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GYROSCOPE APPARATUS Background and Field of the
I nvention This invention relates to a gyroscope

wa@ppangisas, nore particularly but not excl usi veCSG0&000079

control nonent gyroscope apparatus. Gyroscopes have
been in existence for many years and have been used in
numerous types of applications. For exanple,
gyroscopes have be@YR@@bOPEWP Pi)gsyst ens of
pl anes and ships, and also to provide attitude contro
in a noving object, including spacecrafts and
satellites, so as to control the nmovenment of the

appl.i cation, the gyroscope is
v N Monent Gyroscope (CMG). A
CNG typlcally |ncludes a gyroscopic wheel with a spin
axl e through the wheel's centre, and an el ectric notor
arranged to rotate the spin axle and thus spinning the

This senfibn refassy tota)gﬁr ostge appaitis, rﬁbﬂéﬂyéﬂlcamw‘lﬁﬁ not
nmonment um Furt her e gyroscope is ginballed at ends

!n{baé the spin axis.

eg(%%?lﬁgrl not graﬁtrglcri‘tﬁe §|E)dn§rng8%‘H§% k.?tkg gyroscope is

then used to rotate the gyr oscope about the gi nbal

axis. Since the gyroscopic wheel is of sufficient mass

(%gd IS sp nn| g at such a rate to produce angul ar _
QH? e gXistancenior gPaBY Mesre amee Bave theesr used in

its plane of rotation would induce torque about an

naierousitypes of applicajiomsl Foo exaenplej gymsdopés haivetizden used in

axes. This torque is then used to urge the noving

nabjgatibnisystende of prmesrindeshipdjaMVgko to provide attitude control in a

moving object, including spacecrafts and satellites, so ‘as to control the
movement of the object. In the latter application, 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 rdtaté the spin axle and thus

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

'Further,‘ the gyroscope is gimballed at ends of a gimbal axis which is orthogonal

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
torque about an axis which is orthogonal to the spin and the gimbal axes. This
torque is then used to urge the moving object in a desired manner. However,

with such an arrangement, the CMG is not compact.
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wi th such an arrangenent, the CM5is not
conpact. Sunmary of the Invention In a first aspect of

W0 b@siopsgent i on, there is provided gyroscope apper/aGrme4/000079

conprising a flywheel arranged to be rotated about a
first axis; a rotation device,arranged to rotate the
f1 ywheel about a second axis which is orthogonal to
the first axis, the flywheel being disposed around the
rotation device. An advantage of the described

g, {ehtitsh Present invention is that since the
€ d around the rotation device, the
fl ywheel |s bei ng rotated about the second axis from
insi de and not from outside of the fvavheeI and thus

hi s _makes the apparatus, nor act f er abl
BB oY GSPRCH 1afoTe ARy TtgBe. ord yRnGIOVIdRS, GhraRGagsapparatus
to rotate the fl ywheel about the first axis, the
compuising a fiywhgebasaonged tabe lmtaatedwebolutyaﬁ&lam;taofotatmedewce
fl ywheel notor may be di sposed around the rotation

Aieiiged.toRoefte tad ywhicee abbytb aglconttaxts wimidhudesrthiogonal to the
notor stator and a ring nagnet, the ring magnet bei ng

fﬁ&ta@&sa%@flg\ﬁpfg"rﬁétiﬂg %eﬂ@ouh&tﬁ@@m@&%éw icge first

axis. Typl r stator is annular shape.
Alternatively, the gyroscope apparatus may conprise a
fl ywheel notor gener at or device selectively arranged

to rotate the fl t the fir axi s or
Ao AV GARE0R O e peribd RIOOMISHEE Thet Bresadit dnvengion is that
ener y. Preferably, the flywheel is arranged around

tfywheshds disposee\aroundiths eotatioy deviee, the Sywbael is being
deV|ce further conprises a gear assenbly arranged to

rotited abbinethiel sedearl axierfrtom igside amadt wot feomangeidiet of the flywheel
drive the gear assenbly. The

and thus this makes the apparatus more compact.

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

flywheel motér. 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.

Alternatively, 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. Preferably, the

flywheel is arranged around the motor-generator device.
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gyroscope apparatus may then further include two axles

arranged in end-to-end relationship along the first
w@z008/0938he t wo axl es bei ng connected to the geR€T/SG2004/000079

assenbly. It is preferred that the gear assenbly

includes a pinion gear arranged to be rotated by the

gear notor, first pair of opposing bevel gears neshed

with respective parts of the pinion gear, second pair

of opposing bevel gears connected to the first pair of

PP&%% d}égthg%ﬁ%trﬁﬁeﬂé\ﬁ?@ HGrtRE Eﬁéé’sﬂ %egedéroaééetn%lgselirfhnged to

st sard parr two opp
redgiscPrl s arba dear 5@@99%‘?@'@55%35 e 48P et ARERTEY. The

to a correspondi ng said wher eby rotation of,

gyostepe geparatiss maysthsatfurtaar aslude tw&p@@% granggedn eﬁg-to-end
to each other. Advantageously, the gear notor is

redatigrehinl atorguthe tiingt griar the Sewbbyles Thaingeconnasted tosipe gear
include a notor stator and a notor rotor, the rotor
ad&dmplydi sposed around the notor stator. It is

preferred that the rotor encloses the gear assenbly
entirely to make the arrangenent nore conpact. The

gear notor may include a ring magnet disposed betvveen

the stator ,and,rotor e arr.an ement

1P et e At r; aEgMelReRERs 2 IR SET orrrapyied to be
pi ni on gear being arranged to be rotated in response

ratatedhby ribeagean narrtor,h'(érrsgJ iy ol eriasing beve! gemes fpeghed with
may include two rotor halves and the gear notor

réspeltivie artso ofiother pitian ayeararsexogddpaio off iopposimg bevel gears
respective rotor halves. In this case, the notor may

c&@\’t{&té&@b fHe st paltIf DpplokihgessVel geanchnd deliy dirangseto rotate
bet ween

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.

