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Smart current control of the wind energy conversion system based permanent magnet
synchronous generator using predictive and hysteresis model

Introduction. Given the increasing demand for performance and efficiency of converters and power drives, the development of new
control systems must take into account the real nature of these types of systems. Converters and dimmers power are nonlinear
systems of a hybrid nature, including elements linear and nonlinear and a finite number of switching devices. Signals input for power
converters are discrete signals that control the ‘opening and closing’ transitions of each component. Problem. In the multilevel
inverters connected to grid, the switching frequency is the principal cause of harmonics and switching losses, which by nature,
reduces the inverter’s efficiency. Purpose. For guarantee the satisfying quality of power transmitted to the electrical grid, while
ensuring reduction of current ripples and output voltage harmonics. Novelty. This work proposes a new smart control, based on a
predictive current control of the three level neutral point clamped inverter, used in Wind Energy Conversion System (WECS)
connected to grid, based permanent magnet synchronous generator, powered by a hysteresis current control for the rectifier. This
new formula guarantees handling with the influence of harmonics disturbances (similar current total harmonic distortion), voltage
stress, switching losses, rise time, over or undershoot and settling time in WECS. Methods. The basic idea of this control is to choose
the best switching state, of the power switches, which ameliorates the quality function, selected from order predictive current control
of WECS. Results. Practical value. Several advantages in this intelligent method, such as the fast dynamic answer, the easy
implementation of nonlinearities and it requires fewer calculations to choose the best switching state. In addition, an innovative
algorithm is proposed to adjust the current ripples and output voltage harmonics of the WECS. The performances of the system were
analyzed by simulation using MATLAB/Simulink. References 33, table 3, figures 11.

Key words: hysteresis current control, permanent magnet synchronous generator, predictive current control, wind energy
conversion system, three level neutral point clamped inverter.

Bcemyn. 3sascaiouu na spocmaroui 6umozu 00 NpOOYKMUBHOCMI MA eQeKmUsHOCI nepemeoplosauie ma CUi08Ux npusoois, npu
PO3poOYi HOBUX CcucmeM KepySaHuHs HeOOXIOHO 6paxo8yeamu peanvHy Hnpupooy cucmem makozo muny. Ilepemsoprosaui ma
pezyiamopu NOmyH#cHocmi A61A10Meb co00I0 HEeNiHIliHI cucmemu 2iOpuUOHoOi npUpPoOU, Wo BKII0YAIOMb JIHIHI MAa HeNiHiliHI eleMeHmu
ma Kinyege HUCIO KOMYMAYiUHuX npucmpois. BXioui cuenanu 01 cunosux nepemeopiogavié € OUCKPEMHUMU CUSHANAMU, SKI
Kepyloms nepexooamu «8iOKpUmms ma 3aKkpummsay KodcHo2o komnovenma. IIpoénema. Y 6azamopisnesux ineepmopax,
NIOKNIOYeHUX 00 Mepedici, 4acmoma nepemMukaHHs € OCHOGHOIO NPUHUMOI0 2APMOMIK ma 6émpam NepeMUKaHHs, Wo 3a CBOEI0
npupoooro 3uudicye egpexmusnicms ineepmopa. Mema. [apanmysamu 3a008inbHy AKICMb eleKmpoenepeii, wjo nepeoacmvcs 6
eeKmpUIHY Mepedicy, npu OOHOYACHOMY 3HUIICEHHI nyabcayiti cmpymy ma capmonik euxionoi nanpyeu. Hoeusna. YV yiii pobomi
NPONOHYEMbCA HOBULL THMENIEKMYANbHUL KOHMPOTb, 3ACHOGAHUL HA NPOSHO3YIOUOMY KePYBAHHI CIPYMOM MPUpPi6Heo20 ineepmopa 3
iKCcO8aHOI0 HEUMPANLHOI MOYKOI, WO BUKOPUCTOBYEMbCA 8 cucmemi nepemeopenns enepeii ¢impy (WECS), niokniouenoi 0o
mepedici, Ha OCHOBI CUHXPOHHO20 2eHepamopd 3 NOCMILHUMU MASHIMamMu, wo JHCUGUMbCs 6i0 KepyeanHs cmpymom . L{a noea
Gopmyna eapanmye 06poOKY 3 Ypaxy8amHAM 6NAUBY 2APMOHIYHUX NepeuwKoO (aHano2iuHi 3a2anbHi 2apMOHIYHI CHOMBOPEHHS
cmpymy), nepenanpyau, empam nepemMuKkants, 4acy Hapocmawnis, nepe- 4y Heoope2ymnosants, a maxodic dyacy cmabinizayii WECS.
Memoou. Ochosna ioes ybo2o YNpasuinHa NoasA2ac y GUOOPI HANIKPAW020 CMAHY NEPeMUKAHHS CUTOBUX NEPeMUKAIB, WO NOKPAULYE
@ynxyito axocmi, obpany 3 nopaoky npoenosyiouozo xepysauna cmpymom WECS. Pesynvmamu. Ilpakmuuna yinnicmes. [leii
IHMeNeKMyanbHull Memoo MA€ KilbKa nepeeae, Makux sK WEUOKA OUHAMIYHA 6I0n06i0b, npocmoma peanizayii meniniinocmeil i
HeoOXIOHICMb  MeHwol KilbKocmi 00uucienb 018 eubopy Haukpawjoeo cmany nepemuxanus. Kpim moeo, 3anpononosano
IHHOBAYITIHULL AN2OPUMM Pe2YTIO8AHHs NYIbCayitl cmpymy ma 2apmowix euxionoi nanpyeu WECS. Xapaxmepucmuku cucmemu
NPoananizo8ano wisixom mooeniosanis 3 suxopucmanusim MATLAB/Simulink. Bi6in. 33, Tabm. 3, puc. 11.

