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- 1 - Vessel Stabilisation Apparatus and Method Field

of the Invention The present invention relates to a
woredokoeB29md apparatus for stabilising a vessel PEIYa2ms/001271

a marine vessel. Background of the Invention

Gyroscopic stabilisers (gyro stabilisers) have been

used for many years for the purposes of stabilising

marine ¢hatby 3RdliliBaEibhARbaThU Y ShAOMRRAE! f et S

suggested using a | arge gyroscope as a passive device
Fiehdopbdetheo Isypplkyoan i nternal torque to oppose rol

notion of a, vesse i ndu b ve acti The
ThE, G HFRE of IVRE &89|€e95%§ %o%%eﬁbtWSEgPﬁeiygflapparatus
fobPekita@iafi stihg wessekesostibat alst analdld neOtreisitear.act

W th periodi c wave notion thereby avoi ding resonance.
Most | arge vessels have a roll period of approxinately

Bac%g%%%@d%fl Wh%hIEQ%nlthgeSt wave period being _
By extending the roll period

Gy@bsaopessedtdlml Disater (Yhao lssmnlmlsersheh‘aeeseeee\ml lused
not resonate wt ve action. problemw.th t
FORasBIE GU TS oY s RRatDRFPSRAP | &F AREAH. I8 it efarine
crdickfi calhd 4o | enathamdhenpaniedial rold ewiside tde roll
wavé spectrum I n addition, the wave spectrum changes
creeketi by wavehectéosel ' s speed and headi ng. This can
effectively alter the wavel ength of the wave to be
even |onger. Later, Sperry designed an active
InCON$ @ | Ise,%lgmsw@@em@h dsdreedat Heagyy 0§9@pecopko as a
precession and proved to- 2 - be nore efficient than
paﬁﬁéVGaggeW@ygasﬁggr The @y an internal torque to

oppose roll motion of a vessel induced by wave action.

The basic principle of the device was to lengthen the roll
period of the vessel so 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.

OneAproblem 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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principle of the Sperry gyroscope was to apply rol
torque to a vessel in opposition to that induced by
WO b@snzs2es acti on to thereby reduce roll. This PGI/KHonm001271
as a brute gyroscope. Early nodels of brute gyroscopes
were | arge and heavy, at -tigres approaching 1.0%to
2.0% of the mass of the vessel, and had | ow spin
ber gloee. SEhin@ignof thhe theentdssividegpresenpei nvelité obasic
was devel gped to provide an alternate nethof of
PrERetRiPngla thfr cREHFY (B RFRRE (175 ol P BRRLYf FBLt s EgFaue
oV e ERLLAN Of RISV ion\CEr HHME t AnliiR Rl €5¢Ntthe wave
invention there 'S provided a nmethod for controlling
acthenntoi drhesfelsy vesdete coaphi- si MEhihelst &powof :as a brute
installing a gyroscope having a flywheel in a vessel,
IYEQPGECHYr oscope nounted in a ginbal having a trunnion
axis aligned in a plane containing notion of a vesse
created by wave notion that is desired to be
Eagdlit Pecleds; himritte %&F%S?PQQﬁeEPrﬁb&ﬂr%?sﬁﬂ% hgpgy, at
; Si I8l iI10Mme0fy Sap dyyvesge auysed. a v
tlﬂggiﬁggg%%§®§%§fgbg%°gﬁ%,ibgotﬁg gg%is of 2%?dt§%ngggsel,
andohadnloappbynngasiebor ce about the trunnion axis to
the gyroscope in a direction so that said gyroscope
produces a reactive torque which is applied to said
suMRase! ofntAemanRehtieonur ge said vessel to foll ow said
Wave Sl ope.- 3 - According to the present invention
Thehepgaseritur t ARVepEdORdedas neddivriloped cofOr ol PFPGLde an
ol | ti a_yes LS| ps .of..
al%ﬁg a iﬁ§g§%%§r8§c£§§%é¥%g§dgv :ﬁ§§%@%$d%8yﬁﬁ§§€§% the
adverse effects of wave motion on a vessel.

