| 
The experimental results of the proposed dual-input converter at the dual power-supply state with V1 = 120V, V2 = 170V, 
and a 2-kW output power are depicted in Fig. 12. By implementing the PI feedback voltage control laws in the DSP module, 
the goals of a stably controlled output voltage Vo = 360V and a 95% high-efficiency power conversion can be concurrently 
achieved. Fig. 4(a) presents the driving signals (T1 , T2 , and Ta ) and the output voltage Vo . The driving signals satisfy the 
theoretical ones as shown in Fig. 6, and the output voltage Vo can be regulated at the desired value of 360V in the dual power-
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supply state. The driving signal T1 , the primary inductor current iL1 , the switch voltage vS1 , and current iS1 are depicted in 
Fig. 4(b). Moreover, the driving signal T2 , the secondary inductor current iL2 , the switch voltage vS2 , and current iS2 are 
displayed in Fig. 4(c). Both the inductors L1 and L2 are charged and discharged by turns in the CCM so that the  currents iL1 
and iL2 rise and fall above the horizontal. By observing the switch voltages and currents in Fig.4(b) and (c), the characteristics 
of turning ON with ZVS of the switches S1 and S2 are obvious. In addition, the switch current iS1 is equal to the primary 
inductor current iL1 when the switch S1 is turned on. After the switch S2 is turned ON, the present switch current iS1 falls to iL1 

− iL2 . On the other hand, the switch current iS2 appears negative and equal to iL2 − iL1 after the switch S1 is turned ON, it 
reveals that the conduction losses of the switches are indeed reduced. Fig. 4(d) shows the driving signal Ta , the auxiliary 
capacitor voltage Va , the switch voltage vSa, and current iSa. 
 

 
Fig.4. (a)–(f) Experimental results at dual power-supply state with closedloop voltage control, V1 = 120V, V2 = 170V, and 2-

kW output power. 
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Fig.5.. Characteristic waveforms in dual power-supply state. 

 
 
V. OVERALL CIRCUIT DIAGRAM. 
 

 
 

Fig. 6.. Overall circuit diagram  of the power controllers 
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VI. EXPERIMENTAL RESULTS 
 

The proposed topology can be used to specific target applications for the high-voltage dc bus of an uninterruptible power 
supply or an inverter. The proposed converter can manipulate the high-efficiency power conversion with more than one input 
power source simultaneously to cope with the disadvantages of large size, complex topology, and expensive cost in 
conventional converter structure for individual power source. For an example of a hybrid PCS composed of two input power 
sources with an FC and a battery module, it has the following several merits:  
1) it can manage the input power sources and improve system efficiency 
 2) During the start of the system, the battery module powers the load to ensure that the FC cold starts easily; 
3) When the load steps up, the battery module can provide the insufficient energy if the FC cannot respond quickly so that the 
dynamic characteristics of the entire system can be improved 
 4) The battery module can provide peak power so that the 
power rating of the FC can be decreased and the total cost of the whole system can be reduced. 
Remark 1: As can be seen from Fig. 2, the proposed converter has the basic framework of the input part of a conventional 
boost converter plus an auxiliary circuit. Thus, the proposed converter can also be applied for more than two input sources. 
Remark 2: Although the voltage stresses over S1 , S2 , Sa , Da 1 , and Da 2 are higher than the output voltage in the proposed 
converter, the objective of high-efficiency power conversion can also be obtained because of the ZVS property for all switches 
and less reverse-recovery currents for all diodes. 

 
TABLE I:  CONVERTER COMPONENTS AND PARAMETERS 
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Fig. 5. Prototype system  photograph 

 
Fig. 7. Conversion efficiency at dual power-supply state with closed-loop voltage control, V1 = 120V, and V2 = 170V. 

 
Fig. 7.shows the conversion efficiency at the dual powersupply state with the closed-loop voltage control. The efficiency of the 
proposed converter is defined as the output power dividing by the summation of the input powers. The operation conditions are 
set with the primary input power source of V1 = 120V and the secondary input power source of V2 = 170V. From the 
experimental results, the maximum efficiency is measured to be about 95% because the conduction loss can be effectively 
reduced by the proposed topology and switching mechanism. 
 
 

VI. CONCLUSION 
 

This study has successfully developed a ZVS dual-input converter with hybrid power sources. The effectiveness of this 
converter is also verified by the experimental results. In the single power-supply state, the property of ZVS turn ON of all 
switches guarantees that switching losses can be reduced. In the dual power-supply state, the conduction loss can be effectively 
reduced by topological design of series connection of two input circuits. Besides, the reverse-recovery currents of the diodes 
are slight as well as the switching losses of the switches are effectively reduced. The maximum efficiency of the proposed 
converter operated in both operational states is higher than 95%. This new converter topology provides designers with an 
alternative choice to simultaneously convert hybrid power sources. In addition, the proposed high-efficiency dual-input 
converter also can work well in high-power level applications because the switching losses can be greatly reduced due to the 
ZVS property. 
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