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Abstract—The article seeks to improve the dynamic
performance of a standalone doubly fed induction generator
(DFIG) which driven by a wind turbine, with the help of an
effective control approach. The superiority of the designed
predictive controller can be confirmed through evaluating the
performance of the DFIG under other control algorithm,
which is the model predictive direct torque control (MPDTC),
model predictive current control (MPCC) as classic types of
control. Firstly, the operating principles of the two controllers
are described in details. After that, a comprehensive
comparison is performed among the dynamic performances of
the designed MPDTC, MPCC techniques and the predictive
control strategy, so we can easily present the merits and
deficiencies of each control scheme to be able to easily select
the most appropriate algorithm to be utilized with the DFIG.
The comparison is carried out in terms of system simplicity,
dynamic response, ripples’ content, number of performed
commutations and total harmonic distortion (THD). The
results of the comparison prove the effectiveness and validation
of our proposed predictive controller; as it achieves the system
simplicity, its dynamic response is faster than that of MPDTC
and MPCC, it presents a lower content of ripples compared to
MPDTC and MPCC. Moreover, it can minimize the
computational burden, remarkably. Furthermore, the
numerical results are showing a marked reduction in the THD
with a percentage of 2.23 % compared to MPDTC and 1.8 %
compared to MPCC. For these reasons, it can be said that the
formulated controller is the most convenient to be used with
the DFIG to achieve the best dynamic performance.

Keywords—DFIG; Standalone; Wind; Predictive Control;
Dynamic response; Ripples’ content; Computational burden;
THD.

l. INTRODUCTION

Energy in general, and electrical energy in particular, is
the mainstay for achieving comprehensive and continuous
development, it is the heart of all the changes facing society,
whether they are social, economic or other. Therefore,
generating and providing electricity at an appropriate cost
has become indispensable, which prompted researchers to
try to find the optimal way to generate electricity. The
electricity generation can be performed through either
conventional energy resources or renewable energy
resources. As the non-renewable energy sources began to
decrease day by day remarkably, the current trend became
towards the renewable energy sources, such as solar, wind,
wave and geothermal energies [1-4].There are different
types of electric generators that are utilized to generate

electricity through renewable energy resources, like
synchronous generator (SG), self-excited induction
generator (SEIG), and doubly fed induction generator
(DFIG) [5-10]. The DFIG has been frequently utilized with
wind turbines over recent years and is still in use, this
overall system is called as wind energy conversion system
(WECS). The reason to use the DFIG with the WECS s its
many advantages, as it proved its worth to operate during
the changes of the wind speed while maintaining a constant
load voltage and constant frequency. Moreover, its control
is flexible, as it can be performed either in the stator or rotor
sides [11-19].

There are many control techniques used with the DFIG
to try to improve its dynamic performance. In [20, 21], the
adopted strategy is the vector orientation control (VOC),
this method of control succeeded in improving the torque
response and minimizing the ripples’ content; unfortunately,
it needs to coordinate transformations and depends in its
operation on the generator parameters. Furthermore, it uses
proportional—integral (PI) regulators, which caused a delay
in the system response and some complications.

Another topology of control which used with the DFIG
is the direct torque control (DTC) technique, which adopted
in [22-26], this methodology excluded the PI regulators
which used by VOC approach and replaced them with
hysteresis comparators, which leads to avoiding the
complications caused due to using Pl controllers, and also
getting a faster dynamic response compared to VOC
technique. Moreover, it doesn’t need to coordinate
transformations, as the control is performed in the alpha-
beta (@« —B) frame; but on the other hand, it has more
ripples than VOC approach.

Eventually, the researchers have tried to find a new
method that can overcome the problems of classic control
systems, so the predictive control (PC) strategy came to
light, as it has managed to obviate the shortages which face
the VOC and DTC techniques [27-32].

