5 10 Gear Device and Method For Providing a Rotary Motion 15 The present invention relates to a
gear device, preferably a motor device, and more specifically to a gear device, preferably motor
device, which can supply output rotational power about at least one output axis in response to input
rotational power about a different axis. Furthermore, the present invention relates to a method of
providing a rotation and to a test device for determination of parameters for design and operation of
such a gear device, preferably motor device, and a corresponding method. 25 When a rotating body is
acted on by a torque about an axis perpendicular to the axis of rotation, this causes the axis of rotation
itself to rotate about a further axis which is perpendicular to both the axis of the applied torque and the
axis of WO 2009/127228PCT/EP2008/003028 2 rotation. This principle is well known in gyroscopic
devices. The effect is named precession. It is the object of the present invention to provide an
improved gear device, 5 preferably motor device which makes use of the aforementioned principle,
and a corresponding method for providing rotation by means of said gear device, preferably motor
device.  This object is solved by the invention through different ways which are 10formulated in the
patent claims and which are described in the following. The ways 1 to 4 and way 15 concern device
solutions which are formed as gear device, preferably motor devices. The ways 5 to 12 and way 16
concern method solutions which are formed as methods for providing rotation. The way 13 15concerns
a device solution which is formed as a test device for determination of parameters for design and
operation of a gear device, preferably motor device according to the invention. The way 14 concerns a
method solution which is formed as a method for determination of parameters for designing and
operation of a gear device, preferably motor device according to the invention. 20
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Gear Device and Method For Providing a Rotary Motion

15

The present invention relates to a gear device, preferably a motor device, and
more specifically to a gear device, preferably motor device, which can supply
output rotational power about at least one output axis in response to input

20 rotational power about a different axis. Furthermore, the present invention
relates to a method of providing a rotation and to a test device for determination
of parameters for design and operation of such a gear device, preferably motor

device, and a corresponding method.

25 When a rotating body is acted on by a torque about an axis perpendicular to the
axis of rotation, this causes the axis of rotation itself to rotate about a further

axis which is perpendicular to both the axis of the applied torque and the axis of



The different ways 1 to 16 are given in the patent claims. The main claims are structured in a preamble
and a characterising part. This structure is for a better understanding of the subject-matter of the
claims. The distribution of the features into the preamble and the characterising part does not mean
that all 25fefifté&M#i&Hreamble are known and all the features of the HaFEEI8H%BArt are novel,
or vice versa. The value of the features of the claims is independent of whether they are in preamble
or in the characterising part. WO 2009/127228PCTAP2008/003028 3 The solution according to way 1
is achieved by means of the subject-matter of claim 1. The subject matter of claim 1 provides a gear
device, preferably motor device for providing rotation about at least one output axis, the gear device,
preferably mo@ietieticEné® aijieing & wet \knawmisgvoescaiistidevigssu iTadiefecdis nanedrotation
about a secong.axisas¢ a rotation about a third axis, the first axis being oriented with respect to the
second axis at an inclination angle, the second axis and/or the third axis constituting the at least one
output axis of the gear device, preferably motor device, wherein the rotation of the body about the third

axis gives risqig gehajee: ibr ihe idnalignandlh reRbsily aprievdd gelardaqite the body about

the third axis in g sense of increasing inclination angle when the first axis is at a selected inclination
angle with reSIEERPIHEUREARUSEWINFETE KRS MEF N Ao R iRREE R ERID R Egrees, and
means for limiingrtbepehaiiag ratthedfuyp ahatint eotatidranis itearse b5 606 deelie@singzinclination

angle such tha!t_ t]%ergg Iirr}!a%opélg {I:eeof the first axis with 15 respect to the second axis remains
greater than é)c?egreeg AN IESSYAT 90 degrees, the gear device being so structured as to enable a

source of motive power to be connected to the body to cause the body to rotate about the first axis,

and whereby msrggﬁgmgggwegc?gﬁgzqggégﬁgﬂ%FBﬁ Eﬁﬁ%mﬁ%@%ﬁigfreater than a critical

angular velocity so that a constan ecreasing Irnclination ang thereby to initiate or
increase!&in ot iatefiiartvelsatgrbstioraaslyichorir deserbadiatide &ltpwinady about the
second axis and/or about the third axis as said at least one output axis, whereby the body has a
specific critical angular velocity of less than 20000 rounds per minute, preferably thereby to increase

an output powdieaiaYE thie 4 1 WaY: bhe WP SRce PRIMIRNS ish AR EUMRABSERAr velocity is
defined as follwwrsehgrapeaiily efbiealanitdar YRalyisshe litined anguid yeheeity afdidody when
the inclination a@qle of the first axis with resEB%fgt tg the second axis ist.45 %%%5’?8’ when the first axis
passes throu&ﬁ’ dBE?aWHé?y?ﬁ% (?ém?g 8f 2ESNHRBYS ,Wéﬂ =3 E%ﬁ nted such that the

momentisf inedrecefriha dedices sibBtaniaibhsaiarmsecs svin éestitithededdy deteohsyativetoical about

parameters for design and operation of a gear device, preferably motor device
according to the invention. The way 14 concerns a method solution which is
formed as a method for determination of parameters for designing and
operation of a gear device, preferably motor device according to the invention,

20
The different ways 1 to 16 are given in the patent claims. The main claims are
structured in a preamble and a characterising part. This structure is for a better
understanding of the subject-matter of the claims. The distribution of the
features into the preamble and the characterising part does not mean that all

25 features of the preamble are known and all the features of the characterising
part are novel, or vice versa. The value of the features of the claims is
independent of whether they are in preamble or in the characterising part.



a plane which passes through the centre of mass of the body and which is orthogonal to the first axis,
among the possible mounting orientations of 5mounting the body on the first axis the one is chosen
that results in a smaller distance between the centre of mass of the body and the third axis, and when
a connectionwﬁrﬁe?gﬂ&#?s a) 5 mm if the mass of the body is less than O.ﬁqxé?%f%mmsif the mass of
the body is equal to or greater than 0.1 kg and less than 100 kg, ¢) 50 mm if the mass of the body is
equal to or greater than 100 kg and oless than 10003kg, and d) 100 mm if the mass of the body is
equal to or greater than 1000 kg, whereby said connection arm length is the distance of the
intersection pgint of a connection plane and the first axis to the third axis, whereby said connection

plane is a plah8SFRMIIRNARTOGING: 1 WaY dri§ axiieysd vereres pidinayratiaataedhinimum

distance to thelanelinating suisedbnidttesollsiairaceotding i wn2devichiorettabmeasr of the
subject-matter, of.clajm 26. The subject matter, of claim 26 proyides a r device, preferably motor
device for pro@%fﬁs tBEarHSH’g‘B&ﬁog?ti'é’Qs%b%g 8[1%%%?%9[55‘) é‘zg?( e ?B?éé?gﬁﬁ'motor device

comprising a badgratdymetbiodeyimtatompizing 20 istraxisteddar tatativatabig séiceind axis and a

rotation about.g.thir [ ir, i [ riented with respect cond axis at an inclination
angle, thaébseégﬁ%’ga{?g? a%é%? gﬁtﬁﬁc% %%,‘ %%%é%%{%t%g\;g tﬁengé éogs?tgﬂt'éf)al}plﬂ aaﬁ?ss'oﬁ]%e gear device,
preferably mditit @eigdesing orén tgrbwiltairapectie thedsesbodtakis eieh dxilinglios oyl a change in

the inclinatioryangle, Mg ants ZriafoR RRY/INBP AN QiR 3PRULNEHO IEh @XIsdRig sense of

increasing inclination angle when the first axis is at a selected inclination angle with respect to the

second axis Wcg83TJlaves- thrafasaklyreatondavisss wheren yratadionof hedrdnakeifing the

rotation of therograkow HiecbindetisiniranOiR AAOIT7ARRGHER 208BA0RNEDBiggse of
decreasing mclmahon&nﬁlseésgép%gat the inclination angle of the first axis with respect to the second

t
axis remdins GriQLaMe; RO R LU XS N §RISE PhINGERATRYIBSBEHE S0 structured as
to enable a saukgie aheotive fistexitvibetcnsaketed indieabiod\aiyizawite teegdidahetate about the

than  ortical SR LS e e B R R B SRR ehchect thereby
to initiate or imseeasdemioutipgt thegokatioel ot tlyedbetiyradho olitpe thindjarisintteesenataf of the body
about the secpnd axi5,8NAKRH BRSH AR YR AR S AIABBRANFCHRE AP axis with
15 respect to the second axis remains greater than 0 degrees and less than 90
degrees, the gear device being so structured as to enable a source of motive
power to be connected to the body to cause the body to rotate about the first
axis, and whereby the rotation of the body about the first axis is at an angular
velocity greater than a critical angular velocity so that 2 constant or a
20  decreasing inclination angle is reached, thereby to initiate or increase an output
angular velocity and/or an output torque of the rotation of the body about the
second axis and/or about the third axis as said at least one output axis,
whereby the body has a specific critical angular velocity of less than 20000
rounds per minute, preferably thereby to increase an output power about the at
25 least one output axis, whereby said specific critical angular velocity is defined
as follows: the specific critical angular velocity is the critical angular velocity of
the body when the inclination angle of the first axis with respect to the second

axis is 45 degrees, when the first axis passes through substantially the centre of



io whereby an angle between the vector of the torque applied to the body about the third axis and the
vector of the output angular velocity about the second axis is between 85 degrees and 93 degrees,
preferably close to 90 degrees. If the angle between the vector of the torque applied to the body about
the third 15a%8 AN {Fl"@%?ector of the output angular velocity about the squgﬁl (R HE veen 85
degrees and 93 degrees, preferably close to 90 degrees, an output power supplied about the at least
one output axis is increased. When the angle between the vector of the torque applied to the body
about the third axis (= applied torque vector) and the output motion vector is higher than 90 degrees,
20even if the inclination angle is constant, the rotation of the body about the third axis in the sense of

decreasing thE®#$SipGisHRady Bt ROy fpetetadrieh thabthermethel drsia Rrque

decreases. Th j08 ageersmaIlp MavimiseachrEAdibihEBaAY RIBE SRiRstrpatRiQlt25claim 30.
The subject matter of claim 30 Sg%vides a gear device, é)referabl)(amotor device f?%)[oviding rotation
raugh, %

about at leastoR@WIBICE RESTRS Jo & SHrirerab o HaRASKGRD M 8Sbody mounted
for a rotation akautarfasicakis and avislalinonbet possitna dnaxistmprorisatationsbbut a third axis, 6

the first axis bei ient ith tq th d axis at an ipclinati le, th d axi
andlor the il R TRl LSRR B O e AP, Ay motor
device, whereiisthrcetatorerf the lbedirabbutabe thirtddidyaed thecthird akiangedmiheniaclination

e, i . o £ ing inclinati
angle when 150G e B e e s

angle when the first axis Is at a respect to hich is

greater than G8dgmeéshmmasssahthe $odeiseayshiniongmrieothianthd eanddess bRhe body about
the third axis g RgNSLHY ﬁ\%’?ﬁ?ﬂ%ﬂ%é@@%@b@ﬂ?'& %éﬂbﬂ?é‘toﬁhﬁrgmg'??ﬁié’ﬁ AreiCidhe first
an

10axis with respect to the second axis remains greater t 0 degrees and less than 90 degrees, the

gear devite b8 HA0R K 2Rt HB R Ed0RBBsH RIS PORE TS REA SR RECHSRT the body to

cause the bodyds 10EgsgbatEHRe fisdiddsnasstivharebisisi etatendpdtiirdefyhabout the first axis is

at an angular velocity greater than a critical angular velogity so that a.constant or a
g in erseghgn pointot a conne&aon glane anc??hg ﬁrs% axis to the third axis,

whereby said connection plane is a plane which is orthogonal to the first axis
and intersects the body and has the minimum distance to the inclination axis.
15
The solution according to way 2 is achieved by means of the subject-matter of
claim 26. The subject matter of claim 26 provides a gear device, preferably
motor device for providing rotation about at least one output axis, the gear
device, preferably motor device comprising a body mounted for a rotation about
20 a first axis and a rotation about a second axis and a rotation about a third axis,
the first axis being oriented with respect to the second axis at an inclination
angle, the second axis and/or the third axis constituting the at least one output
axis of the gear device, preferably motor device, wherein the rotation of the
body about the third axis gives rise to a change in the inclination angle, means
25 for applying a torque to the body about the third axis in a 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 the rotation of the body about the third axis in a



15decreasing inclination angle is reached, thereby to initiate or increase an output angular velocity
and/or an output torque of the rotation of the body about the second axis and/or about the third axis as
said at least one output axis, further comprising one or more sensors for measuring values of one or
more of the %Woz\/(\}/{i‘rgszgzazrsameters: the rotation about the first axis and/or tﬁgggwﬂ%%ﬁ%gmand/or the
third axis, the angular velocity of the rotation about the first axis and/or the second axis and/or the third
axis, the position of the body and/or the first axis and/or the second axis and/or the third axis, the
torque of the rotation about the first axis and/or the second axis and/or the third axis, a force. 25The
solution accord%% to way 4 is achjeved hy means of the subject-matter of claim 31. The subject matter

of claim 31 provis<Lh (ReiPaRInR A diRpliobRN B BY LAt e BreinatienBtdie b6 firat least one

output axis, thexigeatitedpecpiefitrabbcaricndeiipsannnidaiey fhedydagwedianaswtation about
7 a first axis %d a§r§t tion ab %t a sec%nd.axi and a rotation ahout a thirdbjxis, the first axis being
et

oriented with S e LTS EY 'SR %ﬁﬂast%ﬁtr&hc He,(,e 8Ss$e°c8ﬂa &%i8 3RUIEY f?fe third axis
constituting thediivie asthardwbipob e it e thedratiyvicegusddrabhonhotondiatecabudictain the

raton o i oA B A 010 B RE D gl e

) h S Increasing inclination angle when the
first axis is at angaliaciaidndyigaastenthpe withiteshany unheksibrebdhiat wiohstagteter than 0

degrees and lgsi 433 g HEARERBR, IS ADSIRS] THERGL R/ IRRD 8 6 Sasy PGk e third axis

in a losense of decreasing inclination angle such that the inclination angle of the first axis with respect

to the second®RY/7EYRIRFlY RNAL AR PBIRRGIvEye Rl tha salationoilbsrBadyRayd delevice being so

structured as defirbiRia aALISERIdNOIEtRRWaKI Resanaerdaditeribo el ixjgause the body to
rotate about the first axis, an? Vﬁherg%tfhe rotation gf the bolc‘ikéabout the first axis is at an 15angular
e

velocity GteatdHER%HAREISRGH RIS HRA e oRauRRPIE ddR s hRfingRR4tion angle is
reached, therétayttorthididécaoditrezeasgorpbihip vugnguagutlipedjoeaitg /mbaut ehRisidengusief the

fariner comprS S RS ATy ERdE s FUTLEN SLE ot A oE e 20inclination axis
in both senses between a lower limit angle value and an upper
If the angle hetween the vector of the torque applied to the body about the third
15 axis and the vector of the output angular velocity about the second axis is
between 85 degrees and 93 degrees, preferably close to 90 degrees, an output
power supplied about the at least one output axis is increased. When the angle
between the vector of the torque applied to the body about the third axis (=
applied torque vector) and the output motion vector is higher than 90 degrees,
20  even if the inclination angle is constant, the rotation of the body about the third
axis in the sense of decreasing the inclination angle cannot be stopped

completely and therefore the output torque decreases.

The solution according to way 3 is achieved by means of the subject-matter of
25 claim 30. The subject matter of claim 30 provides a gear device, preferably

motor device for providing rotation about at least one output axis, the gear

device, preferably motor device comprising a body mounted for a rotation about

a first axis and a rotation about a second axis and a rotation about a third axis,



limit angle value and means for adjusting these limit angle values during the operation of the gear
device, preferably motor device to a chosen lower limit angle value higher than 0 degrees and lower
than 90 degrees and an upper limit angle value higher than the chosen lower limit angle value and
lower than 2%%2&‘5'61[2673%8; The solution according to way 5 is achieved byﬁﬁ@@ﬁ%ﬁgﬁf ?&O%bject-matter
of claim 39. The subject matter of claim 39 provides a method of providing rotation WO
2009/127228PCT/EP2008/003028 8 about at least @gne output axis, preferably about at least one
output axis of a gear device, preferably motor device, the method comprising: mounting a body for a
rotation about a first axis and a rotation about a second axis and a rotation about a third axis, the first

axis being oriéMRSHhAKISRGIBE Aaned it fesrRc S DriRemeatomdshaleniRciBalAR axis and/or the
third axis Conéﬁfﬁ:‘l@?%@Qe?dt?@?warﬁytﬁltlhéxﬁrMEﬁé@ghgtmizéiﬁﬁb?ﬂi;ﬁb@dﬁ@@ﬂﬂﬁhe tfllird axis
gives rise to a change in the inclipation angle; rotating,the body about the first. axis_ at an angular
velocity great@?"tﬁQﬁtgecﬂﬁééldgﬂ&ﬂap(fjﬁ%@y H?ﬂ;ﬁ)] ‘Qci%r(ﬁ%éefs '{’h@ﬁdagﬁh%&fﬁ}?& third axis in a
sense of incraasipgminhkahishgldsdiessthieddfirstcheisgs at thecdtetheationlarafionnaeghe with respect
to the second. axis which is greater than Q degrees.and Jess than .90 degrees;.and limiting the rotation
of the boc atLRB T Sha0s o Be B RBERCHE AR S0 A o e R et
angle of the fiistiinaganithnglspeice tothiscfissicaxid B dd acsalEntedrisstimatiemangsgreds and less than 90

degrees, 5o L acolsiA' A 1BdsR e GlnAIPhANdaseasesk Becapy igitate or

increase an output angular velocity and/or an output torque of the rotation of the body about the
second axis RPEFeHANC IR TaxilinghafoiiavatibabednaBavhies)idareiRad further

comprises Usiihadgryawiingisg aein stids 3Ryl diashvelaciteohlapmtitana# 0B rag g per minute,

preferably thereby to increase an 20output power about the at least one output axis, whereby said

specific fiticaandiiar sersshjdRRAREANSFEIHD NS Srerine Bl dreaes 98%@ﬁ§is the critical
angular velocity-af goedbgebew/tes Hwainddvietoreapie etilgdiest axisdintrepesstockefsecond axis

e S B RO B e R R s A e e
if the body is ficttsxismatdoshabshyt thelertatiohich thadsetyth bmud hhia Ensé atxis éf atas of the body and
e o AT LR LIRS Sl aes ey e booy o
15 decreasing inclination angle is reached, thereby to initiate or increase an output
angular velocity and/or an output torque of the rotation of the body about the
second axis and/or about the third axis as said at least one output axis, further
comprising one or more sensors for measuring values of one or more of the
following parameters: the rotation about the first axis and/or the second axis
20 and/or thé third axis, the angular velocity of the rotation about the first axis
and/or the second axis and/or the third axis, the position of the body and/or the
first axis and/or the second axis and/or the third axis, the torque of the rotation

about the first axis and/or the second axis and/or the third axis, a force.

