1 2270656 Stabilizer for Spar Buoy The present .invention
relates to a device for suppressing or preventing a spar buoy installed in
the water frominclining or yawi ng due to tidal currents, waves, and the
like. Pull-in nmooring type spar buoys, which are so arranged 4hat 2 s @
buoyancy body is provided hal fway on a nhrker mast, the bottdm®&nd of the
mar ket mast being noored to a sinker sunk at a water bottom by a nooring
devi 8¢, and that the buoyancy body is pulled in the water so that the water
| i ne cones hal fway of the rrarslggbi_rlg%%ra%\fe g%& migyancy body, thus

all owi ng the spar buoy to erect 1n the water by buoyancy, are less in
separation length and relatively less in yaw ng. Therefore, they have been
used in navigatiThel pirdsentoriinyertiiipirentelatest heol ilee. ddominesr , fohe

mar ker mast ver r.a fron1 [l 2 1.0 wat er
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buoy is useg, f Lativ waters, the spar buoy wll nore likely
|ncI|nat|on an W ng Accordln to the present inyention there

provi ded a spar h@vmﬂgran@t P?l§B¢chHﬁY$5|Wﬁlﬁh[%F?]%%d?rﬁ?Bg?eed
hal f way On'ﬂhﬁﬁrgebu8§§hcytbéd hbo@ﬁﬁﬂiﬁﬁdfﬁﬁifﬁiyr&haﬂaﬁafﬁemebstUUored
to a sinker uné g a water ow1g&'a nDorlqg deV|ch d the QE apcy
body the bo tom end of e marker mast being mo réd

sunk at a water bottom by a mooring device, and that the
buoyancy body is pulled in the water so that the water line

~ comes halfway of the marker mast above the buoyancy body,
thus allowing the spar buoy to erect in the water by
buoyancy, are less in separation length and relatively less
in yawing. Therefore, they have been used in navigational
aids, boring equipment, and the like.

However, the marker mast is erect over a range from
nearly the water bottom to the water surface 1in
installation, thus subject to direct effect of tidal.
currents and waves, such that the spar buoy may 1ncl'
yaw. When the spar buoy is used in relativedl
waters, the spar buoy will more likely
inclination and yawing.

o According to the present invention there

marker mast being adapted to be moored to a sinker sunk at
a water bottom by a mooring device, and the buoyancy body
being pulled in the water so that the water line comes
halfway of the marker mast above the buoyancy body, at least
two arms, extending in opposite directions to each other
from the marker mast below the buoyancy body, and blades
provided at end portions of the arms, so that the blades
incline downward from inner edges to outer edges of the
blades with respect to the arms, thereby forming angles
between the arms and the blades.



being pulled in the water so that the water

mar ker

opposite directions to each other fromthe marker
and bl ades provided at end portions of the arns,
i ncline dowmward frominner edges t

body,

mast above the buoyancy body, at |east two arns, extending

| i ne conmes .hal fway. of the

in

to the arnms, thereby formng angles between the arns and the bl ades.
Preferred emweferned emboddmentsntoBn thid | invensiéonestilibetowy bay of

showi ng, a state in which
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Figure 3 is a side view showing a state in which the

spar buoy provided with the stabilizer of the inVehtion is
perfectly stablllsed in its erected ‘'state 1n ‘a water
current; : _ L

Figure 4 is a side view showing a-state'in which a spar

buoy having blades attached thereto without providing-an-

hereto

wat er

angle of attack to the arms is installed in a water current; -
Figure 5 is a s1de view for exp1a1n1ng the yaw1ng aboutf

the spar buoy s center of gravity:; - . .

Figure 6 is a side v1ew for explaining the yaw1ng about
the spar buoy’s moorlng point; - ' _

Figure 7 is a side view for explalnlng the prior-art
example for suppressing ‘the yawing about the-spar buoy’s

center of gravity;:

Flgure 8 is a side view more concretely show:l.ng an
example of the spar buoy prov1ded with a stabllizer of the

'present 1nventlon,

Figure 9 is a plan view show1ng a state in whlch four

fsrms are protruded at 90 degree 1ntervals with respect.
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the spar buoy's center of .gravity;. Figure 6 is a side view for explaining
t he yawi ngabout the spar buoy's nooring point; Figure 7 is a side view for
explaining the prior-art exanple for suppressing the yawi ng about the spar
buoy's center of gravity; Figure 8 is a side view nore concretely show ng
an exanpl e of the spar buoy provided with a stabilizer of the present

I nvention; Figure 9 is a plan view showing a state in which four arns are
prot huded at 90 degree intervals with respect to the marker nmast and a
bl ade is attached to the end of each arm Fig. 10 including graphs show ng
the result of effect verification tests o® the stabilizer of the 5

I nventi on, Fig 10 (a) shows ti de-resi stance characteristics and
Fig. 10 (b) smvxshwamérkeyu apstc anch & ddiagle sis @ttaghed 1ho the endwof
showi ng a nodi fication of the blade; 10 Fig. 12 is a schematic

vi ew showi ng ®%@RpR¥ER; of the nechani sm for folding the armat its base

portion and the nechani sm f.or securlng the armin_its |aterall &retched
state; Fig. 13 is a schBh@ti d0vABFIUASRE graphs showing’ the résu

effect verification tests on the stabilizer of the
5  invention, Fig. 10 (a) shows  tide-resistance
characteristics and Fig. 10 (b) shows wave-resistance
characteristics:;
Fig. 11 is a view showing a modification of the
blade:;

10 Fig. 12 is a schematic view showing examples of
the mechanism for folding the arm at its base portion and
the mechanism for securing the arm in its laterally
stretched state;

Fig. 13 is a schematic view showing

15 example of the mechanism as shown in Fig. 12;

'Fig. 14 is a schematic view showing]jg

. \" \S‘ &
s the mechanism that allows the blade to be v-!z.bre $§§$

W W
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) .\@9%\

area;
"Fig. 15 is a schematic view showin another

20 example of the mechanism as shown in Fig. 14; and
Fig. 16 is a schematic view showing yet another
example of the mechanism other than shown in Figs. 14 and

15.



