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Abstract: In this paper, a deadbeat predictive control (DBPC) technique for doubly-fed induction
generators (DFIGs) in wind turbine applications is proposed. The major features of DBPC scheme
are its quick dynamic performance and its fixed switching frequency. However, the basic concept of
DBPC is computing the reference voltage for the next sample from the mathematical model of the
generator. Therefore, the DBPC is highly sensitive to variations of the parameters of the DFIG. To
reduce this sensitivity, a disturbance observer is designed in this paper to improve the robustness
of the proposed DBPC scheme. The proposed observer is very simple and easy to be implemented
in real-time applications. The proposed DBPC strategy is implemented in the laboratory. Several
experiments are performed with and without mismatches in the DFIG parameters. The experimental
results proved the superiority of the proposed DBPC strategy over the traditional DBPC technique.

Keywords: predictive control; doubly-fed induction generator; constant switching frequency; distur-
bance estimator; robustness

1. Introduction

In the last years, the global warming problem is attracting the attention of all the
countries around the world. The basic reason of this phenomena is the human activities,
which produce high amount of harmful products for the environment like carbon-dioxide
CO;. Usually, the central power generation stations are the commonly employed methods
to generate electricity in the whole world, where high-amount of CO, is produced due to
burning of the fossil fuels. Accordingly, to slow down the increase of the earth temperature,
all the governments around the world started to increase the share of renewable energy
systems in the power generation. Two types of renewable energy systems are extensively
installed worldwide: Wind and photovoltaic energy systems [1-4]. The constant-speed
wind turbines with squirrel-cage induction generators are the first type that appeared in
the wind turbines market. The basic advantage of this topology is the need for power
electronics circuits is minimum; Note, the price of the power electronics devices was very
expensive in this time. However, the constant-speed wind turbines with squirrel-cage
induction generators have several drawbacks like the need for reactive power and lower
efficiency [5-7].

Due to the above disadvantages of the constant-speed wind turbines with squirrel-
cage induction generators, the variable-speed wind generators are currently dominate the
wind turbines market. Furthermore, the rapid falling in the price of power electronics
devices also facilitate the technology of variable-speed wind turbines. The doubly-fed
induction generator (DFIG) is currently the most famous variable-speed wind generator
in the market [8-11]. In the DFIG, the variable speed operation is possible by using a
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reduced-scale back-to-back (BtB) power converter to interface the DFIG rotor with the
grid. The rated power of this reduced-scale BtB power converter is only 30% of the DFIG
nominal power, i.e., its cost is low.

Usually, the field-oriented control (FOC) or voltage-oriented control (VOC) with
proportional-integrators (PIs) is utilized to control the DFIG in variable-speed wind tur-
bines [12-14]. Those PI controllers can tuned to produce quick dynamic performance.
However, large overshoot and oscillation are produced. To reduce the overshoot and
oscillation, the dynamic performance will be slow. Therefore, the selection of the gains
of the PI controllers is difficult. To avoid this problem, other control strategies have been
presented in the literature, i.e., fuzzy logic, neural networks, predictive control, etc.

Due to its several advantages like non-linearity and ability to include constraints,
model predictive control (MPC) schemes have been extensively used in the literature for
several applications. Based on the literature, the types of predictive control techniques are:
Continuous-set model predictive control (CS-MPC) [15-17], finite-set model predictive con-
trol (FS-MPC) [13,18,19], and deadbeat predictive control (DBPC) [20,21]. Fixed switching
frequency, capability to easily include constraints in the optimization problem, and others
are the main features of the CS-MPC. However, the algorithm of the CS-MPC can be not
completely implemented online due to its heavy computational load. Due to the use of
only the limited number of switching states of the power converter, the calculation burden
of the FS-MPC is significantly lower than that of CS-MPC. Accordingly, the FS-MPC can be
completely implemented online and no modulation stage is required. However, its variable
switching frequency and poor steady-state response are the major obstacles.

