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Abstract: In This paper develops a grid linked single stage single phase inverter for PV

applications. The developed inverter has the ability to generate voltage with an amplitude less or

greater than the DC source voltage, buck-boost capability, and extracting the ultimate PV power

in one juncture. The developed inverter has the advantage of using a single inductor to output the

positive and negative halves of the grid voltage which eliminates parameters mismatching

problem. Lower switching losses is a distinct feature for the developed inverter, during positive

part of the grid wave only one switch is run at switching-frequency and to create the negative

part of the grid wave only two-switches are run at the switching frequency. Another feature for

the proposed inverter is the reduced voltage stresses across its switching components, which

leads to compact size and reduced cost. To ensure transmitting current to the grid in phase with

the grid voltage, the system is designed to operate in discontinuous conduction mode (DCM).

The system is simulated using PSIM platform to validation the developed inverter and its MPPT

control.

I.INTRODUCTION

PV earned a great attention nowadays, as it

is an important, efficient and repeatable

power origin. It also has emission-free

working principle, less required

maintenance and the big advantage which is

the availability [1]-[3]. When a photovoltaic

system is established, one of the main

components that will be used is the inverter

to mutate the dc output of PV into AC. The

common inverter is the H-bridge inverter

which can only produce an output voltage
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with a peak amplitude less than the input dc

voltage [4]-[9]. If power conditioning

feature is required a dc/dc converter stage

should be used in front of the H-bridge and

in this case, it is called a two-stage inverter.

As in [10] a buck-boost converter is in series

with an H-bridge. other configurations are

mentioned in [11] where a boost dc/dc

converter is cascaded by an H-bridge. But

the two stage inverters have the

disadvantages of less efficiency, large size,

large weight, reduced reliability and

increased cost.so several configurations of

one stage inverters developed in the

literature to mend the efficiency and

compactness. As in [12] a half-bridge buck-

boost inverter is proposed but the main

disadvantages of this topology is that each

one of the PV sources operates half the cycle

time only which weakens the benefit from

the PV power to half. In [13] a single stage

topology was proposed with a usage of

mutually coupled coils but it suffers

from high switching losses, asymmetrical

operation in positive and negative halves of

the sinewave and it is convenient only for

depressed power enforcement [14]. In [15] a

single stage Buck- Boost and Full-Bridge

Integration was presented but all topology

switches have a high voltage stress and the

buck-boost main switch operates at a high

frequency at both halves of grid voltage

leading to concentrated losses at that switch

which reduces its life time. In this work, a

new one phase single stage inverter for grid

tied PV systems is suggested in this paper

with the advantages of:

Production of an ac output voltage with a

peak value less or more than the input

voltage.

Snatching the PV ultimate power.

Improvement of the efficiency by

lowering the number of switches which

operates at the switching frequency.
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Reduction in the number of objects used

in the circuit which helps in reducing size,

weight and price of the inverter.

Reduction in the voltage stress on two of

the switching components to the input

voltage.

Usage of a single inductor in the two

halves of the ac cycle which guarantee

symmetry.

Low value of Total Harmonic Distortion

(THD) is obtained.

The paper structure is as below: Section II =

offers the operation principle of the

proposed single stage buck boost inverter.

Section III offers the analysis and design of

the proposed inverter. Section IV presents

the maximum power point tracking

technique used for extracting the maximum

power from PV. Section V introduces the

simulation results.

II. OPERATION PRINCIPLE

The suggested inverter is shown in fig.1. It

consists of one buckboost inductor, five

switches, three diodes, input capacitor,

filtering capacitor and filtering inductor.

Circuit parameters are selected to ensure the

discontinuous conduction mode operation.

Fig.1.proposed single stage buck-boost

inverter

At the charging mode switches S1,S2,S3,S4

are on as presented in fig.2(a). At the

discharging subinterval 2 S is altered to off

state as offered in fig.2(b) and the energy

stored inside the inductor is received by the

output. And hence, only one switch operates

at the switching frequency during the

sinewave positive voltage production which

limits the losses and improves the efficiency.

