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ABSTRACT

Renewable energy resources - wind and solar - are increasing very strongly for
sustainability and environment with enormous potential. However, their drawbacks are
diluted and discontinuous. Thus, in order to become a stable, quality, and cheap power
source, they need to be connected to the power grid by using power semi-conductor inverters
wherein the current controllers affect significantly output harmonics. Therefore, the power
quality of grid-connected inverters depends much on these coefficients of inverters. Since the
closed-loop transfer function of grid-connected inverters is infinite. Thus, there are numerous
values of the coefficients that can satisfy the transfer function to stabilize system. However,
the manual determinations of the coefficients basing on the transfer functions like Bode
diagram can provide the local minimum values. This paper proposes a method for
determining the optimal coefficients of current controllers using Particle Swarm Optimization
(PSO) algorithm. The proposed method does not require much time, strength, and experience
of designers. To validate the performance of the proposed technique, the simulation results
generated by the proposed technique are compared to those of the method relying on the
transfer function.

Keywords: current controller; distributed generation (DG); grid-connected inverter; Particle
Swarm Optimization (PSO); Total Harmonic Distortion (THD).

TOM TAT

Cdc nguén nang leong tdi tao nhw gié va mdt troi dang phdt trién rdat manh mé vi tinh
bén vitng, thin thién véi méi truong trong khi tiém nang vo cung Iém. Tuy nhién, nhwoc diém
ciia chiing la bi lodng va khéng lién tuc. Do d6, dé c6 mét nguon dién c6 chit lwong véi gid
thanh ré, ching thuong dwoc noi véi lwdi dién bang cdc bo nghich leu néi hedi. Khi dé, chat
lwong bé diéu khién dong trong nghich lwu sé anh hudng dén song hai ngd ra ciia nghich heu.
Vi ham truyén vong kin ciia cac bg nghich hweu néi hedi c6 dang vé dinh, nén sé cé nhiéu gia
tri cia cdc hé s6 bg diéu khién théa man ham truyén dé on dinh hé théng nghich heu. Tuy
nhién, cdc phwong phdp xdc dinh cdc hé sé dwa vao ham truyén nhw gian dé Bode cé thé cho
két qua roi vao cuc tri dia phwong. Bai bdo nay dé xudt mét phieong phép dé xdc dinh cdc hé
s6 t0i uu cho b diéu khién dong dién sir dung gidi thudt t6i wu bay dan (PSO). Phirong phdp
dé xudt khéng doi héi nhiéu thoi gian, cong sirc VA kinh nghiém cia nguoi thiét ké. Cdc két
qud mé phong cia ky thudt dé xudt dwge so sanh véi két qua ciia phirong phép dira vao ham
truyén dé khang dinh tinh hiéu qua ciia phirong phép dé xudt.
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Tir khoa: bg diéu khién dong; nguon dién phan tan (DG); nghich heu néi lui; t6i wu bay dan

(PSO); dé méo hai toan phan (THD).
1. INTRODUCTION

The penetration of Distributed
Generation (DG) system using renewable
energy sources like solar and wind power in
power grid network is rapidly increasing
worldwide. To limit harmonics of inverter in
DGs, the increasingly  stringent  grid
standards [1] are imposed by utility
companies to maintain grid stability.

The structure of a three-phase grid-
connected inverter system in Fig. 1 shows
that the current controllers affect the
modulaltion waveforms. As a result, they
also affect output harmonics of inverter.
There are many control techniques published
recently. However, the Proportional
Resonant (PR) controller offers the best
performance for the grid-connected inverter
system [2].

Since the closed-loop transfer function
of grid-connected inverter is infinite. Thus,
there are numerous values of the coefficients
that can satisfy the transfer function to
stabilize system. However, the methods for
determining manually the coefficients basing
on the transfer functions like Bode diagram
are difficult to offer the optimum or global
result [2]-[4].

Currently, with the development of
computer engineering, the parameters of the
controllers can be determined by the methods

of artificial intelligence such as Genetic
Algorithm (GA), Particle Swarm
Optimization ~ (PSO),  Cuckoo  Search,

Harmony search, etc.