25  The solution according to way 4 is achieved by means of the subject-matter of
claim 31. The subject matter of claim 31 provides a gear device, preferably
motor device for providing rotation about at least one output axis, the gear
device, preferably motor device comprising a body mounted for a rotation about



that results in a smaller distance between the centre of mass of the body and the third axis, and when
a connection arm length is a) 5 mm if the mass of the body is less than 0.1 kg, b) 25 mm if the mass of
the body is equal to or greater than 0.1 kg and less than 100 kg, ¢) 50 mm if the mass of the body is
equalto 50 rggq%(ﬁf%ﬁ 100 kg and less than 1000 kg, and d) 100 mm Hih&E eGP te body is
equal to or greater than 1000 kg, whereby said connection arm length is the distance of the
intersection point of a connection plane and the first axis to the third axis, whereby said connection
plane is a plane which is orthogonal to the first axis and intersects the body and has the minimum
distance to the toinclination axis. The solution according to way 6 is achieved by means of the

subject-matteR Grei@neandra sodalinace Reakér 3T QamMAXR BRA/R &Ll BRRLLR SRFAAKES rotation

about at leastipadiR s Bemgosaksirlwiboldspb@ast tABesobbpdt A4S Af Mnliemadtdpvice, preferably
motor device, the method com risin%ka}ountin%géjgg@éfor a rotation about a first axis and a rotation
i

about a secortl 8is AR FECRNARTF AP e R &SI N PO IRARENGiAT FRYbect to the
second axis aixig vichieaieur degies thecfeciid @it adelosdhaibireimite cotsivutsfgtibe at least one

output axis, Wgeéeinghe I ta ondof the body abo tthenthird axi§n ives. 29. rise to a change in the
inclnation angRe o120y T Bod LB AV R Rreloasi 6 B T g al GUNER g TRETS crtcau
angular velocfiy, apxpiw'r_mgatwmuwetwmw_:bdgl;ab_bomhmrﬁnﬁdm'ximia a&rmtsefdﬂhnemg inclination
angle when thﬁg’ﬁ?ﬂtﬂ?ﬂ%ﬁg@é ggﬁﬁ]l?ﬁ%%%lg,%%'%%‘?ﬁ%l&’&@é‘?ﬁ@ﬁ%tﬁB&%%%"%ﬂ axis which Is

greater than O degrees an an 90 degrees; and limiting the rotation of 25the body about the
third axis in a'eeRssidpdaereecmg mesnatish dhgreaigeihnalinesrearanshlapydan #e first axis with

respect to theRereRd 248 FRERNHFHTRAIGHINAR FerWRes Metissy SrnPfdedraesismhibat a
constant or a decreasing inclination angle is reached, thereby to injtiate or increase an output WO

2009/12 7228 BeSRPOBRRRRHDS A EiNRON AN g RS dhalsharnslingticR Aiepitee btgtion of the
body about thexseaemo-eefs and/ eieabeti tbeathy demxisrasraidat teas DonsyaskeUirRKisswhereby the

hod furth i lying th he bod he third axis at | ly b
of the weight BANG BSRE S PSR A LeB AT BISnAy P L BEe B Pt RA T bRl
subject-mattemotigkapo b E_heesu:d:ﬂmﬁahadttertbédiaﬁu E8ganmedbs acm@ttwobtﬁtaramiihgmotation
about at 'eastfﬁ&ea%étpé‘ﬁd%ﬁe%s_ {ﬁ‘g'yo?attfé% 8‘%{ﬁgd%;a%"eaﬂﬂlﬁ%ﬁé%l§s%59e§?saéfjgé{ ice, preferably

motor device, the metho comprising: mounting a or a rotation about a first axis and a rotation
about a $ecorhasiaraslegifyereateatban & entirakanavlafivelesily Beilpbaceesianitieréspect to the

second axis &fecreasing inclination angle is reached, thereby to initiate or increase an output

angular velocity and/or an output torque of the rotation of the body about the
second axis and/or about the third axis as said at least one output axis, further
comprising means for mechanically limiting the rotation of the body about the

20 inclination axis in both senses between a lower limit angle value and an upper
limit angle value and means for adjusting these limit angle values during the
operation of the gear device, preferably motor device to a chosen lower limit
angle value higher than 0 degrees and lower than 90 degrees and an upper
limit angle value higher than the chosen lower limit angle value and lower than

25 90 degrees.

The solution according to way 5 is achieved by means of the subject-matter of
claim 39. The subject matter of claim 39 provides a method of providing rotation



an inclination angle, the second axis and/or the third axis constituting the at least one output axis,
wherein the rotation of the body about the third axis gives rise to a change in the inclination angle;
rotating the bogyé about the first axis at 15 an angular velocity greater than a critical agf%ular velocity;

applying a to%ueﬂ?cg)/%ﬁggody about the third axis in a sense of increasing‘)i?lTi/I15H)(e°IﬁE'ﬁﬁe 6?e 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 limiting the retation of the body about the third axis in a sense
of decreasing inclination angle such 20that the inclination angle of the first axis with respect to the
second axis remains greater than 0 degrees and less than 90 degrees, so that a constant or a

decreasing inBRAHS LagiORe- By ML P ie RIBIEIG MR Y ahgRekeng-PYtRpL BXISgR & velocity and/or

an output torqyeapiddadetatier eitiperiady dhess thesaeaistadmanging akeuhtiey thirdaxis as said at
least one outp%ut axis %lerel%y 25tg%%€§th0d fyrther comprises measuring values, of one or more of the

following paraiefeiS i 3PaH 2 ’iﬁeaﬂiﬁafyﬂ?ﬁﬂ% LR SESRBEINSAAR INERHRR axis, the
angular velocipodteiothtive ahedirthatissbakig aridmetheitenmsssbokis dnwldchedthiad akis, the

position of the_ho nd/or the first.axis WQ 2009/127228PCT/EP2008/003028 11 and/or the second
axis and/ér thgﬁﬁ%@ﬁiﬂhag %éqslt}jeeoﬁe[ %nr%o Rtios %%%ﬂ%gﬁe%fré%&%?rﬁ(}g}' ﬁ?@iﬁ%o‘a d axis and/or
the third axis, ladetcacThdmdl aismn wbeseiirtheoataljod isf dohibody dlyouktestbif dhaxiaibjess-matter of

oclaim 59, TheiblerbMAE RREIRLALAEYKine Metied ALBUFLILIRAHOR8PalLa least one

output axis, preferably abolt at least one output axis of a géar device, preferably motor device, the
method compRBiAGIHBLYRIRGY BoeRtesthartaEHcabangH A yelseity rPalyiat FPEbRItS second axis

and a rotationerbeididg HHEdiewis thiri fiisania R8N IRRERSLYIKG TRENSAIA HifyREGRRE, s at oan

inclination angle, the second axis and/or the third axis constituting the at least one output axis, wherein

the rotatin of fREBERIPA ASHRCIRASiRagrranle Witk &h IR the FRIrRdiSx'aMgierotating the
body about thig tifetaterdtaira0 aagrdes welo tiysaiiemia iy esitieat aingular ¥ricoitytiepplying a torque
to the body ak%)utbthg th'ég q IS i%argsense. of increasir}%inclination.an le when the 5first axis is at a
selected inclination ah§iewith re ;5 P15 e 2R0RE xS WhEHNE H}% @p?ﬂai?{‘g d&fdts and less

_than 90 degrdbsién@ihniitia@di.nenfgtat_bfmmﬂnﬂ Iaﬂwﬁot&stpedt_rﬁmd?w(ma$enémreﬁtﬁmgasing _
inclination anele ey {Bia'g e ipelinaion sglaf Y duatauls Wi LesPesh g pgeond axis remains
e 90 degrees, so t

greater than 0"degrees and than a constant or a
15 decreasing inclination angle is reached, thereby fo initiate or increase an output

angular velocity and/or an output torque of the rotation of the body about the
second axis and/or about the third axis as said at least one output axis whereby
the method further comprises using a body with a specific critical angular
velocity of less than 20000 rounds per minute, preferably thereby to increase an
20 output power about the at least one output axis, whereby said specific critical
angular velocity is defined as follows: the specific criticai angular velocity is the
critical angular velocity of the body when the inclination angle of the first axis
with respect to the second axis is 45 degrees, when the first axis passes
through substantially the centre of mass of the body, when the body is oriented
25 such that the moment of inertia of the body is substantially maximised, when, if
the body is not symmetrical about a plane which passes through the centre of
mass of the body and which is orthogonal to the first axis, among the possible

mounting orientations of mounting the body on the first axis the one is chosen



20decreasing inclination angle is reached, thereby to initiate or increase an output angular velocity
and/or an output torque of the rotation of the body about the second axis and/or about the third axis as
said at least gone outPut axis, whereby the method further comprises mechanically limiting the rotation
of the body Ahddtth&%inéfination axis in both senses between a lower limit Sh§ %ogand an upper
limit angle value and adjusting, while providing rotation during operation of the gear device, preferably
motor device, these limit angle values to a chosen lawer limit angle value higher than 0 degrees and
lower than 90 WO 2009/127228PCT/EP2008/003028 12 degrees and an upper limit angle value
higher than the chosen lower limit anla_lb;z value and lower than 90 degrees. The solution according to

way 9 is achid0@trByyfteihe sMAles AR5 Letveesihgrestrerabagnicet thakedsaidim 60

provides a meHwghpd RraYidiRg Thahan cidolibleashaBaRHiRU PRif A em Mg abet least one
output axis of

a gear device, preferabl tor device, the method comprising: mounting a body for a
rotation aboutbga#éf‘ ?(?ég'ﬁ%ﬁaﬁ(ﬁkﬁo ) om?gg&%ﬂaaﬁiiga 83?&8&?0%?8{) EELf Is, the first
ax_is bei'ng orimec_DWiﬂ(greandetawmlaa $60day) g)(&)ahma}'ﬁthm:hinasismfahglbpﬂ)eismaﬂ taxis and/or the
third axis eonsiyfing It ab 55" ans AR ds, BRI ey 'eiainliie ol abaytyfe third axis
gives rise to a chfange in the inclination angle; rotating the’ body about the tirst axis at an angular
velocity greatéothais equaidal angisalevéheeit) 08pHginghetebyuzaid deahectipasom weghing axis in a

sense of Increggiagianiiaoneialsubeaiei bl axifisda selrctaddininalen aagle vith

respect to the second axis which is greater than 0 degrees and less than 90 degrees; and limiting the

rotation of thetP@dirdowtis tnd aipBSRdFNEerEe L PREE 2 8RR WEBHSPITOa0RA teat the

inclination angi ‘ﬂfréb%)fig%ﬁdimw%%ﬂ%mﬁxﬁ?ﬁ%%@%iﬁmﬁ%BES?IE%H@%O degrees and
less than 90 degrees, so that a constant or a 20decreasing inclination angle is reached, thereby to

initiate ofincré¥dBaiPBAKSt angular velocity and/or an output torque of the rotation of the body about
the second axis and/or about the third axis as said at least one output axis,

The solution according to way 8 is achieved by means of the subject-matter of
claim 57. The subject matter of claim 57 provides a method of providing rotation
about at least one output axis, preferably about at least one output axis of a

15 gear device, preferably motor device, the method comprising: mounting a body
for a rotation about a first axis and a rotation about a second axis and a rotation
about a third axis, the first axis being oriented with respect to the second axis at
an inclination angle, the second axis and/or the third axis constituting the at
least one output axis, wherein the rotation of the body about the third axis gives

20 rise to a change in the inclination angle; rotating the body about the first axis at
an angular velocity greater than a critical angular velocity; applying a torque to
the body about the third axis in a 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 80 degrees; and limiting the rotation of

25 the body about the third axis in a sense of decreasing inclination angle such
that the inclination angle of the first axis with respect to the second axis remains
greater than 0 degrees and less than 90 degrees, so that a constant or a
decreasing inclination angle is reached, thereby to initiate or increase an output



whereby the method further comprises increasing an output power supplied about the at least one
output axis by means of decreasing a distance between 25the centre of mass of the body and the
second axis. The solution according to way 10 is achieved by means of the subject-matter of claim 61.
The subject WAt¥dF BHim 61 provides a method of providing rotation WG/ EP2008/063028
2009/127228PCT/EP2008/003028 13 about at least one output axis, preferably about at least one
output axis of a gear device, preferably motor devicgy the method comprising: mounting a body for a
rotation about a first axis and a rotation about a second axis and a rotation about a third axis, the first
axis being oriented with respect to the second axis at 5an inclination angle, the second axis and/or the

third axis con3fiHIAG B e s/Bhanayer i ueriths tiatnamdihs Bedyalpubet the third axis
gives rise to aghaReaiR BedRy instionangedraiiing Sardoad aliuiHdha fist a%s whargpaular

velocity greater than a critical angular velocity; applying a torque to the bod¥ about the third axis in a

sense of incréB&iMFIReALIbIR ryRPHFRS aRPiENRINSIoTeuR tpdbR BrdYiARMUABR tidle with respect

to the secondaxidayMbigtt isagrioadigntisanddlegearsighddessethany0 degrees; and limiting the rotation
of the body about the third axis in a sense of decreasing inclination angle such that the inclination

angle of the first axis with respect to the second axis remains greater than O degrees and less than 90
degrees, so thaeassohnstaricopaliidecrensiig edhieaBdrbgngleaissreatiedy tiecehattemiiate or
increase an o t rv kY. ye of taf] : t the
second axis a%%%r%;% tﬁﬂﬁ%& g?é](sgéapsaﬁg?gll ﬁpﬁagaé?ggrﬁegui}gﬁg gg(?st.y%? éfPé%ﬁy‘Bﬁg Eé%%ﬁﬁﬁd further

comprises increagirdj @r@ﬁmpatmdmér@(i@mr@(ﬂ&&@bm&h@tﬁtﬂébﬁ&ﬁ@!@@ﬂpﬁmuéﬂi)si%ﬁrﬁeans of
decreasing a yariaion f #h40:3B4 FREOVESRE NHERIESHEX PR AR MiARS 8Kk normal

vector of a second frame plane, thé frame plane defined as a plane which passesthrough three
non-lined$ pofffsfoiciaamahbnHerlist HahPREide BiefAny AcBFRRI RYSERbaTRIIAN 25 The

solution accoghpgtta WaY AkisiStRE TiRYRMBLEIRGRF M WithirsdpBal®S Bk second axis at

an inclination angle, the second axis and/or the third axis constituting the at
least one output axis, wherein the rotation of the body about the third axis gives
rise 1o a change in the inclination angle; rotating the body about the first axis at

15 an angular velocity greater than a critical angular velocity; applying a torque to
the body about the third axis in a 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 80 degrees; and limiting the rotation of
the body about the third axis in a sense of decreasing inclination angle such

20  that the inclination angle of the first axis with respect to the second axis remains
greater than 0 degrees and iess than 80 degrees, so that a constantora
decreasing inclination angle is reached, thereby to initiate or increase an output
angutar velocity and/or an output forque of the rotation of the body about the
second axis and/or about the third axis as said at least one output axis whereby

25 the method further comprises measuring values of one or more of the following
parameters: the rotation about the first axis and/or the second axis and/or the
third axis, the angular velocity of the rotation about the first axis and/for the
second axis and/or the third axis, the position of the body and/or the first axis



claim 63. The subject matter of claim 63 provides a method of providing rotation about at least one

output axis, preferably about at least one output axis of a gear device, preferably motor device, the

method corréegszinfg% mounting a body WO 2009/127228PCT/EP2008/003028 14 for a rotation about a
ati

first axis and & rotation about a second axis and a rotation about a third a%gsw B RPN being

oriented with respect to the second axis at an inclination angle, the second axis and/or the third axis
constituting the at least one output axis, wherein the Irotation of the body about the third axis gives 5
rise to a change in the inclination angle; rotating the body about the first axis at an angular velocity

greater than a critical angular velocity; applying a torque to the body about the third axis in a sense of
increasing in@ﬁﬂﬁé@&rﬁ@%ﬂéﬁﬁg‘?ﬁf raé\%%é'?ﬂ e ERfetPTALRRLTY AAGEARAPPLL SRR to the

second axis wikithisgrater thard-ongreas and/tessdhBrdaxiiegrderieaand limiting the rotation of
iothe body about the third axis in a sense of decreasing inclination angle such that the inclination angle
of the first axis with respect to the second axis remains greater than 0 degrees and less than 90
degrees, so tiaesobnistarmicopalterte amydirrcinhiivedbylensarmchétk thinjebi maltetiate or increase

