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Abstract

There are so many topologies of DC-DC converters are used in Grid connected PV
system among all those topologies the Pl controlled dc-dc Zeta converter with soft
switching provides the best result among all and which is more suitable for both IC and P
& O algorithm. This topology is also suitable for switching between two different MPPT
algorithms. In this paper the MATLAB simulation performance analysis of combination of
PI control and soft switching techniques. This performance analysis of this combination
of techniques of a grid connected PV system finds the better suitable converter which can
give the output with maximum power from the PV module and can have reliability to
connect it to the GRID. .

Keywords: Solar PV, Grid, Efficiency, MATLAB simulation, , zeta converter, Pl
controller

1. Introduction

As we know there are so many process are taking place to deliver the electrical energy
to the consumer to satisfy their demand. The significance of saving one unit of electricity
has been discussed in [1] according to that, there is a need to generate two units of
electrical energy in order to deliver one unit of electrical energy. This many losses are
taking place due to the different kinds of processing losses. These processing losses
involved starting from the electricity generating station to the consumer end. The power
system network not only facing technical loss problem and also it has issues of
environmental pollution in it [2]. Therefore there is a thrust to decline towards renewable
energy generation which has numerous advantages because it does not require fuel, it
require very less maintenance and it has environmental benefits etc. [3]. Even though the
renewable energy generation has its own benefits it less conversion efficiency due to
lacking in technical developments in the renewable energy generation and also the
availability of source for renewable energy are not constant throughout the year. The
researchers are focusing to improve the efficiency in different aspect for example the
efficiency of the solar power plant is highly dependent upon the solar radiation, location
of the plant to get maximum radiation etc., such kind of parameters are highly depends on
environmental condition which never be controlled manually[4]. The challenge is not
stopped just after improving the efficiency of the renewable energy generation plant it
extends to the process of storing of the generated electrical energy. The large amount of
electrical energy which is generated has to be stored because the energy generated form
the renewable energy is not suitable to directly connect it to the grid. The generated
energy either has to be stored or connected to the utility grid. In both the cases it is very
difficult due to the technical limitations. [5-8]. Hence in this paper we are going to discuss
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the performance analysis of combination of PI controlled dc-dc zeta converter with soft
switching grid connected PV which can help the energy which is generated from the solar
PV to connect it to the grid efficiently with more reliability

2. Performance Analysis of Zeta Converter Topology

The DC-DC Zeta converter works under two modes they are Continuous Conduction
Mode (CCM) and Discontinuous Conduction Mode (DCM). This zeta converter consist of
components such as switches, diodes etc., hence the zeta converter is the nonlinear circuit
[9]. The first step to design a converter is modeling of the circuit therefore the modeling
technology is carried out first. This modeling technique needs the averaging and
linearization of the circuit. The linearization and averaging is the difficult portion of the
modeling zone and due to this reason the Laplace transform under transient condition
approach is followed in this paper [10]. The entire circuit is made in ON state and OFF
state condition and those two stages is combined by state space analysis to get the transfer
function. After deriving the transfer function and checking its stability and simulation is
carried out to see its performance. The simulation results are displayed. [11-13]

2.1 Modeling of Converter with ON and OFF States

Designing a model with PI controlled Zeta converter. In this process, by applying
signal flow graph technique transfer function is obtained. Then, the frequency domain
responses are obtained form of Bode plot. Proper tuned Pl controller is designed. At last,
the simulation results based on the presented modeling and controlling methods are
displayed to prove the efficient and reliable performance and behavior of proposed
converter. Let we see the circuit diagram of the Dc-Dc zeta converter with CCM mode of
operation with both ON state and OFF states.

The Figure (1) and (2) are shows the circuit diagram of ON and OFF state if zeta
converter. By applying KVL and KCL and Transient analysis the transfer function is
derives from those circuits. Here we use state space analysis to obtain the transfer
function. The stability is checked by using bode plot. Let we see the modeling of the
above circuits,
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Figure 2. OFF State Analysis
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Ly (dips / dt) = v; @)
L, (dip / dt) = vi + ve + v, (2
Cy (dvey / dt) =i, (3)
Vo = Vo 4)
Cy (dvea /1 dt) =i, - (Vo/R) (5)
Substituting equation (4) in (5) we get,
C, (dv, / dt) =i, - (Vo/R) (6)
If, Xy =01, , Xo =i, X3=Vei, X4= Ve, State space equation can be written as below,