The gear motor may include a motor stator and a motor rotor, the rotor being
disposed around the motor stator. It is preferred that 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 pinion

gear being arranged to be rotated in response to the rotation of the rotor.
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corresponding rotor half and notor stator. In this
arrangenent, the pinion gear woul d preferably be

waeomsmeised to one of the rotor hal ves so that PEESG2004/000079

pinion gear is arranged to be rotated in response to
the rotation of the connected,rotor half. Further, the
apparatus nmay conprise a V\,hee? connected to a free end

Nferﬁéﬂ\fél@%hé rofofenaReludestivagrotdr [dlgesi aha the geap motoridcludes
on a circular support and bei ng noved around the

@8:'ﬁ§{spon Bpéjgfrépgéfd BS‘GP\?@@H resrp%tcﬂrré ?&ofhat\}é% In this case, the

I'Ng - ax erab the wheel s are geared

wheel s and the circul ar e r

BB ey Do, g, Sradnels TR ba ofadtditing hpbsed otween
connected to sides of the fl mheel t o encl ose qg .
qommppadm@em’r@rehalﬁenetre@traéeﬁt@torﬂe t&rﬁparram%mﬁa& £ fynion gear
i nclude nmeans to rotate the flywheel about a third

wolld préfiecibly eocdriregtethto one ofithe ratet halkes sedbatithexision gear
In an alternative, the rotation nmeans may be arranged

ib %'rr‘a'ﬁ@eﬂ 'td%%'tatééwres%)dnbe 6 tiee kStatibhh ehtHesc@inavted rotor half.
obliqie angle with respect to the second axis. In

t hese arrangenents, the apparatus nmay conprise a

flymheel enclosure, and a torque gear surroundi ng an

her of the encl osur the tag
RS, Alus pavcrareiin g Wit ottt fdfle end of each
flymheel about the third axis. Advantagequs|y, the .
apdartherheelibeing spasead 40 @ﬁgsmqrﬁeﬁé?n a@r%l%rwpgpﬂt&r@ being
encl osure. In other words, the inner periphery
raoved anolsnd liee giraular rsupponrb,y thaabadial rdtatiem of dbercemesponding
spherical in shape and the torque gear is circular.

e PRIABFAIYISIHERWhLER! ddegaaledr wheeld ah@thgasircutarsiwshort is a

Wth the torque gear,
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 of the enclosure, the torque gear being rotatable to 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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and a notor arranged to drive the torque pinion gear.

Alternatively, the apparatus may include a notor-
w@eomsnaisor devi ce sel ectively arranged to dri VBCT/RE62004/000079

torque pinion gear or to convert novenent of the

torque pinion gear into electsical energy. In sone

applications, the notor described herein may be a

stepper notor. In some applications, the rotation

devi ce may include a notor-generator device

Vi .

FRglera IS SO Ro e LA and I RRE eY 1 ORuler.

into electrical energy. Preferably, the rotation

device further conprises a gear assenbly selectively

arranged to rotate the flywheel about the sec ﬁ Xi S

The appasatugrmayinglyde & Hragd PHHOR Qeaf W@M W'tﬁﬂ 939@“9 gear,
applications, the apparatus may include a conversion

asdviac eotsucirargenl dendriee dhe forga@gpimioro geaty cAlfernatvely, the
rotation of the flywheel into electrical energy.

a?bﬁfe&ﬁ@%é’y ind\gld bymbes! gbretorudevice Bekvtipely dmarsged to drive

econd aspect of the present invention, there is
: ._ ¢ ha y | _
158 BB s Bea Lo TBRFGT MEVTRER bEURTGIQlioI MR, gopr imto
Xi,s which is orthogonal to the first axis; and a
e@%ﬁ Ned éN6MPY¥evi cearranged to convert the rotation of
the flywheel about the second axis to electrica
energy, the flywheel being disposed around the
generator. The descri bed enbodi nent of the present
In soeme Bpplicationse thes eabton dascriragk hetaibenaybe a stepper motor. In
applications for exanple, in a celestial device such

e applicdtionke thé rugttiod! devices ImaAs intledes lae sater-generator device
pl anes, ships and trains, or even household

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 to 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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appl i ances. Depending on its application, a single
gyroscope apparatus of the present invention may be

wais@d/oessorn conbi nati on of two. Brief Descri ptiper/eé20nive00079

Drawi ngs An enbodi nent of the invention will now be

descri bed, by way of exanple, with reference to the
acconpanyi ng drawings in which; . Figure 1 is a

RRINYRECII \tOnvVerRWhel rétafiyn O e fgpathtabdutaner detthd @axis to
a preferred enbodi nent of the present invention having

' . ed
relp et $he rearEeing dithiseaarBifi Joftikatt
Figure 1 which includes a gyroscope and a gear
assenbly; Figure 3 is a close-up exploded view of the
Lgt;ar assenbly of Figure 2; Figure 4 includes Figures
The desaribeghpawodiment, af ithe Prosertsingention cgBabe Jdsadh#) y large
of Figure 2 in an assenbled state; Figure 5is a
nunsiser-sfeagplioationse foroéxarhpleg i ascadpstishdevipeasucts serebbatellite, a
along the Z-axis; Figures 6a and 6b illustrate how the

VBHICRS GoRR a9 bitRMs 2P NBlave8| shipgUard 4rdifis ber en household
supported on a 'hem spheric base of the apparatus of

S AT 50 Sl SLERLE GrbIsphBus of o
S, ) B S SRR O B ?

apparatus of Figure 1 with sone of the outer parts
made transparent to see the internal conponents; and
Figures 9 to 13 show different applications in which

Brief Drgmeeiptionu of tife Brawings 1

An embodiment of the invention will now be described, by way of example, with

reference to the accompanying drawings in which;

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

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 gyroscopé and gear assembly of Figure 2

is being supported on a hemispheric base of the apparatus of Figure 1;
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can be used. Detailed Description of the Preferred

Enbodi nent Figure 1 shows a perspective view of a
W@006823pEe appar at us 100 accordi ng to a pref erPemsG2004/000079

enbodi nent of the present invention which has three

mai n axes of rotation: X, Y.and Z Figure 2 is an

expanded vi ew of the gyroscope apparatus 100 al ong the

quur‘éﬁd?azaﬁd% illdstrate! A bas@ o the bbFam’tmsaﬁ Firgure ploimchtdirsg a set
conpri ses tmo i ndependent cylindrical shafts or

o B35 A LIRS 209 38 5808 8 R i o

106a, 106b of a cross-connector 106 (see Figure 3)
@Ach of the shafts' second ends is in the formof a

square stud 102b, 104b which is connect e?l t,% a &]ear‘][pg_t
Figivee8 i3 Gmothanvigndof thes apparatysef sigiresT ¥5th seme gt g outer

radi ally about the Z-axis, the wheels 108,1 10 rotate
paatsonade tginspaiiént tggeedio® péemab aoaposentso ahds a

rotation.device conprising a shaft gear assenbly 200

Flgu :g%" 11305 @ Hifferehe appliddtions AR wiifiéh ahd dpparatearof Figure 1
Ss ' ynot ors 300, 350 arranged to drive the gear

200 and this is illustrated nore clearly in
C%S%%pgégS and 4. The gear assenbly 200 has a hol | ow

rotati onal nmenber 210 which conprises two ring hal ves
220,230 that function as rotors. At one end of each
DI‘I ng half 2‘&20 21::,0 th?re Czilre grotrudl ng | ocking pins

of the ring half with a I ocking pln 222 of one half

220 arranged to be received in a corresponding pin

hol e 234 of
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 independent
cylindrical shafts or axles 4102,104 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 form of a square
stud 102b,104b which 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

accordingly.

