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Abstract— Hybrid converter is designed for energy 

management between different types of source,Grid and energy 

storage systems. The number of ports is varied based on number 

of sources, storage systems and Grid. The proposed isolated 

converter is accepting limitless, different types of sources and 

storage systems. Its operating mode is classified into different 

operating states. One ferrite core transformer with serial coupling 

capacitor is used to perform step up operation with reduced power 

switch. Proposed converter is designed for energy management 

between Photovoltaic (PV) array, Fuel Cell(FC), Supercapacitor 

(SCAP) and load. PV array and Fuel Cell are connected in 

unidirectional port, Supercapacitor is connected in bi-directional 

ports. Supercapacitors are designed for transient load and 

Photovoltaic array,Fuel Cell  designed for steady state load. Grid 

is connected to the converter throng 1:N ferrite core transformer 

and Three Phase Voltage Source Inverter . Energy transferred 

toGridis based on the charging state of coupling capacitor. 

Charge parameter based neuro fuzzy controller is proposed for 

energy management between different ports with different load 

conditions. MATLAB simulation is done with different modes, the 

results shows supercapacitor is discharging and charging in 

transient load conditions and mode of operations are performed 

based on charge states of coupling capacitor. The transient and 

steady state response is analysed using different load conditions.   

 

Index terms: Grid Connected System PV System, Hybrid energy 

storage, Charge parameter control, Transient and steady state 

power management. 

1. INTRODUCTION 

In recent years researchers are concentrate to generate 

electricity from renewable energy sources likes solar, wind, 

tidal and etc. Out of these solar energy is viable to generate 

electrical energy for sustainable energy needs like Domestic 

and irrigation Water pumping, Petrol bunk, Street lights and 

etc.. Series and Parallel connected solar photovoltaic (PV) 

cells are used to convert solar intensity to electrical energy. 

The Quality of electrical energy from solar PV system is 

depends on light intensity. Light intensity is affected various 

external disturbances, they are bird and cloud crossing; It’s 

directly affect performance of the electrical system. Resultant 

solar electrical system is not suitable to constant power 

system. 
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Fig. 1 Block Diagram of Proposed System 

 

Adding secondary energy sources likes Wind energy 

systems, Fuel cells andstorage system with solar electrical 

conversation system is solution for constant power output, 

Lead-Acid batteries are widely used to manage power in 

transient and steady state period, But frequent charging and 

discharging affect the life time of the Battery storage system 

and decrease the overall system efficiency and increase the 

cost of the system. Here introduced supercapacitor based 

energy storage system to mitigate issues  generated by load 

variations. Supercapacitor is used to fast charging and 

discharging in transient period. Partially isolated multiport 

DC–DC converters have been proposed [1]–[4]. Fig. 1 shows 

a block diagram of proposed system.  

The partially isolated dc–dc converter has multiple input 

ports for connect multiple solar panels and one bidirectional 

port for connecting multiple storage devices, such as Battery, 

Supercapacitor and etc. One output port for connect load. 

Load port is electrically isolated from source and storage 

systems.There are three different structure of multiport 

DC-DC converter is proposed earlier, Non isolated structure 

is not feasible for high step up ratio. source, load and storage 

devices are not electrically isolated [X]-[X].Fully isolated 

structures need individual transformer winding for each 

ports,It’s provide electrical isolation of each ports. All ports 

are operated in different ground[5]-[10].Partially isolated 

structure is providing common ground for input and storage 

devices and less number of transformer port is advantages of 

the structure[11]-[18]. 

There are four basic cells are discussed, they are half 

bridge, full bridge, boost half bridge and canonical switching 

cell. A widely used basic cell is half bridge,It’s used for 

storage port, which used 2S switches, where S is the number 

of storage devices[1]. Only one switches is used for all the 

input sources. Number of switches is reduced to 

2S+1.Compare with exiting topology, the multiport converter 

having less number of switches and basic components. The 

efficiency of a Photovoltaic system is low. To increase the 

Photovoltaic system performance, MPPT method is used to 

match Photovoltaic system impedance with proposed  
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converter. Modified P & O algorithms is used to extract 

maximum power from Photovoltaic system. 

The proposed converter is capable to deliver power to load 

either individually (or) simultaneously. It’s also do the power 

management between source, load and storage devices with 

less number of switches[x]. Compared with existing topology, 

there are no switches used in secondary side of 

transformer[x]. Least number of switches used in the 

converter, there by a less cost.   

II PROPOSED SEMI ISOLATED MULTIPORT 

DC-AC CONVERTER 

Proposed semi isolated multilevel converter is shown in 

Fig.-2. Sources and storage devices are connected in primary 

of high frequency transformer. Load is connected secondary 

of transformer through DC link and Three phase inverter. 

Transformers core is made by ferrite core. The turns radio of 

transformer is defined by n=Ns/Np, where Ns is number of the 

secondary turns and Np is number of the primary turns. 

