VI BRATI ON LOAD REDUCTI ON SYSTEM FOR A W ND TURBI NE
BACKGROUND OF THE | NVENTION Thi s invention rel ates
generally to wind turbines and nore particularly to a
vibration |oad reduction systemfor a w nd turbine.
During operation, wnd turbines are subjected to two
types of |loading. One of themis the tenporary
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However, when the height exceeds 60-70 meters, this solution is not always practical
because of the huge mass of material needed. Thus, the stiffness should be kept as
low as is feasible, which leads to a “soft” tower design and the potential for more

vibration.

One solution for reducing the vibration loading in a tower of a wind turbine is
discussed in WO 00/77394, which uses a square box partially filled with liquid for
damping oscillations of the first natural bending frequency of the wind turbine. The

- box provides for uni-directional damping of vibrations in the tower of the wind

turbine along the two straight sides. However, because the vibrations on the tower
- can be multi-directional, this solution is not as effective against the vibrations on the

tower from all of the directions.



can be nmulti-directional, this solution is not as

ef fective against the vibrations on the tower from
all of the directions. 1 BRI EF DESCRI PTI ON OF THE

| NVENTI ON Exenpl ary enbodi nents of the invention
include a wind turbine that includes a tower, a
nacel |l e supported at an upper end of a tower, a rotor
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Referring now to the drawi ngs wherein |ike el enents
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at g yinek Yugﬂng)}gtdéwroseé "Hle method n%lu%es prov%mg a vibration load
reduction system at a tower of the wind turbine; operating the wind turbine so as to
incur a multi-directional vibration at the tower; and reducing the multi-direction

vibration with the vibration load reduction system.
BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the drawings wherein like elements are numbered alike in the

- several FIGURES:
FIG. 1 illustrates a wind turbine having a vibration load reduction system.

FIG. 2 illustrates respective axes and rotational vibration about each corresponding to

the wind turbine of FIG. 1.

FIG. 3 illustrates the vibration load reduction system located at a nacelle of the wind

turbine,



FIG 2 illustrates respective axes and rotational

vi bration about each corresponding to the w nd

turbine of FIG 1. FIG 3 illustrates the vibration

| oad reduction system|ocated at a nacelle of the w nd

turbine. 2 FIGS. 4 and 5 illustrate the vibration | oad

reduction systemlocated near a top of a tower of the
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FIG 9 illustrates an el evation view of the vi brat| on
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THE INVENTION Figure 1 illustrates a turbi ne

10 having a rotor 12 that includes a nurrber of bl ades
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coludfnl ne 10 includes a vibration |oad reduction system
20 whi ch may be | ocated within the top 20%of t he
ower or at the top, of the tower
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the tower 18, the vibration | oad reduction system my
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the top of a tower 18. Nacelle 16 holds a gearbox and a generator (not shown). Wind
turbine 10 includes a vibration load reduction system 20, which may be located within
the top 20% of the tower or at the top of the tower 18. When the vibration load
reduction system 20 is at the top of the tower 18, the vibration load reduction system
may be located at the nacelle 16, which is either merely an extension of the tower 18
or independently yawed structure relative to tower 18, as the nacelle 16 is attached to
the top of the tower 18. Vibration load reduction system 20 may be located either

inside or outside the nacelle 16 and the tower 18.

| During operation and under an extreme wind loading event such as extreme gust and
lost of grid, wind turbine 10 experiences a vibration at tower 18 that occurs in at least
a first direction 21, which is perpendicular to a turning plane of the blades 14. The
turning plane of the blades 14 corresponds to a vertical axis 36 and an axis 33
corresponding to a vertical plane illustrated in Figure 2. Further, it will be recognized
by one skilled in the pertinent art that there will be translational vibration in a

direction 33 perpendicular to the direction or axis 21 defining a horizontal plane
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During operation and under an extrenme w nd | oadi ng

event such as extrene gust and |lost of grid, wnd

turbine 10 experiences a vibration at tower 18 that

occurs in at least a first direction 21, which is

perpendi cular to a turning plane of the blades 14. The
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the columns 22 and the base 24. The fluid mass 28 includes any type of mass that can
have motion, such as liquid, fine sand, small ball bearings, etc. The fluid mass 28 is
evenly distributed through the columns 22 and the base 24. As the tower 18 starts to
oscillate back and forth, the fluid mass 28 in the column 22 will flow up and down in

each column 22, with the flow rate of the fluid mass 28 being controlled or tuned.