. oedibge .
o st T i LB e

increasing aneboyiLatgeasironspplteihbsist tiefatablisebaut slitsashrreuindaxisidiereasing a
variation of a@éﬁ%%@@é%?&&éf&ﬂ?ﬂ{dg&%%@Hé?%é“ﬁ%{'ﬁw%m&‘i ‘%‘:MBG&HE%’SBQE? output axis
P

and a normal vector of a frame plane, the frame plane defined as a 20 plane which passes through

three non-lind8F BoRiatien ahewha@ first axinantar atalien, ahew ABRAAMAGP IR 9Re &RiBlA%ed in. The
solution accoghpgtta Wy dx¥iss NfRYesY FBRR Srifteel sibietkpiles eieisdanha. akneAubject

about at oasPOrBSLRIR XA oS SR B RIBIRb 5 B Ao LR 08 Eompriang:
mounting a bishsfane migticreakowiafest tds@atdon ot dte babpabaiddherttiakisxangieerotation
about a third s, e freh axis KNG, HIENSH UHHISFRSAN R LRE AL A 8 Buis a
an angular velocity greater than a critical angular velocity; applying a torque to
the body about the third axis in a sense of increasing inclination angle when the
15 first axis is at a selected inclination angle with respect to the second axis which
is greater than O degrees and less than 90 degrees; and limiting the rotation of
the body about the third axis in a sense of decreasing inclination angle such
that the inclination angle of the first axis with respect to the second axis remains
greater than 0 degrees and less than 90 degrees, so that a constantora
20 decreasing inclination angle is reached, thereby to initiate or increase an output
angular velocity and/or an output torque of the rotation of the body about the
second axis and/or about the third axis as said at least one output axis,
whereby the method further comprises mechanically limiting the rotation of the
body about the inclination axis in both senses between a lower limit angle value
25 and an upper limit angle value and adjusting, while providing rotation during
operation of the gear device, preferably motor device, these limit angle values
to a chosen iower limit angle value higher than 0 degrees and lower than 90



an inclination angle, the second axis and/or the third axis constituting the at least one output axis,
wherein the rotation of the body about the third axis gives rise to a change in the inclination angle;
rotating the body about the first axis at an angular velocity greater than a critical angular velocity;
applying a tofU& 1ty BtAE body about the third axis in a sense of increasirf- HERAEAE4%le 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 limiting the ggtation of the body about the third axis in a sense
of decreasing inclination angle such that the inclination angle of the first axis with respect to the
second axis remains togreater than 0 degrees and less than 90 degrees, so that a constant or a
decreasing inERaation AGRNISPOSENEN! Bnalensteaihigher dhancteasbescaugwrrditgliargliocity and/or
an output torqug, pf e TeiAon Sk B fsheabout the second axis and/or about the third axis as said at
least one output axis, whereby the method further comprises increasing an output power supplied
15about the at least one output axis by means of decreasing a variation of an angle between the

gngulalr velock':mg%@mﬁ@ﬁ Té%:@fﬂﬂﬁ(?{dﬁﬁﬁ@l B %fé?]ﬁib@éﬂ’ @@ﬂ’@?‘éhg 8fstr»]@>§§tgédmm@ﬁ@lf vect?rhof a
ody plane, the body plane defined as a plane which passes through three non-Jinear points of the
ody. 207 SHTHORP AL AL R LR L L) WA R S ECL AR &P BUEim 67 The
subject matteabbotaiticaérogidaspatesis)¢rifetodsiy etasotiadtExs bbpasutsie exio ntlesign and
operation of a gear device, preferabl or devijc I the -devi I otor device
comprises anq;%u%a? ¢ cgftpb%l%éasg] i%}%&ﬂéﬁﬁ@({éﬁ@%ﬁ%ﬁ %tg%?gﬁ%ﬁ% éﬁ)ﬁ? é)l{;(%I k?z]gr% g; rotational
25 axis of a bimyawbistids abikhis!iwstraxigethih arclatien @bl aasecandrvtisaishansdéatierpendicular

to the output shaft, whershy thesoiparisds FiARbIRIRER AR GAIRAoRagle s weeithe spin

axis and the output shaft, the spin axis is jointly Connected with a body, and a torque is applied about
the inclindtionP@3daclivgticroengie theseeand pxiscard30be tdrthaxietanslikeingmsraing an output

axis constitutipg & EMbueinabuds Whardprisa rotiieh Shake BN BYSIGABIHIIRGIS gRladional axis of
a body which is supported on the spin axis, an inclination_axis which i;Berpendi ular to the output axis
I

and can pivot"Stotn #haperdRidh R inaiAlRRIRIEL SN BRA¥AP I i StigXpdthe output
shaft, wherebyrihmbory velodiy eecanirigaly aratige dmgilaegaistity tagphdhgadiesrquéstahereby a

lever arm of atllx%ngéw E>ib%li.l Iﬁg?l%gd axis in a sense of increasing inclination angle when the

15 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 limiting the rotation of
the body about the third axis in a sense of decreasing inclination angle such
that the inclination angie of the first axis with respect to the second axis remains
greater than 0 degrees and less than 80 degrees, so that a constantor a

20 decreasing inclination angle is reached, thereby to initiate or increase an output
angular velocity and/or an output torque of the rotation of the body about the
second axis and/or about the third axis as said at least one output axis,
whereby the method further comprises increasing an output power supplied
about the at least one output axis by means of decreasing a distance between

25 fhe centre of mass of the body and the second axis.

The solution according to way 10 is achieved by means of the subject-matter of
claim 61. The subject matter of claim 61 provides a method of providing rotation



The solution according to way 14 is achieved by means of the subject-matter of fi)claim 68. The
subject matter of claim 68 provides a method for determination of parameters for designing and

operatjon of ] cgggaﬂg /d'2 \éizc%e, pr'eferablly motor device, yvhereby the gear deg&cﬁEp{&fggé&g% motor glevice
comprises an output shart being solidly connected with an outer cradle, a spin axis being a rotational
axis of a body which is rotatably arranged in an inner cradle, and an inclination 15 axis perpendicular
to the output shaft, whereby the spin axis is rotatabl® forming an inclination angle between the spin
axis and the output shaft, the spin axis is jointly connected with a body, and a torque is applied about

the inclination axis, whereby the test devjce as.in claim 67 js used and whereby an apgular velocity of
the body abo@PfHE §Hﬁa§i§q§ QU RFRIRIA %’aﬂ?@é{l\ﬁﬂ Wfﬁ%%ﬁg 'gﬁ‘ﬁe?gﬁnination for
each of the diffesedevalecprafeedbdr thetadjissied, dhgulmtetbciynisrigingtenoundsg thaody critical

angular velocjty by means of measuring the sense of rotation of the spin axi t the inclination axis.
The solution i‘é&:gr{ﬁ@i?@ \?/Cg?/‘ff ?sfrgc eve f/l rrﬁ)gaatﬁ%&o??ﬁg?s%gjge% E"raa 2f(('agr %Egécfgi%rrf% . The
subject mattealodadainhié® gxsyithesfus) caisdesing opiefiedbijtmeepesvic ) ¢aenevidivds @tation about

at least ope oyipHER AN JRYI6R UDBHIT AR LR R R SSIARIRNIADE Bfirst axis and a

rotation about a second axis and a rotation about a third axis, the first axis being oriented with WO

2009/1272282@3YBr0087003E, Whesgie dieo dirtisacibakiady abpiicieatiirnd #Xipdives second
axis constitutingethe OHpIRXS MeSRidigNine aiIe eitdhRg aitinsugf 4B lady ARRULIbathird axis

gives rise to a change in the inclination angle, means for applying a torque to the body about the third

axis in a sens&ANIBR¥FIAGHL ISRt BRI CHER AROMEL ¥RIQFILAPRMIBG &IRBHA4Ron angle with

respect to theyse e akisuvitenisgmwatanthaefsdagreessarthieirctinan P slepgecsbeantdgneans for
limiting the rogation of the body about tht?;thir.d axis in a sense of_? gi asing in Iinatiorha le such that
r

the inclir&tio ’ﬁ@é’%ﬁﬁé Fire ‘ﬁ%&%ﬂ? ggB%%tathtlﬁewé BT A% At %

TeEP AT degrees
and less thani9@reeayze darsdidegded@nbdasy HmstAictiegrtas, tarehibitrg sbarcgatiomofive power to

oe connected, i (he.0oolR SRS Shofly A% iale ARot DG HShANRRRCLADRIEhXhe rotation of

the body abolt the axis is at an-angular velocity greater a critical angutar velocity so that a
constant or a et tbasmgjinaditmadogle sl b esfshepisowitieresnad fieithesecricnde @Maiput angular

L5velocity andyar.al} uipus GRS OLIE RGN g bR ABoY A0S seneRhpAsisa whereby aload

applied to the"third axis Is used as the limjting means when the inclination angle is decreasing so as to
extract pdwerdgsERR SRS drelnalien angle is reached, thereby to initiate or increase an output

angular velocity and/or an output torque of the rotation of the body about the
second axis and/or about the third axis as said at least one output axis,
whereby the method further comprises increasing an output power supplied
about the at least one oufput axis by means of decreasing a variation of an

20 angle between a normal vector of a first frame plane and a normal vector of a
second frame plane, the frame plane defined as a plane which passes through
three non-linear points of a frame where the gear device, preferably motor

device is mounted in.

25 The solution according to way 11 is achieved by means of the subject-matter of
ciaim 63. The subject matter of claim 83 provides a method of providing rotation
about at least one output axis, preferably about at least one output axis of a
gear device, preferably motor device, the method comprising: mounting a body



20 The solution according to way 16 is achieved by means of the subject-matter of claim 70. The
subject matter of claim 70 provides a method of providing rotation about at least one output axis, the
method comprising mounting a body for a rotation about a first axis and a rotation about a second axis
and a rotatio%%ﬁ?i 11478 fd axis, the first axis being oriented with respect®6 ¥HEXERBH Hxis at 25an
inclination angle, the second axis and/or the third axis constituting the at least one output axis, wherein
the rotation of the body about the third axis gives risg to a change in the inclination angle, rotating the
body about the first axis at an angular velocity greater than a critical angular velocity, applying a torque
to WO 2009/127228PCT/EP2008/003028 18 the body about the third axis in a sense of increasing
inclination and® a/reatine abouddditstapdssencoteiatitinalbnbagecsittd exdpapte héadedond axis

which is greatgr 4123 (hHEARESIABGEESR AR deeines. e Amiing heHotalionatiae Rody about

the third axis in a sense of decreasing mclinatlo_n%r;gle such Sthat'the inclination angle of the first axis
with respect t8HBLBEERA ardiecthaisrgrh st Pk dathaysaangiintiog Hgates, thereby to

initiate or incresse 13D AR RSV AP YHRUS SAKAHB It R FelAdiaRiegilegrody about
the second axis, wherein the method further c%{rgé)rises extractin% power about the third axis by limiting

the rotatidn of tFe BGHGaNGG: thiPthIRFIDALSR #RotgsEHaling Mechos APt Mg tadfivhen the
inclination angle ihgekneasingtyGpaarrnthgrileonays Epnandriaidefolppiiggardguwaid. When the
device is at the regime state, it is,provided that the power is generated about the third axis by limiting
the rotation of (e’ Baty BRAUTIRL Ui 80X L0 2 QUSLE e TEUNRTE D3RP e Peted about
the third axis, firsd &ddysetacseEoted thelitdtibaras glethitiscaspeot tetheasingrtiaiiehvizition angle.
This method inclinati i W rees. For
the continuity S e e B oL e e e o T 12 PR A0,

generatdd ab8ig Mm@@&k@%ﬁh#ﬁm%&ﬂﬁ@ré%ﬁ@rﬂﬁﬂ@ﬁ!&ﬁfﬂ%@@ﬁﬂ@@@lﬁb&ﬂﬂé aiusing an output
load. The secgpd pRIALINAGIRCIRGIOSF #0148 5 SREP LY NG IS rRd X iR firey about the

second axis using an output load or a brake mechanism. By repeating these periods consecutively in a

loop (period 195 RIIR2H RIS ARY 1858 haMPOARINERS AHBYShEPAHRNS SR from the device
is provided. Wieereadirgkindneshenisnyls diesendar tisring thamatation aidhaabedinahepithe second

mochaniom (G TR TSR ofe EoHEdh R Th i EdE P AL o REPeAHL A about both
the secorxd axdecand theghkind/@xisbbot iinstdrcbaxis as said at least one output axis,

whereby the method further comprises increasing an output power supplied

about the at least one output axis by means of decreasing-a variation of an

angle between a vector of the output anguiar velocity about the at least one

output axis and a normal vector of a frame plane, the frame plane defined as a

20 plane which passes through three non-linear points of a frame where the gear
device, preferably motor device is mounted in.

The solution according to way 12 is achieved by means of the subject-matter of
claim 85. The subject matter of claim 65 provides a method of providing rotation
25 about at least one output axis, preferably about at least one output axis of a
gear device, preferably motor device, the method comprising: mounting a body
for a rotation about a first axis and a rotation about a second axis and a rotation

about a third axis, the first axis being oriented with respect to the second axis at



WO 2009/127228PCT/EP2008/003028 19 when a pneumatic pump that is located between the output
shaft and the inner cradle is used in order to limit the rotation of the body about the third axis, the first
period is defi (% iston of the pump is compressed because of the rotation of the body about
the third axig{éﬁ I%%eégtgﬁsz% of decreasing the 5inclination angle. In the firs%ége}nf%t)?(f??ﬁ'geg?é%surised air is
transferred to a turbine. So power is generated by rotating the turbine. The second period is defined as
the piston of the pump is decompressed by limiting the rotation of the body about the second axis
using a brake mechanism or any rotational output load such as a hydraulic pump. In this period, air -

ters to the piston of the i f tsjde.. Thi jod is al id . as the intak iod of
tne pump. ThE 4 BRURALS BTG BBIFA R o ECHhy 5 S 4 A A DS Abor & motor

device. In thigessttent thaderaxisnatostaiugteanmthéonnoleistdestiaebd 8 thetthindhigls gireerts

non-mechanical enerqy to mechanical eneray, such a aspline motar or.an electric motor. Here, the
term "motor" i?;srea{ﬁear o%@8&8&%&6%%’%%%%%?8%@%1 Z%tes gﬁ}gghagbn?gﬁg%i%){/?%1%1%Echanical

energy, similaartiaagwelr aaliucityogoe aWwhtha refetriticairatigs nvetoaitye appigeatitgeeniois to be

understogd aggofopgsIRad arRfiross BEYARY BOILdSSs iR MR R AL MR present

invention have 0'that, when the axis of rotation of the body (also referred to below as first axis or

spin axis) is cBisdtpxindel abacelrctasbinclination gnaleswitbiaspastin e isancad axitevhirdle (also

referred to beiQ‘ﬁr@ét@?Hﬂ‘éW@%@i‘f%'%@i&% Pih Juekierofdhe hemhg@ itk rotatneothird axis
inc

(also referred to below as the ination axis) which is substantially perpendicular to both the first and

second axes, W OosYORPuY Yissibig AR ARG 8, sigcreasing inclination angle such

that the inclination angle of the first axis with respect to the second axis remains

10 greater than 0 degrees and less than 90 degrees, so that a constant or a
decreasing inclination ang!é is reached, thereby to initiate or increase an output
angular velocity and/or an output torque of the rotation of the body about the
second axis and/or about the third axis as said at least one output axis,
whereby the method further comprises increasing an output power supplied

15 about the at least one output axis by means of decreasing a variation of an
angle between the angular velocity vector of the angular motion of the body
about the first axis and a normal vector of a body plane, the body plane defined
as a plane which passes through three non-linear points of the body.

20 The solution according to way 13 is achieved by means of the subject-matter of
claim 67. The subject matter of claim 67 provides a test device for determination
of parameters for design and operation of a gear device, preferably motor
device, whereby the gear device, preferably motor device comprises an output
shaft being solidly connected with an outer cradle, a spin axis being a rotational

25 axis of a body which is rotatably arranged in an inner cradie, and an inclination
axis perpendicular to the output shaft, whereby the spin axis is rotatable forming
an inclination angle between the spin axis and the output shaft, the spin axis is
jointly connected with a body, and a torque is applied about the inclination axis,



the application of a torque about the inclination axis in the sense so as to increase the acute angle
causes the first axis to rotate about the second axis. When the speed of rotation of the body exceeds a
certain critical value, this 5applied torque gives rise to a reaction torque of a magnitude greater than
that of the apbitéd*#itd&and which is also directed about the inclination BXEEBAMHFEZBpposite
sense. This reaction torque causes the first axis to rotate about the inclination axis in the sense so as
“to decrease the inclination angle. However, if this rotation about the inclination axis is limited, e.g. by
mechanical means, then o the speed of rotation of the body about the second axis is increased, thus
giving rise to a useful source of motive power. It will be appreciated that, with such a system, the
means which B igstdevimpomeistasian Uit ASITRNsHntRGE Bogibideglrxia ebarce of energy,

thus enhancingfepHicisneyithe §aATHRVishstmihgrdsbigidrdermiang hesapipmts i is useful to

consider the following cases (i) to (iv) when the body is caused to rotate at different angular velocities

about the firstS¥HBO{RA BeBRARREAXRIANNFINRHREHE WL Rerpenmicdiasiialisut the 20first

axis, the applisatian okis mf@@@rablw HisoicHeasem axis h@mmgiqﬁmfmé& i@g@ﬁ?@Sﬁ the Tagnitude

of the acute angle gives rise merely to a.correspanding rotation of the first axis about the inclination

axis in the serﬁgivg%e 3%3 FRIFLEE ﬁﬂed?ﬂb%r?é‘%)&ﬁ 5%6% ‘ﬁrﬁgjé( ﬂb%l%?&&ﬁge?ﬁo rotate at an angular

velocity (= rotatioeniripdedir2hgkitivit esgahbio aherinetinatignlaxiselaite by aritioal eptatishal speed),

.there are two [ting, rotati e first axis: not only is there a rotation of the first axis about the
.5‘%&1 g hrOGHONS AL

inclination axis In sense so as to increase the inclination angle, as with the case (i) of a
non-rotating body, WO 2009/127228PCT/EP2008/003028 21 but there is also a rotation of the first

axis about therpgeghdiiBiiactBIIFTEA o BeLseathiofeaRdY: IRLALAaLERRRTLpLINE body

increases, the speed of rotation of the firsStaxis about the intlination axis decreases, whereas the
speed of fotafitiBiafe e rswnieshmatieieob signatbRis vitgs asggthod for determination of

parameters for designing and operation of a gear device, preferably motor
device, whereby the gear device, preferably motor device comprises an output
shaft being solidly connected with an outer cradle, a spin axis being a rotational
axis of a body which is rotatably arranged in an inner cradle, and an inclination

15 axis perpendicular to the output shaft, whereby the spin axis is rotatable forming
an inclination angle between the spin axis and the output shaft, the spin axis is
jointly connected with a body, and a torque is applied about the inclination axis,
whereby the test device as in claim 67 is used and whereby an anguiar velocity
of the body about the spin axis is adjusted to different values, whereby there is

20 a determination for each of the different values whether the adjusted angular
velocity is greater or less than a critical angular velocity by means of measuring
the sense of rotation of the spin axis about the inclination axis.