15 exanple of the nechanismas shown in Fig. 12[er¢] Fig. 14 is a
schemati c view showi ng an exanple of the nechanismthat allows the blade to
be variable in its area; Fig. 15 is a schenmatic view showi ng anot her 20

exanpl e of the nmechanismas shown in Fig. 14; and Fig. 16 is a schematic

vi ew showi ng yet anot her exanple of the nechani smother than shown in Figs.
14 and 15. 4 -4- For exanple, referring to a case where a nooring rope.

is used as the nooring device,

buoyancy,
nodes of
pi t chi ng

t he spar

buoy, _di fferi ng dependjn (i.e. Sj
buoy) andn?ﬁéaﬁﬁgri 'vﬂﬂ§“§r e hPng?nfgffogiéiﬁﬁplE#?e- %osRk.

the spar buoy is normally urged upward by i/

giving rise to a possibility that the spar buoy may shOM/tmo'”
is a

yawing 5 as shown in Figs- % and 6. Mbde 1 yawing (Fig. 5)

about the spar buoy' s center of gravity, while Mde 2 yaw ng
(Fig. 6) is a pitchFfay esenplehcreferripg pte | case\Wheres@ Moorang i ng
device i's used, there may occur another yawi ng that the spar buoy, turns
about its¥ape déhtBpedxids ¥the MmAQKHNd peevdeeof ThRsEPBFpelBUBY yAfi ng of

on_wat er _dept h.

the pi tchbggsigiﬂ)%e’ §0%1E spar buoy may show two modes of yawing

5

10

~as shown in Figs. 5 and 6. Mode 1 yawing (Fig. 5) is a

pitching about the spar buoy's center of gravity, while
Mode 2 yawing (Fig. 6) is a pitching about the mooring
point. When another mooring deviqemis used, there may
occur another yawing that the spar buoy turns about its

center axis.

The natural period of these types of yawing of

the spar buoy, differing depending on wa#er_depth (i.e.

_ si2e of the spar buoy) and the.mooring deviée's length, is,

15

for example, 2 - 3 sec. for the pitching in Mode 1 and 18 -

20 sec. fb:'the pitching in Mode 2, in the case of a 20 m

- water depth and a.2 m mooring rope length.

20

25

The shallower the water depth, the shorter the

'naturél'period of Mode 2, while the shorter  the mooring

rope length, the shorter the natural'periqd of Mode ‘1.
The Mode 1 pitching (Fig. 5) will not occur when

the mooring device used is a direct-coupled mooring type

such as universal joint (rope length: O). .Conversely, it

may occur when such a mooring device as a short chain is

used in order to facilitate control of water depth or to

ze of the spar

for

O

€}



20 sec. for the pitching in- Mode 2, in the case of a 20 mwater depth and a
2 mnooring rope length. The shall ower the water depth, the shorter the
natural period of Mdde 2, while the shorter the nooring 20 rope |ength,
the shorter the natural period of Mode |I. The Mode 1 pitching (Fig. 5) wll
not occur when the nooring device used is a direct-coupled nooring type
such .as universal joint (rope length: 0). Conversely, it may occur when
such»g@ noori ng device as a short chain is 25 wused in order to facilitate
control of water depth or to facilitate installation and rel ocation for
use of boring. [0005] Also, the spar buaysmay incline when undergoing a
resistance to water currents such as tidal currents. 5 Slow water currents,
whi ch cause tlpacsRata80Ynk®aleatibAChhiere2beateBhi Gokl GseHowevOing.
little faster water currents will cause a greater inclination, such that a
beacon-use spar bu@p0o08] result in an inclined lanp and thereforein its
deteriorated function as a beacon, or that 10 a boring-use spar buoy may
result in an inclined wailkopgtheatpekdbubyhmayr $ocddneorkebi MnGergaing
when a water current inpinges upon the marker nmast or the columar portion
of the buoyansy neshstarge t her wakey cewrents nfuchomds ckidal rumments.

I nci dent cycle of Karman vortices, differing depen
Slow water currents, which cause the spar buoy to less

incline, are negligible. However, a little faster water
currents will cause a greater inclination, .such that a
beacon-use spar buoy may result in an inclined lamp and
therefore in its deteriorated function as a beacon, or that
10 a boring-use spar buoy may result in an inclined working

scaffold with worsened workability.
Also, when a water current impinges upon the

15 thexre may occur Karman vortices or flutters

At diameter of marker mast and the flow velocity

sec. for a flow velocity of 3 knots and a %{ﬁgi’ D

" diameter of 0.6 to 0.8 m. The flutters, on the other hand,

20 will occur at the natural period of Mode 2. These

bhenomena will act on the spar buoy as a vibromotive force.
Waves also act as a vibromotive force.

| Accordingly, when the natural period of yawing of

the spar budy approaches the period of waves or the

25 incident period of Karman vortices due to water currents,



di ameter of marker nmast and the flow velocity is 3 tq 4 _sec. for a flow
velocity of 3 knots and a [err] dianmeter of 0.6 to 0.8 m The flutters, on
the other hand, 20 will occur at the natural period of Mde 2. These
phenonena will act on the spar buoy as a vibronotive force. Waves al so act
as a vibronotive force. Accordingly, when the natural period of yaw ng of

t he spar buoy approaches the period of waves or the 25 incident period of
Karman vortices due to water currents, 6- both the waves and the vvater{?
currents being external forces, there will occur Mdde 1 (Fig. 5) and Mde™ 2
(Fig. 6) yawing, which may inpair theé&unction as a spar buoy. 5 :
A neans for suppressing the Mode 1 yawng (Fig. 5 out of the possible two
types of pawhngthé twavesamnduophenwaken ocurrents: obellhg fewterhsdts of
resistante plates a to the nmarker mast in such a way that _they are shaped -
into a pl £§8xcesrodberecwifilg ocpur Mudes lo(Fighyefhiand IMo@e 18 {Fédspar buoy |
to be prevented from Mode 1 yaw ng ,and besj des suppressed to be inclined. -
On the ot §dr YR¥AAT ., WhdShs My 10RfiTe e FUncFitti e 3 SP3G P8PY: 6) nay
be to attach totally four sheets 15 of resistance plates to the marker -
mast so that they are shaped into-a planar cross, -as in.the above case, at

a por té on away f romAt rx}l%a%%ntteorr guﬁb%\gsr&ng ft?{e %a&gﬂf yvyawing (Fig.

5) out of the possible two types of yawing of the spar buoy

may be to attach totally four _s_hee_ts_:bf ;:_:'esis'taz_:ce_ plates

<

a to the marker mast in such a way. _tha:t:' they are shaped
into a planar cross (see Fig. 7). This Ea;;:_‘:;angement allows
10 the spar buoy to be prevented from Mode 1 yawing and .

besides suppressed to be inclined.

On the other hand, a means for "su_ppressing the
Mode 2 yawing (Fig. 6) may be to attach totally four sheets '
15 of resistance plates to the markei'._. mast S0 .that_ they are
s_héped. into-a planar cross, as in ‘the above case, at a
por'_tion away - from the center of yawing, for : example ' G
_ undefneath the .draft point of the marker mast. With such
ah-ar:angement, although the;damping_fgrcé becomes'lérger,
20  yet the spar buoy is more l.ik_ely- subject fto grain movement
due to waves, resulting in an increased possibility of
yawing. Moreover, water-current resiét:ance applies also to o
the resistance plates attached to the marker mast, causing
the spar buoy to be further inclined. Thué, this means

25 cannot be said proper for the s_uppress_ing means.



