
 

ST

S.MohsenF
T.G.Ritto 
mohsen_forgh
Federal Unive
Rio de Janeiro
 
Abstract. Du
nuclear ene
paper presen
the wind tur
analyzed co
properties. A
throughout t
 
Keywords: w

 
1. INTROD
 

Windmill
windmill is t
constructed b
144 blades, a
consumption
World War I
inexhaustible
the electricity
600,000 MW

Today, st
often placed
researches, w
taken place f
further cost 
(Sørensen Je
energy from 

 

 

 

TOCHAS

orghani 

hani@hotmail.c
ersity of Rio de
o, Brazil 

ue to the redu
ergy, the numb
nts a simplifie
rbine blades a

onsidering unc
A probabilisti
the numerical

wind turbine, 

DUCTION 

ls have existe
the oldest dev
by Charles F. 
and a 12-kW 
n was covered 
II (Sørensen 
e renewable en
y generation i

W by 2015 and
tate-of-the-art
d in large wi
wind is found
for more than 

reductions, c
ens Nørkær, 2
1990 to 2012 

TIC MOD

com , tritto@m
e Janeiro, Depar

uction of avail
ber of researc
ed wind turbin
affects the beh
certainties in 
ic approach t
l model and to

nonlinear dyn

ed for more 
vice for explo
Brush in the U
generator (Sø
by wind turb

Jens Nørkær,
nergy. During
industry. The 
d more than 1,
t wind turbine
ind farms wit
 as one of the
a century now

collaboration 
2011). Figure 
(Sangyun Sh

Figure 1. Acc

DELING
D

mecanica.ufrj.br
rtment of Mech

able fossil ene
ches related t
ne model that 
havior and th
several para

together with 
o perform a se

namics, blade 

than 3,000 y
oiting the ene
United States 

ørensen Jens N
bines. Because
 2011). Wind

g the last deca
World Wind E
500,000 MW 

es have rotor d
th a producti
e possible and
w, there is no
with comple
1 shows the

im, 2007). 

cumulated cap

22nd 

G OF A SI
DYNAMIC

 

hanical Enginee

ergy resource
to renewable 
takes into acc

he efficiency o
meters, such 
the Monte Ca

ensitivity analy

dynamics, sto

years and hav
ergy of the wi

in 1887. Brus
Nørkær, 2011)
e of supply cri
d power has e
des wind pow
Energy Assoc
by 2020 (Cro

diameters of u
ion size corr
d powerful en

o doubt that w
ementary tech
e past record 

 
pacity of wind

International Co

No

MPLIFIE
CS 

ering, Centro de

es and also du
energies, esp

count the blad
of the whole s
as wind spee
arlo method i
ysis. 

ochastic analy

ve greatly fa
ind. The first 
sh’s machine h
). In 1918 app
ises, renewed 
established its

wer has evolve
ciation’s Estim
ozier Aina, 20
up to 120 m an
responding to
nergy sources

wind-energy co
hnologies, an
and projectio

d energy (Sang

ongress of Mech

ovember 3-7, 20

ED WIND

e Tecnologia, Il

e to the safety
pecially wind 
de dynamics. I
system. The v
ed, material p
is used to pro

ysis, uncertain

cilitated agric
electricity-pr

had a 17-m-d
proximately 3

interest was p
self as a majo
ed as a strong 
mate for the fu
11). 
nd 5-MW ins
 a nuclear p
. Although re
ompetitivenes
d new innov

on of the accu

gyun Shim, 20

hanical Enginee

013, RibeirãoPre
Copyright © 2

D TURBI

lha do Fundão, 

y problems an
energy is inc
In general, th
ibration of th

properties and
opagate these 

nty 

cultural devel
roducing wind
iameter rotor,
% of the Dan
paid to wind e
or source of n
alternative to 

uture is a glob

talled power, 
power plant. N
esearch in win
s can be impr

vative aerodyn
umulated capa

 