The vibration load reduction system 20 can be tuned by varying the fluid mass height
in the columns 22 when the system is at rest and not in motion, and also by varying
the length of the base 24 between the columns 22. This tuning process varies the
natural frequency of the device so that the frequency can be matchied to the first

bending frequency of the wind turbine tower.



There is a novable or fluid mass 28 (hereinafter
referred to as "fluid nmass") located in the col umms
22 and the base 24. The fluid mass 28 incl udes any
type of mass that can have notion, such as |iquid,
fine sand, small ball bearings, etc. The fluid nmass 28
evenly distributed through the colums 22 and the
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fluid mass 28 can move back and forth between the three columns 22. When the base
24 is circular and there are at least three columns 22, the vibration load reduction
system 20 provides for a reduction in vibration in the wind turbine. The base 24 can
be any shape and have a multi-directional motion of water that introduces reduction in
vibration load. Additional columns 22 may be added to provide a difference in

vibration load reduction along multiple directions.

In particular, Figure 3 illustrates an exemplary embodiment of the vibration load
reduction system 20 located inside nacelle 16 and includes four columns 22 that are
each located at the corners defining the rectangular base 24, The valves 26 are

located between each of the columns 22. The four column embodiment allows for



wi t hout the use of a |arge anmount of power. In this
case, because the settings of the valve openings can
be changed automatically, the vibration | oad reduction
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benefit of the system 20 is that it may be added to existing wind turbines as a retro-fit
solution. The vibration load reduction system 20 is attached and secured to either the
tower 18 or the nacelle at the base 24. The columns 22 extend in an upward direction
and do not need to be specifically secured to the tower 18 or nacelle 16. The
attachment of the vibration load reduction system to the wind turbine may be

accomplished in any manner, such as brackets, bolts, welding, magnets, etc.

There are a number of design issues for the vibration load reduction system 20. The
first issue is the choice of fluid mass 28 in the system. Fluid mass 28 includes both
liquids and solids. Liquids include water, gasoline, engine oil, some heavy density
mining selection fluid, and any other low viscosity liquid. In addition, the liquids

may also include compounds to help counteract the effects of weather or include an
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shorter. There are four orifices or valves 26, with
each val ve 26 being |located between each of the sets
of columms 22. Here, the base 24 is circular so as to
fit properly around the tower 18. Figures 8 and 9
illustrate an additional enbodi nent of the vibration
Ioad reduction systeminside the tower 18 and shows
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There are also a number of ratios that are taken into consideration when designing the
system. The first ratio is the mass ratio, which is the weight of the fluid mass or
flowable mass 28 to the combined weight of the rotor blades 14, hub 15 and nacelle

16. In an exemplary embodiment, the mass ratio ranges from 0.5% to 8.0%.

The second ratio is the length ratio, which is the horizontal length of the base 24 to the
total length of the vibration load reduction system 20 for a system with two columns
22. The total length of the vibration load reduction system is the vertical height of the
column 22 multiplied by two plus the horizontal length of the base 24. When there

are more than two columns 22, the equivalent total water length is calculated.



and readily available. In addition, the weight range

of the water may range from0.5 to 8 percent of the

wei ght of rotor blades 14, hub 15, and nacelle 16. In

an exenpl ary enbodi nent, the rotor blades 14, hub 15,

and nacelle 16 range in weight from about 80-300 tons.

