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ABSTRACT Considering the non-rigid transmission connection between the wind turbine and the generator,
their angular velocity is inconsistent. A DC-link voltage control model with uncertainties is established
by a two-mass inertial model. The system uncertainties increase greatly compared with the single-mass
inertial model, which aggravates a DC-link voltage accuracy. To suppress the uncertainties, the comple-
mentary sliding mode control (CSMC) is proposed to regulate the DC-link voltage since it has strong
robustness. The equivalent controller for the voltage loop is obtained by the conservation principle of AC and
DC side power, and the compensation controller for the uncertainties is designed by the saturation function.
The CSMC system is analyzed to be asymptotic stability. The simulation and experiment results show that
the CSMC system can suppress the system uncertainties, and obtain a more little steady-state error of the

DC-link voltage, compared with PI control system.

INDEX TERMS Two-mass inertia model, system uncertainties, DC-link voltage regulation, complementary

sliding mode control, steady-state error.

I. INTRODUCTION

In the direct-drive permanent magnet wind power system,
the gear box is reduced between the wind turbine and the
generator. The power generator system is easily affected
by the wind speed in the direct connection mode, which
leads to the ripple of DC-link voltage on the generator side.
So, it is very important to adjust the DC-link voltage to
suppress the wind speed variance to improve the voltage accu-
racy. Since the model from the wind turbine angular velocity,
the DC-link voltage to generator power is nonlinear [1],
this nonlinear equation can be linearized using a feedback
linearization theory to obtain the state equation of the DC-link
voltage and generator power. The state equation is refactored
by introduced a compensation coefficient. The fluctuation
amplitude of DC-link voltage can be eliminated when wind
speed varies. Aiming at the problem of DC-link overvoltage
caused by voltage sag of the power grid, an interval type-2
fuzzy set control method is proposed to fit the fault voltage
error for power grid, to suppress the instantaneous fluctuation
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of DC-link voltage [2]. To improve the output performance of
the rectifier in generator side [3], the recursive wavelet neural
network with an online training algorithm is used to build a
tracker for the DC-link voltage. The rate of the online training
algorithm is adjusted by the discrete Lyapunov function to
ensure the convergence of the voltage error. This method
can speed the response of the DC-link voltage response and
reduce the rising time of the system response. The DC-link
voltage is adjusted by the current inverter of the generator
side [4]-[6]. During the case of voltage sag of power grid,
the electromagnetic power of wind turbine is adjusted to
convert the surplus energy into mechanical energy in the rotor
of generator according to the change of DC-link voltage.
This method can reduce the overvoltage of DC-link.
Certainly, these methods have improved the regulation accu-
racy for DC-link voltage of wind turbine. However, the power
generator system is assumed that the wind turbine, trans-
mission shaft and generator are a centralized model, which
simplifies the impact of wind speed fluctuation on the
power generator system. This assumption neglects the non-
rigid connector between the wind turbine and the generator.
So, the centralized model is difficult to express the system
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uncertainties caused by wind speed fluctuation on the wind
turbine. Since the bending flexibility of wind turbine blade
and the flexibility of transmission shaft between wind turbine
and generator have an adverse impact on the transient char-
acteristics of the wind power system [7], the control model
of wind power system with three-mass, namely wind turbine
blade, wind turbine and generator, is established to analyze
the quantitative uncertainties caused by wind speed fluctua-
tion. The three-mass model can more accurately describe the
input speed and torque of the generator by compared with
single-mass model in the same wind speed for generator [8].
A method of fractional order PID is proposed to regulate
DC-link voltage to effectively improve the accuracy of volt-
age by weakening the system disturbance uncertainties.

The three-mass wind power system model can more
accurately describe the dynamic characteristics of the sys-
tem [8]-[11], especially the system uncertainties caused by
wind speed fluctuation in the system. However, the short-
comings of this model are too complex to design the control
method. In the conventional wind power system, there is a
pitch angle control system between the wind turbine and
the blades, which greatly improves the joint stiffness of the
two-mass. Therefore, ignoring the flexibility between the
wind turbine and the blades, the wind turbine can be sim-
plified into a two-mass model, which consists of the wind
turbine model and the generator model. This model does not
affect the analysis of the system uncertainties and facilitates
the design of voltage regulation system. Therefore, it is of
great practical significance to establish the two-mass inertia
model of wind turbine and generator. The two-mass inertia
model is easy to analyze the relationship between the system
uncertainties and the wind speed on the wind power system,
and is explored a new control strategies to suppress the sys-
tem uncertainties to reduce voltage ripple and obtain more
accurate DC-link voltage.

