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WO 2008/044097 PCT/IB2006/054206 1 Description GYROSCOPIC
APPARATUS [I] The present invention relates to motors and, more
(;)ecmcal e to rotary motors which can supply output motive §ower about
Vih gﬁgfpu‘it axis in response to input rotary power about a diff %Fﬁ%’x?éﬁw(
When a rotating body is acted on by a torque about an axis perpendicular
to the axis of rotation, this cayses thmotatlon itself to rotate about
a further axis which is perpe e axis of the applied torque

and the axis of rotation. Trg%ggé%%e ﬁmﬁ wn. [3] The inventors of

the present invention have found that, when the axis of rotation of the
body (ldfepresttd ibetoiioasaatesirerenivy kitsaipsopstiaiedly to rotamemotors

abouhieh anseeeRtoaws: (iRfereasbiebalow as oHaUpWERKSWRION I8l rotary
an BW& angle, &;@q&%(@ﬂgf rotation of the body and (b) a third axis

(referr to below as the inclination axis WhICh is substantially

perpen ISP RBHPEE e A AL Arer oA AT paer to the axis
toroRfapout thes rretinatherparisiirtaéoseisld soraRtoAPRTEaSE e autich is
angiermaksedathe hissi tdatn oothteaabind dhepalkpd tiaxisiVdhanathe,. This
Speﬁﬁn@fﬁl@@@&l%@& body exceeds a certain critical value, this applied

torque, gives rise to a reaction torque. of a magnitude greater, than that of
the apRIECTESTINE b HRTS BB s SRR SR TR M Qo ation o

but iheth@iﬁéﬁé@ﬁ@i@rw@wméhéﬁﬁi@ﬁwa iiscbormsgainedirrairis aput (2) 2
rotadecahdrttithectisaldati rlaxiadnhtheugan seispwitdo idackanartheple to the axis

incligatiagan Qﬁhe*ﬁB&fﬁé’ﬁ{ (ﬁ)@{ﬁl{-@@ﬁ? G&QHHB EB%&‘W%QQQ BB on axis)

limite [g% g mecin nlcal f’gz S, f rotat on of the boﬁg
oy B o R S e S0 RS L @B ceton
motffed s 2POw; Nlﬁér@ﬁp?@@méw A ahem#s%mmatow HireapmEnmmgle

whichaee tis€nlstantinit thisiroibbortidoonipt:r egisr vasoiceedd ef esgyion of the
thU%S&tJ:‘éﬂ%%&éE%&Hlﬁ'@ﬁﬁXa@Wﬂ% r&ﬁ&%ﬂﬂk&%&ﬁ%@ Qééf}ﬁﬁrt%té'i‘ga&ﬂ%ﬁ‘%orque
effec;s itis us fu to co ider th e osmo gca

3 %1 §/0 15% ged about

rotate f"&ﬁf‘e?l ﬁt%pe%laé hige g %F‘Eﬁ b‘?ﬁ‘iﬁeﬁﬁ
not FBRARSIHIEE LB E b R HiFRE AREOSHFS AR @a‘ﬂm@pa%@m}@ a5t the figst axis
clinati ostaxibinutite dafisaitmasitdinbeease theanaghitrigecahéhediont®n angle,

angig UGS, ri?%nﬂ%@%ﬁ%@oﬁ%@%mﬁgtﬂﬂk rotRtien.afthee fESB%&Qﬁ%I
the inclinat] on %%(ls in ﬁ] nt?e s %s go ncrea the inclinatian a eéf s

the B’lo 89 1S ien the speed on o A0t the outpuat axis 1s Ao
giving rise to a useful source of motive power. It will be appreciated that, with such a

systemn, the means which are used to limit this rotation do not require a source of
energy, thus enhances the efficiency of the motor.

In order to understand these effects, it is useful to consider the position when the
body is caused to rotate at different speeds. In the trivial situation in which the body
does not rotate at all about the first axis, the application of a torque about the in-
clination axis in the sense so as to increase the magnitude of the acute angle gives rise
merely {0 a corresponding rotation of the first axis about the inclination axis in the
sense so as to increase the inclination angle. If the body is caused {o rotate at a o
tational speed which is less than the critical value, there are two resulting rotations of
the first axis: not only is there a rotation of the first axis about the inclination axis in
the sense so as to increase the inclination angle, as with the case of a stationary body,
but there is also a rotation of the first axis about the output axis. As the rotational speed
of the body increases, the speed of rotation of the first axis about the inclination axis
decreases, whereas the speed of rotation of the first axis about the output axis



tational speed which is less than the critical value, there are two resulting
rotations of the first axis: not only is there a rotation of the first axis about

WORMEAPLion axis in the sense 59 as to increase the incli®&ioB P42
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with the case of a stationary body, but there is also a rotation of the first

axls about ut axis. As the r speed of the.ho y cre ses
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wﬁ@mﬂﬁmmm@w %S éstfbﬁthe% ma@émwy
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axis about oy here is now n nge rotation of the |rst

8%8 BOHT §| S 1]1
spthedensese 2y égqmwﬁm mté@@ﬁ%ﬁmﬁ@f%tsm@ wberammw of

OUWWSS%SWWM et hdnibusrenabishe gehatinn abhlibeve
Wn axis is in the sense so as to decrease the inclination angle. It is
only w

the fg;EBrOt g%%%gf;gwed 0 the bod gr bove th% ﬁ%'tgﬁé %%‘f é;uat .
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whighs ifisgivetr e 1o theleatiad mypmm&@ﬁmﬁﬁm&m
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acecehif e rsiav. t‘cm;;xmia ey nlbpsally ToRERG p RIPE BRBTS Rt motor,
thexBhéprizahaly of ticnbaie bl aﬁhﬁﬁww@r by meatis of an additional

motor | !Qﬁ Lo @?;@ﬁl %ﬂﬁm
to vary in ependéﬁgég%%%ﬁ&{si%zﬁgj the bod é&e %%&Q‘Sff th r}J t&eal
of SrETBERPRRE T e e -

?
enmmmm@,mmm@fmm FRAERRneRviToRRERtELemmditions such
hum@@m{,ﬂt‘gﬁ@@aﬁﬁewmﬁmis}rhave found experlmentally that th
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Input FQl 00y 10 paReelLI0LRIE B Usar G,
genera eﬁwﬁ ve power In the rm t s rotatlgn the body about
SRR B Y S B PR A o SREFTFES B GPBR o n oe
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ThigsdithaGCRANS Srofdinge presk ity a8 thetedcular
proM a motor fOI’ generatlng rotatlon about an output aXIS the motor

