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WD 2005/ 095891 PCT/SG2004/ 000079 1 GYROSCOPE
APPARATUS THTELErErrrrrrererererrererererrrrerinra

WOoLH6de6891 Background and Field of the |nventi opcBsG2004/000079

This invention relates to a gyroscope apparatus, nore

particularly but not exclusively to a control rrorrenr

?yroscope appar at gs Gyroscope’s have been in ext
o ey years v issotecsageagaryse o, e AR
used in 10 navigation systems of planes and ships, *166166*

and also to provide attitude control in a noving

obj ect |ncI udj ng spacecrafts and satellites, so as to
Ssergiaundiand Risld g I @ object. In the latter
appl [ catr on t he gyroscope is comonly known as a .
Control Monent Gyroscope (CM5. 15 A CMs typically

i ncludes a gyroscopic. wheel with a spin axle through

This invahifen relateertd aegyraﬁébrfmaﬁb@%&ué Mo ;S’értr@ﬁfa"f‘lE}Qﬁﬁ not

to rotate the spr n axle and t Spi nni ng t
t uce angul ar
%ﬂgﬁ?gm@ urt elrrﬁo't%ﬁgtggrr ogggge alrJaﬁﬁgrbal | ed at ends
of a ginbal axis which is orthogonal to the spin -
“axis. Another notor |ocated at one end of the
roscope is then used 20 to rotate the gyroscope
%& BRRCOPTE B‘?Yﬁ)g’leeﬁx'ﬂsex@reﬁ@é foReNgYy dsespiandiheee been used in
sufficient mass and is spinning at such a rate to .
ppmlés éyﬂﬁgﬂ af applinatioom Foarwanmle,ngyrbsobpeélmave been used in
gyroscopi ¢ wheel out of its plane of rotation would

‘nadgation systeres afplahesandshipsitinghalss t9HrHAGE réﬁﬂrtuH@ control in a
the spin and the ginbal axes. This torque is

- nRRthd ©bjEEe hBRIdIRY ishacebifet ahd %af@ﬁtb%edsonw% control the

" However,
movement of the object. In the Iatter applrcatron the gyroscope is commonly

known as a Control Moment Gyroscope (CMG).

A CMG typically includes a gyroscopic wheel with a spin. axle through the

-Wheel's centre, and an electric motor- arranged to rotate the spin axle and thus

spinning the gyroscopic wheel to a high speed to produce angUIar momentum.

| 'qutheri the gyroscope is gimballed at ends of a gimbal axis which is orthogohal

to the spin axis. Another motor located at one end of the gyroscope is then used
to rotate the gyroscope about the gimbal axis. Since the gyroscopic wheel is of
sufficient mass and is spinning at such a rate to produce angular momentum,
any movement of the gyroscopic wheel out of its plane of rotation would induce
forque about an axis which is orthogonal to the spin and the gimbal axes. This
torque is then used to urge the movihg object in a desired manner. However,

with such an arrangement, the CMG is not compact.
—_—
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25 wth such an arrangenent, the CMG is not conpact.
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the IT'nvention In a first aspect of the invention,

there is provided gyroscope agparatus 5 conprising a

flywheel arranged to be rotated about a first axis; a

rotation device arranged to rotate the flywheel about

a second axis which is orthogonal to the first axis,

ghe flxﬁgjﬁl!beiqg di sposed around the rotation

- of the described enbodi nents of

the present invention is that to since the flywhee

is disposed around the rotation device, the flywhee

Is being rotated about the second axis frominside

anda rfivst Bspectoof sthae infertioa, fthewhde| prositted lgysosdupe. apparatus .

makes the apparatus nore conpact. Preferably, the

eeRRYisingSa fiywhberareanged &ebe aofatahbBelt ANGEstaxdd; lara&bn device
to rotate 1s the flywheel about the first axis, the

| '%héwgﬁmggt{aw 15 ﬁwnfggghabswg stelagnd .faxwgg@.t h @SRﬁo%;onm to the

ot or e di sposea ar ou e rotatTon

evi ce. .. Preferabl the fl I tor_dncludes a

o G o T g ihassti!Bhe 1% RiaiSTBHER. Dei ng
rotatable in concert with the flywheel about the first
axis. 20 Typically, the notor stator is annul ar

shape. Alternatively, the gyroscope apparatus my
donpdvardage faf yiveedeseribrast en‘gzménantgrotggxﬁ peesent invention is that
selectively arranged to rotate the flywheel about the
sincetthaxlyswheet ig disposedrdarothé thetretation devidd)dhé Iflywheel is being
into electrical energy. Preferably, the 25 flywheel

rStafdd 8PERANhAT SBHHhd BRs TRIMAINSIEE YrRe Rt €6 E8tside of the flywhee!

and thus this makes the apparatus more compact.

Preferably, the apparatus further comprise.s a flywheel motor arranged to rotate
the flywheel about the first axis, the flywheel being disposed around the

'ﬂywhee'! motdr. The flywheel motor may be disposed around the rotation device.

Preferably, the ﬂywheel motor includes a motor stator and a ring magnet, the
ring magnet being rotatable in concert with the flywheel about the first axis.

Typically, the motor stator is annular shape.

Alternat_ively, the gyroscope apparatus may comprise a flywheel motor
generator device selectively arranged to rotate the flywheel about the first axis
or to convert the rotation of the flywheel into electrical energy. Pfeferably, the

flywheel is arranged around the motor-generator device.



P

10

15

| WD 2005/ 095891 PCT/ SG2004/ 000079 3 Preferably, the
rotation device further conprises a gear assenbly
weonoenysshito rotate the flywheel, and a gear WREEG2004/000079
arranged to drive the gear assenbly. The gyroscope
apparatus may then further include two axles arranged
in end-to-end 5 relationship %Iong the first axis, the
two axl es being connected to the gear assenbly. It is
preferred that the gear assenbly includes a pinion
r r : 10 e g fil L
Aefragy BipRelin By hEURES Rbupielf HoaPRsSembly Banged to
respective rts of the pinion gea econd pair of
reiabolio BYWEEE) aBe R GeRpmIRtel darged frorive die et agtembly. The
opposi ng bevel gears and being arranged to rotate -in. :
gytassoperarparaius may then §rtheriiaclpde twomxes awargrd § egd-to-end
axl e gears neshed with respective second pair of
relpfiossinig blewgl thgefirst, axdactheative gdes Heimgdopnected to the gear
connected to a correspondi ng said axle, whereby
ds8bmbhyen of the pinion gear 15 rotates both axles in
opposi’ng directions to each. other. Advantageously, the
gear notor is disposed around the gear assenbly. The
gear notor may include a notor stator and a notor
otor, the rotor being 20 disposed around the notor
i fBisrerred 18t e dal dssermitly REtHSs & Bifiien 88 Fikioed to be
gear assenbly entirely to make the arrangenent nore )
retaiehddy thedgemamaten dirsh@@ir phanpgsing bevel gagreimeshed with
di sposed between the stator and rotor. Wth the above _
raspectiyemparts ohdhei pinton gear, isecpnéf painbdfy opposiegt bevel gears
to the rotor, the pinion gear being arranged to be
‘dophatrd fonthedr opaie of oppbsingBeiicl gea atdBeihgtaifanged to rotate

in accordance with the first said pair, and two opposing axle gears meshed with
respective second pair of opposing bevel gears, each axle gear fixedly
connected to a corresponding said axle, whereby rotation of the pinion gear

rotates both axles in opposing directions to each other.

- Advantageously, the gear motor is disposed around the gear assembly.

20

25

The gear motor may include a motor stator and a motor rotor, the rotor being
disposed arqund_ the motor stator. It is preferred thét'the rotor encloses_ the gear
assembly entirely to make the arrangement more compact. The gear motor may
include a ring magnet disposed between the stator and rotor. With the above_
arrangement, the pinion gear is preferably connected to the rotor, the -pirﬁon

gear being arranged to be rotated in response to the rotation of the rotor.
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25 WD 2005/ 095891 PCT/ SG2004/ 000079 4 Alternatively,
the rotor may include two rotor hal ves and the gear

“’qflio% jpés3gl udes  two notor stators arranged to 9&%/%?2004/000079
e respectlve rotor halves. In this case, the “notor

may have two ring magnets with each magnet being
di sposed between correspondin@ rotor half and notor

%:I%}%ty@w tég Ir%’@% rlr]'rré%{] @8&%? S?’p ?ﬂggg 885 %ﬁ %e\j\é@ gtllcgor includes

that the pinion gear 1is arran ed tg be rotated in

S TORIOE sfaiormarraag i firive thhdssRaniue raler agS. Wafhs case, the
Further, the apparatus may conprise a wheel connected

tmoter mae hewd tab s@g magndte, witth each deagnsli brjnardispased between
to be supported on a circular support and being lo .

