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Apparatus and Method Field of the Invention The
present invention relates. to a method and apparatus

5 for stgbilisifg .essel such eiessel .
Backgrousj? T St oSt 3 %rs
(gyro stabilisers) have been used for many years for

Riled dpefptbesInvertigfl [ i sing marine 10 craft, and in

rt egls Lof a
1 S MG AP e Sbamitlag (2RE PRt us

f@y:r ctebpéiasng a pesssdeale scb@hl @é mnmariee vessalpply an
internal torque to 15 oppose roll notion of a vessel
i nduced by wave action. The basic principle of the
Bie:\ldgrreumasofothenlmmrtitdme roll period of the vessel

t hat . l, t ct N
oRRPt Fror T 8t ng e Lo L ee) el Heen o peed
floavemanyolyegrar | 6dr oftlmoppuxpuaesel Y fl0s28bskloints, marine

N I e A

Hedled bt_s,;haavéﬁa(s'emmds the vessel will not resonate
Wi th a wave action. 25 One problemw th the passive
gyroscope is that in small craft it is often

o fidoal ischaibrngldgestbe pavined &f 1aebk Pilcsicdpet Nes a
wave spectrum | n additi on t he wave Sﬁﬁ?Ct ru changgsto

RaSSdviey 196 Ih et R eSERPT s tOp PPN Heatf HEE eFhi £OTY

Rt ively abtesnt g vavekssslih igliutba VY ewhve bact3tn.
even |longer. Later, Sperry designed an active

TN teSHiCe @TGPFORLBPRE W CRETART RS HE JyFbsRe tht 5011
PUBRE B PN REAvBEQ¥EdsbO that it would not interact with

periodic wave motion thereby avoiding resonance. Most
large vessels have a roll period of approximately 10
seconds, with the longest wave period being approximately
16 seconds. By extending the roll period of a vessel to
greater than 16 seconds, the vessel will not resonate with

a wave action.

One.problem with the passive gyroscope is that in small
craft it is often difficult to lengthen the period of roll
outside the wave spectrum. In addition, the wave spectrum
changes relative to the vessel’s speed and heading. This
can effectively alter the wavelength of the wave to be

even longer.

Later, Sperry designed an active controlled gyroscope

which forced the gyroscope into precession and proved to
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be2More etficient than the passi ve gyroscope. e
basic principle of the Speyry gyroscope was to apply
roll torque to a vessel in opposition to that induced
pRY rdi® VEME ciRfid Ahadr0 dHterSdysinRAUSErdRidpe . Thi Bhé Sbasic
known as a brute 5 gyroscope. Early nodels of brute
paynoipdpesfnthe FREEEY FIRSOPE was to #PPl¥ppPohchPrgue

th 090 4852e9%0f LBFofBstoPf thhansessehducéadphaddWave
spin rates. 10 Sunmary of the Invention The present

aictpiont iton tier eday glegiyes £O1provildd sanls dMAfhae a brute
f operating a gyroscope to reduce the adverse

> g&?%%%?ggéf wave notion on a vessel. 15 According to

the present invention there is provided a nethod for
rol | t 1,0 S ONRLLSi D8q HB t

e Bsrte T Ao e gvB o BolEs SRR P TRESS, P, BBF Y,
tdmess spproazBisgi d.0%r bscdpe’ nofinthe masa gEnbhe vessel,
havi n trunni on |s aligned in a plane containing
aﬁ%t#’gﬁ gf’was’ag%s]é?@éc%r'eat ed by wave notion that is

10 desired to be controlled; spinning said flywhee

Esabout a p'H a iéé sensing said notion of said vesse

® -ﬂﬂﬁé&—@—&é—ﬁﬂmw ng a wave slope; and, on the
s ofsei d feresd omt ives  apgielioppda fios ceprapbde  an
the trunnion axjs to the gyroscope in a directjon so
alirernaseqd Woﬁe BP%H?]'?: 9 a8r EYFOSGEPEor uer%\ﬂf%% the
ddveraRpkifedcts 6fiwhwesmtlionnon aaneeseln urge said
vessel to :

15
According to the present invention there is provided a
method for controlling the motion of a vessel comprising
the steps of:
installing a gyroscope having a flywheel in a vessel,
20 said gyroscope mounted in a gimbal having a trunnion axis
aligned in a plane containing motion of a vessel created
by wave motion that is desired to be controlled;
'. spinning said flywheel about a spin axis;
sensing said motion of said vessel caused by a wave
25 having a wave slope; and,
on the basis of said sensed motion, applying a force
about the trunnion axis to the gyroscope in a direction so
that said gyroscope produces a reactive torque which is
applied to said vessel in a manner to urge said vessel to

30 follow said wave slope.
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ccording to the present invention there is turther

provi ded a net hod for cont ré)l_l ing roll notion of a
vessel conprising the steps of: installing a

