VIBRATION LOAD REDUCTION SYSTEM FOR A WIND TURBINE
BACKGROUND.OF THE INVENTION This invention relates generally to
wind turbines and more particularly to a vibration load reduction system
for a wind turbine. During operation, wind turbines are subjected to two
types of loading. One of them is the temporary loading that occurs during
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The dynamic loading on the wind turbine is the vibration in the tower induced by the
single extreme peak load or periodic excitation force from wind or wave. Generally,
designing a stiff tower is the simple and safe solution to counteract the loads.
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.



tower from all of the directions. 1 BRIEF DESCRIPTION OF THE
INVENTION One aspect of the present invention provides a wind turbine
comprising: a tower; a nacelle supported at an upper end of a tower; a
rotor having at least one blade, said rotor being arranged at said nacelle;
and a vibration load reduction system disposed at either said tower or
said nacelle, said vibration load reduction system includes: a base; at
least two columns extending from said base; and a flowable mass located
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said vibration load reduction system; wherein said vibration load reduction system is
disposed at either said tower or a nacelle, and said vibration load reduction system
comprises: a base; at least two columns extending from said base; and a flowable

mass located within said base and said at least two columns.
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.



tower of the wind turbine. FIG. 6 illustrates a top plan view of the vibration
load reduction load system located on a tower of the wind turbine and the
vibration load reduction system having eight columns. FIG. 7 illustrates
an elevation view of the vibration reduction load system of FIG. 6. FIG. 8
illustrates a top plan view of the vibration load reduction system located

- JASI atawer of the wind,turbine and the vibration load reduction system..
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cokxtiresne wind loading event such as extreme gust and lost of grid, wind
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e turning plane of th es 14 correspon al axis 36
and an axis 33 corresponding to a vertical plane illustrated in Figure 2.
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will be translational vibration in a direction 33 perpendicular to the
Fiduactiomamaxds 2lvdaliningiadooizentabphangor 12 that includes a number of

blades 14 and a hub 15. The rotor 12 is arranged at a nacelle 16, which 1s placed on
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
cotresponding 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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3 therewith and rotational vibration around axis 21, axis 33 perpendicular
to axis 21 defining the horizontal plane in Figure 2, and a vertical axis 36
defining a vertical plane with axis 33. Rotational vibration about axes 21,
33, and 36 is indicated generally with double-ended arrows 37. Vibration
load reduction system 20 reduces the vibration, the load, and the
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system is at rest and not in motion, and also by varying
system is able to reduce vibration loads that are multi-directional. It will be noted that

reducing multi-directional vibration means reducing vibration in two or more

dimensions.

There is a movable or fluid mass 28 (hereinafter referred to as “fluid mass™) located in
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 matched to the first

bending frequency of the wind turbine tower.



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
matched to the first bending frequency of the wind turbine tower. 4
Another manner of controlling the vibration reduction of the system 20 is
through the valve 26. The valve opening ratio affects the head-loss

coefficient which in turn affects, the internal damping of the system. Th
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be added on top of the columns to achieve an active vibration load reduction system.

The vibration load reduction system 20 includes at least three columns 22 so that the
fluid mass 28 can move back and forth between the three columns 22, When the base
24 is circular and there are af 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 columms 22 that are
cach 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



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

colu 22.that. are each Jocated at the corners defining the rectangul
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the top of the wind turbine. In exemplary embodiments, the vibration load
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arckBdFS b2)e the dRside of thentewss 18 (FIG. 4), and as being attached to
the inside of the nacelle 16 (FIG. 3). The

The vibration load reduction system 20 may be located anywhere near or at the top of
the wind turbine. In exemplary embodiments, the vibration load reduction system is
shown as being attached to the outside of the tower 18 (FIG. 5), the inside of the
tower 18 (FIG. 4), and as being attached to the inside of the nacelle 16 (FIG. 3). The
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
mimng sefection 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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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
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14, hub 15, and nacelle 16. In an exemplary embodiment, the rotor
appREEREly Aubtans d feleelle 16 range in weight from about 80-300
tons. Thus, the weight of the water inside the vibration load reduction
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oscillating. When using the ball bearings, lubrication may be used to ensure that the
ball bearings will move properly within the columns when the tower oscillates. In
addition, ball bearings may be placed into oil or some other liquid to add additional

mass to a liquid fluid mass 28. It is noted that any type of flowable mass 28 that will

oscillate in counter-phase with the oscillations of the tower 18 may be utilized.

