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Abstract- In this paper, a new structure for dual-input single-

output three phase inverters with a high voltage gain is 

presented. The proposed structure is based on the impedance 

source inverters, in which two independent input sources can 

share their power to supply a common load by replacing the 

high frequency transformers with some inductors. The proposed 

structure is also a voltage booster and is suitable for 

applications such as connecting to hybrid renewable energy 

systems. In the proposed structure, to improve the efficiency 

and to reduce the cost and structure weight, only one power 

conversion stage is used. In addition, the number of used 

semiconductors is lower than previous structures in the 

literature. As renewable energy sources such as wind and solar 

have the nature of intermittency, the supply of load in the 

systems which use them as inputs may be marred by some 

reliability problems. To this end, supplementary sources and 

also a fast control algorithm could be used to overcome the 

reliability problem. The proposed switching method controls the 

ratio of the power absorbed from the input sources and the dc-

link voltage through the control of two independent variables. 

The reliability of the load supply is improved since the 

controller computes the parameters very fast. The experimental 

results on a 310 watt prototype confirm the theoretical analysis 

and the performance of the proposed inverter. 
 

Index Terms-- Power Sharing, Hybrid Renewable Energy 

System, Dual-Source Inverter, Multi-Input Inverter, Z-source 

Inverter, Reliability, Decoupled Control Algorithm. 

I. INTRODUCTION 

Power generation using renewable resources such as wind 

and solar energies has been increasing due to the continuous 

growth of energy demand and the destructive effect of fossil 

fuels to the planet. Due to the intermittency nature of 

renewable resources in supplying continuous power, 

supplemental power such as batteries or fuel cells are 

required [1]. Often when one of the input sources is a 

photovoltaic cell, for supplying the load continuously, 

another input is a fuel cell stack. In this situation, an 

structure, which gets two or more DC sources as the inputs to 

make an output, is required. Since AC loads have the highest 

demand, the structure produces AC voltage (or current) at the 

output.  

The terminal voltage of renewable energy sources varies 

and is inherently too small. Therefore, to increase and control 

the output voltage, the use of voltage converters as interface 

between the sources and the consumer (or grid) is 

unavoidable [2, 3]. DC-DC converters, as a part of an 

interface between these sources and customers (or grid), 

should be used to increase these DC voltage values, and then 

an inverter is required to invert the DC voltage to AC [4].  

Although by increasing the number of solar cells and 

connecting in series, the terminal voltage of the panel can be 

increased [5], this approach increases the partial shading 

effect which is undesirable [2, 6]. To overcome this problem, 

more complicated auxiliary circuits and algorithms are 

needed.  

In hybrid energy systems based on photovoltaic and fuel 

cells, for converting DC to AC voltage, often four structures 

of power electronic infrastructure are used. These structures 

are illustrated in Fig. 1. The structures of Fig. 1 (a) and (c) 

are based on the use of single-input converters. These 

structures have often more active and passive elements than 

the structures of Fig. 1 (b) and (d), because in the first step of 

energy conversion, the number of single input converters and 

input sources are the same. Therefore, their efficiency are 

less and their cost, volume, and weight is higher. On the 

contrary, the control of the power absorbed from the various 

sources in the structures of Fig. 1 (a) and (c) is simpler than 

the other structures. The authors of [7-11] suggested that 

multi-input DC-DC converters can be used in the structure of 

Fig. 1 (b). In the structure of Fig. 1 (d), the control of the 

amount of power absorbed from each source and its degree of 

independence from the voltage and frequency of the load is 

very important. With respect to this structure, the topologies 

proposed in [12-17] are suitable for single-phase loads and 

the topologies proposed in [18-26] are suitable for three-

phase loads. Although the control of shared power in the 

structure of Fig. 1 (d) is generally more difficult than the 

structure of Fig. 1 (b), we use a topology that belongs to the 

category of Fig. 1 (d) to reduce the cost, volume, and weight.  