The solution according to way 15 is achieved by means of the subject-matter of
25 claim 69. The subject matter of claim 69 provides a gear device, preferably
motor device, for providing rotation about at least one output axis, said device
comprising a body mounted for a rotation about a first axis and a rotation about
a second axis and a rotation about a third axis, the first axis being oriented with



(ii)When the rotational speed of the body is equal to the critical angular velocity, there is still the
rotation of the first axis about the second axis, but there is now no longer any rotation of the first axis
about the inclination axis. tO(iv)If the body is caused to rotate at an angular velocity above the critical
angular veloB 24 5% again two rotations of the first axis, i.e. about B&THEF& &S axis and the
inclination axis, but in this case the rotation about the inclination axis is in the sense so as to decrease
the inclination angle. It is only when the rotational speed of the body is above the critical 15 angular
velocity that the gear device is able to provide useful rotational (= motive) power about the second axis
and/or the inclination axis, either or both of which can serve as an output axis of the gear device. If the

body is cause@spgetitclmeacand s Blisnmirmfinalgnangodhy apevedadrcamidiiingular velocity,
the gear deviggDEayites 88 SHERM MRHEE (ThEHHARL FBRHIJN SRRPPIAPIDENCIRE afgutput motion

(= rotation) about the third axis. Each of the two rotations may be characterised by a respective
angular velocRy 888 85 888 0R SheRAR N HNEIBEPRIBABNEIR alisEN S0 PO BREIWHELA tREAHRL axis at an

angular velocity inbysithapifieabangtakialpaidernie ebintrainsitf thaibatyrphayetimésrd axis in the

sense of decr%as'n inclination anile is also referred to as reaction motion. The angular velocity of the

reaction motidRad LB EAS Al P BEIRCIEd ARGINEHeR Aralf Wil (RSB AR S617 RGBS also referred
to as reactionvifiichués JAAROBRAA D/A2HBEST4nB 2008HE3 WBI2Y reles it ahaags!fax velocity of the

body has beep fqund to vayy.in dependenge.qn th metry. of the body, the density of the material of
the body, the MATHR a8 (o e e R BB SR B L e2e A28 BB Sle v s
and environmentalationdiigis such thetdhbhisolinstigrezagiredtbeninsiidixs Witb nespeairtohave found

experimentallyingt e RS AN LOSNpRICY IR PENNIRCaYRE B rlgleds e o

generate output motive power in the form of the rotatio body about this olitput axis with
extremeh? higfeigeekrilthe). v etiewmitsas i apabie far Weried mattvaceeydnértéehis principle would

be of particulabHHbivtebns BidanshPRERMEIRXEOIS RS DRsrRNERNIsIABGIRL B hihaxis.
whereby the rotation of the body about the first axis is at an angular velocity
greater than a critical angular velocity so that a constant or a decreasing
inclination angle is reached, thereby to initiate or increase an output angular
s velocity and/or an ouiput torque of the rotation of the body about the second
axis, whereby a load applied to the third axis is used as the limiting means
when the inclination angle is decreasing so as to extract power about the third

axis.

20 The solution according to way 186 is achieved by means of the subject-matter of
claim 70. The subject matter of claim 70 provides a method of providing rotation
about at least one output axis, the method comprising mounting a body for a
rotation about a first axis and a rotation about a second axis and a rotation
about a third axis, the first axis being oriented with respect to the second axis at

25 aninclination angle, the second axis and/or the third axis constituting the at
least one output axis, wherein the rotation of the body about the third axis gives
rise to a change in the inclination angle, rotating the body about the first axis at
an angular velocity greater than a critical angular velocity, applying a torgue to



The inventors have found that, with such an arrangement, the efficiency of the 15gear device is
extremely high. Furthermore, the torque applying means conveniently acts as a switch which triggers
the provision of the output motive power. The limiting means is arranged to prevent any rotation of the
body about tH& %ﬁﬂ?ﬂ%ﬁis in the sense of decreasing inclination angle. Rgfﬁé’ﬁw &bove, since
the rotation limiting means is not required to move, it can be constituted by a purely mechanical
means, e.g., a stop, which does not require a sourcggof energy, thereby contributing to the high
efficiency of the gear device. 25 A source of motive power may be connected to the body so as to
cause it to rotate about the first axis at a rotational speed in excess of the critical %Ia{h\glocity.

n

Alternatively, the pethtishfiihe Hoay axs it theaiina akisdsarintiveinatespnlp
2009/127228R (T HxR3908DB2FA3 Wt S aiHE InRnRipR i theBadbiange ddbeviBd axis so as

to increase the inclination aﬁle, a force field occurs on the body itself. For instance, for a_cylindrical

body of a thickn@&ail thandhdsersemhandiessithandhdegisrsagnAdminetheirtiiemiig on a

circular crosstfagissy et rethdbatile iaxRed wdenr@ dinisdeseeifigithapatineshyihstivh rotation of the
body about tthirst axis constituteﬁ tgﬁ %ut?ut motion,, The traggni?ﬁ‘ion efficiencg is defined as the
g, 8

efficiencyof ttAALHRIAGHRIRILABH Lot B T 1B eohE 8 BRRSIP AT RBALR the
second axis. pe®esigthe degrsesssiahledidieat @ (ndegases, iithesbytiouhitade er ivecréhedorque

ded about th ity . e ; : o4
Cifiency derha B AL e B e A By e e
variable forcesh(foitdés weersedrabisywitred dhetongibqshfuhae spaIiass exregingpomesugh the
shape of thesgagts, d | FdNERAY IRIRSREIUIEEBI he dodpisiNemESRiI S 6baNgRin the

inclination angle. That means thatthe inclination angle changes, i.e., the inclination angle increases or
decreaset. sense of decreasing inclination angle when the inclination angle is decreasing.

Concerning the ways 15 and 16, the following can be said: When the device is
at the regime state, it is provided that the power is generated about the third
axis by limiting the rotation of the body about the third axis using an output load.

15 While power is generated about the third axis, the body rotates about the third
axis in the sense of decreasing the inclination angle. This method only can be
used when the inclination angle is between 0 degrees and 90 degrees. For the
continuity of this method, there should be two different periods. The first period:
power is generated about the third axis by limiting the rotation of the body about

20 the third axis using an output load. The second period: the inclination angle is
increased by limiting the rotation of the body about the second axis using an
output load or a brake mechanism. By repeating these periods consecutively in
a loop (period 1, period 2, period 1, period 2, ...), the continuity of the
generating power from the device is provided. When a brake mechanism is

25 used for limiting the rotation of the body about the second axis, power is only
generated about the third axis. When an output load is used instead of the
brake mechanism for limiting the rotation of the body about the second axis,
.power is generated about both the second axis and the third axis. For instance,



20The connection arm length is defined as the distance of the intersection point of the connection
plane and the first axis to the third axis, preferably to the centre of the pivot where the first axis is

pivot-mount%g azkéo%[ ;,pz%ssecond axis. There are infinitely many planes Whicpl?ivrl;%%%%% tzhe body and
are orthogona?to the spin axis. Among these planes the one which has tﬁg ihimum distance to the

25third axis, preferably the centre of pivot, is defined as the connection plane. In order to measure the
specific critical speed of a body, the body must be m®unted to the test device according to way 13
such that WO 2009/127228PCT/EP2008/003028 24 a) the spin axis passes through the centre of
mass of the body, b) the spin axis is oriented such that the moment of inertja is maximised, and c) if

the body is noYRSAARAGEAMAIHALIAR thatdslonaied RedynaRdReRYPsb 2888 ARI HIGHTRE  centre of
mass of the bodidiand issedhoganet to ratlirg mtioanbre e pessibiaweanntngigriemations the

ith ller di b f the body and hird axis, preferably th
conte of puol SRRIE BB GRS PP ALA R SOr R IS0 Th B AL rate iy the
embodimentsrofdtfieninf e dias indibcatbthé yHing atdpémtientelamsf Ceceasingtitee ways 1 and 5, an
| ; ¢ . G loGity is ; he inclinati
alternative way Gf determiniad b sngelis siieal angular yiog Wy aRraKded wherthe incination

angle of the first axis respec 6t e'second ¢ degrees instea > degrees. If the
frictional forcdurainimPaguimaniregensnaiedbyuotabngiheiustingrelhig setasdpamietisSngement helps

increasing ang.gheckinofNeriing, 52 REBiNRY i RR ASARIRSLA BAIMRRRIRIRLGSiNS aRecific

critical angular velocity by reducing the transmission rate of the torque of the spin axis to the second

axis caused JJPgtABFHE I aPfsved M8t N R PLE SRRAABIF ALBLRRYE Qishoagko Witk ferred

embodiment @ y¥pysch a8 higRIaNdesHipthe Badpbasdh spegitisreiticabanaiirioyehecity of less than

15000 rounds per minute. Another preferred empodiment of s 1 and 5 is provided if the body has a
specific élgjniticé:rﬂmp fil’oum outside.eﬂ‘ﬁs perlrog| is also cl:onsiéere\gaa}/s tflm irr]wtaié p%r?c\)/cli 0 tllme y

pump.

The gear device, preferably motor device may be used as a gear device and/or
a motor device. in this context, the term “motor” must not be understood as a
15 motor which converts non-mechanical energy to mechanical energy, such as a
gasoline motor or an electric motor. Here, the term “motor” is rather to be
understood as a motor that converts mechanical energy to mechanical energy,
similar to a hydraulic motor. When referring in this text to a gear device, this
~ termis to be understood as comprising a gear device, preferably motor device.
20
The inventors of the present invention have found that, when the axis of rotation
of the body (also referred to below as first axis or spin axis) is constrained to
rotate about
(a) a second axis which is at an acute angle (also referred to below as
25 inclination angle) to the axis of rotation of the body, and
(b) a third axis {(also referred to below as the inclination axis) which is

substantially perpendicular to both the first and second axes,



25angular velocity of less than 10000 rounds per minute. Still another preferred embodiment of ways 1
and 5 is provided if the body has a specific critical angular velocity of less than 5000 rounds per
minute. All the aforementioned WO 2009/127228PCT/EP2008/003028 25 ranges of the specific
critical anguiPAVRIBER*E&n be realised in combination with all claims. SinBeREEMEAL4TESry that the
spin speed of the body is higher than the critical 5 speed of the body during the operation of the gear
device, a body with a higher specific critical value must be rotated at higher speeds compared to a
body with a lower specific critical speed. Rotating a body at a lower spin speed value is beneficial
because, as is known, the frictional losses (such as air friction, bearing friction) increase exponentially
with the spin $peappiicatinsPiordrgiscaleupthepicdaatinnraxigdartieieasprederaty motor device

require that the GugeallaEeatl ahHIS BHIESIHIIHPSMAEEHIGREELAA HUSIUON ingiease the

production costs of the gear device, preferably motor device. For cylindrical shaped bodies with a
same density, the specific critical angular 15 speed of a body increases as the ratio of the diameter of

the body to thﬁ\lﬂéﬁhﬁ@sﬁpé;eblQigf(lﬁﬁhfiéﬁl]m;iﬂsd@i&b%b@é%dé@@tf@ﬁ. cﬁ&%@#egﬁf&qrﬁﬁg bodies Wilth the
same maSS,t e Sal thic Nness (= ne t) an t e same nsit U.tWt Ifferent s es, ameyone
s cylindridal, ARPUACBHIE BRSO AIa OB (2 o ha MRY A Sreairehandhehibal anguiar

speed. A bodyhwitippligh hasseaacdvghiohois mieonine cietinsbeud thiginsfinatfoncitisabangular speed.
e L ST I S U A o oo
2009/127228rclimeto0egimistirssense so as to decrease the inclination angle. However, if

this rotation about the inclination axis is limited, e.g. by mechanical means, then

10 the speed of rotation of the body about the second axis is increased, thus giving

rise to a useful source of motive power. It will be appreciated that, with such a

system, the means which are used to limit the rotation about the inclination axis

do not require a source of energy, thus enhancing the efficiency of the gear

device.

In order to understand these effects, it is useful to consider the following cases
(i) to {iv) when the body is caused to rotate at different angular velocities about
the first axis:
() In the trivial situation in which the body does not rotate at all about the
20 first axis, the application of a torque about the inclination axis in the
sense so0 as o increase the magnitude of the acute angie gives rise
merely {o a corresponding rotation of the first axis about the inclination
axis in the sense so as to increase the inclination angle.
(i) I the body is caused to rotate at an angular velocity (= rotational speed)
25 which is less than a critical angular velocity (= critical rotational speed),
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 (i) of a non-rotating body,



26 A preferred embodiment of ways 1 to 4 is provided if the gear device comprises a source of motive
power which is connected to the body to cause the body to rotate about the first axis at said angular
velocity greater than said critical angular velocity. 5 A preferred embodiment of ways 1 to 4 is provided
if the gear d&VREEERP8es feedback means for transmitting motive powBE HERHPFon of the
body about the at least one output axis to the source of motive power. In this way, it is possible to feed
back at least a portion of the output power, defined as the ioproduct of the output torque and the
output rotational speed, into the gear device. The feedback means is preferably arranged to transmit
sufficient motive power to the source of motive power to overcome energy losses arising from friction

due to the rotation oftidhsvaysadsatarietatinaqidhe fesfimdsaieutring gepaid X Ehdefined to be the
state when the inclingfies AR inces phaicbisrnd Aemaagriiiieat Jee aRRYRE fygpe about the third

axis is constant and the output angular velocity about the at least one output axis is constant. A

preferred embodimeiCERHSYs e RIEDRIVRIBURE R i i aRnHb R DRlBFHSI A ntrolling the

source of motive powgtraassiogmisashRdopyde SlistiornbptHdmestirstiadpalianig rotational speed
in excess of the critical anqular velocity. A preferred embodiment of ways 1 to 4 is provided if the

torque apf)lying means 1y, r%@g‘cﬂ% ﬁﬁty the torque when the selected inclination angle is within a
25range of 1iiiggre@then8hdanaties.a\Wis 200 th2 1228PE B4R PROBIO@BNZ8! 2hdilermeans for

2ppiying 2 torave MY ERNPYRE 2 BiK YRR R EUChkdlFeas o agiving a torae

may comprise one or mor raulic ram; a pneumatic ram: an electromagnetic ram. 5 A
preferred embodimedtiohees/is Dewnis iprgedenyinviatigene tbe destendpridasubtbans for controlling the

magnitude of the torgis,apRjied, Y the torque applying means.

10 {iv) If the body is caused to rotate at an angular velocity above the critical
angular velocity, there are again two rotations of the first axis, i.e. about
both the second axis and the inclination axis, but in this case the rotation
about the inclination axis is in the sense so as to decrease the inclination
angle. It is only when the rotational speed of the body is above the critical

15 angular velocity that the gear device is able to provide useful rotational (=
motive) power about the second axis and/or the inclination axis, either or
both of which can serve as an output axis of the gear device.

If the body is caused {o rotate about the first axis at an angular velocity above
20 the critical angular velocity, the gear device provides an output motion (=
rotation) about the second axis and/or an output motion (= rotation) about the
third axis. Each of the two rofations may be characterised by a respective
angular velocity and a respective torque. In case the body is caused to rotate
about the first axis at an angular velocity above the critical angular velocity, the
25 rotation of the body about the third axis in the sense of decreasing inclination
angle is also referred to as reaction motion. The angular velocity of the reaction
motion is also referred to as reaction speed. The torque of the reaction motion

is also referred to as reaction forque.



A preferred embodiment of ways 1 to 4 is provided if the limiting means are ioarranged to limit the
rotation of the body about the third axis such that the inclination angle of the first axis with respect to
the second axis is greater than 10 degrees and less than 80 degrees. It has been found that there is
an optimum WRIHAH6H Zfgle which depends on isvarious factors includin§ & d@3EMei485ut torque of
the gear device and a desired output angular velocity of the gear device. For instance, when the
inclination angle is close to 0 degrees, the output torgue of the second axis is at a minimum but the
rotational speed of the second axis is at a maximum. Conversely, when the inclination angle is close to
90 degrees, the output torque zo of the second axis is at a maximum, but the rotational speed of the
second axis is at a minimum. Since the output power of the gear device is the product of the output

torque and therugiidaraliiplsRaBE dpliauadan i BESH foUREHET SR ticubnaiuer, it wil be

necessary to select an inclination angle for which the product of the output torque and the output

rotational spe€8 tH2SRRBHIL & thhBedy. sherepBai¥mbiarmaredaleiysa kedidhfovided if the gear

device furtherigefnBtisAsAgiE st mRmieder s ive teedpsiibatiothansdrlyl asbist e hird
2009/127228PCT/EP2008/003028 28 case, also m%ans malé/i be Frovided for selecting a desired

output speed ARE/GULENPORENILFNE EPRtS SR PR BRRAY BB ARHBN angle

accordingly. 5 A preferred embodiment of ways 1 to 4 is provided if the gear device comprises means

for selecting aygesied quieyt anaular yslodiy-of Iog ogt device. apd cssing e adiusting means to

adjust the inclinAtion angle in"'dépendence on the sefected otptt angular Ve oc:l{y.u B\'pre erred
embodiment dhevapsiyl to o ispridtddwedait e Lpeat degére tmptitied metivs fovesriéttimg a desired
output torque gf r ' i [14STi i inglination angle in
dependence oﬂﬁrgﬁgj fg%crt%%{mF?Etﬂggfgﬁgg%%@%(igﬁe%%%piﬁﬁtgﬁ%g%}ﬁ ‘_34 is provided if the
limiting mean$iteniygés ® gravenientserGara epvikedvdl agericing thitaiapEnae sense of
decreasing inglnataskata rtidifamadiny. fonaaplking 8ieraupis 4RdduRPab: i@k to the body

about the i i
and/or the third axis.

The inventors have found that, with such an arrangement, the efficiency of the

15 gear device is extremely high. Furthermore, the torque applying means
conveniently acts as a switch which triggers the provision of the output motive
power.

The limiting means is arranged o prevent any rotation of the body about the

20 third axis in the sense of decreasing inclination angle. As mentioned above,
since the rotation limiting means is not required to move, it can be constituted
by a purely mechanical means, €.9., a stop, which does not require a source of
energy, thereby contributing to the high efficiency of the gear device.

25 A source of motive power may be connected to the body so as to cause i to
rotate about the first axis at a rotational speed in excess of the critical angular
velocity. Alternatively, the rotation of the body about the spin axis could be
generated manually.



20inclination axis so as to increase the inclination angle. Preferably, the means for applying a torque
allows controlling the magnitude of the torque during the operation of the gear device by means of a
control unit. If this means for applying a torque, e.g., a hydraulic ram, is controlled with a proper control
unit, the medH P°4pM¥ing a torque may additionally serve as a limiting P8R8t the reaction
motion about the inclination axis and further to adjust the inclination angle to a desired value in
accordance with a desired output motion speed/outpgit torque and/or a desired reaction speed/reaction
torque. In this WO 2009/127228PCT/EP2008/003028 29 sense, a preferred embodiment of ways 1 to
4 is provided if the means for applying a torque serves additionally as the limiting means. Said means
for applying a torque serves to apply a torque to the rotation shaft 5and thereby also to the body about

a third axis in W& A$6-§0 N GRPIAHIRCINSTIRIAARBIR IR MIRAERI YARP by MecRiIg YReAdditionally

may serve to prevent the rotation of the body about the inclination axis in a sense opposite to that of

the applied toleEitadarangien@ Ay s IRIh GG ik thapedydteelivE & BeaschHdMAination angle to a
desired value saigaBaNSHAY F a deskinsksutpUheeHapss B duips st dine degiked reaction

speed/reactiop torque. For applying a torque to the body about the,inclinatijon axis in the sense of
increasing thd SRR REEIE G PRy BIFSR R RN AR L R P 050y the
inclination anglkisufistderfretil stngbihednetthdtienatatite tof shEbioleired vall tieeciigespisnding to a desired
output motion [QUIRUL tor ' 10 on tor e operation of
said means fo%%z?l'%%g/“l%é %&o%ﬁ?@ﬁs&%ﬂﬁ%ﬂe E&'{Eaﬁ%[:r%%%% §o§ﬁ§%ﬁ§ﬁ§fﬁ%ﬁ%§§§3f%d with input
signals from seffissmsoyafiraspodting fhacnotipsseadfitoiashbioie éoreaditdde Signatip@ontrol signals

generated by theeoniial it A ERoReNSR Lol e2QIRRU SRR AR AR mERES Rt :8RBkdng a torque

to adjust the magnitude of the applied torque to the Body about the inclination axis, limit the reaction
motion aHd adjifsPtHRUhEIRh@n e terdieRisiisied Abauthncratpbl Bt G RMNHSYs 1 to 4 is

provided if theHirsticReABS the gear device. The transmission efficiency depends on both
the strength of the materials of the parts of the gear device on which the
variable forces (forces whose relative direction to the part varies) act and the
strength through the shape of these parts.