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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the other half 230. Each ring half 220,230 has a

centre opening 226,236 (only opening 226 is shown in
woogsness8) t hrough which the respective shaft BORSEBH4/000079

is inserted to be received in the cross-connector 106.

When the | ocking pins 222,232;are received in

correspondi ng pin holes 224,234, the ring hal ves

rAddre 300859 heakged ith dpivedRe @)@dr fabyémbweZGOtarfdetHE? Roitstrated
210 is rotatable (when driven) about the shafts

Bt citdy BYEIREE SRPHLT e SR BESRER 200 15 £ Bylow rojational
BIRR o0 whERERIRRs B b et nd2hly et &wtws rotors.
and the bearings 212 are shown nore clearly in Fig

Af qpe end O egch ringshalb g29 838) tf@@@ﬁ%m&trwgw lmklmrmn%?ﬂ 232

t he gyroscope apparatus along the Z-axis. At the other
anttpinfhodssc B24 234 drearigezbalpag the hrifruointbe-ringdaalf with a locking pin
projection 228,238 is arranged to receive a respective

st oY RAlF 200, é’é&h%éu fhbé RedaiiRs infa TortedborAiAg3Sig HuNs 234 of

a ring magnet 304,354 to rotate the respective gear

8 g 330 B8 e 220 PR AL 8 oA o220 200 (ony
T e b e oz 1o
only one notor 300,350 isneeded to rotate th

ingariad dndle repejued zmoﬂxeaﬁmsmn@ﬁt@rné%ewm theylocking pins
sinply be a single unit and not two hal ves) but two

82,232 age ergoedfeet ireccarrespoodinge pimohelgso®24,234, the ring halves
Preferably, the notors 300,350 are brushless D.C.

2R I®Ere IBcked Mplate) and driethdi didird indMBeARRDIIS Abtatible (When
the notors 300, 350 may

driven) about the shafts 102,104.

The gear assembly 200 preferably has ball bearings 212 arranged between the
openings 226,236 and the shafts 102,104 to facilitate rotation of the rotational
member 210 relative to the shafts 102,104 and the bearings 212 are shown
more clearly inA Figure 5 which is a cross-sectional 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 is
arranged to receive a réspective gear motor 300,350 which includes a stator
302,352 and a ring magnet 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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be stepper notors. Further, one of the ring hal ves
220,230 has an internal pinion gear 239 which rotates

wo posopssert with the rotation of the rotati onaPbCTeam®s/000079
210 and in this case, the gear 239 is |ocated inside
the left half 230. Figure 4a3%| | ustrates the pinion
gear 239 of this ring half 2 The pinion gear 239,

ﬁfé@age feRthidetné Athordd maﬁwé?rmroe% and thuss thd eeribed 210 may
rive two opposing bevel gears 240,242 to rotate

t he n.o r

THaNo4S LRl ivcend st g, naltBs) BB BFY HolfiRare preferred to
orthogonal to the Z- S, Si ce the t
RYde 4NOLe e PRVEDt gheuntlyo e oieigss g@ﬂgﬁﬁﬁg&gn gush'ess D.C.
106¢c, 106d of the cross connector 106 using pivoti
quigines2 2dteraativebs edananding o). theaapplisatien, teamatars Q&Q,%O may

al so has an internal gear 240a, 242a whi ch nmeshes with

mpseppsomekest drive gears 244,246 and this is
illustrated in greater detail in Figure 4b (with the

ring half 230 renoved and showi ng part of the cross
connector 106). Each shaft drive gear 244,246 has a

RSBS00 O TaRiF a2 e R Sy Rl oo i
rolpges §h coicER g dae lroiﬁ% e idafiiak Mesiborpig and in this
4c illustrate connection between one of the shaft 102

case, theegear 2R igosaleddasidetha lefiinall 23 Fignie KA Hlustrages the

not shown). Figure 4d shows an assenbl ed view of the

fieionl geae @39 GfARis2diy Aall 230e Thei pirioh grear23R 4vhiek Bias the Z-axis
supported by the shafts 102, 104.

as the centre axis is then used to drive two opposing bevel gears 240,242 to

rotate them in opposite directions.

The two bevel gears 240,242 are mounted along an axis substantially
orthogonal to the Z-axis since the two bevel 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 internal gear
- 240a,242a which meshes with opposing shaft drive gears 244,246 and this is
illustrated 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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Referring again to the expl oded view of Figure 2, the
gyroscope apparatus 100 includes a gyroscope 400 for

w@e@doeisay angul ar nonment um about the Z-axis. BOESG2004/000079

gyroscope 400 includes an annul ar flywheel 402 and a
gyro rotation device i 0 in ng formof a gyro notor
404 supported along the Z-axi's. The flywheel 402 has a

rSf%ﬁéd.q=ig&t“€ LY iiRGtrakecoiikcfitd Hetlvebf eRie\dftae tshaftgh020and one of
nmot or 404 whi ch i ncludes an annul ar stator 406, two

. | o] AT [ nd a ring
156 e 6B’ 2% Shin e et R IiwiCe) "0z “he
two stator plates 403,405 are used to engage the
stator 406 fromtwo opposing ends so as to 15 support
the stator 406 when the plates 403,405 are supported .
Figwe 4chshewsrans agsembleg. Viey efihe kewsd Geaen 2401442 apd dhe drive
motor 404 is a brushless D.C. notor. Figure 6a shows
deaes DUy IeeduppaPieddy therahiafts H024104.he gear assenbly
200 and the associ ated gear notors 300, 350 bei ng
arranged on the shaft 102 and 104. "20 The apparatus
100 further includes two side covers 410,412 connected

e Bod7a AR el e 2 0sl e s Sepibus 100

300, 350 i i d h [ 401 of the flywh .
ingpdena gYIoaeePe Dl on REQUEG Anciia Monianium {BOE the z-axis
covers 410,412 has a centre 25 hole 410a,412a for

Thesgwoscape 40afinclades apannylasdlywheet 483 andea syra taiglion device
andeach side cover 410,412 is supported by the shafts

iA QRe T6rin \of a gwid motar 404 supporiéd edortg the €-&jis.sthadlywheel 402
facilitate rotation of the side covers 410,412 and the