When the number of input sources is limited to three, the 

topology suggested in [18] is suitable for use. In this 

topology, none of the six switches of the inverter are 

common source, which makes the drive more complex. The 

topology introduced in [19] includes five more switches, and 

the topologies introduced in [21, 22, 25] include twelve more 

switches which generate a three-phase AC in the output using 

DC inputs. The topology in [19] has high reliability and it can 

still feed the load if one of the input sources gets disrupted. 

The topologies of [21, 22, 25] are useful for high power 

applications where no additional passive component is used.  

As mentioned above, the output voltages of fuel cell 

stacks and photovoltaic cells are low, and therefore in most 

applications, the voltage level needs to be increases. A 

solutions to this problem is the use of impedance source 



 

inverters [27]. In the various structures of the impedance 

source inverters proposed in [27], by making use of the shoot 

through concept, the value of dc-link voltage could be 

increased. This feature has also been used in the design of 

multi-input inverters by [20, 23, 24, 26]. The authors of [20] 

had major contribution in the presentation of multi-port 

inverters by using a combination of nine switches as 

introduced in [28] and a classical impedance source inverter 

as presented in [29]. The topology of [23] used a Trans-Z-

source inverter presented in [30]. Similar to the topology 

presented in [18], the topology of [23] requires at least three 

input sources to have a three phase output.  
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Fig. 1. All ways for connection hybrid PV-Fuel cell systems to AC loads: a) 

with single-input DC-DC converters, b) with dual-input DC-DC converters, 

c) with single-input DC-AC converters, d) with dual-input DC-AC 

converters. 

Based on a classic Z-source inverter introduced in [29], 

the authors of [26] presented a method to make classic Z-

source inverter to a multi-port inverter. However, in this 

method, there is not any control in the power generated by 

the sources and hence the controller cannot determine the 

variables to absorbed maximum rated power of the sources. 

Also, two or four sources used in this converter cannot have 

arbitrary voltage or current level. 

In this paper, a multi-port structure is presented which 

contains two independent dc inputs and one three phase 

output. This structure only uses one extra switch. The design 

of this structure is based on the classic impedance source 

inverter [29]; therefore, this converter is a voltage booster. 

The converter is made from two classic impedance source 

inverters which connect to each other via some passive and 

active elements. These two impedance circuits can work with 

two different switching frequencies, simultaneously. The 

converter uses two high frequency three-winding 

transformers. The connections in this converter is such that 

the leakage inductances of the transformers do not cause 

problems such as voltage spike on the semiconductors. 

In the proposed topology, there are two control variables, 

and through these two variables, trying to control the 

absorbed power ratio of two input sources and the value of 

dc-link voltage. One feature of the proposed topology is that 

the control of the absorbed power ratio of the input sources 

and the value of dc-link voltage is independent of each other. 

In other words, each one is changed by a control variable; 

therefore, the change in the value of dc-link voltage doesn't 

cause a change in the ratio of the power absorbed from the 

inputs and vice versa. The switching method used in this 

paper is simple boost-SPWM which introduced in[29].  

In this paper, the proposed converter and all operation 

modes are described in section ӀӀ. Section ӀӀӀ are dedicated to 

extract the relations governing on the topology and analyze 

the power sharing study. The simulation and experimental 

results are described in Section ӀV. Section V concludes the 

paper. 

L2

C1 C2 v
O1Vi1

+

v

-
C1

+

v

-
C2

N1

N2

N
1

L1

*

.

L
4

C3
C4 v

O2Vi2

+

v

-
C3

+

v

-
C4

L3

N2

.

D1

D2

i i1

ii2

iL3

isec1

+ v    -
L1

+ v   -
L3

- v     +sec1

+ v      -sec2

IO1

Z1

Z2

S
+

-

PV 

Array

+

-

+

-

Fuel

Cell

+

-

i
L1

*
D3

D5

C5

C7

idc-link

ipri1

C8

,T1

,T2
ipri2

isec2

1

N
3

i thi1

thi1

*
D4

C6

- v     +

N3

.