EBdoui e LB Sghd VBSesint Sal g dWiRICORPere NAY NGudther
spin axi's in a vertical plane and nounted in a_ginbal
Hraviidgda at merthiodn faxi soaltirghdénat Kaht t mekienyefsa| vessel

ﬁiog@)sfjiggnglolcheng%%gg;ﬁ: said vessel caused by a wave

I'ng a“wave and, on the basis of said sensed
not | dnstappingng ayfoseepe 1N tspighiwesPelos seid gysgscope
the trunnj axlp.i 0 _a_di N teh j :
hgaﬁlggcoljageérg%d%%gss gnr gac‘{eﬁ:\%'ct% ?)'r (ﬁ%{%n\/\h?‘%%ds iq\lsl&natpep i%e%l a
dimkedi Bavésgedh trumnimmestist elighedsathivarssia yessel;

fol |l qw_sai ' 0 n

i nve teflor%ngher\éﬁi ?o?:ﬁ?)phéo% %ﬁ%?‘}a%%eté rréeétlﬁsoeg{?%? & wave
Heoriingolal wagepslope nodndyn of a vessel conprising the
steps of_: installi a .qyr.os e in.said | ai

gyr oSBog&e RAFLRg ogg sspﬁlglyasﬁn%%fgn mgt\}érgfi & ?ig?% egaggrce
tusdatl gyrescope cawhal tieyi bgumnicrunmtion axi a aiirgoedon
fore and aft of said vessel: sensing.pitch notion.of .
Orhatosear eueadony BEaRues TAIHE FeupeBrophidh 1o
L1 e dfiasivesekelsdnd asaanadrnebi @bllapplivi Rgsael to
force 25 to said ggroscope about the trunnion axis in
o ldigveseitdnwa¥s $HaPSsai d gyroscope produces a
gyroscopic pitch torque which is applied to said

vessel in a manner to pitch said vessel to fall ovg
Aqaqrdidge $Popéhe30PAEEBRHI P Y RIRD pilideasy is further

pIBAAHOR rchBbl £SrPEBHEESTL Bhg Bt nfoticnonifr @ iesgel
the notion of a vessel having an :
comprising the steps of:

installing a gyroscope in said vessel, said gyroscope
having a spin axis in a vertical plane and mounted in a
gimbal having a trunnion axis aligned fore and aft of said
vessel;

sensing pitch motion of said vessel caused by a wave
having a wave slope; and,

on the basis of said sensed motion, applying a force
to said gyroscope about the trunnion axis in a direction
so that said gyroscope produces a gyroscopic pitch torque

which is applied to said vessel in a manner to pitch said

vessel to follow said wave slope.

According to the present invention, there is provided a
method for controlling the motion of a vessel having an
athwart axis and a fore and aft axis comprising the steps
of:
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installing a gyroscope having a flywheel in a vessel,
said gyroscope nounted in a ginbal having a trunnion
axi s s nRaL | £ $og3gﬁ?ségpe5%adu§bhwarftlyﬁﬁé§laﬂﬂ Eo'irgssel,
and aPt axis “to control notion of said vessel
sabdutgylrnécgphemoontgdsandaaghmha% BRVEngng FepBnheRy axis
pgrrg mﬁéhs gegﬁ%aofdsé’ifd%af@tdﬁ% %Rl #BBJafa th axis

eel "about a spin axis; sensing said notion of
ts:alabnte:svéelrociausm:tlw @fveseid eedse] bente Biopether of
AN 49,801 08:038h8 ¢b,8ahflaseReCd D! jOHer 4004 YED Iuve
gyroscope in a direction”so that sa
ng&uoscope produces a reactive torque which is applled

to said ve i er, g i wessel to

fol | 3RMEET éév\/a?/leas 131623%%'1 bégte% ergrl ptsle'on of the

Dr awisegsiAg eabddmoenbnobft lsaigh esmsteli maaseidobwi 4 | wave

ow be descriped by way of exanple only with

hPQF@Peﬁcg ¥o $nePe’ é%%ﬁpanylng drawi ngs in which:

Fi gub® Yhes basishefatsiaddr epnssdnmation, oépplmemqnoal 6brce

20 co(%rollln roll _nmotipn of .a _vessel. in acc ance

50 t$PYhe9YHPR ‘%ﬁ'ﬂ H’\vé‘ntcf CHEOR, 5P oHhat s%%‘%e fPgeore

ﬁﬁﬁ@ﬂ%&%nbakbﬁﬁtﬂ§eth@rqm@twﬂfuﬂI1§1dyﬁmueantbosaeﬂ vessel
plied to a vessel by wave _npti fnd an enbodi

i3f % MENBEEs At LFIR GiRibTe 56 L guT 8L "5 Guope-

notion of a vessel and associate gyroscope i n which

the present nmethod is applied to reduce roll of the

BﬁiﬁigpesﬁﬁHPtF$ﬂlﬁﬂ=§hq rawdRgSmati c representation of

xh CQﬂﬁiialmeHEChaﬁ|Sﬁhésegréébﬁﬁ1fﬂﬂ%@ﬂtﬁ%ﬁt @ilthenow be
resent invention. .
escribed by way of example only with reference to the

accompanying drawings in which:

Figure 1 is a schematic representation of a method of
controlling roll motion of a vessel in accordance with the
present invention;

Figure 2 1is a schematic representation of the
interaction between forces applied to a vessel by wave
motion and an embodiment of the present invention;

Figures 3a - 3m depicts motion of a vessel and
associate gyroscope in which the present method is applied
to reduce roll of the vessel; and,

Figure 4 is a schematic representation of a control

mechanism used in an embodiment of the present invention.

Detailed Description of Preferred Embodiments

Figure 1 represents the vessel 10 to which embodiments of

the present method for motion control are applied.
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Detail ed Description of Preterred Enbodi ments
Figure 1 represents the vessel 10 to which enbodi nents
of the present nethod for notion control are applied.
WB9a3ASa38e [ http://ww. getthepatent.conl Logi Ber/au2004/001271
dog/ $sandy. r obb1/ Fpt ch/ WD05028295. pc?t ool bar =bot t onpnu
mFW005028295part =mai n] Page: 7. of 24 WD 2005/ 028295
PCT/ AU2004/ 001271 5 Installed in the vessel 10 is a
Hete3aere i havi Resself | yohesl d4qppustegef Q2 having a
rotation about a vertical spin axis 16. The gyroscope,
flavheedpuht e@orAtadgitifal TerRELOBhBRAYE hivi FgtBical spin
i on axine 1@, MYcdped M2 his RAuhked! 3h % egbpeh®Nhot
I's mounted athwart the vessel 10. The ginbal —al so

shewsdr thavid ngotiort uaedoshawAy fl8r widichi Ag tthd sf IRpRtdemlar

ebo @t id atMlattt R d lyvadigal @n rehat @imbal
wth the ginbal. The entire systemis securely
atmmntsawpogtishe mpEssel(nab. showsenter Lriyinde theudilygheel

€%1¥9r£ﬁg§ EQC?%heﬂﬁeinlbﬁ ¥ﬁésgh¥wﬁ9eﬁsc§ﬁlEo@ﬁtgnwith
e gyroscope to neasure the notion of the vesse
tie dgimbalsensthes QGingy systemstisofsegzuradyetmpupted to the

JAglhuggnt s i ncl udi ng accel eroneters and pressure 15

transducers. The sensed notion includes notion and/ or
pressure generated by waves (which will have a

Qrresp ing wave,sl ope) n l.se includ :
ST A A% SRR RE) e ot adaohlr oH R VedRer
Meseelweld iast enhathe wytbseopavE? tdianesense $h20motion of

rovide 20._.signals commensurate with t.he resultant,
Sl i Ot ahe. SBANRES i 6 ey cohsidt, E &, vadigty of
GEEhtisn t Umtledihyol s adcee egymetprecesandn eigrie@kure
by braking or by forced _advancement _abou

{ t the, dq/

USRIExi s 1@Cof SEPREYyFO5LBPe HWFLudesy BRTER | GRd/or
prttisuRUSegehbLatyd 0OSBYPe ddvéd prEwidd a w2blreamdvee a
that follqws the slope of the wave inducin t}Pe rol | .

HF LMAEHBGucEVE h ) oreBAQ/MRY [ I8 aPRTTEF ppotion
caused by a propulsion system of the vessel. When the
vessel 10 interacts with a wave, the sensors 20 provide
signals commensurate with the resultant vessel motion to a
computer. A processor such as a computer in turn controls
the gyro precession either by braking or by forced
advancement about the trunnion axis 18 of the gyroscope 12
in a direction that causes the gyroscope 12 to provide a
reactive that follows the slope of the wave inducing the
roll and thus reduces the motion and/or force applied by
the wave. This is in contrast with previous known methods
where a gyroscope would be used to roll the vessel against

the force induced by the wave slope.