The sliding mode control strategy has the characteristics
of strong robustness and anti-interference, and it has bet-
ter application performance in nonlinear systems than other
control strategy. A disturbance observer-based fuzzy sliding
mode control strategy is proposed for a single-phase PV grid-
connected inverter [12], and the simulation results show
that the proposed control strategy can work reliably under
different conditions with high power factor and low THD.
A practical discrete-time fractional order terminal sliding
mode control strategy is proposed for high-precision tracking
tasks based on a linear motor [13], and the experiments
show that this method can achieve fast response and con-
siderable robustness to uncertainties. In addition, the litera-
tures [14], [15] also adopt the sliding mode control strategy
to handle the practical application problems and achieves
expected improvement effect.

Complementary sliding mode control (CSMC) method
is proposed to regulate the DC-link voltage to suppress
the system uncertainties in the wind power system since
CSMC has the advantages of simple structure, strong robust-
ness [16], [17]. The CSMC system for the regulation of the
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FIGURE 1. PMSG-PWM mathematical model.

DC-link voltage of the permanent magnet synchronous gener-
ator (PMSG) has a fast and accurate adjustment performance,
which can effectively reduce the steady-state error of the
DC-link voltage.

In a word, the contributions of this work have three points.
(1) motivated by the multi-mass model for the permanent
magnet wind power system[7], [8], the two-mass inertia
model for the wind power system is proposed to analyze the
system uncertainties with the wind speed variant by neglect
of the flexibility between the wind turbine and the blades;
(2) CSMC method is proposed to regulate the DC-link voltage
of PMSG to suppress the system uncertainties to improve the
accuracy of the DC-link voltage; (3) Through the simulations
and experiments, the CSMC control method can effectively
reduce the steady-state error of the DC-link voltage by com-
pared with the PI method.

Il. TWO-MASS INERTIAL MODEL WITH UNCERTAINTIES
A. PMSG-PWM RECTIFIER MODEL

The equivalent circuit diagram of PMSG and insulated
gate bipolar transistor (IGBT) rectifier is shown in Fig.1.
In PMSG, e, and e, are the induced electromotive force of
the dg-axis respectively, Ry is stator resistance, Ly and L,
are the stator inductance of the dg-axis respectively, iy and
iq are the stator current of the dg-axis respectively. In IGBT
rectifier, Sy and S, are the switching function of the rectifier
of the dg-axis respectively, Ry, is the load, C is the capacitance
of DC-link, ug. is the DC-link voltage. Sgig + Syi, is the
total current output of the rectifier, Cdug./dt is the current
flowing through the capacitance of DC-link, uy./Ry is the
current flowing through the load.

As shown in the Fig.1, the switch of IGBT is driven by
the PWM signal, so that AC energy of the output of PMSG
can be transformed to DC energy by the IGBT rectifier. Then,
the PMSG-PWM mathematical model included of PMSG and
IGBT rectifier can be established. In the dg-axis coordinate
system, the PMSG-PWM mathematical model is:

di
eq = Rig + de—;i — wgLyiy + Squqc

. dig .
eq = Riig + ng + wgLgiq + Squqc (1)
duge 3 . . Ude
C— = =(S S - —
d 2( dld + qlq) R.

where, wy is the electric angular velocity of generator, wgLyiy,
and wgLyig are the coupling terms of PMSG dg-axis model.

VOLUME 7, 2019



Y. Huang et al.: DC-Link Voltage Regulation for Wind Power System by CSMC

IEEE Access

Tw Tg Hg
kwe
Hw NN

I
tﬁww @gg

JT7TT
Dw Dy

FIGURE 2. Two-mass inertial model.

These terms are regarded as the uncertainties of power gener-
ation system and directly affect the electric quantity of gener-
ator system. Moreover, the value of w, directly determines the
sum and form of wgL,i; and weLyiy, and affects the current
accuracy of the dg-axis.

