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ABSTRACT

The tuned mass damper (TMD) is introduced to the field of structural control of wind turbines. Taking the 5SMW
offshore wind turbines as a research case, the parameters of TMD are optimized via both theoretical analysis and
numerical simulation. In the theoretical analysis, to grasp the key factors of the wind turbine in the aspect of
structure dynamics, the turbine with TMD system is simplified with three degrees of freedom in longitude direction.
The influence of the parameters of TMD such as damper ratio, frequency is investigated through frequency domain
analysis of the transfer function between the total thrust force and displacement of the wind turbine. Based on the
theoretical analysis, the TMD is further optimized using numerical simulation under a certain wind condition via
the program FAST-SC, in which a more complicated model of the wind turbine is established. The results show that
TMD can obviously affect the characteristics of the vibration and load of the wind turbine. By optimizing TMD, the
vibration and load of the wind turbine can be substantially attenuated. For further applying the structural control of
wind turbines using TMD, the performance of TMD is verified under some standard wind models from GL2010
including EOG, NWP, EWM, ECG, EDC, via FAST-SC. The result shows that the vibration and load suppressing
capacity of the wind turbines by TMD system can reach above 10% in some operating cases, which make great
significance for the structure control of wind turbine.

Keywords: tuned mass damper, 5MW maritime wind turbinesicstire control

INTRODUCTION

At present, the TMD has been widely used in thédfigf structure control for vibration attenuationdaload
reduction. A simple TMD consists of the mass (iiafiorce), the spring (elastic restoring forcedahe damper
(energy dissipation). Installing a TMD system oa #8tructure can effectively reduce the vibratiorthaf principal
structures. There are already a lot of engineecages of TMD system, but most of them are conceatran
architecture and bridge cases [1-4]. In recentsyetire researchers at home and abroad also hawe stone
simulation studies about the TMD system on theatibn control of the wind turbines[5-8]. Via theogram
“FAST-SC”, the vibration and load of the offshorénd turbine with TMD are numerically studied [9-1TThe
simulation results show that the passive contretesy using TMD can reduce the fatigue load of tiveet bottom
by about 10%. The study of Bossanyi et al.[12] showat wind turbines using the generator torqudrogrblade
pre-bending and TMD damping system technique cakentfze wind turbines load reduce by 20%, and mhke t
tower cylinder design mass reduce by 10%. Zharad. ¢13] analyzed the dynamic responses of the wimbines
with TMD to the condition of typhoon. The resultosted that TMD system could effectively reduce thgresme
load of the wind turbines and could also reducettiveer top movement of the wind turbines by 15% arnithe
condition of extreme wind.

TMD has provided a good way for the load reductaond vibration attenuation of wind turbines. Butthe

structural control of the wind turbines, the infhee of the key factors of TMD on the vibration attation and load
reduction is still not clear. In addition, manydits only focus on the performance of TMD undeingle external
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wind condition, the effects in the enormous staddgrerating conditions are to be verified. In ttisdy the SMW
wind turbine will be taken as a research objed, ghrameters of TMD are optimized via both theoag¢tanalysis
and numerical simulation, and the performance ef TMD system will be verified in many complicatednds
conditions, to give more experience and knowledgettie application of TMD for vibration attenuatiand load
reduction in the structure control of wind turbine.

FREQUENCY DOMAIN ANALYSIS OF THE INFLUENCE OF TMD O N WIND TURBINE VIBRATION
Wind Turbine Dynamic Model with TMD

The prototype of the model adopted in this studg BMW offshore wind turbines designed by NREL, Tixed
platform is used to eliminate the influence of thendation. The main parameters of the wind turlairee shown in
Table 1:

Table 1 Main parameters of the simulation model othe wind turbines

Rated Power(MW) 5
wind rotor The upwind, clockwise rotation
number of blades 3
Control method Variable pitch, variable speed, yaw
Drive System Multistage gearbox speed growth
Wind rotor/hub diameter(m) 126. 3
Hub height (m) 90
Cut-in, rated, cut-out wind speed (m/s)3, 11.4. 25
Rated tip velocity ratio 80
cone angle, tilt angle (degree) 25 5
Mass of wind turbines (T) 110
Nacelle mass (T) 240
Mass of tower (T) 3475
Nacelle size(m) 18*6*6
Platform type Fixed platform
The position of TMD Nacelle
(a)
k k
t o d
— Nacelle (b) ﬂb Mb i Md VWA
TMDx ¢ QO O ¢ Q Q ¢y
o N
. —— MV 7t

Tower

Fig. 1 (a) configuration of TMD, (b) simplified dynamic model of wind turbine with TMD

Wind turbine is a complicated system that congi$tateracting devices with some degrees of fldiipiit can be

modeled with different complicated levels. In ordergrasp the key factors of the wind turbine dyitacharacters
and service for the vibration attenuation controdlesign, the turbine with TMD is simplified withree degrees of
freedom in longitude direction. The blade and towss continuous slender flexible structures. Caaraig only

their first mode shape, the model can be transfdraseFig. 1. Although the whole turbine systemaslimear, in a

certain operating point it can be analyzed as fisgatem. With Lagrange method, the motion equasion

[M]{s} +[C]{x} +[K]{} = F (1) 0)

Where, [M], [C] and [K] are mass matrix, dampingtmaand stiffness matrix respectively. The geneesl
coordinates are

(% =5 %" (0)
M, 0 0 C. C O Ki -Ky K,
[M]=|M, My O |[C]=|0 ¢C, Of]K]=| 0 K, © ()
M, 0 M, 0 0 C, 0 0 K,
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F(t)= 0 0)
-puf(t)
Where M is the generalized mass of tower top which is amseg of the lump mass of nacelle and continuous
mass of towerM;is the mass of TMD, and{, is the generalized mass of the blada: is the structure
damping of towerC, is the generalized damping of the blad; is the damping of TMD which can be tuned and
controlled for the vibration reductiorf{; is the generalized stiffness of towdt; represents the stiffness of

TMD, Kj is generalized stiffness of blade, x4 andx, denote the generalized displacement of the toarthe
nacelle and the blade, respectively. The detaiddutation method of generalized parameter forflgneble blade

and tower with mode shape is described in [1;51&:.1.‘] is the total thrust force on turbineyf (t) represents the
generalized thrust for on the rotor blage,is the coefficient factor.

Table 2 generalized parameter of the wind turbine

My My; M, Ky K, Ky Cr Cq Cy
(ke) (kg) (kg) (N/m) (N/m) (N/m) N/(m/s) N/(m/s) N/(m/s)
4.29E5  2.00e4 2.6le3 1.45e6 6.40e4 5.026e4 6900 10000 114

Make Laplace transform of equation (1), then tran&inction H(ijT_f.:r;. between tower top displacemesit;

and thrust forcef (t) can be got.

_X%:(s) _A(s)
H(S)XT—f(t) - F(S) _@ 0)
Where,
Kb
A(S)=1+(M 2 beS+K ] 0)
B(s):(MTSZ +C, s+ KT)+ (CdS+ Kd)Md52 + Kbe82 ©)

(Mds2 +C,s+ Kd) (Mbsz+Cbs+ Kb)

Frequency domain characteristics of the wind turbire with different parameters of TMD system

TMD system is a vibration system containing massgsngs and dampers, so its relevant design paeasneontain
the mass (m), the spring stiffness (k) and the diagn(c). The combined action of those parametetsrdenes the
vibration characteristics and damping effects of O Bystem. Additionally, the installation locatiohtbe TMD in

the wind turbines may also change its responserttsvthe principal structure and subsequently imibgethe
damping effect of TMD system. In engineering aplizn, the inherent frequency and damping ratio tage
commonly used parameters to determine TMD's pedana. They are respectively:

o= LS (1)
m
_ Cc

The first parametes which is introduced above is called the inhereatifiency under non-damping status of the
system. The second parameiés called damping ratio. According to the defimitj the natural frequencies have the
dimension of angular velocity, but the dampingaagia parameter without dimension.