underneath the draft point -of the marker-mast. Wth such an arrangenent,

al t hough the danping force becones |arger, 20 vyet the spar buoy is nore

| i kely subj‘ect to grain novenent due to waves, resulting in an increased
possi bility of yawi ng. Mreover, water-current resistance applies also to
the resistance plates attached to the marker mast, causing the spar buoy to
be further inclined. Thus, this means 25 cannot be said proper for the
suppfessi ng neans. -7- In particular, spar buoys installed in the seas
shal  ower than a 20 mwater depth becone snaller in natural period of Mde
2 yawng (Fig. 6), such that it approxi mates 5 to wave periods of design
conditions (e.g. 8 - 12 sec.), entering the resonance range. However,

t here has been avail able no effective nmeans for suppressing yaw ng in such
a case up to-now, which has been a problem 10 Al so, there has
not been found out a waynfpartipplessi spasr bppgschhstglied ipatheucess

I nclination due to water currents. Therefore, up to now, it has been
consi der ed i npbedilbwert thpnowi2lk: mswelterpdepthdjecene smalsidy dat nadunssds
inclination to both waves and currents. 15 Accordingly, it is a primary
present i nvenPediogoos pde sk YeWwing(EFig. Qb %@h]t%%mtnappé’%ia@é:%

wat er - current resistance by attachiqg
5 to wave periods of design conditions (e.g. 8 - 12 sec.),

entering the resonance range. However, there has been
available no effective means for suppressing yawing in such

a case up to now, which has been a problem.

10 Also, there has not been found out a way for
suppressing or preventing the spar buoy's inclination due
to water currents. Therefore, up to now, it has been
considered impossible to provide such spér buoys as are
subject to less inclination to both waves and currents.
15 |
Accordingly, 4it is a primary
kw‘ present invention to suppress or prevent 3
inclinations due to water-current resistark

a simple device to the spar buoy, and

20 stabilizer for suppressing a spar buoy from yawing of Mode
1 (Fig. 5) and Mode 2 (Fig. 6) as well as such yawing that
the spar'buoy'turns about its center axis, and also provide

a device which facilitates the handling of the stabilizer.



a sinple device to the spar buoy, and
for suppressing a spar buoy fromyaw ng of Mdde 1 (Fig. 5)

a 20 stabilizer
and Mode 2 (Fig.

6) as well as such yawi ng that the spar buoy turns about its center axis,
and al so provide a device which facilitates the handling of the stabilizer.

. The stabilizer of +the present invention conprises: at

| east two arns

8, 8 protruded in opposite directions to each other froma marker mast 2

bel ow a buoyancy body 1, and blades 9, 9 attached to ends
8 so as to have a positive angle of attack a toward the ce
Preferably, the arm8 is provided wrt® a hinge 10 for foldi

of the 5 arnsig;
nter of the buoy.
ing the arm 8 at

its base portion, and a securing 10 neans 11 for securing the hinge 10 in

such a state that tTRearmt®biliaent cefd | ther alDEeseEo Fnsfentdoy, the

blade 9 °is arranged to be variable in its overall area. 15

Function: The:

functi on GPMPRESSF esBht Ladmhiten REMA0R.d& RTREMIRE hine 20 Figs.
1 through_4. Fig. 1 is a side v MIS omﬁn a state in which rior-art
spar buoﬂi—%e‘i"ﬁ%?%ﬂgl &@ iepch ’F%t maTkes PpRY 2 cH?% \Whe%) '
restor ng monent [prc) dUe L0 URANY § S0fallod"E5! Uhis "SR ferr]
5 arms 8, 8 so as to have a positive angle of attack a toward
the centexr of the buoy.
Preferably, the arm 8 is ptoVided.with a hinge 10 su{
for folding the arm 8 at its base portion, and a securing
10 means 11 for securing the hinge 10 in_suoh.a state that the
arm 8 is stretched laterally.
Also . preferably, the_blade 9 is:arranged_to be
variable in its overall area. | :
15
| - Function:
| _aThe'function of  the preseottinvention ie'now _i;_
described with reference to Figs. 1 through 4. -
Fig. 1 is a side view showing a state in which a
20 prior-art spar buoy is installed in a. water current,
illustrating a case where a restoring_moment.N; duelto a
buoyancy P and an overturning moment M,_due_to a water-
current drag F are balanced at a tilt angle 8'. |
25 Fig. 2 is a side view showing a state in which a

-,



current drag F are balanced at a tilt angle 6'. 25 Fig. 2is a
side view showing a state in which a 9 buoy equi pped with the stabilizer
according to the present invention is installed in a water current,
illustrating a case where, by providing a positive angle of attack a to the
bl ades 9, restoring nonments [err] due tc9|ifts [err] of the blades 9, a

restoring moment M, due to buoyancy a dra th buo nd an
overtyr ni nd’%ﬁﬁuwP%eW%BhdFB@sSFéprl]lllSPrt ﬁ‘gcﬁlr jog 3 &3’% %ﬁ at
that a srralllrﬁreriﬂlldn air@rl QnE&éﬂ.keﬁeilﬂ t$,wibes therease Hailmgtrertdrst aebl e

th t hat of Fi ll_ustrat wh b t
sedagct i ﬁg '? I 1"%‘( IPé'oi'i’rlf#%“Jr laah55053‘5‘3%%1?apﬁgebfjgdé%éggﬁamrjﬁ?h%%ngI e
of attack zb]aidéshe; DlBeoring ndmeratran g, estdue ep noiftes D, dagl @f

t bal t | bl
o the of et bdeed (5, 08, 205e0rhy ﬁaﬁe}‘ﬂ Msp%eb R LR 8 a

buoy havi ngiltﬂqacﬂas;)@'tfm IS@@Wemeerénd G Pﬁgr‘é}lréélngnmamﬁﬁ?eqltc‘&‘r‘
wi t hout pr Qﬂéijé‘gb an PNy e ©le Biddds 1o dbe ﬁém&ea\r@cs ethat t& émliepf t he

bl ades 9' act skich 4 way that nprments [err] cancel each btr_;qween
upper and db‘v%Fs%’P%’a?n@rﬁ@%"‘thhBHPsr%‘?o ﬁiﬁré’r‘& r‘%‘ 4, but
W th an oveghatt néfgrighent i ncreased due to lifts [err] of the bl ades 9',
so that the -
Fig.‘ 3 illustrates a case where, by appropriately
. selecting the length of the arm 8, the area of the blades 9,
S and the angle of attack a of the blades 9 to the arm 8, a
restoring moment My and a restoring moment My are balanced
so that the spar buoy is perfectly stable.

On the other hand, Fig. 4 is a side view showing a
state in which a spar buoy having blades 9’ attached thereto
is installed in a water current without providing an angle
of attack to the arm 8, where lifts L;, L, of the blades 9’
act in such a way that moments M;,, My, cancel each other
between upper and down stream sides, without restoring
moments being generated, but with an overturning moment
increased due to lifts D,, D, of the blades 9/, so that the

v spar buoy is greatly inclined (tilt angle: 8’) as




~spar buoy is greatly inclined (tilt angle: 6') as 10 - in Fig. 1.