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,
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
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

follow said wave slope.
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having a spin axis in a vertical plane and nounted in
a ginbal having a trunnion axis aligned athwart said

WO emsmerg29sensi ng roll notion of said vessel capsEAUDNP4/@01271
wave having a wave sl ope; and, on the basis of said
sensed notion, applying a fprce to said gyroscope
about the trunnion axis in a direction so that said

Aceyrasagpe tpr odiires gresact | venveatgien whtkdrés appl ifedther
to said vessel in_a manner to,roll said vessel to
Pregirsd Sainpiad SPBPEONAELLldPFAg oSt OB ent 2 vessel

coing¥§§3}1|i§.r‘th€e%%e'rl?§ tyrther provided a method for
C

ntrolFing pitch notion of a vessel conprising the
st epasthllingt a Igympscapea dstopeid nveasel vesset, gyaiogcope

roscope having a spin axis.in.a vertical .plane and .
haffS i G SRS, GRaSal Thali H XA A B G Rb Y. i a
gifleee andiabt a0k rednd ovessels; agelsicnay aphivelrtnekion vefssel;

sai d vessel caused by a wave having a wave sl ope; and,
on SRESHASI SVl smPHIeRNnSEd SPHtd orcSappl FRrHGed fF ce wave

ha&gpggkdnggoggﬁgg;ag% t the trunnion axis in a

ion so sai d'gyroscope produces a gyroscopic
pi t oh todreqummants chf i saagplsieadedo mediidbnessmblying a force
manner to pitch said vessel to follow said wave sl.ope. .
LOASEHi FETPBCPRR FPESENt- VBRSO t RELE i pP ofitdEFtion
so@ tiRkhed iforg e dd b dheadd | pRaofiRe VESEQLichaNiRE is

an athwart aXis and a fore and aft axis conprising the
appilépsl ¢fo -saAid vessal | ingaangpnescdpe 1k ngadd vessel to

fh wheel. in_a vessel, said gyroscope nounted in a
foé'ﬁwaﬁaﬁngﬁgeas C&NTi on axi s parallel to one of said
athwart axis and fore and aft axis

According to the present invention there 1s further
provided a method for controlling pitch motion of a vessel
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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to control roll notion of said vessel about the other

of said athwart axis and fore and aft axis generated
whyoosarefot i on; spi nning said flywheel about BCEHAUZN04/001271

axis; sensing said notion of said vessel caused by a

wave having a wave slope;- and, on the basis of said

sensed notion, applying a force to said gyroscope in a

di reaktanisaqgt balgysaisdopyr 0saOpRy R ofiipaseal reacki vessel,

torque which is applied to said vessel, in a manner to
saiflggyFRisgopes SUnted ol oy gar@akad@vdfiGped BFpRpion axis

ption of . e '

pag?%%%%tkkngg%tf%ﬂ%ﬁﬁ%fw%OM/B@pdescrg%ggn%ygiaiﬁgfaft axts
toexamilrelontgl W nbtieheodncmid vhesatcebpahyithe other of

drawings in which: Figure 1 is schematic
safnPeluRtat I Orang nEPFEASBE Bkt AT P IHAE SR P vave
mo®fiod;vessel in accordance with the present invention;

Figure 2 is a schematic representation of the

i nt epapniibe BetdeéEhYIBEEésakppli edspénad¥eésSsel by wave

not | .%pgg ' t .of ' i en;

Figﬁg§§§§§ - 3m é%%c S ﬁgtf%ﬁﬁ%Pégggggsgﬁﬁgﬁg ¥ a wave
ha@ssgChatvavgysdspepeand, whi ch the present nmethod is

applied to reduce roll of the vessel; and, Figure 4 i

a sEReldS PVt Fenfatfofcaresd aatiay I ﬁsgsrce

tol 54y eghedirept ah the fresenion NYsnthar. Bt h9doscope
Descri ption of Preferred Enbodi nents Figure 1

prodpresent seilvg ives delral® twh i ches expobli edntg spidhyessel

._present nmethod_for notion contraol .a appli.ed, - -

inf RoPaRnEd F CRESEELEI VE55RL hogf PhecBpaa1d HAVRngLePe-

flywheel 14 nounted for rotation about a vertical spin

Brief Description of the Drawings

An embodiment of the present invention will now be
described 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 1s 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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axi s 16. The gyroscope 12 is nmounted in a ginbal (not
shown) having a trunnion axis 18 which in this
w@a0osiozazbar enbodi nent is nounted athwart the REBF8ER004/001271
10. The gi nbal al so supports a notor (not shown) for
driving the flywheel 14 soghat it together with the
flywheel can rotate with the ginbal. The entire system