There are also a number of ratios that are taken into consideration when designing the
system. The first ratio is the mass ratio, which 1s 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 1s 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.



oscillating. When using the ball bearings, lubrication may be used to
ensure that the ball bearings will move properly within the columns when
the tower oscillates. In addition, ball bearings may be placed into oil or
some other liquid to add additional mass to a liquid fluid mass 28. It is
noted that any type of flowable mass 28 that will oscillate in
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to the system 20. The third ratio is the tuning ratio (yopt), which is the ratio

of tbgé?atural frequency of the vibration load reduction system 20 to the
Alfir frequency of the wind turbine 10. When the natural frequency

of e /structure changes by dw5, (frequency for structure/base structure)

the total length of the vibration load reduction system 20 needs to be
wheampensated by the following relation, A/= 43 Aws (01),

A= change in natural frequency of the tower 18,
g = acceleration of gravity, and

Al = change in total length of vibration system, which is the vertical length of the
column 22 multiplied by 2 plus the horizontal length of base 24.

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 colummn 22 are utilized, there is a

conversion for the length of the column so that the liguid 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
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where Aws = change in natural frequency of the tower 18, g =
acceleration of gravity, and Al = change in total length of vibration system,
which is the vertical length of the column 22 multiplied by 2 plus the
horizontal length of base 24. This formula allows for the change in the
total length of the vibration load reduction system 20 to be calculated
hen the wind turhine first bending mode frequency, changes. When
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The size of each of the columns 22 is also considered when designing the vibration
load reduction system 20. The tqtai length of the vibration load reduction system 20,
which 1s the height of the column 22 multiplied by {wo plus the horizontal length of
the base 24, will vary depending on the cross-sectional area of the column 22 and the
base 24. The total length of the vibration load reduction system 20 also depends on
whether the columns 22 are individual colummns 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:

le = 2g/(ws)z = 2g/(2#f)2
I, = the length of the vibration load reduction system 20,
g = acceleration of gravity, and

s = 2af,. = the first natural frequency of the wind turbine system in rad’s.

/= the first natural frequency of the wind turbine system in Hz.



load reduction system 20. The total length of the vibration load reduction
system 20, which is the height of the column 22 multiplied by two plus the
horizontal length of the base 24, will vary depending on the
cross-sectional area of the column 22 and the base 24. The total length of
the vibration load reduction system 20 also depends on whether the

lumns 22 are individual golumns 22, such.as that .shown in Figure 3, or
P R SR o SR SR TR D S
FofTtwemapal, ko giivmbthe vibtatiomdoad rddgatiorosysten2@ amagqberalent water
Coical(:L{I(_L:anyecij1 gased on the following formula: 1, = 2g/(e)sj2 = 29/(2 f)2 le =
the length of the vibration load reduction system 20, g = acceleration of
gravity, and ws = 2nfT = the first natural frequency of the wind turbine
] SY$ @M;@/S- fT = the first natural frequency of the wind turbine
“system i, HZ. 9 Further sizing of the vibration load reduction system
depends on the configuration. For example, the exemplary embodiments
in Figures 6 and 7 have an equivalent water column length as: le-24 + 4
W€ H 4 where le - Equivalent total length for frequency calculation D -
Base ring center diameter AH- Horizontal Ring Area Ly - Vertical column
[, -hBightaleit VetticapGdlunirueay ealttdaidiess coefficient

D - Base ring center diameter
Ay Horizontal Ring Area
Ly - Vertical column height
Ay~ Vertical Column Area

& - Headloss coefficient

£~ 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 7, could be calculated as:
L, = 1 - 4y 7D
2 4, 4

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

and 7 could be calculated as:

10



p - 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 AV/ AH 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
Averti at the system can be disposed at a location. as high
as g%bLe f‘ﬂfngaj) nefiting the effectiveness. So the vertical water
colunm helgh; Ly gould be calculated as: (AfDL 1le Ax So the
cross-sectional area of the column 22 for the exemplary system in Figures