Hdsy ¥heditret GAvip ¥t odifing 404 for Ridafeng tRe 9§RBSMotor 404 which
assenbly 200 and the gear

includes an annular stator 406, two stator plates 403,405 for wire coils, and a
ring magnet 408 arranged to rotate the flywheel 402. The two stator plates
403,405 are used to engage the stator 406 from two opposing ends so as to

support the stator 406 when the plates 403,405 are supported from the shafts

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

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

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

The apparatus 100 further includes two side covers 410,412 connected to sides
402a,402b of the flywheel 402 thus enclosing the gyro motor 404, the 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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notors 300, 350 are arranged inside the flywheel, it
woul d be appreciated that this arrangenent allows the

w@oosmesspe 400 and t hus the apparatus 100 to beCcudamnedo0079

to a very small size. For ease of description, the
assenbly of the flywheel 402 1the covers 410,412 and
the parts inside the fl yv\,heeil are collectively called

chble sijg cowad4TDUIR igssippotied 4n0the skafRs 026104 vdaball bearings
view al ong the Z-axis plane of the apparatus 100 in an

: . Ly . I
2ASTES RS 5D SRR o ch e SRR colors M1 F12%8nd the
statio y..part the ratus 100 and the

ABbHGA2 R e oy BPEBY ot st eipll] P, qodthe gear
between the stator plates 403,405 and the side covers
mpi@f,Sﬁ%é’éﬂ aje qr@wq%l%&?sweeﬁwquitmmlﬂcm @ppragigied that
is needed to drive the notors 300, 350, 404 (rmounted on

this @rfangestest ailopisathesgwoscoEs 00 Einel tiysathet apparagus 100 to be
further conprises a spherical enclosure 500, which is

atigpteddidoy vevy bmdallesizénFohedser of desexiptior;kibe assembly of the
hem spheric base 502 and a hem spheric cover 504 to

ﬂ@ﬁééﬂs a02hanaY covérad 470l apieihd Vo4 indRe &Ne ﬂwa|1eel are

ape support nembers 600, 650 to connect the assenbly

Ot Qe t ort nenbers

Célgqft'gglg %ﬁgagﬁ% %ﬁé@g”?gﬁ%gﬁ%ﬁwxe yro and not or
assenbly 450 when the assenbly 450 is being rotated as

wi |l be describedbel ow. The U shape support nenbers

600, 650 are arranged at opposite ends of the gyro and
Anerass seciiomel yiesoalasds -axis mlang &f theaapparatusd G in an
ends

assembled state is shown in Figure 5, and it should be noted that shaded
portions of Figure 5 represent 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 (mounted 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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of each support nenber 600, 650 are | ugs

602, 604, 652, 654. Each |ug has lug hol es
wWooRa/0eB84n, 652a, 654a and when assenbl ed i n pl aR€T/SGH®4/000079

| ug holes are arranged to all ow the geared wheel s

108,1 10 to protrude through,as shown in Figure 6b. At

respecti ve apexes of the U-sﬁaped menbers 600, 650, an

beld\R! THEé @-@ﬁéﬁ@%@pbenfmemm 600856 ave arrdnged et @pposite ends
610, 660 whi ch connects the U shaped nenbers 600, 650

of thY @&w ah@ bR essbhBIly A86 KRHYWA FPRigUres Dag®l 508nerat ends

em spheric cover 504 depending on the position of

t he U-sh e [ bl i REMT :
ottt TR M g 650 e 5% 0204 o 68t B ud has lug
cavity 502a arra d to receive rt, of e .o, an
ot 6053 E0BRSEAB0 A RGBT s ties T Ak Heuoles are
arranged around the inner periphery or circunference .
aredngeidetobalioy Hu2 gedred wheelfedP8.IARP Pretiede thrpugh as shown in
protrudi ng through the |ug hol es 602a, 604a, 652a, 654a
ngﬁ;@mfanged to be neshed with teeth of the gear track
06 and as the shafts 102,104 spin or rotate about the

Z-axis (in opposite directions as would explai ned
| ater), the gear wheels 108,1 10 travel along the gear

ALERPEAF ohilS LU e s oo aspebi, poosce

s 502. T 1

o oreTic Pl P et P80 e B4t IRE 1 shaped
mahera 600,650 mayably t© alinelsbiscteskad BSmRANE oaise 502 or the
transparent to see the internal configurations.

hémaispheric 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
receive 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 wheeis 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 opposite directions 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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one of the support nenbers 600 is partly cut away
(thus narrower than that shown in Figure 1) to review

woneos/ 00889t he i nternal parts. The housi ng 700 hRST/8G2004/000079

circul ar base 702 and a housing cover 704. As shown in
Figure 7a, the base 702 inclhpes a torque pinion gear
708 di sposed at the centre of” the base 702 and a

sé)ﬁﬂéférgggdp%s%a%tt%nsmﬁemrtbag&eﬂwé pitsthil eotfigurationgrFurther,

gear e apparatus 100 further includes a torque

B ARSI B, P2, o bt van o
50 ) : .
S35 SR 50 P 06 P BT B 0 e

The torque gear 710 and the enclosure 500 are in _:

cireulat base 702 and 18 BausiNG GRwer 406h ASHshowhd SigiBsTa-the base
is novable in response to the novenent of the gear

702 Gnclides Betorque einion gear JO8rdignasdd ahtheangrige 106 the yimse 702
with the pinion gear 708 in a bevel gear arrangenent

afd 2SBAMEpect Bi@Unetor 7@6atandad @dhiviélidet sinfoheyegr 108,

ratio, the torque gear 710 rotates at a nuch | ower
velocity than the pinion gear 708. The housing cover
704 is preferably nmade of transparent plastics

TR tnaratuS A0 TURRE BRLIRE AL EFhy S heh L4V R zsg and an

714 arranged al ong the outer circunference of the pase
inTe2 dinmelsh WhichsCaimRsRands, ) e exieralcgbImPEnas ngnylosure

in place. The apparatus 100 nay be powered by internal
5batdoethiab $he tarquehgean)7 10isadisposed shwouading50Pokied periphery of
i ncludes wires (not shown) to supply power to the

i1y eASIG8ER 500. The torque gear 710 and the enclosure 500 are in 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 arranged 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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400 and the notors 300,350 are routed through the
support nenbers 600, 650. In use, when the flywheel 402

WO 3008pe889RboUt the 2-axis (being the spin axi spChyGrdoa000079

notor 404 fromrest to a predeterm ned speed, it

creates a | arge anmount of anggl ar nonentum (the anount
depends on the speed of spin and the nass of the
Theyappeehiusatlimayhise powered byintemahbittekies@rot shown) located in
spi nni ng gyroscope has a | arge anount of conserved

ti 856 BO264ART MEdBh witres hstashionat) to suppii) Fow_@pr@meugyroscope
tends to keep the apparatus in its initial direction.

4@%&!&% .rhﬁfolrg %g@ﬁﬂ@ﬁan%ylbﬂgﬁ)ﬁgfo@?t dH ReAREreB00,650.

I"ane iC ane par to and having its
centre at the Y-axis which is orthogonal to the
rotation or Z-axis. Wen the orientation of the

apparatus 100 changes, .this chan cgn he detected py .

