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ABSTRACT: The pulse-width-modulation plus phase-shift control technique paves the way for decoupled regulation 

of the output voltage and power by presenting two control freedoms, which allows the input voltage to vary in a wide 

range.  To diminish the current stress of switches and minimize the conduction loss, the root-mean-square (RMS) 

current of inductance and the boundary condition of the phase-shift controller in different operation cases are studied. 

In this proposed system a stacked three-port three-level converter (STPTLC) using MOSFET switches is proposed for 

interfacing the renewable energy sources with load for applications. A  three-port three-level converter (STPTLC) 

deriving from asymmetrical bidirectional half-bridge (ABHB)modules for applications such as hybrid Battery-PV DC-

microgrid systems, HEV, and fuel-cell supplied power systems. 

 

I. INTRODUCTION 

 

There are growing appeals for renewable energy sources (RES) such as photovoltaic (PV) and fuel cell (FC) because of 

the inexhaustibility and low carbon emission. RES has been widely adopted for applications such as hybrid electric 

vehicle (HEV), hybrid renewable energy systems, and the residential RES-based power system.  Nevertheless, power 

generation of these volatile RES is unpredictable as the pattern of their power production depends on the weather; thus, 

to overcome this problem, an energy storage device should be adopted that can deliver the backup power with a fast-

dynamic response. Aside from semiconductor devices, developments in the topology of power converters have further 

improved the power systems performance for high-frequency and high-efficiency applications. To manage the power 

flow in a micro-grid, the ESSs are usually required to store the excess energy generated by RESs and release it when 

the RESs are not sufficient or during peak energy consumption period. Bidirectional DC-DC converter is necessary for 

ESSs besides the power converters for the RESs.  
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Fig 1: BLOCK DIAGRAM 

 

The proposed TPTLC benefits from the intrinsic advantages of ABHB converter, which include the ZVS performance, 

bidirectional power transfer capability, and high power-density due to the small input filter. The converter takes 

advantage of pulse-width modulation (PWM) plus phase-shift modulation (PPSM) technique in terms of providing two 

control freedoms to regulate the power flow and voltage independently. Due to employing multilevel configuration, the 

voltage stress across switches is reduced , that results in lower conduction losses. Compared to the classical solutions, 

the TPTLC can directly charge and discharge the battery while the power is not required to pass through the 

transformer; so, a more compact power conversion system with higher efficiency is ensured.  The design procedure of 

controllers becomes simple. 

 

PV: 

PV array has non-linear I-V characteristic and output power depends on environmental conditions such as solar 

irradiation and temperature. The point on the I-V, P-V characteristic curve of PV array where the PV system produces 

its maximum output power is called as Maximum Power Point (MPP). The purpose of MPPT is to adjust the solar 

operating voltage close to MPP under changing environmental conditions. In order to continuously gather the 

maximum power from the PV array, they have to operate at their MPPT despite of the inhomogeneous change in 

environmental conditions.  

  

There are different types of MPPTs. The conventional MPPTs are generally based on the ―hill climbing‖ method and 

give an accurate MPP but the time taken to obtain the MPP is larger, thereby resulting in a lesser efficiency. They are 

also economically favorable Modern MPPT techniques are faster and find the MPP with lesser time and by executing a 

smaller number of cycles as they have the ability to deal with non-linearity and models which are not mathematically 

defined. 3.1 Perturb & Observe Method In this method, the controller adjusts the voltage by a small amount from the 

array and measures power; if the power increases, further adjustments in that direction are tried until power no longer 

increases. This is called the perturb and observe method and is most common, but this method can result in oscillations 

of power output. It is referred to as a hill climbing method, because it depends on the rise of the curve of power against 

voltage below the maximum power point, and the fall above that point. Perturb and observe is the most commonly used 

MPPT method due to its ease of implementation. Perturb and observe method may result in toplevel efficiency, 

provided that a proper predictive and adaptive hill climbing strategy is adopted.  