The computational load of the DBPC is extremely smaller than that of the CS-MPC and
its dynamic/steady-state performances are excellent. Furthermore, the switching signals
of the power converter are produced by a modulation stage, i.e., the switching frequency is
constant [20,21]. In the DBPC algorithm, by using the mathematical model of the system
under control and the reference values, the actuation voltage of the power converter is
obtained [20,21]. Subsequently, the sensitivity of the DBPC to variations of the model
parameters is high. Furthermore, the un-modeled dynamics of the machine also worsen
the performance of the DBPC technique. According to the literature, the solution of this
problem is divided to three categories: (1) Online identification of the model parameters,
(2) model-free techniques, and (3) disturbance compensation based methods.

In the online identification methods, the parameters of the DFIG are continuously
observed and updated in the controller, which improves the robustness of the DBPC
algorithm. In [22], an extended Kalman filter (EKF) is employed to observe the parameters
of the DFIG, where a good estimation performance is obtained. However, the calculation
burden of the EKF algorithm is high. In [23], the mutual inductance of the DFIG is estimated
by a simple observer, i.e., its computational load is very low. The recursive least square
method (LSM) is utilized to estimate the mutual inductance of the DFIG in [24]. However,
In [23,24], the other parameters of the DFIG are assumed constant. Furthermore, the
un-modeled dynamics are neglected in the online identification methods.

Model-free predictive control (MFPC) is a promising solution for enhancing the
robustness of predictive control techniques. In [25], the proposed MFPC calculates the
current difference to predict the future value of the current difference without using the
model of the DFIG. However, two current measurements are required in each sampling
period, which is not easy in the real-time implementation. To solve this problem, a MFPC
is proposed in [26] using an ultra-local model of the DFIG. Accordingly, the robustness
of the predictive controller is enhanced. However, the proposed ultra-local model of the
DFIG is slightly complicated.

The third solution to reduced the sensitivity of the predictive control techniques to
variations of the model parameters is estimation of the entire disturbance and including
it in the calculation of the reference voltage. In [27,28], a simple method based on adding
integral parts to the predictive controllers to compensate the effect of parameters variations
is proposed. However, no rules are presented for tuning of the integrator gain. In [29], a
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non-singular sliding mode controller with enhanced extended state observer is presented
for a standalone DFIG. However, several gains need to be tuned. An interval-varying
multi-innovation LSM is proposed in [30]. However, the complex structure of the observer
is the main drawback.

In this paper, a deadbeat predictive control (DBPC) strategy for doubly-fed induction
generators (DFIGs) in wind turbine applications is proposed. In order to enhance the
robustness of the suggested DBPC technique, the entire disturbance due to parameters
variations or any un-modeled dynamics is estimated by a simple observer. Subsequently,
the estimated disturbance is included in the calculation of the actuation voltage. The
suggested disturbance observer is very simple and can be very easily implemented. Fur-
thermore, no gains or parameters to tune in the proposed observer, i.e., the complexity of
the observer is very low. The proposed DBPC with disturbance observer are implemented
in the laboratory. The experimental results demonstrated the superiority of the suggested
DBPC in comparison with the traditional one.

This paper is organized as follows: The mathematical model of the DFIG is derived in
Section 2. The traditional DBPC system is given in Section 3, while the suggested DBPC
with disturbance observer is explained in Section 4. In Section 5, the experimental results
and discussion are given. At the end, the conclusion is given in Section 6.

2. Modeling of the DFIG

The block diagram of the wind energy system with doubly-fed induction generator
is shown Figure 1. In order to allow the variable-speed operation of the wind turbine,
the rotor of the DFIG is tied with the grid via a reduced-scale back-to-back (BtB) power
converter, which consist of grid-side converter (GSC), Dc-link, and and rotor side converter
(RSC). In this study, the control of the RSC is only considered.

