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Abstract: As an AC LED light applications have become a
commonplace item of light industry, it has a wide range of usage
in garden lighting, cove lighting, office lighting and retail
applications. The paper brings out the utilization of Boost
converter along with Maximum Power Point Tracker (MPPT)
technique for the control of Photovoltaic power. This proposed
system which includes Boost converter, a single phase full bridge
inverter with Sinusoidal Pulse Width Modulation (SPWM)
technique. The main concept of this converter includes designing
of boost converter that provides an output voltage of 350V DC and
single phase SPWM provides 350V, pure sine wave output (230V
RMS) applicable to AC autonomous LED Lighting system. In
order to bring out a transformer free inverter, the designed boost
converter issimulated in the MATLAB Simulink software and the
results are shown with low THD as per |EEE standard, with
acceptable power factor and higher efficiency.

Keywords. MPPT; Perturb and Observe Algorithm; Boost
converter; Inverter, SPWM.

. INTRODUCTION

Industrial and Domestic energy production widely
depends on a limited resource. Energy usage is playing an
important role in day today’s life. As electricity can be
generated by burning the fossil fuels which leads to major
drawback of severe/drastic climatic changes such as acid
rain, global warming etc.,

In order to overcome these drawbacks, solar energy is
widely used as the major source of energy for the
generation of electrical energy from the photovoltaic array
[5].

The step up or step down transformer used for the
conversion of voltage in traditional inverters faces major
drawbacks of its large size, higher total harmonic
distortion and being high-priced.
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These disadvantages are eliminated in this paper by
introducing a single stage step up converter, to form a
compact, inexpensive transformer free inverter. Maximum
power point tracking (MPPT) mechanism is used for the
extraction of maximum possible power using
the Perturb and Observe algorithm from the PV array,
which is considered as the most popular conventional
method for capturing the required maximum power. This
proposed system brings out a transformer lessinverter which
supports the benefits of having reduced size, compact, less
priced and with low Total Harmonic Distortion (THD).
Sinusoidal Pulse Width Modulation (SPWM) is generated by
comparing the reference signal along with the triangular
carrier wave and used for gating purpose in an inverter [12].
Finally, the proposed system is designed mathematically and
simulated in MATLAB/Simulink software to verify the
performance of various subsystems.

[I. BLOCK REPRESENTATION OF PROPOSED

MPPT SYSTEM
) DC BOOST INVERTER FILTER L0AD
ARRAY [T v [T CONVERTER B il
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Fig.1. Block representation of MPPT configuration
PV cells or arrays are the power source of the system, which
are modeled by an equivalent circuit and ssimulated to show
the exact behavior of a PV array. Then, the two power
converters are used for the control of,

1) Extracting maximum power
2) Déliver of power to AC grid with an acceptable THD and
Power Factor.
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A PWM Generator block, which can generate pulse width
modulated (PWM) signalswith avariable duty cycle was built
by using Simulink model.

Calculation of duty cycle for step up converter usesthe sensed
PV array voltage and current using MPPT control a gorithm.
Step by step verification of various blocks includes multiple
subsystems. The irradiance and temperature condition was
changed using the irradiance block. The performance of
single phase SPWM inverter system is validated and the
results are provided at the end.

[11. DESIGN OF BOOST CONVERTER

A boost converter converts the output voltage higher than
that to the corresponding input voltage. This section
illustratesthe conversion of 150V input voltage of PV array
to 350V (230V RMS) output voltage connected to AC LED
applications [5].

A. Operation of step up Converter

The step up converter undergoes two modes of operation
with respect to the closing and opening of the power
MOSFET. (1)Charging mode, (2) Discharging mode [12].
Thefollowing equation (1) representsthe switch Sduring ON

State,
Io—1
Vz’n = Lz’nd JII : (1)

Equation (2) represents the switch (S) during OFF state,
I,—1
Vin = Vo=Lina = 2

[4]
B. Design Characteristics

The designed characteristics of step up converter is
givenintablel.

Tablel
Designed Characteristics Of Boost Conver etr

PARAMETERS SYMBOL VALUE
SOURCE VOLTAGE V; 150V
OUTPUT VOLTAGE Vour 350V
INPUT POWER P 2KW
SWITCHING FREQUENCY fi 25KHz
INDUCTOR CURRENT Al 0.1332A
(RIPPLE 1%)
OUTPUT RIPPLE VOLTAGE AVour 3.5V
(RIPPLE 1%)
MAXIMUM INDUCTOR I e 13.32A
CURRENT
MAXIMUM OUTPUT lour 5.714A
CURRENT
INDUCTOR L 26 MH
CAPACITOR C 37uF
C. Duty cycle
The Duty ratio is determined by,
D=1-2n ®3)
The load resistance is determined by,
2
R=1 @)
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Average inductor current is determined by,

I - —V'f:f ®)

Thevariation of inductor current to meet 1% specificationsis
then,

Aiy = 1%(1y) ()
D. Inductor selection
Vip =D
= YmD (7)

Al #f,
E. Capacitor Selection

D
C =
R,

®

F. Simulation Design of Boost Converter

The designed simulation circuit of boost (step up)
converter isillustrated below in Fig.2.

