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ABSTRACT Doubly fed induction generator (DFIG) system suffers from complex control structure, slow
dynamic response speed and cumbersome parameter design due to its traditional cascaded dual-loop control
strategy. A single-loop finite control set model predictive control (SLMPC) is proposed in the paper for
DC-basedDFIG inDC grid, which simplifies its control structure and parameter design, and enhances system
dynamic response. There are three improved aspects. First, the single-loop control structure is proposed to
eliminate intermediate link in dual-loop cascaded structure, and enhance system dynamic response. Second,
system reduced-order discretization algorithm is proposed by differential and integral discretization method
to reduce finite control set model predictive control strategy (FCS-MPC) design difficulty. Third, cost
function with nonlinear additional current limiting function is designed to protect system from overcurrent
effectively. Finally, the feasibility of proposed strategy is verified by simulations and experiments.

INDEX TERMS DFIG, FCS-MPC, current limiting function, single-loop control strategy, differential and
integral discretization.

I. INTRODUCTION
wind power now represents a vital and growing renewable
energy sources [1], and the installation capacity of doubly
fed induction generator (DFIG) has been increasing rapidly
so far. And DFIG is widely used not only in AC-based wind-
farmswith its merits of high-power density and efficiency [2],
but also in DC-based windfarms with fast development of
high voltage direct current (HVDC) [3], [4]. Compared with
the traditional DFIG, DC-based DFIG has the advantages
of simple structure and low cost [5], [6]. This paper mainly
studies on control strategy of double-controlled DC-based
DFIG.

Dual-loop cascaded control structure is generally applied
for DC-based DFIG to improve system performance [7],
[8], [9], [10], [11], [12]. In [13], a direct resonant control
scheme is presented to suppress the current harmonics and
reduce the torque ripple simultaneously. In [14], a distributed
active and reactive power coordination scheme is proposed to
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improve the utilization of converter capacity and efficiency.
In [15], a control strategy based on multiple reference frame
is designed to decrease torque ripple. In [16], an active
damping control strategy is proposed with adjustment of
dual-loop PI controllers to damp high-frequency resonance.
In [17], a coordinated power control structure is proposed
to reduce converter loss and enhance system operation reli-
ability. In [18], a coordinated repetitive control strategy is
proposed to ease pulsations of reactive power and electro-
magnetic torque, and improve the current quality. However,
cascaded dual-loop control structure has some shortcomings
such as control structure complexity and control parameters
design difficulty, which affects system performance. Besides,
PI controller has good control ability in an only small range
of wind speed, with the drawbacks of limitations about the
steady-state magnitude and phase errors, and slow response
speed [19], [20].

Finite control set model predictive control strategy
(FCS-MPC) is an excellent control strategy with the mer-
its of strong anti-coupling performance and fast response
speed [21], which is applied in various electric machine
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control [22], [23], [24], [25], [26] and other power electron-
ics field [27], [28], [29], [30]. In [31], a predictive torque
control is presented to promote the estimation accuracy of
flux linkage and rotor speed in the feedback-correction-based
dual reference frame. In [32], a multiple-vector-based model
predictive power control is presented to restrain current dis-
tortion and high-power ripples. In [33], a predictive con-
trol scheme Laguerre function-based is proposed to shorten
computation burden and improve control precision. In [34],
an improved predictive direct power control algorithm is
designed in a switching period to reduce current THD and
electromagnetic torque ripple. In [35], a direct power control
under normal and voltage sag operation is proposed to avoid
high peak currents of stator and rotor, and improve system
safety. In [36], a low complexity robust control strategy is pro-
posed to compensate unbalanced stator current and harmonic,
and improve system power quality. In [37], a time efficient
FCS-MPC scheme is proposed to obtain longer prediction
horizons and better control performance. However, cascaded
dual-loop proportional-integral and model predictive control
(PI-MPC) control structure is adopted in the most mentioned
literatures, which increases design complexity and restricts
system response speed.

In order to solve above problems, the single-loop FCS-
MPC control strategy (SLMPC) is proposed in the paper, and
the key contributions are summarized as follows.

1) A SLMPC strategy is proposed to eliminate the inter-
mediate link of traditional cascaded dual-loop structure, and
improve system performance.

2) System state equation is derived, and system reduced-
order discretization algorithm is proposed to simplify second-
order predictive equation.

3) Current limiting function is designed to limit excessive
current and protect system. Finally, simulations and exper-
iments are designed to show feasibility and efficiency of
designed strategy.