007) 

ering (COBEM 
2013) 

eto, SP, Brazil 
013 by ABCM

NE 

21945-970, 

nd high cost of
creasing. This
he vibration of
he blade tip is
d dimensional

uncertainties

lopment. The
d turbine was
, consisting of

nish electricity
energy during
non-polluting,
fossil fuels in

bal capacity of

and these are
Nowadays in
nd energy has
roved through
namic design
acity of wind

f 
s 
f 
s 
l 
s 

e 
s 
f 
y 
g 
, 
n 
f 

e 
n 
s 
h 
n 
d 

ISSN 2176-5480

1221



S.Mohsen
Stochastic

In genera
turbulent win
A scheme of 

 

 
To study 

blade airfoil 
structural st
Environment
system and a
deflections o
In section 2
presented. In
and the stoch
 
2. MATHE
 

The defl
the blade tha
the lift force 
motion that i
of rotation an

All of th
shows the di
derive the eq

To obtain
about a fixed
the only mov
that is perpen

Second a
when the bod

Third ass
and also the c

Fourth as
As the fif

and it is cons
is produced b

And final
section of the

Forghani and T
c Modeling of A 

al case, there 
nd, wake turb
f these effects 

Figu

wind turbine
properties, m

iffness and 
tal effects suc
any response 

of blade of win
, a mathemat

n section 3 unc
hastic model a

EMATICAL M

ections of bla
at is called rad

in the plane 
is perpendicul
nd is called ou
hese deflection
irections of th
quations of def
n the mathem
d axis normal 
ving parts are 
ndicular to the
assumption is t
dy of blades d
sumption is th
cross sectiona
ssumption is th
fth assumption
stant at any ti
by the relative
lly we assume
e blade alway

.G.Ritto 
Simplified Wind

are many par
bulence, tidal a

is shown in F

ure 2. General 

e behavior, we
material prope
damping. Th

ch as wind pow
of system to

nd turbine and
tical model o
certain parame
are offered and

MODEL 

ade tip have th
dial or centrifu
of rotation an
lar to radius. T
ut of plane def
ns are caused 
hese compone
flections of th

matical model,
to the rotor d
flexible blade

e axis of rotati
that the mater

deforms due to
hat the materi
al area of the b
hat we can ne
n, we assume 
me. Also we 

e motion of th
e that the angl
s have a const

d Turbine Dynam

rameters cont
and storm sur

Figure 2.  

parameters af

e consider win
erties, geometr
hese paramete
wer, mooring

o inputs due t
d rotational ve
of a rotating 
eters are intro
d compared. 

hree componen
fugal deflectio
nd is called in
The last one i
flection. 
by centrifuga

ents. The mov
he blade’s tip.
, some simpli
disk, which m
es that are rota
ion. 
rial and the ge
o the dynamic 
al properties
blade is consta
glect the struc
that the wind
assume that w
e blade with r
le of attack of 
tant angle.  

mics 

tributing to th
rge depth vari

 
ffecting wind 

nd turbine as 
ry, mass and 
ers together 

g or support ex
to system cha
elocity of rotor
flexible blade

oduced and in 

nts, one in rad
n. The other o
-plane deflect
is in the direc

al forces, aero
ving frame tha

ifying assump
means that the 

ating about a 

eometrical pro
forces. It mea
of the blade s
ant along the l
ctural damping
d direction is a
when the rotor
respect to the a
f the blade is c

he behavior of
iation, buoyan

turbine mode

a mechanical
inertia prope
define the r

xcitation and 
aracteristics, a
r are consider
e and the eq
section 4, num

dial direction o
one is the tran
tion and is in 
tion of rotatio

odynamic forc
at is connecte

ptions are mad
tower of wind
fixed axis and

operties of bla
ans that the str
such as modu
longitudinal a
g of the blade
always perpen
r of wind turb
air that surrou
constant. It me

f a wind turbi
ncy of support

 

el (Matha Den

l system that 
rties, transmi

response of t
electric netwo

are outputs of
ed as outputs 

quations of th
meric results f

or in direction
nsversal deflec

the direction 
on axis and is 

ces and the gr
ed to the blad

de. First we a
d turbine and 
d all blades at

ades are const
rain is assume

ule of elasticit
axis. 
 vibrations. 

ndicular to the
bine rotates, w
unds it. 
eans that wind

ine, such as: 
t, extreme wa

nis, 2009) 

has character
ssion system 
the system t
ork loads are 
f the system. 
of system. 