PSO is a method basing on the collective
knowledge [5] introduced by James Kennedy
and Russell C. Eberhart. The optimal
techniques using PSO have been researched

in [6], [7]. But the PSO algorithm has not
applied specifically for the grid-connected
inverter [8].
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Fig.1 Structure of the three-phase LCL filter-
based grid-connected inverter

This paper proposes a method for
determining the coefficients of the current
controller in grid-connected inverter using
the PSO algorithm. The simulation results of
the proposed technique have been compared
to those of the method basing on Bode
diagram to confirm the performance of the
proposed.

2. METHOD BASING ON BODE
DIAGRAM

The PR controller is widely used in grid-
connected inverters due to its advantages
[2]-[4] such as controlling sinusoidal signals,
eliminating well steady-state errors, lowering
overshoot, and offering good dynamics.

2.1 Transfer function of grid-connected
inverter

The quantities in the three-phase
coordinates are converted to the stationary o-
B frame [1] as follows:

_1/2 —1/2} Pa

P | 2|1
{pﬁ}{o ~Bi2 J3i2 Eb @

c



Ho Chi Minh City University of Technology and Education

Journal of Technical Education Science No.40 (1/2017)

Ignoring the influences of Lg and Ciy,
voltage balanced equation can be written in
the stationary o3 frame as follows:

di, 1p .. _
F_L[ Ri, —Vgo +Vig | )
diﬂ_l

dt L[_Riﬁ _Vgﬂ +Vi/5’:|

The active and reactive powers can be
calculated as:

Pret =|: ga-a_ref _Vgﬁiﬂ_ref]
Qrer = [Vgaiﬁ_ref +Viﬁia_ref ]

(3)

Basing on (3), the reference currents can
be determined as follows:

ia_l’ef _ 1 Vga Vgﬁ Pref
g ret | V& +Vs| Vap Vaa || Qrer

2.2 Determining coefficients of controller

PR Controller Inverter Filter
Ve

(4)

Fig.2 Control block diagram of grid-
connected inverter system

Block diagram of control principle for
grid-connected inverter is shown in Fig. 2. The
open-loop transfer function of the system with
the ideal PR controller is yielded as follows:
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Table 1. System parameters
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Fig.3 Bode diagram of PR controller
(Kp=15; Kij=3000; fres=50Hz)

The parameters of grid-connected inverter
system are also listed in Table 1. The ideal PR
controller offers a gain very high at resonant
frequency in Fig. 3 with Kp and Ki proposed in
[2]-[4]. But this controller gives the gain very
low at frequencies near the resonant one. This
leads to instability in the system when the
actual grid frequency fluctuates.

Therefore, the actual PR controller
requires a bandwidth «c to guarantee the
stability as follows:
2K w8

2 2
$° + 20,5 + Wyes

Gpr(s) =K, + (6)
Then, the resonant frequency can be
regulated adaptively by the grid one. Bode
diagram response of PR controller with
different values of Kiis shown in Fig. 4.
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Inductance of filter L; 5mH
Resistance of L; R 0.3Q
Inductance of grid source | L, 0.01 mH
Resistance of L, Ry 0.01Q
DC voltage value Ve 600 V
Capacitor of filter Cs 0.22
Grid source phase voltage| Vg 220V
Resonant frequency Wes | 1007w rad/s
Bandwidth O 2 rad/s
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Fig.4 Bode diagram with fres=50 Hz (Kp=15;
Ki=1000+6000; w.=2rad/s)

Then, the open-loop transfer function of the
system with the actual PR controller will be as:

2K, 1 K
GoL (8) =| Kp + e [ (7)
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Fig.5 Response of open-loop transfer
function at 378 Hz

Responses in Fig. 5 with different values
of inductance Li (2.5mH+7.5mH) show the
stability of the system. The response of
closed-loop transfer function is also shown in
Fig. 6.
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Fig.6 Response of the closed-loop transfer
function

3. THE PROPOSED METHOD

PSO method is used simply basing on
velocity and position updates as follows:

k k- k-
Vi = W'Vi T a'Rl(Plocal_besti - PI 1)

B (8)