15

If the body rotates about the third axis, this gives rise fo a change in the
inclination angle. That means that the inclination angle changes, i.e., the
inclination angle increases or decreases.

20 The connection arm length is defined as the distance of the intersection point of
the connection plane and the first axis to the third axis, preferably to the centre
of the pivot where the first axis is pivot-mounted about the second axis. There
are infinitely many planes which intersect the body and are orthogonal to the
spin axis. Among these planes the one which has the minimum distance to the

25 third axis, preferably the centre of pivot, is defined as the connection plane.

in order to measure the specific critical speed of a body, the body must be
mounted to the test device according to way 13 such that



25comprise a separate abutment. Preferably, the abutment is a means which can stop a rotation of the
body about the inclination axis without consumption of energy, e.g., a stop or a bolt. WO
2009/127228PCUEP2008/003028 30 A preferred embodiment of ways 1 to 4 is Provided if the first
axis passes WSl &R tantially the centre of mass of the body and the Bod¥F % GHERTEY such that the
moment of inertia of the body is substantially maximised. 5A first preferred embodiment of ways 1 to 4
is provided if the first and second axes intersect. Preferably, either or both of the first and second axes
pass through substantially the centre of mass of the body. Decreasing the distance between the centre
~ of mass of the body and the second axis and keeping the variation of this distance as small as

possible increBses tHe SRR R SRR IghhEeMEeRi s AR RIHE second axis passes
through the cggtre ofthednagsiotdhribody shereffisianeyiv eneeinera eoRRisirrRe@Nly this

distance as a parameter. A second, alternative preferred embodiment of ways 1 to 4 is provided if the
first 15and se2Bfd axes do not intersect, in which case the inclination angle is defined as the acute

angle betweegythe firshansbageondtaeamdtenalienmd teng theatieciéo(inef prenshettiest line joining
the first and second axes. An alternative way of ressing this geometric relationship.is to consider a
point on the fiP&Sﬁ%%EﬁWc ﬁs?&@rgnofr\wﬁré Rary TRe W c%nga%s?e@ 8581%#5%@#% and 20which is
parallel to thezssgsomthaxig fWheptsdiniovanihg isribratibinte anthwiticatemnalige disiamied the first
axis intersects this i inary. line e la (y é){ L ta,4.is prgvided f the body is
formed in a s%ae[t)“e’e\/vgé?ctiﬂhgp%rg\r}%g tha %é fc: grelg% r9n tﬁgeﬁrceﬁﬁgﬁ%dn%%tutedm% the body 25by the
torque appliedbipivat, thizowiddbaxises minimised during 360 degrees of rotation of the body about the
first axis.

10 Further advantages of the ways 1 to 14 are achieved by the embodiments of the

inventions indicated by the dependent claims.

Concerning the ways 1 and 5, an alternative way of determining the specific
critical angular velocity is provided when the inclination angle of the first axis

15 with respect to the second axis is B0 degrees instead of 45 degrees. If the
frictional forces acting against the rotation about the spin axis 4 are high, this
80°-arrangement helps increasing and checking/verifying, respectively, the
accuracy of the measurement of the specific critical angular velocity by reducing
the transmission rate of the torque of the spin axis to the second axis caused by

20 the frictional forces acting against the rotation about the spin axis.

A preferred embodiment of ways 1 and 5 is provided if the body has a specific
critical angular velocity of less than 15000 rounds per minute. Another preferred
embodiment of ways 1 and 5 is provided if the body has a specific critical

25  angular velocity of less than 10000 rounds per minute. Still another preferred
embodiment of ways 1 and 5 is provided if the body has a specific critical

angular velocity of less than 5000 rounds per minute. All the aforementioned



WO 2009/127228PCT/EP2008/003028 31 A preferred embodiment of ways 1 to 4 is provided if the
body is substantially cylindrically symmetrical about the first axis and may comprise a cylinder. It is
possible that“égte Otg]cg)gx_]comprises a hub and a web and a rim of ring. Preferabg?, the sum of the weight
of the hub and'the Welgzﬁ§ of the web is lower than the 5weight of the rim.%y A& odiment of
ways 1 to 4 is provided if one or more of the following components of the gear device are made from a
material having a high modulus of elasticity: the bod¥, a shaft where the body is mounted on, an io
output shaft along the at least one output axis, parts of the gear device on which variable forces act. A
material having a high modulus of elasticity includes any material with a modulus of elasticity above 70
GPa, preferad§na56w o epsifie Siflsahansirs MalRrlYHEA RRotrAiesst BssieRiPaliome parts of the
gear device ogihighcvsifmble forces (forces whose relative direction to the part varies) act 15
enhances the transmission efficiency and therefore increases the output torque and enhances the
efficiency of the gear device. Using a material having a high modulus of elasticity for the body
increases the kit terqum datbgnihan des shen efficezhof/ thEtbedyerrdghiaethdsitig aritigtdrial 20 having
a high modulus of elasticity fo tae shaft where the b is mounted on increases the output torque
nd enhafces TS R g T R e R e ISR A e sty for
the output shafpaniiie asiticaheadugpuusiiog caimie@ahbighey sreeficmopakthtogehodewith. Using a

material having g gt saeslusialp\asUetly AR OUGLARLP S1UNE 28 drandayiga qn ehich variable

forces (forces whose relative direction to the part varies) dct increases the output torque and enhances
the efficiency befslGRiheraNee, 3y Sovem. ihe Suricrat losees s zs 3pr friction,

bearing friction) increase exponentially with the spin speed. Furthermore, higher

16 spin speeds in the gear device, preferably motor device require that the overall
strength of the motor should be made higher, and this would increase the
production costs of the gear device, preferably motor device.

For cylindrical shaped bodies with a same density, the specific critical angular
15 speed of a body increases as the ratio of the diameter of the body to the
thickness (= height of cylinder) of the body decreases.

For two different bodies with the same mass, the same thickness (= height) and
the same density but with different shapes, namely one is cylindrical, the other

20 one is ring shaped, the one with the ring shape has the fower critical anguiar
speed.

A body with high mass and high volume may not have a high specific critical
angular speed. That means that there is no necessary positive correlation

25  between the parameter “specific critical angular speed of a body” and the
parameter “mass and volume of the body”.



The material of the body is selected such that its density or density distribution, respectively, is
appropriate for providing a required output motive power of the gear device. Thus, if a high output
motive power is r%guizr,}ezdS a material with a high density, such as steel, m%&bﬁ l‘%&esdﬂ.olg’}gwever, it can
be difficult, and %e/r%cezexpensive, to form steel into a desired shape, and 50, FSPIEW ou%put power
requirements, thermoplastic materials may alternatively be used. With the gear device, it is possible
that undesirable vibrations arise from unbalanced faxces within the gear device, as a result of (a) a
lack of symmetry io of the components of the gear device about the at least one output axis, and/or (b)
a component of the reaction torque which is directed perpendicular to the at least one output axis. This

problem couldJF&eed BRhastimeRymlovavahe trAlaBiRvisy ihEmhesR HBYIRGPMBHRARSf the gear

device, preferatﬂfmﬁue;igﬁq{wm@ﬁm@ﬂm?aa% ‘é@MK&:ﬁ@ﬂitﬁ)@@l siiRpat . chiselxrdosdynort ma>r/I be
one or 15more of the following: the ground,.a floor, a wall, a ceilin casing, @ cantainer, another type
of support, e.gOtaeAOY ?B?ﬁ%&&ﬁ@ﬁ&ﬂ%&'%&?i?f’é‘a Qﬁﬁg%fﬁ?@rﬁ %%\%8{} %Yo 4 is provided if

one or more cangierbedddeity masses are mounted for rotation about the second axis. The 20
counterbalance masses may have an effect so as to compensate at least partially for these
unbalancéd forces, by reducing the lack of symmetry and by giving rise to a centripetal force which
balances the /e actifznrest quehdtimentationaysticddédy ptooideddiiiut griaridavisresemedsss a vector
called the 25sp] I S e I ! ciated with the
angular motitfhﬁgj gﬁ%ﬁ@iﬁﬁﬁhe irsl@xélls?ﬁévﬁ%e%%%oggﬂsﬁr{g{aﬁt{gggjb}giﬁ%rm axis, if a torque
is applied to tE@PddherptHeasd fae srilRteasmiptHieipelfeRioh mate BRWBHAN Shiftedy rtate about

the second axis QAWM RIRRGT ERAWERRG02BRR Batwellp3sTeakiasafdhreody about the

second axis is represented by a vector referred to below as the output motion vector. The output

motion vittor REQREFkREINS BhtPh RIBYS aRtithe _uiBrHigRRBLSRRA I DG &8Rfotion of the body

about the secgadiexiThe feedback means is preferably arranged fo transmit sufficient motive
power to the source of motive power to overcome energy losses arising from
friction due to the rotation of the body about the first axis at regime state. The
regime state is defined to be the state when the inclination angle is constant
15 and the magnitude of the applied torgue about the third axis is constant and the
output angular velocity about the at least one output axis is constant,

A preferred embodiment of ways 1 to 4 is provided if the gear device comprises
means for coniroliing the source of motive power so as to cause the body to
20 rotate about the first axis at said rotational speed in excess of the critical

angular velocity.

A preferred embodiment of ways 1 to 4 is provided if the torque applying means
is arranged to apply the torque when the selected inclination angle is within a
25 range of 10 degrees to 80 degrees.



When a gear device is built, the angle between the vector of the torque applied to the body about the
third axis (= applied torque vector) and the output motion vector may not be 90 degrees because of
production tolerances. If the angle between the applied torque vector and the output motion vector is

close to 90 8"8’6’(5’%’@%7% output power of the second axis is increased Jﬂfﬁ%z‘éqﬁf@?é% of the gear

device is enhanced. The output power and the efficiency are maximised when this angle is 90 degrees
considering only this angle as a parameter. 15 A preferred embodiment of ways 'l to 4 is provided if the
gear device comprises adjusting means for adjusting the torque applied to the body about the third
axis. In order to reduce the complexity of a control unit of the motor, a multi-functional 20 mechanism

can be used fOR@RAARE R TGRRIEING B ECSHHESTHYIFOFBRERR) ARPINGinAHEHIRI¥ For limiting the
reaction motigkpiBmvERNIROHRRHE RSN IBUINGHRR ARSje-aRTh IRASHESIPmERe Biclination angle

to the desired value in accordance with a desired output motion speed/output torque and/or a desired
reaction speeBi¥AMiGTaBlRENSFAEGHAM: AR QAR MRIPE A omprises a means for applying

torgue about the inclination axis and a means for mechanically limiting the rotation of the body about

the inclination axis jn both sensgs between lower and upper, limit .\ WO . .

20001127220 P POV BRI A (DI S HETL 105 SERII Y TR BT RS vatues
during the openatos fafrtbentnoiiory tha riagsdndeved thiertib @ngl e palise betthecto @ ae d9tlyikegrees (0
and 90 degre .16 not included) and an upper limit angle value which is between the chosen lower
limit angle value and 90 degrees. S The multi-function mechanism preferably comprises force, torque,
position, motion, speed and touch sensors. A preferred embodiment of ways 1 to 4 is provided if the

limiting meang, forJmeghanisaRIIRaVER rPRKeT o Birdeedy Meak sy nsiaatneis in both
senses is at least one abutment. A further gption, which could be used either on its own or in

combinatfon \#fFRBRRACHEN 1eretabsnotdigirdy Bhedlte third axibruGibiaabk arising from

inclination angle of the first axis with respect to the second axis is greater than

10 degrees and less than 80 degrees.

It has been found that there is an optimum inclination angle which depends on

15 various factors including a desired output torque of the gear device and a
desired output angular velocity of the gear device. For instance, when the
inclination angle is close to 0 degrees, the output torque of the second axis is at
a minimum but the rotational speed of the second axis is at a maximum.
Conversely, when the inclination angle is close to 90 degrees, the output {orque

20 of the second axis is at a maximum, but the rotational speed of the second axis
is at a minimum. Since the oufput power of the gear device 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

25 maximised.

Thus, a preferred embodiment of ways 1 to 4 is provided if the gear device

further comprises adjusting means for adjusting the inclination angle. In this



15unbalanced forces, would be to provide a plurality of gear devices which may be mounted together
and caused to operate at substantially the same frequency but at different respective phases. In this
case, any such vibrations are minimised if the phases of the gear devices are equally spaced. Thus,
for a system‘%?fzéag?/bzg%\%gdevices, the phases would be 0 degrees, 90 deé%%%?%@ﬁ%&%egrees and
270 degrees. The present invention thus extends to an assembly of gear devices of the
aforementioned type, in combination with means forgausing each of the gear devices to rotate at
substantially the same rotational frequency but at different 25respective phase angles and means for
combining the output motive power of the gear devices. WO 2009/127228PCT/EP2008/003028 35 In
such as case SHRE pRFRITAREAS YRR FEidRSit SRIaEHIR I HaRISS AN RUYRREEEAIRAntageously

be arranged ig@s#et 2 afpay MR sisiparaidnieedhan oo irpthdavichsadts usefle for every pair of
the 5 gear devices, keeping the variation of the angle between output motion vectors of the gear

devices as sn?a‘fl?%‘? Sible during the operation of the gear device increases the output power and
enhances the efficiency. When a system of more than one gear devices are used, for at least one pair

of 10 geat deyices, Ihe YAURIGRALIS AQAIEPISS0 Uhs AHLAE (HETRILYSEIAES Abip Agar devices is

preferably less fAx egrees auring the operation of the gear devicé. When a syste more than
one gear devioemascforsseiettingve depiibtortiput Srgidadesioeky kédpirgetreadgivietaadetween the

centre of masgLIuG BRALAGLIGRS AEHMAb axReP I AHaGoH Sene BN g8 evices

increases the output’'power and enhances the éfficiency. The invention extends to a vehicle powered
by the output B thEestiIBPat Z0gdar ¥elRelYor an assembly of gear devices as defined above,
such as a road vehicle, an aircraft, or a water-borne vehicle. The invention further extends to an

electricity generator powered by the output motive power of a gear device or an assembly of gear
devices iggdeﬁn%rgfe%ed embodiment of ways 1 to f z%. provudec?? tFme gear gev?ce comprPs ) g

means for selecting a desired output torque of the gear device and causing the
adjusting means to adjust the inclination angle in dependence on the selected

output torque.

15 A preferred embodiment of ways 1 to 4 is provided if the limiting means is
arranged to prevent any rotation of the body about the third axis in the sense of

decreasing inclination angle.

The means for applying a torque is used to apply a torque to the body about the
2¢  inclination axis so as to increase the inclination angle. Preferably, the means for
applying a torgue allows controlling the magnitude of the torque during the
operation of the gear device by means of a control unit. if this means for

applying a torque, e.g., a hydraulic ram, is controlled with a proper control unit,
the means for applying a torque may additionally serve as a limiting means to
25 limit the reaction motion about the inclination axis and further to adjust the
inclination angle to a desired value in accordance with a desired output motion
speed/output torque and/or a desired reaction speed/reaction torgue. In this



25above. A preferred embodiment of ways 1 to 4 is provided by a gear device, preferably motor device
comprising a second axis being a rotational axis of a second WO 2009/127228PCT/EP2008/003028

36 rotatable sqé)lfort, a first axis being a rotational axis of a body which is rotatably arranged in a first

rotatable sugpBri®WHEr By the first axis is rotatable forming an inclinatiorP&AGIWEUREERF the first axis

and the second axis, an inclination axis perpendicular to said second axis, whereby a torque is applied
to the first 5axis about the inclination axis in the sengg of increasing the inclination angle, and limiting
means for limiting the rotation about the inclination axis in the sense of decreasing the inclination
angle, whereby the body is rotated at an angular velocity greater than a critical angular velocity so that
a decreasing FRiisRtDREREretbodment ) waissetoddsrisydrdyf duameasd feth the second

10support anddggwg D EIRRAROBANS IS RE{RRRNIONR ARMh NS maiaeR, due to the inertia of the body,

there is a delay between the time at which the torque about the third axis is applied and the time at
which the application of the torque about the third axis gives rise to a desired speed of rotation of the

15first axis ab@ﬁtdhﬁe%h@ﬁeﬁ{Wy%h@mltf&w&%ﬂ@e%@fa%%w,t(btlriﬁ.uéd&&ﬁléﬂﬂﬂaﬂﬁrirbﬁ@ffged ]
circumstances to, reduce this time delay by providi n additignal, external torque to the body about
ey B A

the secom at S TSGR BRI ALTIORAE L AR FROFERLBIPSIAREirst axis about the

at least one oirtpiirtatios ahtiie. G=id devics. 20 dhsiviore tarpuefertddiembpdimestofevays 5 to 12 is
gigggal external torque to the bqu about the

provided if th further. ise idin
second axis t%}gggp%}ﬁ gﬁ%r’fﬁ%@@cﬁ%&?t%ﬁ%ﬁ%@ g’bgf)fﬁ%cja’uon %’F SR 3dufSHa ,%)? rﬁgit?orque to the
body about ththat (ddbe amelirdpatquds Sakhengaas devarphingiestargidtabycrete sstiva to the body

about the at leagt ong OHeHER Shie BPRESHCE vAIYS E8RG8RBIRYSY dYesired output

10 motion speed/output torque and/or a desired reaction speed/reaction torque.

For applying a torque to the body about the inclination axis in the sense of
increasing the inclination angle, for limiting the reaction motion in the sense of
decreasing the inclination angle and for adjusting the inclination angle to a -

15 desired value corresponding to a desired output motion speed/output torque
and/or a desired reaction speed/reaction torque, the operation of said means for
applying a torque is controlled by a proper control unit which is supplied with
input signals from sensors such as position, motion, speed, touch, torque, and
force signals. Control signals generated by the control unit in response to the

20 input signais affect the means for applying a torque to adjust the magnitude of
the applied torque to the body about the inclination axis, limit the reaction
motion and adjust the inclination angle to the desired value.