Compr'hms n?at():ggr%ance with a firgt aspect of the present invention there is provided a

motor for generating rotation about an ourput axis, the motor comprising: 2 body
mounted for rotation about Orst, second and third exes, the first axis being oriented
with respect 1o the second axis at an inchnation angle, the second axis constitting the
output axis of the motor, whersin rotafion of the body about the third axis gives Use ©
& change in the inclination angle; the motor being 8o structured as 10 enable a source of
motive power o be connected to the body to cause it 1o rotate about the first axis at &
rotaficnal speed in excess of a predstermined value; means for applving a torgue to the
body about the third axis in the sense of increasing inclination angle when the first axis
is at a selected inclination angle with respect to the second axis which is greater than 0

degrees and less than 90 degrees, and means for limiting rotation of the

body about the third axis in the sense of decreasing inclination angle which would
otherwise occur as & result of the counter-torgue, such that the inchination angle of the



mounted for rotation about first, second and third axes, the first axis being

oriented with respect to the second axis at an inclination angle, the
second axis constituting the output axis of the motor, wherein_rotation of

t%e%}o/%%/ WWout the third axis gives rise to a change in the |n§|na oh /154206

angle; the motor being so structured as to enable a source of motive

pOWﬁEﬂ%&%ﬁ%ﬁ%&d&%@&&%’é&%ﬂ%g E%P‘Eﬁaﬁ‘mggyégsfé@ R¥iShan
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|nclmﬁﬁ@?ﬁ}%wm@rﬂk@’fﬁﬁ%ﬁﬁtiﬁ%%ﬁg is at a selected inclination

{91 angle Ghihprespechientbes dacofishakihiahicth isigheaterihgon@degreefiaincey of
lessban,20;d Q%%ﬁﬁ%ﬁnﬁﬁ’z@%ﬁ{&@ %@9&1@1@'%@“@ %@%c@@@ﬂﬁéﬁﬁy acts

th|rd aX|s Lnkt} nse creasin clination angle WhICh ouI
SWIC W%nc enab (’EH%) otIve DOwes 10he %egn
othéAGiE8 6CcUr as A feslr of counter-torgue, suc |ncI|nat|on

[10] angle AFIMENIESCERIIA%0T T TRESDBEIODEIDES fires Q%W‘rt% it can be
respestiaithittgecondigxisdemanisrgreatehitiadofsdegreps anciess:thanergy,
90 M@%ﬁiﬁ&@xg@dm@%%h%ﬁw&mé%ﬁgeed of, rotat|on of the

body tr%e é%ond QXIS S0 ¢ {%ggl%rate motive po %@{e%% 18 the third
prese Rventors hiave fodn SUchan arrangemen

efflcﬂé’ﬁd%} e %ﬁ@%%@&%%@%%ﬁhermore the torque
[12] applying smeensfconveniently aetshasaswitdnathichodpablestthenoetiput rotate

MOUYRRNESHAR Q@s&?ﬂ?&%@&ﬂ&%ﬁ@@é@@@fj&b&éﬁe@%ﬁﬁé@%ﬂm Al-

rotatlon llmllt me %n oes i ot mogrea,t E!'Elcan b% constituted by a purely
mechaRica ¥heans Which does n%%f %uwe a souyce of energy, thereby

[13] contribTmEetrtEcigR i rempiises fapfbirb fopans fPrivenimiting ﬁ%%%Yf‘svréwer
arrafrgede poevenif dnybatatibonoflib ecbadl abowttteadhing diximiivepewer. In
sengg Ol AecreasiRauncinalionAngieekl?] Sosace ﬁér&ggu@p@%@fnm%
be conpecied o, 3‘%&90%3&95 19,2348, ILto ratare abo‘g H%[ TR e (X —
a ro{n?lon spee IN excess O e preaéafér 8va ernati ve? p
the FOIRGSAEER R HEYEROPEEE L AICRI . ﬂ[Tfa‘]H?Wé" ISt JHEne: R frétion due
comprisesofesdbalCtaiedp sifontrha Smsiting motpepeater from the motion

r1470f the M@Q@l&é&@ﬁﬁ%ﬁé@fm thaamnean gas\ﬁay@ﬂqawtﬁre Bowhiso as to

way, jhi2 hQ % 'e t°f d B8ek Al J“eatSt Al ”'O&‘r‘&{aﬁ‘o% R RPN the pre-
the motor. ac means IS pre era y arrange tO transml

suffﬁ&ﬁqﬁsﬁ\}'@lb%wer to the source of motive power to overcome the
[15]energylidesbsearfoing toniieictioadoptitoth mebiation afgleenbodydabends on

the feslonsimabreaipnaisiaiae ihfddVeapsare nipfarablRE0MKIgRdebS rotation of

Com‘rﬁ%'%ﬂ«gt(gp. gstf r‘%ge%ft eOtIVIeIP 8 \é\ﬁeg.nsg?e t%se to 0 degrees, the output torgue of
the motor is at a minimem but the rotational speed of the motor is at a maximum.
Conversely, when the inclination angle is close to 90 degrees, the output torgue is at a
maximum, but the rotational speed is at a minimum. Since the output power of the
motor is the product of the output torque and the output rotational speed, it follows
that, in order to maximise the output power, it will be necessary to select an inclination
angle for which the product of the output torque and the output rotational speed is maxi
mised.

[16] Thus, the motor preferably further comprises means for adjusting the inclination
angle. In this case, means may be provided for selecting a desired output speed and/or
desired output torque of the motor and adjusting the inclination angle accordingly.

(173 1t is preferred that the torque applying means is arranged to apply the torque when
the selected inclination angle is within the range of 10 degrees to 80 degrees.



cause the body to rotate about the first axis at said rotational speed in
excess of the pre- determined value. [15] It has been found that there is

an (O)t(%tlmum inclination angle which depends on various factors includin
WRSUSYLtE |7eqU|red of the motor and the speed of rotation of GHEBHEER 440
Thus, when the inclination angle is close to 0 degrees, the output torque
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e 98t i A5 R M A DG Ch TSI QR R sbect t
munihmwosqlrﬁeesmmtw&%wéﬁwmeanﬁdw iSameeages. of the output