The interaction of forces applied to a vessel by an
embodiment of this method and the wave action is further

shown in Figure 2. The reference number 10 depicts the
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nmet hods where a gyroscope would be used to roll the
vessel against the force induced by the wave sl ope.
i eraction of forces applied to a ve

‘gﬁﬁ@éﬁ#g% of this nmethod and the wave acti ogéfﬂAU%“ﬁd}m
further shown in Figure 2..The reference nunber 10
depicts t he W05028295

;Idg R thenatients contlhogfy deg¢SsgBd¥tion 19 and

Fetch V@05028295 cpc?t ool bar =bot t onpnuNFW 05028295
mabemdi0 'Pagrigtsf the peeikdos/ 0282bhs Vessel at a future
01241 6 he ,v

currg#%gagéglpgélflohﬂ%% gk88s8%%% 12 @ﬁ? ?%?gn?hgbout
veodiitdadn asfist Bé apdswbunted irmmr@mhﬁdvélqo'dsngt iapn athwart
t@:&n&%&ogﬁgge 182 '% n% Faﬁéé‘ﬂs P Yot Vcetr tt'h%almto@iloﬁ 58 and
and noun in-a aving an at h runni on
faxices1 ®n Tihe smrmls a3 tdet artvet tp@sncmnpon cbhngad from 19

S5 G I PR AT E iR

ing 1n orna i on orostgnal’s
tfheonsenddms smorsore scantadentisen evappelt oa appkge aabontethe

about. the .trynnion axi.s tq ca gyroscope Lo,

RSP aé‘lFord’uecaﬂ?eTt?’ﬁatgy&% %SPE %onér? 3t galhSEIue

T hthatesteds tim folmanmeirheco sdatmme thet heswa\letancfotmme the
0s 10'. houl d _be ed that th

SR St (K8 AT 147 BB R O: PORSERGRY A0t at i 47 SRR be

ritddetrassethéte PRIt | SuSstldhtaiy 110" no amaxtcttgrretnﬁroe or

t he vessel cannot resogate mﬁtE the way e

hydrastatb6ditRERres 6P the grsse nPé?ﬁtlFBﬂnﬂa\{B apfle10"

&id eche Ml rS@ISERE HRBsAY! QS60BE tﬁésﬁi@ﬂ't)é tWrieth® wave.
cause the vessel to follow the wave sl ope, .the vesse

Bt hovefine ofBPediment s nef wabe Ré’eﬁﬁ?t:elm\mﬁt:mn have

érteeqefﬁéatttse VRESRlg 1hdr gpRYEcHPEr BbeSapPly 20otdue to
wi || be appreciated that the application of the force

R the teasedi die Baldovsthe we¥gosderee the yessey can

x{%oécreslgésic;rr]ﬁ%evgﬁ%ﬁl tHe Wabvk GRUSRItERE GNa@SFREuiidcOthe
§253el 10 or wave operates at.

It will be appreciated that the application of the force
about the trunnion axis 18 in response to the sensed roll
of the vessel 10 will cause the gyroscope 12 to process in
an arc 22 about the trunnion axis 18. The gyroscope 12
will move through its precession arc twice for each roll
of the vessel 10. This is also to be contrasted with
prior art gyroscopic stabilisers where the gyroscope would
typically precess only once. Accordingly, the gyroscope
12 will produce twice the gyrocoupling torque as a prior
art gyroscope and therefore need be only half the weight
of a prior art gyroscope to produce the same overall

torque.

Page 8 of 24
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runnion axi
25 wll nove through its precession arc tWI ce for each
roll of the vessel 10. This is also to be contrasted

WolkbosoRbb9r art gyroscopic stabilisers wherepbhgyg01271
gyroscope would typically precess only once

Accordingly, the gyroscope ;12 will produce tMAce t he
gyrocoupling torque as a pr? or 30 art gyroscope and

Etl r%fOffaneedsxped@ghxthadﬁetEEfa_A@t gbt ©fe amQ'i:hBEl ¥t a
oscope to produce the sane overall torque. W
Each of the figures depicts the movement of

”% 8%%%’2“”” 9P LRBPALAD! ofbagh N Ho0L AN dYad DBl
Wpisnealtba leabbt £ bapne VO 0502BY O SinditcaggisnthRageldofangle

2829 71 7 pid -
a2 %%’é’%%lo L A N
thechrofl tde thgurvessebpilft sebicbeppeematingfn ¢fhe3®.  The
B ' ) .
TSRkt n A A g FBey B FEplt b WRUC ofRbbffbe 17 and
mmgio&e& dthet eroveggdle MY fpmenessd onewhiichl valriebi dpatesen
3a - 3m the roll of_the_vessel. 10 reaches a naxi mym

390 °3 £rPRe TheeFBEFLCRL - | nlit cBRALY IRP gt o SoPTeTe us Ly

nBHARRE - khaANd tHr e% sddpe art2 angbeeof PhE68§RI Ots
whi ch vari es between fromthe vertical. It shoul d

