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Abstract

Maximum power point tracking (MPPT),used in photovoltaic(PV) systems to maximize
the photovoltaic array output power, irrespective of the temperature and irradiation
conditions and of the load characteristics, In this paper a new MPPT system has been
proposed consists of newly developed flyback type converter of a flyback transformer
for high frequency linkage and synchronous switches for the connection to the AC
utility grid and a maximum power poinl tracking (MPPT) controller without a current
sensor .In this project the generated power of the PV array can be calculated by the
equation using the voltage of PV array .The proposed PV power system which consists
of two or more inverters ,can get large power than the conventional one. when the PV
array is partially shaded by some constructions

Introduction

As conventional sources of energy are rapidly de-pleting and the cost of energy is
rising, photovoltaic energy becomes a promising alternative source. Since it has some of the
advantages i.e available in bulk, free of cost, Pollution free and Distributed throughout the
earth. The main drawbacks are that the initial installation cost is considerably high and the
energy conversion efficiency is relatively low. To overcome some of these problems, the
following two essential ways can be used: 1) Increase the efficiency of conversion for the
solar array and 2) Maximize the output power from the solar array,

The main reasons for the low electrical efficiency of photovoltaic systems are the
nonlinear variation of output voltage and current with solar radiation levels, operating
temperature, aging and load current. To overcome these problems, the maximum power point
of the PV system (at a given condition) is tracked using on-line or off-line algorithims and the
system operating point is forced toward this optimal condition by sensing both voltage and
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cument[1L21I4103]. This paper presents o newly developed nverter consists of a fly back
tronsformer for high frequency linksge and synelronous switches for the comnection o the
AC utilivy grid line with a MPPT systam. The featmre of the new system is both the simplicity
of main circuit comparing[1].[2] to convendonal ones by the reductdon of switching devices
and no expensive DO gurren sensor 1o conurod MPPT.In the proposed sysiein ihere is no high
[equency earih leakage cwrent a all Jbecause the anslommer ¢an isolawe the ground level
betweoen the PV areay and wility grid ling In this sysiem PO senges the vollage changes, 1hen
convens anhalesoe signal in lo digilal which is vsed [or the calenlalion ol power The DO
correnl 18 estimaled [rom the capacilor vellaxe in parallel 1o PV oarray amd the swileh on
curation ol the main switch[3] Because MPTT requires the PV ompu power value thal is
pivien by the product of the PY voltage and cument, Finally, we construct the parallel invertcr
syatem in which the outputs of inverters connect cach other and show that the parallel systcm
can aet laroer powel than the conventional one when the PV amay is partially shaded by some
constrctions

Proposed System
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Fig .1 System block diagram

Fig 1 shows the proposed sysiem configuraiion. Here 1o track the maximum
power point, the PV pewer is confrolled by the duty radio of DN-DC converter in the
conventional sysem. [Iowever, the duty ratio controls the wave form of the output
cuerent and a pulse wain in one cycle of the grid frequency 13 determined oo keep the
wave form of the out put cwrrent sinusoidal in our proposcd system. Therefore, the
sampling rate of MPPT mmsi be synchromzed 1o the waliy @nid line frequency. To
control the outpur power under these conditions, cach duty ratio of the pulse train is
caleulated by muluplying a load facior 1o eacly duly ralio of the pulse iramn al the ralex]
power. The process is as follows: At the beeinning of it the: voltage of PY aray is
delecled Lhrovgh the A/D converler [The inpul power I, 1s detecled from PV voliage
& PV current estimated from the following cquations
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PV current ig is given by the summation of the capacitor current i; and the inductor
current 1; ,as follows
idc=ic+ i] 1

When the above equation is integrated in the term of switching time T , the equation is

shown as
Tsw Tswe Tsw
j ide = j icdt + J' ildr 2
Q 4] 0
Tew
Where J' idedt = 1lac Tow =Qdc(k)

0
Tow

I icdt = ic T :Qc(k)
Q
Tow
jﬂdt = iy Tow =01 (K)
0
If Ve(k) and Ve(k-1) be capacitor voltages at the end and beginning of k™ term

Tsw
Then Iicdr =Quk) =C{ Ve(k) - Velk-1)}
0
If there is N samples in one cycle of frequency f then

2N
o= fC D" {Ve(k) = Vek -1}
K=l
If resistance of the inductor ignored then inductor current is given by

o Ve(k) sk

1
Where ip(k)-initial inductor current( ie zero b/s control is based on discontinues mode )
There [or average inductor current [or one cycle of [requency of N samples is given by

2N
e =L 3 Ve tkyton A2(k)
2L &=

There for PV Current is given by

2N

igo=ic+ i - fC %{Vc(k)—Vc(k—l)}+ f Z Ve (k)ton 22(k)
K=l K=1

2 L
Where ic, il are the current flowing through the capacitor and inductor L., va.is input voltage
and t,, (k) switch duration of Kt pulse.