Primary side of transformer having buffer capacitor (CB ).CB 

is frequently charged and discharged for make bi directional 

current flow in primary of the transformer. Decoupling 

capacitor (Cs) is connected across the storage devices to 

avoid voltage fluctuation. Sources and Supercapacitorare 

connected to primary of transformer through inductor (L1,L2 

and L3), Reverse blocking diode (D1,D2 and D3) are 

connected series with sources and Supercacitor to restrict 

reverse power flow to sources and storage devices.The switch 

Ss and SfandSsdare control sources and supercapacitor.The 

switch Sscis used to charge the supercapacitor. 

 

 
Fig.-2 Proposed Isolated Multiport Converter 

 

Modes of operation: 

The proposed converter has five operating modes. Source 

and load of each mode is listed in table-1.Each mode having 

two stage of operations, During Stage-I source (PV, Battery 

and SCAP) energy is stored in respective inductor and buffer 

capacitor CB is discharged through primary of the 

transformer.VP is negative and equal to VCB, Energy stored 

in CB is transferred to load.When the converter in Stage-II 

operations, sources are connected to primary of transformer 

through boost inductor and buffer capacitor CB. Voltage 

across transformer primary (VP)  and secondary (VS) are 

positive. One portion of energy is transferred to load and 

remaining energy is stored in buffer capacitor CB.Fig-3. 

Shows switching patterns of each mode with different states. 

 

Modes Source Load 

Mode-1 Photovoltaic Grid 

Mode-2 Photovoltaic 

and Fuel Cell 

Grid 

Mode-3 Photovoltaic, 

Fuel Cell and 

Supercapacitor 

Grid 

Mode-4 Photovoltaic, 

Fuel Cell 

Supercapacitor 

and Grid 

Table-1: Source and Load of each mode 

 

 

 

 
Fig.-3 Switching pattern of each mode 

Mode-1 Photovoltaic as source and Grid as Load ( t1< 

t<t2) 

During state-1 switch S is on and SS1, SS2, SD1 and SD2 

are off. PV current is flowing through respective inductor 

(L1,L2...LN)  and stored the harvested energy from PV and 

Stored energy in CB  makes reverse primary current. Voltage 

across the primary of transformer (VP) is equal to voltage 

across the capacitor (VC).Now VP is negative. Vs is negative 

and secondary current ISe makes DS3 and DS4 as forward 

bias and makes load current IL. Voltage across capacitor CS  
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makes DS as reverse bias. During this mode previous cycle 

energy stored in CB is transferred to load. ISCAP and IBAT is 

equal to zero. state-II operation start with S is off. 

PV-1,PV-2...PV-N are connected to primary of transformer 

through Buffer capacitor CB. Voltage across transformer 

primary (VP)  and secondary (VS) are positive. Load current 

is flowing through DS1 and Ds2. One portion of energy is 

transferred to load and remaining energy stored in buffer 

capacitor CB. 

 
Fig.-4 Switching pattern of each mode 

Mode-2 Photovoltaic and Fuel cell as source and Grid as 

Load ( t2< t<t3) 

Switch S and SD1 is on and SS1, SS2, SDs are off in state-1. 

PV current are flowing through L1,L2...LN and BAT current 

flowing through LS.Stored energy in CB is transferred to 

load. S is off and SD1 is remains on in state-II.PV and BAT 

are transferred energy to CB through primary of transformer. 

PV and BAT energy jointly operates load. This mode is 

enabled during  insufficient PV energy and steady state load 

conditions .    

 

 
Fig.-5 Switching pattern of each mode 

Mode-3  Photovoltaic and Fuel cell as source and Grid as 

Load ( t3< t<t4) 

Switch S and SD2 is on and SS1, SS2, SD1 are off in 

state-1. PV and SCAP energy is stored in inductor. CB 

operates load. During state-2 S is off with SD2 on, SCAP and 

Battery energy is transferred to load and CB.Mode-3 is 

operates when the sufficient PV energy and fulfil the transient 

load. 

Fig.-6 Switching pattern of each mode 
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Mode-4  Photovoltaic and Fuel cell as source and 

Supercapacitor and Grid as Load ( t3< t<t4) 

 When PV energy is not sufficient andload is transient 

conditions the mode is activated. BAT is operated for steady 

state load requirements and SCAP is fulfilled for transient 

load. state-1 switch S,SD1 and  SD2 is on and SS1, SS2 are 

off. PV energy transferred to, SCAP and BAT energy is 

transferred to LS. During state-II S is off with SD1 and SD2 is 

remains ON.PV,BATand SCAP energy are transferred to CB 

through primary of transformer. 

 
Fig.-7 Switching pattern of each mode 

III. DESIGN CONSIDERATION 

The design of basic components of a converter is very 

essential to achieve high efficiency and reliability. These 

include PV module connection configuration, turns radio of 

transformer, inductor L, L1, L2...LN, Buffer Capacitor CB. 

Based on the switching frequency, basic components L and C 

value are reduced significantly. Ferrite core transformer with 

transformation ratio n is used to avoid saturation effect in 

High frequency operations.  

Source voltages, SupercapacitorVoltage ,Power rating of 

converter ,Unique switching frequency(fs)and different duty 

radio (Dss,DfcandDsc)  are considered to calculate 

L1,L2,L3,Cpv,andCfc . 