6 and 7 could be calculated as: 10 UMwrc A"= p~4LV +Ax-fD9 AV p
H THEGTERS ratie of fhe fliid mass s WhiskHIPpaRietdhahit %iga%?éai in an

ex@APUMHAIMBXEMBIARY L oditnant witbe ketween 0.5% to 8%, MWTG =
the total weight of the rotor blades 14, hub 15, and nacelle 16, p =the

densi ter, As e alnedlglb gw rieptation of columns 22
Mygay & t%’/ft({}g ﬁ&éﬁ’fﬁé sk r%@ﬁi l%?ﬁ?il llée vibration
load reductlon system 20 or a circular orientation of the vibration load

p edtidtiositgystemeror ease of installation, the shape of the system will
depend on the location of the vibration load reduction system 20 at

As explained above, the orientation of the columns 22 may also 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 1s 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 controls the internal damping ratio of the vibration load reduction
system and hence the overall damping ratio of the combined system with furbine and
the vibration reduction device. When the valve openings are smaller, the internal
démping 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;

I



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 controls the internal
damping ratio of the vibration load reduction system and hence the
Moverall damping ratio of the combined system with turbine and the
ibFaoH @ﬁlglc%on device. When the valve openings are smaller, the
internal damping ratio is higher. As discussed above, it is preferable that
TothmanserhdledameingbiratitObgusi dier; Fhiks,.the vbrati®i?lo#Edreduction
system operates in an exemplary embodiment with no valves 26 or at
MAGESH tualvs Ml R lA9ERPR0ING, SR AdR o hevalve 26 mayalsg) ko) -
operate merely as an on/off switch to the vibration {648 reduction syste
1238 Kehe 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
ToSystemwans: alsoprevides for a lighter system, which allows for the total
weight of the system to be reduced. In an exemplary embodiment as
own in.Fig. 4, whjch has 4 sets of vertical columns and 1 base ring and
SOEE%\Q%% g}gg%e%t?ﬁﬁ{éamg%g ég,?rl%e’?gfl%\ﬁ/ing variables were utilized: 11
Mass ratio = 1.5% Top mass of the wind turbine 10equals Mwrc =
ThyWapd iteramitzss bebikg fitgesnsitied\vibialtion load reduction system 20
equals MDan,per=0.015 *(82200 Kg) 1233 Kg Tower diameter = 4
SoMHRIBES AR H & RESEOTI GE RN CHATRIRIRE 13, BeIRIS The Wind turbine
first bending frequency = 0.265 Hz. So the equivalent length of the
vibratjon Joad reductign system le = 2g/(w, )’ = 2g/(2 r )2 = 7.08 meters
[, = 2g/(w5 = 2g/(274fT )‘ = /.08 mefters

Choose an 41/4 ratio as 2:1 to keep the device profile low.

Then the vertical water column height is:

I, = l{ze - fﬁ@} = 0.556 meters

2 4, 4
Cross section area of column 22 1S
4 = My =0.015%82200/1000/(4%0.556+0.5*pi*3.8) = 0.1505 (m2 ).

18

p[4LV + A, :rDJ

A, =L =0.1505/2 = 0.0753 (m°)

The head loss coefficient £ = 20.

12



Choose an Av/Ax ratio as )2 to keep the device profile low. Then the
vertical water column heightis: Lv =2 Cle - w ~ | = 0.556 meters x Cross
section area of column 22 is Av = 'uMrrr -0.015*82200/100
0/(4*0.556+0.5*pi*3.8) = 0.1505 (m2). p(4Lv+A;rD) Av Av = AT, =
0.1505/2 = 0.0753 (m2) CAV) The head loss coefficient = 20. 12 In
In 3RS QXGMRIAY %g"obﬁg%é%? oL o qhich a 'H%P %&%a@pcer GRUNIEEACHe i
orce Is nee ead?/tﬁe ollowing varia les mil e Uliized: Mass ratio p =
ne&hidTde Hewoitherivines towhirke B0legdals M{WTG = Mnacerre+rotor =
82200Kg Mass of the vibration load reduction system 20 equals
MzMBatio’ﬁLQ—“ a5%( 82200 Kg) 4110 Kg Tower diameter = 4 meters. So_the
base ring center diameter D= 3.8 meters The Wind turbine first bending
frequency, fr= 0.265 Hz. So the equivalent length of the vibration load
TO%&&%@#?{BW@H tabinggllpeyls shreat Mp=iz.08 mdterdBKoose an
AV/AH ratio as 2:1 to keep the device profile low. Then the vertical water
Meelummdeighitisn Wad dedletdDsy b0 CQ8MI Mpympe-=0.05*( 82200 Kg) =

4110 Kg

Tower diameter = 4 meters.