15 USeWhen drg dvhesbATA s SRHR BROUF the 4euds (26igg &he sgin axis) by
drive the notors 300,350 which in turn drive the gear

trs matani404ifrons sest toree pragisterstinedi spgeds it gseatesla/lapg® amount of
noti on dependi ng on the direction of novenment of the

apgalar 2émehtum ¢thangnount depdreisgmrathe28iSeed ofl spineand theamass of
cl ockwi se direction by the notors 300, 350 as shown by

tlﬁéh rﬂngéei)rhtﬁm Uhe Adxist AR isoNEN kRBWA! 208BInAt gy @sabss has a

di'rection indicated by arrow B 1 wheréas’ t he

Ielﬁjrﬁgie%a Q! ofgec%hséﬁ%ﬁlr ‘(f)l'\géi‘ééll igé?]e?ég)é}ﬂn?_%lat nggs'bﬁﬁé’isoﬁngular

ed by arrow ure hese“beve

ears, 240,242 thys drjve the fwo,.shaft .drive gear
ROBIE [t 0o KpeP dhP cARRRIALISIT Gl cdifection. Further, the
respectively by arrows C1 and C2. The rotation of the ‘
s@inning geessora 492da58 Hrecessind RIRRe whighyis aclang garalighto and
noves the wheels 108,1 10 around
having its centre at the Y-axis which is orthogonal to the rotation or Z-axis.

When the orienitation 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 motors
300,350 as shown by arrow A in Figure 4a, the lower bevel gear 242 rotates in
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 244,246 in opposite directions as

indicated respectively by arrows C1 and C2. The rotation of the drive gears
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the track 504 causing the gyroscope to precess about
the Y-axis, which counter-bal ance the change in the

w@eoosovmbi on of the apparatus 100. In this parpPCTEGZ0104/000079

exanpl e, due to the direction of rotation of the
shafts 102, 104, the wheels 1Q§,1 10 (and thus the gyro
and notor assenbly 450) are being rotated in the

Hiar 248 ioites NHE GABRY 102, FO4 and Ehismabesvthe widetii€8 840 around
The rotation of the spinning gyroscope about the

= a tar r X : :
e Yok, SOAn ERtohe; e AStorR, 10 {rbcbt Mot H1as, which
axis is parallel to the X-axi.s n h a .
Ghhtergditeoths onaRg®  Fels, PretslEN, & ik Bppasatys, 190- n this
stabilising or reactive force about the torque axis,
patticutan examplenfduguicathe direetien ohreigdion; ofi b sealfs ﬂéa,104, the
may be set in notion to rotate the gyroscope 402 about
whels<468j14 0t (and thus dhé gyraapd cootor esaeinblys49Q) ave being rotated
reacti ve force about a second torque axis which is

iIPthd aRedtn indidated }S%léﬁﬂ'éw Dragshowh inFigmraeanThé retation of the
t he conbination of the first and second reactive

sfpg{rrlérrgi ggtdé%%et 5o RPIRRY ﬁé@% %ﬁ%&éé’ t6FRR Bbatehl *iﬂs?ittﬁ@tue axis

out two axes. al so' be appar ent a

the torque gear, 710 . Si L] Lfferent.ly

Gk iSO TFactid o A8 Y BH L ES kb S 5 Bl FaER, i pete to the
Advant ageously, this can, be ysed {o produce a .
X461 13 rRioho e Conbigyationg ?Wédg%(iQF%%%er dRgrrRpte a first
the position of the tocglgue ear wth respect to the
strhilising at keadige forvecabatdtlee raue akise angl e bet ween t he

X and Y axes). The arrangenent of the gyroscope

apparatus 100 of the descri bed enbodi nent

In another configuration, the torque pinion gear 708 may be set in motion to
rotate the gyroscope 402 about the X-axis thus creating a second stabilising. 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 apparatus 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



all ows the apparatus 100 to be used in a variety of
applications. For exanple, the gyroscope apparatus 100
worgyosoessoused to bal ance a vehicle such as abi BgT/E62008000079
as shown in Figure 9 (of course, the dinension and
gyrat.ion of the gyroscope nqus to be adjusted
accordingly). In this way, the spinning gyroscope 400

bigieled800 3 sHow P Figtiee Oh@f Rbarse, ehd@imensioRtdreng@ation of the
when the bicycle SOBg@i S a(? rest thus alleviati ngg)?ﬁe

ggfcgs%gpé gggqéi fF'pd Oadgéﬁiepi éc!:c?rﬂﬁwscﬁ@hslﬁp@ﬁﬁ%t V\H“y? the. spinning

Figure 10 1lTustrate ot her appl'i cati o

exa i t he Q appar at 100
oFHRTREE o bin R0 B BORRR uR ke ¥000M wafipn apevnen the
car 810 mangeuvres a corner or bend at high speed, - .
bicyler ﬁggga@tfrssw%a?' eiating e nead aldhe @ariianusé his legs to
However, the gyroscope apparatus can be nounted

5 suppovtéhebicycle#&Gar to create a stabilising force to
reduce the chances of the car overturning when
negotiating a bend at high speed. In the bicycle 800
and car 810 exanples, the notors 300, 350,404 are

dapnd; e a r p
FHAS 0 1ktes sHofid SpbealBh gl O 05F0 918 ioscone

. ' : [ ' e tes
2BFaRRIE 18R 1o BHSHE 2 yBhRES i o bk aE R LA &% car st0
not or - gener at or " dgvi ée VYt"li ﬁh fugcti op. as (r:jenerator
MAPeHVIRS 8rCOrhRLSr 9endAti WahSPeEgy CRE f@mﬁ@f? Gih B1RY: Rause the
bicycle or car is in notion or converting this stored
10 cahtd gyertynabtavegvesather @Yrescope Appataius Kandig oseted anywhere
400. For exanple, when the bicycle is in notion, the
inmdhve neart tocrosedtes ai stabilising dofcee® yredotatthet beafidesvotethe car
402 about the spin 4

overturning when negotiating a bend at high speed.