Thus, the weight of the water inside the vibration
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This formula allows for the change in the total length of the vibration load reduction
system 20 to be calculated when the wind turbine first bending mode frequency
changes. When different diameters of the column 22 are utilized, there is a

conversion for the length of the column so that the liquid volume stays the same.

The overall damping ratio is the ratio with which the combination of the wind turbine
and the vibration load reduction system 20 dissipates the kinetic energy of the fluid
mass 28 inside the vibration load reduction system 20. In an exemplary embodiment,
the overall damping ratio of the vibration load reduction system 20 will be
substantially below an equivalent logarithmic decrement of 2.0%, with a preferable

overall damping ratio below an equivalent logarithmic decrement of 1.0%. The main

8



Generally, when increasing the length ratio, the

efficiency of the vibration |oad reduction system

i ncreases. However, the vertical |ength of the colum

22 should be designed with enough I ength so that

fluid mass 28 does not spill out of the colum 22. 1In

addition, fluid mass 28 should remain in the colum 22

: t . Uit )

ot s VPRI GPEAER, o SO i lorh I ByRA L RAIRD foree
frotrh ¢her mivtion off thérénartia.urWtherf theqdampipg ahtio tih éowedrb theré ¢ more

| gad reduygctiop,.system 2 0 the first dal, .frequency..
coysfetasntygifest D16 rshorb osditpofie Seltem A s sty Bty Bion
loadNedwhibn 8y 3R 20AsRE ith \erddor effidiabyeNeYarftRfic decrement, 8, of

structure/base structure) the total |ength of the
thevdybtenit is defineddy: r educt i on system 20 needs to be

conpensated by the following relation, A =(4Saws s

ere tla = change in natural frequency of the tower

L 1mF@R: accel eration of gravity, and Al = change in

t ot ala,l ength of vibration system which is the

vertical length of the columm 22 nmultiplied by 2 plus

the horizontal | ength of base 24. This fornula all ows
whergn is e of pseilfatieniot al 1 ength of the vibration

| oad reduction system 20 to be cal cul ated when the
a; WithGathplitRidsr thé ied pPANH NGn¥BRIA1 WERMKEISREY Cchanges.

When different diameters of the colum 22 are

utilized, there is a_ conversion for the length of the
an dheamplands efthe rith ppakpfiasinuspigabwaresigndhe same. The

overall danping ratio is the ratio with which the

[ 1o f i s t i ne: e 1 \/} ' A
Th 38! oF Zaot0Pt B oyt 2015 LRI WAGE GO A 18 hibration
loadfredustion bystan 200 The 28al losgtt @f threvibiabion loadredwaidn system 20,
reduction system 20. |n an exeppl ar nbodi nent, . .t he
whighds tha heaghhal the ¢olpmg Zermikiglicd B 21 s s horenmil dength of
i v i L& ! hE MRl 2Nnd th
they6SS 24T iy eRAding T Glos S cclioRt L AhE LN 2Nind the
base 24. The total length of the vibration load reduction system 20 also depends on

whether the columns 22 are individual columns 22, such as that shown in Figure 3, or
the columns are grouped together in sets, such as that shown in Figure 4. The total

length of the vibration load reduction system 20 may be calculated based on the

following formula:

I =2g/(,) =2¢/(nf;)
I, = the length of the vibration load reduction system 20,
g = acceleration of gravity, and

@, = 27f, = the first natural frequency of the wind turbine system in rad’s.

[, = the first natural frequency of the wind turbine system in Fz.




