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ABSTRACT 
The progress of the paper deals with the development of the multiport system replacing the conventional 

system. Especially the disadvantages that occur with the Conventional converter such as switching losses and 

isolation of the circuit can be made possible by this port converter system .The importance is that the base of the 

multiport is going to be analyzed by means of the hybrid and renewable sources topology. For the different types of 

loads how the variation in MPPT tracking system was found and compared using CCM and DCM. Similarly the 

SVR and WVR were in corporate to analyze and regulated continuously .Number of switching circuits were 

drastically reduced and finds a reasonably economical version of converter topology. 

KEY WORDS: CCM- Continuous Conduction mode, DCM- Discontinuous Conduction mode, SVR-Solar Voltage 

Regulator, WVR-Wind Voltage Regulator. 

1. INTRODUCTION 

The various renewable energy sources are combine together to frame the hybrid energy system. For the past 

various decades the renewable energy sources plays a vital role in development of reducing power demand. But the 

possibility of switching losses in the converter circuit can cause various problems in and losses in the system. In 

order to eliminate the losses and also the isolation problems we opted the port system. In the case of port system we 

have so many types of individual control which helps us to maintain the performance of the port parameters to be 

stable.  

Then the MPPT topology which has the best efficiency also has a problem of size of the MPPT controller. 

Thus in the case of the Multiport can reduce the size and complexity of the system. Probably the future scope can 

help us to have sufficiently huge amount of energy can be cultivated from solar panels and the wind turbine.  

General Description: The main focus of the system is based on the renewable source of energy the system we are 

involving is a multiport system which has a separate control on the various port .Each port was designed to be made 

of the complete closed patch (Abu-qahouq, 2016) which eliminates all types unbalance in the circuit. A converter is 

designed in such a way that it will have four switches two diodes and also the transformer to have the ZVS topology 

and isolation of switches. The fig 1 shows the complete block of the prototype designed. 

 
Figure.1. Four-port converter concept 

Topology: Two switches that operates in cycle during positive and negative cycles of operation the port has the 

complete control over the device operation. There is two directional switch which passes through the branch of the 

transformer which ideally isolates the circuit. So the circuit tend to be made of two diodes and four switches and also 

include a transformer. But the basic operation of multi-port system is shown in fig.2, that they have separate control 

over the wind turbine other relate to solar energy. 

 
Figure.2. Four-port converter circuit 
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The four port model which includes the four switches such that they perform half bridge rectifier process 

and also ZVS topology is achieved by means of the transformer. thus we can reduce the conduction losses .As shown 

in Fig.2, derived system will have the derived system will have the four port device that enhances the rectifier 

operation and also it will help to enrich the isolation of the control switches which include S1, S2, S3 and also the 

circuit description can be achieved by means of the operation pattern l- S1-S2-S3.  

Thus, the energy produced during that conduction can be utilized enable the process of ZVS which in turn 

reduces the conduction losses. 

Driving Scheme: Fig.3, illustrates methods to achieve the PWM pulse width modulation in order to which the band 

width can be minimized. 

Here the SAW carrier waveform for modulation, VC1, VC2 and VC3 are voltages which is derived from 

carrier wave form. 

 With the help of modulation we can achieve the wave forms for S1, S2, S3, 

 By reversing the switches S2, S3 we got the SR waveforms. 

It is mandatory that all switches S1, S2, S3 to be gated at the same time .But the most important is that they 

are turns off S3 now which is previously turned off by S2 which is used to avoid over shoot  

 
Figure.3. PWM design circuit 

The driving circuit which plays a vital role in the development of the circuit to handle the complexity 

condition not to make the circuit in appropriate for the various loads. The good condition of isolation is helping 

(Abu-qahouq, 2006) the switches to replicate the various loads for which the battery has to cultivate whenever surplus 

energy was produced. The key waveforms for which the condition of switches are framed which is shown in fig.4. 

And the fig.3, which gives the pulse width modulation in for switches can be designed. 

 
Figure.4. Driving signal key waveforms 

Circuit Operation Principles: The steady state operation explained in the given paper such that the various stages 

of operation is explained below, 

Stage 1 (t0-t1): In this stage the S1 is made to switch on by means of the body of the diode such that ZVS is 

conducted properly and the leakage current value is zero. 

Stage 2 (t1-t2): At time t1, primary current of transformer is reflected which is given as iLo, the blocking is done in 

diode body of SR2 such that it delivers the output from the converter.  

Stage 3 (t2-t3): During this stage S1 is gated off such that parasitic capacitor derives from S1,S2,S3and also which 

in turn helps to achieve the discharge to happen in it. 

Stage 4 (t3-t4): At time t3, the voltage across the S2 parasitic capacitor is discharged to zero, and the S2 body diode 

conducts to carry the current, which provides the ZVS condition for S2. In this operation the SR1 and SR2 freewheels  

Stage 5 (t4-t5): During this stage S2 is On with ZVS, the leakage current remains zero and get reverse biased. The 

inductor output drops gradually as time period varies from t2 to t5. 

Stage 6 (t5-t6): In this mode, SR1 is blocked such that the leakage current of inductor gradually improves which is 

iLo, followed by converter delivering the output. 

Stage 7 (t6-t7): During this mode, S2 is gated off such that ip which is going to charge parasitic capacitor and 

discharges S1 and D3. 
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Stage 8 (t7-t8): In this mode, D3 discharges to zero and then D3 conducts which is followed by switching On S3 

which holds the ZVS operation and SR2 delivers the output correct. 