Gear Box
. abc
i RSC I, L, GSC R L U,
- L W=
B A& afw | F—wEN
- L A=Y
DC-link i Grid
Ts;zbc T S{;bL f

Figure 1. Block diagram of the wind energy system with doubly-fed induction generator.

The stator and rotor voltages of the DFIG in the three-phase system, i.e., abc reference
frame, are expressed as [7]
ul = Roit + iy,
b = R+ Syt (1)
ug = Rsis + x5,

and 4
ut = Ryt + &y,
”;ZZ = Rrif + 3 ;l?/ ()
uS = ReiS + S ¢
In the above equations, the stator and rotor fluxes are written as
b — Lt + Ly, (3)
and

@ — L,i% + Lyi®,
b — L, 4 Lyt (4)
€ = L€ + Lyic,
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In the above equations, u?, ug, ug, uf, u;, and u¢ are the stator and rotor voltages of

the DFIG. The stator and rotor currents are i%, i, i¢, i%, i, and . ¥, ¥, ¢, 2, L, and ¢
are the stator and rotor fluxes of the DFIG. R; and R, are the stator and rotor resistances,
respectively. Ls, L;, and L, are the stator, rotor and mutual inductances.

Using Clarke transformation [7], the stator and rotor voltages of the DFIG can be
expressed in the af reference frame as

ut = R + Sy, )
ME == I{SZS/5 + %l/«’f/
and

ut = Ryt + &2 + weyl,

. (6)
UE = erf + %4)5 — wry.

In (6), wy is the electrical angular speed of the rotor and is computed as w, = nywm,
where 1, is the number of pole pairs and wy, is the mechanical angular speed of the rotor.

Usually, the control system of the DFIG is designed in the rotating reference frame.
Accordingly, by the help of Park transformation, the stator and rotor voltages of the DFIG
can be written in the dg reference frame as

: d
ud = Reid + St — wsyl,
”g = Rsig + %EL’Z +Ws¢§r

@)

and d d d . .d q
U, = err + glPr — wq Py,
ul = Reil + Sl + wyyt,

®)

In (7) and (8), the stator (grid) angular frequency is ws and wg; = ws — wy is the slip
angular frequency.
The stator and rotor fluxes of the DFIG can be written in the dg frame as

4’? = Lsig + Lmij/

and
1/’? = L,iﬁl + Lmig/

1
9! = Lyil + L, (10)

Based on the above equations and by doing some mathematical calculations, the rotor
voltage of the DFIG can be expressed as [7]
. . 12 \. . ,
u? = R,id + (TL,%I? — (wg Ly — wsL—'f)zz — Rs%lsd + wyLyid + LL—”’ug,
q 4 d 4 L3 \d Ly id A Ly (1)
uy = Ryiy + 0Ly 1y + (wgLy — wsf':)lr - Rsf’;’ls — WyLmiy + To Us,

2
whereo =1 — LLSTE,' Equation (11) is written in the continuous-time domain, which is not

suitable to implement the controller on a digital signal processor (DSP). By the help of
forward Euler method, the form of Equation (11) in the discrete-time domain is

k] = Reid (k] + oL, B o) (L0 K] + cos B K] — ReLegd 1
kLl K + K 2 )
ullk] = Ryil[k] + oL, T o K Lid (K] — wg 52 k] — Rk i [K]

—wr k] L [K] + 72 [K].

In (12), the sampling time is Ts and k is the current sample.



Sustainability 2021, 13, 9150

50f13

3. Conventional Deadbeat Predictive Control

In the mathematical model of the DFIG, the values of Rs, Ry, Ls, L,, and L, are usually
measured in the laboratory or obtained from the data-sheet of the machine. Subsequently,
those parameters are assumed constant in the design of the conventional DBPC method.
Taking the one sample delay into consideration [31], the reference voltages is calculated
based on the reference currents and model of the DFIG as follows [7]
wl k1) = Rt 1) ok, 2 e k) + w1

Ro il [k + 1] + wefk + 1Ll [k + 1] + P2l [k + 1],

ug' |
kel =R+ 40 ot BT | e Lk 4 1] — o, itk 4 1
g

—Rfm il +1] - w,[kJrl]Lmisd[kJrl]JrL’” k+1].