he deflection 
for the determ

n of the longit
ction of the bl
of a vector in
perpendicula

ravitational fo
e is the refere

assume that t
its nacelle ar

t rest lay on th

ant and they d
ed to be small
ty and density

 rotation plan
we can neglect

d and the chor

low level jet,
ave and scour.

ristics such as
behavior and

to its inputs.
inputs for the
In this paper

of its tip are
ministic model

tudinal axis of
lade tip due to
n the plane of
ar to the plane

orce. Figure 3
ence frame to

the rotation is
re fixed. Then
he same plane

do not change
l. 
y are constant

ne of the blade
t the drag that

rd of the cross

, 
. 

s 
d 
. 
e 
r 

e 
l 

f 
o 
f 
e 

3 
o 

s 
n 
e 

e 

t 

e 
t 

s 

ISSN 2176-5480

1222



 

 
2.1 Rotor m

 
The mot

force on the b
 

 
Where, 

our assumpti
where, R is th
always in the

In Eq. (1)
of lift on the
considering a

 
1
2

 
Now for

lift along the
2008), we ha

 

 
Where,	

blades about
system of th
tower and the
passes a spec
(10) and (12)

Our mod
real wind tur
(Jah A.R, 20
Eq. (3) such 
with constan

 
 

motion 

tion of the rot
blade that is in

 is the referen
ions, the chor
he length of e
e direction of r
),  is the d
e blade which
assumptions th

.

r the rotationa
e longitudinal 
ave: 

, is the resist
t the rotation a
he rotor, transm
e axis of rotat
cific angle . 
) related to the

del is a simplif
rbine that are 
11; Manwell J
that the resu

nt , is chosen

F

tor is caused b
n the direction

.
	

nce area of the
rd  of the b

each blade that
rotation, whic
density of air,
h we assume t
hat we made, 

. .  

l equation of 
axis of the b

ting torque ag
axis and final
mission syste
tion, is the ref
The importan

e blade deflec
fied model of
introduced in

J.F, et al., 200
ults follow the
n from the res

igure 3. Comp

by the wind s
n of y axis of t

. . , 

e blade that is
blade is consta
t is the radius 

ch means that 
  is wind
that is constan
Eq. (1) becom

the rotor with
blade (Bagban

 

gainst the rotat
lly,	  and  a
em and the ele
ference to mea
nce of Eq. (1)
tions. 

f the wind turb
n section  4. A
02; KÜHN Ma
e real form of
sults of solvin

22nd Intern

 
ponents of def

peed, therefor
the blade’s ref

 the area of pr
ant along the 
of rotation of
it is perpendic
d speed norm
nt along the l
mes: 

h n blades, and
nci Hasan, 201

tion of the rot
are the rotatio
ectric generat
asure the angl
) is that we ne

bine blade dy
As we knew ,
artin Johannse
f response. Th
ng Eq. (3) with

national Congre
N

flection of bla

re the wind sp
ference frame

rojection the b
longitudinal 

f wind turbine
cular to radius

mal to the rotat
longitudinal a

d due to the a
11; KÜHN M

tor,  is polar 
onal damping 
tor. We assum
le  and each 
eed the solutio

ynamics and a
the form of a

en. 2001), we 
herefore the fo
h different typ

ess of Mechanic
November 3-7, 2

ade tip 

peed is the so
e is given by:

blade on the p
axis of the b

e as well. The 
s and in the pl
tion plane of b
xis of blade. 

ssumption of 
Martin Johanns

moment of in
and the rotati

me that a plan
blade will hav

on of this equ

also we have c
angular veloci
had to introdu

form of resista
pes of function

cal Engineering 
2013, RibeirãoP

ource term and

plane of the ro
blade, we say
direction of th

lane. 
blades,  is th
With these de

uniform distr
sen. 2001; Per

nertia of the se
ional stiffness
ne that contain
ve the same re

uation to solve

chosen the pa
ity response t
uce the resista
ance torque 
ns for the resis

(COBEM 2013)
Preto, SP, Brazil

 

d the total lift

(1)

tation. Due to
y that 
he lift force is

he coefficient
efinitions and

(2)

ribution of the
rdana Abram,

(3)

et of rotor and
s of combined
ns the axis of
esponse when
e the Eqs. (7),

arameters of a
to wind speed
ance torque in

stance torque.

