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ABSTRACT: The paper presents the method of harmonic attenuation with better dynamic

response in the three-phase grid-connected photovoltaic system by using Maximum Power Point

Tracking (MPPT) voltage regulator with varied increment. Since electrical power of PV array depends

on the climatic condition. Maximum Power Point Trackers are used to extract maximum energy from

photovoltaic generators. In this paper, every time the amount of electrical power generated by solar

arrays changes continuously with weather conditions, MPPT voltage is regulated quickly with large

increment to decrease dynamic response time, and then with small increment to get lower current THD.

The simulation results in Simulink/Matlab show that the proposed MPPT voltage regulator with varied

increment is better than with fixed.

Key words: Photovoltaics (PV), maximum power point tracker (MPPT), total harmonic distortion

(THD), particle swarm optimization (PSO).

1. INTRODUCTION

The demand of renewable energy sources
such as solar energy is becoming more popular
for sustainability and environment with
enormous potentials [1]. In order to convert
solar DC source to three-phase AC power
needs to have 3-phase inverters that have been
well researched in recent years [2]. Objectives
of three-phase grid-connected inverters are low
THD to meet grid-connected standard IEEE
Std 929-2000 [3] and good dynamic response
to get high efficiency [4]. Many MPPT
techniques have been proposed in the literature
[51, [6], [7], [8] to determine MPPT voltage. In

these methods, dynamic power responses are

often slow (more than 0.1s) and THD values at

the output of inverter haven’t been evaluated.

The Perturb and Observe (P&O) method
with constant increment in Fig. 1 is an
example. If small increment is in large change
irradiance condition, dynamic response time is
long but output THD is lower. On the contrary,
with large increment, dynamic response time is
short but THD is higher. In this paper, the
proposed  diagram  of  grid-connected
photovoltaic system is shown as Fig. 7. In
order to generate optimal power with irradiance
variety, the MPPT voltage is regulated by using

P&O algorithm with varied increment as Fig. 5.
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Begin P&O
Algorithm
Measure:
Vs(t), Is(t)
P(t)= Vs(t)* Is(t)
Inc=constant

Vppr=Vs(t-1)-inc

Vuppr=Vs(t-1)+inc

Vuppr=Vs(t-1)-inc

Vuppr=Vs(t-1)+inc

l l

I I

!

Update:
Vs(t-1) = Vs(t)
P(t-1) = P(t)

Fig 1. P&O algorithm with constant increment

2. SYSTEM DESCRIPTION

The proposed control scheme of three-phase

grid-connected PV system that has been
simulated includes 2 parallel rows, each row
consists of 34 PV modules (RS-P618-85W) in
series connected through a DC bus to a three-
phase inverter that is connected to an ideal
380V grid through a LCL filter. In this system,
the DC link voltage is controlled accordingly to
the necessary output power. The dq control
is

structure normally associated with PI

controllers since they have a satisfactory

loh

D Yo

response when regulating DC variables. Since
the controlled current has to be in phase with
the grid voltage, the phase angle used by the
abc to dq transformation block is extracted
from the grid voltage throughout the PLL.
2.1. PV array model

The PV array is simulated using a model of
moderated complexity based on [9]. In this
model, a PV cell is represented by a current
source in parallel with a diode, and a series

resistance as shown in Fig. 2

Fig. 2. The equivalent circuit model of a PV cell

The photo current I,, depends on the

irradiance G and the cell temperature T.. The

current I, provided by the cell can be calculated
as (1)
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I =

c

a(V+IR ) is Boltzmann’s constant and T, is cell
I, —I|e ®t ] (1)

temperature in K.
where 1, is the cell reverse saturation current,

R; is series resistance, q is electronic charge, K
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Fig. 3. PV array current vs. voltage for various irradiance and T,=298K

The PV array model gives a total peak power to be identical, and to work in identical
of around 5.7kW. All modules are considered conditions of temperature and irradiance.
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Fig. 4. PV array power vs. voltage for various irradiance and T,=298K
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Yes

yes

Begin P&O Algorithm
with varied increment

P(t)= Vs(t)* Is(t)

‘ Vmppr=Vs(t-1)-inc

‘VMWY:Vs(tleinc‘ ‘VMpp‘r=vs(t’1)’inc‘

Vmppr=Vs(t-1)+inc

i

Vs(t-1) = Vs(t)
P(t-1) = P(t)

Fig. 5. The proposed MPPT flowchart

2.2. The proposed MPPT scheme

One of the most important objectives of any
grid-connected PV converter is to extract as
much power as possible from the PV array.
There are various methods to perform MPPT

[10], (P&O) [11] and fuzzy logic [12] methods.