(13)
rref

In (13), i [k +2], 1 mf[k+ 2], welk +1], wylk +1], €k +1], d [k + 1], u?[k + 1], and

1 [k + 1] can be computed using Lagrange extrapolation as
x[k 4 2] = 3x[k] — 3x[k — 1] + x[k — 2]. (14)

In (13), [k 4+ 1] and i} [k + 1] are predicted from (12) by Smith predictor as

iflk+1 =ik + (,E;L,(—RrLsif[kH(wsz[k]LrLs ws[k]L3,)if[K] + Rs L' [K]

~oKLu L]+ Lo K]~ Lo 4]
(15)

ifk+1] =ilkl+ 70 ( — Ry Lsil [k] — (wgi[K]LyLs — ws[K]L2)i[k] + RsLyid [k]

+-w, [k Ly Lsi [k] + Lt [k] — Lyuig) [k}) .

Based on Equations (13) and (15), the computation of the reference voltage by the
conventional DBPC is extensively dependent on the parameters of the DFIG. Therefore, the
sensitivity of the conventional DBPC is high. In Figure 2, the traditional DBPC for DFIGs

is shown.
udc
P P »—J’
i
L m/[k + 2] l‘:w [k+1] >
i Conventional > dg >
i [k+1]= DBPC q SVM —» —| RSC
»|  Method ”/'-“‘/[kﬂl a, >
T A X
=| T| = [k +1] T(é[k] - Grid
g:” = :; 41’[ ! < ia
S = Smith | |da /| .
= predictor ‘l:’[k] abe| .c |2
Lagrange 7y < = y
Aextlrapol‘atlonA a),[k] é [k]T ¢r [
=| x| x| =
Sl e o] F
b el (7 "
41K] |dq /=i K] di|” glk| '"
‘\ abe ¢ aber g Wind - Gearbox
u k] turbine

Figure 2. Blcok diagram of the conventional deadbeat predictive control strategy for DFIGs.



Sustainability 2021, 13, 9150 60f 13

4. Proposed Deadbeat Predictive Control

The main difference between the conventional DBPC and proposed one is taking into
consideration the effect of parameters mismatches and any un-modeled dynamics, see
Figure 3. Therefore, by considering this issue, Equation (12) is re-written as

ullk] = (Re-+ ARIK] +o(Le + AL) HESFE — k(1 + ALK

+ws@(ii%m) 71k — (Rs + ARs) 2 i K] 4 o [K) (L + AL )i K]
]

iyl + vl

ullk] = (R + AR,)il[k] + (Lr‘l'AL)M‘Fwsl[k](Lr‘l'ALr)ig[k]
2, .
*%%ﬁ%%ﬂW*UQ+MQ%%%§HH*MWUW+MWWW

+ Rl k] + vk,

profafn

(k1] k1]

. >| Disturbance A

i k1] observer u k1] Uye

- > o Uy »
2k | 20k l¢5[k] v <

(16)

N ,ef[k + 2] A 4 Y k]
4 Proposed 1d >
[k+1]> DBPC | 4 SVM —>{ RSC
3| Technique [ I +1; off —>» N
T F =%
= 7| T |+ Té[k]id[k]
%‘3@ ﬁ‘ - :r &
S = Smith | |dq
= predictor ‘lg (k]| /fabe P
Lagrange = D
: A A
ext‘rapolattlon o [k] &, [k]T k]
=| =l =l =
@§ NS‘N"’ Ngﬁ” %k
b a)r[k] cy n
¢ [k] |da «—i ™[k dt ¢lk] _p
— Wind | g |Gearbox

abc
abele ug (k] turbine ||

Figure 3. Blcok diagram of the proposed deadbeat predictive control strategy for DFIGs.

