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Abstract— This paper presents the experimental hnoidgrid connected PV power generation invertemtom
system. On the basis of experimental study of pamugout side of photovoltaic grid connected germraystem,
the effectiveness of improved PWM inverter contrgthod is analyzed. Considering the result of érpesrts, a
single phase grid connected Improved PWM invertattrol system is designed. The result of the sitiaria
performed using MATLAB/SIMULINK software shows th#tte improved PWM inverter control system can
effectively control the grid current sine wavefausing the less computationally demanding harmanipeession
technique. It can achieve the maximum power poawking. The simulations are performed for a 1iisvaystem
and after analyzing the simulation results, theesysis implemented in hardware. After the comparisd
simulation model and actual hardware for 10 voftdesm we implemented the system for 1000 volts.pgrbposed
hardware is able to put the arbitrary power otitéodload or to the grid to maintain the stabilitglaeliability of the
power system.

Index Terms— PV Power generation, Improved PWM itere photovoltaic cells

1. INTRODUCTION

Due to the increasingly urgent energy issues, thrdw the photovoltaic cells or not_ are the_key issue_s in

attaches great importance to begin the developofent€/€ctric power system [5]. This paper is presenting

new energy and related technology. At IoresenElngle phase grid connected Improved PWM inverter

large-scale photovoltaic power generation and safale CONtrol system.

renewable energy has become important parts 8fG PV G Sy

development strategy, meanwhile it is the way tdgu < RID-CONNECTED ENERATION SYSTEM
. . A. GRID CONNECTED PV GENERATION SYSTEM

the development of photovoltaic industry [1],[2].

N - Grid-connected PV generation system is mainly
However, because of its different characteristiosnf . : .
) : . omposed of the PV array, the inverter device tith
conventional power generation, grid-connected P

power station and its security, stability and sla unction of maximum power tracking and the control

. d system. The inverter device with the function of
operation became new challenges which power grid . : . .
Mmaximum power point tracking can inverse the electr
and PV power plant need to face.

The paver describes improved PWM invertdiOWer into sinusoidal current, and connect to the g
bap P . 6]. The control system mainly control the maximum
control method [3]. Voltage source inverter coht ; X )
method regulates phase angle of the grid Imainpower point tracking of photovoltaic, current wawenh

. ; ; nd power of the output of grid-connected inverter,
through receiving voltage signals from DC side of , . . .
) L which makes the output to the grid correspond thieh
inverter which is called the outer loop to contridle

grid voltage, while it regulates the voltagéerence export b)/IVIS?(’)XTz;ray.
from the AC side load voltage to control the ineert ‘

output current which is called the inner loop.[4]

However, the process of the inner loop will noeaff

the results of the outer loop. Power-type PWM iteter

bridge circuit formed by the two groups, which uses - ELECTRICAL )
two reverse diodes synchronized transformation INIEREACK
Required power can be obtained by changing th
modulation rate of PWM inverter. Therefore, whether

the grid-connected PV generation inverter contro : 0
system is able to achieve the maximum power poir PV ARRAY L (FRIERS

tracking (MPPT) and to ensure high power quality of Fig. 1 Grid-connected PV power generation structure

ELECTRICITY
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B. INVERTER CONTROL THEORY

Inverter can control the switch state of shut an
conduct, thus the system may form two differen
working ways which are parallel operation anc

|
|
|
|
independent operation. When the system is working | T <
a parallel operation way, the inverter belongshie t : V4 % Rsh
|
|
|

i

—
o
44}
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current mode.
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Fig. 3 D.C Equivalent Circuit.
L d The photovoltaic cell output voltage is basically
@ oa @ Ca functioning of the photocurrent which is mainly
determined by load current depending on the solar
irradiation level during the operation.

VC = (A*K*TC/e)In[(Iph+10-IC/10)-RS*IC

v The symbols used are

® VC = cell output voltage

TC = reference cell operating temperature

RS = series resistance of cell

C. WORKING OF PV CELL IPh = photocurrent, function of irradiation leveida

Working of PV cell is based on the basic principfe Junction temperature .
photoelectric effect. Photoelectric effect can bibd |0 = reverse saturation current of the diode

as a phenomenon in which an electron gets ejemed f 'C = cell output current

the conduction band as a consequence of absougdtion

the sunlight of certain wavelength by the matter, i 3. INTRODUCTION = OF IMPROVED PWM
a photovoltaic cell when sunlight strikes its suoefa INVERTER CONTROL METHOD

some portion of the solar energy is absorbed in th_ﬁ1 . | hods 1 |
semiconductor material. If absorbed energy is great ere are two inverter control methods 1) voltage

than the band gap energy of the semiconductor, turce inverter control method 2) power type PWM

electrons from the valence band jumps to thlgwe;]ter control methoFc)i\.NM . |
conduction band. By this, pair of hole electrons arn the power type inverter control system,

created in the illuminated region of the semiconduc abohshlng two reverse diodes it becomes |mproved
The electrons thus created in the conduction baad & WM Inverter control mgthod that can save a laben
now free to move. These free electrons are foroed ?ontro_l system. The setting of the drive voItaggsph
move in a particular direction by the action ofotlie of the inverter is based on the gnd_voltage plvatsieh .
field present in the PV cell. These flowing eleoso means the output power factpr will be kept to ahhig
constitutes current and can be drawn for extersaby value. The improved PWM inverter control_ system
connecting a metal plate on top and bottom of PV ceUses the outer loop to control voltage and theritowp

This current and voltage created because of if$ ibui to contrpl current which is the same W'th. the vgita
electric fields produces required power. source inverter control. It tracks the maximum powe

point after using the output current transforms tfit
type, which can ensure maximum power output of the
battery [7]. In this way, the system inverter stae is
simpler than the power-type PWM, and ensures the
stability of the power output.