In order to find the right key parameters for thd system, the frequency domain analysis is madke different
damping ratio and inherent frequencies. Fig. 2 shthwe Bode diagram of the transfer functtéfs) for the wind
turbine with TMD systems. A maximum magnitude cerobserved at the frequency®28 from the Bode diagram,
which gives an approximate value of the inheresqidiency of the wind turbine. When the damping rafie0.07,
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the maximum amplification of the transfer functicen be suppressed significantly, but there existpeak values
around the frequency of 0.25, as shown in Fig..2(#)en the damping value is 0.14, the maximum ntadaiis

substantially reduced, which means that, at thimplag ratio the vibration and load can be more atffely

attenuated by TMD. When the damping value is biggan 0.14, the maximum dynamic amplification iraes
with damping ratio and performance of the TMD beesmworse. Fig. 2(b) presents the effect of TMD wlifferent

inherent frequencies. As can be observed, whefrefeency of TMD is 0.266 or 0.285 which is closdhe natural
frequency of the tower, the maximum amplificatisrsuccessfully decreased by TMD and the resporgenisrally
well.

% 0 -90 Sl :
;—‘7#8-?1 ~—=0.201
——p21 951 \ o219
100 —028] { 0286
035 _100- : i +——+0.252
042 ) —0.266
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Fig. 2 Bode diagram of the transfer functionH(s) for TMD systems with different (a) damping ratiosand (b) inherent frequencies.

THE OPTIMIZATION OF TMD UNDER A CERTAIN WIND CONDIT ION USING “FAST-SC”

It should be noted that wind turbine is a comp#danonlinear model with many flexible structuresidAthe
Characters of thrust forces is also complicatedisTio make the optimization of the TMD a steptfart a more
complicated model is essential for the optimizattdéTMD. Based on the simplified dynamic modellie fprevious
section, an approximate range is given out forogsEmization of TMD. In this section, a full windbine model is
established by FAST-SC, and the optimization of TpHdameters will be further studied.

FAST-SC simulation platform

FAST is a program that is currently developed amihtained by NREL[15]. In 2005, the program FASEgad the
assessment of Germanischer Lloyd Wind Energie agré vdentified as suiting "for the design and fieetion of
the computational load of wind turbines". Basedl@nFAST software, the University of Massachuggtitsforward
an advanced version FAST-SC(SC for structural abntin which the TMD model variance was added.uSimg
FAST-SC program, the structure dynamic simulatidrlange wind turbines configured with the TMD caer b
conducted [9-11].

In the present study, only the wind turbines load dibration related freedoms are retained, inclgahe freedom
of 3-order in the flapwise direction of the rottre freedom of 2-order in the edgewise directiorhef rotor, the

freedom of 2-order in the fore-after direction bé ttower, the freedom of 2-order in the side-siolection of the

tower as well as the freedoms of the TMD system &tcaddition, the fixed maritime foundation isog@ded in this

study for the offshore wind turbine. The TMD Systentonfigured in the direction of x axis and istalled in the

nacelle, with the tower top center as the tactlariz location of the TMD. To confine the displaesinof the mass,
the braking locations are set at +7m respectivelgyafrom it. The braking rigidity and braking dam this spot

are respectively set to be 50KN/m and 500KNs/m.