DREGeASAON 28T Gr dWileEs| $010 aRsh | BadY tIfat thee vessel 10.
CORe RV &3 Joldr ah 1<t SepREEEAS ELLN a3k avEWSAS
?’%r&Zagh é%l wgf theoygsse 1ls. e,p\%ve" 'S tﬁe vvf‘irves pe
fotaapd “ate 6s depicted for a wave slope fromO to 6.
15 In addition to roll reduction, the nethod may al so
be applied for the purposes of pitch reduction and
Iant addbt bem hitieg ambil emldgenéynst gdvel ngethod r bt | dkse obe
i t.Gh 1 cti.on, nnj gngd f -
L i e e
bnbadiran\geraricbaémeﬂgepxh@mesté'eemgasuI tIahtml:art:pu?e'l i Bo pltCh

Ield ntfy %1 tgkﬁ.ﬁgfggpgxn.&zlé/ﬂscrhlvf eda%lr%t a'n'& aft of
proCess 1s 1o "provide gyroscopic

ﬁhécﬁbﬁsﬂkumntﬂutmethesagis106mhbmbin1ng in the vertical
plane. The resultant torque is applied by the gyroscope
12 which will assist in reducing pitch. The process is to
provide gyroscopic pitch torque to the vessel 10 which
then reduces large fore and aft accelerations known as the
“hobby horse” effect. Again, wave following techniques
would be employed to optimise the action of the gyroscope

12.

The gyroscope 12 can also be used to induce yaw motion to
the vessel 10 to provide anti-broaching and emergency
steering. This may be achieved by turning the gyroscope
12 so that the spin axis 16 lies in a horizontal plane.
The computer receives motion information from the sensors

20 and applies, via a motor or prime mover, a force

_..Page90f24
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n-Teduce ore a taccel erati ons Known as
the "hobby horse effect. Again, wave follow ng
t echni ques 25 woul d be enployed to optim se the action

\962663)%2&!(5 oscope 12. The gyroscope 12 can apgfabses/0271
used to 1 nduce yaw notion to the vessel 10 to provide

anti-broaching and energengy _ 30 steering. This may be
achi eved by turning the gyroscope 12 so that the spin

t®¥ofgh6 dHeEStHnRidIPr %08t als ptAneausd heheoPritdicope to
receives notion information fromthe sensors 20 and

PEpFiAes  aRALPPE IAbLoM L Z9NtRe MRIECOD at9 otBE vessel 10.
S%%?Qgézggnhht EBmpa¥aW. gett hepat efidy also be wused as

Logi n_dog/ $sandy.ro
lnﬁp/rmptenmve@wzszg@ cHeet semBUtehoifo TR WD sna8nEse

?agﬁ> &f 24 WD 2005/ 028295

t

%%T% U%O%; 001 8 through the trunnion axis 18 to
cause the gyroscope to provide appropriate horizontal

FR Xhd Oabbbe V3§§8£1&910n St g@r hAg 12Kk CQﬁiE’?éélated that

settlngs rmyaso be used i nformation Ejutsto
embvoddmeplsetoi hher peesent mqﬁfs:@n Fedyge ro ling motion

o%m% RIQaghi gy ethediye men% %fab@(@ daseriptd hhich

be "appreci ated t ments to the p sen
tiypieafllign isdbeeweer | Bng toot$on anfl xaresdel s©0 hyw thkéng

limt of the v sIo h al | yei t
oyfiecBeghiulf o LRS! AUbNUS, e il
tmmt |M1a:alﬂb;y\mbqahsedoﬂnl mh/er prass atrhawheypi galrbycopes

red in the rlor art, wher [oscopes,

:1 sfecr&?r?t &t° he diie nﬁ?ﬁog&{ ¥t her ﬁg‘? Lhgre
a&@ exberdyderdnans, fiﬂitu,s lthdumr\@dﬁdmgoothetlmdtérmla]l.s for
danmage. Install at of asstemlncor orati,n
dAM59&i- ment s ﬁ‘f‘ ?#el Tent SFnveft | O?P'?tg *% el d‘ﬂ%gﬁ?ratlng
cxibBdident8ndft BRe Sysésen € anbention tisonedativedly simple,
convenient |ocation wthin the nechanical structure

g t fReyeSYELR0. CafFheP et AR DR fies ™ o Yst EBPIVFPﬂlent

1¥ca@DnSRERAIhNEhe dhdharibaAll SH¥ef@fageof! theSvessel 10.
envi saged that relatively small gyroscopes of |ess
The method provides roll stability” at any speed including

at anchorage.

It is envisaged that relatively small gyroscopes of less
than 0.5 kg of the vessel’s weight could be placed in
pairs in one or more regions of the vessel under the

control of a centralised computer.