A preferred embodiment of ways 1 to 4 is provided if the limiting means

25 comprise a separate abutment. Preferably, the abutment is a means which can
stop a rotation of the body about the inclination axis without consumption of
energy, e.¢., a stop or a bolt.



WO 2009/127228PCT/EP2008/003028 37 example, by physically rotating an output shaft of the gear
device, either manually or by means of an additional motor. A preferred embodiment of ways 5to 12 is
provided if the method further 5 comprises controlling the source of motive power in order to cause the
body to rotat€ABYe & dirst axis at said angular velocity greater than thd'€ ffgﬁpgﬂﬁﬁpﬁﬁ velocity of the
body. A preferred embodiment of ways 5 to 12 is provided if the method further iocomprises selecting
an inclination angle greater than 10 degrees and less than 80 degrees, this inclination angle
representing said selected inclination angle. A preferred embodiment of ways 5 to 12 is provided if
the method further comprises controlling the magnitude of the torque applied to the body about the

15third axis. A frefered embadiment o waKs Sids Rrpviesdh e shyRRasrfRr comprises

limiting the rofpgiQiyRTdhSsRAtHaMP Y teiRirss s sl N aidhe dndinrlibocnglemddeifirst axis with
respect to the second axis is greater than 20 10 degrees and less than 80 degrees. A preferred
embodiment SHFAY RE1DS W&l—ﬂ?ﬁ%@fﬁg@[ﬁ?& Y E?ﬁﬂi&?@@ﬁ‘sélﬁfﬁﬁg- the inclination angle.

It is possible that the method further comprises generating a desired output angular velocity about one

of the at 25legst.one output axis by means of adjusting, the inclinatjo | ) r selecting a
desired ohp}iﬁéﬁ%’%ﬁ[ﬁ@ﬁ@%% eea'}tlgg‘é"tag%e?éa%lﬂ? g{losv’la%d’ 'gé%]c Eﬁ’ééﬂge%%i gitput speed
about the secexekanterseabdutfheatijndeithis;, tdoiblnfdherfisigiodssadfusietkis dgsendence on the

selected °“tpH%%ﬂdsdﬁsYXSliéﬁ{Pﬁ(&%é%%%%?ﬂ??s@ﬂ%/@%%%%@aeasing the distance
between the centre of mass of the body and the second axis and keeping the
variation of this distance as small as possible increases the output power and
10 - enhances the efficiency. When the second axis passes through the centre of
the mass of the body, the efficiency is the maximum considering only this

distance as a parameter.

A second, alternative preferred embodiment of ways 1 to 4 is provided if the first
15 and second axes do not intersect, in which case the inclination angle is defined
as the acute angle between the first and second axes when viewed along the
direction of the shortest line joining the first and second axes. An alternative
way of expressing this geometric relationship is to consider a point on the first
axis and to consider an imaginary line which passes through this point and
20 which is parallel to the second axis. The inciination angle is then defined as the

acute angle at which the first axis intersects this‘ imaginary line.

A preferred embodiment of ways 1 to 4 is provided if the body is formed in a
shape which provides that the change in the force fieid constituted on the body

25 by the torque applied about the third axis is minimised during 360 degrees of
rotation of the body about the first axis.



is also possible that the method further comprises generating a desired output torque about one of the
at least one output axis by means of adjusting the inclination angle. Thus, after selecting a desired

output torqu%g%){%;lg%%gof the at least one output axis, i.e., selecting a dgéifﬁg,ﬁgwg&%que about the
out't

second 5axis or a e third axis, the inclination angle is adjusted in dependence on the selected
output torque. A preferred embodiment of ways 5 to 12 is provided if the method further comprises
adjusting the speed of the body about the first axis.3t is possible that io the method further comprises
generating a desired output angular velocity about one of the at least one output axis by means of

adjusting the angular velocity of.the body about the first axis, Tk fter select jred output
speed about éfg% ﬁ%%a?ﬁ%%‘% %%ngﬁ?rﬁﬁ%{s’xit ?.g. ,'% [g(\:’tlé% %@gire%ﬁtﬁﬁtg%%%iﬁgout the
second axis ayiihortaty sigirtreetscahatspddbedittabisdyntbmiay ot fiest axiglindadjlsiad in
dependence gn th t t i i : f rises
generating a agglsr@f: (e;[ﬁ pl‘ﬁsij %gg a oﬁﬁgé% %fﬂtﬁg ﬁ%ﬂ%ﬁ?&%ﬁlﬁ% 'mﬁggfneggo%]gdjusting the
angular velocihe sfuimeo duy wibisint icthiedtiaxiand Hig wiighiseidbarveR delver iapubrque about one
of the at Igasm HPUPHEaS, I-€., selecting a desired 20 output torque about the second axis or about

the third axis, the speed of the body about the first axis is adjusted in dependence on the selected
output torque. A preferred embodiment of ways 5 to 12 is provided if the method further 25comprises

adjusting the popjeraBRlGAL ARG RagutitRe AN rRURIdbIF paasthimiratshgenethod further

comprises generating a desired output angular velocity about one of the at legst one output axis by
means of adjﬁ%'ﬂﬁl‘ﬁ'%e%ﬁ?@%ﬁigﬁﬁf@ @%%88%‘8%6{5‘? tﬁ@érﬁrf(ﬁoﬂig'?ﬁg] jf'&y & ting a desired

WO 2009/12 7238 RcUHR26148461039288Dody, a shaft where the body is mounted on, an
10 output shaft along the at least one output axis, parts of the gear device on which
variable forces act. A material having a high modulus of elasticity inciudes any
material with a modulus of elasticity above 70 GPa, preferably above 100 GPa.
Using materials having high modulus of elasticity for the parts of the gear device
on which variable forces (forces whose relative direction to the part varies) act
15 enhances the transmission efficiency and therefore increases the output torque

and enhances the efficiency of the gear device.

Using a material having a high modulus of elasticity for the body increases the
output torque and enhances the efficiency of the gear device. Using a material

20 having a high modulus of elasticity for the shaft where the body is mounted on
increases the output torque and enhances the efficiency of the gear device.
Using a material having a high modulus of elasticity for the output shaft
increases the output torque and enhances the efficiency of the gear device.
Using a material having a high modulus of elasticity for the other parts of the

25  gear device on which variable forces (forces whose relative direction to the part
varies) act increases the output torque and enhances the efficiency of the gear

device.



output speed about one of the at least one output axis, i.e., selecting a desired output speed about the
second axis or about the third axis, the torque applied to the body about the third axis is adjusted in
dependence on the selected output speed. It is also possible that the method further comprises
generating é"’c%%??éﬂ%%ﬁ%ut torque about one of the at least one output a‘i@TW?‘H%‘?@W adjusting the
torque applied to the body about the third axis. Thus, after selecting a desired output torque about one
of the at least one output axis, i.e., selecting a desirgd output torque about the second axis or about
the third axis, the torque applied to the body about the third axis is adjusted in dependence on tothe
selected output torque. A preferred embodiment of ways 5 to 12 is provided if limiting the rotation of

the body abolt¥h&'@faaLat thethertinifieelsdruchinabils daasty ot deagbodisthButitte third axis in
the sense of dggprasingyinelinpiiipABESod proviiRigEed RMBAAMBD! Riokay HBVRAS erovided if the

method further comprises using some of the provided rotational power to perform rotating the body
about the firs@85S1EGin 84alba NI SR MoLVE RANR S IRINE AR R BN Asufficient to
overcome thenggtetpniiigsesctisingtbenriagtion ekl (¢30ibesotatan betbiffieadyateput the first axis.

Increasin th%ri%idit of the frartnegincre seqsmg-le c:éjt%?t RQuper andnet';phanf%er Otheogpig%ency. A frame
plane is defin hE ﬁ?&ﬁé’ﬁ?at% RIBSIRFOULR 2 )(7 ree ToTinga E&hts o tetPae. For all
possible frampplencemmirekenisinth @5t leatiatioatefaleraay l@lioenatresitite needal vector of the first
plane and the normal vector of the second plane as small as possible during the operation of the gear

device increases the output power and enhances the efficiency considering only this angle as a
parameter. THYEh4hsrerarateviemdtimeptibls\irboodesipbisnrbralieree08fB8URS 40 ways 5 to 12

is provided if {fg,B5kaed fUFRRT RRAPIRESEERAIGLE &Y A RLION: o 38 NSRS YARMaHOrmal vector

of a first framg}fgtlane and a normal vector of a second frame plane less than 5 degrees. 5Reducing the

oscillatiot of (et GRIPRABRYSI2fTESGSTRE ARicE aBRNG IR IRAsHGRD PHRY AN creases the
output power @) ephaisiesnthss itciensiofr asrallpoasiraedigireetplppesp &egipingrtietiariation of the
angle betweep the output motion vector and the nor Ivecfor the frame%ﬁﬁne a@small as possible
during the opiFATLAS HPHLAR BV HIGRETASTHE S SRS B A S A RS D 9 8 ciency, For
all possible framécpldyansitseodnglanietyseratiscod thpudernotenive cpors fandhlyebgotomdiyvector of the
frame plane dges not chan in opgratio r ice, t iclency.is the maximum
considering oPﬂ?%ﬁ}éngn%%egagsa%%%ﬁggg?efﬁfﬁgr%a?fg#geé?g grﬁe%erregé%ﬁ%%%ﬁé%fgg veﬁss%g tol2is
provided: i thm@@@@ﬁ;fm@md@mﬁjﬁg@ound,_ a floor, a wall, a ceiling, a casing, a container,

another type of support, e.g., a rack, a frame, or a framework.

A preferred embodiment of ways 1 to 4 is provided if one or more
counterbalance masses are mounted for rotation about the second axis. The

20 counterbalance masses may have an effect so as to compensate at least
partially for these unbalanced forces, by reducing the lack of symmetry and by
giving rise to a centripetal force which balances the reaction torque.

The rotation of the body about the first axis is represented by a vector called the
25 spin vector. The spin vector is identical to the angular velocity vector associated
with the angular motion of the body about the first axis. While the body is
rotated about the first axis, if a torque is applied to the body in the sense of
increasing the inclination angle, the body starts to rotate about the second axis



15keeping the variation of an angle between a vector of the output angular velocity about the at least
one output axis and a normal vector of a frame plane less than 5 degrees. A preferred embodiment of
ways 5 to 12 is provided if the method further 20 comprises keeping the variation of an angle between
the angular Ve ?/ {78&4r of the angular motion of the body about the firSE AL LI L Brmal vector of
a body plane less than 5 degrees. For the method of providing rotation according to the invention, it is
important to 25consider an angular velocity called "gtitical output speed” about the second axis. The
importance of the critical output speed about the second axis is understood when a load is connected
to the output shaft along the second axis. If the resistance of the load connected to the output shaft

along the sec@hdvalisT Mgcioeiion ob e Bpdyrabpyidhs/eBeene aiscisUSREeRaNBALY &f the output

motion about {aeiseeeRtadintedier aasndslaplihncisicaketiput specthabmiiibe sesend axis, the
reaction torque will cease and the efficiency of the motor det%‘iﬁ)rat s, The critical output speed about

the second aXsE&RY58! 4B HEAOGYRINEIaRTE YESIPERSSPLIRST B BFATE UPTMPUSRIRE output

speed"” about tihe isepabaritheaseberdetsimined as follows: 1. Spin the body about the first axis at an
angular velocity greater than the critical angular velocity so that the reaction motion exists. 2. Brake
the rotation of the body about the second axis until the reaction motion stops. The speed about the
second axis aftherpaigtavitErddhas badtichanwtipe bedpsds catac ther aritibal toatpetap@ed about the

second axis. rifical t tth ' Il [thyt | |.e., the
angular veloci@%1 t&g%o%%/%é%%%ﬁg irQs%% i_s,% e%%%d&%ﬁ&%l%%%ﬁﬁﬁygﬁ the
inclination angRCtotmaiidichydratansfeesansri @t Rrrdugtiefuielerprresy ilhe analeénvironmental

conditions.  patween the applied torque vector and the output motion vector is close to 90
10 degrees, the output power of the second axis is increased and the efficiency of
the gear device is enhanced. The output power and the efficiency are
maximised when this angle is 90 degrees considering only this angle as a

parameter.

15 A preferred embodiment of ways 1 to 4 is provided if the gear device comprises
adjusting means for adjusting the torque applied to the body about the third

axis,

in order to reduce the complexity of a control unit of the motor, a multi-functional
20  mechanism can be used for applying a torque in the sense of increasing the
inclination angle, for limiting the reaction motion in the sense of decreasing the
inclination angle and for adjusting the inclination angle to the desired value in
accordance with a desired output motion speed/output torque and/or a desired
reaction speed/reaction torque.
25
The multi-functional mechanism comprises a means for applying torque about
the inclination axis and a means for mechanically limiting the rotation of the
body about the inclination axis in both senses between lower and upper limit



The transmission efficiency also depends on the bending of the body relative to the first axis during the
operation of the gear device. A body plane is defined as 20 a plane which passes through any three

non-linear pgints on the body. For all possible body planes, keeping the variation of/the angle between
the spin vectorand tHéAbrmal vector of the body plane as small as possigfgﬁﬁﬁ%ﬂa ?ﬂ@%?peration '

increases the output power and enhances the efficiency. For all possible body planes, if the angle
between the spin vector and the normal 25vector of e body plane does not change during the
operation of the gear device, the efficiency is the maximum considering only this angle as a parameter.
WO 2009/127228PCT/EP2008/003028 42 A preferred embodiment of ways 5 to 12 is provided if the
method furthei"?:%'ﬁlﬁﬁ%ﬁ%dfalﬁ\ﬁﬁﬁgfgﬁcgﬁﬁj%@%sﬁ)%%ﬂﬁga fpngdbaRpEitthe second

axis so that a gpfianber aclecthasHig sveEnionamgievis ieariiaden OWed PO Rgnitude of
the torque applie ut the second axis, e.g., by 5means of.a lpad lied to an,output shaft along
the second a S BT TR DR LR A R T ARAID ARG B A blchea. e, so that
the magnitudebefwiee mebetihotem vsraiuib bingts gatsarth A thegreagnitude of the torque applied to
the body gbout the third axis. ioReducing the frictional resistances of the gear device enhances the

efficiency. For instance, using magnetic bearings and/or using lubricating means such as oil or grease
for lubricating Deantigt-funhiempaerianiery snelessity sompustiifarcesieineeiuresiiienrictional

resistances. 1p3ige gb%gg\gﬁa REovided s the gear device is the product of the output torque and the

output motion speed or the product of the reaction torque and the reaction speed, it follows that, in
order to maximise this power, it will be necessary to select a spin speed about the first axis, a

magnitude of hemrpiied KHBRIRRAMIShEADE 3518 ansrendaelnatemARGIg faeavikighrthe product of
the 20 output torque and the output motion speed or the product of the reaction torque and the
reaction sheeRRRNFAISIMANG RS /QLRY B%W%HP‘@W@%%W{S W%’WBWH@&'ﬁ% %evice further

comprises megsssty ddjtinyg tne gpiotapeed, means for adjusting the applied 25 torque and means
for adjusting the inclination angle. In this case, means may be provided for selecting a desired output
motion speed and/or desired output torque of the gear device and adjusting the spin speed, the
applied torqueaivdtities dpdiomatiom cingte: idee rdéegl withroomdasvwnay inecprobideticiomédlecting a

one or both of the above solutions to reduce undesirable vibrations arising from
15 unbalanced forces, woulid be to provide a plurality of gear devices which may be
mounted together and caused to operate at substantially the same frequency
but at different respective phases. In this case, any such vibrations are
minimised if the phases of the gear devices are equally spaced. Thus, for a
system of four gear devices, the phases would be 0 degrees, 90 degrees, 180

20 degrees and 270 degrees.

The present invention thus extends to an assembly of gear devices of the

aforementioned type, in combination with means for causing each of the gear

devices to rotate at substantially the same rotational frequency but at different
25 respective phase angles and means for combining the output motive power of

the gear devices.



WO 2009/127228PCT/EP2008/003028 43 desired reaction speed and/or desired reaction torque of
the gear device and adjusting the spin speed, the applied torque and the inclination angle accordingly.
5A preferre%v %rr%{?@glirgezrgt of way 13 is provided if the body can be coupled with a separate rotational
motor and de-coup?e‘é fBm the separate rotational motor. A preferred A TA 0 e Tt iat 3PWay 13is
provided if the test device comprises coupling means for providing the coupling between the body and
the separate iorotational motor whereby the couplingsmeans is formed as a plug-in coupling. A
preferred embodiment of way 13 is provided if the body is driven by the separate rotational motor
temporarily, preferaply initially. 15 A preferred embodiment of way 13 is provided if the test device

vay 1
comprises ond GHHABRS FRSRUNR P FEIFRIGHMBES Afi R§ B ReYCADIR B aNd bR arameters: an

angular velocige dttiedaadtebatidbeuspibedsangense aratatiaragf the body about the spin axis, an
angular velocity of the output shaft, a sense of rotation of the output shaft, an angular velocity about
the inclination 20axis, a sense of rotation about the inclination axis, a course of time of one or more of

the preceding\Wasmesyte pfefare thambaodi geart ddwicas B8dupeayiftedifehedzddyf ¢ha be
exchanged fo iatl " [lo}VVi rs_of bpdy:.mass, 25geometry,
modulis o1 o e e e Ee e A s
provided if theop8stigprotigdassAs S0 eepgsnpibirisigivgriaelepesatiopafitrecgeamtediaent of way

13is providqugpggﬁgsmgrbg{f@@pgw With cegardiQ the Qﬁa@];@gp_ of the lever arm is variable. 5 A

preferred embodiment of way 13 is provided if the test device comprises limiting means for limiting the
motion of the spin axis about the inclination axis at a final inclination angle. A preferred embodiment of

way 13 is provigieshibtBpstent dewescCompidsRSgRar devices are used, for at least one pair of
10 gear devices, the variation of the angle between the output motion vectors of
the gear devices is preferably less than 5 degrees during the operation of the
gear device,

When a systen;r of more than one gear devices are used, for every pair of the

15 gear devices, keeping the distance between the centre of mass of the gear
devices as small as possible during the operation of the gear devices increases
the output power and enhances the efficiency.

The invention extends to a vehicle powered by the oufput motive power of a
20  gear device or an assembly of gear devices as defined above, such as a road
vehicle, an aircraft, or a water-borne vehicle.

The invention further extends to an electricity generator powered by the output

maotive power of a gear device or an assembly of gear devices as defined
25  above.

