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[2] Fault detection of wind energy conversion systems using recurrent neural networks,
International Journal of Sustainable Energy, 2014, DOI:
10.1080/14786451.2013.876025.

[3] Dynamic Response of Wind Energy Conversion Systems under Various Faults,
International Journal of Engineering Systems Modelling and Simulation, Article in

Press.

[4] Robust Fault Detection of Wind Energy Conversion Systems Based on Dynamic
Neural Networks, Computational Intelligence and Neuroscience, Volume 2014, Article
ID 580972, DOI:10.1155/2014/580972.
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! Horizontal-Axis Wind Turbines (HAWT)
2 Vertical-Axis Wind Turbines (VAWT)
*Blade

* Anemometer

> Wind Vane

® Tower
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2 Low-Speed Shaft
® pitch Angle
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! Gearbox

? Nacelle

% Yaw Mechanism

*Wind Energy Conversion Systems

® Directly Coupled Squirrel-cage Induction Generator
® Stator Controlled Squirrel-cage Induction Generator
" Rotor Controlled Squirrel-cage Induction Generator
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2 Fully-Rated Frequency Converter

% partial Scale Back-to-Back Converter
* Pulse Width Modulation
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! Condition Monitoring Systems
2 Fault Detection and Isolation Systems
¥ Scientific Measurement and Evaluation Program
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! Catastrophic Failures

2 Secondary Defects

® Rotor-Bearing Fault

* Improvement of the Capacity Factor
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! Hardware Redundancy (HR)

2 Analytical Redundancy(AR)

¥ Cross Channel Monitoring (CCM) Method

* Residual Generation Using Parity Generation
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! Quantitative Model-Based Methods

2 Qualitative Model-Based Methods

® Observer-Based Methods

* Artificial Intelligence (Al) Techniques
® Residual Generation
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! Radial Basis Function Neural (RBFN) Networks
2 Infinite Impulse Response (1IR) Filter

¥ Locally Recurrent-Globally Feedforward

* Fluid Catalytic Cracking
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! Turbo-Charger

2 Linear Parameter-Varying Control

¥ Supervisory Control and Data Acquisition
* Data-Mining Approach

% Bearing Faults

® Set-Membership Approach

" Counter-Based Residual Thresholding
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! Feedforward

2 Recurrent

® Multi-layer Feedforward Neural Networks (MFNNs)
* Neuron

® McCulloch and Pitts

® Widrow and Hoff

” Adaptive Linear Element (Adaline)
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! Hyperbolic Tangent
2 Sigmoid
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! Momentum

2 quickprop

® Resilient Backpropagation
* Conjugate Gradient
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! Clustering Algorithms
2 K-means
¥ Supervised Learning
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! Short-Term Memory
2 Long-Term Memory
* Synaptic Level

* External Dynamics

% Internal Dynamics
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! Globally Recurrent Networks

2 Fully Recurrent Networks

® Partially Recurrent Networks

* Williams and Zipser

% Real Time Recurrent Network (RTRN)
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! Internal State
2 Context

% Elman

* Jordan

\YY



> Ji(k+1)

> Jn(k+1)

e 9 yoledg JolS (iS5l aSil (P-o) JS

Sl S S L (V-0 JSs

2 o plml o5 Sloj 5 o 0

O3 S 4 il (Ao U

\YO



L5°l-.' LSLQ’C)-:-.')B-.'. LS‘)’. Uas 6}1-“"‘-‘? 9 ua...xm.; (s LS"‘)‘I"