+ v      -thi2

D6

i thi2

Three 

Phase Load

Six-Switch 

Inverter

,T1 ,T1

,T2 ,T2

 
Fig. 2. Schematic diagram of the proposed dual-source three phase inverter 

II. PROPOSED CONVERTER 

Fig. 2 shows the proposed inverter, which is made up of 

two Z-source networks (Z1 and Z2) supplied by two 

independent sources (Vi1 and Vi2) with limited voltage level 

and a six-switch inverter connected to one load. In Z1, two 



 

three-winding transformers (T1 and T2) are used instead of 

two inductors (compared to classic Z-Source introduced in 

[29]) which the magnetizing inductors of them, shown with 

L1 and L2, play the role of the inductors in classic Z-source 

inverter. In the proposed inverter, both Z1 and Z2 have two 

individual states, that is, shoot-through and non-shoot 

through states. When S1 is turned on, Z1 enters in shoot-

through state and when two switches of one, two, or three 

legs of the six-switch inverter are turned on simultaneously, 

Z2 enters in a shoot-through state; otherwise, there is a non-

shoot through state. When Z1 or Z2 enters in shoot-through 

state, the inductors of them are charged and in non-shoot 

through state are discharged. Power sharing in this converter 

is performed via transformers, C5, C6, C7, and C8. The power 

flowed in the six-switch inverter and the load is divided 

between the two input sources. The control of power 

absorbed from the two input sources is performed by 

controlling the shoot-through duty cycles of Z1 and Z2. 

Z1 works according to the conditions pointed out in [29]. 

Accordingly, the relations that describe the average of the 

voltage values of Z1 are as follows: 
���
��� =

���	
�
����	
�  

(1) 

 
���
��� =

�
����	
�  

)2(  

 

where ��� is the duty cycle of S1. Other variables have been 

shown in Fig. 2. Following the circuit symmetry, ��� = ���.  

Assuming that the converter works in CCM, four states 

can be considered for the system as follows: 

 A) Both Z1 and Z2 are in shoot through state, 

 B) Z1 is in shoot through state and Z2 is in non-shoot 

through state, 

 C) Z1 is in non-shoot through state and Z2 is in shoot 

through state, 

 D) Both Z1 and Z2 are in non-shoot through state. 

 

In the following, converter operation and the equivalent 

circuits during these states are discussed. 

A) Z1 and  Z2 are in shoot through state 

D1, D2, D4, and D6 are off and D3 and D5 are on. L1, L2, L3, 

L4, C5, and C7 are charged through C1, C2, C3, C4, C6, and C8, 

respectively. Equivalent circuit and current paths are shown 

in Fig. 3 (a). In this figure, the current paths of Z1 and Z2 are 

shown with red and blue dashed lines, respectively.  

B) Z1 is in shoot through state and Z2 is in non-shoot 

through state 

In this mode, D1, D4, and D6 are off and D2, D3, and D5 

are on. L1, L2, C5, and C7 are charged by C1 and C2. Also, L3, 

L4, C6, and C8 are discharged by the load. Also, C3 and C4 are 

charged by ��� . Equivalent circuit and current paths are 

shown in Fig. 3(b). 

C) Z1 is in non-shoot through state and Z2 is in shoot 

through state 

In this mode, D1, D4, and D6 are on and D2, D3, and D5 are 

on. Because of volt-second law for L1 and L2, when Z1 is in 

non-shoot through state, the voltage drops across L1 and L2 

and consequently 	����� , ����� , ����� , and �����	are negative. 

So D3 and D5 are off, D4 and D6 are on. In this mode, C1, C2, 

C6, C8, L3, and L4 are charged and other capacitors and 

inductors are discharged. The equivalent circuit and current 

paths are shown in Fig. 3 (c). 

D) Z1 and Z2 are in non-shoot through state 

Similar to mode C, in this mode, D3 and D5 are off. C1, 

C2, C3, C4, C6, and C8 are charged and the other capacitors are 

discharged. The equivalent circuit and current paths is shown 

in Fig. 3 (d). 

The switching frequencies of Z1 and Z2 can be unequal; 

thus, the synchronization of Z1 and Z2 is not important. The 

switching method of the six-switch inverter shown in Fig. 2 

is based on a simple boost pulse width modulation technique 

[29]. 

