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Abstract: A new isolated multiport dc-dc converter for simultaneous power management of multiple Renewable different sources, 
which can be of different types and capacities, is designed in this paper. This dc-dc converter only uses one controllable switch in each 
port to which a source is connected. Therefore, it has the advantages of simple topology and minimum number of power switches. This 
converter can be also be applied for simultaneous maximum power point tracking (MPPT) control of a wind/solar hybrid generation
system consisting of one battery and two different photovoltaic (PV) panels.
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1. Introduction 

In recent years, there has been a growing interest in 
generating electricity from distributed energy sources. In 
many applications, it is required to connect multiple energy 
sources of different types and capacities to a power grid or 
load. To perform efficient power management and grid 
integration for the multiple sources, multiport dc-dc 
converters have been designed. Figure 1.1 shows a multiport 
dc-dc converter, to which number of sources can be 
connected. The isolated dc-dc converter has multiple input 
ports for connecting different sources. The multiport dc-dc 
converter regulates the low-level dc voltages of the sources 
to a constant high level required by the inverter.

Figure 1.1: Multiport converter 

There are two categories of integrated isolated multiport 
converters. One category of converters uses a transformer 
with a separate winding for each port. Therefore, all ports 
are electrically isolated. The other category of converters has 
multiple ports connected to a single winding on the primary 
side of a transformer it requires a common ground point for 
all the input sources. The second topology is preferable due 
to the advantage of using less number of windings in the 
transformer. A number of isolated multiport converters 
belonging to the second category have been proposed. 

This paper designs a new isolated multiport dc-dc converter 
for simultaneous power management of multiple energy 
sources, where only one switch is used in each input port 
connected to a source. It does not use any controllable 
switch on the secondary side of the transformer. Compared 
with the existing multiport dc-dc converter topologies this 
converter has the least number of switches and there by a 
lower cost. This converter is applied for power management 
of different energy sources. 

This paper is organized as follows. The topology of the 
converter is introduced and the operating principle of the 
converter is analyzed in Section II. Section III discusses the 
design considerations for the designed converter. The 
experimental studies are carried out in Section IV to testify 
the effectiveness of the designed isolated multiport dc–dc 
converter for simultaneous control of the different sources.  
Section VI summarizes this paper with some concluding 
remarks 

2. Designed Isolated Multiport DC–DC
Converter 

Fig. 2 shows the circuit diagram of the designed isolated 
multiport dc–dc converter. It consists of a low-voltage side 
(LVS) circuit and a high-voltage-side (HVS) circuit 
connected by a high-frequency transformer TX. The LVS 
circuit consists of m ports in parallel, one energy storage 
capacitor 𝐶𝑆 , and the primary winding of the transformer’ 

each port contains a controllable power switch, a power 
diode, and an inductor. The HVS circuit consists of the 
secondary winding of the transformer connected to a 
full-bridge diode rectifier, and a low-frequency LC filter. 
The transformer’s turn ratio is defined as n = 𝑁𝑝 /𝑁𝑠, where 
𝑁𝑝 and 𝑁𝑠 are the numbers of turns of the primary and 
secondary windings, respectively.
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Figure 2: Isolated multiport dc-dc converter

This converter has three operating modes: 1) all switches are 
on; 2) switch S1 is off while at least one of the other 
switches is on; and 3) all switches are off. The equivalent 
circuits of the converter in the three operating modes are
explained below.

(a) 

(b) 

(c) 
Figure 3: Equivalent circuits of the three operating modes 
of the designed converter. (a) Mode 1: all switches are on. 
(b) Mode 2: 𝑆1 is off and at least one of the other switches 

is on. (c)Mode 3: all switches are off.

MODE 1: t [t0, t1] Here all the switches are on and the 
inductors 𝐿1….. 𝐿𝑚 store the energy extracted from the 
sources; while the energy stored in the capacitor  in the 
previous switching cycle is delivered to the HVS through the 
diodes 𝐷𝑠2 and 𝐷𝑠4.  