Series inductors 

Series inductor of Photovoltaic System                                                                     

         (01) 

 

Series inductor of Fuel Cell  

               (02) 

                                                                                                                                                  

        (03) 

  

Ripple current of Photovoltaic System    
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And parallel capacitors 
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Fuel Cell decouplig Capacitor        
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( ) ( . )
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Buffer capacitor Cbis stored energy in half of the cycle and 

released. All PV energy are accumulated in CB.During the 

state-II operation all the source current is flowing through 

capacitor CB. 

Current in buffer capacitor                              

 CB fc pv SCAPI I I I Amps= + +         (07) 

And Buffer capacitor                                             

 

.

(1 )PV fc SCAP ss

B

S CB

I I I D
C Farad

f V

+ + −
=


 (08) 

 Selecting high Dss for calculating CB. 

The impedance of the photovoltaic and fuel cell are small 

that could not interface with the operation of the converter, by 

adding small power  from the Photovoltaic and fuel cell with a 

internal  impetance  from DC/DC converter , the steady state 

behavior of the system throughout the load power variation of 

the Photovoltaic and  fuel cell  has been analyzed and it's been 

shown that stability problems . To avoid these issues the 

Supercapacitance placed in parallel with the sources stack in 

our experimental setup was calculated in terms of the energy 

that it's to provide during load power variations. 

 Load power variation ( P ),Duration of load power 

variation ( Pt  ) and Change in voltage across supercacitor 

( scV  ) are considered to design supercapacitor 

( . . ) ( . )

( ) ( . )

PV S S PV S
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The Value of Supercapacitor        

2

2 .P p

SC

sc

t
C Farad

V


=


         

 (10) 

Identical serially connected two capacitors are placed 

across DC bus. The capacitors act as a decoupling 

capacitor.The value of the capacitor is calculated using 

Current flowing through capacitor (Ic), Duty radio of switch 

Ss, Time period of operating frequency (Ts) and Voltage 

variation across Capacitors. 

1 2

*.
*

*

O SS
f f C

C S C

I DDss Ts
C C I Farad

V f V


= = =

 
  

                         (11) 

Cf1and Cf2values arecalculated using the maximum value of 

Dss. 

During State-I operation, the current flowing through the 

Switch S is nearly twice the total source current. Switch S is 

selected for higher value of twice the source current and rated 

source voltage. 

IV. SIMULATION RESULT 

Designing a proposed converter with simulation can help 

ensure the system output voltage across the load, load current, 

source voltage and the change of voltage across 

supercapacitor. The proper choice of power converter 

components to ensure the performance of the system. The 

system designed to focus minimized the output voltage ripple 

and less power losses. Closed-loop control system ensures the 

dynamic and steady state operation. 

Figure 8: Proposed converter with simulation diagram 

 

For the solar power is generated by using photovoltaic cell 

under short circuit condition current  solar cell is 8.5 A and it 

is shown in Fig. 9  .By using MPPT algorithm the maximum 

voltage is obtained across solar cell is 24 V. The fuel voltage 

is shown in the Fig.10 and it generated the DC voltage 40 V.  

By using the boost converter DC  Bus voltage is step up to  

700V as shown in Fig.15. The voltage across inductor as 

shown in Fig.11. 

The proposed converter change the DC to AC the primary 

voltage in the transformer as shown in the Fig. 12. The voltage 

across the rectifier C1and C2 (super capacitor) is shown in 

Fig.13 &14. The voltage across C1 is 345V and the voltage 

across C2 is 360V. The capacitor voltage is fed to the 

three-phase inverter and the output of the three-phase inverter 

is connected to grid.  
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The output of the inverter as shown in Fig.16. Fig. 11-19 

shows the simulation waveform for obtained DC bus voltage, 

Line voltage across inverter, Voltage across solar, transient 

and steady state response for various output voltages obtained 

respectively. 

 
Figure 9: Voltage across photovoltaic cell 

 

 
Figure 10: Voltage across Fuel cell 

 

 
Figure 11: Voltage across Inductor 

 

 
Figure 12: Primary Voltage across Transformer 

 

 
Figure 13: Voltage across capacitor C1                                         

 

 
Figure 14: Voltage across capacitor C2 

 

 
Figure 15: Voltage across DC Bus 

  

 
Figure 16: Voltage across Inverter 

 
Figure 17: inverter Current 
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Figure 18: Current in Inverter REAC 

 

 
Figure 19: Current in Inverter REAL 

V. CONCLUSION 

Hybrid converter was designed for energy management and 

the proposed isolated converter was accepted limitless, 

different types of sources and storage systems. This Proposed 

converter was designed for energy management. PV array and 

Fuel Cell were connected in unidirectional port, 

supercapacitor were connected in bi directional ports. 

Supercapacitors were designed for transient load, 

Photovoltaic array, Fuel Cell and designed for steady state 

load. Charge parameter based neuro fuzzy controller was 

proposed for energy management between different ports 

with different load conditions. MATLAB simulation was 

done with different modes, the results obtained shows 

supercapacitor was discharging and charging in transient load 

conditions and mode of operations were performed based on 

charge states of coupling capacitor. The transient and steady 

state response was analysed using different load conditions. 
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