BRYR4paha pdrdtdi}ehél'f mad| raotorugiaort Inbthid Berangdirant, the pinion gear
r ot atl on of the corresponding axle. Preferably, the

Jrou e?rﬁe?al%?%ﬁeﬁ@oﬂﬁb%@é&t@Bﬁew e k6t halves WPt tHeSpﬁlon gear -

e apparatus may further 1 nclude t

3 ra08s i RIDI R mehoble TR PesbBlenl? t%émﬁgéfea Totor haf.

apparatus may al so include neans to rotate the . _

fl ywheel about a third. axis which is orthogonal to

the first and second axes. In an alternative, 'the

reurthdrothe appamtusyndyecempring edwheet penecjeshdela fipe@nd of each
a third axis which is at an oblique 20 angle with

rHIGLE Wies!eing @orrigedite.bd supperted an racigrienssppdarhand being
apparatus may conprise a flywheel enclosure, and a

trﬂb@é@ HE@Rd IHE 'Rl lippRrOBY @he rB8ial PORLYN OSf ﬂ'n'éecorrespondlng
encl osure, the torque gear being rotatable to rotate

| A%ggnﬁgegjg o%tg‘?;t@ﬂlgtegga%l'% y&%ﬁéd s BRE Y Eflcdyt %upport is a

geared track.

The apparatus may further include two side covers connected to sides of the

flywheel to enclose the rotation device therebetween.

The apparatus may also include means to rotate the'ﬂyWheel about a third. axis
which is orthogonal to the first and second axes. In an alternative, the rotation
means may be arranged to the flywheel about a third axis which is at an oblique
angle with respect to the second axis. In these arrangements, the apparatus
may comprise a flywheel enclosure, and a torque gear surrounding an outer
periphery 6f the enclosure, the torque gear being rotatable io rotate the
-enclosure and the flywheel about the third axis. Advantageously, the gear track
is disposed along an inner periphery of the enclosure. In other words, the inner

periphery surrounds the gear track.
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i s disposed along an inner periphery of the encl osur e.
In other words, the inner 25 periphery surrounds the

woass/dossgk. WO 2005/ 095891 PCT/ SG2004/ 000079  f1/SG2004/000079

Preferably, the enclosure is spherical in shape and
the torque gear is circular. _The apparatus my
i ncl ude a torque pinion gear freshed with the t or que
gear, . 5 and a notor arranged to drive the torque
pi nion gear. Alternatively, the apparatus may include

- e . .
%rre%gryf F]rgae Eﬁ{:@%gb %néldoh%%aégﬂn%p\é%ﬂdoﬂ{/eg fb{?&&é’ 9%%% is circular.
of the torque pinion gear into. electrical energy. to
In sone applications, the notor described herein nay
be a stepper notor. In sone applications, the

“The apparaterma inalyde adpiaue pinis epagERshedowitadhe é@que gear,

selectively arranged to rotate the flywheel about the
aet andmetdrsamantyedc tmwdrive  théetorqueat piniorofgedne Alternatively, the
flywheel into electrical energy. Preferably, the

é;@;sa?humnawhéladef%ﬁdt@f- génmato?%va:@eéreca\sagrmbhged to drive
selectively arranged to rotate the flywheel 5 about

@@et mﬁc@ff Bﬁ'\l&’)l( %a‘?rortf& B6nflirt WvePerttOs P rgﬁﬁéﬂﬁon gear into.

| rcations, the appara

% E conver si on devi ce, such as a generator,
eo\'reP k8@ convert the rotation of the flywheel into
electrical energy. 20 Preferably, the flywheel is
annul ar in shape. In a second aspect of the present
invention, there is provided a gyroscope apparatus
oseme sappijcatidhy,vitieeotornr despsihedohdrein onay be alsteppes motor. In
first axis and a second axis which is orthogonal to
sdraefaggications,; thaneotaticeievicel praydiiclue & motor-generator device

selectively arranged to rotate the flywheel about the second axis or to convert
the rotation of the flywheel into electrical energy. Preferably, the rotation. device
further comprises a gear assembly selectively arranged to rotate the flywheel

about the second axis or to be driven by rotation of the flywheel.

‘In some applications, the apparatus may include a conversion device, such as a

generator, arranged to convert the rotation of the flywheel into electrical energy.
Preferably, the flywheel is annular in shape.
In a second aspect of the present invention, there is provided a gyroscope

apparatus comprising a flywheel arranged fo be rotated about a first axis and a |

second axis which is orthogonal to the first axis; and a conversion device
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arranged to convert the rotation of the flywheel about
the second axis to electrical energy, the flywhee
bei ng di sposed around t he conversion device. The
descri bed enbodi nent of the present invention can be
used in a large 5 nunber of applications for exanple

inaclestial vi ce. such sa atel li
atienosd 15 egivect Tie ot el ané fipieel naSouting Segnd axis to
even household appliances. Depending on its

elgpiricehenergy. ﬁ\esﬂwmeeel@yrr&@éa@s%amdge&one/ﬁ@'on device.
present invention nay be used or a conbination of two.

io Brief Description of the Drawi ngs An enbodi nent of

the invention will now be described, by way of

Thargdseribat t émbodintert nefetHeo ptdsenadioamiany cag bdy asedgn a large
in which; Figure 1 is a perspective view of a

EM%%%F%P%{)ﬁﬁé’étf@fs%r e g 4 %eﬁastlélsdé\h@é QucRts a satellite, a
nbodi men the present invention having X, Y and Z

[Ohitlk! QDS bi gglegufz s éﬁ{?ﬁéé? Zﬁﬁg)(sles)%l?',do?r%% \g”ucfr gén HYusehold

gyroscope appar us a

i nc rosc ean assenb
$Ppahees) DepeTghosan dacipricalin 2 Sibie el oS0l MRATEILS of the
Figure 2; Figure 4 includes Figures 4a to 4d which
BFRSRNY VeBtien paav ke ysed 196 afoambinatioeE bl y of Fi gure
2 in an assenbled state; Figure 5 is a cross-section
vi ew of the gyroscope and gear assenbly along the
Z-axis; Figures 6a and 6b illustrate how the gyroscope
Brigf Descrigtiseoftthy Mawingyire 2 is being supported on a
hem spheric base of the apparatus of Figure 1; WO

ARGrhP8GiRREht REMSIRARGOR WP A8w be described, by way of example, with

reference to the accompanying drawings in which;

Figure 1 is a perspective view of a gyroscope apparatus according to a
preferred embodiment of the present invention having X, Y and Z rotation axes;
Figure 2 shows an exploded view of the gyroscope apparatus along the Z-axis
of Figure 1 which includes a gyroscope and a gear assembly;

Figure 3 is a close-up exploded view of the gear assembly of Figure 2;

Figure 4 includes Figures 4a to 4d which show various parts of the gear
assembly of Figure 2 in an assembled state;

Figure 5 is a cross-section view of the gyroscope and gear assembly along the
Z-axis,

Figures 6a and 6b illustrate how the gyroscope and gear assembly of Figure 2

is being supported on a hemispheric base of the apparatus of Figure 1;
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Figures 7a and 7b illustrate a base of the apparatus
of Figure 1 including a set of gears for rotating the

woynosespa and gear assenbly of Figure 2 about RAWSGR004/000079

axis; Figure 8 is another view of the apparatus of
Figure 1 with sonme of the outer 5 parts nmade
transparent to see the internal conponents; and _
FliLg8E 93 $hd 7plifusthewadbddecotie appirata obRgure winckiding a set
the apparatus of Figure 1 can be used. Detail ed

SCrd R er &5 GahPdbs@nbly JOFiglesiReabbut the X-
OEﬁSéES gﬁp@%&@égb?@%%ﬁ of aggyr oscope yappargat us 100 :
according to a preferred enbodi nent of the present
aKi¥vent i on which has three main axes of rotation: X, Y
and Z. 15 Figure 2 is_an expanded,view of the g
Figurest dp @nathielr dewsoh he .%FPQ%&“{% of Vidiirg { 2‘1‘{}& geme,gf the outer
illustrated, the gyroscope apparatus 100 conprises two
pandanade éranspasdnit talsee e istamat comparpats; aod, 104
arranged along the 2-axis with first ends 102a, 104a

Hiqirakabhy 1Besiow eikfdranppppiidatignerid swHiob dha Gipasétus of Figure 1

oss-connector 106 (see Figure 3). Each of the

. c%g%é %%%econd ends is in the formof a square 20 stud

whi ch is connected to a geared wheel 108, 110
and thus when the shafts 102,104 rotate radially
about the Z-axis, the wheels 108,110 rotate
accordi ngly. The_gyroscope ratus . 100 has a
Detailed heschption of H uyﬁﬁggﬁﬁiﬁﬁégg1¥“5ear 25 assenbly
200 arranged to rotate the shafts 102,104 and two gear

assenbly WD 2005/ 095891 PCT/ SG2004/ 000079

Figure 1 shows a perspective view of a gyroscope apparatus 100 according to a
preferred embodiment of the present invention which has three main axes of

rotation: X, Y and Z.