InkSageedr ely et edstelt e vessed Y roSwges s120 deing a
nmounted at various_|ocations on the vessel 10 as well ,
flyyherlt hkd gyroudGse 127t oF Meisin®e @ROUDt forV BitidrRl spin
ax gssieé_ 1O.Tth1e ??gge[)ﬁeZQ%Ta SC%%r&teopfiﬁ ar ﬁﬁﬂaff (not

instrunment’s 1 nctuding accel eroneters and pressure
shbwafsduoansy dhersensen avisod 8 ndliesimothos saditdcular

ressure generated hy ves (which will_haye a .
BB Be N R aHI oS! BhB ey bhe EF 8l naPade Wagi gmbal
alSBUSRG It R AR oSy sdiesmef £H8 Messehg Yhen rfifheel

vessel 10 interacts wth a wave, the sensors 20

Lldprovideati ghaltoasdhesnsurid ethit B lvwheeds amnrovetsewith
not j.on _t.0 a L A_pL S e

enD YR o FRIDUPErg B0BRESY SO, SggBU ey cne

veBkehy 100qQr ced advancenent about the trunnion axis 18 of
the gyroscope 12 in a direction that causes the

gyroscope 12 to provide a reactive that follows the

Seﬁ%gfﬁ% ofo thee WAYEnt 8dUGENG NS U0l 1o AN diliSof efHEe S essel

the notion and/or force applied by the wave. This is

10i ascomrtllasts vt heipr eyyoescdkrowh? meo hodaswher the motion of
yroscope ul d,.be used to Il the vessel against.the

thg 4¢ okt

oFEESFtddded YT SRR & GPREY THROFRE br Et FoNaghety OF

inkereaenaRp! i ethéDudivgssebcbylaroppedismentamd thipgessure
met hod and the wave action is further shown in Figure

transpheerst.er entles nFEHSEA OMaEpPE siRGEudes - npjgian ognd/or
prggshqg Veaéﬁgrg&ea Cug§entw & po&h&hﬁ? 1%dﬁﬁg have a
corresponding wave slope) "and may also include motion
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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nunber 10' depicts the position of the vessel at a

future wave position 19'. The gyroscope 12 is spinning
w@bman2szes tical axis 1 and nmounted in a gi nbal PEXU2MY4/001271

an athwart trunnion axis 18. The sensors 20 detect the

notion of and forces on the vessel as the wave

position changes from 19 to 19' and a conputer using

pokftebfatdONties Fegralls it an thersppsaayecqusittor® 19 and
device to apply a force about the trunnion axis to

nughgge 10ne koD pehe oPgERELARe ) (toqUEIShatt agt future
' t ause fof | t hes

vebh REBI0S 00000 12, UEechebe [0 Y Ao Shout

vetrhataflhexd sarlé sutbtreountad yimoa hydnoaynbaivéngr an athwart

hydrostati.c f.Qrces_.on the vess t, positjions 10 and
try n,loﬁnaxtlﬁ.erlgbr 2T}f%es%%%%? %@nﬁ%?g?gsghgt QO&H)H Pife and
fowa¥e. ohhathd SveStateaenhadi nertes gfs tthieodr €s8figes from 19
i nvention have the effect of causing the gyroscope to

toapidy eBfque FEMBHLSE tWengesktefo¥matbrnown helgpgbs from.
I t i th
th%a %%ersovléf}gtgc?ﬁ@f&lgag {Jﬁ‘éﬁ{/cé 2@?”%5%,?” th 406 Wayg N0 the

requency wave operates
trahnibh wixils beo appuseei ahed gylratscolpe dppl gemdrabe ob ttherque

force about, the trunnion axis 18 .in response to_t
T B A b S RENREabe FEAS It e e h Eor Seddgy the

sléﬁet Q PRIESFavd ARdam6vE2 tabYs itthent i onTaxksok8d be
The gyroscope 12 will nove through its precession arc
notedcethar etlthreol arof sHestanslelll. rhi dyvidrogwenis or

e contrasted with prior art roscaopi c .stabiljser .
hy@ﬁglsga{tﬁg gf)e?rrocsecsop%l?v\%ﬁ?dvF 3S/S| cal y porselctelsosnson @ 8%%&10 !