III. STEADY STATE RELATIONS AND POWER SHARING 

ANALYSIS 

According to the analysis, C5, C6, C7, and C8 are charged 

through Z1 and are discharged by Z2. The charging of C5 and 

C7 is performed when Z1 is in shoot through state and the 

charging of C6 and C8 is performed when Z1 is in non-shoot 

through state. When Z1 is in shoot through state (equivalent 

to mode A and B), ��� and ��� drop on the primary windings 

of the transformers and transfer to the secondary winding by 

turn ratio (
��
��). At this situation, D3 and D5 are on and D4 and 

D6 are off, C5 and C7 are been charging and C6 and C8 are 

been discharging. Considering (1) and assuming ideal 

conditions of the converter: 
���
��� =

���
��� =

��
��  

)3(  

  
Simplifying Equation (3) gives: 

���
��� =

���
��� =

��
�� ∙

���	
�
����	
�  

)4(  

  

Again, when Z1 is in non-shoot through state (equivalent to 

mode C and D), ��� − ���	and ��� − ��� drop on the primary 

windings of the transformers and transfer to the third winding 

by turn ratio 
��
��. At this situation, D3 and D5 are off and D4 

and D6 are on, C5 and C7 are been discharging and C6 and C8 

are been charging. By considering (1) and some 

simplifications: 
���
��� =

���
��� =

��
�� ∙

�	
�
����	
�  

)5(  

  

Due to circuit symmetry, �� = ��!. When Z2 is in shoot 

through state, the voltage drops on L3 is �� + ��# + ��$ +��% + ��& = �� + 2��# + 2��$,	 and for non-shoot through 

state the voltage is equal to ��� − ��! = ��� − �� . Applying 

the volt-second law for L3 yields: 
(�� + 2��# + 2��$	). ��� + (��� − �� ). (1 − ���) = 0    )6(  

where ���	 is the shoot through duty cycle of Z2. The 

substituting of (4) and (5) in (6) and simplification yields: 

�� = . ��	
�
����	
�/ ∙ .

��
�� ∙

���	
�
����	
� +

��
�� ∙

�	
�
����	
�/ ∙ ��� +

. ���	
�
����	
�/ ∙ ���  

)7(  

  



 

Fig. 3. The equivalent circuit of the system: a) for mode A, b) for mode B, c) for mode C, d) for mode D. 

Similar analysis can be performed for dc-link voltage �0�, 

when Z2 is in non-shoot through state, is achieved as follow: 

�0� = 2. �
����	
�/ ∙ .

��
�� .

���	
�
����	
� +

��
�� ∙

�	
�
����	
�/ ∙ ��� +

. �
����	
�/ ∙ ���  

)8(  

  

Equation (8) shows that the system is a boost converter, 

and this is a necessary feature for connecting to PV panels or 

fuel cell stacks. In the following, it is tried to compare the 

voltage gain with the voltage gains of the structures proposed 

in [20, 23].  

In order to perform the comparison, it is assumed that 

��� = ��� and 
��
�� =

��
�� = 1 = 1. The comparison is shown in 

Fig. 4. The figure shows the proposed converter has higher 

gain than the topology of [20, 23] for all values of ���. For 

example, for ��� = ��� = 0.2 , the voltage gain of the 

proposed converter, [20], and [23] are 10.56, 1.67, and 1.43, 

respectively. If the value of 1 is increased or decreased, the 

gain of the proposed topology will be higher than the 

topologies of [20, 23].  

 
Fig. 4. The comparison of voltage gain for the converter and the topologies 

presented in [20, 23]  
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Fig. 5. 
2��
2�� with respect to ��� and n1 for the different values of 

���
���.	a) for  

���
��� = 2, b) for  

���
��� = 1, c) for  

���
��� = 1/2, and d) for  

���
��� = 1/3. 