MODE 2 :t [t1, t3] During which 𝑆1 is off  and at least one 
switch 𝑆𝐾  (k =2, . , or m) is on. Here switch 𝑆1 will be off,
𝑆2 will be turned off  after some instant and 𝑆𝐾 will be 
on, So here inductor 𝐿1 will be discharging and 𝐿𝐾 will be 

charging. In mode 2 diodes 𝐷𝑠1 and 𝐷𝑠3 will be forward 
biased. 

MODE 3: t [t3, t4] Here all the switches are off and all the 
inductors will be discharging. The operation will be similar 
as that of mode 2 .In mode 3 diodes 𝐷𝑠1and 𝐷𝑠3 will be 
forward biased. 

Figure4 the steady-state waveforms of the converter in one 
switching period covering the three operating modes when 
m = 3. 

Figure 4: Steady state waveform of the converter 

Here we are having three PWM signals. Duty cycle for the 
switch 𝑆1 should be minimum since first it is turned off. 
After that the duty cycle of switch 𝑆1 should be minimum 
and the duty cycle of the switch 𝑆𝐾 should is greatest. Here 
the current 𝑖1, 𝑖2 and 𝑖3 will be charging when the switch 
is on and will be discharging when the switch is turned off. 
In mode 1 ip will be having negative value since it will be 
owing in reverse direction, in mode 2 the value of 𝑖𝑝  will 
be increasing slowly as the switches are turned off. Similarly 
in mode 3 the 𝑖𝑝   will be increasing and when it again 
comes to the mode 1 the value of 𝑖𝑝   will be slowly 
increasing as the the switches are turned on. 

3. Design Considerations 

To make multiple sources work effectively, the following 
requirement should be satisfied: the switch 𝑆𝐾 (k = 2, . . . 
,m) should not be turned off before 𝑆1  is switched off; 
otherwise, 𝐿𝐾 will continuously store energy through 
𝑆1 even 𝑆𝐾 is off, which is not desired. To meet this 
requirement, the following inequality should be satisfied for 
the converter. 

min {𝑑2, 𝑑3, . . . , 𝑑𝑚} ≥ 𝑑1           (8) 
Inequality (8) is met if the input voltage of Port 1 (𝑃1) is the 
largest, namely the following inequality is satisfied: 
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    𝑉1 ≥ max{𝑉2, 𝑉3, . . . , 𝑉𝑚}        (9) 

where 𝑉𝐾is the output voltage of the kth source (k = 1, . . . 
,m). In practice, the renewable energy source with the largest 
nominal output voltage will be connected to Port 1. A 
violation of (9) may lead to one of the following two 
scenarios. 

Scenario 1 (𝑉1): If no power is available from Port 1, (9) is 
no longer valid but (8) should still be satisfied. In this 
scenario, the duty cycle of the switch 𝑆1  is set to be a
constant value such that (8) is satisfied, e.g., 𝑑1 = 0.4, and 
the function of the switch 𝑆1 is to change the direction of 
the current ip flowing through the transformer. Specifically, 
when 𝑆1 is off, the current 𝑖𝑝   flows from the other 
sources to the transformer to charge the capacitor 𝐶𝑆. When 
𝑆1 is on, the capacitor 𝐶𝑆 discharges so that the direction of 
the current 𝑖𝑝  reverses. 