And rest of the paper is organized as follows. The
DC-based DFIG system model is built in Section II. The pro-
posed SLMPC and traditional PI-MPC strategies are designed
in Section III. The system simulations are in Section IV. The
system experiments are in Section V. The conclusions are
illustrated in Section VI.

II. DC-BASED DFIG SYSTEM MODEL
Double-controlled DC-based DFIG system includes wind
turbine, DFIG, gearbox, stator side converter (SSC) and rotor
side converter (RSC), which is depicted in Fig. 1. RSC and
SSC are linked to the DC bus.

DFIG system model is expressed as [8]


usd =

dψsd
dt + Rsisd − ω1ψsq

usq =
dψsq
dt + Rsisq + ω1ψsd

urd =
dψrd
dt + Rrird − ωsψrq

urd =
dψrq
dt + Rrirq + ωsψrd

(1)

FIGURE 1. DC-based double-controlled DFIG system.


ψsd = Lmird + Lsisd
ψsq = Lmirq + Lsisq
ψrd = Lmisd + Lrird
ψrq = Lmisq + Lrirq

(2)

{
Tm − Te = J dωmdt =

J
np

dωr
dt

Te =
3
2
Lmnp
Ls

(ψsdirq − ψsqird)
(3)

where u, ψ , and i are voltage, flux and current, respectively.
The subscripts (rd, rq, sd, and sq) are rotor’s and stator’s
dq components respectively; ω1 and ωs are synchronous
and slip angular velocity. Ls, Lm and Lr are stator, mutual
and rotor inductance respectively. Te and Tm are electro-
magnetic and mechanical torque. Besides, Rr and Rs are
rotor resistance and stator resistance. J is generator rotational
inertia.

FIGURE 2. Wind turbine torque curves.

Wind turbine and gearbox system models are considered
as a whole model, and torque curves (Tm) at wind speed of
12 and 15 m/s are shown in Fig. 2.
And the optimal torque (Topt) is expressed as Topt = k1Vw2

+ k2Vw + k3

nropt =
60ωropt

2πnp
= k4Vw

(4)

where Vw, nropt and ωropt are wind speed, optimal rotor speed
and rotor angular frequency; np is polar logarithm; k1-k4 are
the max power curve coefficients and set to 0.0667, 3.14 ×

10−6, 7.0 × 10−6 and 111.8, respectively [8].
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III. SINGLE-LOOP FCS-MPC CONTROL STRATEGY
SLMPC strategy is presented to enhance system dynamic
performance and decrease system design complexity. First,
second-order system equations are derived. Second, a system
reduced-order discretization method is applied to simplify
order of DFIG system model. Finally, the single-loop
FCS-MPC scheme is designed based on discretization
method.

A. MODEL PREDICTIVE EQUATION ESTABLISHING
1) SECOND-ORDER SYSTEM MODEL
Substituting (2) in (1), DFIG model based on stator flux-
orientation is expressed as

dψsd

dt
= βRsird −

Rs
Ls
ψsd + usd + ω1ψsq

dψsq

dt
= βRsirq −

Rs
Ls
ψsq + usq − ω1ψsd

dird
dt

=
1
α
[αωsirq − λsird − βa] +

1
α
urd

dirq
dt

= −
1
α
[αωsird + λsirq + βb] +

1
α
urq

(5)

where α = (LsLr − Lm2)/Lsm/Ls, λ = Rr + β2Rs, a =

(usd + ωrψsq − Rsψsd/Ls), b = (usq − ωrψsd − Rsψsq/Ls).
Taking the derivative of (3), (6) is given as

d2ωr

dt2
=
np
J
[
dTm
dt

−
dTe
dt

] (6)

besides, dTe/dt is expressed as

dTe
dt

=
3
2
Lmnp
Ls

(
dψsd

dt
irq +

dirq
dt
ψsd −

dψsq

dt
ird −

dird
dt
ψsq)

=
3
2
Lmnp
Ls


(usd −

Rs
Ls
ψsd + ω1ψsq + βRsird)irq

−
ψsd
α
(λsirq − αωsird − βb)

−(usq −
Rs
Ls
ψsq − ω1ψsd + βRsirq)ird

+
ψsq
α
(λsird + αωsirq − βa)


+

3
2
Lmnp
Ls

(
ψsd

α
urq −

ψsq

α
urd) (7)

Thus, d2ωr/dt2 is expressed as

d2ωr

dt2
=
np
J
[
dTm
dt

− (fx + ueq)] (8)

where

fx=
3
2
Lmnp
Ls



(βRsird −
Rs
Ls
ψsd+ ω1ψsq + usd)irq

−
ψsd

α
[−

1
α
(λsirq + αωsird+ βb) +

1
α
urq]

−(βRsirq −
Rs
Ls
ψsq − ω1ψsd + usq)ird

+
ψsq

α
[
1
α
(αωsirq − λsird − βa) +

1
α
urd]


,

ueq =
3
2
Lmnp
Ls

[
ψsd

α
urq −

ψsq

α
urd].