PV array output is estimated only by the PV armray voltage because the inductor
current is controlled with open loop. The processor compares the power P, to the P, that
were calculated at the previous sampling .To get larger power than previous sampling, the
load factor is determined to increase or decrease Fig 3 shows the flow chart the interrupt
routine of MPPT with out a current sensor

Fig 2 shows the proposed flyback type inverter system used here .The proposed
inverter is one of high frequency link inverter. In this system, a photovoltaic array and
a flyback type chopper circuit is connected in anti-parallel diodes with a filter
capacitor Cr and inductor Ly , which gencrates the alternating voltage.
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Fig.2 Circuit diagram of proposed inverter for photovoltaic system

It operates in three modes ,The mode 1 is defined for the situation where IGBT1 of n
system is on state and all the other IGBTs of system are off state condition In other words
Jthe PV array energy is transferred to the transtormer and the stored energy in the output
capacitor is discharged to the utility grid line giving positive polarity .The mode2 is defined
for the duration when the upper IGBT2 of the system is in on state and the rest are at off state
condition, implying that both the stored energies of transtormer and output capacitor of the
system is released to the AC utility grid line giving a positive polarity .The mode 3 is the
negative polarity conditions against mode 2.

Calculation of Transformer Inductance L

Ip=in0
Induckor
ZUrremnk
=]
mil p=ind
[BE T |
=l
PHASSE T
Fig Inductor current mode

From the Fig3, the waveform of current across the inductor the switch on period of
IGBT given by
(1 = m ) Llp

ton = 3
Vde

Authorized licensedUSéMitBFFINATIONAL INSTITUTE OF TECHNOLOGY SURBRUKRT > HaWiidaded on February 22,2021 at 08:46:21 UTC from IEEE Xplore."Restrictions apply.



S O BT TR LU LT PO DL TS A L I POy SR O T TRACING Y510 HALE Rz e

The switch off period of IGBT ziven by,

il — m)Lp
L= = 4
1 .414 Vac

But toral pericd {T) is the sum of switch on period of IGBT and switch off period of IGBT.
There for T is given by

-

T= tu+t==2N 2
Where N is the number of samples, fis the required frequency of cutpot wavelform
By the equations (33.04&05) inductance of ransformer of fly back converter is aiven by

1.414 VdeVac
{L—m)2NfIp (Vde — 1414 Vac)

Calculation of Switch on Duration

The inductor cwrent at the arbitrary section number k is expressed as the function of
time t, given by
I, = Isin{ # k-12T1 1t} 7

Where & -is a section in electrical angle
t- The time from the start peint of k™ term in second- Utiliry grid frequency
As 2TT 1t is small valve i), next approximation is given by

iy, = Ip [sin @ (k- 1142 [1 ft cos & (k-13} 8
O the other hand
= Vil V8 (i - PACc Vi e R 9
I Rl r

Where Vih & Elare the dweshold voltage and slope —on —stare resistance of 1GBTL
respectively.

Iduchor
Curent

Fig 5 Wavefonn of ndvetor current
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As tis very small
(L ) B 10

When the intersection i & iy is set to the switch on duration ton(k) for k™ pulse, given by

o iL0 — IpsinO(k —1) .
o = Ip cosO(k — 1) + GLO7 L—Vde + Vi)
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Fig 6 Flowchart of the interrupt routine of MPPT without Current sensor
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Simulation Results

Fig (6), Fig (7), Fig(8), Fig(9), Fig(10),and Fig(11) shows the simulation results of
output voltage, out current, sampled output voltage, sampled out current, variation of power
with the voltage and variation of current with the voltage of PV array of 48V respectively

Conclusion

We proposed a newly develeped flyback type inverter and a maximum power point
tracker with out a current scnsor. Also it can be constructed the parallel inverter system in
which the outputs of inverters connect each other ,and the parallel system can get larger
power than the conventional one when the PV array is partially shaded by some constructions
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Fig 6. Output Voltage Waveform
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