The model predictive direct torque control (MPDTC)
strategy depends in its operation on minimizing the
difference among the reference and predicted components of
the torque; and rotor flux, the main goal of this approach is to
overcome the defects of DTC technique, the most important
of which is the ripples issue, which was overcome by this
method of control. Furthermore, it improved the torque
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response and made it faster. The MPDTC scheme is still
suffering from some defects, its cost function needs to a
weighting factor (w;) to achieve the equilibrium between
the values of the torque and rotor flux errors. Moreover, the
computation time is considered as a principal problem
which faces this technique; also, the variables of the cost
function need for estimation, so this methodology depends
on the machine parameters [33, 34].

Another topology of the PC is the model predictive
current control (MPCC), which eliminates the using of the
weighting factor which is adopted by the MPDTC, also, it
minimized the ripples. On the other hand, its dynamic
response is slower than that of MPDTC and it still suffers
from high calculation time. Furthermore, its cost function
contains variables which are calculated utilizing the model
parameters, which can be easily affected by the operating
conditions [35, 36].

The researchers started to search for a control algorithm,
which can beat the most of defects which face other previous
classic controllers. Following these research attitudes, we
present in the current article a newly efficient and advanced
control algorithm, which adopt a very simple cost function
with analogous terms, so that, it doesn’t require a weighting
scale as in case of MPDTC and MPCC. The terms of the cost
function are the differences between the reference and
predicted actual values of the d-q components of the rotor
voltage, a detailed design for the derivation of the d-q
components of the voltage references is introduced.
Moreover, this methodology of control has a high robustness
against the system uncertainties, as its cost function doesn’t
contain any estimated variables.

Moreover, a detailed comparison between the dynamic
performances achieved by the adopted controllers must be
performed to outline the features and deficiencies of each
topology and easily identify the most efficient algorithm to
be used with the DFIG. The comparison is carried out
between the designed controller and MPDTC scheme in
terms of dynamic response, content of ripples and
computational burden.

The article contributions can be summarized as follows:

- The paper introduces a design for an advanced control
algorithm which achieved the control targets and
improved the DFIG’s performance, remarkably.

- The paper performs a detailed dynamic performance
analysis for the DFIG using the designed PVC scheme
and also for the MPDTC and MPCC techniques under
different operating wind speeds.

- The operating principles of the three adopted controllers
are introduced in details.

- A detailed comparison of the dynamic performance of the
DFIG under the used controllers is performed to outline
the effectiveness and robustness of our proposed
predictive control algorithm.

- The results of the comparison confirm the validation and
superiority of our formulated controller, which was
evident in terms of lower dynamic response time,

reduced content of ripples, minimized computational
time and THD.

- The formulated control algorithm can be utilized with
other generator configurations, taking into account
differences in structure and principle of operation.

The present paper is arranged as follows: At first, the
model of the wind turbine is introduced, then, the
mathematical model of the DFIG is described in details, after
that, the construction and operating principle of the MPDTC,
MPCC and the proposed controllers are introduced.
Subsequently, the results of the performed tests are outlined
and analyzed, eventually, the conclusions are introduced.

1. WIND ENERGY CONVERSION SYSTEM

A. Modeling of the Wind Turbine

The wind turbine model is shown in Fig. 1, in which the
turbine drives a DFIG which supplies an isolated load, the
overall system is defined as wind energy conversion system
(WECS). The speed of the DFIG is denoted by (w,),
meanwhile the turbine speed is expressed by (w.). As
known, we can manage the speed of the turbine via two
methods: the first one is through managing the blade pitch
angle (B) or by controlling the generator torque (Tg).
There’s an important ratio which used for evaluating the
speed of the turbine, it’s called as tip speed ratio (TSR), and
can be expressed by:

w:R

a7 =

where R refers to the radius of the blade.
The power of the wind (P,,) can be represented by:
P, = 0.5pAV3 )

Where p and A refer to the air density and swept area,
respectively.