Kniouogi cnoga: ynpapiliHHSI CTPyMOM 3 ricTepe3ncoM, CHHXPOHHHII reHepaTop 3 NOCTIHHMMH MAarHiTAMH, NPOTHOCTHYHE
yHpaBJliHHSI CTPYMOM, CHCTEMA NepeTBOPEHHs eHeprii BiTpy, iHBepTOp 3 TPUPiBHEeBUM (ikCyBaHHAM HeHTPAJIbLHOI TOYKH.

Introduction. The increasing use in the industrial
sector of powered systems electronically and controllable,
motivated by the improvement of their performance, has
led to a proliferation of static converters. Among these
most common structures and the most attractive are the
Pulse Width Modulation (PWM) voltage rectifier [1].

Participation in system services must be on an
alternative grid three-phase. It is then necessary to use an
electronic converter for the DC-AC and/or AC-DC
conversion in the conversion chain wind energy [1, 2].

The advent of power electronics has a major impact
on the world of industry in recent decades. This advent
occurred through the arrival on the market for power
electronic components such as thyristors, triacs, GTO,
IGBT or high-power transistors.

The constant growth of energy consumption in all its
forms and the associated polluting effects, mainly caused
by the combustion of fossil fuels, are at the heart of the
issue of sustainable development and care of the
environment in a discussion for the future of the planet.

Wind energy is clean and renewable energy, unlike
conventional energy which presents the constraints of
distance from the electricity network and the constraints
of fuel transport, as well as the periodic maintenance of
the installations [3].

In recent literatures, authors have investigated the
potential technical impacts in voltage regulation, active
and reactive power variations, transformers loading,
current and voltage harmonics causes with renewable
energy integration [4-6].

In the resolution of harmonics disturbances problems,
many researchers used the sinusoidal PWM approach and
implement it in Wind Energy Conversion System (WECS)
to ameliorate the harmonic content on the output voltage
waveform [7]. Space vector modulation technique
possesses remarkable performance in 3-level PWM
topologies [8]. Other techniques involving modulation
methods at a low switching frequency that have attained
more demand in a broader field of function are staircase
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modulation, space vector control [9, 10], selective
harmonic elimination [10, 11] and sliding mode control for
Permanent Magnet Synchronous Generator (PMSG) [12].

System for application generator. In the studied
system, we are interested in the wound rotor PMSG and its
use for the production of electrical energy from wind power.
The variable speed configuration is represented in Fig. 1.

r'\ Gearbox
B

Turbine

Fig. 1. PMSG-based WECS

The rotor is connected to a rectifier (rotor side
converter). A predictive control applied to Three Level
Neutral Point Clamped (3L-NPC) inverter (grid side
converter), which is placed in the output of the rectifier
controlled by PWM hysteresis.