0w e Y slapgy ontey slasiladled (38 Lis (gly bis ae; a¥ slaasly
olawi b a4 laasly slows as el ol Gl LSl j0 o [l 08 SO iy, o0
4 o (ool s (5l Joe 4y 008 (GlaSD iz (6955 Bl Sl el il (e slaasls
Ss3g,9 9 K1 oy 1) (% slavaly i lagsslold K aein (loj ;o allie S
Ao s, s Gl 5o 05,5 o0 )8 ool 050 Al slasog)9 lgie 4 (K ploy o) (b
Olgise 1y o lasliwl JLasl o )sSl cpalpls g allgo 0,55 iy &S0l S LS, aline ]!
Silwools a5 cails Ll o Wb |, a5 ol Lol wols 1,8 soliiwl 0,90 4t slo el ,b o390 (sl
Sjle oo dg0me  Solns slaos )8 (o5le Jow sl 1) ledl sl 0,05 (g0 (s alius
aey Y 4 (29y5 laggy I Seand Slbls )l 55 o Bl 0 (A-0) KL @ azgi L
3590 (sedSl ol (10,5 unaiws glp ieeliaitse b 4 aSh Gl Wisdie ol
o sl JelS (SiT sl slaaSids 4 Cod i SAT5L slaasid il a5 13 eolan]
S Sgdcn wimge yal iyl g el g Ele Gl byl oS b wlbls,)l a5 siee S
ol o lacdls slaw Jl ool b igd e gl 4 baye Blas 5 Sae (hsel g,
(022 SR 295 Slapyys olass 4l g (Qledl 1) (e lagyg s slani 4 Dad 4 laaSil
LF0] 55l oo 3game |, WS opl 6 pducdllasil yol ol a5 Canl al

cl> sl cloaus F-F-F-c

odpol > slad slaasis aS wwo o plas 1) 2iS 5L slasiis 5l 6 Ko g9 (A-00) S0
Lrcnl 5o 000 3)ly (59959 4 & s (sla 3l 51 (S Bk 5| (hde Y (25 Wish e

> a5 WS Ll Wl oo )5 09500 5 A e A 0 s slaie 4 axly sl oSl slaws

! previous Activations
\Y#



Sl
6Lb)oia
K
x(K) >
Y Y Y(k+1) iy
e S e PSS} w9775
U(k):> b5 | x(hHl) |k w15

i Y S bl sliss S sl (-0 S
B Y(K)ER™ g Kk oloy 0 e Y 9,5 X(K)eRY (554,5 Jopu(k)eR" Sl

Sygo & (o) JS8 0 oud ail) eas Jow el olad isled Oygo ol 4o wily g,>

g dlg> 3
x (k +1):f(X (k),u(k)) A-<)
y (k) =Cx (k) A-2)

il o yile C g 05 oo hnogi 1) (0% Y oS Conl (a2 58 (b () 398 alal) o o5
O35 oo b s cle glad laJae adloe (B3 g (295 wY lagss om slag)s
GloaSlls & cons 1) pj bl clls lad slaasls s (hjgel BB (gileans slas
10l Ayl S g JolS il
Sl e Y slagygp ol 5l Jitee jsb 4 (lgise 1) (oo 4 o) YL Slass e
S glacdlo wob o 0)ly 639)9 Y 4 ol (25,5 &5 olagsy S nl jo 0,5
S ooy |,
szL.ﬂ O Som Lo S o adn |y Al (609, Juw Y aS L;L?Q—l B

595 g0 0Ll T 5 oolasd & 1) o 45 WIS 55 amlee aSS g4 ol Lo

2yl ol 1y 2L e il o olinil eyl Ll 0

\YY



L5°l-.' LSLQ’C)-:-.')B-.'. LS‘)’. Uas 6}1-“"‘-‘? 9 ua...xm.; (s LS"‘)‘I"

s Sl Wlgs se Bysel Wg, @

D50 bl Wlgs o s oasd Sjgel Joo @

..\M,LGA Sgdzte 399 culro 4 azgi b > (glad sladSiil 0,5 el o

e LTl sloass P10
Jlesl Gialasg)s Hlo0ss oz 95 52 &5 (bt e SIS odle (Sfolon (ras Joho S
R T U VR VC I W I VU EN PP S SR e g
o e i S 5 5 ae Sealins (sla b, Jsd ol a5 o] jlite 4 bl e 0> sloas >
odzry Swolius cmac Sl b sliw 95 sloJow opl loads Gy pxi (slotug g
L ) slassgys ks & (95 ol (Sealins (195 o osiaslis (WY -0 JS4anis
INCL PP | P O - ISP SHIC SR AP YE=S [ PRGN | EE WRVE- - - | S5 GURRP LY FRPR CL G| R
S eSS g ol Jate 500 (Seelind 595 M1 a4 (o) =) U8 Bl o Sialiys (49,5 9>l

0,5 oy py Yol lawg lei co |y (Solus (g5 axly aies co cras 4SS

), 0+, 0,.) 0
yi(t):gi(xi(t)) (\\_&H)