The power of the turbine (P,) can be expressed by:

P, = C,P, = 0.5pAC,V} )
The power coefficient (C,) can be represented in terms of
(TSR), and (B) as following:

A+0.1
C, = [0.5 — 0.00167(8 — 2)] sin [%(BBZ)] )

—0.00184(1—-3)(B—2)
The turbine torque (T;) can be calculated as following:

3
T, = & _ 0.5pAC,V;; 5)
Wy Wy
There’s an urgent need for using a gearbox ratio(G) to
achieve the equilibrium among the turbine’s shaft and the
generator’s shaft, so the speed of the generator’s shaft is
related to the turbine speed by the following relationship:

wg = Gy (6)
The torque of the DFIG’s shaft can be represented by:
T
Tg = E (7)
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We can represent the mechanical shaft by utilizing a two-
mass model as following:

t dw,
¢ G]g) dt ®)

where F is the friction constant, while J, and J, refer to the
inertia of the turbine and generator, respectively.

Tt _GTg _Fth <

The turbine must be managed to operate at an optimal
value of TSR (4,,.), to be able to extract the maximum
available power; the reference values of turbine and
generator speeds which can handle this condition can be
represented by:

_ )lopti (9)
" R
_ *
wy = Gw{ (10)
-
[Rotor side
Rotor
Ui T e
inverler
Wind
—
—
—
—

Fig. 1. Model of wind turbine

B. Modeling of the DFIG

The equivalent circuit of the DFIG in the synchronous
frame, is shown in Fig. 2. The stator voltage vector (ﬁj‘,’{
was selected to be aligned with the direct axis of the
synchronous frame, so the parameters are expressed in a
frame which revolves with a speed equal to that of the stator
voltage vector (wg,).

i R, Ljs Lyy Ry i
o—* g Y Y Y YL —
+ + + +
Psv psv
- dP; Ly, AP @ e
dt dt
= -+ e -
o —
]mu“qjsv j(mﬁs - mme)q":v

Fig. 2. Equivalent circuit of DFIG

From Fig. 2, and utilizing a sampling time (Ty), we can
represent the balance equations of the stator and rotor at
instant (KTy) as following:

oW d¥isk _ o

Ugsi = R las kT dt uskl‘uqs k (11)

sv
Uger = Rglger + dqs Lo wy, Vask (12)

o Wslip k

Ugrr = R ldrk + dir’k - (wusk - wme,k) lp;;]k (13)

sv
Ugr e = Rylgry + dqtr’k + Wsiip kY ar k (14)

Where ujg, and uqs  are the d-q components of the stator
voltage; ugy , and ugy. . refer to the d-q components of the
rotor voltage; R, and R, are the stator and rotor resistances,
respectively; igs, and iz, denote the d-q components of
the stator current; iz, and gy, are the d-g components of
the rotor current; ¥3J, and ;;’k refer to the d-q
components of the stator flux; ¥37, and ¥z, are the d-q
components of the rotor flux; w,,. refers to the angular
mechanical speed of the rotor; the superscript ¥’ clarifies
that all parameters are represented in the synchronous frame
which revolves with a speed of wg.

The d-q components of the stator and rotor flux can be
evaluated as follows:

Wask = Lsigsp + Liniar i (15)
lzusvk =1L lqsk + Lmlqu (16)
Yark = Lrigi i + Linlas (17)

ark = Lrigri + Linigex (18)

Where L,,denote the mutual inductance; L and L, refer to
the stator and rotor inductances, which can be represented
as:

Ly =Lis+Lp (19)
Lr = Llr + Lm (20)

Where L, and L, denote the stator and rotor leakage
inductances, respectively.

As mentioned in [37], the d-g derivative components of the
rotor current can be found as follows:

di . L2,+LyLe
— = [drk Ryigy +

dt L2L¢
Ly sv - SV Lm (. sv :SV 21
awslip,k(lpqs,k — Liige, 9 En (uds,k — Rglgey + (1)
Sv
wﬁs kql k)

sv SV
qr.k — Rr Lgr.k

digri Ly +LeLe [
dt 12L,

Lr Wsiip e (Paor — Leidh k)]
i ' ' (22)
L L Rsisz,k
- wuskl‘l’ds,k)

Where (Lt—aL =L —L—m), and refers to the stator

Ly

2
transient inductance; (a =1- LL’L") refers to the leakage

SHT

factor.