4 inplies that even'if the blades 9

angl e of

attack to the arm8, the spar buoy cannot be restored from

Fi g.

are attached without providing an

inclination, but will be increased in inclination. Therefore, it can be

easily 5

understood fromthis figure that restoring nonents cannot be

effective without providing a positive angle of attack a to the blades 9 as
in the present invention. It is noted that Figs. 2 to 4 takes a case Whewgé
10 the arm 8, 8 protruded in opposite directions to each other fromthe

marker mast 2 are aligned with the dijgction of current:
the principle of the stabilizer of the present

Fig. 4 Anpifes hMat kveindle e aiatds 0§+ theehl ades 9

her ei nbel gw. rkg. 1.
the area of the bl-ades 9'is [err] the flow -velocity of

to the arm8.is a,

~Taking this case,
i nvention is described

wat er cur agflachedvwitheukepgobiainghen amgl& o atgaek tboghkharhi 8] center
of a blade 9 to the center 'axis of ‘the marker nmast -2) is [err] the

pr oj ect i orher spanfbify ddrencspde hws;tolreldoﬁn:bineimelﬂ&atﬂohacbutmihla_

is [err] the lift coefficient of the blades 9 is [err]
the lift beefincreased dn dnelinaddorg { ghexediome, bddy 'carn g iewsiby of
[err] are [err] the drag coefficient of the spar

direction of current

buoy is [err] the drag i's

F, and t handessieed firom thdsFigune dhathsestaring menenty Fanres to the

nmoor i ng p0| nt is

10

15

20

25

be effective without providing a positive angle of attack

‘@ to the blades 9 as in the present;invention.

It is noted-that-Figs,_Z'to 4,takes a case-where

the arm 8, 8 protruded in opposite directions to each other

from the marker mast 2 are aligned with the direction of
current. Taking-th1S-case,-the principle_of the stabilizer

of the present invention is described hereinbelow.

Assume that the angle Of'attackwof the blades 9

to the arm 8 is. a, the area of- the blades 9 is A, the flow

-velocity of water current is V the length of the arm 8

(distance from=the 1lift center of a blade 9 to the center

‘axis of the marker mast 2) is 1,, the_projection area of

the spar buof.below the water surface in the direction of
current is A, the 1ift coefficient of the blades 9 is Ce,
the 1ift coefficients of the blades 9 for a spar buoy's
inclination of @ are Cy,, C,, the drag coefficient of the
spar buoy is C,, the drag is F, and the distance from the

center about which the drag F acts to the mooring point is

-



[err] To the blades 9, 9 there will occur lifts [err] and drags [err]
respectively, where the drags [err] are 5 smaller than lifts [err]. A
lift will occur vertically dowward to the upstream side bl ade 9 as
indicated by [err] in Figs. 2 and 3, and upward to the downstream side
blade 9 as indicated by [err] in Figs. 2 and 3. Accordingly, due to these
lifts [err] restoring nonents [err] will act on 10 the spar buoy in such a
direétion as to cancel its inclination. In addition, when arns are
protruded also in opposite directions to each other orthogonal to the
current and bl ades are attached respectv¥l y-to ends of the arns at an
angle a, then the angle of attack of both blades to the 15 water current
is O (the sama,as in the spar buoy's erected state), where both bl ades
undergo only*drags (no lift occur),. but the pressure-receiving area and
drag coefficient are so small that the tilt nonment even with the tilt
noments due to the drags [err] of the plates 9 on the 20 flowdirection
si de added theret 0 i s sUisstthe ikdiadess fal % rtharm WiHd QequR |]ri‘gf1?ﬁ)rfant Laerr]
Ther ef or e, orce that acts on the blades 9 on th

f1 ow direct | oriméi $rags Pon neTeBRECHIBG LY YPPEE: GF‘Fn&rP&sc@l'V\P? he¥fe

result of f res?nlé Cclaxl' nt e!.u'rx]a{l ggsaggl € 25 A lift will occur vertically

doﬁnward to the upstream side blade 9 as indicated by L, in
Figs. 2 and 3, and upward to the downstream side blade 9 as
indicated by L, in Figs. 2 and 3. Accordingly, due to
these lifts I,, L,, restoring moments M,, M, will act on
10 the spar buoy in such a direction as to cancel its
inclination. In addition, when arms are protruded also in
opposite directions to each other orthogonal to the current
and blades are attached respectivelj to ends of the arms at
an angle a, then the angle of attack of both blades to the
15 water current is 0 (the same as in the spar buoy's erected
state), where both blades undergo only drags (no lift

N\ occur), but the pressure-recelving

coefficient are so small that the tilt mo B

20 flow-direction side added thereto is subétiw?'
than the restoring moment M;. 'Therefore,x
that acts on the blades 9 on the flow~direction side acts
on the spar buoy as a restoring force, with the reéult of

" a reduced inclination angle.

25



Rel ati ons anong the drag F of the spar buoy, lifts [err] of the blades 9,

9 on.the flowdirection side tilt nonment [err] of the spar buoy, and.its,
restoring nonent ML are as represented by the foll owi ng equations, wheré
5 the tilt noment [err] and the restoring nonent M. are approximately .
bal anced by appropriately selecting the values of the area [err] of the
bl ades 9, the length [err] of the arm8, and the angle of attack a, it
beconmes possible to restore or prevent any inclination of the spar buoy
irrespectively of the flow velocity: [Formula 1] [err] 2 (Formula 2]
[err] 2.[Formula 3] [err] 2 [Fornula ¢g Lerr] [Fornmula 5] [err] Next, as
pitching due to waves, and rolling in the direction orthogonal to the

current due to thgelationy cambhyether Grayf Kaogmnther gpaas Bagyf | utter

’

phenomena that will occur when water currents such as tidal currents
| mpi nge upd¥dshe, SpBf dficthe Bluded I, Y adestie aAflow-aditastion side

tilt moment ngbf'the'spar buoy, and its. restoring moment
M, are as represented by the following equations, where if
5 'the tilt moment M, and the  restorinQ moment M, are
approximately balanced_ by appropfiatélyr.selecting the
values of the areaﬁém of the blades 9, the length 1l, of the
arm 8, and the angle of attack a,: it'be_comes possible to
restore or prevent any inclinatioﬁ, of. the spar bDbuoy

10 irrespectively of the flow velocity:

[Formula 1] L;%-% VzA.,:,c'u .
[qumula 2] Lf% V’A,,C'm
_.[_Ffo.z;mul_..a 3] F=£ Va,Cs
[Fb#mﬁia 4] MQ;FQ,;OSB