In the bicycle 800 and car 810 examples, the motors 300,350,404 are standard
15 motors arranged to rotate the gyroscope about the Y and Z-axes, which means
that the motors need to be powered. However, since a moving object 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 convertiné this stored energy to mechanical
20 force to rotate the gyroscope 400. For example, when the bicycle is in motion,
the movement creates inertia to freely rotate the flywheel 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

25 functioning as rotors to create kinetic energy. Both the stored energy in the
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axi s which can be used to store the energy created.
Simlarly, the bicycle's novenent al so causes the

wo boostoessb1 402 to rotate about the Y-axis and tPCESG2004/000079

novenent translates into rotational novenment of two
ring hal ves 220,230 functi on'i./ng as rotors to create
ki netic energy. Both the stored energy in theflywheel

ﬂ?\ﬁﬁe@@bz BRdrthedrinthuRes 220,230 caathehaie Dsed dBdtheyrespective

e respective notor-generator devices to generate
2 i i ' t
R GEeGTalc QIS PihdBsg BRI {PEERES e ThAAG Res to
arent that the, gener.at el ectricit si,m
sGENRecta Pidme oPhar a1 Seiorag: hotiolhd Yo Ay dhat the
a head light for the bicycle. In yet anaqther o
gepprated elesiricivhean singlalyRe Hppdtaneiver sihes eleshipal deyices for
buoy 820 supported by floats 822 out in the sea 824,
exampleoasherd lighyfordha bicypleef er abl y, the gyroscope
apparatus 100 is fixedly located in one of the floats
822. Sea waves woul d urge the buoy 820 into notion and
the "rocking" action rotates the flywheel 402 about

"t ggt dg%ilﬂgtgbﬁoﬁca%?ﬂn? the pgrd%e%%{ N800 WIS FPA Ry 820

tor-generator devices (which in this

variation.a the V] t :

st B soglf pPES T 5% BB oo ST T FRAPG 0, Photerably,
l'ights produced fro he _bu 820., | n_anot her :

e BEEOPE APRASRMELT O 1 BO0N loBRISH, ITpge P! e fioats 822, Sea
generator when nounted in a torch |i ﬁht 850 such as

waes sraiieh urge theybuey 830 intaemetigivaeditha Jeaking”rastion rotates the
apparatus 100 is freely rotatable about the Z-axis

fiylhedl 462 boal Ithé Y antdfor £ exig thudi praducing ehetdye whistcban be
[ight and thus a sinple rotation of the torch |ight

u§éd by the -motor-generator devices (which in this variation, the devices are

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

lights produced from the buoys 820.

In another example, the apparatus 100 can be arranged 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 freely rotatable about the Z-axis which is parallel to the
length direction of the torch light and thus a simple rotation of the torch 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 freeIS/
about the Y and/or Z-axis. The rotation is similarly 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 regulated to

stabilise the position of the light beam from the light source.
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by a hand 852 can set the flywheel 402 in notion
creating kinetic energy. The rotation of the torch

wo 2@hoBS0 simlarly causes the flywheel 402 tBCT/SGZDE000079
freely about the Y and/or Z-axis. The rotation is
simlarly used by the notor-generator devices to power
a light source in the torch [ight 850. At the sane
time, if the flywheel 402 is sufficiently rotated, the
current generated can be regulated to stabilise the

ABOSddn abos, thbeudd ohta singla fyroscope abpgtatus oll(c provides active
seen above, the use of a single gyroscope apparatus

BRG] i o i |
slt]agﬁﬂlslflé?ﬂ agﬁ\;q gfgé %8s Pl IprédtdenstailRity forbed ssnddthree axes

produc I1'1sing forces along three axes, two
i GYEREPEp 2RBALAHY JoPdeaEEbe R 17 BRaists, a8t moment
cibmeonst (WO JarSSb S s PO 8 i paricter

single-ginmbal CMG in a pyramd cluster arrangenent )
applidatigs, fihist cammode danrange dowr sivsle-gimbrm RyzA dryramid

J. Lappas entitled "Control Techni ques for Aerospace
cligtsrearsdngenaenati $uadhl as fthatdisclosed in the presentation by Dr Vaios J.

http://ww. ae. net u. edu. tr/ ~ozan/ control /i ndex.shtm ).

LEE?QS eNéd “CahabETeafiytied fer AbrdsphbeBywstems”. (available from:

ernally and thus this deternmines the extent to

hﬁEf/@@.@%rﬁé ﬁﬁe@&.t#%g{ﬂ@dl@/i%xﬁﬁhﬁ%‘?d EabR MG ?ﬁg rotated

i nvention,

400.1 S, gi | 1.ed t . ' .
o eGP P SRR i e BEE g SRR g whin
osee SRR B dadSos s Sope aRBa chpbigmon o
200 and the notors 300,350 to rotate the gyroscope 402

tidb praisenh énvesition, the dirosoepe 408sis drimbatied | &ef and Y laxes (Z-
gyroscope, the gyroscope can be .
axis being the spin axis) and thus two gyroscopes 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 inside the flywheel of the gyroscope, the gyroscope can be

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

In a further example 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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produced in a conpact manner achieving a substanti al
reduction in size. In a further exanple of

wat@biobissat i on al ong three axes, two appar at uspaDRGmN4/000079

t he descri bed enbodi rent may be used to bal ance a

wheel ed support structure 83Q,such as that shown in

Figures 12a to 12e. The struc?ure 830 includes a

Sitdrfgdcfo Damieet tHeustrackiré 3R, amuptight gisttionndnd| pigbtedy by the
tapered body 834 supporting the surface 832, a

Ny e pe housi ng 836 connected to the body 834 and a

whéel™ 838 novably coupled to the gyroscope housi ng

836. Inside the housing 836 are two gyroscope

apparatus 100 of the described enbodi nentarranged to

bal ance the structure in an upright position and -
The,sudace$32 eayhearraitgsd tﬂ]%”@%ﬁ% 5%8"%%*2%? Q%Ses’ bottles or
arranged to support itens such as gl asses, bottles or
athbeiteins dasdisplaydsunil ag thafcthosn inhkigushdge. The sugiace 832 may
12c. The surface 832 may al so be extended in the

4156 Belexddedt innthei raaneerltovamth Elfiran@ctdrel $2d anduthe structure
830 can still maintain its upright position due to the

SHEEH 0 RIS BN o0 St Corcss goneres

rotatin | at | g c [ 3 :
57 55 BosRpP pilfereflys, "BOR RS, HHE PR B, £ 26onrafyy rotating
beconme a conpact structur ch as that wn . n

PIpdo 106 SVIRSCRBE MPUSIELEAE Sh S B, FLARER S body 834 may
posi ti onal sensor, nounted preferably on the housi ?

B8 mtranigbledo beeamen sempact sfEUGURE SHGhoas HiajisBown infdgure 12b.
support structure 830 fromthe vertical axis which is

fed to the gyroscope apparatus 100 for conpensating

t he devi ati on.

It would be .apparent that a suitable positional sensor, mounted 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
away 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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Figure 12e is a close-up view of the structure of

Fi gure 12a whi ch depicts the housing 836 being | ocated
wa@baseisbe wheel 838. The wheel 838 is partly eoOL/S@my000079

to reveal batteries 840 and a notor 842 for noving the

wheel 838. The batteries 840,fan al so be used to drive

the notors 300, 350,400 in the gyroscope apparatus 100.