Optimization of the damping ratio

In the optimization, the mass of the preliminariesgon of modulation damper is 20000 kg, which cet only
ensure that the TMD system has certain effectsaoffing vibration, but also avoid the additionaldoahich is
caused by too much mass of the modulation damper.frequency is chosen around the natural frequency of the
main structure 0.28, which can be obtained fromsihgply frequency domain analysis in Fig. 2(b). érsure the
frequency the initial stiffness (k) of its sprirgset to be 64,000N/m according to Eq. (8). Theegfthere is a one
to one correspondence between the cianda FAST-SC program, the vibration and the dymakoad of the wind
turbine is simulated under five different dampetios from 0.14 to 0.42. Fig. 3 shows the time teacé the
displacement of the tower top in the axis directiovder different damper ratio. As can be indicatké, TMD
system can significantly reduce the amplitude efvibration of the tower top and the damper raéin obviously
influence the effect of vibration reduction. Whére tdamper ratid=0.14, the vibration amplitude of tower top is
substantially lower than the other damper ratiasm@aring with the TMD System which has a high damgpatio
(=0.40, its inhibiting effect on the tower vibratiagplitude is about 10% higher. Fig. 4 shows thedbey moment
of x axes at the bottom of tower. The suppression efrifoment of the tower bottom is similar to thattloé
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vibration of the tower top. Therefore, the TMD systwhose damping ratidis 0.14 has better dampening effect
than the TMD system whose damping ratio is higher.

In order to further determine the optimized dampitip and eliminate interference caused by exoepticases, we
chose the variation range of damping rétlmetween 0.08 and 0.20, the calculation intervdl.08. Fig. 5 shows the
displacement of tower top under the five dampeosaflhe results show that under the TMD systerh vétatively
low damping ratio, the vibration inhibition effeot the tower top made by the change of damping riagis been
inconspicuous, but we can still know from Fig. &ttthe vibration inhibition effect of the TMD systes the best
when the damping ratid)is 0.14. Therefore, with the analysis of simuaatexperiment, under the situation that
the mass and frequency of TMD system is the sarddtaninstallation position is fixed, comparing lwthe TMD
system with high damping ratio, the TMD system wvliittver damping ratios has a much more obvious efiadhe
vibration and load reduction of the wind turbin8sit for the lower damping ratio TMD system, thelusice of
changing the damping ratio on the vibration att¢ionzeffect of wind turbines is not obvious.

= NO TMD
===0.14
=021
0,28
==-0.35
—0.42

Dx (m)

My (kNm)

T (sec)

Fig. 4 Time traces of the bending moment of x axed the bottom of tower under TMD Systems of differat damping ratios
1.2

Fig. 5 Time traces of the displacement of the toweop in the axis direction under different damper ratio

Optimization of the frequency

As pointed out in the section 2, the inherent fesgry of TMD system should be close to the maindesgy of the
structure so as to ensure the action of reverlperatisonance can be generated. But for the wirndneirthe main
structure contains some mechanical componentsdifférent inherent frequencies. In order to enhaheeeffect of
the TMD for vibration reduction, the frequentgf TMD should be chosen close to around the nhfrgquency of
the main structure, which can be obtained from s$haply frequency domain analysis in Fig. 2(b), asd
approximately 0.28. We select the parameters nfaEMb system as 20,000 kgnE20,000 kg), damping ratipas
0.14. Five different frequencies ranging from 0t©20.28 is tested with the increment of 0.04. igand Fig. 7
show the movement of the tower top and the momeéthe tower bottom under the TMD system with diéfier
frequencies. The results indicate that a slighhgkeof inherent frequency in TMD system can leacktatively big
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changes of vibration features and loading featofewind turbines. Compared with damping ratio, thieration
attenuation performance of TMD which is appliedwimnd turbines is more sensitive to the change bkient
frequency. Therefore, the optimization of frequemdythe TMD system is of great significance to ioye the
vibration attenuation performance of TMD systenorfirthe ultimate displacement of tower top and thienate
load of the tower bottom, it can be concluded @rabng the five different frequencies the vibrataitenuation
performance of TMD system with the frequency ofd0t2z is the best. Comparing with the inherent fegguy of
the tower, the optimal frequency of the TMD shohkl a little smaller and it is only about 87% of frequency
obtained from the simple frequency domain analiysthis study.