X1 o] 0] o] o] X, /L,

AR ol b MR

% o 1/C, 0 —1/RC, || x, 0

The above equation (7) is the state space equation of ON state and now we will see the

OFF state equation as follows,

Ly (dips / dt) = -vey )
L (dio / dt) = -veo 9)
Cy (dves / dt) =iy (10)
Vo = Vo (11)
C, (dvea / db) =i, - (Vo/R) (12)
Substituting equation (4) in (5) we get,
C, (dvo / dt) =i, - (Vo/R) (13)
The above equations of OFF state analysis can be written in state space,

00 0 0 0 0 -y, 0 YL, 0
e L O L

0 Yc, 0 -YRC, 0 1C, 0 -YRC, 0 0 (14)

In these above equations (7) and (14) the values of equilibrium is found, substituted
and Laplace transform is applied to obtain the transfer function of the converter.
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The final transfer function of the converter is given as,
Go(S) = Gy (S) Gyc (S) H(S) = Gug (S) *(1/Voe) *(Vret/ Vae) (15)

After substituting the designing parameters of the desired circuit the actual transfer
function as follows,

Go(s)= (1.814*10°s%-8.67*107s+697)

(3.054*10™s*+2.44*10™"%s°+1.25*10*s*+1.0055+1) (16)

3. Proposed PI control scheme design

A PI controller is designed for the stability of the Zeta converter in closed loop control
system and the transfer function of the this network is derived as,

Ge(s) = (1+5R,Cs) / (SR ((C5+Ca) + (SR1C5Ca)) (17)
Rs =((R2Vien /( Ve — Vier ) (18)
Ra =(( RaVien /( Vose — Vier)) (19)
fo =((1/(2 1 (L,Cp)"?) (20)
f, = .75f, (21)

Therefore the PI controller transfer function is,
Ge(s) = ((7.6 *10°%s+1) / (3.45 *1073s” +1.865)) (22)

WhereL, = L, = 40mH C, = 833uF, f. = 50kHz V, = 60V, V,.-=4.5Volt,
V.ef = 1.05V (from IC datasheet), AV,,,, = 3V (from IC datasheet), BW = 20Hz. After
combining the transfer function of converter and PI controller the stability can be checked
by using Bode Plot which is shown in Figure (3)

Bode iagram
Sm = 13.& dB (at 149 radsec) , Pm = 50.4 deg (at 1.39 radisec)
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Figure 3. Bode Plot of Stability Check
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From Figure (3) it is obvious that the PI controller make the zeta converter more stable as
compared to basic converter.

4. MATLAB Simulation of the Proposed System with the Results

The Figure (6) is the MATLAB simulation of DC-DC zeta converter with Pl control
technique which helps to increase the stability and reliable which is coming out from the
PV panel to connect it to the grid. The MATLAB simulation of the Entire system is also
realized in Figure (5) where the zeta converter with PI controller used as a sub system to
get the output with good quality which can be directly connected to the grid with less
harmonics.
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Figure 4. MATLAB Simulation of Entire PV System Connected to Grid

Copyright © 2016 SERSC 159



International Journal of Smart Home
Vol. 10, No. 7 (2016)

Figure 5. MATLAB Simulation Proposed Zeta Converter with PI
Control Technology
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Figure 6. Load Current of ZETA Converter
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Figure 9. PWM Signal
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Figure 10. Capacitor Current

From the Figure (6) to (10) we can see the simulation performance graph of PI
controlled Zeta converter. It obvious from the Figure (7) that it has very much better THD
level which makes the output more stable and reliable.

5. Conclusion

This paper presents the most important basic requirements of PV system which are
connected to the commercial grid is being discussed. The basic traditional dc- dc
converter may be used to maintain the constant output before it is given to the inverter
circuit but due its instability, less efficiency and more harmonics. Hence here we
modelled and designed dc-dc zeta converter with Pl controller which gives better THD
level which increases the quality of the power which is fed to the utility grid. And also we
can use soft switching circuit in addition with PI controller with zeta converter to improve
the efficiency. Hence the dc-dc zeta converter with PI controller technique provides better
results which are more reliable to connect it to the grid.