Sl 550 sy )l ceas-n glacdl> Sl oy X eR"™ () V-0) 5 (Vo-0) SYolre o
Orhl Soad by @ o (Seals 95 ozl bl 4 bgype G35 Sl Wi bl ol e oy
&6 9i() s vsp omH b3 d 2l Ti() gp bl e V(1) (Sealis alg
Seolind (55 s oe lgsce 0y (1) 5 () e glysl QLI b g5 Gkl 25,5

3 eolaz! Senlus grac slaass QQ”T Cawd a4 gl S0 i, .o)sT Cawd & |y I vEN

\YA



& w e w \ “ ' : - ry
Cawd 4 Saalind 95 sl Joe lawgs LQQT Sealind g adlb oo 055 i OY aix> glaaSl
St Syn Dol IS Sl 4o 55 b e |y e (Saals 535 sl e e
Joe w Ql}?@ oo ol aloz 3510)ls Gi..w.a LQQ—‘ 6L’>|a Soasd 59,5 oo g8 @ L@C)L: &2
V) AN KPP RN ESN U I RV g KA ES N PERE WL §

\.)\J)AfLSA)‘)S R ..s”.o o oé).?.olj JJ.AM‘M U"‘ M‘\)‘)QASQ}QJ

Yol b g 8,5 15 andllas 550 o8 o Jow ol il Lo Jled G b o )

{AP] ssis oo Chnogi 1

p(k) =Y wu, (k) + Yd,p(k ~i) Y-
y(k)=oc(ek)) O¥-0)

(Sl ld Jewily @(K) (99,5 lacis Wi 95 sossgys Uiyl =1.,Nn 398 Lalg, ,o a5
ledld ab o) 9 S o ain 1) oK —i) Sud wal &5 oled i =101
98999 Sl paie 5l (oS 5 Wl e 9P @ 609,9 VNV-0) JSU 4 axgi L aiis o e

(V-0 alal, 51 D 7dip(k i) ke o5 555 azg il oK) sladled il 35 slaass

i=1
ol (Soosd o JUiKw sls Jae ol 5,5 it T 3g0mme 1 gl L8 lsie 4 olgse |,

o a8 F s 8 slolad Sob 5l L3 5l as

! Locally Recurrent Globally Feedforward (LRGF)
2 Model with Local Activation Feedback

* Model with Local Synapse Feedback

* Model with Local Output Feedback

> Frasconi

® Finite Impulse Response (FIR) Filter
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Abstract

In this research, first a comprehensive dynamic model for the Wind Energy Conversion
Systems (WECSS) is presented by which a variety of faults such as sensors, actuators
and power grid faults can be studied and effects of these faults on voltage, current and
other signals of the WECS can be investigated. Many modelling techniques which have
been already introduced for the modelling of the faults or observing the influences of
the faults cannot be considered wide-ranging to include any fault at any point of the
WECS. Then, a Fault Detection and Isolation system (FDIS) is presented to diagnose
the occurred faults at the appropriate time in order to ensure a safe system operation,
avoid heavy economic losses, prevent damage to adjacent relevant systems and
facilitate timely repair of failed components. The proposed FDIS, which exploits
dynamic recurrent neural networks, detects and isolates the occurred faults in the
generator's angular velocity sensor, pitch angle sensors and pitch actuators. The
novelties of the thesis can be explained as follows: the comprehensive dynamic model
has been applied to analyze faults of the WECS and to design the corresponding FDIS.
Also utilizing the mean of the residual signal has been proposed to isolate the faults of
the pitch system. Then the adaptive fuzzy threshold has been presented to achieve to the
robust design. Comparison of the simulation results for the constant, adaptive, and
adaptive fuzzy thresholds shows that the numbers of missed and false alarms have
reduced by using the adaptive fuzzy threshold. Finally by employing the designed
FDIS, a Fault Tolerant Control System (FTCS) is suggested which contains both the
signal modification and the bank of controllers blocks. Also when a fault has occurred
in the angular velocity sensor of generator, if the suggested FTCS is utilized, the
performance of the WECS will be raised and more active power can be attained. The
suggested FDIS and algorithm can be used to detect occurred faults in other parts of the
WECS.

Keywords: wind energy conversion system, dynamic modelling, fault detection and

isolation system, recurrent neural networks, fault tolerant control system.
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