B. TWO-MASS MODEL FOR WIND POWER SYSTEM
Since the transmission shaft connector between wind turbine
and generator is flexible, the wind turbine and the genera-
tor are two inertial masses with consideration of the non-
rigid connection in Fig.2. H,, is the equivalent inertia of
the wind turbine; D,, is the damping coefficient of the wind
turbine itself; T, is the mechanical torque of the wind turbine;
wy, is the angular velocity of wind turbine; H, is the equiva-
lent inertia of the generator; D, is the damping coefficient
of the generator; T, is the electromagnetic torque of the
generator; ky,, is the stiffness coefficient of coupling; D, is
the damping coefficient of coupling.
From equation (1), two-mass model of w, is! 1811191
om, 42 1,
dt

dw
ZHgd_tg = kwgeb — Tg + Dwg(ww - wg) - Dga)g @

doy

? = wo(wy — a)g)
where, 6, is the angular displacement of coupling; wy is the
base value coefficient of system electric angular velocity.
kygBp is the main coupling term both the two-mass inertial
model. The value of D,, and Dy are very small and can be
negligible.

- kwgeb - Dwg(a)w - a)g) — Dywy,

C. VOLTAGE DYNAMIC MODEL WITH UNCERTAINTIES

The active power output by the PMSG is conversed before
and after the transformation by the rectifier [20]. That is the
active power on the AC-side of the rectifier is equal to the
active power on the DC-side, namely the principle of AC/DC
power conservation. The voltage model can be obtained from
equation (1):

du; utzic
_dc _ p
dr + R, dc
(3

3. . .
Poc = E(edld + eqlq) = Ugcide = UgcC

where, P, is the AC power, P . is the DC power.
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Equation (3) can be arranged as follows:

2
dus, _ 2

2 i+ e 4)
dt —  R,C 74T cdd

C

From equation (1), the induced electromotive force
eq and e, is affected by the generator electric angular velocity
changed. Equation (1) is:

di
eq = eqo + Aeg = (Rsiyg + de—f + wgoLyig + Sautac)

+ AwgLyiy,
. di .
eq =eq + Aeyg = (Rsig + qu_tq + wgoLgiq + Squdc)
+ AwgLyiy
)

where, eg40 is the rated induced electromotive force of the
d-axis; eqo is the rated induced electromotive force of the
g-axis; Aey and Ae, is the electromotive force deviation,
Aeg = eq—eq0, Aeg = eg—eq0; Awy is the angular velocity
deviation of the generator, Awg; = W, — wg0, Wgo is the rated
electric angular velocity of the generator.

Equation (4) is:

dugc 2 2+3 .+3 '+3A '+3A .
=—U,. — €401 — €401 — A€, 1 — el
dt R, C e cCablaT o Cd0l T A Bqlq T m 2Cdid

(6)

The current loop in equation (1) is controlled by directional
magnetic field, i; = 0, so iy = i} + Aigy = Aiy. With
the definition as, v = u3., A, = —2/(R.C), B, = 3e,0/C,
Equation (6) is,

V=A+ By, + H @)
where H is the system uncertainties:
H = 3(AwgLgAigig + AwgLyiqAig + eqoAig)/C (8)

From equation (2) for a two-mass inertial system, w, is
inconsistent to w,, in the real-time caused for the impact of
flexible factor of the transmission shaft. Aw, is more complex
than that in single-mass inertial model. From equation (1),
the induced electromotive forces, e; and e, are affected
by Aw, resulting in the increment of system uncertainties /.
It is generally assumed that |H| is bounded,

|H| <D &)

where D is a constant.

The traditional PI control strategy is also difficult to sup-
press the system uncertainties |[H|, which leads to the incre-
ment of DC-link voltage ripple. Therefore, it is necessary
to explore an advanced control strategy for this system to
improve the voltage transient response and suppress the
DC-link voltage ripple.
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lll. VOLTAGE REGULATION BY CSMC
CSMC method has the advantages of simple structure and
strong robustness for the uncertainties. The steady-state error
by CSMC system is reduced 50% times compared with that
by sliding mode control [16], [17]. CSMC method is intro-
duced to voltage regulation in the PMSG-PWM control.

A voltage error e is defined as,

e=Vv"—v (10)

where, v* is the reference input signal. A generalized sliding
mode surface is defined as,

d t
Se = +/\)f0 e(r)dt (11)

where, A is the design parameter of sliding mode surface, A>0.
The derivative of the sliding surface S, is

Sg=¢é+re (12)

From equation (10) and equation (7), equation (12) is
expressed as,

Sg = v* — (Ayv + Byig + H) + Ae (13)

To suppress the system uncertainties |H| and reduce the
system steady-state error, the supplementary sliding mode
surface S, is designed as

d t
Se = (E - k)/o e(t)dr (14)

The two sliding mode surfaces have the following
relationship:

Sg = AM(Sg + 5e) + Se (15)
The Lapunov function of CSMC system is defined as,
1o, @
Vi) = 555 +50) (16)
The derivative of V(¢) with respect to time ¢ is,
V(t) = S¢S + SeSe (17)
From equation (15), the equation (17) is,
V() = (Sg + S (Sg — AS0) (18)
From equation (13), equation (18) is,

V(1) = (Sg + Se)(v* — (Apv + Buig + H) + he — AS,)

(19)
The controlled quantity is assumed as iy = i.q + Ay,
1
leg = B—({;* —Apv + de + ASy) (20
n
1 Sg+ S
Aig = —I[psat(=——)] 1)

B, ¢

where, i.; is the equivalent controller; Ai, is the compen-
sation controller for uncertainties; p is the gain; ¢ is the
saturated boundary width; sat(-) is the saturation function.
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From equation (20) and equation (21), equation (19) is,

. S Se
V() = —MSg + S0)* — (Sg + Se)(psar(=% + )+ H)
< —A(Sg + 82 4 ISg + Scl|H|
Sg + Se
—(Sg + S)(psat( )+ H) (22)

when the satisfaction condition is [Sg + S| > ¢, |H]| is
the bounded uncertainties from equation (8). As p > D,
equation (22) has the result as, -A(Sg + SHr + (IH| = p)|Sg +
Se|l < 0.

In equation (22), V(1) < 0, CSMC system is asymp-
totically stable in a large range. When the system enters
the steady-state stage, Sy and S. will satisfy the condition
of sliding mode arrival at the same time. All phase trajec-
tories will converge to zero along the intersection of the
two sliding mode surfaces in finite time. Therefore, when
CSMC system goes into the boundary layer of the satu-
ration function, S, + S¢| < ¢, from equation (11) and
equation (14), Sg + S; = 2e. For CSMC system, the steady-
state error |e|] < ¢/2 indicates that CSMC method can
effectively suppress the system uncertainties.

IV. SIMULATIONS AND EXPERIMENTS

A. MATLAB SIMULATIONS

In Matlab simulations, CSMC for voltage regulation is estab-
lished by two-mass inertial model for the wind power gener-
ator system. The nominal parameters of the control system
are shown in Table 1. Fig.3 is the schematic diagram for
voltage control system. The current inner loop adopts the
directional magnetic field control strategy with PI controllers.
The parameters of dg-axis current PI controller are both
ky = 1 and k; = 0.01. CSMC strategy of A = 85,
o = 4000, ¢ = 0.1 is applied to design the controller
for the voltage outer loop. To compare the regulation per-
formance, PI controller of k, = 22, k; = 100 is also
used for the voltage outer loop to regulate DC-link voltage.

TABLE 1. The nominal value of system parameters.

Parameters Values Parameters Values
Rs 0.0040542 Ry, 25
Lg, Lq 0.3mH C 1880uF
Hy 150kg-m? wo 5
Huy 1600kg-m? Duwg 1
iS ’ MS
R,
w

dq/abc

ig,0
dg/abc ¢ b

FIGURE 3. Schematic diagram for voltage control system.
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TABLE 2. The relation between H and kyg.
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FIGURE 4. Single-mass inertial system. (a) Angular velocity wg.
(b) Uncertainties H.
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FIGURE 5. Two-mass inertial system. (a) Angular velocity wg.
(b) Uncertainties H.

These control system parameters are optimal through the
parameter tuning by the cross validation in experiments.

B. COMPARISONS OF SYSTEM UNCERTAINTIES

In order to analyze system uncertainties of two-mass inertial
model, k,, = 6930kg - m?/rad is set in simulations. When
0 < t < 0.25s, the angular velocity of wind turbine is set
wy = 17mrad/s; when t > 0.25s, w,, = 197rad/s. Fig.4 and
Fig.5 are the angular velocity w, and system uncertainties |H |
by single-mass inertial model and two-mass inertial model,
respectively. Fig.4(a) shows that the angular velocity w, of
the generator can quickly and accurately track the angular
velocity w,,. Fig.4(b) shows that the system uncertainties
calculated under the single-mass model is relatively uniform,
within the range of 30rad/s*mH*A/uF. Fig.5(a) shows that
the generator angular velocity w, can’t track the angular

VOLUME 7, 2019

kwg(kg~m2/rad) 6930 10828 | 15593 | 21224
H (rad/s*mH*A/uF) | £300 | £260 | 4200 | +130
1000
N 960
~
2 500F 940
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1000
2
S
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/s
©

FIGURE 6. CSMC system. (a) Uy, response. (b) i;. (c) Ugp-

velocity w,, in real-time with the rising time ¢, of about
0.04s. Moreover, the generator angular velocity wg fluctuates
obviously, with the fluctuation amplitude of about 1.6rad/s.
Fig 5(b) shows that the system uncertainties increase up to
300rad/s*mH*A/uF, about 10 times of that of single-mass
model. Moreover, the system uncertainties H is larger up to
1200rad/s*mH*A/uF during the startup. From Fig.4 to Fig.5,
the system uncertainties H of two-mass model are larger
than that of single-mass model, since the inconsistent angu-
lar velocity from wind turbine to generator by the flexible
coupling.