Figure 2 is an expanded view of the gyroscope apparatus 100 along the Y and
Z-axes. As illustrated, the gyroscope apparatus 100 comprises two independant
cgrlindrical shafts or axles .'102,104 arranged along the Z-axis with first ends
102a,104a rotatably received in opposing ends 106a,106b of a cross-connector
106 (see Figure 3). Each of the shafts’ second ends is in the forrn of a square
stud 102b,104b which is connected to a geared whe.al 108,110 and thus when
the shafts 102,104 rotate radially about the Z-axis, the wheels 108,110 rotate

acr:ordingly.

The gyroscope apparatus 100 has a rotation device comprising a shaft gear

assembly 200 arranged to rotate the shafts 102,104 and two gear assembly
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8 motors 300,350 arranged to drive the gear assenbly
200 and this is illustrated nore clearly in Figures 3

\xfi‘f‘ﬁo:‘}wsﬁ_ﬁe gear assenbly 200 has a hol | ow r ot ap¢H8@1004/000079

menber 210 which conprises two ring hal ves 220, 230
that function as rotors. At one end of each ring half
220, 230, there are protruding ¥ ocki ng pins 222,232 5
i | thid'® illustrated
sSSP Rt aniameost sty pop iy

cking pin _ .
S EHeah DRHERS R 4abE gBBhaFSAgBH.AT0 Bag S8y potationa
ImembgUEE0 SyNER ORISR B4 G b5 22D @aCefhiat unchon as rotors.

102,104 is inserted to be received in the o

cAtaze emchnéeach ribgchalf\B20,280e thase lare grofrudingdogling adps 222,232
are received in corresponding pin holes 224,234, the

rdropih Aoks222,28423arsge hlonkede brinpbiihe rmgl halfwstht & éocking pin
entire menber 210 is rotatable (when driven) about

Léa%mé Eal%@%O]éﬁl%rig&?tcg B8reASTEIN ¥ c%ﬂ?ééﬁfo?\fg%g’lbinymle 234 of

_ earl ngs arranged bet ween the 1 o _
A IR R e L N
ic;]@efd\tifq@l%i&@gﬁ&%ﬁ@r@%{t@%ﬁ@%gﬂ@%?é‘%q‘%ﬁv@"srh%ﬁ 102,104 is

assenbl ed view of part of the gyroscope apparatus . .
adheerted tie e aeteivedoinathe HEoss-aeinegier dP6eAvheni Hip locking pins

~hal f 220,230, a funnel-like projection 228,238 is .

2228 careorsceheed dnacoresgmartding piednolest 224,208, 36 ring halves
whi ch includes a stator 302,352 and a ring nmagnet

3840 856 at® IdRedtiR (16 ERTRRGS e ca8R mdatier22(D R3fbtatable (when
(and thus the rotational menmber 210). It should be

gﬁ?é’rs%bghfg\ gﬁg%rtgi,@gnomagnets 304,354 are suitably

a
pol arr'se e magnetised for noving the ring

The gear assembly 200 preferably has ball bearings 212 arranged between the'
openi'ngs 226,236 and the shafts 102,104 to facilitate rotation of the rotational
member 210 relative to the shafts 1_02.104_ and the bearings 212 are shown
more clearly in- Figure 5 which is a cross-sectionél assembled view of part of the

gyroscope apparatus along the Z-axis.

At the other end of each ring half 220,230, a funnel-like projection 228,238 i_s
arranged to receive a réspective gear motor 300,350 which inciudes a stator
302,352 and a ring magﬁet -304,354 to rotate the respective gear half 220,230
(and' thus the rotational member 210). It should be apparent that the ring
magnets 304,354 are suitably polarised to be magnetised for moving the ring

halves 220,230. it should also be apparent that only one motor 300,350 is
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only one notor 300, 350 is WD 2005/ 095891

WOCH:B@2004/ 000079 9 needed to rotate the rot gldr@dbhos/o00070
menber 21.0 (and thus the nmenber 210 may sinply be a
single unit and not two halves) but two notors are
preferred to provide nore po r. Preferably, the

ﬁ%ﬁ&t&?&a@%@ﬁ@té@?gﬁ’\éh'rf?e?ﬁbﬁ'e@lO REIRES -the member 210 may

Al ternatively, depending on t |cat|on t he

7, B i, OB 258853t Qia?%\%sﬁtﬂe@ﬁoaﬁ*‘opﬁ‘ﬁe gie giferred to

239 which rotates_ i cert with th tion of the
PBVidE ghelie OMGsT IEETRRY. | fhe Hators a3e0 Sbfeafp dirushigss D.C.
is located inside the left half 230. Figure 4a
engines.raltersatively1 dependiog aedhe zpplicatiamitee rmn'g)rhéiGO 350 may
230. The pinion gear 239, which has the Z-axis as the

e steppearictonss t hen used to drive two opposing bevel

gears 240,242 to rotate themin opposite directions.

The two bevel gears 240,242 are nounted al ong an axis
substantially 15 orthogonal to the Z-axis since the

_Fd%é?%ﬁle S9A6; 4?;?@%% f;cﬁgﬁb‘h%tse fn‘&ér 3{1@%%@%39 which

osi ng en e Cros

eP Sle"\:ﬂ%?&o sfotha o e ra? 3%mber 210 and in this

240a, 242a whi ch, neshes w th opposi ng shaft drive gears

oBsg, 3% 98AH 25Ri 5 losatad ingider theolefi halg 288t Eiguret4a Mustrates the
Figure 4b (with the ring half 230 renoved and 20

Rihioni gearad ofothis Hegdvaifs23@: oftree pinion §646) 23Eawhichhtedd the Z-axis
drive gear 244,246 has a centre openi ng 244a, 246a

4t gbnivdliasds i BRer @SPEEs iviveshay bppdélRg Jt%bell @ears 240,242 to
inserted so that each gear 244,246 1s fi xe

rotate them in opposite directions.

The two bevel gears 246,242 are mounted along an axis substantially
onhogonal to the'Z—axis sincé _the two be\)el gears 240,242 are pivoted for
rotation at opposing ends 1060,‘106d of the cross connector 106 using pivoting
pins 248,249 (see Figure 3). Each bevel gear 240,242 also has an ihfernal gear.
- 240a,242a which meshes with opposing shaft drive gears 244,246 and this 1S
llustrated in greater detail in Figure 4b (with the ring half 230 removed and

showing part of the cross connector 106).

Each shaft drive gear 244,246 has a centre opening 244a,246a through which
the respective shafts 102,104 is inserted so that each gear 244,246 is fixedly

connected thereto to rotate the shafts 102,104 as each gear 244,246 is being
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. connected thereto to rotate the sh'afts 102, 104 as
each gear 244,246 is being WO 2005/ 095891

“P(gl'({o%agpﬂl 000079 10 rotated. Figure 4c ill US£6?§87004/000079

connection between one of the shaft 102 and one
the drive gears 244 (with the ring half 220 not
shown). Figure 4d shows an asdenbl ed vi ew of the.

a0 A MR R Gol et Weg? o ting shiaft“fip and one of

t he expl oded view of Figure 2, the gyroscope apparatus
g driyey gpatseddh (Wil ﬁ?cr(b'ﬂféhéﬁ@zlod?m Mdi ng angul ar

nmonent um about the Z-axis. - The gyroscope 400
i ncl udes an annul ar flywheel 402 and a gyro rotation
device io in the formof a gyro notor 404 supported.

#gure 4d1shéwa tinsassenebiel ybaedf thebevergears2a0[212 and the drive

cavity or opening 401 for receiving the gyro notor 404

yﬁh&hza g%b}%@ﬁPﬁQd%@QHé%ha%ai@ruf@6 two stator

ates 4 of wire coils, and ring magnet 408
arranged to rotate the flywheel 402. The two stator
pl ates 403,405 are used to engage the stator 406 from

posi ng ends so as tqQ 15 su he stator 406
\tﬁ?éﬁ"mﬁea%‘gtt%§h%6591@3§dé’r'%ws(?fpéjdgv é é‘PcQWPﬁ%O%EPP?aWS 100
102,104. In this enbodinent, the gyro notor 404 is a
kimhmdﬁaessgsmoscopmﬂe@ for -;pir@qim@ngaangmmsmnmmuwbeut the Z-axis.
402, gyro notor 404, the gear assenbly 200 and the

ires€shey 400 inoidessad@Antf flyaineeg! 402 andeal goro tdtation device
shaft 102 and 104. 20 The apparatus 100 furt her

i gha! sten O ?*{%%6’66%34@4 é&ggéﬂed alofP L ZLBMs ?hé'f%ﬁweel 402
402a, 402b of e flywheel t hus encIOS|ng the gy

1858 e, PAROPFE oS ) 5 Pl L icor 404 wric
includes an annular stator 408, two stator plates 403,405 for wire coils, and a
ring magnet 408 arranged to rotate the flywheel 402. The two stator pla;ces '
403,405 are used to engage the stator 406 from two opposing ends so as to
support the stator 406 when the plétes 403,405 are supported from the shafts

102,104. In this embodiment, the gyro motor 404 is a brushiess D.C. motor.