Scenario 2 (0 <  𝑉1 < max{𝑉2 , 𝑉3 , . . . , 𝑉𝑚 }): If the 
maximum power that can be generated by the  energy 
source at Port 1 is low such that (9) cannot be satisfied, (8) 
should still be satisfied. In this scenario, the duty cycle of 
the switch 𝑆1 will be increased to a predefined maximum 
value (e.g., 0.4) by the controller such that (8) is satisfied, 
and the function of the switch 𝑆1 is the same as that in 
Scenario 1. In this scenario, the power generated by the 
energy source connected to Port 1 might be less than the 
maximum power that can be generated by the source. 
However, the difference between the generated and the 
maximum power at Port 1 is small because the maximum 
available power at Port 1 is usually very low in this 
scenario.It should be noted that in the aforementioned two 
scenarios, the sources connected to other ports (i.e., Ports 
2–m) can still be controlled simultaneously and 
independently by appropriately controlling the duty cycles 
of the corresponding switches. Therefore, in Scenario 1, the 
power management of all the ports is still independent. In 
Scenario 2, the power management of Port 1 is not 
independent, which slightly affects the power generated 
from Port 1. However, Scenario 2 can be avoided by 
connecting a boost type voltage regulator between the source 
and Port 1 so that (9) is always satisfied. 

4. PV Modelling 

With the advancement in the utilisation of renewable energy, 
the energy demand can be met with the use of photovoltaic 
system; a general mathematical description of I-V output 
characteristics for a PV cell has been studied for over the 
past four decades. Such an equivalent circuit-based model is 
mainly used for the MPPT technologies.  A solar cell is a 
p-n junction semiconductor with boron acting as the 
substrate. Phosphorous atoms are embedded to the boron 
substrate using high-temperature diffusion method to form 
the p-n junction. The electrons and holes will contribute for 
the production of p-n junction. The electrons are stored in 
semiconductor on two energy bands such as valence band 
and conduction band. When the photons from the sunlight 
strikes on the p-n junction surface of the solar cell, the 
electron-hole combination occurs resulting in the own of 
charges across the junction by moving some electrons to 

conduction band. Some of the charges move towards the 
valence band. The electrons entering the conduction band 
result in conduction of current in solar cell. These electrical 
charges are separated by the potential barrier at the p-n
junction. The electrons will move towards the n-type 
semiconductor and the holes will move towards the p type 
semiconductor. If the n-type and p-type semiconductors of a 
solar cell are connected with an external circuit at this 
moment, the electrons in the n- type semiconductor will 
move to the other side through the external circuit to 
combine with the holes in the p-type semiconductor, and 
then current will. Own through the external circuit, since the 
output voltage of a solar cell is quiet low that is about 0.5 to 
0.7V. The solar cells can be connected in both series and 
parallel for getting required values of current and voltage 
from the PV system. The equivalent circuit of the general 
model which consists of a photo current a diode a parallel 
resistor expressing a leakage current and a series resistor 
describing an internal resistance to the current flow as 
shown in Fig 5.

Figure 5: Solar cell model
The voltage-current characteristics equation of a solar cell is 
given as: 

𝐼 = 𝐼𝑝ℎ −  𝑒𝑥𝑝  
𝑞 𝑉+𝐼𝑅𝑆 

𝐾𝑇𝐶𝐴
 − 1 ‒

𝑉+𝐼𝑅𝑆

𝑅𝑆𝐻
(1)

where 𝐼𝑝ℎ is a light-generated current or photo-current, Is is 
the cell saturation of dark current, q (=1.6 * 10^19 C) is an 
electron charge, k (=1.38* 10^23J/K) is a Boltzmann's 
constant, 𝑇𝐶 is the cell's working temperature, A is an ideal 
factor, Rsh is shunt resistance, and 𝑅𝑆 is a series resistance 
of solar cell The photocurrent mainly depends on the solar
insolation and cell's working temperature, which is described 
as

Iph =  ISC + KI TC − Tref   H                 (2)

where 𝐼𝑆𝐶 is the cell's short-circuit current at a 25°C and 
1Kw/𝑚 2 , 𝐾1is the cell's short circuit current temperature 
coefficient, 𝑇𝑟𝑒𝑓  is the cell's reference temperature and H is 
the solar insolation in Kw/𝑚 2 .On the other hand, the cell's 
saturation current varies with the cell temperature, which is 
described as:

IS=IRS
TC

Tref

3
exp

(qEG (TC−Tref )

Tref TC KA
                 (3)

Where 𝐼𝑅𝑆 the cell’s reverse saturation is current at a 
reference temperature and standard solar radiation 𝐸𝐺ℎ is the 
band-gap energy of the semiconductor used in the cell and A
is the ideal factor, dependent on PV technology.