Table 2 shows the relationship between the system uncer-
tainties H and the stiffness coefficient kg in steady state.
The uncertainties H reduce monotonously when the stiffness
coefficient k,,, increases.

C. VOLTAGE REGULATION BY CSMC

In simulations, k,,, = 6930kg - m?*/rad. When 0 < 1 < 0.25s,
the angular velocity is set w, = 177 + 0.575%
random(0,1)(rad/s); when ¢t > 0.25s, w,, = 197 + 0.575%
random(0,1)(rad/s). The random (0,1) is the mean to O,
the random noise variance to 1, which is used to simulate
the actual wind speed fluctuations. The system performance
of CSMC and PI are shown in Fig.6 and Fig.7, respectively.
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FIGURE 7. PI system. (a) Uy, response. (b) i,‘;. () Ugp-

TABLE 3. System performances with coefficient kyg.

Ewg CSMC PI

(kgm?rad) | tr(s) | eu(V) | tr(s) [ eu(V)
6930 0.077 +6.0 0.129 +10.6
10828 0.073 +5.6 0.115 +10.2
15593 0.067 +5.0 0.108 +9.4
21224 0.061 +4.6 0.105 +8.8

In Fig.6(a), the rising time 7, is about 0.08s, the steady state
error ey < £6V, where ey = Uj. — Ug.. While the ¢, is
about 0.13s and ey < £10V in Fig.7(a). So the response
time ¢, and the steady state error ey are smaller by CSMC
than those by PI method. Fig.6(b) is the control variable ij; by
CSMC with chattering. This chattering is produced by CSMC
method in equation (21) to suppress the system uncertainties.
The larger the uncertainties are, the bigger the chattering is.
While the control variable i;’; has no chattering by PI method
in Fig.7(b). Fig.6(c) and Fig.7(c) are the phase voltage U,
in AC sides. The phase voltage U, generated by CSMC is
more orderly than that by PI method.

Table 3 shows the system performance on 7. and ey with
different stiffness coefficient k,, by CSMC method and
PI method. The larger the k,,, of the stiffness coefficient is,
the shorter the response time ¢, is, the smaller the steady-state
error ey of the DC-link voltage is. For example, when k¢ =
21224kg - m*/rad, the voltage response time of the CSMC
system is only 80% of that when k,,, = 6930kg - m?/rad,
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TABLE 4. The parameters tuning for CSMC.

@ 0.04 [ 006 | 008 | 0.1 | 0.12 | 0.14 | 0.16
p=4000
ey(V) | £88 | £76 | £6.7 | £6 | £7.0 | £8.1 | £92
1000 | 2000 | 3000 | 4000 | 5000 | 6000 | 7000

p
$=0.1
ey (V) | X125 | £10 | £70 | 16 | £72 | £80 | £103

control system
for IGBT

prime motor ; &
control system #

i — ey |

LN |

T
switching

“”I power supply

—— ES

(a)
DC-link capacitance

Load
DC-link voltage
fl |> _ e
Drive A phase

signal
) e Rectifier
Drive circuit (}ﬁ. IGBT bridge

signal

Drive Feedback 4
signal signal Three phase

Protective voltage, current

1/0 port
PWM Feedbad -
Sampled signal

Voltage, current

&

" signal sampling
signal signal circuit
Conditioning
DSP K—— circuit .
TMS320F28335 A/D module DCink voltage
(b)

FIGURE 8. Wind power generation experimental platform. (a) Platform
physical. (b) Control block diagram of PMSG rectifier.

and the steady-state error ey is also smaller. When k,,, =
21224kg - m?/rad, the response time 7, and the steady state
error ey of the CSMC system are only 58.10% and 52.27%
of those in PI control system, respectively. So, the CSMC
method can accelerate the voltage response, and reduce the
DC-link voltage fluctuation, since CSMC system has a strong
robustness.