The mechanical formulation which describes the dynamics
of the DFIG can be formulated as:

dw
drze . (Tme k em,k) (23)

Where T,,, refers to the applied mechanical torque; T, «
denote the electromagnetic torque which developed by the
DFIG and can be defined by:
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Tem k — =1 5me(Ldr qus k lqlr;,kigz,k (24)
Where p and J refer to the number of pole pairs and moment
of inertia of the DFIG, respectively.

1. CONTROL TECHNIQUES OF DFIG

A. MPDTC Technique

The MPDTC algorithm is described in details in [12, 19].
The cost function which was utilized in this strategy can be
defined by:

I = e*m,k+1 — Tem k+1| 25)
+(‘)f||lPrk+1| |er+1||
where the superscript ' represents the sectors (0, ...., 7).

As it’s obvious in (25), the MPDTC depends in its
operation on minimizing the error among the reference and
predicted components of the torque (e, k41 and Temis1)s
and between the reference and predicted components of the
rotor flux (|#; 41| and |Z5% 44 |).

As mentioned previously, the stator voltage vector
(@s%41) is oriented with the d-axis of the synchronous
frame, i.e., the stator voltage-oriented control (SVOC) is
adopted here. The following relations can be deduced under
SVOC:

Sv — |53 SV Sv j—
Ugsk+1 = |us,k+1| and Ugse+1 = 0.0 (26)
Ugs k
sv ~ s,k+1
l‘Uds k+1 = 0.0 and gsk+1 ~ T On (27)
Us,k+1
L
SV _ mj\ .sv
Lisk+1 = (L )ldr k+1 (28)
s
l qs k+1 (Lm) lsv
qs k+1 = Ls Ls qr,k+1 (29)
sv
_ (Lm> isv uds,k+1
- \7 Jtark+1 T
LS wus,k+1L5

The schematic diagram of the MPDTC is shown in Fig.
3. As noted in the scheme, the reference rotor current
component (i}, .., ) is obtained utilizing the error value of
the load active power with the help of Pl power regulator,
meanwhile, the reference rotor current component (i, j+1)
is evaluated using the error value of the load voltage
magnitude with the aid of PI voltage regulator; to obtain the
required load power and at the same time keep the load
voltage constant all time which is considered as a basic
requirement for standalone systems. The reference stator
current component (i, and if,.41) Can be easily
calculated using (28) and (29), respectively.

It is worth to be mentioned that, the standalone system
must keep the frequency of the load voltage be constant, so,
the reference value frequency is used to evaluate the angular
synchronous speed (w,*;s) which then be integrated to
calculate the synchronous angle (9* ) After that, the angle

( s, k+1) can be evaluated through the following formula:

gﬁsk - 91—‘5 k—1
Qﬁs'kﬂ = gﬁs,k + (—AT TS (30)

The position of the rotor denoted by (8,e41), and can be
expressed by:

Qme,k - Hme,k—l
9me,k+1 = gme,k + ( AT )Ts (31)
The Taylor expansion is used here to find the actual
components of the  predicted rotor  current
(i5% +1andigy .., ) through the following formulations:
. . digy i
lar+1 = lare + ( d; )Ts (32)
. . disv,k
lqracer = lgri + ( ;: )Ts (33)

The components ( kand q”‘) can be evaluated by

using equations (21) and (22). In the same manner, we can
find the actual components of the predicted stator current
(iS% jyrandi?l .,). Subsequently, the actual value of the

predicted torque (e x41) as follows:

Temp+1 = 1-5me(i¢Si¥,k+1itszls’,k+1 (34)

% - SV
- lqr,k+1 lds,k+1)

