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Absiraet — This work deals with the design and iaboratory
impiemenfation of u power electronic  convester  to
interconnect A PV system ta the grid. The converter B nade
up of 2 de-dc boosl structure and a three-phase voitage
source jnverter (VSI} with optimised sinnsoidol PWM
strategy. The de-de boost converter alfows the PV system to
operate al maximum puwer point (MPPT). The ¥S1 matches
the converler voiluge fo the one of the grid. 'The optimised
swiiching stralegy used guorantees harmonles ellndoation at
the VSI ouiput volluge up to the 17" harnonle. The inverter
uses IGBT as power swliches, and is microcontrolier-
operaled. The system was interconnected to the grid snd
experimenty] results are shown to access the performance of
the sysicm.

L INTRODUCTION

PY systems tochualogies are 1o fast expansion and thexr
role in the world context have becn ingreasing, propilialing
the supply of safe energy and pollution frecl1]. Av the
present days photovoitaic systems are still related with the
supply of power (0 remote areas or rral electrification in
developing conntries, small telecommunication devices
and satellites. Small and medium grid-connected PV
system are been mstalled in several countries|2]. In these
grid connected systems power eleclronics research has an
important role in developing high cfficiency converters.

This paper deals with the design and laboratory
implementation of a power electronics de-ac coaverter to
mierconnect a PV system o the grid. The de-ac converter
is part of a more complete system developed to supply the
glectric uglity grid with phowvoltaic eaergy. The
converter is made uwp of a de-dc boost structure and a
three-phasc voltage source inverter (VST} with opuimised
sinusotdal PWM strategy. The input stage, a de-de boost
converter allows the PV system to operate at MPPT
according to information supplicd (hrough a ncural
nelwork[1]. The outpur stage, a VST matches the converter
voliage 1 (he ont of the grid. The optimised switching
strategy vsed guarantees harmonics elimiadon at the VSI
output voltage up to the 17th harmemic, The converter uses
IGBT as power switches. and is microconmolier-operated.
Experimental results for a 700W PV system interconnected
to the grid are shown {0 access the performance of the
power eleclronic coaverter,

TI. THE POWER ELECTRONICS CONVERTER

Fig.1 shows the developed system 0 mlerconnect the
PY module t the grid, and m dashed lines the power
glectronics converter.

1
54

|
[ e emm e —————— 1 :;
p  Bocst Imerss |
e ]! /___J__I f_im 5? {n-_
e /o §old /o :;E‘ﬁ*
A I L T
E E ..’ d: L ,_.". gc 5: 1 E.'
+ £ !':Jﬁn_\._.f i
:--k “ww mrmmie - - }jfl ;:
| d
b H -
1
e 1
Referers | hase rovosens=rea
Cel

Fig, {. Tha Powaor Hlcotranics Converter within Dashial Lines

The PV pancl is assaciated in such a way to provide an
open circnit voltage between 129V and 137V piving an
on-load input voltage range of: 91 10 105 V

The boost stage operates in the continuous conducsticn
mode, and it makes the PV systen to operate at olaximud
POWES poiut.

Fig.2 shaws the boost stage. and it has been
designed[ 11131 for oulpat voltage of 106 ¥V, switching
frequency (fc) of 33kHz and an ouput power of 700 W.

The converter calculatcd values aref4]:

Duty Cycle (D) 0<D <041
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Fig. 2. Inpm Boost Stage

Average output carrent (£): I,= 7.0 A

Average inductor comrent({,, ) 7,0A <7, <8154

Swilch current (£,),

r - Lo 48 (g F L 241
! 6

{dw’ =‘“lllﬁm! +4e [{!UM '::m )fz}x +[K\X, oD =354 (2}

Diode current (1),

1,=1,-1,=T.0A 3)

»D=1.154 (1

Boost inductance(L),
mg}'f L=238 uH @

Critical inductance(L,)

s

Tig. 3. Three-Phase Inverer at the Output Stage

I‘C‘:O.S.Rt .?-(l_n}l =23-8}1H (5)

Qutput capacitor(C)

av, =228 C=5,64 F (©)
fol

Fig.3 shows the implemented de-ac output stage.

The wo levels optimised sinusoidal PWM strategy has
been chosen for the following reasons: it is necessary an
inverter with six switches only (GT25Q101), while with
the three levels stratcgy would be necessary nine switches
£51, there is a three levels output voltage and the number of
polses at the outpt voltage 15 (wice Lhe number of pulses
at the command level.

Using the equaticns below, the switching angles shown
in Table I have been generated.

v = 2L [1-.~ 23 (1Y cos KP,.} 7

Kx i-1
Where K=1.5,7,11, 13, 17.19, . ..

Tancr L
SWITCHING ANGLES
N )] | 2 3 4 ]
12 1824 E Y £0,55° 6,80°
Determined 2.08° 2440 16,090 §7,30°
Angle - - 76 e 2,09°
Vidues - - 28T 366
- - 35 98"

Table II shows the harmmonic distortion for each
climivated harmonic in the output voliage.