So, system equations from (5) and (8) are summarized as

dψsd

dt
= βRsird −

Rs
Ls
ψsd + usd + ω1ψsq

dψsq

dt
= βRsirq −

Rs
Ls
ψsq + usq − ω1ψsd

dird
dt

=
1
α
[αωsirq − λsird − βa] +

1
α
urd

d2ωr

dt2
=
np
J
[
dTm
dt

− (fx + ueq)]

(9)

State variables (ωr, ird, ψsd, ψsq) could be controlled
directly by usd,q, urd,q in single loop control structure, which
reduces system parameters design complexity and improves
system response.
dTm/dt could not be obtained directly, and second-order

system discretization is not accurate enough with conven-
tional Euler formula for FCS-MPC. Consequently, a system
reduced-order discretisation algorithm is proposed to solve
the mentioned problems.

2) SYSTEM REDUCED-ORDER DISCRETIZATION ALGORITHM
In order to reduce design difficulty of FCS-MPC for second-
order system, a reduced-order algorithm based on differen-
tial and integral discretization algorithm is used to simplify
second-order to first-order system.

Integrating (8), the second-order equation is converted as

dωr

dt
=
np
J
[Tm −

∫
(fx + ueq)dt] (10)

Differential and integral discretization method based on
Euler formula is gained as

dx
dt

=
x(k + 1) − x(k)

T∫
xdt =

k∑
i=1

xiT
(11)

where x, xi and T are state variables and sampling time.
So, dωr/dt and

∫
(fx + ueq)/dt in (11) are shown as

dωr

dt
=
ωr(k + 1) − ωr(k)

T∫
(fx + ueq)dt =

k∑
i=1

(fx + ueq)T =

k∑
i=1

fxT

+

k−1∑
i=1

ueq(k − 1)T + ueq(k)T

(12)

From (10) and (12), ωr(k + 1) is gained as

ωr(k + 1) =
npT
J

[Tm(k) −

k∑
i=1

fx(k)T

−

k−1∑
i=1

ueq(k − 1)T ] + ωr(k) +
npT 2

J
ueq(k)

(13)
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Similarly, system equations are discretized as



ωr(k + 1) =
npT
J

 Tm(k) −

k∑
i=1

fx(k)T

−

k−1∑
i=1

ueq(k − 1)T


+ωr(k) +

npT 2

J
ueq(k)

ird(k + 1) =
α − λsT
α

ird(k) + ωsTirq(k)

−
βT
α
a+

T
α
urd(k)

ψsd(k + 1) = (1 −
RsT
Lr

)ψsd(k) + ω1Tψsq(k)

+βsRsTird(k) + Tusd(k)

ψsq(k + 1) = (1 −
RsT
Lr

)ψsq(k) + ω1Tψsd(k)

+βsRsTirq(k) + Tusq(k)

(14)

where ωr(k + 1), ird(k + 1), ψsd(k + 1) and ψsq(k + 1) are
values of rotor current and stator flux at (k + 1)th.
According to MPC theory, predictive values (ωp

r , i
p
rd, ψ

p
sd

and ψp
sq) are given as


ω
p
r = ωr(k + 1)

iprd = ird(k + 1)

ψ
p
sd = ψsd(k + 1)

ψ
p
sq = ψsq(k + 1)

(15)

B. COST FUNCTIONS OF RSC AND SSC
Cost functions are designed as (16) to track targets of rotor
angular frequency, current and stator flux. Current limiting
function is designed as (17) and eliminates all switch states
that cause overcurrent.

{
gRSC = kr1|i∗rd − iprd| + kr2|ω∗

r − ω
p
r | + flim(i

p
rd,q)

gSSC = ks1|ψ∗

sd − ψ
p
sd| + ks2|ψ∗

sq − ψ
p
sq| + flim(i

p
sd,q)

(16)
flim(i

p
rd,q) =

{
∞ |iprd,q| > ird,qmax

0 |iprd,q| ≤ ird,qmax

flim(i
p
sd,q) =

{
∞ |ipsd,q| > isd,qmax

0 |ipsd,q| ≤ isd,qmax

(17)

where flim(i
p
rd,q) and flim(isd,qp) are current limiting func-

tions; ird,qmax and isd,qmax are allowable maximum currents;
kr1, kr2, ks1 and ks2 are weight coefficients. All targets are
denoted by the superscript ’*’ in the paper.