The actual value of the rotor flux |#%, ;| is found using the
following formula:

Pl = ()’ + B)’ €9
Where

Y ket = Lrigg per + Linlgg e (36)

qﬁk+1 Lrlqr k+1 t Lmlqs k+1 (37)

The reference value of the torque (Tu,.4;) Can be
expressed by:

i;r,k iés,k) (38)

Finally, the reference component of the rotor flux |'¥_';
calculated through this formulation:

* — e %
Tem,k+1 - 1-5me(ldr,qus,k -

,k+1| is

LZPE (7S SRR (70 GRS

Where
Wark+1 = Lrlarpsr + Lmlas ke (40)
ark+1 = Lrlgrrer T Linlgs ke (41)
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Fig. 3. Scheme of MPDTC approach for the DFIG

B. MPCC Technique

MPCC uses a simple cost function, as it does not require
a weighting factor because its cost function made up of two
comparable elements, the errors between the reference and
actual values of the rotor current. The actual rotor current
components iz ., and iz, can be predicted using
Taylor expansion, while the reference values of the rotor
current ig, x.q and ig, x4 can be directly obtained using the
errors of the load active power and load voltage with the aid
of two PI regulators as mentioned previously [38].

The d-q actual components of the rotor current can be
obtained using (32) and (33) after substituting for rotor
current derivatives from (21) and (22).

The difference between the reference and actual values of
the load active power is fed to a Pl regulator which obtains
igrx+1, While the difference between the reference and
actual values of the load voltage is fed to another PI
regulator which obtains iz, ;1.

Lastly, after obtaining the d-q reference and actual rotor
current components, they are fed to the adopted cost
function which can be represented by:

: i
L — |7%* i SU P * 1SV
A =i ker — iSper| + |lqr,k+1 - lqr,k+1| (42)
Co-ordinates pli=0.. .7
Wind U Dl {ranslormation -
- ’Jﬂ-l o eay Rotor
u, u;
_:0 Ao ] vs1 O AV
) ¥ \\‘4‘1 . Lo o . /\
e me k l'.“ ek D_,,] ek . l
Holding — = Voltage

selection
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A T A i1
Load
WY Y
ek ) ik

[ Prediction of d-q {
2o actual components | 35V

"‘jllleK af Ftor current

Fipaa idnie-1

Minimization of
qr ki1 cost function

|
‘Iu:“m ) d .

sk+|

Fig. 4. Scheme of MPCC approach for the DFIG

C. Proposed Predictive Voltage Control (PVC)Technique

The proposed cost function which utilized in our
proposed algorithm can be expressed by:

(43)

i
sv
uqr,k+1 |

| *
Ct= |udr,k+1

As it’s clear from (43), the adopted cost function is
complication free; as its function is to minimize the error
value between the reference and predicted actual values of
the d-q components of the rotor voltage, so its components
are analogous, thus it doesn’t require a weighting factor
which can cause a problem of mismatch as in case of
MPDTC. Furthermore, the cost function is free of variables
which are obtained through the model parameters, which
leads to handling the issue of system uncertainties.

Fig. 5, outlines the configuration of the proposed PVC,
in which the actual values of the predicted rotor voltage
(u$Y krrand uiy, . 1), which are obtained directly through
the switching states of the voltage source inverter (VSI),
meanwhile, the reference components of the rotor voltage
(uirgerand ugy,,41) can be calculated by the following
equations:

d¥3r k41
* — % » *
Ugri+1 = Relgrper + T Wsiip e+1 P qrk+1 (44)
dl}ISU
* _ - qr.k+1 *
Ugrk+1 = Relgrpsr + dt + Wstipjer1WParprr  (49)

Where the derivative d-q components of the rotor flux are
obtained as follows:

dl‘”;:,k+1 — l‘Ut;r,k+1 - l‘Udr,k (46)
dt T,

d qr k+1 lpt;r,k+1 - ;;';,k (47)
dt T,

The components (¥, and ¥;7,.) are evaluated using (17)
and (18), meanwhile the calculation of the reference rotor
flux components (¥, x4, and ¥y, .., ) will be described in
a systematic manner as following:

Under stator filed orientation (SFO), and steady state
operation of the DFIG, we can deduce the following
relations:

ds K+l = |¥'ss£+1 and Wq5£k+1 =0.0 (48)
ursij;,k+1 ~ 0.0 and qs k+1 _jf;(+1 (49)

As mentioned in [31], the variation of the rotor flux can be
represented as follows:

f
lersk+1 — LrLt R dlp s,k+1 usf
dt RyLy—L.L,|L, dt rk+1

(50)
; sl
+](w¢5‘,k+1 - wme,k+1)qlr5:k+1

After that, by performing the Laplace transformation to (50),
it results in:

rk+1(5)
LR STL, (S) = Ly L@y, (S) (51)

m LrLt) _erLt(wlTIS_]H.l - (‘)me,k+1)

(R,L
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The time constant of the rotor flux is denoted by (7j), and
can be defined by:

Ty = RpLy — L, L (52)

The magnitude of the stator flux can be obtained as
follows:

sf
|l]/Sf | _ _ uqs,k+1 |usk+1
s,k+1 ds k+1 — Wy wq[
s,k+1 s,k+1 (53)
380 12V
=—F= 1. S
2*1m*50

The vectors of the stator and rotor fluxes can be
represented in the exponential form as following:

sf jog t
sk+1 |l‘Us k+1|e Fsier1 (54)
l{lsf eja’me,k+1t 55
r k+1 rk+1

With the aid of (54) and (55), we can represent the
electromagnetic torque of the DFIG by:
L o ¢

Tem,k+1 = 1_5pﬁ|wss£+l|ejwws,k+1 (56)
|11UTS£+1 efwme,k+1t
Where x refers to the cross product. Consequently, using
(53) and (56), we can express the torque by:
—t

Temjerr = 1.2 % 15p Lflw:ml(l—e

(57)
* wlT-’S’k.,.l — Wmek+1
Wslip,k+1
The component |'T';‘k+1| can be obtained as follows:
[P pea| = | airt| + 0L [T g (58)

Where, the component | k+1| can be obtained using (52).

As it’s obvious from (57), the DFIG’s torque can be
controlled via regulating the angular slip frequency
(wsiipr+1), With keeping the stator and rotor flux
magnitudes constant. Therefore, there will be a reference
value of the angular slip speed (w;, x+1). for any value of
the reference torque (T ..1). After that, the obtained
values of (@}, x41) are used to calculate the values of

(w,*p ) which are then utilized to evaluate the rotor flux
s,k+1

components (%5, k41 and W, 44,), Which are then
transferred into synchronous frame and utilized by (44) and
(45) to obtain the d-gq reference components of the rotor

voltage (u}, 41 and uj, jyq)-
The design of the PI torque regulator which will be used

to find (wiprs1) can be performed in the following
manner:

As noticed from (57), we can consider term K = 1.2 =
LmTf | k41| @S @ constant value, then we differentiate

(57) Wlth respect to the time, which results:
—t

daT, s
Zoemktl _ gy Wi i1 * T_feTf (59)

dt

After that, by implementing the Laplace transformation to
(59), it results:

K
STemk+1(S) = Temp+1(0) = T_—lw;lip,k+1(5) (60)

Ty

With assuming zero initial torque, we get:
. Tf 1
wslip,k+1(5) =S+ )= STem,k+1(5) (61)
K Ty

Tem,k+1(S) _ K
w;”p,kﬂ(s) T}cS2 +S

We can express the transfer function of the of the PI torque
regulator as follows:

(62)

PI
—_— Torque error

ki
w;lip,k+1(s) = (kp + ?) [ mk+1(S) em k+1(5)]

By dividing both sides of (63) by {Tom.+1(S)}, it results in:

Win ear(S K\ [To esn (S
sl p.k+1( ) _ <kp +_)[ e ,k+1( )_ 1] (64)
Tem,k+1(s) N Tem,k+1(S)

By substituting the component {w;,;,, .41 (S)} from (62) into
(64), we can deduce that:

Ty 141 (S) <Tf52 + 5) _ (k N ﬁ) [T;m,k+1(3) B 1]

Tex+1(S) K P ST Temp+1(S)

TeS?+S (kS + K\ [Tomus1(S)|  (kpS +k;
K ( S )[Tem‘kﬂ(S) B ( S )

<kps + kl-) [T;m_k+1(5) _kpS ke T;S2 4§
S Tem,k+1(s) S K

Te*m,k+ 1 (S) —
Tem,k+ 1 (S)

Tem,k+1(s) —
Tomp+1(S)  TpS?
The denominator of both (65) represents the characteristic
equation, which controls the dynamics of the PI torque
regulator, it can be reformulated as:
Kk Kk;

3 24 p b
S +Tf5 7 —LS+ T 0.0 (66)

(63)

T;S® + S + Kk, S + Kk;
Kk,S + Kk;
Kk,S + Kk;

+ 5%+ Kk,S + Kk;

(65)

For third order systems, the characteristic equation can be
defined by:

2

w.
S3 4 2Dw,S? + w,S + 4—D"2 =0 (67)
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Finally, we can easily determine the parameters (kp and ki)
of the PI torque controller by comparing (65) and (66), the
comparison reveals that:

T, T,

Now, the PI is used to obtain (wj; 1), Which is then

k

utilized to find (wi}—,skﬂ), which is then integrated to find

(eg,sm) to be used in calculating the rotor flux
components (¥, ;41 and ¥, ;) as follows:

Yarkss = [Piia] * cos (65, (69)

Yhrirr = Phiaa] +sin (65, (70)

After that, the rotor flux components are represented in
synchronous frame, and then used to obtain the reference
voltage components (. y4sanduj, 1), using (44) and
(45).

i
r
'qrc+1 | components
g T ()& Eq.(43)
(45)

Fig. 5. Scheme of proposed PVC approach for the DFIG

V. TEST RESULTS

The tests were performed utilizing MATLAB simulation
(Simulink). The dynamic performance of the DFIG was
tested under two different control algorithms, which are the
MPDTC methodology and the proposed PVC technique. As
shown in Fig. 6, the DFIG has variable operating speeds, as
it was driven by a wind turbine. The generator supplies an
isolated load which is three phase induction motor, which
described in Table A3, meanwhile the parameters of the
DFIG and wind turbine are introduced in Table Al and Table
A2, respectively.

=
g =300 .
] ~
= g
= E 200
2 <
A °
2 100
Z 2
[~ 4] 0 I 1 I L J
~
| 0 1 23 4 5
Time (s)

Fig. 6. Wind turbine operating speeds (rad/s)

A. Testing with MPDTC Strategy

The performance of the DFIG was tested under MPDTC
methodology [12, 19] to study the dynamic performance of
the generator and compare it with the formulated predictive
controller. The obtained results are shown in Figs. 7-15,
which show that the actual values follow their reference
values with some ripples.

M x10°
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Fig. 7. Active power with MPDTC (Watt)
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Fig. 8. Reactive power with MPDTC (Var)
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Fig. 10. Rotor flux with MPDTC (Vs)
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B. Testing with MPCC Strategy [38]

Tests for the DFIG’s performance ware performed under
the MPCC algorithm and the obtained results are shown in
Figs. 16-24, which clarify that the actual values follow their
reference values. The results show that the dynamic
response of the MPCC is slower than that of MPDTC, but
on the other side, the ripples’ content is reduced.
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Fig. 16. Active power with MPCC (Watt)
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Fig. 17. Reactive power with MPCC (Watt)
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Fig. 19. Rotor flux with MPCC (Vs)
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Fig. 24. Frequency of load voltage with MPDTC (Hz)