[19] torqueTanrddhe oldmibioiationalgpesd; ibfollovws: thahdaorierdively one or
ma’ﬂf&é%ﬁ%ﬁ&%ﬂio‘}%% Shlh DR RGEesSAnA @éﬁ‘&ﬁ& {Glipation

angle for whic duct of the output torqu e ou irotatlonal

1201 e ORISR P1B 1SS BB FEraTAES ¥u?ﬁ1t§f’ hplEgs Al
meéﬁ@%?ﬂaﬂjdﬁlh@ﬂﬂ#@ IMERRRIIGN cafiasark teiseasabipeis may be

r211 providag-fag s&leeéﬂagaaﬁgmve&@ﬂﬁpuﬁﬁﬁﬁeﬂgamd/ﬁmgdas&edf@wputque applied
torqwt&;{ ﬁggﬁg&lﬂgmg the inclination angle accordingly. [17] It
is pref eIor means is arran edt the torqu

2] uven THE SRR AT EETE At TGS O R CHI Bt of e
80 d@amswmswawmnme@ammmm ¢eRsrggmass of the

prefesagd that the limiting means be arranged so as to limit rotation of the

1231 body aﬁ%&?ﬁ&héﬁ%ﬁfé@vé%%%gﬁ@ tﬁ&'fﬂ%@'%@@&!ﬁﬂ%&fﬁéﬂﬁﬁmw in
with respect to, t eﬁncond ax|s is at rth n 10 de%?yg e?%and le s

80 d& Feé;fsffgﬁ”fﬁe tleoé{ln R nﬁ ?to?q%?el% %V?s?e spr gmld
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elecirompdgret Arashe{2A]vERhesmefansdasapphing anentde e imiyngda e to
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com |se eparate ea S are defera pro ide
e omt se o £ 1nC ma on angle is then
contr mgg rque a e'torque a p

mea%"n{emﬂ e W@ﬁﬂ%@i ﬁf'ibﬁ’fltﬁ’é ﬁF§‘t %a@@%w éeeésnna%véa&srand
[24] either dhbatipidbeftrsilpodisdcoalyayesmreferbdiyup dsstivanidand may
subéaﬂaagwe%ag;wﬂm@a%m dored A3biRR SecARskialigaatve
embodiment, the fll‘ge égl %){ %e%gg ea%ntgé ct in_which cagle the

as SIE Dt

Hix
incliRAtien angICey eflne e Scote ang een tﬁe first and”
proximal to the first axis to a minimum value at its circumference.

[25] The body is preferably made from a maierial having a high modulus of elasticity,
which is preferably above 100 GPa.
[26] The material of the body is selected such that its density is appropriate to the output

motive power required of the motor. Thus, if a high output motive power is required, a
material with high density, such as steel, may be used. However, it can be difficult, and
hence expensive, to form steel into a desired shape, and so, for low output power re-
quirements, thermoplastic materials may alternatively be used.

[271 " Withsucha motor, it is possible that undesirable vibrations could arise from
unbalanced forces within the motor, as a result of (a) the lack of symmetry of the
components of the motor about the output axis and (b) the component of the reaction
torque which is directed perpendicular to the output axis. This problem could be solved
by rigidly mounting the motor to the ground. Alternatively, or in addition, one or more
counterbalance masses could be mounted for rotation about the output axis to as to
compensate at least partially for this, by reducing the lack of symmetry and by giving
rise to a centripetal force which balances the reaction torque. A further option, which



'second axes when viewed along the direction of the shortest line joining

the first and second axes. An alternative way of expressing this geometric

WOrziegioMeMip is to consider a point on the first axis and to cBASTERACHHIES4206
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imaginary line which passes throdgh this point and which is parallel to the
second axis. The inclination angle is then defined as the acute angle at
wRE e TRk Siher ARL1SS OFTS TS FRTIACH)™: Tt 9B5 PHerHbef the above
prufmmm MWMW@M&@B@ Mr’m mannted nogetber and
c ol Itd Kk fhi jbwl%?f ! rp piases
ses a cylinder the thickness of.whic red from a maximum
Vif?ﬁm SBE A ':‘“%Hrs B 4 R RO e Loy

€ proxi XIS 0 a minimum va tS CII’CUI’ﬂ erence.

BBy farsravaramphiiemn amrens-4hn Rhate wsﬂﬁ&aﬂrﬁsﬁ%cﬂﬁmgws
of Hasgkeiges widiCilsigremrably above 100 GPa. [26] The material of the
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desetisha e, anpus epdordoovamtpltipaneore- quirements, thermoplastic
matq@ﬁd@@@ﬁ@rﬂ@tﬁﬁm wseRe 2ot MUER-SIGHR, BRIMe kiSiRe28iD Sdvan-

%%undels%eble vibr tlonic%nd arise from unbalanced forces within the

FoaG A result gﬁrﬁﬁeﬁac 0 symmetr of the comg?onents of the

otoR B BTPRRER TR A 51 HRP 5 B AHRIGT t 7 ERRd 8PP or B 352
w it igetiivts texl gerp i nugtic starsteptimectdiguleaxis. This problem could be

solvegnbyaticialhs TRl B RUR &10:he:F UG anHesRRiuel. O or as
addition..0 &,9r more counterbalance masses could be mounted for
rotation about the output axis to as to compensate at least partially for

this, 5% seemieRRGREdLR RESPRS BFRREt ST PRIy sET Ny cRdentrercis afyidar o
foroetviicli pelentag thatien abhon: torquepn =it hibe apticn; venph SO mounting
WZ&%&I%@%&%@%&%@M@Q@%% : awamm
conjuncti one, or both o ove 0 uld be to prov
plu%ﬁ’ﬁ/é%psuc otors mae%f%e Fodnted t él#‘ilg %ﬁ?‘gcause 8%%%%5%

at SHESEARB Wn?"ﬁ%fﬂéﬁ’é?%? m#@?&rﬂbﬁé@ﬁ&#@@ﬁﬁaﬁgﬁww
this chmmﬁmwﬁmmmglarmmmﬂmﬂuﬁywmm s etarstional
ares A ¥x SRA6EH pRhi AR YRR A IoN: DRIRRS (H P BASE SHMAUEL thirn
d@fgr rees 90d rees. 180 ﬂn%{ees and /0 r.eea%[tij fha.ese‘aected .
presen inveron ?ﬁus exfe?ﬁ%s foan asse?n‘brglgfl motors o

typ%l,niﬁmm angle with respect to the second axis which is greater than Odegreesandless

than 90 degrees, and limiting rotation of the body about the third axis in

the sense of decreasing inclination angle which would otherwise occur as a result of
the conmter-torgue, such that the inclinadon angie of the first axis with respect to the
second axis remains greater than O degrees and less then 90 degrees; thereby to initate,
or 10 increase the speed of, rotation of the body about the second axis so as 1 generate
Otve POWer.

