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Free vibration analysis of a horizontal axis wind turbine with movable base
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, equations of motion for a horizontal axis wind turbine with movable base are extracted
Received 09 February 2016 and natural frequencies and vibration of the system are studied. The wind turbine tower is assumed rigid
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Available Online 16 June 2016 while its blades are modeled as flexiblebeams. In-plane bending and twisting are considered as two

degrees of freedom for blades motion.The shaft connected the tower to blades is assumed rigid and its
rotational velocity is considered.In this paper, specifically, a 5-megawattfloating horizontal axis wind

Keywords: . o L . . . .

HO);izomm axis wind turbine turbine, which it’s basehas three angular velocities in different directions,is studied.Due to the complex
Movable base shape and variation of the properties along the length, the turbine blade properties such as mass per
Natural frequency lenght and geometric parameters are extracted by curve fitting in MATLAB.The equations of motion

Free vibration and boundary conditions are derived by Hamilton's principleand then aretransformed to ordinary

differential equations by Galerkin method. By setting the governing equations to standard form (space
state), eigenvalues and frequencies are calculated. The numerical results are compared with published
results and good agreement is observed.Then the effect of various parameters on turbine blades
frequencies and time responses are demonstrated. Results show that the tower base angular velocity and
blades rotational speed have considerable effects on turbine blades time response and vibration
frequencies.
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Fig. 1 Schematic of wind turbine and the selected coordinate systems
Sl Slaiss laolSiws 5 ol (s 3l (Sl 1 S

® CATIA Software

6 o leis16 0,55 1395 ) gy pieds e Slle Gwiao

lalyo jo 1) lagl Wl (ol lagmys bawg Jolulp sl g lab o
)5 s

ooms sben wool slacmys ojlul MlBH L el
oS b & dgame lizl oty 5 wlewd 5 ndy sl
oS 5 Loyl aiged gl cwl ol plil (g0l sloire e (g3l Joe
gl G on Sln Foe wsilme I Jal g sg0mme gl g 90
351 00,5 L3l ey 6ol 5 ety sloo 5 |, 8l ol Sl aS o8
Jelos B8 e b ook slagys » [2] GlSen 5 s2le [1]
e 3 Olyier 63k g ) Qlaldod 0 oS ws S )] (Sl
8, 2 [B] SSy5 5 099,¥ isyS eslanul iyl e iz
0,5 sy b sl on iVl nl Joe Su slagy 5 (Sesls
GRIB os (28055 551 Gl sl ool slagrns Jae crl S
S8, 50 [A] e 5 ppdle el oolinl LB Gy slog s
5 oY ol plosl Sldllae ol cla ey SVl T 5 Senliysg ]
Ol 30,8 gy 1y 0l yg sl oz i SCalins 55 [5] e
Son Bl ol i al o (alis s 0 (Sl Slals )] ge
@lr sbie 0l 5l iy jsbimen 5 GlSen 5 (aaly s )S
g8 s abur oJls &5 5l G 5 Jolulp ool oy Sl
dolae py2r o le Slalllas (ol ;5 1835 0500 Fos o5 (255 3> 5
lig Cemdy (G3b g (w5 (Suid ples ) eoliiul b oS >
Szl 5l oolaznl b 5 g g (Seelinogaud Sl glaw yile
&b g ol sSang s g ol Glagie 5 sy, Seslinog
Sl olabs) g laly Jelow [9] (S0 5 ()Y [8-6] winds (s
L5als 125 Coge (ilwancd SKoS 4 |, gl 08 0 CES
Ol 5 s SIS a8 28,5 s s 0 sl el Joe S 58
CS g 5559y e Lk s 3925 b iy Sl i 5 00 00l Ll
S lp 2hsy Je S b bt Sl [10] ety 8505 0
Slindg 2T slog i 5l o 0y o5 GE S i gz g0 50 Shes
o b pt Sealns 6lp (SHSl Jdos S g el w3 S5 43l
[11] sols plowil Sige o 358 5 Sl ) wais Il 93 5 e
Joe palol Soliss el S5l 51 oolizasl b [12] il Sad 5 ol
O5eS b (8lS Al kil ol Gy etz Swalus (o e
Glagly (38L sl g ool frtin Slalllas @ cod  Sileiws Lo 8
Sealizogyaen 5 (Sesluogpl slo)ly o (Senls (25,000 51 Jol>
[13] LuilSen 5 o Ulshle cais )5 o 55l (g0l (s ol 2 00l
et 8o 092y Ll glad g azdlly gl ) el 99 yis il s,
9 wols plml gl (Seslusg pl s alali 5l Sos8 ulide 53 g3
297w b g (bt DL rogs sl (SSb) Joe e
a0 ez ol ad 5 ks o o] a5 etiaanw [14] i 5 w1 a3l
2 ol il (i 5 Caz 50 0 ched (b Slils)) o]
2 Seeladgnl 5509 Gy Sy epr e oS WS (28 plata
il Gihen Lol jf ooliil L 1, ol c¥abee 5 aiyls 5 g Las
IRVALY