Fig. 2 Equivalent circuit of the inverter in paghlbperating mode
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o _ 0.7A, while the output voltage effective value of
inverter is 0.707 V. PV array output voltage curve,
Grid-connected load voltage curve and Grid-conmcte
load current curve, load P.F, load Error are shawn
Fig.8, Fig .9,Fig. 10,Fig 11 and Fig. 12 separately
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Fig. 4 Improved type PWM Inverter Control System.
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Fig. 6 PV Model
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4.IMPROVED PWM INVERTER CONTROL
SYSTEM FOR 10 VOLT {) E

A. Simulation I

The simulation mainly use MATLAB/Simulink software
to build a single-phase grid-connected PV generatic Q
system, which combines with the improved type PWN\
inverter control method, the structure is shownim b.

The system is mainly composed of PV array module
IGBT inverter module, LC filter module and PWM

Constant}

regulator module. =$ " ,@ 4 >|L
- s
A Relay! [ St
Congtan:t
Fig. 7 Comparator
B. System Outputs
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Fig.5 Single-phase PV grid-connected generatiotesys
Fig. 8. Output voltage of PV Cell
In the example, the voltage of PV cell is set t¥ 1ihe
load is in form of resistance and inductance whos
resistance is set to 1@, and the inductance is set to sl
0.5mH which is equivalent to 7W. PWM regulatorz
controls the current of inverter through using dhiger
loop to control voltage and using the inner loop tc ‘ a ; ;
control current, whose modulation index is 0.8. Thi ™% &1 %% 82 g B3R oRE R 0e
load current and the output voltage of inverter ban
got by calculation. The load current effective eals

1

06

Fig. 9. Output power factor .
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Fig. 11 Grid connected load current Curve
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Fig. 12 Grid connected load Error Curve Y ;ggﬂ%ﬁ%;a
, , e
Fig. 10 and Fig. 11 are the load voltage curvelaad e
current curve separately. From the two curves prize
operating voltage and current are unstable upeéc Rinrem [

PLIEFETIA

and then return to near-sinusoidal waveforms quickl
which shows the improved PWM inverter control
method can achieve a stable output power better and _
faster. The power is arbitrary sent to the gricotigh "9+ 14- Hardware Implementation-2
controlling the PWM regulator, after analyzing they pHargqware Outputs
spectral; the power factor will reach to 0.95, whis
fully satisfied with the requirement of PV
grid-connected generation.

C. Hardware Implementation

Fig. 15.Graph for power generating in MW
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B. System Outputs
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Fig. 18. Output voltage of PV Cell
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Fig. 16.Graph For convertor output (voltage & catje sl
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5 IMPROVED PWM INVERTER CONTROL “ .|
SYSTEM FOR 1000VOLTS
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Time
The simulations are performed for a 10 volts systeifrig. 19. Output power factor
and after analyzing the simulation results, théesyss
implemented in hardware. After the comparison ef th il T T |
simulation model and actual hardware for 10 voltt P L
system, the system is implemented for 1000 vole T & [
simulation mainly uses MATLAB/Simulink software to a
build a single-phase grid-connected PV generatic = f
system, which combines with the improved type PWN 005 0 0% 02 0% 03 0% 04 16 [f

inverter control method. The structure is showRim

Fig. 17 Single-phase PV grid-connected generatjstem Fig. 21 Grid connected load voltage Curve
In the example, the voltage of PV cell is set t00\,

the load is in form of resistance and inductancesgh
resistance is set to 1@, and the inductance is setto__ I
50mH which is equivalent to 500W. PWM regulator|; I
controls the current of inverter through using dlger S
loop to control voltage and using the inner loop t¢— | L L
control current, whose modulation index is 0.8. Th 006 0 0B 02 0% 03 0% 04 0& (5
load current and the output voltage of inverter ban Tine

got by calculation. The load current effective eals

37A, while the output voltage effective value of ]

inverter is 800V. PV array output voltage Curve,F Ig. 22 Grid connected load Error Curve

Grid-connected load voltage curve and Grid-conmbctel-he proposed hardware is able to put the arbitrary

load current curve, load P.F, load Error are shawn : L
: ) L _ ' ; power out to the load or to the grid to maintaie th
Fig.18 ,Fig. 19,Fig. 20,Fig 21 and Fig. 22 sepdyate stability and reliability of the power system.
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The system is mainly composed of PV array modul®OGRAPHIES
IGBT inverter module, LC filter module and PWM
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