Stage 9 (t8-t9): During this mode, we turn Off S3 which follows the discharge of leakage current ip followed by 

charging S1 and D4. 

Stage 10 (t9-t10): In this mode, D4 discharges to zero voltage and D4 conducts which is followed by switching On 

S4 and the leakage current freewheels through D4 and S4 followed by which trapping occurs. 

Stage 11 (t10-t11): During this stage, we switch On S4 which includes trapping leakage energy to discharge in 

switch S1 which is a parasitic capacitor and charges S2, S3 and S4. 

Stage 12 (t11-t12): At this stage, S1 discharges to zero and the body diode conducts which in turn provides condition 

for ZVS. 

At this time interval the diode freewheels which completes the duty cycle. 

Various Modes of Operation: Both the ways of energy that is coming out of the both energy sources such that in 

the table.1, the values in battery indicate that various operation per formed by it. Such that we could make useful 

energy comes out of the battery when it is indicated by the value 1 and -1 indicates that it will help to charge the 

battery when there is lagging in power. 

Table.1. Stages of operation in four port converter 

Operation stages PV Sources Wind Sources Battery Load 

Case 0 0 0 1 1 

Case 1 0 1 1 1 

Case 2 1 1 1 1 

Case 3 0 1 0 1 

Case 4 1 0 0 1 

Case 5 0 1 -1 1 

Case 6 1 1 -1 1 

Case 7 1 1 0 1 

Case 8 1 0 1 1 

Case 9 1 0 -1 1 

Case 10 1 0 -1 0 

Case 11 1 1 -1 0 

Case 12 0 1 -1 0 

Control Structure: The system include three different regulators such that they have output voltage regulator , wind 

voltage regulator and also the solar voltage regulator which is shown in fig 5 such that the various voltage levels are 

managed in such away (Alageswari, 2016) that allocate the operation for separate unit. Then we have d2 which is 

used to maintain the solar load. And also that the wind which has the overall process have the d3 in such a way that 

we can have the turbine control. The battery plays major role because when the balancing is required such that we 

will be able access the maximum possible compensation.  

 
Figure.5. control circuit of PV panel using MPPT topology 

 

3. EXPERIMENTAL RESULTS 

The four port DC/DC converter was designed to control all the parameters that are in output port, wind port, 

battery port and solar port 

In this process we have the switching frequency 100 KHz when loading the output port (a) and loading the 

battery port (b).  

In addition to CCM and DCM we may note a sharp change in the waveforms such that possibly we can have 

ZVS topology could maximize the waveform perfection. 
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The loading and sharing of energy has to be balanced and the battery has to suitably adapt the various 

conditions for discharging and charging the (Karthikeyan, Chendur pandian, 2012) battery at proper intervals of time 

so that we can adapt the possible variation in ports which is continuously monitored. 

  
Figure.6(a). Output port is loaded when current in 

battery port is Zero 

Figure.6(b). Battery port is loaded when current in 

output port is zero. 

Table.2, shows eight different load and source combinations with each one of them to be either 10% or 90% 

load/source condition, while the battery port provides the power balance.  

The test response can be obtained by connecting the wind turbine, solar and output port are connected with 

simulator such that possible output of the device is obtained. 

Then two different I-V curves are assigned (Gouthaman, 2011) for the solar and wind port, and the DSP 

code is tuned so that the SVR and WVR voltage references are at 10% or 90% rated current point.  

 Then the most important thing is that deficit in the system output can be satisfied by means of the battery such that 

possible deviation can be compensated 

So all together, there are eight different conditions for one load and two sources as described in Table.2. 

Table.2. Various conditions of Load/Source level 

 Load/Source Current Level Conditions (%) 

Vs=35.6V Vw=28.2 Vo=12V 

Case 1 10 10 90 

Case 2 90 10 90 

Case 3 10 90 90 

Case 4 90 90 90 

Case 5 90 10 90 

Case 6 10 90 10 

Case 7 90 90 10 

Case 8 10 10 10 

Fig.7, depicts all three port voltages under different load/source conditions. The cross Regulation of Vs, Vw 

and Vo are 0.5%, 0.6% and 1.1%, respectively. Figure 8 shows the efficiency curve under different load/source 

conditions as in Table.2. 

The maximum possible efficiency can be observed to be 99.39% (Sundararaju, 2011) and it is tracked from 

wind port and solar port so there is no transformer losses.  

  
Figure.7. Different load/source levels for Battery 

port, output port, wind port &s olar port 

Figure.8. Different load/source efficiency levels 

Fig.9, shows the transient response of the PV voltage, wind voltage and output voltage to a load transient 

between 0.33A and 3A, when SVR, WVR and OVR loops are closed.  

In terms of the settling time, the output voltage transient response is much faster than that of the solar or the 

wind port, while the transient of the solar port is slightly faster than that of the wind port. 
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Although the reference values of Vsref and Vwref are given as the fixed values rather than being constantly 

updated by the MPPT controllers, these experiments provide a quick approximation that MPPT of the PV panel and 

the wind turbine SVR can be achieved at the same time, while maintaining a regulated output voltage. 

 
Figure.9. Solar , wind, output voltages with 70%,80% with minimized transformer losses in transient 

response 

 

4. CONCLUSION 
The global pollution and economic situation happens to be more tedious which because the renewable energy 

has to be exploited in proper way. The normal conventional converter design suffers a serious problem in losses and 

also that does not helps us to overcome the issue of various problems related to the switching and so we are going 

for the four port design which has the complete control over all parameters individually such that we can continuously 

monitor all parts. Thus it’s a suitable system to overcome all difficulties we face in the conventional converters. 
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