]
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Fig.2. MATLAB/Simulink model of boost converter

G. Simulation Output of Boost Converter

The simulated (output) voltage, current, and power of step
up converter isillustrated in Fig.3, Fig.4 & Fig.5. Thus boost
converter converts the given 150V unregulated voltage to
350V regulated voltage.
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Fig.3. Simulated output voltage of step up converter
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Fig.4. Simulated output power of step up converter
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Fig.5. Simulated output current of step up converter

V. MAXIMUM POWER POINT TRACKING (MPPT)

Maximum power point tracking technique is based on
impedance matching between PV module and load which
uses an algorithm and electrical circuitry for maximum power
transfer. The most common agorithm is the Perturb and
Observe method which uses the recorded values of voltage
and current values of PV array to obtain the power. These
corresponding values are perturbed to extract the maximum
power so that the operating point reaches maximum power
point on the dope of P-V characteristics. The agorithmic
expressions are given in equation (9), (10) & (11).

Py p=g = (d + Ad)(i.e., increment d) 9)

Ay

%2v — 0=d = (d — Ad)(i.e., decrement d) (10)

Ve

At MPP, % _ 4 —d or Ad (i.e.,Tetain d) (11)
Vpr

A. PV array characteristics

The PV array electrical characteristics is illustrated in
tablell

Tableli
Pv Array Electrical Characteristics
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MAXIMUM RATED POWER (Pyax) 60WP+3%
OPEN CIRCUIT VOLTAGE (Vo) 21.24vV
SHORT CIRCUIT VOLTAGE (I) 3.55A
VOLTAGE AT MAX POWER (V s) 17.64V
CURRENT AT MAX POWER (1) 3.40A
SYSTEM VOLTAGE 600VMAX
TEMP COEFFICIENT OF | & 0.05A
TEMP COEFFICIENT OF V¢ -0.35vV
NO. OF CELL IN PARALLEL STRINGS 5

B. P-V array characteristic curve
The P-V characteristic curve for power v/s temperature and
current v/stemperatureisshownin Fig.6 & Fig.7.

Array type: User-defind;

§ series modules; 5 parallel strings
il \ \ \ T

0 | ] ] B0 0 W W W
Voltage V)

Fig.6.voltage versus current with different temperature
levels

P ower (W)

0 1 4 ] )] mw m w1 10
Vallage (V)

Fig.7. Power versusvoltage with different temperature
levels

C. Perturb and Observe algorithm
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p(k) = V(k)*I(k)
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Fig.11. Simulated output current and output voltages of
MPPT system
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Fig.8. Flow chart of Perturb and Observe algorithm

D. Simulation model of MPPT system

The simulated circuit of MPPT using Perturb and Observe
method is shown is given in below Fig.9.

—
i i " e W ! 0
Voliage V)

Fig.12. Maximum power tracked without MPPT at 25 deg

C and 1000W/mz2 irradiance
Array type: User-defined;
Bseries modules; § parall stings

Imydince
L]

Temperature
(Deg. C}

At (A)

2 q i & 1] 12 4 :3 10
Fig.13. Maximum power tracked with MPPT at 25 deg C
] and 1000W/m2 irradiance

. ! . Tablelii
Fig.9. Simulated model of MPPT by P& O algorithm With M ppt And Without M ppt Char acteristics
E. Simulation results IRRADIAN TEMP INPUT OUTPUT MAXIMUM
. i . CE (DEG | POWER | POWER POWER
The simulation results of MPPT system using P&O (WiM2) ) (W) (W) TRACKED
algorithmis shown in given Fig10, Fig.11 and Fig 12.
' ' I WITHOUT | 1000 25 | 2100 | 2064 2077
B — OUTPUT VOLTAGE 1 MPPT
&
Eaonv
5 WITH 1000 25 2162 2048 2168
2 ya | MPPT
M
g 1000
§ V. SINGLE PHASE SPWM INVERTER
% 50 ] Sinusoidal Pulse Modulation technique is a common
I~ method used in inverters to generate a sine wave output AC
or from input DC voltage [12].
0 005 01 015 02 025 03 035 04 045 05
Time(s)
Fig.10. Simulated output power and output voltages of
MPPT system
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Thereference signa F;, is compared with triangular carrier
wave f. to generate the corresponding gating signals. Fig.14
shows the generation of SPWM,

pd 2p  Om
Vo= I';J;= Ve ..’Errf—l?

