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Abstract :  The cost and the size of the converter design plays a crucial role in defi ning its effectiveness which 
lead to the development of Multi input and Multi output converters which are becoming popular as they are 
compact, cost effective and easy to implement. In this paper multi input multi output converter is designed 
and analysed for Grid-Solar power integration is proposed for uninterrupted power supply. For this converter 
design four winding transformer is used in which the grid supply is fed to one of the primary winding of the 
transformer through the rectifi er-inverter circuit for power transfer control and the other is fed by the inverted 
output of the solar energy. Inorder to eliminate the switching losses, the circuit is designed for zero current 
switching during turn-off and zero voltage switching during turn-on condition The simulation results for the 
proposed converter confi guration is obtained using PSIM environment and the hardware design is developed 
in the laboratory and their output results are compared and presented in this paper.
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1. INTRODUCTION

In the current scenario, there is an increased power demand due to the increasing consumer load 
which imparts the need for Renewable energy sources and hybrid energy systems. The demand for 
uninterrupted and good quality power supply was the major challenge for the current hybrid energy 
systems. In such systems power converters play a vital role in providing a regulated output inorder to 
maintain the effi ciency of the hybrid system. Multiport converters were either isolated or non-isolated 
type. The energy is transferred from primary sides to secondary sides through multi- winding transformers 
in isolated topologies. Integrated power converters are capable of interfacing and controlling the energy 
sources concurrently [1] [2]. Even though the isolated converters were good in voltage transformation 
and regulation,  their weight and cost are high. The above problem had been overcome by using fl yback 
[3] [4] and bridge [5]-[8] confi gurations were used in multi input single output, multi input-multi output, 
single input-multi output converters. These converters were used for single input and multi-outputs.  But, 
several isolated multi-output converters were proposed. Initially, buck, boost, SEPIC and Cuk-converter 
topologies were extended to get multi-outputs [9]-[15] which were designed for power supplies. Two 
inverter confi gurations were proposed for the distributed energy system, which consists of grid supply 
and solar power needs a transformer for integration. A multi-winding step-up transformer was needed 
in connecting the paralleled connected inverters to the grid. The main drawback of this confi guration is 
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that it operates at low frequency, which requires a bulk transformer [16]-[20]. To feed AC load, the solar 
power which is DC has to be converted to AC using an inverter. In the next configuration, multi input 
DC-DC converter was cascaded with inverter for AC loads. It offered galvanic isolation and high 
boosting capability. During multiple power processing stages, bulky electrolytic capacitors were 
required at the DC link. They were extremely sensitive to temperature and their life deteriorated due 
to increase in temperature.  So, capacitor reliability was inadequate for PV inverters. To increase 
their reliability,  to simplify,  and reduce the cost,  an alternative inverter topology was proposed. In 
paper [21], two-output ports converter topology for interfacing PV supply and Grid supply through 
galvanic isolation was proposed. This converter used four winding transformers with two primary 
windings and two secondary windings. A rectifi er-inverter connected the grid supply to the first 
winding of transformer through controlled power transfer. The solar energy was inverted and applied 
to the second winding of primary. Two output ports were considered.  The circuit was designed to 
achieve zero current switching when it was turned off and zero voltage switching when it was turned 
on to alleviate the switching losses [22]. Section 2 described the proposed confi guration; Section 3 
gave simulation results. Analysis and Hardware validation of the multi input multi output converter is 
given in section 4 and the Conclusion is given in Section 5.

2. PROPOSED CONFIGURATION

The circuit diagram of the proposed topology is shown in Figure 1. Single phase grid supply is rectifi ed 
and the rectifi er current is smoothened by the fi lter inductor Lgf and the voltage is smoothened by the 
fi lter capacitor Cgf.

Figure 1: Proposed confi guration

The rectifi ed voltage obtained is fed to the inverter 1 consisting of switches S1 to S4. The inverted 
output is then fed to the primary winding P1 of the transformer. Load 1 is connected to the secondary 
winding Sec1 of the transformer. The Lf1 and Co1 acts as a LC fi lter to shape the output voltage to a 
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sinusoidal wave pattern. The primary winding P2 of the transformer is fed by the inverted output obtained 
from the solar PV panel through the inverter 2 consisting of switches S5 to S8. Lpvf and Cpvf  is used 
at the inverter input to minimize the ripples in current and voltage obtained from the solar output. Load 
2 is connected to secondary winding Sec2 of the transformer through the fi lter inductor Lf2 and fi lter 
capacitor Co2 which helps in attaining zero voltage and zero current switching of all the inverter switches 
in addition to shaping the secondary voltages