A method for controlling the motion of marine vessel 10
comprises mounting a gyroscope 12 in a gimbal and fixing
the gimbal inside the vessel. In one arrangement, a
trunnion axis 18 of the gimbal is mounted athwart the
vessel 10. Sensors 20 are mounted at various locations on
the vessel 10, as well as on the gyroscope 12 to measure

the motion of the vessel 10 including motion caused by
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pairs in one or nore regions of the vessel under the

25 control of a centralised conmputer. A nethod for
\98%({53542!»519 the motion of marine vessel 10 ?@FRB 0%%01271
nounti ng a gyroscope 12 in a ginbal and fixing

gi nbal inside the vessel._l4& one arrangenent, a 30
trunnion axis 18 of the gi al is mounted athwart the
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on the vessel 10, as well as on the gyroscope 12 to
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%§¥5§3$ either braking or advancement force
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wave acti on nals fromthé sensors are
prosces s bgeS%elcdrﬁautceerHenw i Bhe u$hom%nt>f ofBet yave and

zgerq‘q(%eesswg HotiBE QYT &0%5%1&%6 Yi NGrRid,Nene method

Ing or a vancemsnt orce on rosco e about
¢ahzsasr utrire ogyass$eopen e dapety i gﬁasti.*htat feonoe e§hﬁhe causes

co to p e 0 e [ 1
R EFORA (B £ PEGHIGE @he P8Eope Pot ORALCwalEd! AL on
the wesseh.i n Thésvesshice’0. hy"dh:mqurtalmcneahdd hyches¢atic

he rosco to_a ti ce that. cayses
‘{Perscs %feol Ivg\%Lg %e 1?3 1\_/1? %ereevva\r/%st ac%l ngpreq'%nt
ﬁébddEhC£E$EehheTNESSeEdMQesthdtmdyWEuas:imﬁhe precession
h drgstatic forces,on, the g ssel and. thereforgeacts
h

By T OSCEPGN Al e 2BPUY o SERIAPT 2RLT hé BueRd . e

Jd}ﬁ:ﬁla%essby)nbr@kiﬁ@eogylbgﬁcﬁ)@audZdﬁb%uh blye & rmotoonor

aX|s 18 can be controlled b ki ng or by bein
tdavent sy UMDt or BPESSYTiyr BGRT CLPERp. SRFaGYercver the
PHEtddJIRA iGOrdeHer@ear folie thar @easshen sltataaebelbed In
for the reasons stated below. I n one enpodi nent qSﬁéi;eto
I

Sr ARG IREBRanIRETS s dis&F kI Ipr BEFRRNTFR ich-

;%vlr&l tRd1en b aki it RGO FRE HIRKiAgt hechaniefl may
2 varl abl e danmper controlled by a 20 conputer, _for

Rk ethy EBFTOf Oford r JRFHAGLE \3@mRes neontrolled by a

computer, for example by way of controlllng a valve in
between the damper and an air motor, to provide wave
following. The advantages of non-linear precession over
linear precession are:

e A larger force applied early in the roll cycle.

e A greater usage of gyroscopic coupling in non-
regular wave patterns.

e A larger reduction in maximum roll velocity of the
vessel due to larger forces applied early in the

roll cycle.

Figure 4 depicts a schematic representation of one

embodiment of applying the non-linear control of the

___Page 11 0f 24
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éﬂé %%C%%% e¢£%%38¥fgaﬁﬂpsfléhésg§98§60p&ﬂ&E b&ﬁhlﬁ its

I'n an outer-casing or
cansdnlgoam ed Pordamrpert BOnshownatns tll.lseeApnm-'elOlZﬁ RorB and

pi nni_n hg f I s cted CI
‘frla%e§°?ﬁée§re€\é¥s}?%n % %éo ﬁe gydf oggor}e) 1 cﬁ@ the
ridrs-1licaairngodtrol anee PBeshowmnonnof htbe paspscgns 12.

. B,and _C_i.s .cou to th oscaope 24t
@rov‘fiﬂ%p?%e:ib of- | § OLé%rquon ?%?%5 Olp B&ﬁéeg’gﬁonao alve
(e ho W o setnieh 1are ffdsne sl}amzre)r \atﬁ)mls r@uphéelrvvthh gontrol

jr pu Vi a of _whi.ch _are,not.

T ubatenn REPEsProre ST s T grtdphition
fIHCAC QIR0 driReisVi2Ng t IThd rfompieirods fopemratkd senspegate

20. The conputer is operated to operate, . the, val ve
the yvalye ptes %Y it Brﬁ%“ff’arr'ﬁg?h%‘b tge sespese %(ﬂeto
ﬂEHVﬂdentheCO&bhgﬂlnéQrthééhﬂﬁﬂﬂﬂ cul am 1%HinRsSt paeeicular
the control is exerted by ag%%%ng a brakin forf?éﬁ(
inftapreoscopR EONtEBheVST | © d(ePHatﬁRPe'ylg’l% fecdn9
£d1R L ORl OkheangPeo PESHH dag.by apsh¥ieg, a Mon-alkiereative
force about the trunnion axis 18.

embodiments the control can be provided by applying a non-

linear force about the trunnion axis 18.