. Leobsi

overal | danping ratio below an equivalent |ogarithmc
decrenent of 1.0% The main 8 effect of the vibration
| oad reduction system cones fromthe counter-actuating
force fromthe notion of the inertia. Wen the
danmping ratio is lower, there is nore counteracting
effect of the vibration | oad reduction system 20 and

rE OSSPSR 5O P LS80 e B g

Fot Beangpl 6 ttheeietnplat iendddinyentsSa Fifurést hnd Mhave asheyuévaleni svater
the nunber of oscillations; a, is the anplitude of the

cokympdlengB g of a sinusoi dal wave signal; a., is the
anplitude of the n-th peak of a sinusoidal wave
si gnal . si ze of each of the colums 22 is also

-ldéF when designing the vibration |oad

r educt fon system 20. The total |ength of the vibration
| oad reduction system 20, which is the height of the

thoel um 22 nultiplied by two plus the horizontal |ength
5t the base 24, will vary dependi ng on the
cross-sectional area of the colum 22 and the base

I, 2BquiVdientttotablength fot ficquiendyhealadildtioat i on | oad reducti on
system 20 al so depends on whether the columms 22 are
ioﬁdi vidual col unmms 22, such as that shown in Figure 3,

D Hpaseqing cepief fgmeier e oy ouped toget her in sets, such as
that shown in Figure 4. The total Ilength of the

A\ 6 @ddnedd Rigefrdaeduct i on system 20 may be cal cul at ed
based on the following formula: e = 2g/(c )2 =
291(27cfT)" 1, the length of the vibration | oad

LyreNedicelesluma heighpo, g = accel eration of gravity, and
co, = 2,cfT =the first natural frequency of the w nd

Ayt—l’%?{i@ﬁc%l' &éaﬂ radls. fT = the first natural

freguency o e wind turbine systemin Hz.

& - Headloss coefficient
2 - Liquid density

The outer diameter D of the base ring 24 may be determined by the geometry of the
tower especially when the vibration load reduction system is installed inside the tower
18 or nacelle 16. The cross-sectional area ratio 4,/ Ay between the column 22 and
base ring 24 could be picked up based on the vertical space limitation inside the tower
top or nacelle. A good starting point is to use 2:1 to save on the vertical height so that
the system can be disposed at a location as high as possible, thus benefiting the
effectiveness. So the vertical water column height Ly could be calculated as:

1 A, 7D
bl
’ H

So the cross-sectional area of the column 22 for the exemplary system in Figures 6

and 7 could be calculated as:

10



9 Further sizing of the vibration | oad reduction
system depends on the configuration. For exanple, the
exenpl ary enbodi nents in Figures 6 and 7 have an

equi val ent water colum length as: |le=2Lv+ Qv D H
where 1le --- Equivalent total length for frequency
calculation D - Base ring center dianeter AH
Fbrizonhﬁl Ring Area Lv - Vertical colum height Awv

m Area ~ - Headl oss coefficient p -
'4}VQQﬁg%¥y The outer dianmeter D of the base ring
y beAge e

m ned by the geonetry of the tower
especially whén the vibration |oad reduction systemis
installed inside the tower 18 or nacelle 16. The

4 SRS AinseRtib Of @le Mii@andsa DB Owi¢h if\bhrbekive eint i ldeedduand in an
22 and Dbase rlng 24 coul d be picked up based on the

exp@plarcembediment willhetbetwepn 0.5%4ite/8%, he tower top or
nacelle. A good starting point is to use 2:1 to save

MO LhR téﬁf %v%%ﬁ* oﬂﬁ% by ﬁQdP]%hﬂt hut} '€ afi ﬁ%{eﬁk‘i@” be
Hi%poseda ocaf i on as high as Possi bl e, thus
benefiting the effectiveness. So the vertical water .

p € Heuwlnsityeofotrdted.v coul d be cal cul ated as: Av2rD AH 4
So the cross-sectional area of the colum 22 for the
exeppl ary system,in Figure 7 ld b .

Asceéiﬂ)%egt 8v%§he cﬁi)entatgn% thesco?umr?sn% ma? gﬁ;o vary? by having either

a rectangular orientation of the vibration load reduction system 20 or a circular

orientation of the vibration load reduction system. For ease of installation, the shape

of the system will depend on the location of the vibration load reduction system 20 at
either the nacelle 16 or the tower 18. In addition, the number and placement of the

columns is dependent on the fundamental frequencies in the wind turbine.