anbCcCgrglidtd e the gysos€DPeahdowi |te kit e wiwhcetiide wave.
gﬁr ocoupling torque as a prior art gyroscope and |,
Thekerigfor 81 RE_d BRGHMPHS fof hEhGe PRSIt alpyebEiapt have

thQYFOPEOPE LF PLQGNERyt NeSag 0¥ehal! 4T diR1y %torque to
cause the vessel to follow the wave slope, the vessel can
never resonate with the wave no matter what frequency the

vessel 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.



10

15

20

25

30

Figures 3a - 3mdepict the effect of the nmethod on a
vessel 10. Each of the figures depicts the novenent of

wo b@swzesel 10 and the gyroscope 12 with wave PGL/ATZ04/001271
Under neath each figure the "roll" indicates the rol
angl e of the vessel 10 fromthe vertical. In Figures
3a - 3mthe roll of the vessel 10 reaches a maxi nmum of

FidurdBe 3gtter3mPadgiticatgs tBerpesi tdontbk th€thod on a
gyroscope 12 and noreover the arc angle of- precession
veghiedéh Mar i eSasht veenths fiismnare depickal ther mewement of
tnBS POLSC) 2R PLed OUnly BBRLLAREA 1Al [, ONERRCORR on.
2 noves through 1ts precession arc twi ce for each
Untiekrheatht bachefdeturt). tHaMe3 11’6 1 eatves stbperand angle

depicted fo ve slope fromO to 6._In_addition to
ofy dihe reeRRe oi,o ThethodVREY +5Pd0 beI%pEIlpélaeFo%’"’l he 3

thBUrRASEeS, of LRkt Gl dvduci § OReaBAeaNtd BhORGRIAGo&NB°,  The
emergency steering. In relation to pitch reduction,
lethert MPinilowlimatesigthe aPEghéanft ofe thivd @frostopdel? and

€ resultant torqde 1S app

+18YT @$6RPenL2 veltiGh W | | Bssisduid Bedystad, PhtChreth®usly
process is to provide gyroscopic pitch torque to the
mengsonkdl0 thdth then rathessdear gb2 fomevasd afirough its

accel erations known as.the "hobb rse. effect,
PrRGEF RO eV aE Fol TGN g RBuh PG des Lot & be Wil Srs ¥ 10-
wwapkimise de wsid os1obet BRAOYEOSRPARtEY e gywaseoreope

12 can also be used to induce yaw notion to the vesse
frem fo pPobi-de anti-broaching and energency steering.

This may be achi eved by turning the gyroscope 12 so

that the spin axis 16 lies in a horizontal plane. The
Incompdieton eds veslint reduchfon patilen fmedhotihemsensolrse be

applied for the purposes of pitch reduction and anti-
broaching and emergency steering. In relation to pitch
reduction, the trunnion axis 18 is aligned fore and aft of
the vessel 10 with the axis 16 remaining in the wvertical
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



10

15

20

25

30

20 and applies, via a notor or prine nover, a force- 8
- through the trunnion axis 18 to cause the gyroscope

W e00pz82dtie appropriate horizontal notion to tPET/XEI®E001271
10. Steering and conpass settings may al so be used as
information inputs to the gonputer in order to
maxi m se the anti -broaching effect. Fromthe above

th@6686hiI RHONLruhnwohl deiaippectat eduskat teabegiridpe to
to the present invention reduce rolling notjon of a
Proesdel aRPEPEIRES | PrPﬂflépnitﬁé v%&%l%fPogé’ Whe ciyessel 10.