3. SIMULATION RESULTS

The proposed prototype was simulated in the PSIM environment. The simulation circuit is shown in 
Figure 2. The simulation parameters were listed in Table 1.The switching pulses, voltage and current 
across the switch S1 & S2 and the switch S3 & S4 are shown in  Figure 3 and Figure 4. Similarly 
the switching pulses, voltage and current across the switch S5 & S6 and the switch S7 & S8 are 
shown in Figure 5 and Figure 6.It is inferred from Figures 4-6, that for all the switches during turn-
on, the current through switches is zero and during turn-off ,the voltage across switch is zero which 
is shown in Figure 7 through which Zero current and zero voltage switching is achieved. Such  soft 
switching technique will alleviate the switching losses so that the effectiveness of the prototype is 
enhanced.The primary voltages Vp1 and Vp2 and  the  secondary voltages Vsec1 and Vsec2 are 
shown in Figure 8 and Figure 9. The load voltages VL1 and VL2 are shown in Figure 10 and Figure 
11. The simulation result shows that output voltages are sinusoidal in which Load 1 had a peak 
voltage of 210 V and load 2 had peak voltage of 115 V.

Figure 2: Simulation circuit
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Figure 3:  Switching pulse, voltage and current across the switch S1 & S2

Figure 4:  Switching pulse, voltage and current across the switch S3 & S4
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Figure 5: Switching pulse, voltage and current across the switch S5 & S6

Figure 6: Wwitching pulse, voltage and current across the switch S7 & S8
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Figure 7: Zero Current and Zero Voltage Switching of switches

Figure 8:  Primary voltages Vp1 and Vp2
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Figure 9: Secondary voltages Vsec1 and Vsec2

Table 1
Simulation parameter

Parameter Value

Lgf  1 μH

Cgf  1000 μF

Lpvf 0.1 μH

Cpvf 1000 μF

Switching Frequency                                                                                          5 kHz

Lf1   10 μH

Co1 10 μF

Lf2   10 μH

Co2   10 μF

Load 1                                                                                                       12 Ω

Load 2                                                                                                       12 Ω

Grid supply 220 V

Supply from PV panel                                                                                          50 V
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Figure 10: Load1 voltage VL1

Figure 11: Load2 voltage VL2

4. HARDWARE VALIDATION OF MULTI INPUT MULTI OUTPUT CONVERTER

The hardware setup for Multi input Multi output converter for hybrid system is exposed in fi gure 12. This 
prototype consists of  PV array, power supply unit, transformers, converter circuit with load arrangement. 
The output voltage of wind and solar is shown in fi gure 13 and 14.The  switching pulse for inverter 1 and 
2 are shown in fi gure 15 and 17.The driver output pulse and the inverter output voltage of load 1 and load 
2 are shown in fi gure 16,18 and 19.
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Figure 12: Hardware setup for Multi input Multi output converter

Figure 13: Output voltage of wind

Figure 14: Output voltage of solar
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Figure 15: Switching pulse for inverter S1(5V)

Figure 16: Driver output pulse 10V

Figure 17: Switching pulse for inverter S2(5V)

Figure 18: Output voltage of load 1
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Figure 19: Inverter output voltage of load 2

Table 2
Performance of Multi input Multi output converter

Parameter Simulation Output Hardware Output

Output voltage of Load1 210 V 200 V

Output voltage of Load2 115 V 110 V

The simulation output taken from PSIM model was experimentally validated with the help of hardware 
setup and comparison of hardware results with the simulation results are shown in Table 2.

5. CONCLUSION

Design of multi input multi output converter for integrating Grid and Solar supply was proposed for two 
outputs and with the developed hardware, a comparative analysis of the simulation result and the hardware 
result was performed to validate the prototype. The proposed confi guration has galvanic isolation and the 
switching losses of all the inverter switches are alleviated through the soft switching technique. Sinusoidal 
output voltages are obtained and this prototype can be further extended to get more than two outputs.

6. REFERENCES
 1. Azmy, A.M. and Erlich, I. (2005) Impact of Distributed Generation on the Stability of Electrical Power Systems 

In Proceedings of the IEEE Power Engineering Society General Meeting, Vol. 2, 1056-1063.
 2. Wu, H.F., Sun, K., Chen, R.R., Hu, H.B. and Xing, Y. (2012) Full-Bridge Three-Port Converters with Wide Input 

Voltage Range for Renewable Power Systems. IEEE Transactions on Power Electronics, 27, 3965-3974. 
 3. Chen, Y.-M., Liu, Y.-C. and Wu, F.-Y. (2002) Multi-Input DC/DC Converter Based on the Multiwinding Transform-

er for Renewable Energy Applications. IEEE Transactions on Industry Applications, 38, 1096-1104. 
 4. Matsuo, H., Lin, W., Kurokawa, F., Shigemizu, T. and Watanabe, N. (2004) Characteristics of the Multiple-Input 