The module model with a given set of
various operating conditions of irradiance and
temperature shows that the relationships
between voltage, current and power are
charateristics similar to the ones shown in Fig.
3 and Fig. 4. MPPT voltage that corresponds to

the maximum power changes with the

variations of irradiance and temperature, so a
MPPT system is needed to to get the max
power from the module. The proposed MPPT
voltage regulator is presented in this paper as
shown in Fig. 5. The difference of the strategy
is the varied increment that is added to P&O
algorithm for better dynamic responds and
lower current THD. The varied increment Inc
is switched to high level (0.25 volt) when
power changing level [P(t) — P(t-1) is higher
than the certain power P, to get fast dynamic
responds. After that, the Inc decreases low

level (0.02 volt) to get smooth MPPT voltage
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and to have lower current THD. The d_axis
reference current is also calculated in this
regulator. The DC voltage of module is
regulated by PI_V controller, I and I, currents

are also regulated by the PI_d and PI g

contrllers as shown in Fig. 7. The parameters of
these PI controllers are determined by PSO

algorithm as table 1.

2.3. The inverter

Vg
g la Le Vi
AN ia

B g by |

Vi

B i

Fig 6. Simplified model of the grid-connected inverter

The system configuration of the three-phase

grid-connected voltage source inverter is

shown in Fig. 6. And voltage equations in

synchronous reference frame are (2) and (3)

di
Vo = ke g

g

~oL,i, +V, (2)

di, )
=L " +oL,i, +V, 3)

&q g

Where V4 and V, are grid voltages
respectively in dq frame. ig and ij, Vig and Vjq
are inverter currents and voltages respectively

in dq frame. L, is inductance between inverter

and grid voltage.

The output voltage of inverter is determined
by the output of current regulator. In equation
(2) and (3), the inverter voltage is the sum of
grid voltage components and voltage drop
components at the inductor L,. In order to
compensate the voltage deviation caused by
and differential

approximate  parameters

voltage components, PI regulator is usually
used in most current regulators. Equation (2)
and (3) can be represented by the equation of
inverter voltage like equation (4) and (5).

Vi =V, +oLi +V, (4)

Vi=V, -oL,i,+V, (5)

q £q

V4 and V', are reference voltages of inverter
respectively in dq frame. V4 and V4 are the
outputs of PI current regulators which can be

represented in equation (6) and (7).
K. ). .
Vcd = (Kp + le(ldref _1d) (6)
K, . .
v, = (Kp +T](1q_ref -i,) (7)

Where ig_rr and iy_rr are reference currents of
inverter respectively in dq frame. For power

factor is unity, ig = 0.
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3. SIMULATION RESULTS

3.1. Simulation parameters

The system scheme shown as Fig .7 has been

simulated on Matlab/Simulink and Table 1 is

the summary of the system parameter values.

Vg Ly L Vi
Vs
D IGBT | —— ¢, —
inverter
v
la lp Ic
v TF
Va Vb vc Cr— gabc dq PWMA ¢Carrier
PLL Modulation | ~ |wave
¢ L Id Iq V*abc Is
Va Va @ M da > abc | oot
lq_ref =0¢ Vq v With varied
+ +¥+V q increment
—»O O
e 1>&J

Fig. 7. General diagram of grid-connected photovoltaic system

Table 1. the system parameters

Parameter Description Value
L, Grid inductance 0.5mH
R, Resistance of L, 0.01Q
L, Inverter inductance 1.8mH
R; Resistance of L; 0.1Q
(on Filter capacitor 10uF
Fowm PWM frequency 9kHz

F Grid frequency 50Hz
S Base power 40KVA
Vy Base voltage 380V
K, qq K, of PI_d and PI_g 393

Ki dq K;of PI_d and PI_q 397

K, . K, of PLV 6

K, K, of PLV 0.005
Cye DC bus capacitor 1500uF
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3.2. MPPT with fixed increment = 0.25V
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Fig .10. Grid current and I*4 with large fixed increment

- Signal to analyz

() Display selected signal @ Display FFT window

FFT window: 10 of 250 cycles of selected signal
4F T . . . . _

4t . . . . . . . . . k|
37 372 374 376 378 3.8 382 384 3.86 3.88
Time (s)
-FFT analysi

Sampling time

Samples per cycle
DC component
Fundamental

2000 |= ‘
0.0005145 —
3.351 peak (2.37 rms)

Total Harmonic Distortion (THD) = 5.47%

Fig. 11. The phase current THD
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The simulation results in Fig. 8 to Fig. 11 power are very fast but current THD is higher

show that dynamic responses of PV array than 5%.