A. Simulation model of SPWM inverter

(12)

Fig.14. MATLAB/Simulink model of SPWM inverter

B. Simulation result of SPWM generation
The gate pul ses (both on and off cycles) are generated for

iy

[} s o s e [ (1] s (I}
Timels)

Fig.15. Carrier wave signal compared with reference
wave signal
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]
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Fig.16. Positive (ON) cycle of SPWM
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Fig.17. Negative (OFF) cycle of SPWM

APPLICATION OF BOOST CONVERTERTO
SINGLE PHASE INVERTER
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Fig.18. MATLAB/Simulink representation of single phase
inverter circuit using Boost converter

A. LCfilter design

The LCfilter of aninverter isdesigned using 1) Selecting
switching frequency 2) selecting K factor 3) Selecting a
factor.

According to DC and AC voltage of the inverter, 0.95 is
acceptable for modulation factor. To limit inductor ripple
current below 40%, a factor should be more than 0.025 at
fs=25KHz [1]. Thisaimsthefilter specification whichislisted
intable-1V.
Iheformullafor LC low passfilter calculationiis,

[t —
Vin | 1- @iLC
Where, w = 2rf
The cutoff frequency for an LC filter is,

1

£ =

(13)
(14)

(15

2ryLC

Tablelv
Design Specfication Of Lc Filter
L 260MH
C 26.21uF
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f. 25KHz
fi 50Hz

B. Power Factor Correction (PFC)

Power Factor (PF) may be a measurement by which we
will measure the efficiency of the electrical equipment's also
as AC dectric power system on the idea of electricity
consumption [5]. It is the technique to compensate the
unwanted effects of reactive loadsthat make thefacility factor
but unity.

T P
Power Factor - HeTower _F (16)
Apparent Power 5
PFDz'sp!acement (DPF) = COS¢ 1 (17)
I‘ T™"Mms —
PFDz'startian (DF) = :J_m _\."l+c'THD)3 (18)
True PF = Displacement PF * Distortion PF
cos@d
PF= s (19)
C. Simulation block of Power Factor
ﬂ
[
Scope?
J
{utiu2) Q
iy 08 = 0FF
Fen
AD{ fuftiy2 w

Fat
Fend

Fig.19. Power factor simulation block

D. Inverter Output Voltage and Current

The simulated non-sinusoidal output voltage waveformis
given in Fig.20, is distorted and contains excessive
harmonics.

1 1 1 L 1 1
] [ 1] (1 o 3] 4] o " s [4]
Tiels)

Fig.20. Output voltage waveform without using filter

In order of eliminating the harmonics, the inverter uses a

LC filter for the reduction of harmonics. Therefore the
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obtained result is a 350V (AC peak voltage), 230V RMS is
givenin Fig.23.

| | L
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Fig.21. Simulated Inverter voltage wavefor m with filter
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Fig.22. Simulated Inverter current waveform with filter

Fig.23. Simulated output voltage in-phase with output
current
The performance of the designed inverter is tested by
applying with and without LC filter in the MATLAB/
Simulink using the measured load current. Table-V describes
FFT & THD anaysis (with and without filter) of output
voltage and power factor performances.

TableV
Summary Of Simulated Inverter In Matlab Software
VOLTAGE VOLTAGE DISPLACEM DISTORTION POWER
THD THD . ENT FIESTF <)>R FACTOR
IN IN ACTOR (DPF*DF)
% % (DPF)
(WITHOUT (WITH
FILTER) FILTER)
67.31 3.53 0.98 0.9997 0.9797

The Total Harmonic Distortion (THD) is obtained using

182

FFT analysis, which reviews that the inverter without filter
output voltage includes harmonics of 67.31% which is above
the IEEE 519 standard as shown in Fig.24
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Fig.24. FFT & THD analysis of without using filter
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Fig.25. FFT & THD analysiswith using filter
From the above Fig.25 it is reviewed that output voltage
employing LC filter has low level Total Harmonic Distortion
(THD) of 3.53% which is below the IEEE 519 standard.

VIl. CONCLUSION

This paper investigates a transformer free solar powered
inverter for 230V RMS, 50Hz AC Autonomous LED
Lighting applications. From the simulation results, itisclearly
observed that THD of the proposed system is 3.53% which is
below the value stated in |EEE 519 a Standard for assessing
theHarmonic levels. Itiscrystal clear that the Implementation
of transformer free Solar powered inverter leads to good
improvement in power factor and pure AC Sinusoidal wave
shaping. As a future work the hardware setup for the
simulation circuit will be fabricated and the results will be
compared for validation.
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