1. The modeling of the turbine. The turbine rotate
speed is depending on wind speed; this makes it possible
to know the wind torque applied to the wind turbine. This
modeling is based on bibliographic cross-checking or
additional information from brochures from different
manufacturers [13]'

Pm= ¢, (4, ﬂ)/ﬁV3:— RV, (1)
where
LR,
/,L_ V b (2)

\4

where P, is the aerodynamic power; ¢, indicates the
performance coefficient of the wind generator; A is the
speed ratio (rad); S is the inclination angle of the blade,
which depicts the orientation angle of the blades; (2 is the
turbine rotation speed; R, is the blade radius; V, is the wind
speed; p is the air density (1.22 kg/m’ at atmospheric
pressure at 15 °C); the Betz limit is that the coefficient
¢,(4, p) does not exceed the value 16/17=0.59 [13, 14].

2. Modeling of the multiplier. The multiplier
adapts the turbine rotation speed to the PMSG rotation
speed. For this we grant a multiplier between the turbine
and the PMSG, the latter is mathematically modelled by
the following equations:

C,=C/G (3 and Q=0,..,/G &
The mechanical equations:
G _ Jq de h ft .
J’ tJ,=J (6) and ft +fg f.

So, the mechanical equations are:

dQ,.con
Crnech = J% ) ®)
Cmech = C - C _Cvis 5 )
vzs f-Qmecha (10)
where Cyeen, Ci, Cg Cyy are the mechanical, wind,

electromagnetic and viscous torques, respectively; J, J,, J,

are the total, turbine and generator inertias; f, f;, f; are the
coefficient of total friction, viscous friction of the turbine
and of the generator; G is the ratio of the speed multiplier;
0, 1s the generator rotation speed (fast axis).
3. PMSG modeling. By choosing a d-g reference
frame synchronized with the stator flux [3, 14, 15] are next.
The equations of tensions:

d Dsd

14

S

d =Relgq + —OsPsq s

q .
~ WO Psq 5

(ws - a))%fq 5

dqu B (a)

d
Vsq = Rslsq +

do,q
Vg=R.1,;+—"%
rd = rd dr

(1n

qu =R, rqg t a))(prd ;

J dgff =C,p
The equations of the flux:

Psa = Lslsq + M,y
Psq = Lslsq + Ml
Pra = Lypdrg + Mgy
Prg = L1y + M,

_Cr _fr'Qr’

(12)

(13)

Com = Mp((pa'rlqs ~ Pyl g ) .

em L
The electromagnetic torque becomes:

r

em = __p((”qsldr - (Ddslqr)' (14)
2 L
The stator and rotor active and reactive powers are

expressed by:

3
Q :_(Vs [sd +Vsd1sq}
(15)

F, :%(Vrd[rd + qu[rq)

Q ;(qulr dqul

where R, R, are the stator and rotor resistances; L, L,, M are
the stator, rotor, mutual inductances, respectively; Ly, Lig, 1a,
1, are the stator and rotor currents in the d-q frame; ¢, (/)Sq,
@, Prq are the stator and rotor flux in the d-g frame; p is the
number of pairs of poles; P, Os, P,, O, are the stator and
rotor active and reactive powers; Vi, Vg, Vya, V,q are the
stator and rotor voltage components in the d-g frame; , 18
the speed of stator magnetic field; @, = @, — @ is the angular
speed of rotor; @ is the mechanical angular speed.
PMSG and turbine parameters are shown in Table 1.
Table 1
PMSG and turbine parameters

PMSG parameters Turbine parameters
P,=1680 W L,=0.6 mH R=18m
V=110V Ly=5.25mH J=0.07 kg-m2
f=50Hz ®,=0.1827 rad/s G=1
R,=0.9585Q C=8Nm p=125kg/m’
=0.5Q p=4
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Hysteresis current control.

1. Modeling of the rectifier. The rectifier bridge
consists of three arms with six bipolar transistors
antiparallel with diodes. These switches are controlled by
closing and opening (pulse time closing «0» and opening
«1»). And in the same arm the switches operate in a

complementary way (K, = F) to avoid the short circuit
[16]. The model of bridge rectifier is depicted in Fig. 2.

o D %H} 4&}

+

e

Fig. 2. Bridge rectifier

The different switching and combination states of
the PWM rectifier switches are shown in Table 2.