So the base ring center diameter D= 3.8 meters

The Wind turbine first bending frequency fr= 0.265 Hz.

So the equivalent length of the vibration load reduction system
[ =2g/w,) =2¢/Qaf, Y = 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, L [, _ A D 0.556 meters
2 Ay 4

Cross section area of column 22 is

Ay = — Mo =0.05*82200/1000/(4*0.556+0.5%pi*3.8) = 0.5016 (m°).
4y
piAL, + [ aD

P

A4, = A 050162 = 0.2508 (m’)

%)

The head loss coefficient & = 50

13



2 API Cross section area of column 22 is AV = PM"™ 0.05 *82200/1000/(4
*0.556+0.5 *pi *3. 8) = 0.5016 (M2). p~4LV + AH 70 All | Ay = All, ==
0.5016/2 = 0.2508 (m2) (A,,, The head loss coefficient = 50 13 These are
merely examples of sample vibration load reduction systems 20 that may
be utilized. However. there are numerous other embodiments of the

T]%LQ"QJ&%AP&? e&%ﬂﬂﬁgg B%ﬁ(j‘ﬁ@ gﬁ)ﬁﬁ%@%@‘%ﬁ&ﬁ&%%%eﬂ@ﬁ)%ﬁt may be

Jinvention has been described with reference to exemplary embodiments,
utijizgill bdlomgarstdbarpyatsosesiiies ivilbe anbpdinerioud dhangemtipaytoad

reé?:%tmﬂ%s?ém ssluivalentsymay be substituted for elements thereof without

departinig from the scope of the invention. In addition, many modifications
may be made to adapt a particular situation_or material to the teachings of

In (RRIEGEI OB ifhfo AR RO FrbF Bn dessubRtial St peftraisofo exemplary
embb@IefaR, i isintepdagithabsaeninurtionimetibg lindted tadhepRilicUlRhges

embodiment disclosed as the best mode contemplated for carrying out

mhi R0 AT B UEIHERIEBLH VR I willisTlitige d0T erliBBeRti et safing thout

deﬁﬁiﬁhﬂg tﬂ@:ﬁ%@%&fﬂ@%ﬁﬂféﬁﬁd@ﬁtﬁ]ﬁjm M@[ﬁ@ﬂ?ﬁqéﬁ? Hﬁﬁiﬁ‘feéﬁ@rﬁﬂﬁb@ be
first, second, etc. do not dengte any order, or importance, but rather the

mAEHR AFEDSBAATHCRRY SYUARH 95 ItFEISh Oife SREMBAT POHPANGIEFon
witfb&t lRMBhgd froniviRE SuEbinaICOMR IgBiof. 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 inctude 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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a tower; a nacelle supported at an upper end of a tower; a rotor having at
least one blade, said rotor being arranged at said nacelle; and a vibration
load reduction system disposed at either said tower or said nacelle, said
vibration load reduction system includes: a base; at least two columns
extending from said base; and a flowable mass located within said base
and said at least two columns. 2. The wind turbine of claim 1, wherein
said base has a shape that is at least one of round, rectangular, and

CLpdM§on. 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

L. courterhstimgiotafmbofiig nacelle relative to said tower. 4. The wind
turbine of glaim.L, wherein when said base has a rectangular shape and

includes said at least three columns extending from said base, said base
is receptivé 18CHHUHRPAEEh! BtatBRT Sthel 3481 relative to said tower.