A preferred embodiment of ways 1 to 4 is provided by a gear device, preferably
motor device comprising a second axis being a rotational axis of a second



to force measuring means for measuring a force exerted by the supporting means of the body at the
final inclination angle. A preferred embodiment of way 13 is provided if the limiting means comprise a

stop arrange‘g(%))@%%&tgut shaft or the supporting means of the body a&%&;&-{;S oh)}%gating with the
A _

output shaft and/or the supporting means of the body. A preferred embodimen B %vayofﬁ is provided if

the test device comprises means for applying a torque about the inclination axis whereby the applied
torque is independent of the mass of the body. 20 T¥e term "cradle" according to the ways 13 and 14
is meant to denote any kind of supporting devices for support of the body, such as gimbals. A

preferred embodiment of way 14 js provided if the method further.comprises 25determining the
angular veloclSt 3858?/055&%' &5bekd Wﬁ%@'ﬂ%ﬁ%ﬁ%ﬂf@f%&ﬂﬁ' itS ZBEIRBY inclination

axis is observggatiiedéatesriisecbangblasuelasitywiesngtih ¢her e laxigis avtetkidforaSindy preferred

embodiment of wa [.14 IS frovipeg if the r‘ggtehﬁp {%r}%er cgl:{r#%risseecsoggtg)r(rigininq rgg{len%ritci}%al angular
velocity of a b%%l)ﬁ o\naﬁf)e SN RRRYSFONe % Fiora of the 10 &t he Tever arm, the

|OWINg parameters:
initial inclinatienisuipgpendie. Epitoads] Setqeferedwdmateitimdotmfanayapdlisdio tidetrst the method

i oaeriage SBLiTHS Mt a0l e RedALe BAAKAIINE Behanmidhaaale s o the

angular velocity of the output s lependent on various parametets, particularl endent on an
initial or final ingAAEXibiAGMpansdor ieytingsthrenoiatentabp i Ahe dchprtiamaxitifdd® BeBHhvention

will be better gppErsidemyyHeatingatshialgningitiaialipthdassaiplion elereseat Rigiarred

exemplary embodiments taken in conjunction with accompanying drawings of which: 15 Fig.

lillustrates a ¥EIRGHASEALSN HRR geitial RN RONR & SRASASINENSHARHER of the

present inventiagie results, whereby said second axis solidly connected with the second
10 support and/or said inclination axis is at least one output axis.

Since, due to the inertia of the body, there is a delay between the time at which
the torque about the third axis is applied and the time at which the application of
the torque about the third axis gives rise to a desired speed of rotation of the

15 first axis about the at least one output axis of the gear device, it is
advantageous in some circumstances to reduce this time delay by providing an
additional, external torque to the body about the second axis of the gear device,
so as to initiate or accelerate this rotation of the first axis about the at least one
output axis of the gear device.

20
Therefore, a preferred embodiment of ways 5 to 12 is provided if the method
further comprises providing an additional, external torque to the body about the
second axis to apply an initial acceleration.

25 The application of an additional, external torque to the body about the at least
one output axis of the gear device applies an initial acceleration to the body
about the at least one output axis of the gear device. This can be achieved, for



Fig. 2is a diagram illustrating the relative orientation of the axes of 20rotation of components of the
gear device of Figure 1; Fig. 3is a diagram illustrating the direction in which torque is applied to provide

the output \Y r. of the gear device of Figure 1; 25Fig. 4shows a (%I%% f! ternative
applicationn(}?%%%@glﬁléég%hows an embodiment of a test apparatus; V\?’ %]f? é@% PC
T/EP2008/003028 46 Fig. 6shows another embodiment of a test apparatus; Fig. 7shows an

embodiment of limiting means, as a detail of Fig. 6; $Fig. 8shows another embodiment of limiting
means. Fig. 9shows a third embodiment of limiting means; Fig. 10shows an embodiment of an array of

gear devices; io Fig. 11shows a scheme of a force field; Fj .éﬁ\sﬁhows scheme, of vectors; and is Fig.
Tashows & scREHEPEF PEHELN SAITHBHGR B P Hbeh R ek OFR B85 2ChB8T cevice 1
comprises a hadyuily tretiprmeaha sbhd aeglitsiesil wbieel which is mounted co-axially on a rotation
shaft 3 for rotation therewith about a first axis 4. The rotation shaft 3 is mounted within an inner

A preferred embodiment of ways 5 to 12 is provided if the method further

5 comprises controlling the source of motive power in order to cause the body to
rotate about the first axis at said angular velocity greater than the critical
angular velocity of the body.

A preferred embodiment of ways 5 to 12 is provided if the method further
10 comprises selecting an inclination angle greater than 10 degrees and less than
80 degrees, this inclination angle representing said selected inclination angle.

A preferred embodiment of ways 5 to 12 is provided if the method further
comprises controlling the magnitude of the torque applied to the body about the

15 third axis.

A preferred embodiment of ways 5 to 12 is provided if the method further
comprises limiting the rotation of the body about the third axis such that the
inclination angle of the first axis with respect to the second axis is greater than

20 10 degrees and less than 80 degrees.

A preferred embodiment of ways 5 to 12 is provided if the method further
comprises adjusting the inclination angle. It is possible that the method further
comprises generating a desired output angular velocity about one of the at

25 least one output axis by means of adjusting the inclination angle. Thus, after
selecting a desired output speed about one of the at least one output axis, i.e.,
selecting a desired output speed about the second axis or about the third axis,
the inclination angle is adjusted in dependence on the selected output speed. It



20 cradle 5 by means of inner bearings 6. The inner cradle 5 is mounted within an outer cradle 7 for
limited rotation of the inner cradle 5 about an inclination axis 16 by means of outer bearings 8, and the

secqnd cradéﬁ(y 9'5])}1%22145 mounted within a frame 9 via frame bearings 1,9:13 ﬁ%&%&% n rotate
relatively to the frame 9 about a second axis 11 constituting an output axis of the gear device 1.

25Additionally or alternatively to the second axis 11, the inclination axis 16 constitutes an output axis
of the gear device 1. 47 The rotation shaft 3 of the #¥heel 2 is caused to rotate about the first axis 4 by
means of an electric motor 12 or any other source of input motive power. The electric motor 12 may be

e 11 of ihe B LFUBERSP LR BN AR 15/ F BRIEH o SBEAL BV loss tran

90 degrees. Tiiggabeusesi BittieclearhstroRégonepdt ke itatioans afiadjtitiegviheel 2 is along the
first axis 4. The wheel 2 is mounted suych that the first axis 4 angd.t sec i intersect at the
centre of mas@%\g/p/ﬁg?%@w/ eel .SAap gﬁge? CE‘B nanég 1r§/-:- %uggg%%og L)%S ﬁ? lgr)gj ﬁlwéfliﬂ%c%nation axis
16 is indicateafteBijunesotat i sirigei mose Hotiny ahdekitad onipliHomhealtid Hisecand three

vectors along JOR ASRIONTR i Hlesic MERENRkERIFRRN AN giRRRiR.hgrn purely to

illustrate the relative orientation of the axes 4, 11, i1s16. In"the gear device 1 shown in Fig. 1, a
hydraulic ramthg sel&eiedefy tarigue to the rotation shaft 3 - and thereby also to the wheel 2 -
about a third axis 16, defined as the inclination axis, which is perpendicular both to the first 20 axis 4
and the second axis 11. The torque applied by the ram 15 is directed in the sense of increasing

inclination andle s eI A5phed R GNRS msPtd LIS RERUASS tHOFirRethad JUSi the second axis

11 of the geargayirds 2RijTBEYHaule sanarihspomsadditicnafiystapievens pusditstanis 4 from

otating about e inclnaton e 1. 1¢ senee Spres 8 (AL SHUARRls g o o hat e

about one of the at least one output axis by means of adjusting the angular
velocity of the body about the first axis. Thus, after selecting a desired output
speed about one of the at least ane output axis, i.e., selecling a desired output
speed about the second axis or about the third axis, the speed of the body

15 about the first axis is adjusted in dependence on the selected output speed. It is
also possible that the method further comprises generating a desired output
torque about one of the at least one output axis by means of adjusting the
angular velocity of the body about the first axis. Thus, after selecting a desired
output torque about one of the at least one output axis, i.e., selecting a desired

30 output torque about the second axis or about the third axis, the speed of the
body about the first axis is adjusted in dependence on the selected output

torque.

A preferred embodiment of ways 5 to 12 is provided if the method further

25 comprises adjusting the torque applied to the body about the third axis. It is
possibie that the method further comprises generating a desired output angular
velocity about one of the at least one ouiput axis by means of adjusting the
torque applied to the body about the third axis. Thus, after selecting a desired



48 In operation of the gear device 1, the wheel 2 is first caused to rotate about the first axis 4 until it
exceeds a predetermined critical rotational speed oh. The hydraulic ram 15 is then actuated so as to
apply a torgue to the wheel 2 5indirectly via the inner bearings 6 and the rotation shaft 3 about the
inclination a8 A& #%he sense of increasing inclination angle 6. This Rfi&&Pes/88382f0tation 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 cot about the first axis 4, a reactionsprque is generated which has a component also
about the 10 inclination axis 16 but in the opposite sense, i.e. in the sense of decreasing inclination
angle O. This reaction torque causes the first axis 4 to rotate about the inclination axis 16 in the sense
so as to decreasipuhenncinabount angletitoaidoas! this uipatraxis is.sylssdecingly desimted by the

hydraulic ram A ch A6t B0 RPULIISH SIRPRINGINR RIRYiR i I3LAN St A2 15result

the rotational speed wspin o e rotational speed of the rotation e rotational

speed of the fife bediabatdedird astibadiusieenwereorance aiv it arelgiiedandotthe second
axis 11, beingsaReutRYs 3Ks JRELHRARRE thS NSRRI R PG MBNRS ag&%@%ﬁﬂgms output axis of
y

the gear device 1, 20 The operation of the hydraulic ram 15 is controlled by a control unit 17 which is

supplied With PESIRM SHPHELONBE 3RAHLRR B HRRANIPARNRIT IS WRIIAXE BY teaRfdrhulic ram 15.

Control signalsdjeseigte kyriir: epipiebunitie todespngare thiedesiionsignateaffect the hydraulic
pressure in theaiggﬁaulic §5ram 15 so éats to cause the innz@i:%(%lES to rotate relative to the outer
| /

P 08 mefirii noglif&l' RS A%%2 BSLRRFOEBIEHESThE control unit

cradle 7 to the
17 provides cesteaitisigradiediredanitplinig tipeespieset tfa ciatiomiad tzconbbebi2itibatindlmation angle 8
and the magn'{%éw %E;s controlled by

e of the Myt e T By AR o et T AR AR B0 Bt

rauli y contro ese parameters, 1t is'possible to'con
Srotationi§pedbieesicotat @ ¢ipait taiee. 1. A feedback mechanism in the form of a belt 18, an
alternator 19, an electrical harness 20 and the control unit 17 can be used to supply a portion of the

output
A preferred embodiment of ways 5 to 12 is provided if limiting the rotation of th

body about the third axis further comprises preventing a rotation of the body
about the third axis in the sense of decreasing inclination angle.

15
A preferred embodiment of ways 5 to 12 is provided if the method further
comprises using some of the provided rotational power to perform rotating the
body about the first axis at regime state. In this case, the amount power so used
is preferably sufficient to overcome the energy losses arising from friction due to

20  the rotation of the body about the first axis.

Increasing the rigidity of the frame increases the output power and enhances
the efficiency. A frame plane is defined as a plane that passes through any
three non-linear points on the frame. For all possible frame plane pairs, keeping

25 the variation of the angle between the normal vector of the first plane and the
normal vector of the second plane as small as possible during the operation of
the gear device increases the output power and enhances the efficiency

considering only this angle as a parameter. Thus, a preferred embodiment of .



motive power supplied at the second axis 11 back to the electric motor 12. 10 The orientation of the
inclination axis 16 about which the torque is applied and the sense of the torque are illustrated in
Figure 3, in which it can be seen that the wheel 2 rotates about the first axis 4 which is at an inclination
angle 8 with YE3pUEHE5 e second (= output) axis 11. The torque applied ByFtEBZAYHNENRE 15ram 15 is
applied in the direction indicated by the arrows 21, and the reaction torque arises in the direction
indicated by the arrow 22. Although in the preferred gmbodiment the first axis 4 and the second axis
11 intersect at the centre of mass CM of the wheel 2, alternative arrangements are 20envisaged in
which the first axis 4 and the second axis 11 do not intersect, in which case either the first axis 4 or the
second axis 1¥ayP feithdt? if previdledahthesostrd fugheasanprisey seepirgdhglyaniaiéentre of mass

CM of the wheglzg, étn‘gig berrRRIP e RS TN SN U ANHIL RGAE JRNIRe g RFEerSShr

. 25embodiment is illustrated with its output axis 11 horizontally, the gear device 1 would function with
its output axis®f BifRERPH SRR RIABRIARSTNAN G e8/§RD7228PCT/EP2008/003028 50 In order to
determine and estimate, respectively, parameters for the design and the operation of a gear device as

described in tr?g greced' description (n.combination with the Figs. 1 to 3, a test device has been
developed. THEG¥SIOR ﬂ%‘%ﬁé%@@?‘am girfb“]t&%ﬁ% ir(ﬁl%'i"fﬁﬁgt%‘ﬁ Eame il the schematic
5drawing of Figpetafitie siobentied fehiviee o thia seb démaisttidpavengardsappheddanide inclination

o o S £SEAE DS A S g G R EPAL B moss . o

between the output motion vector and the normal vector of the frame plane as
small as possible during the operation of the gear device increases the output

10 power and enhances the efficiency. For all possible frame planes, if the angle
between the output motion vector and the normal vector of the frame plane
does not change during the operation of the gear device, the efficiency is the
maximum considering only this angle as a parameter. Therefore, a preferred
embodiment of ways 5 to 12 is provided if the method further comprises

15 keeping the variation of an angle between a vector of the oufput angular velocity
about the at least one output axis and a normal vector of a frame plane less

than 5 degrees.

A preferred embodiment of ways 5 to 12 is provided if the method further

20 comprises keeping the variation of an angle between the angular velocity vector
of the angular motion of the body about the first axis and a normal vector of a
body plane less than 5 degrees.

For the method of providing rotation according to the invention, it is important to
25 consider an angular velocity calied “critical output speed” about the second axis.
The importance of the critical output speed about the second axis is understood
when a load is connected to the output shaft along the second axis. If the
resistance of the load connected to the output shaft along the second axis



Ithe ram 15 as shown in Fig. 1, is required. The scheme shown in Fig. 4 constitutes a modification
and simplification compared to the scheme of the gear device shown in Fig. 3 because an external
device for ap‘%[ﬁ/in‘%?? torg{ge is not required. Another significant feature of the scheme shown in Fig. 4
is limiting meAN< 10 fithitthg the rotation of the spin axis 4 about the inclinBSAFRE%I368 The test
device can be designed in different embodiments. Two different embodiments of the test device are
shown in Figs. 5 and 6 which are described in detail4n the following. 20 It is the objective of the test
device to provide a possibility for a variation of parameters while measuring other parameters. For this
purpose, the concrete embodiments of the test device have special devices, e.g., coupling devices

enabling the US@-Seaithasrerstaidhaintadnatinisabguidbrseqondexisiainaraase belowver arm,
adjustable limaocrRaNSugNs ga@'@a%m%é%é&ﬂh%mrsm@%%ﬁ&mg%% dmedgsasuch as

rotational velocities and rotational directions of the diverse rotational axes.

21109/127225E e ANy S8e iy dsiriigrates il ieeiisalbaitmibsreed ahoutiditwhere the

mass m of thesbodyicPdgisisad iseapphparaiquerabian hedirinaianmrsobiie Ehgipady 2 rotates about
the first axis 4 constituting a spin axis. The spin axis 4 is at an inclination angle 0 with respect to the

vertical sécond axis 11 constituting the Soutput axis. The spin axis 4 can rotate about the inclination
axis 16 which Thpénpidindiauipu sihetdiebspintsaiset antl 4kis vertibel dettrutiaxs 44 faNlersthe spin
axis 4 can rotgte ab H1 I , 2.can rotate about three different axes,
namely about th_e sp%#éx%%fgg ﬁéﬁg\%’gﬁi%ﬁgﬁ%lﬁpagﬁsaﬁﬁgﬁ %}883{1{3 ﬁrg%oeﬁeztg ?ael“ Rclination axis
16. 10 The bodhjtizasangulaevelntitysarthaliserepeliofromtioniastsection point IP where the first axis

7, ihe output o LLBANG i RANBHT by iBER the SecoRABRNMAPTE 1L QliBR Pody 2 Is ata

distance t from the inclination axis 16, thus constituting a lever arm of the lengt ody 2 is

subject tbograifi\?/t,i‘i%égi%‘?na @@g@q@%t@@@%Md axis at the point where the reaction

motion stops is called the critical output speed about the second axis.

The critical output speed about the second axis varies with the spin speed, i.e.,
the angular velocity of the body about the first axis, the magnitude of the applied

5 torque, and the inclination angle. Other influencing parameters include the
structure of the system and environmental conditions.

The transmission efficiency also depends on the bending of the body relative to
the first axis during the operation of the gear device. A body plane is defined as

20 a plane which passes through any three non-linear points on the body. For all
possible body planes, keeping the variation of the angle between the spin
vector and the normal vector of the body plane as small as possible during the
operation increases the output power and enhances the efficiency. For all
possible body planes, if the angle between the spin vector and the normal

25 vector of the body plane does not change during the operation of the gear
device, the efficiency is the maximum considering only this angle as a
parameter.



FG=mg(eg. 1) acting on the centre of mass CM of the body 2, where g is the acceleration of 20 gravity
with an average magnitude of 9.81 m/s2. The force FG applied to the body 2 exerts a torque T about
the inclination axis 3. The magnitude of the torque T is T= FG ?sin 0= mgt&ﬁeq 2). 25 The torque T is
applied in th® Qif&&iBidicated by the arrows 21. If the body 2 rotates abolffHEMHYEPE3s 4 with an
angular velocity wcpic greater than a critical angular velocity wc, a reaction torque arises in the
direction indicated by the WO 2009/127228PCT/ER2008/003028 52 arrow 22. As the magnitude of
the reaction torque is greater than the magnitude of the torque T arising from the weight of the body,
the reaction torque causes the inclination angle 0 to decrease. If the body 2 rotates about the first axis

4 with an ang@i@rsEoesamipdivertet ways & itldaishigyigeddidbrymadhaseiBifi@initude of the
reaction torqug.is,SARRILSHE ARG AEsptusg Al Aty Bl ARt QR thedyeisbLefHee body, and

the inclination angle 0 increases. The rotation of the body 2 about the spin axis 4, the output axis 11,

and the mclm&ﬁ&ﬁ%(i%x'f(isﬁatg%&ﬁ%ﬁ@u%@éfﬁf?@%ﬁfﬂﬂaﬂ‘ﬁqm ﬁ%?s'ﬁvfﬁ@ﬁhﬁm dbe

documented @tﬂ@ﬁ%ﬁd@f mea:ﬁugem@cm valuesiiidhe écplmwmgbﬂusmameddimsth@ gotagon of the
spin axis 4 about the Xis related to f\gﬁaeéﬁismn effect well-known g_lthe theory of rigid

bodies. Tést JBBQP&tB 989 apP % 8%‘&‘\’ B S5 PR 5 % IRZSIHTEN works
according to ttimsahemststioyn iddeigadinthin cssditrebddieremreadfdtieite stsapibatdhes of Fig. 5

compared to (ge oRRameAL PLINS PR SG¥ RESHRRIM B dRbahds e h PesbifuRldg st

the torque applied to the body about the third axis.

