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Actuator fault reconstruction and fault-tolerant control of
wind energy conversion system
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Abstract: A novel active fault tolerant control strategy is proposed for the actuator fault in wind energy conversion sys-
tem (WECS). By collecting the real-time status of the actuator faulty and normal conditions, a sliding mode fault observer is
designed, then the actuator fault is reconstructed, which realizing the fault detection. Depending on the reconstructed fault,
a compensation to the sliding mode controller is provided, so the reliable control to WECS can be guaranteed, therefore,
the actuator active fault tolerant function is realized. Some simulation experiments are carried out. The results show that
actuator fault for WECS can accurately reconstructed by the sliding mode fault observer, under the condition of not affect-
ing the dynamic performance of WECS, the maximum wind energy capture still can be achieved by active compensation
fault-tolerant controller.
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Fig. 1 The overall block diagram of WECS
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Fig. 2 The Cp—A-0 curve of wind turbine
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3.2 PATESIEAR I 5 B4 (Detection and recon-
struction of actuator fault)
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Fig. 3 The overall design diagram of sliding mode

fault observer
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4.1 I B 8% I % 11 (Design of sliding mode
controller)

VeSS I 2 T B PN LGS 43 S AR RN
BB Ueq FITTF R un. B 5, HEAERCMAIR I, I

Ueq =
FG_1+;Jt(al'Jt'Qh+a2'Jt'FG)[al_A()‘>U)]a
(18)
Hirr:
2 ') -A=C,(\
Aoy KO G A= G

12 A2 ’
Co(A) I RHNIIIY . 5 $a, MR U T
BB SOE L, Way = —1/ T, HP Ty 2 I A]
AL agﬁ@iﬁﬁxﬁxﬁ%?ﬁ,ﬁﬂﬁﬁﬁi H br, BRI R 5
Nopt VB TAE KL, 192, = a1 2h0pt + a2 Gopt 1T EA
133
ay = —ay - Qhopt/FGopt'
X T FF R 3 un P BA SR 7 O BT A9 T T 1
Lyapunov &%
ux = —«a - sgny (o), (19)
Hrpsgn, (o) 7M1 %8 hIRTHI R AR
HH U, VRS TR S RG  weq LA IT IS S un
Z R, Hp
Ul = Ueq + UN. (20)
T30, KT 2y 8 Ha ) #4510 e v [ I i A ik
TR R AR, DA R A2 s 2 A P A A ik B TR
bR DL SCHR [14].
4.2  FEEhFMEAEEREH S B 71 (Design of active
commentation fault-tolerant controller)

AT Tl At



%3 VLHEEE A XAE

et ARG T s I T A g A 42

417

uy = ur + fu, 2D

JErn £ AT AR I R 5 6. e I3 e e
RE R85 PR O TR AP T i ., 4

Uy = uy + fu, (22)
AT B R N T
Iy =u) — us. (23)

UnC23) R, 8 I f 2 E R R AT 25 B, Ty LA
SCIPAA T AR5 R S (0 PSR . DR O
T A LU 288 14D 1= 0 M A s S DR A
wre:

1) BRI REEFH AR RGTAL AT DR 22, T
TR AT SR 5, BhARma SR, A8 B LA T
AN EPERN RSN S AR i Pk s A x50,

2) AL UL 0 45 B B8 R R (A S B A T s
B A R, I R BT s R e e A I ), A S I
T TR I RIBR 25 6T Bk ME AR A P
RS R U PR ER ) T WSk [16)].

EERT IRV BBFE 4 R GE AT 25 B 1) S Bl A M A %
25 SRS A0 F-P AN s DR 2 LA A R ) s
A IR T B I 1) SN 2, (I T R G H
EERERINEEHL YN
5 {iE4#Hr(Simulation and analysis)

BET TR b T AL U 25 P XU R 4 R e 8l %%
B PR AR HE 1] Bl 4T 7R, 3 KBB4 R G A
FBFMEA A TR AL R

v ‘Qh
el Rbeksrs |

v/(m-s?)

I/ (N -m)

12

10+

8

6H

4+

2
0

1 1 1 1
40 50 60 70 80 90

t/s
K5 WEBIE
Fig. 5 Wind waveform

1 1
10 20 30

100

40

30

20

10 -

0

-10

20 v
0 10 20 30 40 50 60 70 80 90 100

t/s

K6 Joikiin MR e R g AT s
Fig. 6 The actuator output of WECS without fault
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Fig. 12 The tip speed ratio adopted active compensation
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Fig. 13 The power coefficient adopted active compensation
fault-tolerant control with drifting fault of actuator
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Fig. 14 Actual and reconstructed deviation fault of actuator
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6 %518 (Conclusions)
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