5. The wing 1wiﬂﬁvﬂ{gch3il’éh§t, JHEthR EORIRIiSig @e#ﬁé‘é@r&%@&eﬂ @ii§&i§icelie;
‘base between said columns. 6. The wind turbine of claim 1, wherein said
flowllsle mass is selected so that a flow rate of said flowable mass will

move in cauntefapb@deaditbdaditsh beadingdikpguanay athsaigtOwered or7said
Then\évig tusgtl)i e (%f (E:(I)aimaja,l)év uecrtclaig sagjgnEIPng!ﬁe_mass includes at least
one of'a Eiiqw agaabali’l 0earlngs. 8 Thewind ttifsine of claim 7, wherein
said liquid includesateleast one of

at feast two columns extending from said base; and

a flowable mass located within said base and said at least two

columns.

2. The wind turbine of claim 1, wherein 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,

satd 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 1, 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

sald tower,
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7.

compounds that reduce freezing and evaporation and an electric heater
disposed inside the vibration load reduction system. 9. The wind turbine
of claim 1, wherein said base is attached within said nacelle. 10. The wind
turbine of claim 1, wherein said base is attached at said upper end of said
tower. 11. The wind turbine of claim 1, wherein said columns are evenly
distributed around said base. 12. The wind turbine of claim 1, wherein
each of said columns includes a double column arrangement in which two
columns are arranged next to each other. 13. A method of reducing a

vibration af & Wind.turRine, tﬁm%h%)gia%ﬁmga%%ﬁg% 9.8, vbration gfa

load reduction system at a tower of said turbine; operating said win

liquigrbigebal kestm@icur a multi-directional vibration at said tower; and

8.

reducing said multi-directional vibration with said vibration load reduction

system, wherein said vibration load reduction Zystem is disposed at either

saldﬂ’t%\/\?é‘ﬂér Wik, alainsald vibtsdonsfodd kedd cisidgstamieast one of
isemt addase; f@eﬁ@gtamoew%émﬂ@rﬁmngmaef&am &l Pasgoandifside

flowable mass located within said base and said at least two columns. 16

the IH"”E\{H@ mathsduSHOmAFEE! further comprising configuring said base

having a shape that is at least one of round, rectangular, and polygon. 15.
The method of claim erein when.said base has one of a round
SR N 1B b S BRI DSk i AL AUANioiARcele

extending from said base, said base is receptive to counteracting rotation

IO.Of tbﬁi@ %%ggemﬁna:}c!:vgft zici;ar{d] tov\ﬁerem said base is attached at said upper end of

said tower.,

11, The wind turbine of claim 1, wherein said columns are evenly distributed around
said base.

12. The wind turbine of claim 1, wherein each of said coluwmns includes a doubie

column arrangement in which two columns are arranged next to each other.

A method of reducing a vibration at a wind turbine, the method comprising:
providing a vibration load reduction system at a tower of said wind
turbine;
operating said wind turbine so as to incur a multi-directional vibration at
said tower; and
reducing said multi-directional vibration with said vibration load reduction
system, wherein said vibration load reduction system is disposed at either said
tower or a nacelle, and said vibration load reduction system comprises:
a base;
at feast two columns extending from said base; and
a flowable mass located within said base and said at least two

columns.
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16. The method of claim 14, 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. 17. The method of claim 13, further comprising: disposing a
valve at said base between said columns. 18. The method of claim 13,
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. 19. The method of claim 13, wherein said flowable mass includes

14,8t leﬁ%z%@ﬁl&{ 8r F!J.Lfllllq ?gr]qm&b&%' h 70ch g%AT QLG aving a shape
BEURSNEARS AL

REDUCTION SYSTEM FOR A WIN BIN Awing
thatif il eaht Sllesrauievesstangatesllandupspegesd at an upper end of a tower, a
rotor having at least one blade, the rotor being arranged at the nacelle;

and a vibration load reduction system disposed at either the tower or the

I3 nackhe myodisiztiaidda vaersétisricsyainharchidedeaobadevnd use g a
polsgidmnsexiendingtomithe Raserand afiewable, dnassdecatadithini these

. base and the at least two columns. Fig. 318 | ]
is receptive to counteracting rotation of the nacelle relative to said tower.

16.  The method of claim 14, 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.

I7. The method of claim 13, further comprising: disposing a valve at said base

_ between said columns.
18. The method of claim 13, 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.

19.  The method of claim 13, wherein said flowable mass includes at least one of a

liquid and ball bearings.
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