) 
l 

t 

) 

o 
 

s 

t 
d 

) 

e 
, 

) 

d 
d 
f 
n 
, 

a 
d 
n 
 

ISSN 2176-5480

1223



S.Mohsen
Stochastic

2.2 Radial d
 
Radial d

then the norm
 

Where, i
area of the b
derivative of

 

 
Therefor
 

 
Then: 
 

2
 

2.3 Flapwise
 
To deriv

Bernoulli mo
 

 
Figure 4 

uniform, then
 

1
2

 
Where th

constant alon
Bernoulli bea

Forghani and T
c Modeling of A 

deflection of t

deflection is ca
mal force in ea

in this equatio
blade,  is th
f . Due to ass

.

re the radial de

e (out of plan

ve the out of p
odel as the bla

F

shows a gene
n the drag forc

.

he positive dir
ng the axis of 
am , we use E

.G.Ritto 
Simplified Wind

tip 

aused by the c
ach cross secti

 
on, negative di
he material de
sumption of co

eflection of th

.

3
	

ne) deflection

plane and also
ade of the wind

Figure 4. Lift a

eral distributio
ce  is given

1
2

rection is the d
f blade and 
Eq. (9). 

d Turbine Dynam

centrifugal for
ion of the blad

irection is the 
ensity of the 
onstancy for t

1
2

he blade tip wi

n 

o the in-plane 
d turbine. 

and drag samp

on of the lift
n by:  

. . .

direction of th
 is the r

mics 

rces and the g
de in the dista

direction tow
blade and 
he parameters

ith  is g

2

deflection equ

 
ple distributio

and drag forc

he wind,  is
reference area 

gravity force c
ance  of rotat

ward the center
is the rotatio

s along the lon

iven by: 

uations, we as

on on blade (C

ces on a blade

s the drag coe
of the blade.

component alo
ting axis is: 

r of the rotatio
onal velocity o
ngitudinal axis

ssume a canti

 

Crozier Aina, 2

e and we assu

efficient of bla
To calculate 

ong the x axis

on,  is the c
of rotor, whic
s of the blade,

lever beam w

2011) 

ume that the d

ade which is a
the deflection

s of the blade;

(4)

cross sectional
ch is the time
, we have: 

(5)

(6)

(7)

with the Euler-

distribution is

(8)

assumed to be
n of an Euler-

; 

) 

l 
e 

) 

) 

) 

-

s 

) 

e 
-

ISSN 2176-5480

1224



 
Where, 

load distribut
 

 
2.4 Inplane 

 
Forces th

blade and the
the gravity an

 

 
Again, u
 

 
3. PROBAB

 
In determ

has uncertain
of system beh

Many res
introduced di

 

 

 
The likeli

(pdf). Experi
is nearly as l
behavior for
density funct

 

 
Where,  is w

Figure 6 
Gaussian pro

 

 is the elastic
tion along the

deflection 

hat cause the 
e lift force tha
nd the lift is: 

. .

using the Euler

1
2

BILISTIC M

ministic solutio
nty is the wind
havior, we wi
searchers have
ifferent mode

ihood that the
ience has show
likely to be b

r turbulence i
tion for contin

1

√2

wind speed, 
illustrates a h

obability densi

	

city modulus, 
e beam. Theref

1
2

inplane defle
at both of them

.
1
2

r-Bernoulli eq

. .

MODEL 

on we assume
d power. Spee
ill model it as 
e measured w
ls. Figure 5 ill

Figur

e wind speed h
wn that the wi
below the mea
s the Gaussia

nuous data in t

	

2

 is its mean v
histogram of t
ity function th

  is the area
fore, the equa

. .

ection of the b
m have unifor

.

quation, we ha

. . .

e that all of p
ed and directio
a random var

wind behavior 
lustrates a gra

re 5. Sample w

has a particula
ind speed is m
an as above it
an or normal 
terms of the v

value and  i
the wind spee
hat represents 

22nd Intern

moment of in
ation of blade t

blade are the g
rm distribution

. .

ave the equatio

. sin

arameters hav
on of the wind
riable. 