Figure 6a shows the flywheel 402, gyro motor 404, the gear assembly 200 and

the assaciated gear motors 300,350 being arranged on the shaft 102 and 104.

The apparatus 100 further includes two side covers 410,4" * connected to sides
402a,402b of the flywheel 402 thus enclosing the gyro motor 404, thé gear
assembly 200, the gear motors 300,350_inside the cavity 401 of the flywheel
402. As illustrated in Figure 2, each of the two side covers 410,412 has a centre

hole 410a,412a for respective shaft 102,104 to be inserted therethrough and
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402. As illustrated in Figure 2, each of the two sjde
covers 410, 412. has a centre 2s hole 410a, 412a f or

woesgpsssre shaft 102, 104 to be inserted theretduoso+/000079

and WD 2005/095891 PCT/ S&004/000079 11 each side
cover 410,412 is supported by1 the shafts 102,104 via
bal | bearings 213 (see Fi guré 5) so as to facilitate

davhagidetovkr UM, 4126 eaysorted b9 tha Zstadtes 4be, 104! ywuhefl bearings
402 about the Z-axis. Since the gears assenbly 200 and

%ﬁ%@%ﬁfiqur{éﬁé&%ﬁ ngg’ééﬁ)ta?é FotQﬁér?B?ﬁ‘g% ;L«,@%itcgq%gr?zm,m and the

e appreci ated

r ni, all gws -t he gwoscgpe 400 and thuys e
RRRATR hafut 18 2-B0a 505 B aots FSeitly ddiEang e gear
ease Qf cription, the assenb of the flywheel -
MeLrs 20 ar arepogd Ingidg the . {trvseuld henappreciated that
flywheel are collectively called the gyro and notor
thissamangement alews the aysoscopei 4Hhandi iwsathengpparatus 100 to be
Z-axi s plane of the apparatus 100 in an assenbl ed
adapted its = vewn smalFisire. eFér, easel dft dederigtibnhehaodsy@dmbly of the
that shaded portions of Figure 5 represent the

PN, BRY Léoves L 60 anRaBAY Uthel Par dnsitiBe ke
i'ncl ude. the three é—? ators 302, 352, 48%. Al g%!’H spaceﬂQIWheel are

. IQr t he side covers
%?%% %%ﬁe(%{er%u er8 aﬁooa@;%ﬁ%rié%eﬁ)( %%IBC 15 circuitry
that is needed to drive the notors 300, 350, 404

(mounted on the fix stator plates 403,405). The

gggar atus 100 further conprises a, spherical enclosure
osgyfecHonal viewt @eng the wéraxisl plane ofithe papasagss 400 in an
tracked hem spheric base 502 and a 20 hemi spheric

asseolgd state isnshows inhEigyye o, amnd ribtstvoults denbbiedd Bitat shaded
and two U shape support nenbers 600,650 to connect the

poriemblof Figuret 5 repecsent|the stationary parts of the apparatus 100 and
these include the three stators 302,352,406. Also, spaces between the stafor
plates 403,405 and the side covers 410,412 can be used to house electronic
circuitry that_ is needed to drive the motors 300,350,404 (fnounted on the fix "

stator plates 403,405).

.The apparatus 100 further comprises a spherical enclosure 500, which is

formed by two halves in the form of a tracked hemispheric base 502 and a
hemispheric cover 504 to enclose the gyro and motor assembly 450, and two U-
shape support members 600,650 to connect the assembly 450 to the enclosure

500.

The two support members 600,650 are arranged to support the gyro and motor

assembly 450 when the assembly 450 is being rotated as will be described
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500. The two support nenbers 600,650 are arranged to
support the gyro and notor 25 assenbly 450 when the

WA 50 5s¥91450 is being rotated as will be deSCfP@f»‘@G%wooow

2005/ 095891 PCT/ SG2004/ 000079 12 bel ow. The U-'shape
support menbers 600, 650 are arranged at opposite ends
of the gyro and notor asserrblly 450 as shown in Figures

9 ol e O NP e

SRR PP S TR TR A B o o

108, 110 to rotrude
G @2ish PP m&ero@wﬁstf%@ﬂaga%%@@ﬁ@f B3: g 1y has g
aperture 606,656 is fornmed to recelve a disc el enent
relex, 662a.6RHeIFWambada anchwhensassssabled dn Rlagprthe lug holes are
600, 650 nmovably to either the tracked hemi spheric base
dfihged tbhalldvethe ghared wheets 1684 1deioeprdiride dhraugh as shown in
position of the U shaped nenbers, as illustrated in

herargh 6b. As illustrated in Figures 4d and 6a, the
base 502 has a cavity 502a arranged to 15 receive
part of the gyro and notor assenbly 450 and a circul ar
gear track 506 is arranged around the inner periphery

RireshaGVE SbEXE rb tne, PEaliidt Bitmnd AThdd|Bs0, %6 iR 606 656

i dertheqrio ?%é‘?‘vgegéf%f%%m%%aﬁﬂﬁ% L b&ggg&g%% U-shaped

102,104 spin or rotate about the Z-axis (in opposit

members 609,650 maveblnt eithernthrfracked hemispheriehase 502 o the
wheel s 108,110 travel along the gear track 506 thus
hemispheric cover 504 depending on the position of the U-shaped members, as

illustrated in Figure 6b.

As illustrated in Figures 4d and 6a, the base 502 has a cavity 502a arranged to

rreceive part of the gyro and motor assembly 450 and a circular gear track 506 is

“arranged around the inner periphery or circumference of the base 502. The two -

gear-wheels 108,110 protruding through the lug holes 602a,604a,652a,654a are
arranged__ to be meshed with teeth of the gear track 506 and as the shafts
102,104 spin or rotate about the Z-axis (in oppos'ite- direc‘tioné as would
explained later), the gear wheels 108,110 travel along the gear track 506 thus

rotating the gyro and motor assembly 450 (and thus the flywheel 402) about the

Y axis with respect to the base 502.

The apparatus 100 further comprises an apparatus housing 700 as shown in

Figure 1. Figure 8 is a different view of the gyroscope apparatus of Figure 1 with
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rotating the gyro and notor asse'nbly 450 (and thus the-
flywheel 402) about the Y axis with respect to the

wba9es@3%1 The apparatus 100 further conprises ﬂf‘r/SG2004/000079
appar atus housing 700 as shown in 25 Figure 1. Figu

8 is adifferent view of the 1%yroscope appar at us of
Figure 1 with WD 2005/ 095891 PCT/ S&2004/ 000079 13

SHHE oy B30 PSR B MeEE MBI rucr,
el B e BB T B A et oa

housi ng_700 has a circul ar base 702 and a_housin
s@@mmﬁ@ur%) EhERMiew neicgelt ée interngbppesel Be ’7‘92'3"\9 700 has a
i ncludes a torque pinion gear 708 di sposed at the .
cirentarebasfe 702 drase ABIngindver Vod- Apeshdwh. D Figwrer/ay(dbe base
arranged to drive the pinion gear 708. The apparatus

780inklifddzes thgleusiaragéar 708 disfusedldt thaviergreiobtiee base 702
712 and an inner dianeter which corresponds to-the

aﬁ'ﬁ & HW'S ek e gﬁcﬁBF?OQfarﬁ)h‘ség StH'rd?'rvel’ch Pof geababs.

e torq e gear Is dis surrounding an outer
peri phery of the enclosure 500. The torque gear 710
and the enclosure 500 are in friction fit wth each

er su he .encl.osure i s nov e in res
The Sha i A T I6HGUGS S fordee 58 E16 ARG 3 Rare 712 and an
torque gear 710 is arranged to mesh with the pinion

s dprthegextemal ircypdarence of enclosure
Figures 7a and 7b, and due to the gear ratio, the

30fr so¢hatethe Oique geat &4 Ods dispussd surveundird @ oyter ipaniphery of
the pinion gear 708. 20 The housing cover 704 is

the &iriceury stBdFheftotdungear 200 apdaht iepelosare 508l ar@niel friction fit
with each other such that the enclosure is movable in response to the

movement of the gear 710.

Further, the torque gear 710 is arrariged to mesh with the pinion gear 708 in a
bevel gear arrangement as shown in Figures 7a and 7b, and due to the gear

ratio, the torque gear 710 rotates at a much lower velocity than the pinion gear

708.