The method preferably further comprises adjusting the inclination angle in
dependence on the desired speed of rutation of the output axis of the motor. In this
case, the desired output speed andfor desired output torgue of the motor may be
selected and the inclination angle adjusted accordingty.

The method preferably forther comprises using some of the generated motive power
perform the step of rotaring the body zbout the first axis. In this case, the amount



combination with means for causing each of the motors to rotate at subs y

the same rotational frequency but at different respective phase angles
W%nzd Orglg&r(]}%for combining the output motive power of the motogs. 29] In o6

sucth as case, the preferred number_of motors is four, and e MRS ey

advan- tageously be arranged in a f x 2 array. [303 The invention to
avehigle-Rowerad hvemalonaselined RRG. icthasfidqad a\fﬁm(??rom
an wcgg{lt %eatov% e%r-tggg%e %/glhlﬁle(%[?‘% Tilﬁgel%ventlon urther extends to
an eiscie! y generator co‘rﬂp iSi 8 BFA " HEfRE above. [32] In

[35] accorddifde A HreusiondEapdictoot mihsbebmamartiongiasiehiele powered by a
prowideddandethed sfgenthatinlichtationbaho tiiafyoutiut mxibyshiele, and

methad.eomprsing:HRQuRting;.a body for rotation about first, second and

third s, the first axis being oriented.with. respect tg the. second axis at

136) o i R TR SR P LR IETs dHPEbL D A iy i e
MOSFTHRYEI Y SRS BFIHESIHY AbS GEaNS I bk RTBRFEReFsBStBE § condenser
chapngap’rpd&heﬂatﬁgatinaim’giedeﬁt&ﬁ@d&hg. body about the _first axis at a

[37] :ﬁtatiogﬁé i%@%%%}f‘ﬁﬁﬁ%&s&&hésQh%%a@mﬁfwixlt%t%%%ﬁ to

e ho 0 e third axis in the sense of increasing inclination angle .

R B R R e i IDCIe 0 ek s a
secBHERRR S fcPPegre Riet trrthcd dbgrBBedA9Yess than 90 degrees,

[38] and limMitiag:vetaitarfofetionis a@amaﬂa&hfg@émmgmmﬁq afing a method
decieasinednginRlioRi ARGIR WO LR WA Ot B IREIQCEHLRS GBS Kihe motor

the cou ter-torque, such that the inclination angle of the first axis with
respect € 'second axis remains greater than 0 degrees and less then

[391 90 degpausiemetemrilmiinasmndiermt e megpdereiororliarn bhhe
bodgeatxiistithvitls edoriciaxis tho @sdopgeydigidramoiiveipenieh; [33] The

r401 methoghprafarahly-fuehgr.cemprises AAiustingdhs InGieatinn-anale Be preferred

depénm "8%?%3?3)5&% d%ségetq 5{%%{%9 of rotation of the outpuof the motor. In

Ibis “case, the desired outpu ‘speea;and/or_ desued output torque of the
41 motor Fgyrpé isadiatsaraHirtne e rrbnivn grenajined Be asripgigtation of
[34]cthpanettwod frefevablyffbigher Comprises using some of the

[42] 9enerategnotve Naveh R heStaBebrtating-the-hadys ag}aa@dfas enerate
firs,t,daj%(i&.1 In.this case, the ﬁi‘ount t\{l)\ilcgf%cl)08(9{0{14097 PCT/IB2006/05420

UL TNOHYE pOWER of the igurc 1.
6 power so used IS preferably sufiiCient tG' overcome the energy losses =
[43] 5risin gI}FSq:ﬁmg to Figure 1, a motor 1 comprises a body in the form of a solid cylindrical

wheel 2 which is mounted coaxially on a rotation shaft 3 for rotation therewith about a
first axis 4. The rotation shaft 3 is mounted within an inner cradle 5 by means of inner
bearings 6. The inner cradie 5 is mounted within an outer cradle 7 for limited rotation
about an axis, referred to below as the inclination axis, by means of outer bearings 8,
and the second cradle 7, in turn, is mounted within a frame 9 via frame bearings 10
such that it can rotate relative to the frame 9 about a second axis 11 constituting the
output axis of the motor 1.

[44] The rotation shaft 3 of the wheel 2 is caused to rotate about the first axis 4 by means
of an electric motor 12 or other source of input motive power. The electric motor 12
may be powered by a battery. The rotation shaft 3 is mounted at an inclination angle 0
relative to the output axis 11 of the motor 1 which is greater than 0 degrees and fess
than 90 degrees. This can be seen more clearly in Figure 2. The wheel 2 is mounted
such that the first axis 4 and the second axis 11 intersect at the centre of mass of the
wheel 2. A plane 13 is indicated in Figure 2 to illustrate more clearly the location of
the wheel 2 in space, and a cube 14 is shown purely to illustrate the relative orientation



Wgﬁ%g&ﬁﬁ?deﬁned above. The vehicle may be in the form r

[45]

[46]

[47]

[48]

[45]

[50]

[51]

[52]

friction due to the rotation of the body about the first axis. [35] The present
invention extends to a method of manufacturing a vehicle powered by a

85906 054206
e, and aircraft or a water-borge vehicle. [36] The invention exté’nﬁ S

to a method of obtaining a supply of pure water from the atmosphere by
coqlingeagarface which is exposed to the atmosphere using a condenser

pump powered by a method as defined above. [37] The inyentipn furthe
exton e s o Bt TS R R e Ll MR PRy aiso
causifiy HharbhaliaiahesHTErd GolsEnsdrpis RFBIRIPR FiterThifhyia per-
pumgndibidly issfowene ditsy za inve thhd dhesdefided iahd\wad 8B} citbimnbe ntiose of
furtherextengstaasmethadof generating electricity using a method as
definegebove, 1013 2041005, 267Ueved o conRING e QUKD o1 e
the motor to a dynamo. 3 ? preferred, non-limiting’émbo iment of the
pre%?ﬁr]tvention will now be described with reference to the
acconfaryidgudiawingls; sarvelisf]ifk0pFgurerdvithistrated imacscireidltiof the
view;of 2 1N0194:N:B6ERIEANGE WiE: higpreiay et embBodipent vidhe

present invention, {4 E}%%%r% 28 & %@%r%%%ﬂyséﬁ%‘“@]%ﬁ%%{ee!%“V  the first axis 4
orientaﬁp of the axes 0 rol_iafipn ,qfhcomppnen <0t the motor of igurerﬁ;
and" B it ea eadnagrRdrrir ARt direefbn e RrfERr iR is is then
appliguztedgensratepphieacotpus moibvehpeivk mditeg ymotchoimigiedngdd 8land
Riﬁlfﬁ{éiﬁﬁ?&i%{l@ﬁaﬁ?&ﬁﬁf&ﬁé{ﬁﬁﬁ?ﬁﬁ_P?%ﬁﬁﬂ%ﬁ:ﬁ@é@fﬁﬁ@e%@% in-
cylindrical_whee hich is mounted coaxially.on-a rotation.s .
o o E 6 MG B o 2 R A e Bt v