Further, it is envisaged that the gyroscope apparatus

100 may be di sposed inside the wheel 838. The

A8 Rit/seFibed Bovk hﬁhet Méc%ﬁEﬁFQﬁﬁn@%’r@@g?‘%f‘ﬁ\elQQpér%t%s 100 is very

Figures 12a to 12e can be under y as

oGiBabt i, %’Eove%% sBin Nt appleddbrdiinty “{%ﬁﬁ"ﬁ&' 402
Sy et A S e klrénrgpfaamnébtﬁuﬁgmi gear assembly

di sposed around the rotation device (i.e. notors

200 @reseceived dethe aavbhf0y) and thus the wheal 462 tip gotated about
cavity 401 ) and thus the flywheel 402 is rotated

thebvaixist fnemYthaxnsidé o e flgwhasl 482 ahd tnoé friohy Weeeltsi? Further,
and not fromthe outside. Further, notor 404 for

mbtﬂrﬂomﬁ)rtrﬁ%ﬁn@‘m@eﬁl\/\/ﬁe@l 5 BRicfe %ﬂ@Hla?rmGﬂﬁ@ﬁfﬂrH () 'aiso located

also located in the'cavity 401 and"this further

t C r -
ing % %fg?ﬁﬁgfdﬂ%ﬂa'%pa%mm e gt %ésé**%ﬁge"ﬂgﬁ 3 ipgmpact

d| anet er of th he describ od|
P A0 1168 iof, R oL 419 ppacails efSU- eeu i double the

he notors 300, 350 can be stepper notors |f the angl e

d'@fneit%rt%ft h@rﬂ)’mh@ﬁb the Y-axis is critical.

Al ternatively, the notors 300,350 can al so be ot her

types such as linear notors depending on the

application. However, the
The described embodiments should not be construed as limitative. For
example, the motors 300,350 can be stepper motors if the angle of rotatién
along the Y-axis is critical. Alternatively, the motors 300,350 can also be other
types such- as linear motors depending on the application. 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 assémbly 200 but this may not be
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inventor prefers to use a notor-generator device since

this allows the device to function as a notor and/or a
w@eosnadsor dependi ng on the application. O cORPCESG2004/000079

control circuitry can be provided to switch the

device's function. In the degcribed enmbodinent, the

gear assenbly 200 is used to rotate the shafts

nééssshbs ,althtm%h herefarted to 30@yvitle) mavg pewear.r ahged.C.omotor 706
rotate the shafts 102,104 directly, and not necessary

aﬁéﬁ%%d“?o BRES RS PRITOH YyedP Fosedr BRio bé :éog e gé?%tbl@?& produce

ment, two pairs of stators and

2 Y agse
adife ?df%??ﬁaﬁﬁwyeaﬂw%@ %ﬁéﬁbw‘?%ﬁ%ﬁ{% i F%%r g6 can
nore power.  Th tor 706 ar

SR Berd gtabGH ejata" ot 3R TAPLAn Beleinal BBHE o perused to

to produce accurate rotation of the flywheel about the
prdage kinatigranesgy Whinh ean be uped when Hientnoterrgenssator is in motor

not or - gener at or device so that an externa! inertia can
mbedelised to produce kinetic energy which can be used

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

R B 0 00T P e oo
amﬂ@ﬁ?ﬁ%g@n@ t i 36 sapRlidalon Siernlas (RDdeed hgrein

fromthe scope as clainmed. CLAIMS 1. Gyroscope
apparatus conprising a flywheel arranged to be rotated

about a first axis; and
Having now fully described the invention, it should be apparent to one of

ordinary skill in the art that many modifications can be made hereto without

' departing from the scope as claimed.



10

15

20

25

a rotation device arranged to rotate the flywheel
about a second axis which is orthogonal to the first

w@z2005/0938be f| ywheel being di sposed around the POL/aG200H000079

device. 2. Gyroscope apparatus according to claim1,
further conprising a flywhegh notor arranged to rotate
the flywheel about the first axis, the flywheel being
di sposed around the flywheel notor. 3. Gyroscope
apparatus according to claim2, wherein the flywheel
notor i s disposed around ChAIMSt ati on devi ce. 4.
Gyroscope apparatus according to claim2 or 3, wherein
the flywheel notor includes a notor stator and a ring

. Mg iRfrosédife AppUratiROSthpRGhgy rotatable in concert

with the flywheel about the first axis. 5. Gyroscope

appar ' ] I J3:d. tor
o aedAMiRelRRangL g b Bladb T afoul dFES g dhd T
according to claim11 further conprjsing,a flyweel .
ot 6 TR dediceuaAesd dp Jeiateay tprhiricebed ¢ seseRd axis
the flywheel aboutthe first axis or to convert the

r ot athigh isoprihegonal yoriae ffirstraxs.chediywhasl being disposed around
Gyr oscope apparatus according to claim.6, wherein the

f | yiteedtation deviaeged around t he not or - gener at or

devi ce. 8. Gyroscope apparatus according to any one of

the preceding clainms, wherein the rotation device
further conprises a gear assenbly arranged

Gyroscope apparatus 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.

Gyroscope apparatus according to claim 2, wherein the flywheel motor is

‘disposed around the rotation device.

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.

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

annular shape.

Gyroscope apparatus according to claim 1, further comprising a flywheel

motor-generator device selectively arranged to rotate the flywheel about
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to rotate the flywheel, and a gear notor arranged to
drive the gear assenmbly. 9. Gyroscope apparatus

wae@sneisay cl aim 8, further conprising two axl BET/SG2004/000079

arranged in end to end relationship along the first
axis, the two axles being congected to the gear
assenbly. 10. Gyroscope apparatus according to claim

9, WhRe giret tFxs oeab eswethlthe irotdtiotesf dhei fiywheaydato electrical
arranged to be driven by the notor, first pair of
opposifgqbevel gears meshed with respective parts of

t he pi ni%' 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 nmeshe .
T £ h GUIOBERRG \RPRAIAIR ABPTING 10 PR Gy BiiRERIN 3k Sf!ywhee' is
each axle gear fixedly connected to a corresponding

sai daattangeshanogny the matpbgeneratoredgyies.on gear rotates

both axles in opposing directions to each other. 11.
Gyroscope apparatus according to any one of clains 8

to 10, wherein the 5 notor is disposed around the gear

ASS ey rH AHERPEcEBMgAtd anfC6AE dbfMthd Hradedifg eclaims,
831‘ clrfg*rrrgc%‘??o 1, vvher?ai n ?ﬁe rmtng,(r: i ncl udesq)a rmtgg

stat Qi 4af, thd"Ritfiord 85%ke liidfer SMPrif& 3% <Hr & /bly arranged

to rotate the flywheel, and a gear motor arrangéd to drive the gear

assembly.