Circuit behavior in the third subinterval is

offered in fig.2(c). which offers that diode 2

D state is altered to be off and the energy
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stops to be stored in the inductor or received

by the grid.

B. production of the sinewave negative

voltage

At the charging mode switches S1,S2,S3,S5

are on as offered in fig.3(a). And hence, the

inductor is connected to the PV source to

receive and store energy for the next

subinterval. At the discharging subinterval

switches S1,S3 are altered to off state as

given in fig.3(b). And hence, the stored

energy of the inductor is received by the

output. circuit behavior in the third

subinterval is given in fig.3(c) which

presents that diode D3 state is altered to be

off and the energy stops to be stored in the

inductor or received by the grid.

III. ANALYSIS AND

PARAMETERS DESIGN

To ensure the circuit operation at the

Discontinuous Conduction Mode (DCM)

and obtain a unity power factor injected

power with a low THD circuit parameters

must be carefully designed as following:

A. Buck-Boost inductor design
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The maximum photovoltaic modules power

could be obtained as

Table.2.is a comparison between the

developed topology and other topologies

exist in the literature in count of component.

Table.3. represents a comparison in voltage

stress on switches. From tables.2 it is seen

that the developed topology has a reduced

number of components which ensures the

compactness and reduces the cost and

weight of the topology. The developed

topology also achieved a reduced voltage

stress on its component compared to the
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available topologies in literature as can be

seen in table.3. which reduces the cost and

improves the topology compactness.

IV.MAXIMUM POWER POINT

TRACKING CONTROL

Because of The great initial price of PV

modules and the variation in the

environmental conditions like temperature,

radiation and others a MPPT control is

necessary for snatching the ultimate

available PV power [16]-[18].

The MPPT algorithm used in this paper is

shown in fig.5. Where Vn and In are the

measured amounts of the PV modules.

Pv and Pi are the prestored values for

voltage and current of the PV modules. The

algorithm could be explained as following

Vn and In are sensed and with the help of

Vp and Ip the difference between the

measured and prestored values in PV

voltage and current could be obtained which

are dI and dV respectively. If dV = 0 and dI

= 0 then no increase or decrease in the duty

cycle will happen. If dV = 0 and dI > 0 then

the duty cycle should be decreased. If dV =

0 and dI < 0 then the duty cycle should be

increased. If dV does not equal to zero and I

+dI / dV *V = 0 then no increase or decrease

in the duty cycle should be happened and if

dV does not equal to zero and I +dI / dV *V

> 0 then a decrease in the duty cycle should

be happened but if dv does not equal to zero

and I +dI / dV *V < 0 then an increase in the

duty cycle should be done.
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V. SIMULATION RESULTS

The simulation tool used in this paper is

PSIM software. Four

BP485 85W PV panels were used with a

characteristic as shown in Table .1.

simulation parameters of the circuit are:

buck-boost inductor=120uH, fs = 15khz ,

Cin = 10mf , Cf =1uf, Lf = 3.5mf ,peak grid

voltage =311v and grid frequency =50HZ.

Fig.6. is for grid voltage and current which

shows a unity power factor power injection.

Fig.7. presents the voltage stress of S1 and

D1 which is limited to the input voltage so

that improved efficiency and reduced cost

could be achieved. Fig.8.presents PV output

current, output voltage, output power and

radiation when a step change from 700

W/m2 to 1000 W/m2 happened in the

radiation which ensures the validation of the

MPPT control and its ability of tracking the

ultimate PV power. Fig.9. shows the

switching pulses for the five switches which

shows that at the positive half cycle only one

switch is run at the switching rate and in the

second part of sinewave a different two

switches are run at the switching rate. So

that losses are limited, efficiency is

improved, the working stress on the

switches is minimized and distributed

among switches which improves the

switches life time and decreases its cost and

cooling requirements. Fig.10. represents the

efficiency curve of the suggested inverter

topology. In the efficiency calculation the
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switching losses of switches, the conduction

losses of switches, the switching losses of

diodes and the conduction losses of diodes

were considered.