withih SIPHRYSF GRgiE 8Y heaatdion Rk Weeshidgoerethe sHiea! crtaiiena! speed
is mabontd: Wikhisx&Eoutesatiemiorqufors |pentedied tationh ebeubapends! also about
refefechénelon.as treminchnalioprawe JauseIe AN ol NEALNESiSh angle 0.
anathe Sec Qr?t‘:{-%ﬁ S dusill LA mounte %‘%ﬁé‘é@%ﬁ%@% 200 @D ination
bearln_gs fﬁ Suc at It can rotate rell_atl\(e '[Q the frame bout a secon

axiSTh PR HSHIE RS 25 MR TEEUea 6B ek i HAESTa R BAYgment is
3 ofstieemiradly s catstythe dpdselboumHe findtcixis iy pamaatment. A 2
eIe%&ﬁl@@f@f&%ﬁ@ﬁ@@}%@@ﬂf@@ﬂém&mqﬁw@ﬁ}m& T heccleatoRdnoiand the
12 r The rotatl aff 3.1
incliﬁé%%%g%\éﬁoﬁgé%%eg?&%ﬁ a?gu}gggsp%%}&éé e m%%tg r ’1tae V@ﬁé#l be

greZRAIRHA B anReE o%LHhg TRugr 1

Operation of the hydraulic ram 15 is controlied by a control unit 17 which is
supplied with position signals from a sensor (not shown) which is mounted on the
hydraulic ram 15. Control signals generated by the control unit 17 in response to the
position signals affect the hydraulic pressure in the hydraulic ram 15 so as to cause the
inner cradle 5 to rotate relative to the outer cradie 7 to the desired inclination angle 0.

The control unit 17 provides contro! signals for controlling the speed of rotation of
the wheel 2, the inclination angle 6 and the magnitude of the applied torgue. As
indicated above, the inclination angle 0 is controlled by virtue of the hydraulic ram 15.
By controlling these parameters, it is possibie to control the output rotation speed of
the motor 1.

A feedback mechanism in the form of a belt 18, an alternator 19, an electrical
harness 20 and the control unit 17 serves to supply a portion of the output motive
power from the motor 1 back to the electric motor 12.

The orientation of the inclination axis about which the torque is applied and the
sense of the torque are iliustrated in Figure 3, in which it can be seen that the wheel 2
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than 90 degrees. This can be seen more clearly in Figure 2. The wheel 2
is mounted such that the first axis 4 and the second axis 11 intersect at
the centre of mass of the wheel 2. A plane 13 is indicated in Figure 2 to

WL Rore clearly the location o§ the wheel 2 in space, Ry R e e

is shown purely to illustrate the relative orientation WO 2008/044097

D 8 NSl L TR TOh IR PRSI e
T TR 1| o e A AR LS S A PP d n e
peritiechiar rstisapdiy fhenaasvoumbarsd 3bcopditbsaesiiian eeartiuderqye arises
theisensaietrosiadringdbelhatianangteidrdd@PThis gives rise to a
rotationefoi firshaxisdaboutibgsesond sautaukaxiad hefdhemateni

[47] The h{y r%ulic ram 15 serves additi all¥ to prevent the inclination
e :

angfgeﬁsg? firSPEG S AHShTo %ifi'lwné;3 Shrerie %‘énnggeoaﬁ%aon% 2E5'HAL 8’?%‘0’5@@ o

apphiBigitéhg fiesas] icopdcrge doRhEiemiet 1t tedhnat Siheriet edpedaeither,
to rotate Aboutdhedirst axds dayptildtiexcek dseapredefenminedieritibat!.

[54] rotationa);aRgednihe:hudiavligramd tistBeR RHHaed5e AS0RRANAES iI-

torque to the wheel 2 indirectly via the inner bearin and the rotation .
TR T RN SR SR IR <R S PRty £otput i
clindisty dagfedooriawaiifies rise to a rotation of the first axis 4 about the
output axis 11. However, by virtue of the rotation of the wheel 2 above the
critical rotational speed about the first axis 4, a reaction torque is

generated which has a component also about the inclination axis 16 but

in the opposite sense, i.e. of decreasing inclination angle 0. This reaction
torque causes the first axis 4 to rotate additionally about the inclination

axis 16 in the sense so as to reduce the inclination angle 0. However, this
movement is subsequently prevented by the hydraulic ram 15, which acts
as an abutment. As a result, the rotational speed of the wheel 2, the

. rotation shaft 3, the first cradle 5 and the second cradle 7 about the

output axis 11 is increased. At this stage, a load may be applied to the
output of the motor 1. [49] Operation of the hydraulic ram 15 is controlled
by a control unit 17 which is supplied with position signals from a sensor
(not shown) which is mounted on the hydraulic ram 15. Control signals
generated by the control unit 17 in response to the position signals affect
the hydraulic pressure in the hydraulic ram 15 so as to cause the



inner cradle 5 to rotate relative to the outer cradle 7 to the desired |
inclination angle 0. [50] The control unit 17 provides control signals for

~ ‘controlling the speed of rotation of the wijeel 2, the inclination angle 0 and

the magnitude, of the applied torque. As indicated above, the inclination
angle 0 is controlled by virtue of the hydraulic ram. 15. By controlling

the ters, it is possible to control the output rotation speed of_ the
mbW@%Mk mechanism in the form of a belt 18, an
alternator 19, an electrical harness 20 and the control unit 17 serves to

supply a Ekortie%gf the output motive power from the motor 1 back to the
electric motor T2.[52] The orientation of the inclination axis about which

i thexsenseligtorgugare illustrated in Figure

the torquéis appimst

53,1In Whi%gmﬁolagbg%%%ghat the wheel 2 WO 2008/044097

PCT/1B2006/054206 rotates about the first axis 4 which is at an
inclinatiof-ang|&0uRHRg espaht to the TeRciRceiIHDRLAXIS Ll.dhe torque, . . .
applied by thexBydiigd igsFam 15 ig lied in the . direction indicated by the
arrows numbered 21, and the resﬁ#go%géﬁgﬁv {g}affé’%?ﬁ&éb‘frﬁﬁ%ng axis

direction Tha RERPEYIR &2 o f)n dhnaseu22:i53] Altoughuimi®e outpur axis

preferred embbdimneritthe firshaxisd Anditie segangaxyis 11 intersectat .
Ments %%%ﬁ%?sﬁﬂ%ms