References

[1] A.Ambikapathy. Gajendra Singh, Prabhakar Tiwari, “Significance of saving one unit of Electricity”, 1%

UPCON-ICEEE2015, 26-28" March, 12015, IEEE explore, pp1-6.

[2] A.Ambikapathy, Gajendra Singh, Ashish Srivastava “ Soft switching Zeta converter with predictive
control technique for grid connected PV” International journal of applied engineering research , ISSN
0973, vol 10, 92, 2015, 276-283

[3] Z.peng, W.yang, X.Weidong, and L.Wenyuan “Reliability evaluation of grid connected photovoltaic
power system” IEEE Transaction on sustainable energy.vol.3. pp 379-389. 2012.

[4] M.Kasper, D.Bortis, T.Friedi and J.W.Kolar, “ Classification and comparative evaluation of PV panel
intergrated dc-dc converter concepts” in IEEE power electronics and motion control conference
(EPE/PEMC), 2012,pp-LS1e4-LS1e.4-8.

[5] B.Farhangi and S. Farahangi “ Comparison of z source and Boost Buck inverter topologies as a single
phase transformerless photovoltaic grid connected power conditioner” in IEEE Power Electronics
specialist conference (PESC), 2006, pp 1-6.

[6] H.Behjati and A Davoudi “A multiple input multiple output DC — DC converter” IEEE Transaction on
Industry Application vol.49. pp-1464-1479, 2013.

[71 H.Keyhani abd H.A. Toliyat “ A New generation of buck-boost resonant AC-Link Dc-DC converter” in
IEEE Applied Power Electronics Conference and Exposition(APEQ) 2013, pp 1383-1390.

[8] A.Ambikapathy, Gajendra Singh, Ashish Srivastava * Efficient soft switching dc-dc converter for MPPT
of a Grid connected PV system" International conference on computing, communication and automation
ICCCA2016, IEEExplore pp 1-6.

162 Copyright © 2016 SERSC



International Journal of Smart Home
Vol. 10, No. 7 (2016)

[91 Liela Mohammadian, Ibrahim Babaie, Mohammed Bagher Banne Sharifian : Buck Boost Dc-DC
converter Control by using the extracted models from signal flow graph method” International Journal of
Mathematics, Electronics and computers ISSN 2147-8228 pp 155-160.

[10] Gatto, G.; Marongiu, I.; Mocci, A.; Serpi, A. “An improved averaged model for boost dc-dc
converters”IECON 2013, nov pp 85-91 IEEE xplore.

[11] Elshan davaran hagh, Ebrahim Babaei, Leila Mohammadian” A new Model method and controller
design for DC-DC Zeta converter” Electrical Engineering Research, 2015, 3(0). 8-17.

[12] Priewasser, R. , Agoastinelli, M, Unterrieder ch, Marsilis, Huemer M, “Modelling, control and
implementation of dc-dc converters under variable switching frequency operation” IEEE Trans, Power
Electronics, vol 29, no.1, pp 287-301.

[13] Babaei, E, Mashinchi Maheri, H “Analytical solution for steady and transient states of buck dc—dc
converter in CCM.” Arab. Journal Sci. Eng., vol. 38, no. 12, pp 3383-3397, 2013.

[14] Mashinchi Maheri, H.; Babaei, E. “Mathematical modeling of buck—boost dc—dc converter and
investigation of converter elements on transient and steady state responses.” Electrical Power and Energy
Systems, vol. 44, pp 949-963, 2013.

[15] Veerachary, M.; Singamaneni, B.S. “Stability Analysis of Cascaded DC—DC Power Electronic System.”
IEEJ Trans. Elec. Electron. Eng. vol. 4, no. 6, pp 763-770, 20009.

[16] Neeraj priyadarshi, Dr.Vinod Kumar, Dr.R.R.Joshi” Zeta converted integrated inverter for grid
connected PV system with optimal power point track” International journal of innovation research in
science engineering and technology vol4, issue 2, Feb 2015 pp 427-423.

[17] HenriqueF.Lepez, Cesar Zollmann, Rean Viero e Fernando S. Dos reis “ photovoltaic panels grid — tied
by a Zeta converter” IEEE Explore Power electronics conference sep 2009 COBEP’09, Brazilian. Pp
182-188

Copyright © 2016 SERSC 163



International Journal of Smart Home
Vol. 10, No. 7 (2016)

164 Copyright © 2016 SERSC