Table 2
8 possible states of the switches
K Sa Sb Sc Vab Vbc Vac
0 1 0 0 Uye 0 ~Uye
1 1 1 0 0 Uye ~Uye
2 0 1 1 ~Uye Uye 0
3 0 1 0 ~Uye 0 Uye
4 0 0 1 0 —Uye Uye
5 1 0 1 Uye ~Uy. 0
6 0 0 0 0 0 0
7 1 1 1 0 0 0

From Table 1 we can represent the rectifier input
voltages in general as follows [17-19]:

Vab = (Sa - Sb) Udc; (l 6)
Ve = (Sp—S)Uacs (17)
Vca = (Sc - Sa)Udc- (1 8)
So we can deduce the phase-to-neutral voltages:
Vo = foUac (19)
Vc :j{cUdc: (20)
where:

fo= M : 1)

3
P (s, +SC); )

3
f. = ZSC_(ia +Sb) ] (23)

8 possible states of the input voltage V in a complex
plane a-f [20]:
Jkz

%Udce 3 for k=0..5;

Vir1= (24)

V=V, =0.
8 voltage vectors noted as V4(0 0 0) — V7(1 1 1) are
presented in Fig. 3, where V,;, V)., V., are the complex
voltages; f., f», f. are the rectifier switching function;

Uy 1s the rectified voltage; S,, Sy, S, are the switching
states of the rectifier; V,, V, V, are the simple voltages.

Vi
110

¥i
> 100
a

E Ve
001 101
Fig. 3. Presentation of voltage vector V,

2. Functional representation of the PWM rectifier
in the three-phase reference. The voltage equations for
the balanced three-phase system without neutral can be
written as (Fig. 3):

e=V+V; (25)
e=Ri+ LY. T (26)
dt

ea ia d ia Va
ey =Rib +LE ib + Vb 5 (27)

eC iC iC C

The rectifier input voltage can be written as:
1 C
Va =Udc(Sn 'E‘zSnJa (28)
n=a

where S, = 0 or 1 are the state of the switches, where
(n = a, b, ¢). In addition, we can write the DC bus current as:

dU,. .
C—%=j,. 29
Gl (29)
The current in the capacitor can also write:
ic = idc - ich; (30)
dU, .
de el —ige - 31)

Also, the current i, is the sum of the currents of each
phase by the state of its switch [16]:

U4

=Saia +Sbib +Scic _ich' (32)
So, the AC side of the rectifier:
di c
Ld—;’+ Ri,=e,~Uy| S Z
m=a (33)
—ea—Udc(Sa 3 S +Sb+S \J
. C
Ldi+Rl'b =ep _Udc(Sb —l‘ ZSn]:
dt 3= (34)
1 .
=, ~Uge| Sp —g(Sa +8y+Sc) |
di 1 <
L—S+Ri, =e, —Ud{SC —=. ZS,,J:
dr 3 (39
1
=éc _Udc Sc _E(Sa +Sb +Sc) >
where the network voltages are expressed by:
e, = E,sin(ar); (36)
e, = E,sin(wt-273);, 37
e. = E,sin(or27/3). (38)

The above equation can be summarized as:
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di, .. 1 <
Ld_:"'Rln :en_Udc[Sn _g'zsn]; (39)
n=a

C
e 30,5, = (40)
n=a
where e,, e, e. are the network voltages; V, are the
instantaneous phase voltages; S, are the switching states;
i. is the capacitor current; iy is the rectifier output current;
iy 1s the load current; E,, is the maximum phase voltage.

3. PWM to hysteresis band. The purpose of
hysteresis controller is to force the actual current to
follow the predefined reference current. In conventional
hysteresis controller, the comparators switch between the
fixed bandwidths, this technique only requires a hysteresis
comparator per phase [21, 22].

The principle of hysteresis used in this system is
expressed in Fig. 4. The switch opens if the error becomes
less than —H/2, it closes if the latter is greater than +H/2,
where H is the range (or width) of hysteresis. If the error
is now between —H/2, and +H/2, (it varies within the
hysteresis range), the switch does not switch [21, 23].

1

Y

-Hi2 Hi2

Fig. 4. Diagram of proposed hysteresis controller

The topology of hysteresis current control PWM
technique using in this configuration is shown in Fig. 5.

Rectifier

AC

= I vde
T >
DC
S f
3
_E]_ Vvdc ref
T
yearive
Pl
) - g
DC voltage <«

nt

Fig. 5. Control diagram of the hysteresis current control rectifier
connected to the inverter

Implementation predictive current control 3L-NPC
inverter.

1. Modeling inverter 3L-NPC. The power and
control circuit of a 3L-NPC inverter connected to grid is
shown in Fig. 6, each phase of three-phase 3L-NPC
inverter consists of 3 arms constituted of 4 switches (S1,
S2, S3, S4) connected in series and 2 median diodes (D1
and D2). The midpoints of switches (S2 and S3) of each
phase are connected to the load and the midpoints of diodes
(D1 and D2) are connected to the neutral point [24, 25].