1¢- the centre of mass.of the wheel 2, alternative arrange

in which theirst and SetSRPE% SR Reinstasasetn(®hich case either,

- or indee@heitheratiigHbsfitstdand smﬂqk@xmsoassaghgorﬁgﬁéhe :
t oug%a%hsge;ed n

30

centre obmass 7 ﬂ%og! [54] It will be appreciated that, a

motor of the preféaﬁpé% em o%’?rﬁi’%ifx% il- lustrated with its output axis
horizont&) the ARBIBIE G RrquAtrite iithyits osBPuE A Shini AR AESIEhe gonse
orientatiof.ifréddaN BN it Mo dr@f 1), generating rotation about an
output axs,. the method comprising: A r&gﬁ;}l%aﬁﬁgd?‘fﬁr rot&tidh asiacted
first, secongngﬁantﬁﬂ@lea@é%éeﬁﬁmwmde withHieEAe etdeker than
the sec&demmndmtkﬁtmua@g@s;@), the second axis constituting the

output aygp of ﬁ&%ﬁnﬁgt%mvgggrggéoégggn of ;qutbghc;y tﬁ?gll;;;[:e thn;;jjl ta;;ss .

~of decraasin_g inclination angle (6) which would otherwise ocour 85 2 result of

the counter-torque, such that the inclination angle (0) of the first axis with

respect to the second axis  remaing greater than 0 dégrees and Jess than 90

degrees; thereby 1o initiate, or to increase the speed of, rotation of the body
about the second axis S0 2510 generate motive power,

2. A method as ciaimed in ciaim I further providing an aadiﬁg.éag, external
torqu: to the body  about the output axis of the motor o pxévcnt
. time delay, '

C3 4 method as claimed in claim I, further comprising conﬁolling the source of
motive power 80 as 1o cause the body o rotate about the first axis
at said rotational speed in excess of the predetermined .vaiue. '
4, A method as claimed in claim 1 or claim 3, wherein the selecied inclination

angle (@) ?s greater than 10 cieglf-ecs and less than 80 degrees.
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ey

10 gives rise to a change in the inclination angle (8); B) rotating the body
about the first axis at a rotational speed in,gxcess of a predetermined
value; C) applying a torque to the body about the third axis in the sense
of increasing inclination angle (9) when the first axis is at a selected 15
inclination angle (8) with respect to the second axis which is greater than
- 0 degrees and less than 90 degrees; D) limiting rotation of the body about
the ghird axis,| nse..0f decreasing.inclinaf ngle (8 V‘fmﬁm"’ : o
"oth%rwiséé 0%%%%'3%?@&;# %?‘?%:B?ﬁ%,ur%égr]-éﬁ%%&é%c %%a%’the i QHQpnmg
inclinationcerighilits) toe mestiudaoStivitemoeespliedto the second axis
remains ,greater than O degrees and less 90 degrees; thereby to initiate,
or tg increase the speed of, rotation of the body about the second axis so
Sas & gendtdRSHRSHRR SRTEE. B RNRSth 68 Heitsi o m iRy iy Totation of the
providing asdgdditiqsak dxtentalzad torqiesis lintbodydbodt the @olipktion angle

axis of the motor to.prevent time delay. 3. A method as claimed.in clai
T Turther Mo g ling W SERT A Lo ST Bier so 46 FEote thaa 10
cause the degtietaudiate tizodltdesfiest.axis 30 at said rotational speed in
excess of the predetermined value. 4. A method as claimed in claim | or
claim 3, wherein the selected inclination angle (8) is greater than 10

1egrees, ahinribedanplgmeae peay onmeNBED SR furteriosmebieafiusting -
to 5. A methogas:eirinackin @y one of claims 1 to 4, futther comprising
controlling the magnitude of the torque applied. 5 6. A method as claimed

N -

. in any one of claims | to 5, wherein the rotation of the body about the third-

axisgis so laniethsdicl tisikibé inaliaaticn angher @&ﬁﬁbmgmw?mmmng g -
respect to the second axis i ater than 10 _degrees and less.than RO .
ST SR, SRR R B 0 0

degrees: 1 od as Claimead In any one o

 1&omprisingiehssdeauration thelkiitad angit @e$. A method'as claimed in

claim 7, birther comprising the step of selecting a desired output speed of

the motor and adjusting the inclination angle (8) in )
. A method as claimed in any one of ciaims 1.10 8, further comprising the step

. of selecting & desired output torque of the motor  and adjusting the
inclination angie (8) in dependence on the seiected output torque,

10. A method as claimed in any one of claims 1 to e, wherein the step of limiting
comprises preventing any rotation of the body about the third axis  in

the sense of decreasing inclination angle (6).
25 11, A method as ciaimed in any one claims 1 to 10, further comprsing using
some of the generated motive powsr to perform the step of rotating the body

about the first axis  at regime state.

12. A method as claimed in claim 11, wherein the amount of motive power 5o

.30 ‘used is sufficient to overcome the energy losses arising from friction due to

the rotation of the body  about the first axis.

13. A method of mannfacturing a vehicle powered by a method as claimed in any

| AMENDED SHEET | GT/{)B/.QGDS



- '15'(:1eﬁénde’n¢é‘d‘n’3thé‘selected output speed. 9. A method as claimed frt= == ~~ -~

T UwTTT T T rany one of claims 1, to 8, further comprising the step of selecting a

desired output torque of the motor and adj %ting the inclination angle (0)

in dependence on the selected output torque. 20 10. A method as claimed

in any one of claims i to 9, wherein the step ‘of limiting comprises
preventingas g cidtier of the body about the third axis in the sense of -
decreasing inclination angle (0). 25 11. A method as claimed in any one
claims | to 10, fiher comprising using some of the generated motive

powidr to penkerincthes slejmeti it sirigithd, bduyeialdbe vehécty st txibeatorm of z road
regime stajgy:1.2. A method as claimed in claim 11, wherein the amount of
-motive power so 30 used is sufficient to overcome the energy losses

Sarising from friction due to the rotation of the body about the first axis. 13.