Predictive currents in current limiting function are obtained
by Euler differential discretization method from (1), (2), (5)

and (11).

iprd = ird(k + 1) =
α − λsT
α

ird(k) + ωsTirq(k)

+
Turd(k) − βTa

α

iprq = irq(k + 1) =
α − λsT
α

irq(k) + ωsTird(k)

+
Turq(k) − βTb

α
ipsd = isd(k + 1) = isd(k)

+
T
Ls


Lm
α

[
λsird(k) − αωsirq(k)

−βa− urd(k)

]
+ω1ψsq(k) −

Rs
Ls
ψsd(k)

+
RsLm
Ls

ird(k) + usd


ipsq = isq(k + 1) = isq(k)

+
T
Ls


Lm
α

[
λsirq(k) + αωsird(k)

+βb− urq(k)

]
−ω1ψsd(k) −

Rs
Ls
ψsq(k)

+
RsLm
Ls

irq(k) + usq



(18)

Tracking targets in (16) are calculated as follows.
If electromagnetic transient and stator resistance voltage

are ignored and stator flux vector direction coincides with
d-axis, stator flux targets are given from (5) asψ∗

sd =
V ∗
s

ω∗

1
ψ∗
sq = 0

(19)

where V ∗
s is rated stator voltage.

If stator reactive current is kept at 0, rotor active current
target (i∗rd) is given from (2) as

i∗rd =
ψ∗

sd

Lm
(20)

When DFIG operates at MPPT mode, rotor speed target
(ω∗

r ) is given from (4) as

ω∗
r = ωropt =

2πnp(k4Vw)
60

(21)

C. VOLTAGE VECTOR SEEKING ALGORITHM
To minimize current errors in gSSC and gRSC, optimal voltage
vector equation is expressed in (22).{

uopt = uγ
γ = argming[f(ω,i,ψ)(ux)] x ∈ [0, 1, . . . , 7]

(22)

where γ represents voltage vector subscript of minimum
designed cost function.

Connection between switch status and voltage vector is
expressed as (23) and summarized in Table 1.

u =
2
3
Udc(Sa + Sbej

2
3π + Sce−j

2
3π )e−jθ (23)

where Sa, Sb, and Sc represent IGBTs’ switch status of phase
a, b and c respectively. e−jθ is rotation factor. Udc is DC
voltage.
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TABLE 1. Voltage vectors and switch states chart.

FIGURE 3. Control scheme of proposed SLMPC.

D. THE WHOLE DFIG CONTROL SCHEME
The whole system control block diagram is illustrated
in Fig.3. The proposed SLMPC scheme mainly includes
second-order DFIG model, system reduced-order algorithm,
DFIG state variables prediction, cost function with current
limitation and voltage vector optimization, which are cor-
responding to equation (6), (10)-(14), (15), (16) and (22),
respectively. isd,q, ird,q and ψsd,q are control input variables,
and Sa, Sb and Sc are control output variables for RSC and
SSC.

E. TRADITIONAL CASCADED DUAL-LOOP PI-MPC
STRATEGY
To make a system performance comparison, cascaded
PI-MPC is referenced in [8], and designed as follows.

The outer PI controller is given as

i∗rd = kp(ω∗
r − ωrPI-MPC) + ki

∫
(ω∗

r − ωrPI-MPC)dt (24)

where ki and kp are integral and proportional coefficients.
The predictive equation, cost functions and optimization

equation for inner MPC controller are given as

z = [A(k)T + 1]z(k) + BTy(k) (25){
gSSC = kT1|ψ∗

sd − ψ
p
sd| + kT2|ψ∗

sq − ψ
p
sq|

gRSC = kT3|i∗rd − iprd| + kT4|i∗rq − iprq|
(26){

uopt = uγ
γ = argming[f(i,ψ)(ux)] x ∈ [0, 1, . . . , 7]

(27)

where kT1, kT2, kT3 and kT4 are weight coefficients;
z = [ψp

sd ψ
p
sq i

p
rd i

p
rq]T, y = [usd usq urd urq]T,

A =


−Rs/Ls ω1 βRs 0
−ω1 −Rs/Ls 0 βRs

−βRs/αLs −βωr/α −λ/α ωs
βωr/α βRs/αLs −ωs −λ/α

,

B =


1 0 0 0
0 1 0 0

−β/α 0 1/α 0
0 −β/α 0 1/α

.