In (16), ARy, ARs, ALy, ALs, and AL, represent the variations of the parameters of
the DFIG. The un-modeled dynamics for the d- and g-axis are represented by v? and v1,
respectively. Equation (16) can be written as

wllk] = R,' K+ oL, et L @y [k]Lrif K] + cos 227 ]

—R Is 5 [k] "‘wr[k]Lmls k] + L U [k] +X?[k} (17)
Wk = Rl[K] + oL, HEH=iK +wsl[k]Lr [k} ws T id K]
—Ro il k] — [k]mes (k] + F=ul[k] + x[K],
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where x%[k] and x[k] are the total disturbances due to mismatches in the DFIG parameters
and any un-modeled dynamics. They can be expressed as

.d id _d -4 2 o
X[k = ARl [K] + AL SEEEE o )AL k] + cos 2Pl AL 7 ]
R ALy i + orlKALui (K + 33 k] + v K], a8)
[ —1 . 2 N
Tk = AR, [k] + UAL,M + wg [K] AL i4 k] — wS%zf[k]

]
— AR 25 #1[k] — wy (K] AL [k] + A5 1! [K] + v7[K].

It can be obsereved from Equation (18) that the values of x%[k] and x/[k] can not be
obtained because the values of AR,, ARs, AL,, ALs, and AL,, are unknowns and can not be
measured. Therefore, those values must be estimated. Accordingly, the proposed DBPC
calculates the reference voltages as follows

k+2 k+1
ul k1) = Reflk+1)+ oL, Bt e Lk 4 1) + oo e+ 1]

—Rs 2k + 1] + wy [k + 1L [k + 1] + 22 [k + 1] + £k + 1],

[
k2] =i [k+1
wl Je+1] = Reillk+1)+ ot AT s,[k+1]L,zd[k+1] widk+1]
[

Rl [k +1] — w, [k + 1Lwi [k + 1] + P20l [k + 1] + %7 [k + 1].

(19)

In (19), £¢[k + 1] and %] [k + 1] are the estimated values of the total disturbances due
to parameter mismatches and any un-modeled dynamics. Those values are estimated by
using the concept of time delay control approach [31], where it is assumed that the values
of x#[k] and x][k] at the sample k are almost equal to those at the sample k — I (I > 0 is
integer bigger than zero) as

Xk~ xflk—1) and X7k ~ xllk—1] (20)
Subsequently, x?[k] and x| [k] are estimated from (17) as
2k = uwlk—1]— ( ik —1] + oL, M — wylk — Lk — 1]

+ w% [k — 1] = Ref ik — 1] + wr [k — 1L [k — 1] + 2l [k — 1]>
(21)

>

=

=
I

wllk — 1) — (R,i? [k — 1] + oL, P01, 8k — 1)

2
— wsimillk—1] = Re52 il [k — 1] — wplk — 1L [k — 1] + 52 0] [k — 1]).

Finally, by using Lagrange extrapolation we can get the values at the sample k + 1.
It can be observed from Equation (21) that the proposed observer uses the stator/rotor
voltages/currents and the rotor speed to estimate the disturbances. Those signals must be
measured for the control system, i.e., no additional signals are required for the proposed
observer, i.e., no additional hardware or cost.

5. Results and Discussion

In order to validate the proposed DBPC technique, the test bench illustrated in Figure 4
is constructed in the laboratory. The nominal power of the DFIG is 10 kW and its parameters
are given in Table 1. Unfortunately, no wind turbine emulator is available in the laboratory.
Hence, we use a 10kW electrical-excited synchronous machine (EESM) to control the
rotational speed of the rotor. The available real-time system in the laboratory is a dSPACE
DS1007 with following boards:

e DS3002 incremental encoder board.
¢ DS2004 analog to digital converter (A /D) board.
e DS5101 pulse-width-modulation board.
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The stator of the DFIG is connected to a fixed AC voltage source and the rotor is
connected to a bi-directional power converter manufactured by SEW-Eurodrive GmbH
& Co KG. In reality, the rated power of this power converter is approximately 30% of
the DFIG nominal power. Unfortunately, small power converters are not available in
the laboratory and the available one have a rated power of 15kW, which is used in the
constructed test-bench. In this power converter, IGBT switches are used and the switching
frequency range is between 2 kHz and 16 kHz. Accordingly, a switching frequency of 8 kHz
is selected in this work.