In the present illustrated embodiment, the braking effect
is arranged to be at a minimum in the centre of the
precession cycle corresponding to the damper 30 having
minimum extension shown at position A with a braking
effect at a maximum at the precession limits shown by the

dampers at positions B and C.

Modifications and variations of the invention that would

be obvious to a person of ordinary skill in the art are

deemed to be within the scope of the present invention the
nature of which is to be determined from the above

description.

Page 12 of 24



W005028285 [http://www.getthepatent. com/Login dog/$sandy.robb1/Fetch/WOQ05028295 cpc?toolbar=bottompnum=W005028295part=main] ___Page 13 of 24
B e B P B R Y PP UST A ed enbod et PHE Dr aki ng oo Fege13el2d

effect 1is arranged to be at a mninumin the centre

of the precession cycle corresponding to the danper

w8 20@Mhgdgs M ni mum ext ensi on shown at positi gprAv¥olfoiz7
a braking effect at a maxi num at the precession

limts shown by the 25 dappers at positions B and C
Modi fications and variations of the invention that

woul d be obvious to a person of ordinary skill in the
art are deened to be within the scope of the present
THEy ERAIME PREINEING, SEHE INVENFAONLARE A% FOLLORSS: ni ned
fromthe above description. W05028295

[ http://ww. getthepatet.conf Loain.dog/ $sndy. robbl/ Fetc
1h/ WB5Qretiesd c font o6PhaEebbind mimem-MobEeR 8k par t ¥AEFeL

: e+ 30 2005/ 028295 PCT/ AU2004/ 001271 -
5 phostelRieeeds T | NVENTI ON ARE AS FOLLOWS:
1. Aipethblingraceveestenadaiadns: ifldaywbeed dasgervessel,
S%Q.ﬁp%o@@oﬁngemghﬁeédoﬁh LngtAbhi NEa81 8" 9SEQRRNNAY Adis
a eel Tn a vessel, said gyroscope nounted In a
adiloiped Haviagplane ueenioninivics meftiqmeef i @ ¥epFahecreated
ontai.nj ng. oot | of \. | ccreat e notion
hé\"'t""%l’es{n g%?ﬁé%8¥%:ﬁ%q%§ﬁ%%§|Fédﬁéf%§§EB¥H%%% said
10 f | ywispéhnahgusaid splywheels absshsangpdmi akimt i on of

sai d _vessel caused ve _.havi Ve S :
® ona. SEREERE RRLRChoRMoR HH Sal AR URM Mg wave

Havitg at @asai slépenramd) axis in a direction so that
said_ 1 yroscope produces a reacti.ve torgue.which_is
applP@d%P% éﬁ?&svg s &% SENREn Ef8n0r§8gggfﬂgvgsggfce
oo fRlidowtsanfliomavexss open 2a Tdierewttived aecotdiang said
claim1l1, wherein said 2Q. nstalling conprises .

15 9OFRFEPRG SHCFUGHFode FRAHYR SHRAVS rwbnl%xf"gplled to
HiieRledlsed ahhwambnfiar dtyest@d .said.veBelmtiohddllow said

according to claim1l1, wherein said
wave slope.

2. The method according to claim 1, wherein. said
20 installing comprises mounting said gyroscope with said

trunnion axis orientated athwart said vessel.

‘_ 3. The method according to claim 1, wherein said
installing comprises mounting said gyroscope with said

25 trunnion axis aligned fore and aft of said vessel.

4. The method according to any one of claims 1 to 3,

wherein said spin axis is substantially vertical.

30 5. The method according to any one of claims 1 to 3,

wherein said spin axis is substantially horizontal.
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25 trunnion axis aligned fore and aft of said vessel.
4. The method according to any one of clainms 1 to 3,

xgﬁ%oﬁjoﬂzz&ai d spin axis is substantially Ve”'b(iﬁkuzoé%olzn
T to 3,

e net hod according to any one of clains
wherein said spin axis is ?%b_st antially horizontal.
W)05028295 [ http.//ww. get thepat ent _coni Logi n, dog/ $san

edy_. hohhdyried croYOQRNA8237 16l8C ?+6PI bacthoht oPNEMVERSe1
028295part =mai n] _. F:%ge 14 of 24 WD 2005/028295
CPOPLABRDO4F®195EPS of2 6. A nethod for controlling

rol | sARELPNIQE 2 ¥PSSRlopL AMPdaSidGrelsie15t 8R$d0Gyroscope
installing a gyroscope in said vessel, said gyroscope
hiaaingg 2a spim ads 1w a vertiecal plane and mowted 4 2
5  gdmb 1%3@@{19 hai Ahrfl Jrf 4395081 24hSd adinad abhwekbssel;
sal d vessel] sensing roll of sarfd vessel caused by a
waveskasing wollheeke sAisheressed, comsedebBadi ¥ave having a