[Ty d d b
Sté¥9&ﬁ§ %'ds I'n partlc ?ar8$ly§ﬁp %l%% kmySInged as

gyr oscopes, eel s, | ower nass
1nfbmnatypncalﬂgutr$qt:or déchd ncohpupeicorimar ord/her g0 maximise

yroscopes apply farces counter to the roll notion
th%u?PﬁéF,rPﬁgﬁgnérsgﬁs gXternaI fins, thus reducing the

potential for damage. Installation of a system
i ncor porating enbodi nents of the present invention is
Freg| axha/eayogwpietscralrmtﬂt% st et danPBe gRI¥IaGigHeA | fhat

n ni.ent [0 ﬂk%¥ nechani cal,
emg %ﬁ%§ﬁ¥§ gﬁ %ﬁ E%é&ho prOV|d%%l?gIPOtlon
ofstabwlestsyelat 1anytcspeeé |h1:rh1rd| mgf athancdrmvagesld}gie,i swhich
envi saged, that relatively small roscopes, of | ess ,
tYPﬁSﬁléYS:H§ gﬁ LHRENY e3seltOs nge %%K%oﬁ? Bg’pfgczﬁ"HSlng
yP@bE%gb@ 0n§n@rJﬁpr?a&%gbﬁﬂ§r0ff19§h¥§§§el &@d@kmkﬁe mass
contr of a centralised conputer t hod f

theontyglildadd vt heequitiesh bf bhei pelpgssett 1‘®h@b¢rpgy§@§00pes
=pf Py AdiLR, WEOREOPe F2 L 8 G DRL AR T Xh00 LS, chere

n one arr angerren

arbkl URGI sk ttrall8 fahst hetpupbatedscimyntigte atdowanititdle for
vessel 10. Sensors 20 are mounted at various_ | ocations
dapagdehe vessénstpllasiqel| 9§ ondt heSYyEE8copéneorpgrating

emBBAIHERts of the present invention is relatively simple,
and the system can be positioned in any convenient
location within the mechanical structure of the vessel 10.
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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the notion of the vessel 10 including notion caused

by- 9 - wave action. Signals fromthe sensors 20 are
wee@seseexl by a conputer that in turn control SP€TI&U2004/001271

processi on of the gyroscope by applying either braking

or advancenent force on the gyroscope about the

trunnion axis in a direction that causes the gyroscope

wa¥e betRopVi desiagractinen tithéeueens g 020 hargepsekbet@ed by
to follow the sl ope of the wave_and reduce the notion
|‘?PIFH’|1ét¢/Jés§é7latlolnTﬁP§fn t ReNREPhEd iIsBEOFRESIon of the

gygggg%ggggag o ?ﬁgﬁri’né eaeth¥e e &ty CAUSEACENENt force

vesse ow t he sl ope of the waves acting on
onthﬂuyegyebscﬁpbseﬂﬁﬂﬂteshhydnndydanlcaand Hydrastddtriection
forces on the vessel and erefore acts to
thad 1

P GRRER s hey veaedre 1620 TR RS ct CrBREYEVE corque

ur?&ﬁ_@eaﬁieﬂ)nv@ésébelgyft@smeléh? ahoukibbe tgfunth®Nwaxks and
can be controlled by braking or by being driven by

regugst ofher mtdiodul P8 putfp. VREEEdvet( - nonTPRfearthe method
cafi8aL’ %h&vgggéggeﬁée‘%%s%gg&; n%%gfcg(féeqf e 1082t causes

reasons st I ment ere a
ther aldgae Inethabbsfiold owsethd oshopei dé tthe noavds neating on

control, _the brakin chani s e in the f of
Engor TESFELanp i onE PORreR Ve atvarLe . A | Byiraesatic
fok¥eway f o rajddda a mad Ve‘thé‘r@f&i’\@enaﬁﬁ§ dagpeprevent
and an air notor, to provide wave follow ng. The

readmamc@gesf dthenoresseiedk0 priedesshenvaves - | | Abgr precession
o‘?ces)sgléﬁonosacro%e fZl st f %E’l%e ‘99191111]1 egne%r}ély ' 8t hc,ean be

r éat er usag yroscopi c COUp

coff@ftol lketgUb@r bvake ngatder a@ be}.Aﬂd{ adgerehedbrgt naormmmor or
maxi mumroll velocity of the vessel due to |arger
hyfgpedd CapBlBd eatfdfFSavethe PBPrlépeps. control over the