3.3. MPPT with fixed increment = 0.02V

Irradiance G
e
o

o

Fig. 14. Grid current and I*; with small fixed increment

Signal to analyz

(©) Display selected signal @ Dieplay FFT windows

FFT window: 10 of 250 cycles of selected signal

37 372 374 376 378 38 382 384 386 388
Time (s)

FFT analy

Sampling time = 1 s
Samples per cycle = 2000 3
DC component = 0.01303 =
Fundamental = 3.359 peak (2.375 rms)

Total Harmonic Distortion (THD) = 4.85%

Fig. 15. The phase current THD

The simulation results in Fig. 12 to Fig. 15 power are very slowly but current THD is

show that dynamic responses of PV array lower than 5%.
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3.4. MPPT with varied increment

Irradiance G

S o

Varied Inc (V)

Fig. 16. Irradiance change and varied increment (0.02 to 0.25 volt)

3
Time (s) x10°

Fig. 20. System V. response to an irradiance step at t=4s
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- Signal to analyz!
() Display selected signal @) Display FFT window

FFT window: 10 of 250 cycles of selected signal

37 372 374 376 378 38 382 384 386 388
Time (s)

-FFT analysi:

Sampling time

Samples per cycle = 2000

DC component = 0.009394

Fundamental = 3.338 peak (2.36 rms)

] »

Total Harmonic Distortion (THD) = 4.75%

Fig. 21. Phase current THD

The system responses to an irradiance step is paper, the inverter does not require an

shown in Fig. 16 to Fig. 20 at t=4s when the
irradiance is changed from 300W/m® to
1000W/m>. They show that the system tracks
the maximum operating point faster than most
MPPT strategies. Irradiation change level is
very extremely rapid that shows the good
performance of the proposed MPPT voltage

regulator.
4. CONCLUSIONS

A three-phase grid-connected photovoltaic

inverter system has been presented. In this

intermediate stage of DC/DC control to get
optimal power. In order to extract the
maximum power from the PV module, a MPPT
voltage regulator is applied by using P&O
algorithm with varied increment to get better
dynamic responds and lower current THD. The
simulation results in Simulink/Matlab show
that the proposed MPPT voltage regulator with

varied increment is better than with fixed.
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PIEU CHINH PIEN AP MPPT TRONG HE THONG PIEN MAT TROI
NOI LUOI 3 PHA

Trin Quang Tho, Truong Viét Anh
Trudng Pai hoc Su pham Ky thuat Tp.HCM

TOM TAT: Bai bdo nay trinh bay phuwong phdp giam thiéu séng hai trong hé thong pin mdt troi

néi luwéi 3 pha véi ddp iing ddng nhanh bang cdch sir dung b diéu chinh dién dp MPPT c6 gia sé bién

thién. Do cong suat dién cia dan pin mdt troi thay ddi theo diéu kién thoi tiét. B do diém cong sudt cuc

dai MPPT duoc sir dung dé chiét xudt nang lwong dién cuc dai cua dan pin. Trong bai bdo nay, méi khi

cong sudt dién ciia dan pin thay déi theo diéu kién thoi tiét, dién dp MPPT sé duoc chinh rat nhanh dén

diém ¢ cong suat cuc dai voi gia so lon, sau do gia so sé giam nho xuong dé nham dat dwoc dé méo

dang séng hai THD dong dién thap hon. Két qua mé phong trén Simulink/Matlab cho thdy bg diéu

chinh dién dp MPPT dé xudt c6 gia sé bién thién t6t hon bé diéu chinh ¢é gia s6 ¢6 dinh.

[1].

(2].

[3].

[4].

Tir khoa: Pin mat troi (PV), bo do diém cong sudt cuc dai (MPPT), do6 méo dang song hai toan
phan (THD), 16i uu by dan (PSO).
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