An important issue in multi-input converters is the ability 

to power sharing of the sources. For this purpose, here, the 

extracted power ratio from two input sources 
2��
2�� is selected as 

a controlling index. The index should be simple for 

implementation in the controller. Other variable which has to 

be controlled is �0� . In other words, a equivalence device 

which consist of two equations, two dependent variables (�0� 

and 
2��
2�� ), and two independent variable (��� and ���) has to 

be solved by the controller to supply the load at allowed 

values at any moment in time. Equation (8) describes the 

relation between �0�, ���, and ��� , so the equation which 

shows the relation between 
2��
2�� , ��� , and ���  has to be 

extracted to complete the equivalence device. When Z2 is in 

shoot through state,  

56��7�89�� = 25:   )9(  

where 56��7�89��  is the average value of ;6��7�89  in shoot-

through time. When Z2 is in non-shoot through state,  

56��7�898<8	�� = 5:<=6   )10(  

where 56��7�898<8	��  and 5:<=6 are the average value of ;6��7�89  and 

the load current in non-shoot through time, respectively. The 

average value of ;6��7�89 in one switching period is obtained 

using both Equations (9) and (10) as follows: 

56��7�89 = 25: ∙ ��� + 5:<=6 ∙ (1 − ���)  )11(  

Since 56��7�89 = 5:  and 	5: = 5�� , Equation (11) can be 

simplified as:  

5�� ∙ (1 − 2���) = 5:<=6 ∙ (1 − ���)  )12(  

The active power absorbed by the load is 

>< = �0� ∙ 	 5:<=6 ∙ (1 − ���) )13(  

Substituting (12) in (13) yields: 

>< = �0� ∙ 	 5�� ∙ (1 − 2���) )14(  

The active power absorbed from input source 2 is: 

>�� = ���. 5��  )15(  

Through Equations (14) and (15), we have: 

>�� = 2?∙���
�?�∙(����	
�)  )16(  

The active power absorbed from the input source 1 is: 

>�� = >< − >��  )17(  

Substituting Equation (16) in Equation (17) simplifies 

Equation (17) as follows: 

>�� = >< ∙ .1 − ���
�?�∙(����	
�)/  )18(  

The ratio of power absorbed from two inputs is achieved 

by dividing Equation (18) by Equation (16) as follows: 
2��
2�� =

�?�∙(����	
�)����
���   )19(  

Substituting Equation (8) in Equation (19) results: 

2��
2�� =

�@A�A�∙
�BC	
�
�B�C	
�D

A�
A�∙

C	
�
�B�C	
�E.���

���   )20(  

Equation (20) shows that the control of power ratio 

depends on ��� while it is independent of ���. This makes 

the controller simple. In the other hand, another variable 

which should be controlled is �<�. Using Equations (8) and 

P
i1

/P
i2

P
i1

/P
i2



 

(20), the relation for  �0� can be simplified as 

�0� = .2��2�� + 1/ ∙ . �
����	
�/ ∙ ���  )21(  

Equation (21) shows that for a specified value of  
2��
2��, �0� 

can be controlled by ���.  

Therefore, the value of  
2��
2��  and �0� can be controlled by 

adjusting ���  and ��� , respectively. ���  is determined by 

(20) and ��� is determined by (21). 

In Fig. 5, 
2��
2��  versus ���  and 11 = ��

��  is plotted for 

different values of  
���
���, when 12 = ��

�� = 1. The curves of this 

figure show if ��� , ��� , and 11  change, the controller can 

stabilize the value of 
2��
2�� in an acceptable range by changing 

���. For drawing Fig. 5, the values of n1 and n2 is selected 

according to covering the area related to 11 ≥ 12  and 

11 < 12. Figs. 5 (a)-(d) show that with the increase of n1 or 

��� , 
2��
2��  will increase. In Fig. 5, all curves have a similar 

trend. 

IV. SIMULATION AND EXPRIMENTAL RESULTS 

To confirm the analyses, we used a 310 watt experimental 

prototype, as shown in Fig. 6. The switching frequencies of 

Z1 and Z2 are unequally selected to indicate the ability of the 

proposed converter to operate with two frequencies for two 

impedance networks, simultaneously. In our simulation and 

testing, the system has been evaluated using an open loop 

condition. We conducted our simulations using Matlab 

Simulink. In our testing, we used two large LC filters between 

the two inputs and the proposed converter, which makes the 

currents absorbed from the sources close to dc. Table I shows 

the values of system parameters. These parameters have been 

applied to simulation for simulating real condition and being 

possible comparison the simulation and experimental results. 