The size of the valve openings at the valves 26 can also be calculated. The size of the
valve openings confrols the internal damping ratio of the vibration load reduction
system and hence the overall damping ratio of the combined system with turbine and
the vibration reduction device. When the valve openings are smaller, the internal
damping ratio is higher. As discussed above, it is preferable that the internal damping
ratio be smaller. Thus, the vibration load reduction system operates in an exemplary
embodiment with no valves 26 or at least a valve with a large opening. In addition,
the valve 26 may also operate merely as an on/off switch to the vibration load

reduction system 20,

The material of the columns 22 and base 24 can also vary and include such materials
as steel, plastic, etc. Plastic provides for a lower cost system and also provides for a

lighter system, which allows for the total weight of the system to be reduced.

In an exemplary embodiment as shown in Fig. 4, which has 4 sets of vertical
columns and 1 base ring and uses water as a fluid mass 28, the following variables
were utilized: |

1



1-' MMG AV = P 4LV+ TrD |V p = the nmass ratio of the
fluid mass 28, which is paraneter that is selected and
in an exenplary enbodinment will be between 0.5%to
8% MMG = the total weight of the rotor blades 14,
hub 15, and nacelle 16, p = the density of water. As
expl ai ned above, the orientation of the colums 22 may
_ t
In %%étﬂelv éfﬁ)ﬁg)lﬁ%‘legﬁ)\éﬂﬂﬂe 'rn{egﬁlgcthl %Efggi{c, r%Buﬁ’tEf S&fn@ foRR is
neededcibke dollovoing gariabldsomayolfe wthized:i br at i on I oad r educt i on
system For ease of installation, the shape of the
M %stem Li) depend on the | ocation of the vibration
IB&H T fl on system 20 at either the nacelle 16 or
t he tower In addition, the nunber and pl acenent of
Tog)hl@ass @p{h@rwmd hiEbide ne BGeIN MQEG g, findare 8L 200K,
requencies in the wind turbine. The size of the val ve
openi ngs_at_  the valves 26 can_al so_be cal cul ated. The
Mags p§ ﬂaﬁ vibragion Jead,redugion; sygfsmcthequslssMowe. T 02 F($d 200 Kg) =
41%1 ing ratio of the vibration | oad reduction system
and®hence the overall danping ratio of the conbined
systemw th turbine and the vibration reduction
Todev diametev\refvntiaes. val ve openings are smaller, the
internal danping ratio is higher. As discussed above,
it Is referabeth t ternal danping ratio be
SO§%‘P%S%%H§??¥&§I ?‘H%te(/bﬁnj]a‘fmﬁpﬁﬁ oad reduction system
operates in an exenplary enbodinment with no val ves 26
Th@WiﬁHt&rﬁﬁ@tﬁrﬁbéﬂdliﬁgﬁ\éqﬁdhcﬁf#mgﬁﬂﬁem ng. In addition,
the valve 26 may also operate nerely as an on/off
switch to the vibration | oad reduction system 20. The
So the euivplen fengtheof dlag vikrasion Joagfedyshien sgsteBan al so vary
and i ncl ude such rmterl aI s as steel, plastic, etc.
Pl,a ovver cost system and al so
e PPENY dgspéﬁxb@p?l |g st em which allows for the
tot al weight of the systemto be reduced.
Choose an 4;/Ap ratio as 2:1 to keep the device profile low.