precession is preferred for the reasons stated below. In
one embodiment where a braking mechanism is wused to
provide the non-linear control, the braking mechanism may
be in the form of a variable damper controlled by a
computer, for example by way of controlliﬁg 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
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Figure 4 depicts a schematic representation of one
enbodi nent of applying the non -linear control of the-
waoos/opexessi on of the gyroscope 12. The gyr oBCDAB2M2/001271
is shown with its flywheel 14 housed within an outer
casi ng or box 24 and nounteg on the trunnion axis 18.
A notor 26 for spinning the flywheel 14 is al so
pré6Bksief. ofl helee REdgcapes he [reeegptoscPsd h1of ikhehown
_g%rqscope 12 within its casing 24. A danper 30 shown
with tdheed pogiaglonk? ALOUBLANHiENLR @BuRERE ci]ENg or box

gyr i j n l'i ngar, gyt r
240%#?219%?%%%@5?&%&& ?%lgirggir%gc%ggsl%%'megdénnper 3(2)43 for
spiifntaypl ede wiftlywireed r 1punjs vied s@ vdepéctbdth ofCiwtileh 28
are not shown) which is undgr bhe control of L e
CrABRBULEE G IR e orLr S0 WG RGPS it or WHERBR 1t

cakinpg bhe sefs@impeP. 30henepAPUherHieORRISHebi® A, B and
operate the valve to vary air pressure within the
C dapepuBbetio fw otthge IHOIRARY | AeEiNBomMS ofO IRFIHIde the

articul ar_instance Ny r
noB 2Rk DRAs " rhat o 1€ PESPRES3OR TN Mrpsecer, 12-
Thien dd@snaBiovei enediptedt switle eontadtk gambevpaova dedlve

appl ying a non linear force about ,the tc{ unnj on axi

b
(bQ%h o tHel B e38RL Y u'%l}qw)edw}.%hﬁ%dilﬁpﬁ’tq ShetBe akPRg ol
of?%f%%hgd%éyr6ymﬁ¥kéf’ﬁ%bé@sébfnPéB@f%iﬂgtEﬁecﬁﬁkggm%Eion

e precession cycle corresponding to thé danmper
frhavithg rderisarns ex® ensCbe sooputsr posicoperatedi th gperate

braking effect at a.maxinmum at the, precession_|imts
th?ho‘(fﬁwl‘g?/ tRe YRimhePd TatPTosi Hiony 1 éﬁde%‘e. danpdr' 30  to
priedibi Caticons@nd v at icsigc @1 t he imnenthes tbarticular

woul d be obvious to a person of ordinary skill in the_
ingtengre defredAdIse WEhisEIHEScHYe BPPLHENEr ssekraking

fo%%éegkgsgth%e %@&%Q%oﬁ% whbch isybge.herdet gnm nedfhamive
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.
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description.- 11 - THE CLAI M5 DEFI NI NG THE | NVENTI ON

ARE AS FOLLOWS: 1 . A nethod for controlling the
woreaosoes2ef a vessel conprising the steps of: ipPst/aURiomgo1271

a gyroscope having a flywheel in a vessel, said

gyroscope nmounted in a ginbal-having a trunnion axis

aligned in a plane containing notion of a vesse

created by wave notion that is desired to be

controlled; s inning sai d flywheel about a s%in axi s;

THE oGERAYS sREHINANE o RHE INYENTGENARECAHs EQLLOWS tnave
havi ng a wave sl ope; and, on the basis of said sensed
notion, applying a force to said trunnion axis in a

1.di rectmebhsd that s@brkgylbiscppehs oduwtdora odacki veessel
torque which is applied to said vessel in a manner to

CoppgasS 8P dthBsE Fpgo°?6IIOM/said wave slope. 2 . The

net Dpdia¢Condi BY gf@ oBlcRidd hawhey & NEsaikkd NSiAl bi Ressel,

conprises nounting said gyroscope with said trunnion .
Saadi§Y§PB§@P§téﬁﬂ§ﬂﬁMbr¥ﬂs@iElm@§$emév3n9'Fhetﬁﬁﬁﬁb@n axis
al§0885QH99 d0 E%ﬂé”%%nﬁ?%ﬂf%#]ﬁg%fkﬂnﬁfak!' sel. created

c%nprlses nmounti ng sal d gyroscope W th said trunnion
byawhseahbgher thae asddaktirefl sai Hevesselolded;The