[Formula 51 M,=(L,+L,)cosbl,

Next, as to pitching due to waves, and rolling in
the direction orthogonal to the current due to the
15 vibromotive force of Karman vortices and flutter phenomena

that will occur when water currents such as tidal currents |

i f

to

¢

e



away fromthe rotational center of the yawi ng and al so away downward from
the water- surface, there is exerted a danping effect, and since water

mol ecul e noti ons of the waves are 5 small, so that the wave force is small,
resulting in a suppressed pitching notion and no occurrence of Mdde 1 (Fig.
5) and Mode 2 (Fig. 6) yawing. The general fornula for this notion is

as follows: 10 [Formula 6] [err] where X pitching angle displacenent; X
pi t chizhg angul ar velocity; X pitching angul ar acceleration; |: nonment of
inertia of the buoy itself; 15 J: nonment of inertia due to added
mass; A N danping coeff+cizent linearly converted K

restoring force coefficient; and M an external force nonent. 20

The bl ades 9 cdaypsingk apdrNthe sparchuey, s$inddithe ddaddd i Narmandecaitdd a
slight extent, so that the pitching nmonmentumis small. Also, rotational

yawi ng about tawayrdroar thesrotationtl identgrnofbtbe yawingmnrd sssd away he
sane reasons as in the above case, with no occurrence of yawing. If the arm
8 i s provi ded dgwnvardifrga thefwater surface, there is exerted a damping

" effect, and since water molecule motions of the waves are
5 small, so that the-wavé force is small, resulting in a
suppressed pitching motion and no occurrence of Mode 1
(Fig. 5) and Mode 2 (Fig. 6) yawing.
The general formula for this motion is as
follows:

10
[Formula 6] (I+J) -§+N-J?+K~X=M

where X: pitching angle displacemeni:;

}.(: pitching angular velocity:

X: pitching angular acceleration;

I: moment of inertia of the buoy itself; j,-."'

15 J: moment of inertia due to added mass;
N: damping coefficient linearly converted
K: restoring force coeff_icient; _andl

M: an external fOI‘ ce moment.

20 The blades 9 cause J and N to incréase. In this
case, M increases only a slight extent, so that the
‘ pitching momentum is small.

Also, rotational yawing about the marker mast 2



5 folding the arm8 at its base portion and a securing nmeans 11 for
securing the hinge 10 in a state that the arm8 is stretched lateralty,
then the arm 8 can be held stretched laterally as indicated by solid Iline
in Fig. 8 while the spar buoy is installed, by virtue of the arrangenent
that 10 the hinge 10 is held secured by -the securing nmeans 11. Conversely,

I f the securing neans 11 is released fromthe hinge 10,

then the long arm38

can be folded at the hinge 10 portion as indicated chain line in Fig. 8;¥g

t ow ng

all owing the buoy to be kept floating on the water surface as it is for
to the installation site, i4t hus advantageous transport. If the
area of the blades 9 is arranged to be variable, lifts [err] which

over al |

are one of tite cpaeiuoy s sappresded rixsino rthen isamee w@dsonx lagaid on of

t he spar buoy,

can be easily increased or decreased by appropriately

sel ect i ngthénecakova césehewbthdre ocatrrencecofpyawlngy has been installed.

25 Enbodi nents: Enmbodi ments of the present invention are described with
reference to Figs. 8 through 16. The stabirizer of the present invention.
can be applied to spar buoys for derricks, ar buoys for marker_ 5 |anps,

spar buoys as pl at f&fni¥ ﬁo@%r?nésolﬁ%?% nwith & Binge olPs HF | eisure
use sgch as_ sea-fishin

10

15

20

25

folding the aéhég]at its base portion. and a securing means
11 for securing the hinge 10 in a. state that the arm 8 is
stretched laterally, then the arm 8 can be held stretched
laterally as indicated by solid line-in fig. 8 while the
spar buoy is installed, by virtue of the arrangement that
the hinge 10 is held secured by the_securing means 11.
Conversely, if the securing meanslllzis released from the
hinge 10, then the long arm 8 can be folded at the hinge 10
portion as indicated cnain line in Fig. 8, allowing the
buoy to be kept floating_en the water surface as it is for
towing to the installation site, .thns advantageous

transport.

If the overall area of the blades 9 is arranged

uto be variable, lifts L“ L,, which are one of the elements

serVing to restore or prevent 1nclination of the spar buoy,
can be easily increased or decreased by appropriately
_selecting the area of the blades 9 after the spar buoy has

been installed.

Embodiments:

-



observatories, and the like. Fig. 8 illustrates a case in which the
stabilizer-of the present invention is attached to a spar buoy for use of
derricks. 10 The spar buoy for use of derricks as shown in Fig. 8 is to be
used for geol ogi cal surveys or boring work. In the spar buoy, a center pipe
3 is provided so as to penetrate a buoyancy body 1 and a marker mast 2, the
|l ower 15 end of the center pipe 3 reaching the bottom plate of the marker
mast 32 to open in the water, the upper of th center pipe 3 being

| ocated at | east above the water line The center pipe 3 has a boring pipe
(e.g. a boring -use casing pipe, rod, sangler, or the like) insert 20

Wi fhin the center pipe 3 as designated by nuneral 4 marker mast 2 and the
center pipe 3 are of ‘dEHbcdiheIetE ONBIEr UCthedN, prBSenkt elinvferfidhe aeat er
pi pe 3 being watertight and hollow so as to increase the buoyancy of the
spar buoy, andesdweibed ewith rEfédencenterFigpe 8 thtowgmdgl@S  water to
enter up to the draft line. Further, at the top - 16 - of the marker
mast 2 there is provi déthe sibakihizereofl Zheoprefenthiinvgniiidnopanabeshown
in Fig. 8, isinstalled 5 in such a way that the | ower end of the marker
mast 2 i s nmoaepplied itaspar kyowerfar s%‘hkr%@k$hesz@é epyenfey marker

5 lamps, spar buoys as platforms for marine observation use
or platforms for leisure use such as sea-fishing and
”observétories, and the like. Fig. 8 illustrates a case in
which the stabilizer of the preseﬁt invention is attached
to a spar buoy for use of derricks.

10
The spar buoy for use of derricks as shown in
Fig. 8 is to be used for geological surveys or boring work.
- In the spar buoy, a center pipe 3 is pfévided so as to
penetrate a buoyancy body 1 and a marker mast 2, the lower
15 end of the center pipe 3 reaching the bottom plate of
marker mast 2 to open in the water, the upper ¢

&uﬁ center pipe 3 being located at least above the

The center pipe 3 has a boring pipe (e.g. a

casing pipe, rod, sampler, or the lige) insert fggiiﬂl
20 within the center pipe 3-as designated by numeral 4.
marker mast 2 and the center pipe 3 are of double pipe

v construction, the exterior of the center pipe 3 being
watertight and hollow so as to increase the buoyancy of the

spar buoy, and the interior of the center pipe 3 allowing

25 water to enter up to the draft line. Further, at the top



proper nooring device 6, and the buoyancy body 1 is pulled in the water so
that.the water |line conmes hal fway on the marker mast 2 which is upward of

t he buoyancy body 1. Then 10 the boring pipe 4 inserted through within the
center pipe 3 penetrates also the sinker 7 serving to noor the spar buoy,
reaching ground G which is the sea bottomand further extending into

the ground, al | owi ng the inplementation of boring and sanpling. 15 At

| east two arm8, 8 are protruded outward in opposite directions to each ir
ot her fromthe marker mast 2 bel ow the buoyancy body 1 (see Fig. 8). Also,

a blade 9 is attached to the end ol ggclh arm 8 so as to have a positive 20
angle of attack a toward the center of the buoy. The stabilizer of the
present idWeRNed maPRBE SRfs®t 2| efsdrd Wasarphodidéd andwbhaiblpadrme 9, 9
attached to the end of each arns 8, 8 so as to have a positive angle of
attack a praeformhe.center of the buoy referred to above. 17 The arms 8. .
8 protruded in opposite directions to each other fromthe marker nmast 2 nmay
be at least two in nunber, whereas they may al so be arranged four in nunber
at 90 degree intervals with respect to the marker mast 2 as detail ed on
Fig. 9. Further, thEhhkanspar huowe dsmhehaedn §Fig. 8,ads dosdglled