Fig.6.grid voltage and current.

Fig.7.Voltage stress on S1 and D1

respectively

Fig.9. PV output and radiation

(a)

(b)
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©

(d)

(e)

Fig.7.Switching pulses for switches (a) S1 (b) S2 ,
(c) S3, (d) S4 and (e) S6

Fig.10.The developed inverter efficiency
curve

VI. CONCLUSION

A novel inverter was suggested which is

able to output a voltage with a level less or

greater than the input PV voltage, convert

the input PV voltage into ac one, inject a

current to the grid in phase with the grid

voltage and track the MPP of PV modules.

The suggested topology uses a single buck

boost inductor in positive and negative

halves of the sinewave. Improved efficiency

is obtained due to limitation of the switching

losses of switches. A reduced voltage stress

on some switching components is also

achieved. PSIM software is used to ensure

the validation of the suggested topology.

REFERENCES

[1] Y.-M. Chen, H.-C. Wu, Y.-C. Chen, K.-

Y. Lee, and S.-S. Shyu, “The AC line

current regulation strategy for the grid-

connected PV system,” IEEE Trans. Power

Electron., vol. 25, no. 1, pp. 209–218, 2010.

[2] O. Abdel-Rahim, M. Orabi, and M. E.

Ahmed, “Development an efficient



ISSN: 2366-1313

Volume VII JUNE 2022 Issue I www.zkginternational.com 190

photovoltaic (PV) configuration for low

power applications,” in 2010 IEEE

International Conference on Power and

Energy PECon2010, 2010, pp. 622–627.

[3] X. Guan, Z. Xu, and Q.-S. Jia, “Energy

efficient buildings facilitated by microgrid,”

IEEE Trans. Smart Grid, vol. 1, no. 3, pp.

243–252, 2010.

[4] T.-J. Liang, Y.-C. Kuo, and J.-F. Chen,

“Single-stage photovoltaic energy

conversion system,” IEE Proceedings-

Electric Power Appl., vol. 148, no. 4, pp.

339–344, 2001.

[5] O. Abdel-Rahim, H. Funato, J. Haruna,

“Gird-connected boost inverter for low

power pv applications with model predictive

control “IET The Journal of Engineering,

2017, 1.1.

[6] H. I. Sewell, D. A. Stone, and C. M.

Bingham, “A describing function for

resonantly commutated H-bridge inverters,”

IEEE Trans. Power Electron., vol. 19, no. 4,

pp. 1010–1021, 2004.

[7] O. Abdel-Rahim, H. Funato, J. Haruna,

“An efficient and high-gain inverter based

on the 3s inverter employs model predictive

control for PV “Journal of Electrical

Engineering & Technology, vol.12, no.4,

pp.1484-1494 , 2017.

[8] Y. Chen and K. M. Smedley, “A cost-

effective single-stage inverter with

maximum power point tracking,” IEEE

Trans. power Electron., vol. 19, no. 5, pp.

1289–1294, 2004.

[9] M. E. Ahmed, M. Orabi, and O. M.

AbdelRahim, “Two-stage micro-grid

inverter with high-voltage gain for

photovoltaic applications,” IET Power

Electron., vol. 6, no. 9, pp. 1812–1821, Nov.

2013.

[10] Prasadu Peddi (2018), “A STUDY FOR

BIG DATA USING DISSEMINATED



ISSN: 2366-1313

Volume VII JUNE 2022 Issue I www.zkginternational.com 191

FUZZY DECISION TREES”, ISSN: 2366-

1313, Vol 3, issue 2, pp:46-57.

[11] R.-J. Wai, R.-Y. Duan, J.-D. Lee, and

L.-W. Liu, “High-efficiency fuel-cell power

inverter with soft-switching resonant

technique,” IEEE Trans. Energy Convers.,

vol. 20, no. 2, pp. 485–492, 2005.