+ﬁ-R2(Pglobal_best - I:)ik 1)
R* =R +yV 9)
whereVik_1 is velocity of it" particle at

(k-1)th  iteration, Pik_l is position of ith
partick at (k-1)t" iteration, w is inertia

weight, o, B, and y are acceleration factors,

Ri and R: are search radii, Pocai pesti is the

local best value, and Pg|0ba|_best is the

global best value.
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The flowchart of the proposed PSO
algorithm is also shown in Fig. 7. The results
offer the coefficients Kp= 199.537 and Ki=
4794.3 after 25 iterations.
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Fig.7 The proposed PSO algorithm

4. SIMULATION RESULTS

The active and reactive powers injecting
into the grid are characterized by setting
reference currents Iq ref and lq ref.

The current Iq ref is 20 A and 10 A for
the  intervals 0-0.2s and  0.2-0.6s,
respectively. The current Iq rer is 0.0 A and 10
A for the intervals 0-0.4s and 0.4-0.6s. Thus,
there are three surveyed intervals with period
of 0.6 s.

4.1 Method basing on Bode diagram

Bode
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Fig.8 Three-phase voltage and current
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Fig.15 Phase current and ripple of the
proposed method
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Table 2. Current THD results

Bode PSO P Q
(W) | (van)
Ko | 15 199.537
Ki | 3000 | 4794.3
oc | 2rad/s | 2rad/s
6.96 1.81 | 7584 |0
-I;;;) 10.14 412 |[3792 |0
12.23 3.13 | 3792 | 3792

5. DISCUSSIONS

The simulation results are shown in Figs.
8-16 and Table 2. The THD values are
measured at the last fundamental cycle of
each interval to guarantee the steady-state of
current.

The active and reactive powers are
obtained in Fig. 9 and Fig. 13 for the Bode
method and the proposed one, respectively.
The three-phase currents in Fig. 8 also
showed a compatibility with the obtained
powers.

Steady-state error of zoomed current in
Figs. 10(b)-(c) of the Bode method is also
higher than that of the proposed in Figs.
14(b)-(c).

The currents of the Bode method in Fig.
11 contain more ripples than those of the
proposed in Fig. 15. These make the powers
of the Bode method in Fig. 9 contain more
ripples than those of the proposed in Fig. 13.

In the first interval, 0-0.2 s, the active
power P is 7584 W and the reactive power Q
is zero. The current THD of the proposed
method is 1.81% in Fig. 16(a) while that of
the Bode method is 6.96% in Fig. 12(a).

In the second interval, 0.2-0.4 s, the
power P is lowered to 3792 W and the power
Q is still zero. The THD of the proposed
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method is 4.12% in Fig. 16(b) whereas that
of the Bode method is 10.14% in Fig. 12(b).

In the last, 0.4-0.6 s, the power P is still
3792 W and the power Q is 3792 Var to
compensate for the grid. This leads to
increasing of current and makes the current
THD of the proposed in Fig. 16(c) lower to
3.13%, whilst that of the Bode method is

12.23% in  Fig. 12(c), because the
coefficients of controller are not optimal
values.

The peak current values in Fig. 16 of the
proposed method as 16.25 A, 8.117 A, and
11.72 A are a little higher than those of the
Bode method in Fig. 12 as 16.22 A, 8.062 A,
and 11.69 A, respectively. These lead to
power factor of the proposed higher than that
of the Bode method [9].

The current THD results in Table 2 also
showed that THD values of the proposed
method are always lower than the limit [1].
On the contrary, those of the method basing
on Bode diagram are higher than the limit.

6. CONCLUSION

The accuracy of coefficients in current
controllers  affects significantly power quality
of grid-connected inverters.

In the conventional methods basing on
Bode diagram, the coefficients of current
controller determined manually are difficult
to offer the optimal values due to the infinite
of the transfer function.

This paper proposed a method for
offering the optimal coefficients of current
controller relying on the PSO algorithm. The
simplicity of the proposed helps determine
the coefficients more easily.

The simulation results of the proposed
method have been compared to those of the
method basing on Bode diagram to validate
the performance of the proposed.

The approach of the proposed can also
extend to other applications such as
automation, electric motor control, etc.
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