Then the vertical water column height is:

L, = 1 f{,— A4 0.556 meters
2\ 4, 4

Cross section area of colummn 22 is

Ay =—PMurc 0 05%82200/1000/(4%0.556+0.5%i*3.8) = 0.5016 ().
AH
ol AL, + 2 gD
‘AV
AV . - ; 2
A, =L = 0.5016/2 = 0.2508 (m°)

The head loss coefficient £ =50 |
13



In an exenplary enbodi rent as shown in Fig. 4, which
has 4 sets of vertical colums and 1 base ring and
uses water as a fluid nass 28, the follow ng vari abl es
were utilized: 11 In another exenplary enbodi nent in
whi ch a hi gher danper counter-acting force is needed,
the followi ng variables may be utilized: Mass ratio =
5% .10 s, Of the wi nd turbine 10 equal s MNTG =
hdﬁﬁé%“ﬁézﬁéfy = 82200Kg Mass of the vibration | oad
reduction systen120 equal s MDban, per =0. 05* (82200 Kg) _
Toplddds KPthtied twabiast0&uals My et &, S-S0 ENE2208Kg ri ng
center dianmeter D= 3.8 neters The Wnd turbine first
ben requ y fz= 0.265 . So t e e
Mgsg ﬁgtﬂw bt A eaeaton 5 Oam Jienie q“fﬂ 45300 ) -
]2§gk%s)2 = 29/ (2a fT}2 = 7.08.neters Choose an A y/AH
ratio as 2:1 to keep the device profile low. Then the
vertical water colum height is: LV=21le - Av =
Togesdi@meter erémetrs4) Cross section area of colum 22 is
Av = PM =0. 05 *82200/ 1000/ (4 *0. 556+0.5 *pi *3. 8) =

SonEBR ol gneer RaEYr By wkBCoet i Ciomt 4 = 50
The Wind turbine first bending frequency = (.265 Hz.

So the equivalent length of the vibration load reduction system

1, =2g/(w,) =2g/Q2nf,} = 7.08 meters

Choose an 4,/4y ratio as 2:1 to keep the device profile low.

Then the vertical water column height is:

L =1 220 _ 0556 meters

2 A, 4
Cross - section " area - of column - 22 is
A, = #Myrg —0.015%82200/1000/(4%0.556+0.5%pi*3.8) = 0.1505 ().

A4
4L, + 7D
p[ v AEJ

i

h N
~

= 0.1505/2 = 0.0753 (n°)

N
‘:hk ’mb‘
S’

The head loss coefficient & = 20.

12




13 Mass ratio = 1.5% Top nmass of the wind turbine I

Cequal s My - Mia~eue+rorvr = 82200Kg Mass of the

vi bration | oad reduction system 20 equal s

MDanper - 0. 015 *(82200 Kg) _ 1233 Kg Tower dianeter =

4 nmeters. So the base ring center dianmeter D= 3.8

neters The Wnd turbine first bending frequency =
THRSRR2 pichrly PRRuiIEs SN, S0l IRl B R bR Gyl B dimay be
utiiz@ig Hatveaver, Ghere sare anmkraysAptheratinbodimentsiof thek wibptioheload

Cﬂlg\“ ce Fro&iﬂl e.l.ow., Then the vertical water colum
rediicligppysfesn 2Q epvisiongdy | Ay D = 0.556 meters H COross

section area of colum . 22 is 'uMnNTG AV = =0. 015
In "2dditi0R/ WHAL/thé ifitnBoR His Hebpidedaditdl with).rdfefincé 8)exemplary

4Lv+4H2rD AV AV = AV = 0.1505/2 = 0. 0753é£lmz) . AH Av
embpdimeatsd it wilkbe yaderstepd by those shiledfip the, agethafy wriopp ghynges
meﬁﬁ@%fd% %{d %ﬁ?&%@n& Idgailto ed E‘uﬂsﬂ&ﬁj%dr %l,u 8%&%&58%%}6%%%11’(

at may be i T'rzed. wever, there are numerous

deprtisy frombibd isodpet of the ihveativa.bimbddition,aashy medifichii@s may be

system 20 envj sioned.

made to adapt a particular situation or material to the teachings of the invention
without departing from the essential scope thereof. Therefore, it is intended that the
invention not be limited to the particular embodiment disclosed as the best mode
contemplated for carrying out this invention, but that the invention will include all
embodiments falling within the scope of the appended claims. Moreover, the use of
the terms first, second, etc. do not denote any order or importance, but rather the

terms first, second, etc. are used to distinguish one element from another.
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In addition, while the invention has been descri bed
wth reference to exenplary enbodinents, it will be
understood by those skilled in the art that various
changes may be nade and equi val ents may be
substituted for elenments thereof wthout departing
fromthe scope of the invention. In addition, many