The housing cover 704 is preferably made of transparent plastics material and
encloses the rest of the parts of the apparatus 100. The base 702 further
comprises holders 714 arranged along the outer circumference of the base 702

and which is adapted to hold the cover 704 fixedly in place.
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encl oses the rest of the parté of the apparatus 100.
The base 702 further conprises holders 714 arranged

wal Q0odkfts outer circunference of the base 702 P&9§G2004/000079

which is adapted to hold the cover 704 fixedly in
pl ace. WO 2005/ 095891 PCT/ SG2004/ 000079 14 The
apparatus 100 may be powered internal batteries

The bpphrMG 199%3)%1?%5 Powéred Wﬁ@erﬁ%béﬁé‘riéé‘ﬁdﬁ%wn) located in

wires (not shown)  to supply power to the gyroscope

e g T i R
AR SR R0 B0 e B R RB B e o0 0.

creates a large anount of angul ar nonentum (the

anount depends on the speed of spin and the nmass of

the flywheel) about the Z-axis. As is-well known, a
kpusmiwhergtheolpwpeeld32 is spun ghoatnthent-axfs (beirsg theedpin axis) by
physi cal energy and the gyroscope's angular 1o

thenmaotormodeios fest ke eppredetarniisdbpsed Nit cigatédiatlatde amount of
direction. Further, the spinning gyroscope 402 has a

Eﬁ@.ﬂﬁﬁﬁio%brﬂhﬁﬁ&hé@nq&ﬁtsdébe%ﬁmﬂ@ Shded of %iﬁ%dl th?omass of

having its centre at the Y-axis Ich s ort og?nah

' - X Lent at.i o {
RO FBo0HE 2508, APIS il oSk B ERgceubitpe has 2
o SrABAE 8 2brB338 kb B e VoSt e

239 and this sets the rest of the 'gear assenbly 200
MeMARtU TN teNddse #a1 kRPRo the raPRaratbist inoits oinitighdirestionofFurther, the
the gear 239. .20 For exanple, if the gear 239 is :
spinvieg gwmoscapieot®ihas alprasession gigne hhictoisoa plark0paizBel to and
as shown by arrow A in Figure 4a, the |ower bevel gear
B4ving s eatre at the Y-axis which is orthogonal to the rotation or Z-axis.

When the orien'tation of the apparatus 100 changes, this change can be
detected by suitable angular sensors which provides a signél to drive the
motors 300,350 which in turn drive the gear 239 and this sets the rest of the

gear assembly 200 in motion depending on the direction of movement of the

gear 239.

For example, if the gear 239 is driven in a clockwise direction by the moto-rs
300,350 as shown by arrow A in Figure 4a, the lower bevel gear 242 rotates

the direction indicated by arrow B1 whereas the upper bevel gear 240 rotates in
the opposite direction indicated by arrow B2 (see Figure 3). These bevel gears
240,242 thus drive the two-shaft drive gears 244,248 in opposite directions as

indicated respectively by arrows C1 and C2. The rotation of the drive gears
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the direction indicated by arrow Bl whereas the upper
bevel gear 240 rotates in the opposite direction
wondesessd by arrow.B2 (see Figure 3). These be&lsG2004/000079
gears 240,242 thus drive the two shaft drive gears
244,246 in opposite dlrectlons as 25 indicated
respectlvely by arrows Cl and 132. The rotation of the

g BB S B RO B iRoo0108, 110 around
67 Bats 2 PR B8 ghRBhREE PR BbBt thE Yoadis, which

counter-bala e the chan in.t eorl ation of t )
S Rpabalanas ghe| shanga 1 Jae e SIOR G e ehoRRraS, 1DRe In this
direction of rotation of the shafts .102,104, the 5

 partievler E38Mple @aactotuaasdufmogy@forcaaapm@fdhe@;@ét.squ 104, the

450) are being rotated in the direction indicated by
wheelw 1D8at1G fenvah thius fFieggyre dad nither asstemblg58) arbéeing rotated
Spi nni ng gyroscope about the Y-axis creates torque

mpetdiRctibh shdibatedUsy alrow DY Shows i Fidiee BITHeOrdtafon of the
Y-axis (in this case, the torque axis is parallel to

%ﬂﬁmn %\}e?b?%o%%gt%eﬁ? Bhé EORf eréra?éé gcgkqﬁél At éq‘ﬁst torque axis

a fi rst I Si ng

t.ive,force ut the ue axi anot
whi Akie Fhe wiie BT HES ﬁasgeeiiﬂe IS5l saraliel to the
in mtio rotate_the roscope_ 402 about the
Xad§)s ap u§U%’P eft Pﬁ@f%i”?@%%n %gb‘i ne; gympeepre fQageatr a first
force about a second torque axis which is orthogona
stebilisiagyerarpstive forra@bout the oraypaxisnt that the
conmbi nation of the first and second reactive forces
all ows the apparatus 100 to create stabilising forces
about two axes. It should also be apparent that the

IroafotBed Sanfiglitiony tie torpict piafed gdif 708 bl be @et ittimotion to
X-axis is at an oblique angle to the Y-axis: :
RANRThBIRAYSEOpe 402 BboRD tiRE XUSEE tltl@s creating a second stab\hsmg or

| reactive force about a second torque axis which is orthogonal to the X-axis.

| Thus, it is apparent that the combination.of the first and second reactive forces
allows the apparatus 100 to create stabilising forces about two axes. It should |
also be apparent that the torque gear 710 may be positioned differently so that
X—axis is at an oblique angle to the Y-axis. Advantageously, this can be used to
produce a stabilising force about a desired axis by arranging the position of the

torque gear with respect to the gear track 506 (which determines the angle

between the X and Y axes).

The arrangement of the gyroscope apparatué 100 of the described embodiment
allows-the apparatus 100 to be used in a variety of applications. For example,

the gyroscope apparatus 100 may be used to balance a vehicle sudh as a
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produce a stabilising force about a desired axis by
arrangi ng the position of the -20 torque gear with

WoSHPH6sgd10 the gear track 506 (which determ neﬁmt/i@zooyoooow

angl e between the X and Y axes). The arrangenent
t he gyroscope apparatus 100 of the described
enbodi ment  al | ows-t he appar aits 100 to be used in a

, Bi@?él@t%d’gs %ﬂBWn%tF*l%% ?TKBF 88&(1% e ddltr@e%stuf)}g and gyration of the |

oscope apparatu nce
vehlcle such a é% 95891 ,PCT/ SG20 4/000079 16
PYTOYEPR® 8'6%9%% hBﬁ/na fgu?%d'pg })cdlr $US WRY. the spinning
di mensi on _and gyration of the yroscope needs to be
gypseere) 4R0cebadisey. to) balgRra tgﬁ)blckdﬁe899|'ﬂrmﬁ§0n or when the
gyroscope 400 can be used to bal ance the bicycle 800
bicyelet 3@ inat westrthubeallaviating thesoeed of dherridar tohuse his legs to
alleviating the need of the rider to use his legs to
Supparpihet bitide I800ycl e 800. Figure 10 illustrates
anot her application exanple of using the gyroscope
apparatus 100 to bal ance a vehicle in the formof a
car 810. Wen the car 810 nmanoeuvres a corner or bend

s o P A S PIRE ABBRLTE, LR G rocos

Rt 100 i Belanee & Haeo e Bl a cag el By the car 810

-when negotiating a bend at hlgh speed. In the blcycle

BEOOGHWESaR WIMETahpne At high speeds septibugs fonm mayecause the
standard 15 notors arranged to rotate the gyroscope

cdyolot OYeTtury. HoweXenxtbe, gyrbscoparapparatus aan thee nminbed anywhere
need to be powered. However, since a noving object

. ipeties alaeSto enedtgya étthhGﬁigOl‘f@rc%Ofb aéaué@%@aahan@ése@i the car

be a notor-generator"” device

“overturning when negotiating a bend at high speed.

In the bicycle 800 and car 810 examples, the motors 300,350,404 are standard

motors arranged to rotate the gyroscope about the Y and Z-axes, which means

that the motors need to be powefed. However, since a moving abject generates

energy, the motors 300,350,404 can instead be a motor-generator” device
which function as a generator and a motor, thus selectively storing energy when
the bicycle or car is in motion or converting this stored energy to mechanical
force to rotate the gyroscope 400. For example, when the bicycle is in motion,
the movement creates inertia to freely rotate the fywheel 402 about the spin
axis which can be used to store the energy created. Similarly, the bicycle's
movement also causes the flywheel 402 to rotate about the Y-axis and this
movement translates into rotational movement of two ring halves 220,230

functioning as rotors to create kinetic energy. Both ‘the. stored energy in the
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whi ch function as a generator and a notor, thus

sel ectively storing energy when the bicycle or car is
wiooo®edsen or converting this stored energy to perisG2004/000079
mechani cal 20 force to rotate the gyroscope 400. lsior

exanpl e, when the bicycle is in notion, the novenent
Creates inertiato freely rotdte the fIyV\,heeI 402

ARMHEel 4be S gwe %SI i §@2@%d88ah'§ Qnéﬁ% ﬁéé’d' % t?@ respective

energy create t he |cyc

o5 AT Ao g e h%%fmyﬁ forces to

g . ng hal ,ve 20, 230 25 functioning as .
%q%*e'ﬁ?% %s bickiRe Wit & SRafGiy adt ishould depemparent that the
energy in the WO 2005/ 095891 PCT/ SG2004/ 000079 17 .