to obtain a p
aph of a typica

wind data (Ma

ar value can b
more likely to 
t. The probab
distribution (

variables used 

is its standard 
ed about the m
the data is sup

national Congre
N

nertia,  is
tip deflection 

gravitational f
n on the blade

. .

on for the inpl

ve certain valu
d changes tim

probability dis
al segment of 

anwell J.F, et a

be described in
be close to th

bility density 
(Manwell J.F
here is given 

deviation from
mean wind sp
perimposed on

ess of Mechanic
November 3-7, 2

s the deflectio
 is given by

force compon
e. Therefore, t

lane deflection

ues. One of th
me by time and

stribution of w
wind data. 

al., 2002) 

n terms of a p
e mean value 
function that 

F, et al., 2002
by: 

m the mean v
eed in the sam
n the histogra

cal Engineering 
2013, RibeirãoP

on of beam an
y: 

nent which is n
the load distri

n : 

he parameters
d to have a go

wind energy a

 

probability den
than far from
best describe

2). The norma

alue. 
mple data of F
am. 

(COBEM 2013)
Preto, SP, Brazil

(9)

nd  is the

(10)

normal to the
ibution due to

(11)

(12)

s that for sure
ood estimation

and they have

nsity function
m it, and that it
es this type of
al probability

13

Figure 5. The

) 
l 

) 

e 

) 

e 
o 

) 

) 

e 
n 

e 

n 
t 
f 
y 

e 

ISSN 2176-5480

1225



S.Mohsen
Stochastic

 
Fi

 
In a syste

of production
have data of 
 
4. NUMER

 
4.1 Determi

 
To obtain

Table 1 (Che
model are sh

Figure 7 
we assume th
to time. In th
the angular v

In Figure
centrifugal fo
motion due 
downward an
of its elongat

them is in 

Constant 
shown in Fig

0 and the
 In Figure

of turbine an
 

Forghani and T
c Modeling of A 

igure 6. Gauss

em like wind 
n, the propert
the distributio

RICAL RESU

inistic  

n numeric app
eney M.C., 19

hown in Figure
shows the ang
hat the wind d
his case becau
velocity of roto
e 8-a, the radi
orces in the d
to the term 

nd we see tha
tion due to its

0 and the o

value of wind
gure 8-b. Als
erefore we see
e 8 we see tha

nd the effect of

R

Coe

Yo
Mo

.G.Ritto 
Simplified Wind

sian probabilit

turbine, there
ies of materia
on of these par

ULTS  

proximations o
999; Park Joon
e 7 and Figure
gular velocity
direction is no

use of the resis
or reaches the
ial deflection 
irection of the

 and t
t at time 
s weight. To m

other one is in 

d speed with E
o the assump
e an initial val
at most impor
f the gravity a

Param
Wind 
Air d

Number 
Chord o
Blade 

Lift coe
Drag co

Moment of in
Moment of in
Rotational dam
Rotational sti
efficient of rot

Density of b
ung modulus 

oment of cross
Cross section

d Turbine Dynam

ty density fun

 are many par
al such as mod
rameters, it is

of the equation
n-Young, et a
e 8. 
y of the wind 
ormal to the p
sting moments
e value of 10.7

of blade is sh
e longitudinal
the quadratic 
0 there is an i
make this mor

 are sh

Eqs. (8) and (1
ption of consta
lue for the inp
rtant deflectio
and the centrif

Table 1. Sam

meter 
speed 

ensity 
of blades 
of blade 
length 

efficient 
oefficient 
nertia of blade
nertia of Rotor
mping of roto
ffness of rotor
tational resista
lade material
of blade mate
s section of bl
n area of blade

mics 

ction and hist

rameters whic
dule of elastic
 better to assu

ns, we use the
al., 2010). Usi

turbine rotor 
lane of rotatio
s against rotat
7 rad/s and bec
hown. As sho
l axis of the b

form . At
initial value fo
re clear, the d

hown in Figur

10) make the o
ant wind spee

plane deflectio
on is the In-pla
fugal forces an

mple wind tur
 

Abv

n
h
R

e 
r 
r C
r K
ance 

erial E
lade I
e 

togram of win

ch are not cert
city, density a
ume a uniform

e data of a sam
ing a MATLA

which is the s
on of the blad
tion that grow
comes stable a
own in Eq. (7
blade and there
t time 0
or the radial d
deflection of t

e 9. 