WwhRU fhe@ig ons may be nade to adapt a particul ar
situation or material to the teachings of the
invention wthout departing fromthe essential scope

L. t herewind ththeneetomprising: i s i nt ended that the invention
not be limted to the particul ar enbodi nent discl osed

atg@ert,he_ best node contenplated for carrying out this
rnvention, but that the invention will include all
enbodi nents falling within the scope of the appended

a natdliemmuppbhedaaanppeiamdude toder ;t he terns first, second,
etc. do not denote any order or inportance, but rather

the terns first econd, etc.. are used ta . distinguish
a rRiGE hayBindhieatogblades Mol fotan DR anALSE i gaceple Ad
wi nd turbine conprising: a tower ; a nacelle

a VERRS load réfuchdn ?@E&i}ﬁ BEbsQf ateithemgid toveer! Ot id Aeéil@Ysaid
at |l east one blade , said rotor being arranged at sald

vibietios Ipad redugttpnasystemr Beluges:| oad reducti on system
di sposed at either said tower or said nacelle , said
ab}ﬁebrati on | oad reduction systemincludes: a base ; at
edst two columms extending fromsaid base ; and a
fl owabl e mass | ocated within said base and said at
at leash swo tolomne | extanging ffom $dié basendmtlur bi ne of claim 1,
wherein said base has a shape that is at |east one of

round, recta lar., a ol ygon. The wind turbine
a B dss oAby Bhin GBS AhSHH aliendda liGSL L ound
- shape and a pol ygon shape and includes said at |east
2. t WoTEO it rtané @fdianf 1f #B8Rein said base has a shape that is at least one

of round, rectangular, and polygon.

3. The wind turbine of claim 1, wherein when said base has one of a round
shape and a polygon shape and includes said at least two columns extending from

said base , said base is receptive to counteracting rotation of the nacelle relative to

said tower .

4. The wind turbine of claim 1, wherein when said base has a rectangular shape
and includes said at least three columns extending from said base , said base is

receptive to counteracting rotation of the nacelle relative to said tower .

5. The wind turbine of claim 1, further comprising a valve located at said base

between said columns .

6. The wind turbine of claim I, wherein said flowable mass is selected so that a
flow rate of said flowable mass will move in counter-phase with a first bending

frequency of said tower .

15



said base , said base is receptive to counteracting

rotation of the nacelle relative to said tower . 4.

The wind turbine of claim1, wherein when said base

has a rectangul ar shape and includes said at |east

three colums extending fromsaid base , said base is

receptive to counteracting rotation of the nacelle

rel at ' ry. - Y ' L&

7.1%" Pt find RufRe bre AT, wBepe i HOHabY e Ttk o et one

of adiquRemddallbemdiggrms. 6. The wind turbine of claiml,
wherein said flowable mass is selected so that a flow
rate. of sagid flowable mass wl|l nmve i.n,counter-phase

8. FFD ViR aPinglaint e qrReFy o M) ipcdhs. at Jast one of

copBuitisNthat W GreRbing! AdMevapoldiBheind SiefeciricORede disposed
mass 1 ncludes at least one "of a liquid and bal

indpdeathe nigwati®. loAkheedugtiva systemi.ne of claim 7, wherein said
liquid includes at |east one of conpounds that reduce

9 <t 3o PR R Bt By B PRl sig et

. 9. The wind turbine of claim1l, wherein said base is
attached within said nacelle 10. The wi nd turbine of

claiml1, wherein said base is attached at .said er
10end IThgfwig% iugblplg ql.lu%l, Wherein sa,ltd Base s attached at said lapper end

of said tower .
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