QQWéél eladyicivi ganraimilary bealisas te powes dthemelehtricabdevices for
used by the respective nptor-generator devices to

eyaneple tehadcklightifor the bicydeeat e the reactive forces to
stabilise the bicycle when it is stationary. It should

be apparent that the generated electricity can

simlarly be used to power other electrical devices

thQfet aﬁoﬁ%&?%p@ic@tlgﬁaﬁe %ﬁggc% ogggrﬁb@ﬁﬁb %&yﬂta buoy 820

anot her app cation aratus

250050 .05 %?OPHF‘ﬁp@%r%eea‘k?xp%%f%ﬁpimgézﬁ%ﬁ%% 1. bréferaty,

-tﬁ%éé’y?q%%p@" e Bbaarauls 110 b ool onenet thoylastnazz. Ses
into notion and the "rocking" action rotates the

wavasheauld4oge £be uoyri2Oyvinkg atationzand the trocking? adtion ngtates the

- energy which can be wused by the notor-generator

fymihieeb 40Rvdibauit the Yharsd/oa ] akisathustpreddeinigceseyewhich can be
adapted as generators) to generate electricity to

Lg;edeby fguz% nexterdgleaerater dieniges | (WIdHs it o UERtBROME RiRvices are
uoys

adapted as generators) to generate electricity to power for example, wammg

lights produced from the buoys 820.

- In another example, the apparatus 100 can be ai'ranged as a generator when

mounted in a torch light 850 such as one shown in Figure 13. The flywheel 400 |
of the apparatus 100 is freel-y rotatable about the Z-axis which is parallel to the
length direction of the torch light and thus a simple rotation of the to‘rch. light 850
by a hand 852 can set the flywheel 402 in motion creating kinetic energy. The
rotation of the torch light 850 similarly causes the flywheel 402 to rotate freel'y
about the Y and/or Z-axis. The rotatioﬁ is sihilarly used by the motor-generator
devices to power a light source in the torch light 850. At the same time, if the
flywheel 402 is SUfficiently rotated, the current generated can be reguiated 1o

stabilise the position of the light beam from the light source.
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15 I n anot her exanple, the apparatus 100 can be

arranged as a generator when nounted in a torch |ight

- S44cdy,@s one shown in Figure 13. The flywh &90-
nglg?idé t%ﬁpar atus 100 is freely rotatabl e abou?%}Tt/we 0:4/000079

Z-axis which is parallel to the length direction of
the torch light and thus a sinple rotation of the

torch fight 850 20 by a hand 852 can set the flywheel
402 in notion creating kinetic energy. The rotation

815408 SR M 20k 8 AT G spnp v gl acce
SSPASh B 34 T Rl BN BIRRERSEF i v .

850. At the same tine, if the flywheel 402 is :
ofgyreseana appataieed00 needdarheused;dRE pxa@RlG A5 gRNtrol moment
regul ated to 25 stabilise the position of the |ight )
beesedpesniGME)|in glerosmaoecsysteds 2005/ 408 &atellite. For his particuiar
PCT/ SG21104/ 000079 is As seen above, the use of a
Shalehfomy it ISCORANRINNES airtingtdfourr singlisginatsdli EMGs in a pyramid
stabilisation along two axes but to produce

Shaet 'airr%jn@%g%é?ﬁ ;s‘e?%haéé’ RSkt diEE1BsBH 98 the (PMEsENMBRSS BYEDr Vaios J.

appar at us to be used, for exanple, as control

nment 5, Q o), »S ; .
(Rater ity EERGHT e v e L (FEASREBERC HERR TR Ble from:
O ‘.‘::-';..o‘_ a0 g. ol I ?l Ealgnatcﬁ‘éba rrl'sd_r_ctated
presentation by-Dr Vaios J. Lappas entitled " Cont r ol :
Fooutrihg gimbated Axiscgamalipandds thisLaiemaipes the gxent to which
http://ww. ae. metu. edu. tr/-ozan/ control/index.shtm).
frctizEMBthe CMGatmey be rediuned. théhejicasealdfebsaribed embodiment of
externally and thus this deternm nes the extent to :
Wi presehhimveintienothe §erosShbpesdtbie giathalied.about thanda¥exes (Z
of described enbodi nent of

axis being the spin axis) and thus two‘gyroscop'es apparatus 100 in combination

may be used to produce stabilising forces about three axes. Further, since gear
assembly 200 and the motors 300,350 to rotate the gyroscope 402 about the Y-
axis is disposed inéid_e the flywheel of the gyroscope, the gyroscope can be

produced in a compact manner achieving a substantial reduction in size.

~In a further éxample of stabilisation along three axes, two apparatus 100 of the

described embodiment may be used to balance a wheeled support structure
830 such as that shown in Figures 12a to 12e. The structure 830 includes a
circular support surface 832, an elongate and slightly tapered body 834
supporting the surface 832, a gyroscope housing 836 connected to the body
834 and a wheel 838 movably coupled to the gyroscope housing 836. inside the

housing 836 are two gyroscope apparatus 100 of the described embodiment
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the present invention, the gyroscope 400 is ginballed
about X and Y axes (Z- axis being the spin axis) and
wb B /by 1 gyr oscopes apparatus 100 in conbi nat ip@n/sarey4/000079
be used to produce stabilising forces about three
axes. Further, since gear 15 senbly 200 and the
notors 300,350 to rotate the giroscope 402 about the
grraﬁ@éc? tb Soéi%ﬁé@ﬂ%j sthdEBirdeir 2@ ﬁbb@meﬁbs@éntérﬁd pivoted by the
gyr oscope, e gyroscope. can be produced in
cBngﬁ&} manner achi eving a substanti al reductlon in
v % a further exanple of stabilisation al ong
three axes, two apparatus 100 of the 20 descri bed
enbodi nent may be used to bal ance a wheel ed support
structure 830 such as that shown in Figures 12a t
The suThee &3 ekt 8EONDAGItacRIPPRT E4TE JLGR %%%'ﬁ‘éﬁ?s bottles or
surface 832, an elongate and slightly tapered body 834
Swwp%mm@rtdmlawsﬂalm assBai shoypriodiope hausihgy SBGBCG 832 may
connected to the body 834 and a wheel 838 novably

SREMEExeAdEIT B ARIARE shows IngFigake 1208hdet2cthandine structure
housi ng 836 are two gyroscope apparatus 100 of the -

ggé tahngi) rﬁgﬁlgﬁ%gﬁrﬁ& gﬂt W&Qé@@% B 5REARMY QQ@QQ Yenerated

arrange ructure 1 n an up rlg

.. g 2t'ht | §9r838§9$ [ﬁ\@tg\ggw y {)ﬁeTh e G20 Cé@f iS Ut]Ec;I?éigntly rotating

ppor iterrs S

| 'bOtgtt;\)l,L; fc’qﬂﬁ @?;pgéorjp%r:hcl)éﬁggéﬁcg %@Xﬁuﬁh Sr ttﬁéltbody 834 may

extended in the manner shown in Figure 120 and 12 ?p
beaetraciablaiioccbe@moe eL50mBpach Stmtuf@aﬁ%hu assthap ﬁh@Wﬂ in Figure 12b.
position due to the stabilising forces generated by

t he gyroscope apparatus 100. Thus, the body 834 is
constantly rotating relative to the gyroscope housing
#3WolREBe aippavert) thaFar shitablet psitiordy sBdomayounted preferably on
the housing 836, may be used to sense the deviation angle of the support
structure 830 from the vertical axis which is fed to the gyroscope apparatus 100

for compensating the deviation.

Figure 12e is a close-up view of the structure of Figure 12a which depicts the
housing 836 being located above the wheel 838. The wheel 838 is partly cut

awéy to reveal batteries 840 and _a motor 842 for moving the wheel 838. The

 batteries 840 can also be used to drive the motors 300,350,400 in the

gyroscope apparatus 100. Further, it is envisaged that the gyroscope apparatus

100 may be disposed inside the wheel 838.

' The operation of the two gyroscope apparatus 100 in Figures 12a to 12e can be

understood by a skilled man and thus, this will not be explained in detail here.
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1o be retractable-to becone a conpact structure such
as that shown in Figure 12b. It would be apparent
5/§vs94i tabl e positional sensor, nounted pre

wg)n%&t/ﬁgé housi ng 836, may be used to sense the b1 881000079
devi ati on angle of the support structure 830 fromthe
vertical axis which is fed to®® he gyroscope appar at us

100 15 for conpensating the deviation. Figure 12e is

a close-up view of the structure of Figure 12a which

|ct t ousi n 36 | ocat e ove the wh i
A BeSirhed e dis Hethaien,Acerds Angy of B dhedes 760 s very
batteries 840 and a notor 842 for noyi ng the whe
EEPactARRAEAL KIS UECBHDNERIerays applcatinng %lacejﬁh%ywheel 402
the notors 300, 350,400 in the gyroscope apparatus .
iq aifspasedtaroundithe ireta@innictea/gmj(itdq anotone 30Pr3¥ape gear assembly
apparatus 100 may be di sposed inside the wheel 838. -
20teanp esariivezhirothet tavitywe0 tyains o tiap figwhateb 402Gs irdtated about
Figures. 12a to 12e can be 25 understood by a skilled

tﬁa"v-afai@ fdH She likdide W tHe @hh@@l £0PhaH A fidin 988 Blitside. Further,
here. WD 2005/ 09- 5, 891 /| SG2004/ 000079 20 As