DC- DC Converter. IEEE Transactions on Industrial Electronics, 51, 625-631.
 5. Wu, H., Chen, R., Zhang, J., Xing, Y., Hu, H. and Ge, H. (2011) A Family of Three-Port Half-Bridge Converters 

for Stand-Alone Renewable Power System. IEEE Transactions on Power Electronics, 26, 2697-2706. 
 6. Kobayashi, K., Matsuo, H. and Sekine, Y. (2006) Novel Solar-Cell Power Supply System Using a Multiple-Input  

DC- DC Converter. IEEE Transactions on Industrial Electronics, 53, 281-286. 
 7. Wu, H., Xu, P., Hu, H., Zhou, Z. and Xing, Y. (2014) Multiport Converters Based on Integration of Full-Bridge and 

Bidirectional DC-DC Topologies for Renewable Generation Systems. IEEE Transactions on Industrial Electronics, 
61,856-869.



280 T. Baldwin Immanuel, A. Suresh, M. R. Rashmi and D. Arokia Nivitha

 8. Zeng, J., Qiao, W., Qu, L. and Jiao, Y. (2014) An Isolated Multiport DC-DC Converter for Simultaneous Power 
Management of Multiple Different Renewable Energy Sources. IEEE Journal of Emerging and Selected Topics in  
Power Electronics, 2, 70-78

 9. Gummi, L.K. and Ferdowsi, M. (2010) Double-Input DC-DC Power Electronic Converters for Electric-Drive-
Vehicles Topology Exploration and Synthesis Using a Single-Pole Triple-Throw Switch. IEEE Transactions on 
Indus- trial Electronics, 57, 617-623.

 10. Zhao, R. and Kwasinski, A. (2009) Multiple-Input Single Ended Primary Inductor Converter (SEPIC) Converter for 
Distributed Generation Applications. Proceedings of 2009 IEEE Energy Conversion Congress and Exposition, 
San Jose, 20-24 September 2009, 1847-1854.

 11. Caricchi, F., Crescimbini, F., Honorati, O., Napoli, A.D. and Santini, E. (1993) Testing of a New DC/DC Converter 
Topology for integrated Wind Photovoltaic Generating Systems. Proceedings of 5th European Conference on Power 
Electronics and Applications, Brighton, 13-16 September 1993, 83-88.

 12. Challenges and Surveys in Key Management and Authentication Scheme for Wireless Sensor Networks“  in Abstract of 
Emerging Trends.

 13. Di Napoli, A., Crescimbini, F., Guilii Capponi, F. and Solero, L. (2002) Control Strategy for Multiple Input DC-DC Pow-
er    Converters Devoted to Hybrid Vehicle Propulsion Systems. Proceedings of the 2002 IEEE International Sym- posium 
on Industrial Electronics, Vol. 3, 1036-1041.

 14. Dobbs, B.G. and Chapman, P.L. (2003) A Multiple-input DC-DC Converter Topology. IEEE Power Electronics Let- ters, 
1, 6-9. 

 15. Onar, O.C., Shirazi, O.H.A. and Khaligh, A. (2010) Grid Interaction Operation of a Telecommunications Power Sys- tem 
with a Novel Topology for Multiple- Input Buck–Boost Converter. IEEE Transactions on Power Delivery, 25,2633-2645. 

  16. Jain, S. and Agarwal, V. (2008) An Integrated Hybrid Power Supply for Distributed Generation Applications Fed by 
Nonconventional Energy Sources. IEEE Transactions on Energy Conversion, 23, 622-631. 

 17. E. Figueres, F. González-Espín, and G. Garcerá, “Transformerless topologies for grid-connected single-phase photo-
voltaic inverters,” Renewable and Sustainable Energy Reviews, vol. 15, pp. 3423-3431.

 18. Public Control Algorithm for a Multi Access Scenario comparsing GPRS and UMTS “,at  Department of Computer 
Science and Engineering, National Conference on “Intelligent computing With IoT  on April 16 2016. 

 19. Gonzalez, R., Gubia, E., Lopez, J. and Marroyo, L. (2008) Transformerless Single-Phase Multilevel-Based    Photo-
vol- taic Inverter. IEEE Transactions on Industrial Electronics, 55, 2694-2702. 

 20. Kerekes, T., Liserre, M., Teodorescu, R., Klumpner, C. and Sumner, M. (2009) Evaluation of Three-Phase Transfor- 
merless Photovoltaic Inverter Topologies. IEEE Transactions on Power Electronics, 24, 2202-2211. 

 21. Amirabadi, M., Toliyat, H.A. and Alexander, W.C. (2013) A Multiport AC Link PV Inverter with Reduced Size and 
Weight for Stand-Alone Application. IEEE Transactions on Industry Applications, 49, 2217-2228.

 22.  T. Baldwin Immanuel, A. Suresh, M. R. Rashmi.(2016) A Multi Input Multi Output Converter for Hybrid Energy 
Systems,   Circuits and Systems, 7, 771-778.