Table 4 shows the parameters tuning for CSMC.
When p = 4000, ey firstly decreases then increases when the
parameter ¢ increases from 0.04 to 0.16 with the step of 0.02;
The error ey is minimum when ¢ = 0.1; When ¢ = 0.1,
ey firstly decreases then increases when the parameter p
increases from 1000 to 7000 with the step of 1000. The error
ey is minimum when p = 4000. Therefore, it is important
for CSMC to obtain an excellent system performance by
parameter tuning.

VOLUME 7, 2019



Y. Huang et al.: DC-Link Voltage Regulation for Wind Power System by CSMC

IEEE Access

TABLE 5. The parameters of motor and generator.

Motor Generator
Parameters Values Parameters Values
Rated power P | 200W Rated power P 100W
Rated voltage U,,| 48VDC Rated voltage U, 24V
Rated current I,,| 6.5A Rated current I, 8A
Rated speed w., |1007rrad/s| Rated speed w. R57rad/y
Rated torque 7" |0.637N-mMaximum starting resistance moment 7]0.3N-m
22,
. _
\% 20 Au I’ \
>
B 02 04 06 08 1
/s
0.1
0.0 e ]
>
=l |
v
—0.05 e A S
002 04 06 08 1
t/s
(a)
22
E AuV\
< 20 .
-
B 02 04 o6 08 1
t/s
0.1
005 """ ]l ‘ ”" ” THT 1 il ™ ‘ [
B |
v
—0.05I{[""
02 04 06 08 1
t/s
(b)

FIGURE 9. Comparisons of two control strategies. (a) CSMC regulation.
(b) PI regulation.

D. EXPERIMENTAL VERIFICATION

Fig.8(a) is the experimental platform to simulate the wind
power generation system, mainly composed of the prime
motor, the control system for the prime motor, switching
power supply, the coupling, the PMSG, the control system
for IGBT, and the load. The prime motor is a servo motor to
simulate wind turbine to drive the PMSG with the coupling.
The type of the servo motor is SMO60R20C30MOAD and
PMSG is NE-100W. Fig.8(b) is the control block diagram
for PMSG rectifier. Table 5 is the rated parameters of motor
and PMSG. The rated parameters of switching power supply:
power is 360W, voltage is 48VDC, and current is 7.5A.
The load is a resistance of 100W and 8f2. The processor
for the control system for IGBT is DSP of TMS320F28335,

VOLUME 7, 2019

and the CSMC strategy is implemented by C programming
language in DSP processor. Both the voltage loop and the
current loop sampling frequency in the DSP control system
are 20 kHz. The parameters of the CSMC controller and
PI controller in the experiment are same to the optimal value
in the simulations.

The prime motor velocity is that, when 0 < ¢ < 0.5s,
wy = 20mrad/s; when 0.5s< ¢ < 1s, w, = 25mrad/s.
The DC-link voltage of PMSG is regulated to U}, = 20V.
These two kinds of control strategies are used to regulate
the DC-link voltage Ug.. Uy and ey are shown in Fig.9.
ey by the PI control strategy is about £0.1V, but ey by
CSMC is about +0.05V. When the prime motor velocity w,,
increases steply from 207 to 25xrrad/s atz = 0.5s, the voltage
overshoot Au by PI method is about 0.8V, while Au by
CSMC method is about 0.6V. So, CSMC strategy for voltage
regulation can effectively suppress the uncertainties and wind
variant to reduce the steady-state error ey and the voltage
overshoot Au.

V. CONCLUSIONS

Since the wind turbine and the generator are non-rigid con-
nected, their angular velocities are not consistent. A two-
mass inertial model for wind power system is proposed to
analyze the system uncertainties. The system uncertainties
greatly increase by compared with the single-mass inertial
model, which affects the DC-link voltage. In order to sup-
press the system uncertainties, CSMC method is applied to
regulate the DC-link voltage because CSMC has a strong
robustness to suppress the uncertainties and disturbances.
Simulation and experiment results show that the transmission
shaft stiffness coefficient is inversely proportional to the wind
power system uncertainties, the shaft stiffness coefficient
is smaller, the greater the wind power system uncertain-
ties are. The two-mass inertial system can better simulate
the actual system. At the same time, CSMC controller has
a smaller response time and steady-state voltage error by
compared with PI controller. Moreover, the tuning for the
CSMC parameters ¢ and p improves the system performance.
CSMC method can effectively suppress system uncertainties
to reduce the steady state voltage error.
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