A PV array is a group of several PV cells which are 
electrically connected in series and parallel circuits to 
generate the required current and voltage. The Simplified 
terminal equation for the current and voltage of the array 
becomes as follows:
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I = NPIph − NPIs  exp  
q V+IRSM  

KTC A
 − 1        (4)

Np and Ns are number of parallel and series cells.

A generalized PV model is built using Matlab/Simulink 
according to equations (1),(2)and (4). The simulink model of 
the above system is given in Fig 6.

Figure 6: Simulink modal of PV system 

The non-linear nature of PV cell is apparent as shown in Fig 
7 and 8 ,i.e output current and power of PV cell depend on 
the cell's terminal operating voltage and temperature ,and 
solar insolation as well. 

Figure 7: VI graph 

Figure 8: PV graph

With increase of solar insolation, the short circuit current of 
PV module increases, and the maximum power output 
increases as well. The reason is that the open circuit voltage 
is logarithmically depended on solar irradiance, yet the 
short-circuit current is directly proportional to the radiant 
intensity.

5. Simultaneous Power Management For A 
Solar Hybrid Generation System Using The 
Proposed Converter 

In this paper, the proposed converter is applied for MPPT 
control of a solar hybrid generation system consisting of two 
PV panels, as shown in Fig. 5. The MPPT controller uses a 
P&O MPPT algorithm to maximize the output power of the 
two PV panels simultaneously under various weather 
conditions. Since the solar radiation and the temperature, the 
updating frequency of 𝑑1is set to be the highest. As shown 
in Fig. 5, the MPPT controller uses the output voltage and 
current of each source as the input to generate an appropriate 
pulse width modulated signal for the corresponding switch. 
The flowchart of the P&O MPPT algorithm is shown in Fig. 
5, where 𝑉𝑆(𝐾) and𝑃𝑆(𝐾) are the sampled voltage and power 
of each source at the kth step, respectively, and d is a 
predefined perturbation value of the switch duty cycle in two 
consecutive switching periods. The updated duty cycle 
causes a change in the source current, which leads to the 
variation of the output power of the source. 

Figure 5: Flowchart of the P&O MPPT algorithm.

6. Experimental Results 

With the analysis and design guidelines presented in the 
previous sections, the designed converter was constructed: 

Table 1: Component Specifications of the Converter 
Constructed 

The Simulation model of Isolated multiport dc -dc converter 
is shown below in figure 6 and the converter section is 
shown in fig 7
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Figure 6: Simulation Circuit of Isolated multiport dc dc 
converter

Figure 7: Converter section of Isolated multiport dc dc 
converter

Gate pulses to the two PV panels are generated using the 
circuit given in figure 8. The pulses obtained are shown in 
figure 9.The pulses for third source ie battery is generated by 
using pulse generator.

Here we are using One battery sources 6.6V and two pv 
panels, the output of two pv panels is 10.1V AND 11.1V 
respectively. The output voltage obtained will be a boosted 
voltage of about 53V in figure 12. Figure 13 shows the 
output current of two PV panels
              

Figure 8: Pulse generation for PV panels

Figure 9: Switching pulses For PV Panels 

Figure 10: Input voltage of Battery (Source 2) 

Figure 11: Output voltage of PV panel 1 & 2

Figure 12: Output voltage of the converter

.

(a)

(b) 
Figure 13: Waveform of output current of PV panels

7. Conclusion 

An isolated multiport dc–dc converter that uses the 
minimum number of switches has been designed for 
simultaneous power management of multiple energy 
sources. The designed converter has been applied for 
simultaneous power management of a three sources. The 
experimental results have been provided to show the 
effectiveness of the designed converter. The advantage of 
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the designed multiport dc–dc converter is its simple 
topology. Moreover, the designed converter can be easily 
applied for power management of other types of renewable 
energy sources. 
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