IV. SYSTEM SIMULATIONS
To verify proposed SLMPC strategy’s efficiency and feasibil-
ity, simulated system that includes DFIG, SSC, RSC, PI-MPC
controller and SLMPC controller is constructed in Fig. 4.
System parameters are illustrated in Table 2, and control
parameters are presented in Table 3.

FIGURE 4. System simulation platform.

TABLE 2. System parameters.

Obviously, SLMPC has less control parameters compared
with PI-MPC in Fig. 4 and Table 3, which simplifies control
structure and reduces parameter design difficulty. Moreover,
four cases are implemented to analyse DFIG system perfor-
mance under PI-MPC and SLMPC.
Case A: System steady-state performance is analysed under
two control strategies at 15 and 12 m/s wind speeds.
Case B: System transient performance under two con-
trol strategies is analysed when the wind speed varies
from 15 to 12 m/s.
Case C: System performance is analysed under SLMPC with
dead time or not.
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TABLE 3. System parameters.

FIGURE 5. Angular frequency results under SLMPC and PI-MPC.

FIGURE 6. Rotor currents: a rotor reactive current; b rotor active current.

Case D: System safety performance is analysed under
SLMPC with current limiting function or not.

System simulation results under two control strategies are
illustrated in Figs. 5-15, where the blue curves are variables’
targets. The cyan and magenta curves are system state vari-
ables with current limiting term for SLMPC and for PI-MPC
respectively. And the red curves are system state variables
without current limiting term for SLMPC. In addition, purple
curves are system variables under SLMPC with dead time.

FIGURE 7. Stator fluxes: a stator reactive flux; b stator active flux.

A. SYSTEM STEADY-STATE PERFORMANCE
COMPARATION
System steady-state curves are presented in Figs. 5-8 at wind
speed of 15 m/s.
ωrSLMPC andωrPI-MPC track stably target value of 351 rad/s,

with 0.2 and 1.1 rad/s error. irqSLMPC and irqPI-MPC track
stably target value of 3.8 A with 0.2 and 0.3 A error, and
irdSLMPC and irdPI-MPC keep at target value of 7.77A with
0.5 and 0.6 A error. ψsqSLMPC and ψsqPI-MPC track target
value of 0Wbwith 0.002 and 0.0025Wb error, andψsdSLMPC
and ψsdPI-MPC track target value of 0.99 Wb with 0.004 and
0.005 Wb error, respectively. isqSLMPC and isqPI-MPC track
target value of 0 A with 0.22 and 0.32 A error, and isdSLMPC
and isdPI-MPC track target value of -7.5 A with 0.2 and 0.6 A
error.

Therefore, at rated wind speed, the two strategies could
make system operate stably. Besides, SLMPC has better
steady-state performance with smaller steady-state error,
compared with PI-MPC.

B. SYSTEM TRANSIENT PERFORMANCE COMPARATION
System transient curves are presented in Figs. 9-12 while the
wind speed drops from 15 to 12 m/s at 0.5 s. In Fig. 9, 10b
and 12b, ωrSLMPC, irdSLMPC and isdSLMPC track their targets
of 281 rad/s, 5 and -5 A in 0.056 s, while ωrPI-MPC, irdPI-MPC
and isdPI-MPC track their targets after 0.167 s.

In Fig. 10a, 11 and 12a, irq, ψsd,q and isq track stably their
targets under two control strategies.

When wind speed decreases, in order to track optimal
rotor speed as fast as possible, active currents (isd, ird) are
transiently increased to enlarge electromagnetic torque.
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FIGURE 8. Stator currents: a stator reactive current; b stator active
current.

FIGURE 9. Rotor speed transient results under SLMPC and PI-MPC.

Therefore, SLMPC has better dynamic performance with
0.111 s response speed improvement to track its target com-
pared with PI-MPC when wind speed varies.

C. SYSTEM PERFORMANCE ANALYSIS WITH DEAD TIME
OR NOT
System steady-state and transient comparation results under
SLMPC with dead time or not are shown in Figs.5-12 to
illustrate system performance influenced by dead time of real
switching device. And dead time is set about 100 ns.