  

In the P&O algorithm, the inputs of the MPPT system are the power output in watts and the working voltage of the PV 

module. A perturbation is given to the system and the change in power is observed. If the value of change in power is 

http://www.ijirset.com/


 

                       

                       ISSN(Online): 2319-8753 

        ISSN (Print):   2347-6710 

International Journal of Innovative Research in Science, 

Engineering and Technology 

(A High Impact Factor, Monthly, Peer Reviewed Journal) 

Visit: www.ijirset.com 

Vol. 9, Issue 3, March 2020 

Copyright to IJIRSET                                                             DOI:10.15680/IJIRSET.2020.0903030                                                174 

     

positive, a similar perturbation is applied in order to check for a higher power. If the change in the power output is 

negative, then the sign of the perturbation is reversed. 

 
 

Fig 2: Work Flow 

 

The waveform of inductor current with coupled inductors, as shown in the red solid lines. And the inductor current with 

non-coupling inductors for the three-level DC/DC converter in the dashed lines is set as the benchmark. Comparing 

with the inductor current waveform in interleaving buck converter, now inductor current ripple is not determined solely 

by one equivalent inductance in the three-level case. Instead, the first three time intervals determine the inductor current 

ripple together. 

 

The equivalent inductance concept to analyze the effect of coupled inductors in the steady-state performance of three-

level DC/DC converter, and to provide guidance for coupling design. With the equivalent inductance analysis for 

interleaving buck as a reference, the same method is applied to derive the equivalent inductance in three-level DC/DC 

converter. The connection between equivalent inductance and both inductor current ripple and output current ripple is 

built. For inductor current ripple, it is not determined by one equivalent inductance, and a new steady-state equivalent 

inductance is derived for its determination. For output current ripple, it is decided by the Leq2, or the leakage 

inductance  of the coupled inductors.  

 

To design the coupled inductors, a two-step procedure is provided based on the current ripple requirements. The 

leakage inductance Llk is designed based on the maximum output current ripple requirement, and then mutual 

inductance Mab will be designed based on the maximum inductor current ripple requirement. To have a fair 

comparison between coupling and non-coupling inductors, the same output current ripple is assumed and Leq2 of 

coupled inductors is equal to the non-coupling inductance Lnc. Under this condition, it is discovered that strong 

coupling is desired for inductor current ripple reduction. And by analyzing the magnetic circuit, the strong coupling can 
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be designed by controlling the air gaps in the magnetic core, and both small inductor current ripple and output current 

ripple can be achieved. 

 

II. BACKGROUND WORK 

 

A TPC is a well-established means of realizing a highly regulated dc-link bus in systems with multiple sources. Since 

the input port is connected to a RES such as PV, TPC has to have the maximum power tracking capability. Due to the 

volatility of renewable energy sources, presence of an energy storage element is necessary to supply the mismatched 

power. In this section, the proposed STPTLC is thoroughly studied. Stacking converters such as that depicted in Fig.2 

aims at improving the efficiency and voltage gain without requiring any extra component. It is obvious that the power 

can transfer among three ports directly without using any transformer. The clamp circuit limits the voltage stress of 

switches; hence switches with smaller on-resistance RDS(ON) can be used, leading to lower conduction loss. 

Compared to other TPC, STPTLC offers the soft-switching for a wide range of power and input voltage and needs a 

smaller number of switches and inductors to achieve high voltage gain. Symbols are defined as follows: filter inductors 

LB1, LB2, power switches S1, S2, S3, S4, auxiliary capacitor Caux, clamp capacitor CC, and output capacitor CO. 

Vout denotes the voltage of high-voltage port (HVP), which is equal to summation of voltage of clamp capacitor and 

output capacitor, VCc+VCo. In Fig.2, the battery is emulated by a voltage source VBT. Also, the solar panel is 

modeled as an ideal voltage source VPV in series with a diode DPV. The voltage across switches S2 and S3 are 

symbolized by Vab and Vdb, respectively. The gate pulse of switches S2 and S4 are complementary to that of switches 

S1 and S3, respectively. The inductor LB1 is adopted as a filter to reduce the battery current ripple, and the inductor 

LB2 is used to form a resonant circuit to realize ZVS performance and confine the peak current of HVP switches. The 

main switches S1 and S3 can transfer the power from PV to the battery and the load, respectively. While no extra 

voltage stress is added across the switches, an auxiliary capacitor is added to the circuit to extend the range of 

softswitching performance, which forms a resonant tank with the inductor LB2. This auxiliary capacitor stores the 

magnetic energy of inductor LB2, and released it to the output capacitor Co. 