In order to implement the proposed and traditional control methods, current and
voltage measurement boards are designed to measure the stator and rotor currents and
voltages. In those measurement boards, filters are included to eliminate the switching noise.

C: Torque sensor
D: Encoder

E: dSPACE DS1007

F: Power converters

G: Saftey-box and ON/OFF
H: Host computer

Figure 4. The constructed test bench to validate the suggested DBPC technique.

Table 1. Parameters of the utilized DFIG.

Name of the Signal Math. Symbol Value
Nominal power Pn 10kW
Nominal line-line voltage of the stator Us, 400V
Voltage of the DC-link Uge 360V
Nominal mechanical angular speed Win,n 157rad/s
Stator resistance R; 0.720
Rotor resistance R, 0.550
Stator inductance Ls 73.5mH
Rotor inductance L, 86 mH
Mutual inductance Ly 60 mH
Pole pairs np 2
Sampling time T 125ps
Switching frequency fow 8kHz

5.1. Performance with the Measured Parameters of the DFIG

The first experiment is performed by using the measured parameters of the DFIG, i.e.,
in the software model of the proposed and conventional control techniques, the values of
the used parameters are the measured ones, i.e., Rs = Rsu, Ry = Ry, Ls = Lom, Ly = Ly,
and Ly, = Ly, (the subscript ,, means measured). The value of the rotational mechanical
speed is set to 140rad /s by the control system of the EESM. The reference values of the
d- and g-axis rotor currents of the DFIG are selected 16 A and 0 A, respectively, where
the d-axis current controls the generated active power and the g-axis current controls the
reactive power of the stator. These active and reactive power are injected to the grid and
can be used to support the frequency and voltage of the grid. However, this effect can be



Sustainability 2021, 13, 9150

90f13

not illustrated in the constructed test-bench due to the use of a constant AC voltage source
not a grid.

According to Figure 5, the measured d- and g-axis rotor currents of the DFIG are
tracking the reference values with almost a zero steady-state error using the proposed DBPC
technique with disturbance observer, while the steady-state error using the conventional
DBPC strategy is higher than zero. The absolute steady-state errors (ASSEs) of the d-
and g-axis currents are given in Table 2. By using the conventional DBPC strategy, it can
be clearly observed that the measured d- and g-axis rotor currents are slightly deviated
from the reference values. This observation confirm that the measured values of the
DFIG parameters are varying and not constant. Therefore, by including the estimated
entire disturbance (see Figure 5 bottom) to the reference voltage calculation, the control
performance is better.

Conven‘tional DBPC sy‘stem

1.4 1.5 1.6 1.7 1.8 1.9 2
Time [s]

Figure 5. Experimental results with the nominal parameters of the DFIG (from top to bottom): Measured/reference

d-axis rotor current using the conventional DBPC, measured/reference g-axis rotor current using the conventional DBPC,
Measured /reference d-axis rotor current using the proposed DBPC, Measured /reference g-axis rotor current using the
proposed DBPC, and estimated total disturbance for d- and g-axis.