‘TARLE )1
T1ID ¥ FERCEXTAGE OF THE [UNDAMENT AL COMMINENT
] 1 2 KJ 4 s
VHV] 20,0 - - - - .
V71 143 11,3 - . -

ViUV o1 . 222 203 -
viwvi 2.7 227 271 106 -
VIVy 5.9 174 7.1 243 20,2 -

vigvl 53 12,9 4.4 252 29,2 102

V2| 43 36 12,2 3.3 16,7 3l
VI5VL 405 0 10,1 0.4 a7 253
V1 _vi 0,780 0746 0,728 0,721 0,717 0,715

The drive signals are generated by a microcouwoller-
based circuil in accordance 10 Table TI, The cutput signals
of the microconteoller serve as input signals 10 the IR2130
which dnves the six swilches of the nverter. The
nicrocontroller used is the Intel 80X51 at a frequency of
12MHz,

TII. EXPERTMENTAL RESULTS

Some experimental resulis aze shovn o demonstrale the
performance of the sysiem, Fig.4 shows the drive signal
waveform to the de-de converter IGBT switch. The switch
duty ¢ycle changes accordmyg to the solar irradiation in
order to keep the PV system at the MPP.

Fig.5 and Fig.6 show the boosi mductor current and the
input cureent to the inverter. In Fig.6 it can he seen the
influence of the de-de switching [requency in the inverier
input current.

Tenséo (V)

Fig. 4. 1X2-0C Switch drive signal
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Fig. 6, Three-phase inverter iopul current

The following waveforms are related the VSI. Fig.7
shows the VSI inpat woliage. lis average value is
controfled by the de-de converter, and is sct in 106V, This
value is the designed velue to obtatn 380V rms at the
connection point (0 the prid{after the transformer),
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Fig. 7. Controlied Inverter lnput Vollage
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Fig.8 shows the voltage waveform at one of the VSI
switches. Tt can be seen the optimised switching strategy in
operation.
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Fig. . inverter cutpet waitage at the (FOC) betora the copnegction to the

Grid

Fig.9 shows the inventer output voltage at the Point of
Common Connection (PCC), hefore the juterconneyion o
the grid. It can be observed the switching strategy which
elirninates vp fo the 17th harmonics at the myerter output
vollage., Fig. l0 shows (he oulpot voltage harmonic
spectrunl. The current at the PCC is seen in Fig.11, where
high froqueney components {(above 17th harmonics) can be

noted.

Amciuas
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Fig. t0. Harmonic Spevinun of iaverter oulput voltuge

To show Ihe power flow from the PV gystem (d the grid,
Fig.12 shows the voltage and curreat at the PCC.
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Fig. 11. Cumrent at the POCC

0,09 0,04 -0.02 0.0 ooz 0.¢4 0,06

—--RA)I000 V(Y

Fig. 12, Voltage and Cwrent at the PCC

The phase difference between the voltage and current is
becanse it has been compared line voltage 1o phase current.
Disregarding the 30° between ling and phase, voltage and
current at the PCC would be uear to 0° of phase, showing
that the power {low is from the PV sysiem 1o the grid.

TV FOINT OF COMMON CONNECTION

The Fig.l3 shows the PCC along with the
synchronisation amd  protection  circuits.  The
synchronisation ciccuit is provided by a voltage signal
from phascs B and C. At the zero erossing of the voltage
al the grid an intermaption is set by the synchronisation
signal, and a period of the inverter oulpul voltages is
generated in phase with (he vollages of the grid.
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Fig. 13. Connection and proection circait

PV systeras connected to the grid may ocontinne to
operate in the event of a separation of the distibution
system from the otility power source, This pheuomenon is
a serrans threalen (o safety of mainicnance work. To assure
the PV system is off when, for any rcason, the grid is off,
tere is a protecdon circuit which acts in two ways: by
disconnecting the supply voltage of the microconivoller
chip and hy preventing to send the deive signals to the
NVErteT,

V. CONCLUSION

This paper has presented (be design and laboratory
implementation of a Power clectronics converter o
interconnect a PV system tw the grid. The converter is
orade up of a de-de boost structnee and a three-phase
voltage source inverter (VSI) with optimised sinusoidal
PWM strategy, The de-de boost converler allows the PY
system (0@ operate al MPPT according o information
supphicd Lhrough a ncural network. The VST matches the
converter voltage to the one of the grid. The optinused
switching strategy used gparantees harmonics elimination
at the VS1 ontput voltage up to the 17th hatmonic,

The system has been desigmed for 700W and {o operate
at maximom power according 1o the solar irradiation. The
MPPT 15 provides by the action of a neural
network{discussed em([6]) in the de-de converter switch
control strategy.

The whoig sysiem has been implemented in jaboratory
and the ¢xpenmental results have shown (he performance
of the proposed systemn. It may be pointed out glso the
importance of the power electronics in the context af
renewsable energy.
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