The experimental prototype, simulation and experimental 

results are shown in Figs. 6 to 10.  

The test is performed in two steps; one is with a three-

phase output filter and another is without the output filter. 

Fig.  10 (a) to (g) is extracted without filter and Fig.  10 (h) 

and (i) are extracted with the output filter. Fig. 8 (a) and (b) 

show that the amount of current absorbed from source 1 and 

2 is 7.9 and 3.4 Ampere, respectively. The test results show 

that, as shown in Fig.  10 (a), the absorbed current from 

source 1 and 2 are 8 and 3.3 Ampere, respectively. Therefore, 

the input power absorbed from the input sources (without the 

output filter) is ��� × 5�� + ��� × 5�� = 30 × 8 + 30 × 3.3 =
308.4Watt. Also, in the case of �0�, it is observed that the 

value in the simulation (Fig. 9  (e)) and the test (Fig.  10 (c)) 

in non-shoot through state is 102 and 100 volt, respectively. 

The operation of the system requires that the current of 

the transformers secondary windings in non-shoot through 

state and the transformers third windings in shoot through 

time be zero. The relation between the current of windings in 

shoot-through state is ;���� × ��
�� = ;KL��; 	;���� = 0 . Due to 

circuit symmetry, this relation also applies to ipri2, isec2, and 

ithi2. In non-shoot through state, the relation governing on the 

transformers windings is ;���� × ��
�� = ;KL��; 	;���� = 0. Due to 

circuit symmetry, this relation is correct about ipri2, isec2, and 

ithi2. In Fig. 8 and Fig.  10, the windings current of the 

transformers are shown with counting the magnetizing 

currents (iL1 and iL2). Therefore, for analyzing the relations 

said in this paragraph, it must be considered the effect of the 

magnetizing currents. For obtaining iL1, in shoot through 

state, ;���� must be multiplied by 
��
��  and then subtracted from 

primary current (shown in Fig. 8 (f) or Fig.  10 (b)). Again, in 

non-shoot through state, For obtaining iL1, ;����  must be 

multiplied by 
��
��  and then subtracted from the primary 

current. These analysis from simulation and experimental 

results and then comparison with each other verify that the 

prototype has good performance.  

For other variables, such as inductors voltage and current, 

capacitors voltage, etc., it is observed that the simulation 

results (Fig. 8 andFig. 9) verify the experimental results 

shown in Fig. 10. The small variations between the 

simulation and experimental results are due to the lack of 

PCB modeling and parasitic elements of the prototype in the 

simulation. 

For extracting the efficiency of the prototype in 

fundamental frequency (50 Hz), using the three-phase filter 

(2 mH inductors and 5 uF MKT capacitors) between the six-

switch inverter and the load results: Ii1= 6.4 and Ii2=2 

Ampere. In this case, the total active power absorbed from 

the input sources can be calculated from ��� × 5�� + ��� ×5�� = 27 × 6.4 + 28 × 2 = 228.8 Watt. The fundamental 

phase current flowed in the load is shown in Fig.  10 (i) 

which its amplitude is about 2 Ampere. The output power 

absorbed by the load in fundamental frequency is achieved 

from 3 × P × 5LQ��K�=���#RST� = 3 × 22 × ( �
√�)� = 199.18 

Watt. The efficiency, that is about % 87.1, is calculated by 

dividing the output power by the input power.  

For analyzing power sharing ability of the proposed 

converter, referring to (21) (for 
���
��� =

�%
�& , ��� = 0.29, 11 =

12 = 1/2 ) shows 
2��
2�� = 2.30 . Calculating the power ratio 

from experimental result (without using the output filter), 

which shown in Fig.  10 (a), shows  
2��
2�� =

�%×&
�&× . = 2.33 . 