A meghod af ipanstiasiiEngea vebisle nowereekBR Mathod 85 61aiBackt Breratt.
any AMENDED SHEET 07/0812008 one of claims 1 to 12. 14. A method

as claimed in claim 13, wherein the vehicle is in the form of a road o
vehide. 5 k5mbimethodiamaiditnecidinel ain-dBereifeteinydhecicbigifrises a water-
comprises %gn%i[v%%aff; a 16. A method as claimed in claim 13, wherein the
vehicle comprisSes a Water- borne vehicle, 10 17. A method of obtaining a
Ysupply of pure water from the atmosphere by cooling a surface which is

expgged 10,1 MOSP AR MR L GIENHE LM RO HRIE Ay thmosphcre by

" method as claimed in any one of claims 'to 1715 19. A'method Of
removing ﬁﬁﬂ&ﬁérﬁfﬂﬁ%‘ﬁmkﬁjﬁ@?ﬁ?‘ééﬂsﬁ% BoRtAACIEcusing & condenser

. atmospheraiasohidraped thradett adiipiusing andunp o7 hiahs 1nevered
by a method as claimed in any one of claims Ito 12. 19. A method of
generating electricity using a method as claimed in any one of 20 claims

.13to 1. A method of removing poliution from the armosphere by causing eir from the
' atmosphere to be pumped through a filter using 2 pump which is powered by
2 method as claimed in any one of claims 16 12. ’ ‘

19, A method of generating electricity using a method as claimed in any one of
20 ci_é,img Tto 12, '

20. A motor | -
t)  for generating rotation about an ouipwt axis,
ﬂxe motor comprising: B
25 a) A ‘ciociy mounied for rotation about first, second and third
axes, the first axis. . being oriented with réspect to the second axis. _
at ap inclination angle (8}, the second axis constituting the output axis
of the motor,  wherein rowmtion of the body.  -aboit the third axis
-gives rise to & change in the inclination angle (8);
36 _ b) the motor being so structured as to enable a source of motive
power.  .to be connecied to the body  to cause it to rotate about the first
axis  ata-rotational spce& in excess of a predetermined value; | '

¢ means.  for applying a torgus io the body  about the third axiz

4

AMEN DED SHEET O?IQB/?QEO%TL



- e = 90, A motor t) for generating rotation about an ‘oUtput axis, the motor "~~~

Lt R W N

.- comprising: 25 a) a body mounted for rotation about first, second and third .-

axes, the first axis being oriented with res;p%ct to the second axis at an
-inclination angle (9), the second axis constituting the output axis of the
motor, wherein rotation of the body, about the third axis gives rise'to a

change in the inclisating af terAinaCABINIoE b EH) SRS tHICEEkRS

is at

e A B BT S LR S

predetermgnesteratze;(ojspean sibicap piginflademees to the body about the

 hid axis GMENRERSHEE GEAOUZ00R32 iRNGSRNSe SFTERSM i

inclination en the first axé IS at a selecte tion an

X(n) with respett theiiense Giritsanpsingnineiimatipe armishE) veichreesldrmherwise,
less than, 90-gegygessa me@escm&a@wdete&m%%%&m@wa%@a () of
u

third axis 5 in the sense of decreasing inclination angle (B) which wo

otherwise BREFFRLS resiMilf OO0 FRtEEEFERRS &ith thaARRAREIFTERSH thas O
angle (B) aleghedisntiduis tilh sesheckie, hesbeanthdte/OMainaeiaaiehe speed

than 0 de%r ers?%li]d Ie§s thab deg initiate, or to

n 90 rees; thereby t CoL
increase the’speed o , 0 atlo?‘lg%f thea§’88§/ 0 ééfgsa@%hd axfs &8 48 @graerats

- lenerate bstwetiweveower. 21. A motor as claimed in claim 20, further

comprising such a source of motive power which is connectéd to the body

SO as to cause it to rotate about the first axis at a rotational, speed in

excéds of hemPBF predetctipimed Talckeim22(, i owBNESg isepnsource of |
21, finther mwiﬁmgefeedba@ﬂﬁéﬁqa%ﬁ%wmg ngbotiveBowah fEame it w
0}

the motion of the abo%ghe second
power. 20 rotate about the toawis

15 predetermined value,

axis .to the squrce of motive

~at a rowmtional ‘speed m excess of the

22.  Amotor s claimed in claim 21, fortlier comprising feedback means.
for wansmitting motive power from the motion of the body.

about the second axis.  .to the source of motive power.
20 | |

23,  Amotor s claimed in claim 22, wherein the feedback means _

is arranged to transmit suificient motive powsr to the source of motive

power -to overcome the energy iosses arising from friction due to the

votation of the body  -about the first axis &t regime state,

9
n

24, A motor as claimed in any one of claims 20 to 23, further comprising

means for controlling the source of motive power 80 as to-cause the body

to rotate about the first axis  at said rotational speed in excess of the

.predetémined value.
30 '

25, A moior as claimed in any ome of claims 20 1o 24, wherein the torgue

appiying means is arranged 1o apply the torque to the body  -when the

selected inclination angle () is greater than 10 degrees and less than 80

AMENDED SHEET

07/08/2008,



o e e oy

. ..23,/A motor as claimed in claim 22, wherein the feedback means is.
“arranged to transmit sufficient motive powersto the source of motive
power to overcome the energy losses arising from friction due to the
rotation of the body -about the first axis at regime state. 25 24. A motor as .
claimed in_any one of claims 20 to 23, further comprising means for
controllindi?ﬁ?g%urce of motive power so as to cause the body to rotate
about the first axis at said rotational speed in excess of the :
pregetermjned value. 30 25. A..motor as claimed in a ne of claims 20 .,
o 7 winch RN tor e RO A bR o By D G aprsing
to the bodpesshefeheoseitred inc|matvinsegtd (BF iscgreatepphiad b9 the torgue
~ sdegrees %igﬁ%&g 0 AMENDED SHEET 07/08/2008. 13 degrees.
"~ 26. A motoras claimed in any one of claims 20 to 25, father comprising
_-means for controlling the magnitude of the torque applied by the torque 5
appiying MeaRfer 7 ANAARRES AL SNYIARR 0DGIMS ¢HdRi8Ghe limiting
wherein the limiting means is arranged_so_as to limit rotation of the body )
about the TS axis XS BERTERS IO HIHbFOHIGR 76)06 BRdtirst aRRut the third
with respestito 10 thelsteotid dxdiiiagieatensan didegreesiand 1686 respect to

. othan 80 degrees, 29. A motor as claimed in.any one of clai 2%10' 27
lf}further cogrr%r?gﬁ%l rﬁggns for grq?ﬁlgseﬁrr%%gq r%%?fo%n%%egsf% {%dggfeis
motor as claimed in claim 25, further comprising means for selecting a

desised ouipyt speed ofthe motorAnd,casine HheATHISING MERARS-IO.crmprising
adjust the inclination angle (6) in dependence on the selected output
speed.. 30 HRANDIEF adiesting & imcliamHomeneindth 29, further comprising

means for 20 selecting a desired output torque of the motor and adjusting

the Inclinatjon angle %(.S%i dependence ap the selected output torque. 31. |
- Bp btor. 26 BREFled iFSRPSRE oF GibtFe20 Brdse PRESIE fecting 2
applying adesiged oot Hsesl aof phin grotor and causing the adjusting means o
adjust the inclinstion angle (8) in dependence on the selected output speed.