In steady and transient state, system variable’s curves under
SLMPC with dead time are basically similar to that without
dead time. Besides, SLMPC with dead time makes rotor
speed error increase by 0.1 rad/s, stator reactive and active
flux errors increase by 0.3 and 0.5 mWb, rotor active current
error increase by 0.03 A, and system dynamic response time
increase by 2 ms, compared with that without dead time. And
themain reason is that control strategy has no beneficial effect
on system performance during dead time. And the longer
dead time is, the worse system performance is.

FIGURE 10. Rotor currents: a rotor reactive current; b rotor active current.

FIGURE 11. Stator fluxes: a stator reactive flux; b stator active flux.

And system performance comparation under different
strategies is listed in Table 4.

D. SYSTEM SAFETY PERFORMANCE ANALYSIS WITH
CURRENT LIMITING FUNCTION OR NOT
System results under SLMPC with current limiting function
or not are shown in Figs. 13-15 when wind speed drops
from 15 to 12 m/s at 0.5 s.
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FIGURE 12. Stator currents: a stator reactive current; b stator active
current.

TABLE 4. Performance comparation.

ωrSLMPC, irdSLMPC and isdSLMPC track their targets
smoothly and stably with wind speed decreasing, while
ωr, irdN and isdN fluctuate tempestuously with their max
amplitudes of 47.5 rad/s, 124 A and 122.3 A. The large
speed fluctuation would create huge mechanical stress and
abrade gear, and excessive current might damage electrical
devices.

Therefore, with current limiting function, active currents of
rotor and stator could be restricted in its safety range, which
guarantees system operate normally.

V. SYSTEM EXPERIMENT
To further verify the SLMPC, DFIG system experimental
platform is built, which contains DFIG, RSC, SSC, emulated
wind turbine and DC bus in Fig. 16, and the experimental
system parameters are listed in Table 2.

A. EXPERIMENT RESULTS AT WIND SPEED OF 15 M/S
Experiment results under SLMPC are shown in Fig. 17.

FIGURE 13. Rotor speed simulation results with current limitation.

FIGURE 14. Rotor currents: a rotor reactive current; b rotor active current.

The magenta curve (ωrSLMPC) keeps stably at 351 rad/s;
The orange and blue curves (usSLMPC, isSLMPC) are sinusoid
curves with the same frequency (50 Hz) and phase, and their
amplitudes are 311 V and 6.5 A; The green curve (irSLMPC)
is sinusoid with amplitude of 7.5 A and frequency of 6 Hz.

Therefore, system state variables (ωr, us, is, ir) operate
stably with ideal values at wind speed of 15 m/s.

B. EXPERIMENT RESULTS DURING
WIND SPEED VARIATION
Experiment curves under two control strategies are illustrated
in Fig. 18 while the wind speed reduces from 15 to 12 m/s.

The orange curve (ωrSLMPC) decreases from 351 to
281 rad/s in 0.06 s; amplitudes of the blue and magenta
curves (isSLMPC, irSLMPC) decrease from 6.5 to 4 A and from
7.5 to 5.5 A in 0.06 s respectively, in Fig. 18a. However, the
orange, dark-cyan andmagenta curves (ωrPI-MPC, irPI-MPC and
isPI-MPC) track their targets after 0.17 s, in Fig. 18b.
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FIGURE 15. Stator currents: a stator reactive current; b stator active
current.

FIGURE 16. System experimental platform.

FIGURE 17. The variations of ωr, us, is, ir (SLMPC).

Therefore, proposed SLMPC has excellent transient and
steady-state performance compared with traditional cascaded
PI-MPC.

FIGURE 18. The variations of ωr, is, ir: a SLMPC b PI-MPC.

VI. CONCLUSION
In the paper, a SLMPC strategy for DC-based DFIG is
proposed to simplify system control structure and enhance
system dynamic response capacity. Based on simulated
and experimental results, we might come to following
conclusions.

1. The proposed SLMPC omits the intermediate link
and reduces control parameters’ amounts from 6 to 4,
which decreases system dynamic response time by 0.111 s,
and lowers rotor speed error by 0.3 rad/s, stator reac-
tive and active flux errors by 0.5 and 1 mWb, and rotor
active current error by 0.1 A, compared with traditional
PI-MPC.

2. System reduced-order discretization algorithm is
adopted to convert the complicated prediction model to sim-
ple first-order model, which effectively tackles the problems
of dTm/dt acquisition and d2ωr/dt2 trace and simplifiesMPC
design complexity.

3. The cost function with current limiting function is
adopted to limit current in safety range to effectively pro-
tect system from overcurrent, which is verified on the
simulation.
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