S i and/orforces, applying a force to said
wt%?’%n%?(?ggéx%gd’l na direction so 10 that said

gyr osoopshepr bastes of raaid i vensedquwtilonc And/ applfpedes,
to.said ve in.a rall j d .vess ‘
aipgll g"\?vgsgﬁ o\%g\?encgl o%é’@%rlk&r%g?’hoad ;o(rjlnco%t‘rg% %I%Jgon so
10 thiattchsaint | gyradcaperesseducds sompricsing ttoegueepehigfh is

instal.ling a.qyroscope.in_sai ssel [ r

® FRIRG 5oosrAtLYRESeR shier Prfiay 8o R Safd nFEEeH vo
fallgwnbaldheavergslaoger.unni on axis aligned fore and aft
of said vessel; 20 sensing pitch notion of and/or
forces applied to said vessel caused by a wave having

7a wage mdthel aof, conttrbélbagi pidichsanstisensed ot vessel
and/ qr for a force- to said trunnion

ces, %I%ﬁidng
15 comprising Hpe oS that said gyroscope produces a
gyr 0$6ephtlphd CA §Prépteoptd Mhidid weapelli, edatia §grdscope
vessel in a manner {o pitch salg
having a spin axis in a vertical plane and mounted in a
gimbal having a trunnion axis aligned fore and aft of said
vessel;
20 sensing pitch motion of and/or forces applied to said
vessel caused by a wave having a wave slope; and,
on the basis of said sensed motion and/or forces,
‘ applying a force to said trunnion axis in a direction so
that said gyroscope produces a gyroscopic pitch tbrque
25 which is applied to said vessel in a manner to pitch said

vessel to follow said wave slope.

8. A method for controlling the motion of a vessel
having an athwart axis and a fore and aft axis comprising

30 the steps of:
installing a gyroscope having a flywheel in a vessel,
said gyroscope mounted in a gimbal having a trunnion axis

parallel to one of said athwart axis and fore and aft axis
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controlling the notion of a vessel having an athwart
axis and a fore and aft axis conprising 30 the steps
Wb200sf884284 | i ng a gyroscope having a flywheel pigag0041001271
vessel, said gyroscope nmounted in a ginbal having a
trunnlon axis parallel to;gne of said athwart axis
and fore and aft axis
SOEN2ESZIO[ Rb1D: hétwwn g6t t Sepit eaks&€DPMhbogt NtHegdbERaRd of
y. robbl/ Fet chNVO05028295.-cpc?t ool bar =bot t onpnum=W20502
gdgh pthwagithjaxispaped 91§ apd afip A¥ds ¢egsggted by wave
&eh/oaY2004/ 001271 - 13 to control roll notion of said
vessel about the other of said athwart axis and fore
and spinging geadrhtwihenl et RoSPA; a%hPhni ng sai d
fl yvﬁ}%%'s@ QoW 13 gwaoawo% sﬁajﬁfnééy&lsaaguggu 199 9f wave
sai d vessel” cause wave aving a wave sl ope;
ravinao®@ Mﬁ@ebaépsebfaQQM(j sensed notion, applying a
force, ghaut,aaid 4¢ LHHl'oO%e%e% 3 d ol f%gbv\gﬁnﬁo al BRbrce
sald gyroscope produceés a reactive tofqu
azqmm edatLd lorwmidnyesxes iim aarraqhxmcm@mr ge slehaxt said
E{roclclu%ssad d ?J&Vl%esu_oc?xec{ueg wlﬁ.&?t bgdaﬁ lied to
cor 0 any one of c 8

saasi a;idsseg, dnpa maphegytoseopessaid smsbaﬂesiswelﬁollb& said

nethod according to any one of clainms 1 to 8
‘%ﬁbﬁ'5|ﬁ§ installing a plurality of pairs of
gyroscopes in sald vessel 20 11. A method according
to claim erein the trﬂnnlon axes cgo 8

$he §yr 5‘?888@5 aaﬁ‘cé’r Pgll ? AMVealh® otheFlatds A

dBPg A6 iMC Ahdit AQ1 1Ny adpaine oFf o§lrasEbpédst On 1daid Aessel.
wherein said control is applied. in a non-Ilinear
manner .

10. A method according to any one of claims 1 to 8
comprising installing a plurality of pairs of gyroscopes

in said vessel.

11. A method according to claim 9 or claim 10, wherein
the trunnion axes of the gyroscopes are parallel to each

other.

12. A method according to any one of claims 1 to 11,

wherein said control is applied in a non-linear manner.
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