Again for this analysis, it can be said that because non-ideal 

model of the system hasn't been considered in section ӀӀӀ, so 

small difference in the calculations in this topic is acceptable. 

As can be seen in Fig. 9 (e)-(h) and Fig.  10 (c) and (d), 

the transformers leakage inductors can't make voltage spike 

on dc-link voltage and line-line voltages, so using the 

proposed converter in high power application doesn't require 

any attention about the protection of the switches and control 

the power loss. 



 

Table. I. System Parameters 

Parameters  Value 

C1, C2, C3, C4, C5, C6, C7, and C8 1000 uF electrolytic 

capacitor paralleled with 

1.5 uF polyester capacitor 

L1, L2, L3 and L4 1200 uH 

The resistance of L3 and L4 0.1 Ω 

Primary windings of 

transformers 

44 turn 

Secondary windings of 

transformers 

22 turn 

Third windings of transformers 22 turn 

Leakage inductance of the 

transformers primary winding 

2 uH 

Leakage inductance of the 

transformers secondary winding 

1 uH 

Leakage inductance of the 

transformers third winding 

1 uH 

Resistance of the transformers 

primary winding 

0.2 Ω 

Resistance of the transformers 

secondary winding 

0.1 Ω 

Resistance of the transformers 

third winding 

0.1 Ω  

D1, D2, D3, D4, D5, and D6 U1560 from Thinki 

Semiconductor company 

Gate drive ICL7667 from MAXIM 

company 

Optocoupler 6N137 from VISHAY 

company 

All power transistors (except S1)  IRFP460 from VISHAY 

company 

S1 BUP314 from SIEMENS 

company 

DXY� 0.29 

DXY� 0.20 

Modulation index 0.80 

V[� 27 Volt 

V[� 28 Volt 

Switching frequency of Z1  15 kHz 

Switching frequency of Z2  5 kHz 

Fundamental frequency 50 Hz 

Load (per phase)(star 

connection) 

22 Ω 

The controller of Z1 and Z2 PIC18F452 from 

Microchip company 

Magnetic cores Ferit EE6565 from 

Magnetic company  
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Fig. 6. The experimental setup 
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Fig. 7. Z1 and Z2 in the prototype 

 

Fig. 8. Simulation results: a) Ii1, b) Ii2, c) vL3 or vL4, d) iL3 or iL4, e) vL1 or vL2, f) primary 

current of the transformers (ipri1+ iL1 or ipri2+ iL2), g) vsec1 or vsec2, h) isec1 or isec2, i) vthi1 or 

vthi2,  j) ithi1 or ithi2. Horizontal axes are in seconds, and the vertical axes for current and 

voltage curve are amperes and volts, respectively. 

 

Fig. 9. Simulation results: a) VC1 or VC2, b) VC3 or VC4, c) VC5 or VC7, d) VC6 or VC8  e) 

�0�, f, g, h) Line-Line voltages. Horizontal and vertical axes are seconds and volts, 

respectively.  
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Fig.  10. Experimental results (Time/div: for (a), (b), (c), (e), and (f) is 50	\s, for (d), (g), and (i) is 10 ms, and for (h) is 5 ms.), (]̂ � and ]̂ � are switching 

period of Z1 and Z2, respectively), (Volt/div and Ampere/div for each carve are added in the each part with specific colors)

V. CONCLUSION 

In this paper, a new structure of dual-input single-output 

high gain inverters based on the impedance source inverters 

and three-winding transformers was presented. In this 

structure, the DC-AC transformation is performed in a single 

stage. This topology only requires an extra switch and a 

number of passive elements and diodes. Four modes have 

been defined and explained. This topology is a voltage 

booster converter that makes it possible to use it in renewable 

energy applications. Power sharing relationships have been 

extracted and explained. It has been proved that the dc-link 

voltage and the power ratio absorbed from the input sources 

can be controlled individually. The curves of absorbed power 

ratio show that the control of absorbed power ratio in 

different conditions for the transformers turn ratio and input 

voltages is possible. The simulation and experimental results 

verified performance and validity of the proposed inverter. 
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