1.2 :
——NO TMD
1 —o0.112
---0.16
“““““ 0.20 |
E 0.8 N\ ===0.24
X —=-0.28
o 0.6 v .....
0.4 J
0.2 :
18 20
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Fig. 6 Displacement of the tower top in the axis déction for the wind turbine using TMD with differe nt frequencies
5
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1= ! ;
: —NO TMD
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=z -==0.24
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Fig. 7 The bending moment of x axes at the bottonf tower under TMD Systems of different frequencies.

Installation position of TMD

Table 3 shows optimized parameters of TMD such assnof system, stiffness, damping, frequency, dagngaitio,
etc.. This section will further determine the ifistion position of TMD system. Since TMD is ind& in the
nacelle, the horizontal position of TMD system lie tstatic state should be ensured in the centewar top so as

to reduce the unbalanced loading of vibration anly the vertical distance relative to the centertafer top is
taken into consideration.

Table 3 The Parameter Setting After Optimization é TMD System

m/kg k/(N/m) c¢/(Ns/m) w/(rad/s) f/Hz C
20000 45479 8445 1508 0.24 0.14

Set the vertical height of TMD to the center of &sviop as 1--5 meters respectively, get the vibnateatures and
loading features of key parts of wind turbines unt®ID system at different height through numerisathulation
by FAST program. Fig. 8 shows the movement of towegr in thex direction under TMD system at different
position, indicating that the change of TMD positiexerts inconspicuous influence on the vibratieatdres of
tower top. Therefore, the installation positionds#mper in the nacelle is not the key factor thduénces the
vibration attenuation performance of TMD systemnéte for the sake of installation, the positior2gheters above
the tower top is selected in this study.
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N
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Fig. 8 the tower top movement (a), the tower top tivind movement (b) and the tower top side-wind mogment under the condition that
TMD system is in different locations

VERIFICATION OF THE PERFORMANCE OF TMD SYSTEM UNDER DIFFERENT WIND
SITUATIONS

The studies of the above section have determinedofitimized parameter configuration of TMD systerhe
optimized parameter will be adopted in this sectibime dynamic response of the wind turbine undéerdint wind
models will be simulated using the program of FAST; to verify the performance of TMD system on &ifon
attenuation and load reduction under some more lcaitgd external conditions, aiming to accumulatpegiences
for further studying and applying the structurahirol of wind turbines using TMD.

The external wind conditions

Five standard wind models from the GL certificatid®10 are introduced in the present verificatiohjolh are
Extreme Operating Gust (EOG), Extreme Wind-speedd@IdEWM), Normal Wind Profile (NWP), Extreme
coherent Gust (ECG) and Extreme Direction Chand2QE In the EOG and NWP wind model, the two staytin
wind speeds of 8m/s and 15m/s of the extreme dpgrgtst at the hub height is considered---the Emalne is
below the rated wind speed, and the bigger onbaseathe rated wind speed. The vertical wind skeetor is 0.2.
The wind speeds adopted in the simulation are showable 2.

Table 2 The design conditions under different windnodels

Case number 1 2] 3 4 s 6 7
Wind model EOG NWP EWM, ECG EDC
wind speed at the height of hub (mfs) |8 [15 [ 8 [15 54 10 20

The performance of TMD system under EOG

The extreme operating gust is added to the steadg at the time of 50s to ensure the simulationtfa wind
turbine under the steady wind is fully developedd @ahe duration time is 10.5 seconds, and the tois of
simulation is 100 seconds. Fig. 9(a) shows the mmeve of the tower top in the x direction under E@ith the
starting wind speed of 8m/s at the hub height. &s loe observed that under extreme operating guslitcans at
low wind speeds, the TMD system can substantidfgcathe vibration and load characteristics of wiad turbine.
Through TMD, conspicuous vibration attenuation dsn obtained. To reveal the effect of TMD on thedloa
furthermore, the bending moment of tower bottorstiswn in Fig. 9(b). A similar suppression of thadoat the
bottom of the tower can be observed as the vibraifathe tower top. At the wind speed, TMD systeimtsbitory
power on vibration can reach up to 15%, and theameeload-weakening degree can also reach up to Hettce,
at the low wind speed both the vibration and lo&the wind turbine can be greatly attenuated by TMD

50 55 60 65 70 75 80 85 90
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My(kNm)

(b)

Fig. 9 Performance of the TMD under EOG wind modelvith the starting wind speed of 8m/s. (a) the moveemt of the tower top in axis
direction and (b) the bending moment in the x diretion at the tower bottom.