In the same arm the switches operate in a
complementary way connection functions of the arm
switches k (a complementary way) will be given by:

{Sal =Sa2 {Sal =543 {Sal =Sa4

Sa3=Su4 Sa2 =844 Sa2 =843

(41)

Vdc

|||—‘

Fig. 6. The power circuit model of a 3L-NPC inverter connected
to the grid

The switching function on 4, B, and C phase can be
defined as follows:

{Skl =Sk3 {Skl =1-83
Sk2 = Ska
The equations of voltages (a), (), (c) of the three-

level inverter, with respect to the midpoint «0» of the
input voltage source is expressed as [26, 27]:

Vao = (Sa1Sa2 = SaaSaa Vaes
Voo = (Sp1Sp2 = Sp3Spa Waes
Veo = (SCISCZ —S8c38c4 )VdC‘
The compound voltages in matrix form are:
Vab ] Va0 ~ Vb0
Ve | = Vo0 =Veo | =

. (42)
Sk2 =1=Sk4

(43)

Vac_ Va0 ~Ve0
I -1 0 SaISaZ _Sa3Sa4
=10 1 =1\ SpSp2=Sp3Spa | Ve
-1 0 1 SCISC2 _S03S04

We can define the simple voltages (v,, vy, v.) with
respect to the neutral point #:

(44)

Va =Van = Va0 ~Vn0>
Vb =Vbn = Vb0 ~Vno>
Ve =Ven =Ve0 ~Vno-
The voltage equation between the midpoint of the

DC power supply of the inverter and the point load
neutral which is written as follows:

(45)

1
Vo = E(VaO +Vp0 +Veo) - (46)

Finally, the system in the matrix form is:

Va 2 -1 -1 Salsa2 - Sa3Sa4

3 —L{- Sp1Sp2 = Sp3Spa Vac » (47)
Ve -1 -1 2 SCISCZ - Sc3Sc4

where Sy, Si, Sk, S are the switching states of the

inverter power switches; vy, vy, Ve are the phase-to-

neutral voltages at the output of the inverter between the

phases of the load and the midpoint «0»; v, is the voltage

between the midpoint of the inverter DC supply and the

neutral point of the load; v,,, Vs, Ve, are the phase-to-

neutral voltages with respect to the neutral point n.
Depending on the states of the inverter, this vector

can take several positions in; these positions are

Vb =—|-1 2
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designated on the vector diagram or switch hexagon
shown in Fig. 7 [24, 26].
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Fig. 7. Space vector diagram of a 3-L NPC inverter

2. Implementation predictive current control. The
proposed predictive control strategy is based on the fact that
only a finite number of possible switching states can be
generated by a power converter static and that models of the
system can be used to predict behavior variables for each
switching state. For switching selection appropriate to
apply, a selection criterion must be defined. This selection
criterion is expressed as a quality function that will be
evaluated for the predicted values variables to control. The
prediction of the future value of these variables is calculated
for each possible switching state. The switching state that
minimizes the quality function is selected [28, 29]. This

approximation is considered in Fig. 8.
Inverter 3L-NPC

Ve

|||+
°

i

Voez Vaer
. sfsfst

Predictive
Model control

Minimization
lof cost function g

P=(k+1) T
Vepp=(k+1) i"=(k+1)

Fig. 8. Block diagram of predictive current control
for a 3L-NPC inverter connected to grid

ia|ib]ic

The system model equations are given as follows:

. di
Van = Ri, +Ld—;’—ea;

vy, = Riy +L%—eb; (48)

Ven = Ri, +L%—ec.

After the Clarke transformation and with the use of
Euler’s method to obtain a discrete-time model of the
current, the current equations are expressed as follows:

di ik +1)-i(k)
dr T

S
where 7 is the sampling period and k& shows sampling
time.

, (49)

0= 11 k) 0 e )

z-;;(kﬂ):(l_ng}ﬁ(k){_s(vﬂ_eﬂ(k))

The currents i, i, supplied by each capacitor Cy, C,
are represented by the following equations:

{icl (k) =ige (k) Hygig (k)= Hypi (k)= Hy i (k)
) . . . . (51
%) (k): Lde (k)_ H2ala (k)_ H2blb (k)_ H2clc (k)

The switch states function of the 3L-NPC calculates
the variables (H,,, H»,) and is given by:

1 if S, ="+";
Hyy = .

0 other;

1 lf S :H_H.
H,, = o ’
2x {0 other.