5 in such a way that the lower end of the marker mast 2 is
moored to a single sinker 7 sunk at the . sea bottom by a

proper mooring device 6, and the buoyancy bodj=1_is pulled

Q)

in the water so that the water line comes halfway on the
marker mast 2 which is upward of the buoyancy-bddy 1. Then

10 the boring pipe 4 inserted through within the center pipe'
3 penetrates also the sinker 7 serving:to moor the spar
buoy, reaching ground G, which is -the.. séa bottom and
further extending into the=. ground,' allowing the
impleméntation.Of-bOring and sampling;

15

At least two arm 8, 8 are protrudeduoutward-in'

iif&}

oppoéite'directions:to each other from the_marker~mast 2
-beloﬁ thé_buoyancy body 1 (see Fig. 8). Also, a blade 9 is
attached to the end of each arm 8 so as tq have a positive

20 angle of attack a toward the center of the buoy.
The stabilizer of the preéé‘_nt invention comprises
at least two arms 8; 8, and the blades 9, 9 attached to the
end of each arms 8, 8 so as to have a positive angle of

attack a toward the center of the buoy referred to above.



As shown in Fig. 9, a spar buoy in which four arns 8 were arranged at 90
degree .intervals with respect to the marker mast 2 and a blade 9 is
attached to the end of each arm 8 and a prior-art spar buoy having no such
stabilizer were installed at a water__depth of 18m Wth this
arrangenment, their effect verification fést were conducted. Results are

showmn in Fig. 1 Fig. 10, ( is a aph, show ng. ti de. '

charagt eri sti cs?r%eaa%mst He: %r?’f%%ﬁ‘%ﬁf?s”? TFREHYS h%%ét}j?éﬁ‘ﬁg i ¥R uni t
degree), amsthére flram zihd alarkers maepr e amys e det \isdast thwdg Uin tnuidpent ) . As
apparent fr, fi e, e r o] L.de L+ hsthend t L@n
stabilizer v?{(;as%%]‘fss ?:%ggn nlléil F?\%’?i okggo¥r?h§&%§odf%#{-ll§e§?%@§€ Ig%t i %%I
current of dedrer s ihtegyadss) withussespeethin tise éhéer@ﬁ!’@%ﬁl‘f.t mast he as

i nclinati orgdss SLAS I PR | ¥ SUpRL-eReed Qhephﬁﬁﬁékeﬂagoﬁﬁai@éré\ﬁéédtm case
I - which the spar buoy has no stabilizer. Also, Fig 10 (b) is a graph
showi ng wavr & 389 fMe characteristics for a 3 mwave hei ght, where the
vertical axis represents buoy yawing (unit: degree) and the horizontal axis
represents wave cycle (unit: _sec.). As _apparent .from.thi ' the
spar buoy provi PO 1B B9 ndentd oﬁrp%]?g%?‘%z il @%&P‘t s%olfdr%g;glﬁﬂsogg
yawi ng of 4eetegyr sevanged Jtm 9Rvdeprieghtinharvalmveiycrespect J&. thehys,
't can be updarst opded Wt ahBeaYBYhRE 839D ALY &Y itdld Yend of each
arm 8 and a prior-art spar buoy having no such stabilizer
were installed at a water depth of 18m. With this
[ arrangement, their effect verification test were conducted.

Results are shown in Fig. 10.

Fig. 10 (a) is a graph showing tide resistance
characteristics, where the vertical axis represents buoy
inclination (unit: 'degree), and the horizontal axis
represehts tide velocity (unit: knot). As apparent from the
figure, the spar buoy provided with the invention stabilizer
results in an inclination of the buoy of 1 degree at a tidal
current of 2 knots (1.03 m/s). Thus, it can be understood
that the inclination 1is substantially suppressed or
prevented compared with the case in which the spar bu
no stabilizer. :

Also, Fig 10 (b) is a graph showing wave




reduced conpared with the case in which the spar buoy has no stabilizer. 10
The blade 9 as shown in Figs. 8 and 14 through 16 is a plate rectangul ar as
viewed planarly and streamined at its center portion as viewed |laterallly,
but its shape is not limted in particular. Further, a mrror plate of 15
circul ar shape as viewed planarly as shown in Fig. 11 is utilized as the
blade 9. The arm8 s provided with a hinge 10 for folding it at its base,
portion as shown in Figs. 12 and 13, and a 20 securing means 11 for
securing the hinge 10 in a state that the arm8 is stretched laterally.

This allows the arm8 to be stretchedi®aterally as indicated by solid line
in each of Figs. 8, 12, and 13, when the spar buoy is installed, by virtue
of the ar rergetaiicd Warhlﬁéi‘lﬂmdwfpﬁrél@m wavbheight, edhbyetbnesecurl ng
means 11: -Conversely, if the securi'ng neans 11 is released fromthe
hi nge 10, veha:ﬂcmgazlils fepapsbatsdbuley vawing (vmige Segpeet)i andashendi cat ed
by chain line in each of Figs. 8, 12, and 13. Thus, the spar buoy can be
hel d as fhmmﬂzqytﬁlta%iaarepreseﬂ§§eWﬁMeEﬁ!@k&ngunbtshéeChébalI&Slon

poi nt, which is advantageous in transport. The securing_neans 11 as shown
in Fig. l2pparent from s £4ourgngd FyEEaFanﬁYcﬁrﬂvg@%GrVﬁEhpFBPe 12

such
invention stabilizer results in a buoy yawing of 4 degrees
at a 3 m wave height and a wave cycle of 8.sec. Thus, it'

can be ﬁnderStood that'the'yaWing has been sﬁbstantially

e

reduced compared iwith the case in 'whji'ch the spar buey“ has
- no stabilizer. | |
10 _
The blade 9 as shown in Figs;.B and_14'through'l6
" is a plate rectangular as viewed pianarly end streamlined
at its center portion as viewed laterally, but its shape is
not limited in particnlar.-_Further;'a mirror plate of
15 circular shape as viewed planarly as shown in Fig. 11'15

. utilized as the blade 9.