ok slopms) s g5 5l £ sl 5ok Slagmys 45 Ll
9 99U (g (S5 (S Al 95w Sl dw @ lalyyo 0l Gleel )

! Warping
2 Monte-Carlo Simulation

160



B3 gulie 9 SubHlad Suaw

e daly b S8l yexe L (par9d S ST enbiblei )l Jalxs

ol 00 00y yLas 418 5 & jgo goie ()l A SE o a5 Col

ORI 0 (b plgs ~2-1-2
ox Job aaite i b Job wxly ey aile & pwain (ols> Ko
ol Glagles 5 (Lhed g Ll (P i (polst 035 el
ools ol (gl (somo G3lp miem ©yg0 Glod 4 a5 Cl oy (0>
2 0 op ek aaite 5l (oulg O g0 e g Sl 00l plxl 58
Sygo s Gilp i 46 95 o JSh je aileads ojly SYolke
iz pblie (iad (o g 0n 0y (ol Olon slaosls p ats S

ol 0as 00ld LS Y Cpz 0 0y Job daite 4o
oS Col Gz G gl (S0 D eyt o e oly> K03
IS8 0 a0 Sl yo 4z e Sao e 4 B el e 0y Job o
0z 5y Glojsme 5 JSE i 5l e 5 G ety o eio o 7
Sl @ borye oS 4 W9 @ agly (Gl sl o5 6 gl ol e

J16] ol ons sols (yLid cop e g (i s0l;]
e Bln 55 0 sly lnon Job e ps alize glacsls |
el SYoles 43551 Cewsdy jo oud gl el &bl g conl 48,5 & jeo

1.0E+03

9.0E+02
8.0E+02 e Ref [15] ===Fitted Curve
7.0E+02
6.0E+02

5.0E+02

m (kg/m)

4.0E+02
3.0E+02
2.0E+02
1.0E+02

L L L L R R RRLr YLA R

00E+00 E I L L L L L8
0 10 20 30 40 50 60 70
R (m)
Fig. 4 Extract the mass function of mass blade in various sections
2 on ok wly p ez polis 5l Job woly » e al glpel 4 USS

14E+03
1.2E+03 e Ref. [15] emmmFitted Curve
1.0E+03

8.0E+02

mkfnz (kgm)

6.0E+02

4.0E+02
2.0E+02
0.0E+00 : . - .
0 10 20 30 40 50 60 70
R (m)

Fig. 5 Extract the mass moment of inertia function in y' direction of
values for different sections of blade

ablie polie 1Y ez 5> ooz (ol Oloe 4 Lo @l g2l 5 Y0
oy alises

161

X

Fig. 2 Coordinate system before and after deformation of turbine
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Fig. 13 Twisting vibration of the blade tip
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