We use the Euler method to obtain the equations in
discrete time which allows the prediction of DC bus
voltages as follows:

1.
Vﬁ(k + 1)= vcl(k)+Elcl(k)Ts;

(50)

(52)

| (53)
sz (k + 1): Ve2 (k)+Eic2(k)Tsv

where i(k) is i,/, i and represents the current vector in
stationary frame a-f3; i., in are the currents flowing
respectively through the capacitors C,, C,; variables Hj,,
H,, depend on the switching states; v., v, are the
voltages across DC-link capacitors Cj, C,.

3. Cost function. The objective of the current
control scheme is to minimize the error between the
currents measured and reference values. This requirement
can be written as a cost function. The cost function is
expressed in orthogonal coordinates and measures the
error between the references and the predicted currents:

, (34

+ /,de

’2’ - iﬁ Vi —vh
where g is the cost function; 4. is the weighting factor.

The evaluation of the precomputed results and the
determination of future optimal control actions are made
by the cost function [30-33].

4. Diagram smart current control. Predictive
model algorithm applied to control the centralized
3L-NPC inverter in WECS is shown in Fig. 9. To make
the necessary calculation of the equations of the
predictive command Fig. 9 presents the algorithm of the
deferent step of this smart control [28, 29].

Results. This section is to validate the results obtained
from the model smart predictive current control of 3L-NPC
inverter algorithm of WECS through eigenvalues analysis
and also the comparative studies between the proposed
model and the exist solution already used for PMSG
connected to grid. In the first part, the results obtained after
rotor side converter are illustrated in Fig. 8.

Figures 10,a,d show the applied variable change of
wind profile for the studied system. Figure 10,c presents
the form of the DC link voltage. The DC link voltage
reference is set to 540 V, the measured voltage perfectly
follows the reference signal.

.* .
g:‘za—15‘+
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Fig. 9. Smart current control algorithm
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Fig. 10. Simulation results of the rotor side converter:
a — wind speed; b — mechanical speed; ¢ — DC-link voltage;

d — zoom DC-link voltage; e — PMSG power

The second part shows the results after grid side
converter and is illustrated in Fig. 11.

Figure 11,a clearly shows the proper tracking of the
converter reference currents with small currents ripples.

It can be seen in Fig. 9,b waveform of the controlled
currents 7, and iz is smooth and stable.

Figure 11,c illustrates the DC voltage ripples are low
enough. The spectral analysis of the modulated voltage
signal is presented in Fig. 11,g, where we noticed a drop
in Total Harmonic Distortion (THD).
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Fig. 11. Simulation results of the grid side converter:

a — output current i,; b — controlled currents i,, iz and their
references; ¢ — DC voltages across the two capacitors V.1, Vye;
d — zoom of the DC voltages across the two capacitors V.1, Vs

e —simple voltage at inverter output V,,; f— output line-to-line
voltage V,; g — spectrum of current i,

Comparison to state-of-the-art. The purpose of this
part a comparative study between the smart current control
of the WECS and exist solution using in [11]. Table 3
summarizes the principal differences between exist solution
and the new smart current control of the WECS.

These results and comparison showed high stability,
fast response, low disturbance, eases of implementation
and strong the robustness of this smart current control.

Table 3
Comparison of smart current control and exist solution
Parameter E.XiSt Smart
solution [11] | current control

Answer dynamic Stable Stable
The behavior of current 53 138
in regime const THD, % ) )
Frequency of switching, Hz 2500 2500
Response time, ms >40 40
Robustness, % 45 80
Complexity of implantation, % 35 10

Conclusions.

1. In this paper, a new design and intelligent control
has been proposed and implemented for wind energy
conversion system based PMSG.

2. All presented results have validated the capability and
effectiveness of the proposed intelligent control strategy
and showed a high performance and dynamic behavior
even at high power. Also, the measured DC voltage follows
the reference voltage closely (transitory response 30 ms)
and this proves its robustness. The control of three level
neutral point clamped inverter is guarantied by smart
advanced current control, which gives good results
regarding THD (1.38 %) in the both of simulation and
experimentation results.

3. Optimizing using metaheuristic algorithms are more
precise for THD optimization and switching loss
mitigation.

4. Experimental validation is the focus of future work:
using DC machine for creating mechanical speed of the
turbine, multiplier, PMSG, PWM rectifier, board
Dspacel104, current sensors, voltage sensors, DC voltage

stabilizer, control interface, three level neutral point clamped
inverter, MATLAB/Simulink and control desk.
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