The arm 8 is provided ﬁith a hinge'lo for foldihg

: it.at its base portion as shown in Figs. 12 and 13, and a

20 . -securing means 1l for securing the hinge 10 in a state that
-the arm 8 is stretched laterally. This allows the arm 8.to

be stretched laterally as indicated by solid line in each

of Figs. 8, 12, and 13, when the spar buoy is installed, by
virtue of the arrangement that the hinge 10 portion is

25 secured by the securing means 11l. Conversely, if the

vy



10 as aliner is fixed at the base of the arm8 by wel ding whil e another
securing.plate 13 is fixed also on the marker mast 2 side by wel ding, both
securing plates 12, 13 being brought into contact and fixed by fixing

devi ces such as bolt and nut. If it is arranged that the securing plates 15
12, 13 are in contact with each other with the arm 8 stretched |l aterally,
the arm 8 can be held stretched laterally fromthe marker nmast 2 only by
fixigg both the securing plates 12, 13 by fixing devices. Conversely if
the fixing devices are released, the securing state can be 20 released,
allowing the arm8 to be folded at the poggion as indicated by chain |ine.
Further, the securing neans 11 as shown in Fig. 13 is of the color type in
whi ch a cylindetGeingofisand 13 25 reléhbed @pokheheuhengeelOpheny abnighe
arm 8. I f {he cylindrical body 14 is slid so as to cone to the outer
portion of tharhi 8gsard beafolddidc atethbyhihgenl 0 ipwrtiidie aar Aindicated byel d
stretched laterally fromthe marker mast 2. Conversely, if the cylindrical
body 14 is slcbais iLidecineshch &f Bigsd 8, e f aovd B8e p@busi okthengpeat ed
by chain Iine, the above fixed state can be released, allowing the arm8 to
be fol ded at Pueyhioage he peldd ;s afleatisgt @p byhe hgeker purface for

It is noted that the nmeans for securing the hinge 10 so that the arm8 is
stret chedS| at EPULNRg Kasthrelpstallation point, which is advantageous in

transport.
-

The securing means 11 as shown in Fig. 12 is of

the so-called flange type in which a securing plate 12 such

10 as a liner is fixed at the base of the arm 8 by welding
while another securing plate 13 is fixed also on the marker

mast 2 side by welding, both securing plates 12, 13 being

brought into contact and fixed by fixing devices such as

bolt and nut. If it is arranged that the securing plates

15 12, 13 are in contact with each other with the arm 8

stretched laterally, the arm 8 can be held st

securing plates 12, 13 by fixing devices. Convyié¢
" the fixing devices are released, the securing s{gh
20 released, allowing the arm 8 to be folded at the

portion as indicated by chain line.

Further, the securing means 11 as shown in Fig.
13 is of the color type in which a cylindrical body 14 is

25 fit_ted on the outer 'periphery of the arm 8. If <the



exenplified by referring to two cases, but the securing nmeans is not
limted only to these. 15 On the other hand, the blade 9

attached to the end of the arm8 is preferably variable in its overal
This is to allowthe |ifts [err] which are one of the elenents for

ar ea.

z
. i

restoring or preventing the spar buoy fromits inclination, to be easily
increased and decreased after 20 the spar buoy has been installed. To make
the blade 9 variable in its area, it is proper to divide the blade 9
two sheets as designated by 9a, 9b so that with respect. to a sheath-1ike
bl ade 9a 25 another blade 9b can be 2R d as shown in Figs. 14 to 1
In order that the blade 9b is slid with respect to the sheath-|ike bl ade

Q9a, it

9a and wirthin the hollow arm 8, and a hal fway point thereof is secur
5 rod 9c @ontierofeiths hingehlOras indheated Py ighain limey. the amm| | ing
e 9b to -

ei t her

one of inner portions 15a, 15b of the wire 15 allows the bl ad

be slid wi& icanhrheld stretohed nlaterablygron the mazkerhmagterZ
of the blade 9 can be easily changed. 10 Fyrther, the bl ad can
with resp&QAPYIFIHY s %FH??/FKEgﬁaﬁggaéabﬁagofgyi%@é&r‘f id g"‘%gﬁ -
the st'?at_ Q)-}l Isko :PA affng afgbg_etggd pso%%.ucri'or}p :J.xlxdgléé)‘t(:jedl Ggy Oghain_. '.fl._:li'.ne ,

10

15

) .:20

25

the above fixed state can be released, allowing the arm 8

to be folded at the hinge 10 portion'as indicated by chéin

- line.

It is noted that the means for securing the ‘hinge

-10 so that the arm 8 is stretched._ l_é,terally ha_s__ been

exemplifiéd by referring to two Casesﬁ but the securing

means is not limited only to these;-_

On the other hand, the blade=9_attached to the
end of the arm 8 is preferably variab;e in its overall
area. This is to allow the lifts';u;,lq, which are one'of

the elements for restoring or preventing the_spar buoy from

‘its’ inclination, to be easily increas.éd._and decreased after

- the spar buoy has been installed.

To make the blade 9 variable in its area, it is
proper to divide the blade 9 into two sheets as designated
by-gé,-gb so that with respect tb a sheath-like blade 9a

another blade 9b can be slid, as shown in Figs. 14 to 16..

. Py
|ntqb¢

6.

I s qyldpeirideall bodywlde isb £3idr sangal vt bomet Mo stheat loutide bl ade

ed to a

| area
e slid
16 on

-

+



t he other blade 9b side, as shown in Fig. 15. That is, by 15 renotely
controlli-ng the cylinder 16, the blade 9b can be slid with respect to the

sheat h-1i ke bl ade 9a, al he blade 9 to be changed in its overal
area. Further, the blade 9b can be slid 20 the sheath-like blade 9a al so
by conbining a spring 18 as shown in Fig. 16. That is, one w S

arranged within the sheath-like blade 9a and within the hollow arm 8 as
showy=in Fig. 16 (a), and its outer end (right-hand end in the figure) is
secured to the other 25 blade 9b while springs 18, 18 are interposed

-bet ween t he bl ades 9a, 9b correspondi ®f t-0 right and left sides with
respect to the wire 17 as shown in Fig. 16 (b). Pulling the inner side of
the wire 17 all ows the Bhadedelr tthadl ithe bihddgo9bnie sRddswdihhziespedt ade
9a against the urging 5 force of the spring 18. Conversely, |oosening
the wire 17 atbokbet abepthddike bdade| %R, akll igo prprey theat omeaming XS

bl ade 9a by the urging force of the spring 18. this arrangenent, the

bl ade 9 can bdseasFrypgefaniEhinnthe sShrathtliks é@a% %2 ancbWiFHe fded
moor i ng. r 0pesNBALCHaSE foh Bt & PRYIHBTNPOLDE EhETPBRer o REeRE ot E o ker
mast 2 in é herggd'bgl ogi _Eggt tia'gﬁe¥i81§des t'@lgz,kli:ec:ir te‘é:%mple as shown in Fig.
14. Pulling either one §f inner portions 15a, 15b of the
wire 15 allows the blade 9b to be slid with re-spect to the
sheath~-like blade 9a, so that the overall area of the blade
9 can be easily changed.
10
Further, the blade gb can be slid with respect to
the sheath-like blade 9a also by securing a cylinder 16 on
the sheath-like blade 9a side and securing its rod 16a on
the other blade 9b side, as shown in Fig. 15. That is, by
15 remotely controlling the cylinder 16, the blade 9b can be

slid with respect to the sheath-like blade 9a, al

A~  Dblade 9 to be changed in its overall area.