5.2. Performance with Mismatches in the Stator and Rotor Resistances

In the second experiment, the values of the stator and rotor resistances are reduced
to 25% of their measured values (i.e., Rs; = 0.25 Ry, and R, = 0.25 R,;) and the values of
the inductances are set to the measured values, i.e., Ls = Ly, L, = Ly, and Ly, = L.
The value of the rotational mechanical speed is set to 165 rad/s by the control system of
the EESM. The reference values of the d- and g-axis rotor currents of the DFIG are selected
20 A and 0 A, respectively. Based on Figure 6, the deviations of the measured rotor currents
from the reference values using the conventional DBPC is increased than the case of using
the measured parameters (i.e., Figure 5), in particularly in the d-axis (see the ASSEs of the d-
and g-axis currents in Table 2). In contrast to that, the measured rotor currents are perfectly
tracking the reference values using the proposed DBPC technique. This is due to inclusion

of )@f/q illustrated in Figure 6 to the computation of the actuation voltage.
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= Conventignal DBPC system
-2
22
= 20
=-18 Proposed DBPC technique
16 | |
2
=9
- P Proposed DBPC technique
_ 50 \ \ ] \ \ \ Y
P 25 Mt Ao ol Nt W NIy oo 00! AN O PN ISP i st ool Nop oo >fr
S5 25 -
50 \ \ \ \ \ \
0.5 0.7 0.8 0.9 1 1.1 1.2 1.3
Time [s]

Figure 6. Experimental results with mismatches in the stator and rotor resistances (from top to bottom): Measured /reference
d-axis rotor current using the conventional DBPC, measured/reference g-axis rotor current using the conventional DBPC,
Measured /reference d-axis rotor current using the proposed DBPC, Measured /reference g-axis rotor current using the
proposed DBPC, and estimated total disturbance for d- and g-axis.

5.3. Performance with Mismatches in the Inductances

In the last experiment, the values of the stator /rotor/mutual inductances are increased
to 175% of their measured values, i.e., Ly = 1.75 Lgy, Ly = 1.75 Ly, and Ly, = 1.75 L.
The values of the stator and rotor resistances are set to the measured values, i.e., Rs = Rgy,
and R, = Ryy. The value of the rotational mechanical speed is set to 135rad/s by the
control system of the EESM. The reference values of the d- and g-axis rotor currents of the
DFIG are selected 12 A and 0 A, respectively. It can by seen in Figure 7 that by using the
conventional DBPC system the measured d- and g-axis rotor currents largely deviated from
their reference values, in particularly the d-axis current (see the ASSEs of the d- and g-axis
currents in Table 2). This is not the case by using the proposed DBPC technique, where the
measured d- and g-axis rotor currents are tracking the reference values with almost a zero
steady-state error. Thanks to the proposed simple disturbance observer.

Table 2. ASSEs of the conventional and proposed DBPC techniques.

Conventional DBPC Proposed DBPC
Operation Conditions ASSEofi? ASSEofi] ASSEofi? ASSE of i/
Without parameters mismatches 0.65A 0.87A 0.015A 0.008 A
With mismatches in resistances 1.15A 098 A 0.023A 0.019A

With mismatches in inductances 1.87 A 127 A 0.032 A 0.024 A
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Figure 7. Experimental results with mismatches in the inductances (from top to bottom): Measured/reference d-axis

rotor current using the conventional DBPC, measured /reference g-axis rotor current using the conventional DBPC, Mea-

sured /reference d-axis rotor current using the proposed DBPC, Measured /reference g-axis rotor current using the proposed

DBPC, and estimated total disturbance for d- and g-axis.

6. Conclusions

In this paper, a low sensitivity deadbeat predictive control (DBPC) technique is pro-
posed for doubly-fed induction generators (DFIGs) utilized in wind turbine applications.
In order to compensate the effect of parameters variations of the DFIG and any un-modeled
dynamics, a simple observer is presented to estimate the total disturbance due to pa-
rameters mismatches and un-modeled dynamics. Subsequently, this total disturbance is
included in the calculation of the actuation voltage. The proposed DBPC with disturbance
observer is implemented in the laboratory. The results illustrated that the proposed DBPC
is highly robust to any parameters mismatches and un-modeled dynamics, while the
conventional DBPC is very sensitive.

For future work, the effects of factors like change of the grid impedance, errors of
sensors, and frequency fluctuations of the grid will be considered.
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