555 A8 P35t 10, RGBTl i oot

rous. appl, cat,i gns ce the flywheel 402 .is
'a.@%oga&'% h@nehthis oftslatﬂ%rf"age &( Prréngﬁm%\tsmore compact.
300, 350 and gear assenbly 5 200 are received in th

- Rralarabivadhy heant ey widiheor favapeRralos 18D fetlessihambdatble the

the Y-axis fromthe inside of the flywheel 402 and not
diameteraf toeflywheel. Furt her, notor 404 for rotating the
flywheel to create angular nmonentumis al so | ocated

in the cavity 401 and this further makes the

arrangenent nore conpact. Preferably,- the height or

THelt destibelie camiRiimeHes EHOUIE hes D Neshsiridd ead Nenitative. For
example, the motors 300,350 can be stepper motors if the angle of rotation
along the Y-axis is critical. Alternatively, the motors 300,350 can also be other
types such- as linear motors depending on the applicaﬁon. However, the
inventor prefers to use a ~motor-generator device since this allows the device to

function as a motor and/or a generator depending on the application. Of course,

control circuitry can be provided to switch the device's function.

in the described embodiment, the gear assembly 200 is used to rotate the
shafts 102,104, but the motors 300,350 may be arranged to rotate the shafts

102,104 directly, and not necessary via the gear assembly 200.

- Further, in the described embodiment, two pairs of stators and rotors

302,220,352,230 are used to drive the gear ésse'mbly 200 but this may not be
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io dianmeter of the flywheel. The described enbodinents

shoul d not be construed as limtative. For - exanpl e,
wiomomsens 300, 350 can be stepper notors if thepo@oB000079

of rotation along the Y-axis is critical.

Al ternatively, the notors 300, 350 can al so be other 15

types such as linear notors &%pending on the

rReBbiArgt hiebugdho \weefkredt ke prbUl‘d%nh%'rfalpﬁﬁfJSﬁsTﬁé’ OE. ﬁ}o(;tor 706

" notor-Qgenerator device since this allows the device

: ¢ q .

iR, Ay uRPhiforf §EaCT08 GBTHISE] 6 A REPPR! PR i procuce
rovi.ded, to switch. the devyice' s fyunctiqn., 20 In the

eCie EieiBRGT A R Al the oXais JUsben B, GitoR 306 can
rotate the shafts 102,104, but the notors 300, 350 - may

sHailafhy be gemoty-ganesator devicen s that amexteoaaldnedier ¢an be used to

and not necessary via the gear assenbly 200. Further,

produdeekidetic energy whisbdiamepe usedavipar the mbtosigemaratoanslin motor
rotors 25 302, 220,352,230 are used to drive the gear

medenbl y 200 but this may not be WO 2005/ 095891

PCT/ S&G2004/ 000079 21 necessary al though preferred to
provide nore power. The D.C. notor 706 arranged to

drive the pinion gear 708 can al so be a stepper notor

1 B g 5 il G0l i B9 \PBA P Hbroue over
LA B P A e oca?

when 'the notor-generator is in notor node. It is also

envi saged that the apparatus 100 can be used in _

numer ous other applications and not limted to the

Haying caw dulhexiesptieed dhecinveatioheiiteshould be apparent to one of

ordinéry skill in the art that many modifications can be made hereto withoﬁt‘

3dqmﬂmgﬂmnmesameasdmnmd
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10 Havi'ng now fully described the invention, it shoul d{LOYDWISE
be apparent to one of ordinary skill in the art that

- wBoYs/d98gh1f | cati ons can be nmade hereto w thout pct/SG2004/000079

departing fromthe scope as clainmed. LLOYD WSE WO

200 /095891 PCT/ SG2004/ 000079, 22 CLAIMS 1. Gyroscope
apparatus conprising 5 a flywheel arranged to be

rotated about a first axis; and a rotation device

arranged to rotate the flywheel about a second-axis

which is orthogonal to thegfAmag axis, the flywheel

bei ng di sposed around the rotation device. io 2.

Gyr oscope apparatus according to claim1, further

conpmﬁy(?%gomdp\éﬁg}gsl n‘iﬁ’r‘ié?ﬁ arranged to rotate the |

Tly I rst aX| the flywheel being

o PSRN GEid bY SR TBEq e AR DS

not or |s |s di sposed around the rotation device. 4. )
oyr o§cf@é@‘cﬁp98wﬁ? (AT AP 181a'8 tBR W@%rae%outvﬁ §egPRd axis
the flywheel notor includes a notor stator and a ring
magnwehjcht iscorthiogpnah o &ve isstraxis, ribediyaties! being disposed around
with the flywheel about the first axis. 20 5.

Oyr ogpfatigpasitels according to claim4, wherein the

notor stator is
2. Gyroscope apparafus according' to claim 1, further comprising a flywheel
motor arranged to rotate the flywheel about the first axis, the flywheel

being disposed around the flywheel motor.

3. Gyroscope apparatus according to claim 2, wherein the fiywheel motor is

disposed around the rotatior: device.

4. Gyroscope apparatus according to claim 2 or 3, wherein the flywheel
motor includes a motor stator and a ring magnet, the ring magnet being

rotatable in concert with the flywhéel about the first axis.

5. Gyroscope apparatus according to claim 4, wherein the motor stator is

annular shape.

0. Gyroscope apparatus according to claim 1, further comprising a flywheel

motor-generator device selectively arranged to rotate the ﬂywheel' about.



10 -

15

- 20

annul ar shape. 6. Gyroscope apparatus according to LLOYD\W'SE

claim1, further conprising a flywheel 25

woohayoogemer at or devi ce sel ectively arranged t @dr@@h6t/000079

the flywheel - about LLOYD WSE WD 2005/095891
PCT/ SG2004/ 000079 23 the fi rst axis or to convert the
rotation of the flywheel into %l ectri cal energy. 7.

Gyr OS%pﬁrs@%aé abrufo ah0edi e F&tafibRi of the WPRRBEN irtheelectrical
flywheel is 5 arranged around the notor-generator

devi c§ "é Gyr oscope apparatus according to any one of
t he prec &I ng clains, wherein the rotation device
further conprises a gear assenbly arranged to rotate
the flywheel, and a gear not or arranged to drive the

%ear 10 assenbl . Gyroscope apparatus accordin

| ai nGsroacepeh@ppem.%qqagd'ﬂqot%ﬂl@m Ear WARRQ ’ﬁhﬁ Byyheel is
to end relationship along the first axis, the two

ax| esarraegergammbtmevom-geh@r@@adeabeenbl y. 15 10.
Gyroscope apparatus according to claim9, wherein the

gear assenbly includes a pinion gear arranged to be

driven by the notor, first pair of opposing bevel

g:g: SGV%%*&%ﬂe""abBafa%@%bkﬁn@%t 8nffond1@r theOpRIRURTY claims,
wherein the rotation device further comprises a gear assembly arranged
to rotate the flywheel, and a gear motor'arrangéd to drive the gear

assémbly.

9. - Gyroscope apparatuS according claim 8, further comprising two axles
arranged in end to end relationship along>the first axis, the two axles

being connected to the gear assembly.

10.- Gyroscope apparatus according to claim 9, wherein the gear assembly
‘includes |
a pinion gear arranged to bé driven by the motor,
first pair of opposing bevel gears meshed with respective parts of the
pinion gear, |
second pair of opposing bevel gears connected to the first pair. of
opposing bevel gears and being arranged to rotate in accordance with
_the first said pair, and
two opposing axle gears meshed with respective second pair of opposing

bevel gears, each axle gear fixedly connected to a corresponding said
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second pair of opposing bevel gears connected to the LLOYDWISE
first pair of opposing bevel gears and being arranged

Wb%H?JS@&ﬁ in accordance with the first said %f/scﬁ[moooow

two opposing axle gears neshed with respective Secon
pai r of opposing 25 bevel gears, each axle gear
fixedly connected to a corres%ondi ng said LLOYD W SE

WO 200494 ORRE QP AR5 BP MO PG g2hr astes \bbﬂf aRes in opposing

rotation of t pi nion gear rotates both axles in

oppo (%{F‘% log -Cﬁg,bs‘Pé’o each other. 11. Gyroscope

appar O0'any one of clains 8 to 10,

wherein the 5 notor i s disposed around the. gear

assenbly. 12. Gyroscope apparatus according to any one

of clains 8 to 11, wherein _the notor includes a not

t.at SPYERSEORE AAPAFAILSIASCOrdiRg 9 3nY ONEATHRIMSH I 48 wherein the
around the notor stator. 10 13. Gyroscope apparatus
accormhotar is disgasiea dr2yunditlee gear asgemblyor is arranged

to encl ose the gear assenbly entirely. 14. Gyroscope
apparatus according to claim12 or 13, further

conprising a 15 ring magnet di sposed between the

15t ato méx?%ob%téﬁpﬁééﬁ_ ééébﬁﬁg RE aﬁ?Weaéf‘tffal?ﬁsCS’ kelH r1',9wh@re|n the

C[al ereint ot or i ncl udes two rotor

o el pt e S Bt &&dr%‘wg Fothl otk 5?8y disposed

respective rotor

around the motor stator.