out of plane d
ed causes init
on of the tip in
ane deflection
nd also small a

rbine paramete

v. Va
12

 1.15
3

1.85
45

1.20
0.08

7.291
3
500

0
4.4
160

1.45
1

 0.15

nd data (Manw

tain, for exam
and geometry 

m distribution f

mple turbine, w
AB code, the 

solution of Eq
des and it has c
ws with quadra

after 150 seco
7), it is the ef
efore it is com
the angle 

deflection of th
two blades tha

deflection inde
tial value for 
n Figure 8-c. 
n that is becau
amount of the

ers 

alue 
 
5 K

5 
 
0 
8 
1 6 

 
0

5 Nm
0 K
11 

5 

 

well J.F, et al.,

mple because o
are not exact
for them. 

whose parame
results of the 

q. (3). As desc
constant value
atic ratio of th
onds. 
ffect of the gr
mbination of t
0 , therefore
he blade tip th
at at the time 

ependent of tim
the lift force 

use of the larg
e moment I.  

Unit 
m/s 

Kg/m3 

- 
m 
m 
- 
- 

.  

.  
/  
/  

ms2/rad2 
Kg/m3 
N/m3 

 
 

 2002) 

of uncertainty
. As we don’t

eters shown in
deterministic

cribed before,
e with respect
e wind speed,

ravity and the
the oscillatory
e the blade is
hat is because

0, one of

me and this is
in Eq. (2) at

ge dimensions

y 
t 

n 
c 

, 
t 
, 

e 
y 
s 
e 
f 

s 
t 

s 

ISSN 2176-5480

1226



 

Figure

Figure 7. De

Figure 

e 9. Compariso

eterministic so

8. Determinis

on of the radia

22nd Intern

 

 
olution for an

 
stic solutions 

 

 
al deflection o

national Congre
N

gular velocity

of deflection o

of two differen

ess of Mechanic
November 3-7, 2

y of turbine ro

of blade tip 

 

nt blades of w

cal Engineering 
2013, RibeirãoP

 

tor  

wind turbine 

(COBEM 2013)
Preto, SP, Brazil

 

) 
l 

ISSN 2176-5480

1227



S.Mohsen
Stochastic

4.2 Stochast
 
First we 

speed with th
standard dev
10.8	, 13.2 	

confidence o
10-a. With th
will be within

The coeff
time of simu
Fig. 10-b sho
of the mean v
 

Fi
 
In Figure

90%, then w

Forghani and T
c Modeling of A 

tic analysis w

will consider 
he mean valu

viations of 	
/ .  Due to

of the angular 
hese results w
n the interval 

fficient of vari
ulation. Figure
ows that the C
value of the v

Figure 10

igure 11. Stoc

e 11, we see th
with probabil

.G.Ritto 
Simplified Wind

with one rand

only the unce
ue equal to its 
10%. This m
o this distribu
velocity of th

we see that wit
9.7	, 11.8 	

ation (CV), w
e 10-a shows t
CV always de
elocity. 

. Stochastic an

chastic analysi

hat if the prob
lity of 90%, 

d Turbine Dynam

dom variable

ertainties rela
nominal valu

means that wit
ution of the w
he wind turbin
th the probabi

, which is 
which is define

that the stand
creases, which

nalysis results

is of the radia

bability that th
the value o

mics 

ated to the win
ue from Table
th a probabilit
wind speed, th
ne in stochast
ility of 90%, t
equal to 	10

ed as the stand
dard deviation 
h is not evide

 
s for the angul

 
 

 
l deflection of

he wind speed
of the radial 

nd speed. We
e 1 which is 1
ty of 90%, th
he mean valu
tic process of
the final value
0% change of 
dard deviation
increases wit

ent from Fig. 