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 be 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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around the notor stator. 10 13. Gyroscope apparatus
according to claim 12, wherein the rotor is arranged

WO 0008/083805e t he gear assenbly entirely. 14. GyPOESGH®4/000079

apparatus according to claim12 or 13, further

conprising a 15 ring magnet ¢l sposed between the

stator and rotor. 15. Gyroscope apparatus according

cl ai axie3wherally rofationiaf the pinien gear fetaiee othaxiest i laropposmg
hal ves and the gear notor includes two notor stators

ar r agpegtidr dréach éther.r especti ve rotor hal ves. 20 16.
Gyroscope apparatus according to claim15, further

conprising two ring nmagnets, each nmagnet being
di sposed between correspondi ng rotor half and notor

t at i

131 & Rvrdsans AP R ARRRIAG 13 ARy SR Wt 88 167 inghein the
toth t th b dtob

rgt aTR101 s GibaomsLBratigatnd SPBr e OMOBE the rotor . 18

Gyr oscope apparatus according to claim15 or 16,
wherein the pinion gear is connected to one of the
rotor hal ves, the pinion gear being arranged to be
12.0t aGtlosdopecapmaratust acadnding do any @meodf alains8imddt wiherein the
rotor half. 19. Gyroscope apparatus according to any
one @hotbt Mcllide? 4 totSr stelsit fidna infitstor rotor, the rotor being disposed

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 comprising two ring
magnets, each magnet being disposed between corresponding rotor half

and motor stator.
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gear notor is a stepper notor. 20. Gyroscope apparatus
according to any one of clains 9 to 19 , further

wa@oemmpndIbng a wheel connected to a free end of PE€BSG2004/000079

axl e, the wheel being arranged to be supported on a
circular support and bei ng nop¥ed around the circul ar
support by radial rotation of the correspondi ng axl e.

7.1. Gyossoppepppraiuatacsosticgtaiany are of alaimgol to 14, wherein
wherein the wheels are geared wheels and the circul ar

SUPPQhE diioR giariedohnastkd t8Zhe AtopShensinidRRgEatbeing arranged
according to any one of the preceding clains, further

CONprg sy S hdes of the
1 yorde B i LRE Tg POBREA RS rotof
t her ebet ween. 23. Gyroscope apparatus according to any

one of the preceding clains, further conprising neans

to rotate the flywheel about a third is%ic S .
18-t hdaWRaroRe apparaiup sacekdingdfofainxes or 1, @B?@&éi&% pinion
apparatus according to claimany one of the preceding .
cl ai rgearfisr cbremeatedytoi ehegofinthensotpo hadves, ethehpinion gear being
fl ywheel about a third axis which is at an oblique

angl earvdrided 1She edtatet] Imeespensado e sotafidn obthegoanected rotor
apparatus according to claim23 or 24, further

comprig ng a flywheel enclosure, and a torque gear
surroundi ng an outer periphery of the enclosure, the

torque gear being rotatable to rotate the enclosure

and the flywheel about the third axis. 26. Gyroscope

appar atus according to claimZ25, and dependent o .
.gi fPyrogcope apparatus according to any one of Blaims 3 to {33 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.
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wherein the gear track is disposed along an inner
peri phery of the enclosure. 27. Gyroscope apparat us
wae@sneisay to cl ai m 26, wherein the encl osure PET/SG2004/000079
spherical in shape and the torque gear is circular.
28. Gyroscope apparatus accogging to any one of clains
25 to 27, further conprising a torque pinion gear
23es hggrodcbpet ispdratuguacgemling 26. arGy ooscop dhappecading claims,
according to claim 28, further conprising a notor
ar r apgedr Bnfiriskfy Hidinkabdueateithe dwaeal aBout Sthivs @xiEewhich

apparatus according to claim 29, erein the notor is

a st
cl ai

B8 RlooPlpf o s R BRRE Cener at or devi ce

sel ectively arranged to drive the torque pinion gear
or to convert novenent of the torque pinion gear into
el ectrical energy. 32. GyrqscoEe apparatus acc

24.0 a@yrassepef appanales 12qcerding

Bl ey PoBapt ghe Breceding

device further conprises a notor-generator device ) )
sel eclalms| further eomedsing means & rdtatef thpdhadicel nbout aribird axis
second axis or to convert the rotation of the flywheel

i nt owRlcRGS it @Al oHigaE BhglSWith Pesesct dp therppedrad axis.

according to claim 32, wherein the rotation device

further conprises a gear assenbly selectively arranged

to rotate-the flywheel about the second axis or to be

ven on, of the ]
28 pe BBy, b 4 B6l Aor 2 SR ppryprising 2

26.

27.

28.

29.

flywheel enclosure, and a torque gear surrounding an outer periphery of
the enclosure, the torque gear being rotatable to rotate the enclosure and

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

enclosure.

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

spherical in shape and the torque gear is circular.

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

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

Gyroscope apparatus according to claim 28, further comprising a motor

arranged to drive the torque pinion gear.
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conversion device arranged to convert rotation of the
flywheel into electrical energy. 35. Gyroscope

wa@ppangisas accordi ng to any one of the precedi PQI/SG2004/000079

clainms, wherein the flywheel is annular.36. A

cel estial device including at;l east one gyroscope
apparatus according to any one of the preceding
claims. 37. A celestial device according to claim 36
wherein the device is in the formof a satellite. 38.

M. Veltghbecdpis ldppanatust addrdingOfte cimo200 ReharBMItiad URotor is a
according to any one of clains 1 to 35. 39. A

si ngl hicle including at | east one gyroscope
appaﬁgﬂ%252@géﬁding to any one of clainms 1 to 36. 40.

A househol d appliance including at | east one gyroscope
apparatus according to any one of clains 1 to 36. 4 1.

Gyroscope apparatus conprising a fl el arranged to
He r shypeerpshspparatiys ﬁ§$0"5iﬂ%t%aﬂém& e "a(%?@gﬂﬁl’lel«? motor-

is orthogonal to the first axis; and a conversion
devi genaratandeuicecsalectivelyt atrrangedtatdrive e tongue pinion gear or
fl ywheel about the second axis to electrical energy,

the fibyphest miwidngesti sFRRe estqae @irion igeer grto@ladtrcal energy.

32. Gyroscope apparatus according to any one of claims 1 to 7, wherein the
rotation device further comprises a motor-generator device 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 rotation of the flywheel into

electrical energy.

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

the flywheel is annular.
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36.

37.

38.

39.

40.

41.

28

A celestial device including at least one gyroscope apparatus according

to any one of the preceding claims.

A celestial device according to claim 36 wherein the device is in the form

of a satellite.

A vehicle including at least one gyroscope apparatus according to any

one of claims 1 to 35.

A single-wheel vehicle including at least one gyroscope apparatus

according to any one of claims 1 to 36.

A household appliance including at least one gyroscope apparatus

according to any one of claims 1 to 36.

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 generator.