13. Gyroscope apparatus according to claim 12, wherein the rotor is

| arranged to enclose the gear assembly entirely.

14. Gyroscope apparatus according to claim 12 or 13, further comprising a

ring magnet disposed between the stator and rotor.

15. Gyroscope apparatus according to claim 13 or 14, wherein the rotor
includes two rotor halves and the gear motor includes two motor stators

arranged to drive the respective rotor halves.

16.  Gyroscope apparatus according to claim 15, further com: ing two ring
magnets, each magnet being disposed between corresponding rotor half

and motor stator.



.y

10

15 .

-20

.20 16. Gyroscope apparatus according to claim 15,
further coma: ing two ring nmagnets, each magnet being

stator. LLOYD WSE. WD 2005/ 095891 PCT/ SG2004/ 000079
25 17. Gyroscope appar at us ageording to any one of
clains 12 to 14, wherein the pinion gear is connected

19. t h@gﬁf@ﬁd@fpe ahgarpitul abc@eiig keanyg orkr éM@afns t1Q 11@614 wherein
rotated in response to the rotation of the rotor.

18. %@Pmﬁgméf@é%c@é&% HeEbtbe tﬁé g'irm;ﬂri; o bk b%%g arranged

wherein the pinion gear s connected one "0
rotor L.r ed to be

ot at 1185 E31ed, Lﬁnre%ﬁhgéﬁfgﬁf%@?.ﬂoﬂof@ e R onnect ed
rotor hal f. io 19. Gyroscope apparatus according to
any one of clainms 8 to 18, wherein the gear notor is
a stepper notor. 20. Gyroscope apparatus according to
ABy ofYrescapeapRRamItYS apgording e Hakaim d&ner i16i mgerein the pinion
wheel connected to a free end of each axle, the wheel .
15 begegr as rcangedtedo th eorsu b ctheerbtom halveisy ahé apinion gear being
support and bei ng noved around the circul ar support by

radi abrranged it®beolotated if FEEBSREN he tditfon offhe connected rotor

- Gyroscope apparatus according to claim?20 , wherein

the whggl s are geared wheels and the circul ar support
is a geared track. 20

19.  Gyroscope apparatus according to any one of claims 8 to 18, wherein the

gear motor is a stepper motor.

20. Gyroscope'apparatus according to any one of claims 9 to 19 , further
comprising a wheel connected to a free end of each axle, the wheel
being arranged to be supported on a circular support and being moved'

around the circular support by radial rotation of the corresponding axle.

21. . Gyroscope apparatus according to claim 20 , wherein the wheels are

geared wheels and the circular sUpport is a geared track.

22. - Gyroscope apparatus according to any one of the preceding claims,
further comprising two side covers connected to sides of the flywheel to

enclose the rotation device therebetween.

LLOYD wWISE
wdi ®poeseoibet ween corresponding rotor half  antd¥d®004/000079
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22. Gyroscope apparatus according tb'.”ari"y_ one of the  LLOYD WISE

preceding clainms, further conprising two side covers

Wﬂﬁﬁ@s@(ﬁ to sides of the fl ywheel ‘to encl osep(t:f}gczom/oooom

rotati on device therebetween. LLOYD WSE WD
2005/ 095891  PCT/ S&2004/ 000079 .26 23. Gyroscope

- apparatus according to any orfé of the precedi ng - o

T yukeps g, P AT SRR erh o B Tud pogeng claims,
accorthing FanBRaaRg o 'Gets e fvRRERr ApBiCR iy Bxis which

“further conpri si n’g neans to rotate the flywheel about
#

a t hil§ @rthegenalipited first and $8FofEI PR%e angl e with
respect to the second axis. 25. Gyroscope apparatus
according to claim?23 or 24, further conprising a 10.
fl ywheel encl osure, and a torque gear surrounding an

DUt erGyestPperapparatushaceording uoe cidime ahpr gne gedhe preceding
being rotatable to rotate the enclosure and the

fly hs2h@tertdnpiiing nigdrs to2fta@the SRR BBBLAS WSird axis

according to claim?25, and dependent on ¢laim 21, 15

o . . . . . :
por 1 pitleh REpPaTRORAAE fuuft JREESRE T BeObAd Bk,
according. to claim26, wherein the enclosure is

spherical in shape and the torque gear is circular. 20

28. roscope apparatus according to_any one of claims_
265 t fSyrescope @pearatus according to claim 23 or 24, further comprising a

flywheel enclosure, and a torque gear surrounding an outer periphei'y of
the encloéure, the torque gear being rotatable to rotate the enclosure and

the flywheel about the third axis.

26. Gyroscope apparatus according to claim 25, and dependent on claim 21,
wherein the gear track is disposed along an inner periphery of the

enclosure.

27. Gyroscope apparatus according. to claim 26, wherein the enclosure is

spherical in shape and the torque gear is circular.

28. Gyroscope apparatus according to any one of claims 25 to 27, further

~ comprising a torque pinion gear meshed with the torque gear.

29. Gyroscope apparatus according to claim 28, further comprising a motor

arranged to drive the torque pinion gear.
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conprising a torque pi ni on gear nmeshed with t he torque o
gear. 29. Gyroscope apparatus according to claim 28, LLOYD WISE

wioobHeyssagonpri sing a notor 25 arranged to dri :
torque pinion gear. LLOYD WSE WD 2005/ 095891‘3/‘53”%‘92%‘”/000079

PCT/ SG2004/ 000079 27 30. Gyrgscope apparatus
according to claim?29, wherei # the notor is a st epper
notor. 5 31. Gyroscope apparatus according to claim
28, further conprising a notor- generator device

| echl r ' t.he q pi.ni on gear .
36 T EVKSOpe: SB0AENS kbl Borkh BP R aor s &
el ectrjcal energy. 32. Gyroscope apparatus according
to an?]teBHSrB\O?%‘Igai ms | to 7, wherein the 10 rotation
~device further conprises a notor-generator device .
selectively arranged to rotate the flywheel about the
second axis-or to convert the rotation of the
81ywheyroscope agiperaiuiscadcoediagdy .cldth 28y furiermomprising 2 motor-
apparatus according to claim 32, wherein the rotation

devi cgendratdrudévies seRetivelyesrandgiRifo afsethbtorque Pinion gear or
selectively arranged to rotate the flywheel about the

secongh éafiveridhalmaft 8f e iGH hed ical &
flywheel . 34. Gyroscope appg aet E@ﬁﬂigggaﬁ%te[b%tr&qaérerr}]ergy.
1, further conprising a conversion device arranged to

convert rotation of the flywheel into .20 electrical

52 BevRbenS g ORI 8 500 W et ner

an-nul?ortéﬁon device further comprises a -motof—generator devfce selectively
arranged to rotate  the flywheel about the second axis or to convert the

rotation of the flywheel into electrical energy;

33. Gyroscope_apparatus according to claim 32, wherein the rotation device
further comprises a gear assembly selectively arranged to rotate the

flywheel about the second axis or to be driven by rotation of the flywheel.

34.  Gyroscope ‘apparatus according to ‘claim 1, further comprising a
conversion device arranged to convert 'rotati_on.of the flywheél into

electrical energy.

35. Gyroscope apparatus according to any one of the preceding claims, wherein

the flywheel is annular.
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LLOYD WSE 28 36. A celestial device includi ng at
| east one gyroscope apparatus according to any one of

the preceding clainms. 37. A celestial device according LLOYD WISE

to claim 36 wherein the device is in the form 5 of a
satellite. 38. A vehicle incliding at | east one

r os¢o ar at us. accordi to any one of clai 1 .
38, 3sA deledtl devigeripelicipe ol Rash PBP @vroRiaRR AgPaiptUs according
| east one gyroscope apparatus according to any one of
cl ai nt® any engef theppreselingG@AHId appl i ance i ncl udi ng at
| east one gyroscope apparatus according to any one of

claims 1 to 36. 15 41. Gyroscope apparatus conprising
a flywheel arranged to be rotated about a first axis

and aAsstestihl device adtioeding $o eldil@BPwakrdin thdrelelicess in the form
axi s; and a conversion device arranged to convert the

rot at ppg sgfelfitee f! ywheel 20 about the second axis to

el ectrical energy, the flywheel being disposed around

t he conversi on devi ce.

38. A vehicle including at least one gyroscope apparatus according to any

one of claims 1 to 35.

39. A single-wheel vehicle including at least one gyroscope apparatus

according to any one of claims 1 to 36.

40. A household appliance including at least one gyroscope apparatus

according to any one of claims 1 to 36.

41.  Gyroscope apparatus comprising
a flywheel arranged to be rotated about a first axis and a second axis
which is orthogonal to the first axis; and
a conversion device arranged to convert the rotation of the flywheel
about the second axis to electrical energy, the flywheel being disposed

around the conversion device.