L — i

30.  Amotor -zsclaimed in claim 28 or claim 29, further comprising means for
20  selecting a desired ouipyt torgue of the motor. - and adjusting the inclination
angle (8) in dependence o the seiected output torgue. ' ‘

31. A motor- -asclaimed in any one of claims 20 to 30, wherein the means for
applying a forgus.  comprises 2 spring.
25 _
32, Amotor  as claimcd in any one of claims 20 1o 30, wherein the means for
applying a torgue COfOprises One of ImOre of: a hydraglic ram; a

pneurnatic ram; and an sleciromagnetic ram.
30 33,  Amotor .as claimed in any one of claims 20 to 32, wherein the lmiting

~ means i arranged to prevent any rotation of the body  about the third

axis in the sense of decreasing inclination angle (6).

- AMENDED SHEET - P



-22.32- A motor as %Iaimed in any one of claims 20 to 30, wherein the )
"means far applying a torque comprises ongsor more of: a hydraulic ram; a
pneumatic ram; and an electromagnetic ram. 30 33. A motor as claimed in .
any one of claims 20 to 32, wherein the limiting means, -is arranged to

preyent any rotation of the, body about th%gui d ‘axjs in the sense of :
de%‘éfasiné‘ ﬁ’?ﬂ‘%tior‘?%%@?g)‘.nmﬁﬁfﬁ ‘%WE*’EQIO @fﬁ%ﬁl&mﬁ‘eﬁm‘s for
A motor aspginined israry oneabelatitihilly IS twliardiinghasasans for
applying a torque serves additionally as the limiting means. 35. A motor as
- claimed in any one of claims 20 to 33, wherein the limiting means 5 '
“comprises‘amaibtancintpes mamotor a claimedlitodily wherdf dhai limhgoneans
535, wherein th@o@(ﬁkg@?ﬁé&qﬁﬁgﬁxes intersect. 10 37. A. motor as
claimed in any oné of claims 20 to 36, wherein the first axis passes
through substantially the centre of mass of the body; 38. A motor as .
claigged ingaRysaie of slaifiendd #0 & VRSN S20Nd shARBSSaR: firet
through substantially the centre of mass of the body. 15 35. A motor. as
claimed in"3RyBREGF clafiffs FHE°55, wherein the first and second. axes
do not intersect and the inclination angle (8) is defined as the acute angle
between the, first. and second ,axes when viewed direction of .
e Sorted T i G i Lo PR 20 g aass bt i
claimed in anyassas Sfrekahmiztarsidly Wisewsindioé hashoftheyidirically
symmetrical about the first axis, 25 41. A motor as claimed in claim 40,
wherein the body comprises a_cylinder the_thickness of which is tapered )
 froma maifRY al2s SRImREP ek %Eﬁ}giﬁo?%ﬁﬁnw#ﬁrmﬁc&?ﬁ@d axis
- circumference pdsheAHIOUEh SbE1AMMATItha R¥:RRMOhela BBiROH ¢ 1,
' Iswherein the body is 30 made from a material having a high modulus of
elasticity. 43. A motor as claimed in claim 42, wherein the modulus of
elastitity ish motor-  as claimed in sny one of claims 20 to 35, wherein the first

and second axes do not intersect and the inclination angle (8) is defined
as the acute angle between the first. and second -axes when viewed
along the direction of the shortest line joining the firstt  and second

20 ‘ axes.

40, A motor-  -as cleimed in any one of ciaims 20 to 39, wherein the body. is
cylindrically symmetrical about the first axis.

25 41, A motor as claimed in claim 40, wherein the bddy comprises a
cylinder the thickness of which is tapered from a maximum value proximal to

the first axis to & minimwn valne at its circumference.

42, A motor-  as claimed in any one of claims 20 to 41, wherein the body  is
30 mads from a material having & high modulus of elasticity. '

43, A motor.  as claimed in claim 42, wherein the modulus of elasticity is
- above 100 GPz, '

AMENDED SHEET G IORmPOE:
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i.o._ . above 100 CsPa. AMENDED SHEET (3TtOFSt7nna '_15 44. A motor as __
' ~* claimed in any one of claims 20 to 43, furthey comprising means for
mounting the motor to the ground. 5 45. A motor as claimed in any one of
claims 20 to 44, further comprising one or more counterbalance masses
mounted for rotation about the second axis. 46. An.assembly of motors,
each of which comprises a motor as claimed in 10 any one of claims 20 to
45,49, compinatan Witk Ranedfeh eaystiig edCiizmhiMEneos s fadieiniatorising

substantiallg the,same r%tatit%nal Sf])eed l%g tdigerant respective phase
contbi ]

angles ang means for ?n‘ﬁ? f& outpu r%alvuenpower of the motors.

15 47. A vehicle powered by a motor or assembly of motors as claimed in
sanene of elaims 201046, 4B, eGP RS GAIT S8 1D SRIRALIBibrising one
form of a road vehicle.. 20 49. A vehicle as claimed in claim 47 in the form =
of an airclAfNSEE AOVEHAIESTIIRAAS i oMo AT TURi RS APeRthe second axis,
water-borne vehicle. 51. An electricity generator comprising a motor or

assembly of motors as 25 claimed in'any one of claims 20 to 46.
AMENDED SHEET 07/6812008 |

46,  An assembly of motors, each of which comprises a moter  as claimed in

10 any one of claims 20 to 45, in combination with means for causing each of
“the motors to rotate at substantially the same rotational speed but st different
respective phase angles and means for combining the output motive power of

.the motors.

15 47 A vehicle powered by 2 motor-  or assembly of moiors as claimed in any
one of claims 20 10 46, '

48 Avehicle as ciaimed in claim 47 in the form of 2 road vehice.
20 49, A vehicke as claimed in claim 47 in the form of an aircrefs

50, A vehiole as claimed in claim 47 in the form of 2 water-bome vehicle,

51.  An electricity peneraior comprising & motor-  or agsembly of motors as

25 claimed in any one of claims 20 to 46.
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