50 55 60 65 70 75 80 85 90
T(sec)

Fig. 10 Performance of the TMD under EOG wind modeWith the starting wind speed of 15m/s. (a) the m@ment of the tower top in axis
direction and (b) the bending moment in the x diretion at the tower bottom.

Fig. 10 shows the movement of tower top and thelingnmoment load at the tower bottom under the BB the

starting wind speed of 15m/s at the hub heightisAshown in the Fig. 10, under extreme operating ganditions
at a high wind speed, the TMD system has the unaumsneffect on vibration and load of the wind tusbito a
certain extent, but vibration attenuation effednisonspicuous. From the comparative analysis gf &i10, we can
see that under the extreme operating gust, TMDeBy$ias certain inhibitory effects on the vibratéom load of the
wind turbine. Its vibration-damping effect is bettsder lower wind speed than under higher winedpe

The performance of TMD system under the NWP wind codition

NWP is a simple steady wind model, in which thedviiear in the height direction is considered. Adcmy to the
GL2010, the wind shear factor of 0.2 is selectea Her the standard wind farm. Similarly as the E®@®& wind

speeds of 8m/s and 15m/s are mainly considered Wwitethe simulation time period of 200 secondg. E1 and
Fig. 12 exhibit the vibration and load propertiesier NWP of 8m/s and 15m/s, respectively. Bothdisplacement
of the tower top and the moment of the tower bottoly reduce a little. From the results, it cancbeacluded that
the TMD system has a certain suppressing effe¢heribration and load for the wind turbine, bt suppressing
effect is much lower than that under the situatiéfeOG, among which the vibration reducing perfonge under
high wind speed is better than that under low vdpded. The suppressing effect on the tower toprutheéewind

speed of 15m/s reaches 4%; and also the bendingentarhthe tower bottom can be reduced by 5% adogisd
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Fig. 11 Performance of the TMD under NWP wind modelvith the starting wind speed of 8m/s. (a) the moweent of the tower top in axis
direction and (b) the bending moment in the x direton at the tower bottom.
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x10

50 55 60 65 70 75 80
T (sec)
Fig. 12 Performance of the TMD under NWP wind modeivith the starting wind speed of 15m/s. (a) the m@ment of the tower top in
axis direction and (b) the bending moment in the xirection at the tower bottom.

The performance of TMD system under EWM

The extreme wind speed of 56m/s at the height bf With 1-year recurrence period is adopted. Andvtbetical
wind shear exponent is 0.11. Under the extreme wsp®kd, only the state that the wind turbine padgtithe wind
rotor yawed parallel to the direction of the exteemind is considered. 200 seconds are simulateal ugie
FAST-SC program so as to make the wind turbinelhrélae stable condition. The vibration and load prtips under
NWM are exhibited in Fig. 13. Both the displacemehthe tower top and the load of the tower botema greatly
reduced by using the TMD system. Under the EWM wlith wind speed of 56m/s, TMD system exhibits agre
suppressing effect on the wind turbines’ vibratiord load, the suppressing effect on the displaceofahe tower
top will reach 60%, while weakening degree of towettom load will reach more than 60%. Because wimbines
can produce bigger vibration amplitude and loadeeagith high wind speed, TMD system has a hugeiiance

on guarantee the wind turbines' stability with highd speed.
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Fig. 13 Performance of the TMD under EWM wind modelwith the starting wind speed of 56m/s. (a) the m@ment of the tower top in
axis direction and (b) the bending moment in the xirection at the tower bottom.