net hod according,to any ine of clainms 1 to 3, wherein

sai BPSPPANEXPSL stdyBaesht PRPIY GePPrEal* 57, The

et badsagGodiing 4o fAY BRe Qfi £!AddBeil Egugeggﬂﬁfgﬁnxave

said spin“axis Is substantially horizontal. -
hawméhfod fevecehvpel| eng,rol |l notion of a vesse

conprising.the steps of; installing.a_gyras i n

sai B0 898elP2 04 ¢ by PoLdope Ravi AG 4 51 Mok G 1 & foree
tovekhiigal tplangcand iyt ech i e a direction so that said
gyroscope produces a reactive torque which is applied to

said vessel in a manner to urge said vessel to follow said

wave slope.

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

trunnion axis orientated athwart saild vessel.

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

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.

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

wherein said spin axis is substantially horizontal.
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gi mhal having a trunnion axis aligned athwart said

vessel; sensing roll of said vessel caused by a wave
whaws028205 wave sl ope; and, on the basis of sai BCHans®d001271

notion and/ or forces, applying a force to said

trunnion axis in a directipm so that said gyroscope

produces a reactive torque which is applied to said

6.Vvesaelnéthed mver coatrollll isg dryedseahot dof oldbwasaivdssel
wave slope, . A nmethod for controlling pitch notion of
cogpyésiag EBﬁp?F§Pﬁg°fhe steps of: installing a

gyrﬁ?ﬁE@B?thIgSQ' d %%%%g)eaﬁlgi s Y opcoRe | hayafa 8vePkRope

axi s Thoa vertrcar pl an mounted in a
hahaugng aspimnexdr dxi sa avieghédaflorpel e alﬁd @ﬂbusmedi in a

sensin itch noti,on of an for es a lied
oitEalahaviden: telnbianna i nardonad Ahnishty BadpP Rt
andseﬁglhaerbail $rolsasal GespRgetddd b/ wivé Oneesng a
ing a force to said trunnion axis in a direction

Wa§© ﬁﬁapesaﬁadgyroscope produces a gyroscopic pltch
“”8;19 C%asisap(?% %dﬁtoP sahd )ﬁe%ﬁéh r tbQces,
o f A

pitch said vessel Tow sard wave +ope
appiyyhad foorfeont rodl sagdt terurmticon atia vesseldhmaéngon SO

an athwart axis and a fore and af XS C r|3|n
thatepaist gVﬁQFEPP?n&?‘%ﬁ%’%CBpE Jnvgea %}ﬁeé{fq‘}rcﬂl is
apgﬂsaS%lo, SAld BgQscope Aopahadri koA Yimbada havi88sal to

runnion axis parallel to one of said athwart axis and

folopw gaddafavexssopre3d - to control roll notion of said
vessel about the other of said athwart axis and fore
and aft axis generated by wave notion;

7. A method for controlling pitch motion of a vessel

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 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
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
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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spi nning said flywheel about a spin axis; sensing said

noti on of said vessel caused by a wave having a wave
wabk@pm2s20md, on the basis of said sensed npti oPCT/AU2004/001271

applying a force about said trunnion axis in a

direction so that said gyrgscape produces a reactive

torque which is applied to said vessel in a nmanner to

toUldshtsbd ¥838€hot@choldOvesad dvearelslgpait %hé\ other of
nmet hod according to any one of clains 1 to 8

sagenmtilyiany | asial frAgfarpapndofafgy rastepesneratafdgby wave
not8S el. 10. A nethod according to any one of clains 1
t0 8 conprising installing a plurality of pairs of

gyr epdopasd ssal dlwedsell. abbutA aretdiod sadeor ding to
claim9 or clajm 10, ,wherein the trunnion axes qf the
gyr 5SEGHRY Azt Palgier P& SR oTREFCL1 53R Rptibad Wave

hadSeQf &l RGWL A ONQref, claims 1 to 11, wherein said
control is applied in a non-linear manner.
on the basis of said sensed motion, applying a force
about said trunnion axis 1in a direction so that said
gyroscope produces a reactive torque which is applied to
said vessel in a manner to urge said vessel to follow said

wave slope.

9. A method according to any one of claims 1 to 8

comprising installing a pair of gyroscopes in said vessel.

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.