lar velocity wi

f blade tip wit

d has the valu
deflection o

e assume a ran
12m/s and the
he wind speed
ues, upper lim
f 1000 observa
e of the angul
the mean valu

n over the mea
th time (larger
10-a. This res

ith wind as ra

th wind speed 

ue within the i
f the blade 

ndom distribu
e 90% confide
d will be in th

mit and lower 
ations are sho
lar velocity of
ue of 10.7	
an, is now ana
r statistical en
sult is due to t

ndom variable

as random va

interval 9.8	,
tip is within

ution for wind
ence limits of
he interval of
limit of 90%

own in Figure
f wind turbine

. 
alyzed at each
nvelope). But,
the increasing

 

e 

 

ariable 

13.2 /  be
n the interval

d 
f 
f 

% 
e 
e 

h 
, 
g 

e 
l 

ISSN 2176-5480

1228



0.35	, 0.55
of the standa
When the va
sensitivity of
belong to tim

Figure 12
inplane defle
the sensitivit
very high. Si

 

 
4.3 Stochast

 
Now to b

parameters o
see that if ea
of the angula
can see that,
about 3% of 
our model of

 

Figur

; But bec
ard deviation o
alue of wind s
f the angular 

mes that mean 
2 shows that 
ection of blad
ty of the inpla
ince the mean 

Figure 12. S

tic analysis w

bring uncertai
of our simple 
ach uncertain p
ar velocity of 
 taking into th
increase in co

f wind turbine

re 13. Stochas

ause of the os
of the radial d
speed is not e
velocity of w
value has zero
with the sam
e tip be in the
ane deflection
value passes 

tochastic proc

with more tha

inty of other p
model with 1
parameter of 

f wind turbine
he account m
omparison to t
e is more sensi

stic process of

scillations, the
deflection of t
exact, the radi
wind turbine
o value. 

me probability 
e interval 7
n to the chang
zero many tim

cess of total de

an one param

parameters of 
10% changes
the system, w

e will be in th
many sources o

the system wi
itive to the cha

f angular veloc

22nd Intern

e interval limi
the blade tip 2
ial deflection 
to the wind s

distribution f
7.5	, 9  is 
ges of the win
mes, this graph

 
eflection of bl

meter as rando

f the system in
with respect 

with 90% prob
he interval 9.
of uncertainty
ith only the w
anges of wind

 
city with all p

national Congre
N

its are not pre
21.6% w is tw
is more sens

speed. Note th

for wind spee
90%. Again f

nd speed, in c
h has many ex

lade tip with w

om variable

nto account, w
their exact va

bability be in t
5, 12  wi

y, confidence 
wind as the onl
d speed than o

parameters as r

ess of Mechanic
November 3-7, 2

ecise. Using th
wo times the C
itive to chang
hat extreme p

ed, the probab
from the grap
comparison w
xtreme peaks. 

wind speed as 

we give a unifo
alues, includin
the interval 0
ith confidence
limits of the 
ly source of un
other paramete

random variab

cal Engineering 
2013, RibeirãoP

he CV we see
CV of the ang
ges of wind sp
peaks in the g

bility that the
ph of the CV i
with the radial 

 

random varia

form random d
ng , , ,
0.9 	, 1.1 , th
e of 90%. In 
angular veloc
ncertainty. W
ers. 

bles, 1000 obs

(COBEM 2013)
Preto, SP, Brazil

e that the ratio
gular velocity.
peed than the
graph of CV,

e value of the
it is clear that
deflection, is

 

able 

distribution to
, , . We

he final value
Figure 13 we

city only have
We can say that

 

servations 

) 
l 

o 
. 
e 
, 

e 
t 
s 

o 
e 
e 
e 
e 
t 

ISSN 2176-5480

1229



S.MohsenForghani and T.G.Ritto 
Stochastic Modeling of A Simplified Wind Turbine Dynamics 

5. CONCLUSION 
 
A simple model for a three bladed wind turbine with a fixed support is introduced in this paper. With this simplified 

model, results of stochastic analysis show that, the role of wind speed as a random variable as the most important term 
in the response of the dynamical system of the blades. This model is a basic model to understand the behavior of a wind 
turbine to bring more details into account for future works. In the next step, the authors are working on a flexible model 
of a wind turbine combined with multibody dynamics in Msc.ADAMS as a part of future works to model and study an 
offshore wind turbine that has a big role to use renewable energy sources within next few years. 
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