The performance of TMD system under ECG

The Extreme coherent Gust with a starting wind dpafelOm/s at the hub height is conducted in teigien. The
magnitude of the extreme coherent gust is 15m/s.rie time of the gust is 10 seconds. The gudestat the time
of 50s and ended at the time of 60s. A total tim#&0® seconds is simulated using the program of F86. Fig. 14
show the time traces of the displacement of theetaap and the bending moment of the tower bottohen the
ECG. From the Fig. 14, we can see that under timeligon of extreme coherent gust, TMD system hasace
inhibitory effects on the vibration and load of witurbine, which can inhibit the vibration of thewer top by
around 5%, while reduce the bending moment of dlaet bottom by 7%. Contrasting the damping perforceaof
TMD system under EOG, the inhibiting capacity af FMD system against is weaker.

1 T T T

30 35 40 45 50 55 60 65 70 75 80
T (sec)

My(kNm)

L L L 1 1
30 35 40 45 50 55 60 65 70 75 80
T (sec)

Fig. 14 Performance of the TMD under ECG wind modelvith the starting wind speed of 10m/s. (a) the m@ment of the tower top in axis
direction and (b) the bending moment in the x diretion at the tower bottom

The performance of the TMD system under EDC
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For the wind model EDC, the starting wind spee@@in/s at the hub height is adopted in this secfidve EDC
start at the time of 50s and last 6 seconds. Tta sonulation takes a total of 100 seconds. Theation and load
properties of the tower under EDC are shown in Etg.It can be acknowledged that in the model ¢feewe wind
direction change, TMD system will have certain bitdry action on the vibration and load of the witaalbine, in
which inhibitory action on tower top vibration ihe axis direction can reach 5%, while inhibitoryi@t on the
bending moment of the tower bottom can only redsiua3%. Compared with the performance of the TNBtem
under steady wind, TMD has a better inhibitory efffien structural vibration and load fluctuation sed by shifting
winds.

0.65 i i | i i

My(kNm)

T (sec)
Fig. 15 Performance of the TMD under EDC wind modeWith the starting wind speed of 20m/s. (a) the m@ment of the tower top in axis
direction and (b) the bending moment in the x diretion at the tower bottom

CONCLUSION

This paper is dedicated to researching the TMDesyst control over the vibration and load of windbtoes
structure. The 5 MW maritime wind turbine is takemnthe research target, and the key parametersIbf System's
damping performance is optimized through both tetcal analysis and numerical simulation. The efigfcthe
TMD system is verified in various GL wind condit®ria the program FAST-SC. The conclusions arelsaing:
(1) The simple model, in which the turbine with TMdiystem is simplified with three degrees of freediom
longitude direction, grasps well the key factorshaf dynamic characters of the wind turbine. Tlegdiency domain
analysis shows that the key parameters includiagrdquency and the damping ratio of the TMD camificantly
influence its dynamic characters, which gives apraximate range for the optimization. Based onttieoretical
analysis, the parameters are further optimizedgusive software FAST-SC. It is found that the supgian of
vibration and load are most sensitive to the charigenatural frequency and is least sensitive ®itistallation
position of the damper. When the frequeifre§.24 and the damper ratis0.14, the best performance of TMD is
obtained for the vibration attenuation and loaductidn for the wind turbine.

(2) The TMD system has inhibition on the vibratiand load of wind turbines under all the externahdvimodel
including the EOG, NWP, EWM, ECG and EDC. For tHe(; its inhibition ability on vibration and load low
wind speed is obviously superior than in high wamked. At the starting wind speed of 8m/s, the ggon of
vibration and load can achieve 10% or more. Fovilmel model of NWP, ECG and EDC, the TMD system &as
relatively weak inhibition on the vibration and tbavhile it has a much better damping capacity underEWM.
Under the EMW with a velocity of 56m/s, the attetma can achieve up to 60%, which makes great Bogmce
for the survival of a wind turbine under very extie environment, such as hurricane or tornado.
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