C. Testing with Proposed PVC Strategy

The DFG’s dynamic performance was studied under the
propose PVC scheme to prove the ability of the formulated
controller to handle the wind changes and enhance the
performance of the DFIG. The test results are introduced in
Figs. 25-33. The results reveal that the designed controller
has succeeded in achieving its targets, as the actual values of
the active power, reactive power, developed torque and rotor
flux track their reference values with high precision and
lower ripples’ content compared to MPDTC. Furthermore,
The DFIG under the designed scheme could provide a
constant output voltage with constant frequency even under
wind changes, which is considered as a principal
requirement for standalone systems. As it’s obvious from
the obtained results, the formulated controller has
successfully improved the dynamic response of DFIG and
made it faster than that of MPDTC technique.
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Fig. 27. Developed torque with P\/C (Nm)
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D. Comparison Study

After testing and studying the performance of the DFIG
under each algorithm individually, we preferred to perform
a comprehensive and detailed comparison for the DFIG’s
performance under MPDTC [12, 19], MPCC [38], and our
formulated controller, so we can easily define the
advantages and shortages of each control scheme to be able
to easily determine the most appropriate methodology to be
utilized with the DFIG. The comparison has been performed
in terms of time of time of dynamic response, content of
ripples, number of executed commutations, and total
harmonic distortion (THD). The results of the comparison
are presented in Figs. 34-37. The obtained results reveal that
the proposed PVC algorithm has a faster dynamic response
than that of MPDTC and MPCC, as it takes lower time to
reach to the required reference value, which is also evident
in Table I. Furthermore, Table Il, clarifies that our designed
controller can minimize the content of ripples remarkably
compared to MPDTC and MPCC methods. Moreover, the
proposed algorithm introduces less computational burden, as
it has lower number of executed commutations compared
with that of MPDTC and MPCC strategies, as shown in
Table I11.

25 2505 251 2515 250 2525 39 395 4 405 41

|[—MPDTC —MPCC  PVC —Reference

0 1 2 3 4 5
Time (s)

Active power

Fig. 34. Active power (Watt)
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Fig. 35. Reactive power (Var)
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The fast Fourier transform (FFT) analysis for the
components of the stator current under the MPDTC[12, 19], = 800~ .
MPCC [38], and our formulated PVC are presented in Fig. § ?
38-46. The THD of the designed PVC is lower than that of = ~600
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which presented in Table IV. o 2200
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studied the effect of wind changes on the performance of the
generator under three different control schemes: model
predictive direct torque control (MPDTC), model predictive
current control (MPCC)approaches as classic methods of
control and a newly efficient designed predictive voltage
control (PVC) algorithm as an improved methodology of
control. The formulated controller has a very simple cost
function compared to MPDTC and MPCC, as it doesn’t
utilize a weighting factor value, in addition its terms don’t
need be estimated which minimizes the calculation time,
which leads to make this controller more efficient and
robustness against uncertainties. A comprehensive and
detailed comparison has been performed for the DFIG’s
performance under MPDTC, MPCC and the designed
controller. The obtained results prove the validation and
superiority of our formulated predictive controller, as it has
managed to attain the control goals and obviating the
shortages of other control approaches. The proposed PVC
scheme has succeeded in enhancing the dynamic
performance of the DFIG remarkably through introducing
the fastest dynamic response, reducing the ripples’ content,
minimizing the THD and reducing the number of performed
commutations and thus reducing the computational burden.
In the near future, we will study the analysis of the fault

s 800 ' ' ' ' g tolerance control of the wind driven standalone DFIG.
) s
2L
b 600 APPENDIX A
g
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f @ 0 Rs 70 mQ ], 0.3125 kg.m?
0 200 400 600 800 1000 EI’ lgéénQH Opgratinlg_ fretq_uency f(())OHZ
Fr n Hz s .25m ampling time s
equency ( ) Lr 16.3 mH Kp and K; (Active 0.0001 and -0.1
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