Methods 

 

III. POWER SUPPLY UNIT BLOCK 

 

 All digital circuits work only with low DC voltage. A power supply unit is required to provide the appropriate 

voltage supply. This unit consists of transformer, rectifier, filter and a regulator. AC voltage typically of 230Vrms is 

connected to a transformer which steps that AC voltage down to the desired AC voltage level. A diode rectifier then 

provides a full wave rectified voltage that is initially filtered by a simple capacitor filter to produce a DC voltage. This 

resulting DC voltage usually has some ripple or AC voltage variations. Regulator circuit can use this DC input to 

provide DC voltage that not only has much less ripple voltage but also remains  in the same DC value, even  when the 

DC voltage varies, or the load connected to the output DC voltage changes. The required DC supply is obtained from 

the available AC supply after rectification, filtration and regulation. Block diagram of power supply unit is shown in 

Figure 2.1 

 

The main components used in the power supply unit are Transformer, Rectifier, Filter and Regulator. The 230V AC 

supply is converted into 9V AC supply through the transformer. The output of the transformer has the same frequency 

as in the input AC power. This AC power is converted into DC power through diodes. Here the bridge diode is used to 

convert AC supply to the DC power supply. This converted DC power supply has the ripple content and for normal 

operation of the circuit, the ripple content of the DC power supply should be as low as possible. Because the ripple 

content of the power supply will reduce the life of the circuit. So to reduce the ripple content of the DC power supply, 

the large value of capacitance filter is used. 

This filtered output will not be the regulated voltage. For this purpose IC7805 regulator IC is used in the circuit. 
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IV. RESULT 

 

       
 

Perturb & Observe Method In this method, the controller adjusts the voltage by a small amount from the array and 

measures power; if the power increases, further adjustments in that direction are tried until power no longer increases. 

This is called the perturb and observe method and is most common, but this method can result in oscillations of power 

output. It is referred to as a hill climbing method, because it depends on the rise of the curve of power against voltage 

below the maximum power point, and the fall above that point. Perturb and observe is the most commonly used MPPT 

method due to its ease of implementation. Perturb and observe method may result in toplevel efficiency, provided that a 

proper predictive and adaptive hill climbing strategy is adopted.  

 In the P&O algorithm, the inputs of the MPPT system are the power output in watts and the 

working voltage of the PV module. A perturbation is given to the system and the change in power is observed. If the 

value of change in power is positive, a similar perturbation is applied in order to check for a higher power. If the 

change in the power output is negative, then the sign of the perturbation is reversed. 

 

V. CONCLUSION 

 

A voltage source inverter is one where the independently controlled ac output is a voltage waveform. A current source 

inverter is one where the independently controlled ac output is a current waveform. Some industrial applications of 

inverters are for adjustable- speed ac drives, induction heating, stand by air-craft power supplies, UPS uninterruptible 

power supplies) for computers, HVDC transmission lines etc. An inverter changes DC voltage from batteries or solar 

panels, into standard household AC voltage so that it can be used by common tools and appliances. Essentially, it does 

the opposite of what a battery charger or &quot;converter&quot; does. DC is usable for some small appliances, lights, 

and pumps, but not much else. Some DC appliances are available, but with the exception of lights, fans and pumps 

there is not a wide selection. Most other 12 volt items we have seen are expensive and/or poorly made compared to 

their AC cousins. The most common battery voltage inputs for inverters are 12, 24, and 48 volts DC - a few models 

also available in other voltages. There is also a special line of inverters called a utility intertie or grid tie, which does 

not usually use batteries - the solar panels or wind generator feeds directly into the inverter and the inverter output is 

tied to the grid power. 
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