Further, the blade 9b can be slid v

20 the sheath-like blade 9a also by combining a X

. spring 18 as shown in Fig. 16. That is, one wife

~ arranged within the sheath-like blade 9a and within the
hollow arm 8 as shown in Fig. 16 (a), and its outer end

(right-hand end in the figure) is secured to the other

25 Dblade 9b while springs 18, 18 are interposed between the



15 nooring ropes 6b, 6b attached to two nooring rings 7a, 7a of the sinker
7 sunk at the sea bottomat two points planarly 90 degrees away fromthe
two nmooring ropes 6a, 6a via a shackle, and one nooring ring 6¢c for '
indirectly coupling the nooring ropes 6a, 6a, and 6b, 6b, each two in 20
nunber for upper and |ower ropes. Wien such a nmooring device is used, the
spar buoy installed in the seas shallower than 20 min water depth result

in a smaller natural period of Mbode 2 (yawi ng as shown in Fig. 6), -ﬁg
approachi ng the wave period of design conditions (e.g. 8 - 25 12 sec.) to
enter the resonance range, in which ¢ase yaw ng - 23 - may be increased.
According to the preferred enbodinents of the invention, there is =

of fered alLadesnvagedbhebricbepdpdingldo Ayl @ndi lgfsupnaessod v :
prevented frominclination due to water-current. resi stance when install ed,.
whi | e t heregpecbuby the wliize BF aspmheseedr igMle (band Fuddihg/awi ng as .
wel | as such yawing that the spar buoy turns about its center -axis. The _
enbodi merthe ofnner Sidaaf thewixe 17 elliows $hecblade 9 Foashigdiecan be

fol ded at the hinge 10 portion, the spar buoy can be held as floating on-

the\Mneﬁa@®rgacénﬁ&’ﬁhﬁM$EPa¥hrléhe Pﬁ§@9H%§|§9F1QRﬁ nthe WFGIRG i s

hlghlg advant ageous in terns of  transport
force of the spring 18. Con ersely, loosening the wire 17

‘allows the blade 9b to slide and go out of the sheath-like.

blade 9a by the urging force of thewspringeis. "By this

¢

~arrangement, the blade 9 can be -easily -changed in its
overall area. i
10 |
It should be notedi3that the mooring device
designated by number 6 in Fig. 8 comprises two mooring
ropes 6a, 6a attached to two points of the lower end of the
marker mast 2 in the radial direcfion Vié~a Shackle,-two
15 mooring ropes 6b, 6b attached to two mooring rings 7a, 7a
of the sinker 7 sunk at the sea bottom at two points
| planarly 80 degrees away from fhe'tWé'mooring.ropes 6a, 6a )
via a shackle, and one mooring ringl_ [ foi indirectly
coupling the mooring ropes 6a, 6a, and 6b, 6b, each two in
20 - number for upper and lower ropes. - when ."such.. a mooring -
device' is used, the spar buoj installed.-in- the 'seas
shalldwer-than 20 m in water.depth'result ih;a sméller | 3
natural period of Mode 2 (yawing as shown in Fig. 6),
approaching the wave period of design conditioné'(e.g; 8 -

25 12 sec.) to enter the resonance range;hin_which case yawing



The enmbodi nents offer a further advantage in that the spar buoy can be
easily adjusted so as to be suppressed or prevented frominclination, only
as required, by selecting the area of the blade 9 after the spar buoy has

been installed, which allows the structure to be downsi zed. 24
C L M Sdainms 1. = A spar %é having a stabilizer conprising a
buoyancy body provided hal fway on a mar K& “mast, the bottom end of the

mar kg nmast magi bg Bdapeededo be moored to a sinker sunk at a water bottom
by a mooring devi&éerdif obUQMﬁ‘QCy ? %r@ gng e%i%&cﬁ‘énétpts heg te& e
e mas

that the water Irne cone% h mar er ove 1 he’ oyancy
bady, at | eiBventibony n%heﬁﬁtb%d?ééel'@d peAvantige dihaththe spam oter

fromthe magkgr baaéasbzboyupPeeagauaaey predéntadd rRoad endAiREtith duend

portions of the SO t t he bl adeS_ i ncli ne wnwar d .from. i nner edges
Do buter oUbRCwBEerPEuRPaRETaELRtPBERCHbEPy IPRELRE,  Wdrion e %

angl es bet V\becytdsma s so el shippresadss from Modespaanau&ydéaallmmg as

ol i ng  nola 4 | Fuch, Se¥iH | e, he. il BHGSTRAMER (AoBbRUAYE' 1

hi nge so t heentér axisis stretched laterally. 3. A spar buoy having a

Elt Zg'e' : ge\r/aflsag: '.ghﬁeémwdfﬁéhﬂ?s Toffer afbEi& hdvintRgd 2l in ik Hidde
the long arm 8 can be folded at the hinge 10 portion, the
spar buoy can be held as floating on the water surface for
towing to an installation point, which is highly
&“‘ advantageous in terms of transport

The embodiments offer a further advantage in that the
spar buoy can be easily adjusted so as to be suppressed or
prevented from inclination, only as required, by selecting
the area of the Dblade 9 after the spar ‘buoy has been

installed, which allows the structure to be downsized.




4. A spar buoy haviing a stabilizer substantially as described herein
with reference to and as illustrated in flguresei to 3, 5, 6 and 8 t0~16 ~of

t he acconpanyi ng dr aw ngs.
LTI
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Clalms
1. A spar buoy hav1ng a’ stablllzer comprlslng a buoyancy

~-r

body prov1ded halfway on a marker mast, the bottom end of ]
the marker mast belng adapted to be moored to a sinker sunk >
at a water bottom by a mooring dev1ce and the buoyancy body

being pulled in' the water so that the water line comes.
halfway of the marker mast above the buoyancy body, at least

two arms, extending in opposite directions to each other

from the marker mast below the buoyancy body, and blades
provided at end:pertionsaof.the arms, so that the blades
incline downward from."inner 'edges to outer 'edges Of the U
blades with respect to the arms, thereby forming angles '
- between the arms and the blades. ' ' '

2. A spar buoy hayiﬁg a stabilizer as c1aimed in claim 1,
}whereln the arm comprlses a hinge for foldlng the arm at its
base portlon, and a securlng means for securing the hinge so
that the arm is stretched laterally.

3. A spar buoy having a stabilizer as claimed in claim 1
or 2, wherein the overall area of the blade is variable.

4. A spar buoy having a stabilizer substantially as
described herein with reference to and as illustrated in 'QJ
~figures 1 to 3, 5, 6 and 8 to 16 of the accompanying :
drawings. '
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