10 Reducing the frictional resistances of the gear device enhances the efficiency.
For instance, using magnetic bearings .and/or using lubricating means such as
oil or grease for lubricating bearings and/or placing the gear device in a vacuum
vessel reduce the frictional resistances.

15  Since the power provided by the gear device is the product of the output torque
and the output motion speed or the product of the reaction torque and the
reaction speed, it follows that, in order to maximise this power, it will be
necessary to select a spin speed about the first axis, a magnitude of the applied
torque about the third axis and an inclination angle for which the product of the

20 output torque and the output motion speed or the product of the reaction torque
and the reaction speed is maximised.

A preferred embodiment of ways 1 to 4 is provided if gear device further
comprises means for adjusting the spin speed, means for adjusting the applied
25 torque and means for adjusting the inclination angle. In this case, means may
be provided for selecting a desired output motion speed and/or desired output
torque of the gear device and adjusting the spin speed, the applied torque and

the inclination angle accordingly. Also means may be provided for selecting a



20apparatus shown in Fig. 5 is eccentrically mounted constituting a lever arm of a length f. The term
"eccentric" here means that the centre of mass CM of the body 2 is not located at the intersection point
IP as is the case with the body shown in Figs. 1 to 3. Therefore, the body 2 is subject to gravity, i.e.,
the body 2 WitR! E¥E R pplies a torque about the inclination axis 16. 25 PEHEERSHS(PFAMtUS
comprises a body 2, e.g., a solid cylinder wheel, which is mounted co-axially on a rotation shaft 3 for
rotation therewith. The longitudinal axis of the rotatiag shaft 3 is arranged along the spin axis 4. The
rotation shaft 3 WO 2009/127228PCT/EP2008/003028 53 is rotatably mounted within an inner gimbal
5 by means of inner bearings 6. The inner gimbal 5 is mounted within an outer gimbal 7 for rotation
about the incl#egicerdgicliomynaedmhdfasdesirdbrergiantomse afitigyabatizvicenandted on an

output shaft 1§9jMWWEH@B@E@%@@%&%S?Q@@Q&B%@Vﬁz@iﬁ%ﬁrﬁt is 11. The vertical

output shaft 110 is supported by a bearing 40 so that the output shaft 110 is rotatable about its
longitudinal aB8SCaHiNBYaring 40 is attached to a support 41, e.g., a tripod, for keeping the output shaft
110 along the vertical 10output axis 11. The support is mounted to the ground, e.g., by means of
screws. The T&H %%gs 4 js at an jnclination angle e with respect to the output axis 11. The body 2 is

mounted on t Hed aaPAYimER v mtehd iR MRV TRNer Bed s sRNBescauple bWt faxis 11,

and the inclinatparaxsratatibhaicaotee ahd DeaswSibt didhethedeRamts pdis@angeridiom the
inclination axis 3. The body 2 is subject to gravity, causing a gravitational force FG = m g acting on the

centre of mass CM of the body 2, where m is the mass of the body 2 and g is the acceleration of
gravity with algvefayecheybitditecot efotan/t2 isThwfided Fohapigit ditvitredooadyrBexerts a torque T

around the inglaliag A8 g5 AAUMRLAINER BT NEONRE S boah SR aksn ©

10 rotational motor whereby the coupling means is formed as a plug-in coupling.

A preferred embodiment of way 13 is provided if the body is driven by the
separate rotational motor temporarily, preferably initially.

15 A preferred embodiment of way 13 is provided if the test device comprises one
or more measuring means for measuring one or more of the following
parameters: an angular velocity of the body about the spin axis, a sense of
rotation of the body about the spin axis, an angular velocity of the output shaft,
a sense of rotation of the output shaft, an angular velocity about the inclination

20  axis, a sense of rotation about the inclination axis, a course of time of one or
more of the preceding parameters.

A preferred embodiment of way 13 is provided if the body can be exchanged for
variation of one or more of the following parameters of the body: mass,
25 geometry, modulus of elasticity, moment of inertia, density distribution.

A preferred embodiment of way 13 is provided if the position of the body along
the spin axis is variable. |



The rotation shaft 3 comprises coupling means 33 for easy coupling to an external source of motive
power. The external source of motive power, e.g., a brace or a drill, is used for spinning the body 2 to
an angular velocity wspin about 25the spin axis 4. However, it is also possible to provide the angular
velocity Wspfﬁ(bﬂ‘}/?é%ﬁa% 2 by means of any other source of input motiv€pbRBIE/ 38§ an electric
motor which is fixedly arranged on the body 2 or the rotation shaft 3. WO
2009/127228PCT/EP2008/003028 54 The test appagatus further comprises limiting means 210 for
limiting the admissible range of the inclination angle 8. The limiting means 210 (not shown in detail in
Fig. 5) may be integrated into the outer bearings 8. The limiting means 210 limit the pivoting
movement of the rotation shaft 3 to a pivot range Sbetween a minimum inclination angle emin and a
maximum incliaHoR AB9lerRRImERE T2 15 SBRILRPIRIS S HlANSUIaE BBIAFSPin. The

angular velocity of the body 2 in combination with the torque exerted by the body 2 about the
ioinclination 258818 ¢athedosrratien Ridht e VRR A sisaraaableror the body 2 exists a critical angular
velocity oh which is dependent on the inclination angle 8. It is the aim to determine the critical angular

velocity w, of the body 2, For a inclinag’on angle Et between 0 and 90Q, the critical angular 15 velocity
R g

wp can bé defé IMEDt QEWRK Im &S REIRE BIdD S AL IR RRICYRRIRS Rar velocity wspr,

about the spirimiiag nttie doglitaitivgl teitynaipmaeidispin aixidattaubfHb enmitediconsinglt 3 about the

inclination axistla6ﬂiﬂat e s@r%%ﬁfaim{gasing the inclination angle 8, i.e., in Fig. 5 downwards, the
angular velocﬁy Wson of ody 39S Iower than the critical angular velocity COc. 20If the angular

velocity wspin results in a rotation of the rotation shaft 3 about the inclination axis 16 in the sense of

decreasing thg indlination. %zﬁ\é}ﬂ;o%gq%@mwée £ ABQUArMRIREY WaRiaf the body 2 is

greater than the critical angular velocity is. If the angular velocity wspin does not result in a rotation of
the rotatidn sHefe® AB8SHINGYiMIRREIHT HEFITTNEAIAMRAS RIIBEIHNIBPIRUBIPPIRIDGHIRANS is equal to

the critical angykae\sdagidt €98 final inclination angle.

A preferred embodiment of way 13 is provided if the limiting means comprise a
stop arranged on the output shaft or the supporting means of the body and co-
15 operating with the output shaft and/or the supporting means of the body.

A preferred embodiment of way 13 is provided if the test device comprises
means for applying a torque about the inclination axis whereby the applied
torque is independent of the mass of the body.

20
The term “cradle” according to the ways 13 and 14 is meant to denote any kind
of supporting devices for support of the body, such as gimbals.

A preferred embodiment of way 14 is provided if the method further comprises

25 determining the angular velocity of the body about the spin axis where no
rotation of the spin axis about the inclination axis is observed, the determined
angular velocity being the critical angular velocity.



The determination of the critical angular velocity we can be summarised in the following programme:
WO 2009/127228PCT/EP2008/003028 55 Step 1:A value wspin of the angular velocity of the body 2
about the spin axis 4 is chosen. Step 2:If the angular velocity wspin results in a rotation about the
inclination a8 H'fé*&ense of increasing the inclination angle 8, go to* <& 3 EURgular velocity
wspin results in a rotation about the inclination axis 16 in the sense of decreasing the inclination angle
0, go to step 4; If the angular velocity wspin dogs not result in a rotation about the 10inclination
axis 16, the critical angular velocity we of the body 2 is determined: to w -n -spin. Step 3:Increase the
value of hoe and go to step 2. Step 4:Decrease the value of oho, and go to step 2. 15The critical
angular velocify ief&rggrinaesirepntel yeniduy armyidrd & Shenaeibay udhefroaunggs distribution
of the materiab@féhﬁihﬁ@yﬁh‘é”cmmqH@Ii@ﬂ\@?@éﬁﬁ&@‘b’@@? thedpitentisshardthenauput axis 11,

on the distance t, i.e., the magnitude of the torque, and on certain environmental conditions such as
ambient temp@?ﬁfﬁr@fél?fﬁfﬁUﬁW@f?@/Pﬁ’@aﬂ?’Pﬁﬁamﬁgﬁ%VSf fondbeppiabnedinntiag apaaed: the body 2

can be easily pasimnesig either of two different ways. In a first way, the body 2 can be eccentrically
mounted on the rotation shaft 3, as shown in Fig. 5, so that the centre of mass CM of the body 2 is at a
distance tfrom the interception point IF.

A preferred embodiment of way 14 is provided if the method further comprises

determining the ratio of the angular velocity of the body about the spin axis to
the angutar velocity of the output shaft dependent on various parameters,
particularly dependent on an initial or final inclination angle.

These as well as further features and advantages of the invention will be better
appreciated by reading the foliowing detailed descﬁption of presently preferred
exemplary embodiments taken in conjunction with accompanying drawings of

which:
15
Fig. 1 illustrates a schematic view of a gear device in accordance with a
preferred embodiment of the present invention,
Fig. 2 is a diagram illustrating the relative orientation of the axes of
20 rotation of components of the gear device of Figure 1,
Fig. 3 is a diagram illustrating the direction in which torque is applied to
provide the output motive power of the gear device of Figure 1;
25 Fig. 4 shows a scheme of an alternative application of torque;

Fig. 5 shows an embodiment of a test apparatus;



25 In this situation, the mass m of the body 2 applies a torque T of magnitude T = m g t sin 0 about the
inclination axis 16. In an alternative way, the body 2 can be mounted on the rotation shaft 3 so that the
body 2 is at the interception point IP, which corresponds to the extreme case

centre of m fth
t=0.In Wgagb%%l?fﬁ 8PCT/EP2008/003028 56 this situation, the mads MESFHEBEAS 2 applies no

torque about the inclination axis 16. In this alternative case, in order to apply a torque about the
inclination axis 16, it is necessary to provide an extethal torque-applying means, e.g., a ram which
applies a constant torque over the entire range of inclination angles. Test apparatus of Fig. 6 Fig. 6
shows another. embodiment of a test gﬁ)aratus which works accordin% to the scheme shown in Fig. 4.

toThe test appafafiis of Figt W RSANRLIGH FMPRAMEN Sf A JeHranRas R cept for the gimbals 5 and 7.

Instead of the gimbals 5 and 7, the test apparatus of Fig. 6 comprises an output shaft 110 and a pivot
arm 30. The pivot.arm 30 is pivot-mounted on th tput shaft 110 by meaps, of a pivot 31 so that the
pivot arm 30 i 1l%tZtable ar%*ﬁ%‘ﬁstﬁg it Oa%)r}? ggé?&i@{%%ﬁﬁﬂsaﬁ% §Og% %'Ilo?{(}la[%(g 15 downwards
beyond the pivot 31 in order to enable the pivot arm 30 to cooperate with the limiting means 210.

Concernir%g th,_ei Ngss of th%r%\\;\%t Qﬁ%}r‘?@r é%gﬁwgn?%]mﬁﬁﬁi&é%% Ivot arm 30 is positioned with

respect to the pivot 31 so that no torque is exerted on the pivot'arm 30 alone. 20 The pivot arm 30
comprises a bearing 32 whereby the body 2 is rotatable about the spin axis 4 which constitutes the

longitudinal axgg,05the pival R 3thlRcRAIRR O BERGBHI $iakan be varied along the pivot arm

for adjusting the length t of the lever arm. 25The test apparatus further comprises limiting means 210
for limiting the admissible range of the inclination angle O. The limiting means 210 may be steadily

connected to thg.ougput shedolADer éhebpliieieitdBan The bt meanse410 limits the pivoting
movement of the pivot arm 3 to a pivot range WO 2009/127228PCT/EP2008/003028 57 between a

minimun Inclination angle emin and a maximum inclination angle emax. Fig. 7 shows a detailed view
of the limiting Rigahts 210. Bhelesablycitbenelefrefdscoffibld; test apparatuses of Figs. 5 and 6, in
particular

Fig. 12 shows a scheme of vectors; and
15 Fig. 13 shows a scheme of a connection arm length of a body.

Referring to Fig. 1, a gear device 1 comprises a body 2 in the form of a solid
cylindrical wheel which is mounted co-axially on a rotation shaft 3 for rotation
therewith about a first axis 4. The rotation shaft 3 is mounted within an inner

20 cradle 5 by means of inner bearings 6. The inner cradie 5 is mounted within an
outer cradle 7 for limited rotation of the inner cradie § about an inclination axis
16 by means of outer bearings 8, and the second cradle 7, in turn, is mounted
within a frame 8 via frame bearings 10 such that it can rotate relatively fo the
frame 9 about a second axis 11 constituting an output axis of the gear device 1.

25 Additionally or alternatively to the second axis 11, the inclination axis 16
constitutes an output axis of the gear device 1.



5 the body 2, are made from a material having a high modulus of elasticity, which is preferably above
70 GP, e.g., a rigid material such as steel or aluminium. Limiting Means Fig, 7 shows a first
embodiment of limiting means 210 for limiting the range of iothe inclination angle a The limiting means
210 comprisgéoe%??gﬂ%?ﬁarallel metal plates 221 which are fixedly arrang@efdP e 60ast shaft 110
below the pivot 31. The metal plates 221 are spaced apart from each other to form a vertical corridor
wherein the pivot arm 30 can freely move up and daoyn about the inclination axis 16. Each of the metal
plates 221 comprises an array of holes 15 213. The arrays of holes of the two metal plates 221 are
aligned with respect to each other so that a metal bolt 214, 215 can be horizontally slid through two
aligned holes 218 ratatipe shadta pbibe whieshadsteaused lowetatesitiont thedifetmiigy4abstop for the

pivot arm 30 ahaARNBNHACREANTROEN IS i) ARHRAIERSIRI RN 21RiRnasHsdipan upper

position, thus forming a stop for the 20 pivot arm 30 at a maximum inclination angle Omax. Fig.

shows an alte ST BHRIS dié BRYPERARRS DM B hrite s Tairsiatigtrehathddsonaianiadiination
angle B. The fanstioncohaiedimnigng neanna18 vlehigcsria siylan tortha fysstigaipddhe limiting means
210 of Fig. 7, except for the 25pasition of the. limiting means 210. Contrary to the pair of metal plates
221 of Figt 7. BRSO SM oD AR IGS 5 FETBLNEA D BFGrR R AS A 31 A lomer
metal bolt 214disgresayted in a lower position, thus forming a stop for the pivot arm 30 at a maximum
inclination angle Gmax An upper metal bolt 215 WO 2009/127228PCT/EP2008/003028 58 is inserted

in an upper position, thus forming a stop for the pivot arm 30 at a minimum inclination angle Fig. 9
shows still andthiércembediaammsiremligaginie&igurd @, The liotition aheaissc? 1ecatraisia circular

metal plate SOyl #6.ued h0ls 530K IR CHSHBIRRAGH 2R RIS 90,4 st stop 52

and a second stop 53 which project from the plate 5 e moved along he%ggle 1,and a bolt.
54 movalfle b8RGEBA AriSrsiRiBrFSSt ahtha seoBRPEDRSSIVhe! Pratavboat Aixddlianerifected to the

outer cradle 7sphiieegesy weveednalouen Fith the MM IINE NRToR disid® Rasgesdhrough the
centre of the %Iate_ FO and is .

to iustrate more clearly the location of the wheel 2 in space, and three
vectors along the directions of a three dimensional Cartesian co-ordinate
system are shown purely to illustrate the relative orientation of the axes 4, 11,

s 186.

In the gear device 1 shown in Fig. 1, a hydraulic ram 15 serves to apply a
torgue to the rotation shaft 3 — and thereby also to the wheel 2 ~ about a third
axis 16, defined as the inclination axis, which is perpendicular both to the first

20 axis 4 and the second axis 11. The torque applied by the ram 15 is directed in
the sense of increasing inclination angle 6.

The applied torque gives rise to a rotation of the first axis 4 about the second
axis 11 of the gear device 1.

25
The hydraulic ram 15 serves additionally to prevent the first axis 4 from rotating
about the inclination axis 16 in the sense opposite to that of the applied torque,
i.e., so that the inclination angle B decreases.



perpendicular to the plane of the plate 50. A pivot 31 along the inclination axis 16 passes through the
centre of the plate and projects from the plate 50. One end of the bolt 54 is fixedly connected to the
projecting pivot 31 so that the bolt 54 extends at ninety degrees from the inclination axis 16. The
length of the"ddRMEEL ¥ chosen so that a pivoting motion of the bolt 54 A5J A YHIEitEtion axis 16 is
limited by the first stop 52 and the second stop 53. The positions of the first stop 52 and the second
stop 53 can be changed individually, even during opgration of the gear device 1. A change of the
20position of the first stop 52 or the second stop 53 can be achieved, e.g., by means of a gearing
mechanism. The respective positions of the first stop 52 and the second stop 53 define a maximum
angular range a the bolt 54 is allowed to pivot about the inclination axis 16. In this way, the allowable

range of the inglinatianangte e ketreriite firiievindb rRck R ses0asqLb fatakebeiietined and
changed, even during operation of the gear device 1. WO 2009/127228PCT/EP2008/003028 59 Array

Fig. 10 showssshrefedntilit 2x5eeds Brafr dRigraiBRd itealrotate ol 3PEsh Hisdd%our gear
devices of theniyie @fdhengasrideniteabahounds Hgclaphgreiothadmnes @iaséhe four gear devices

have b bled into a 5 sing| f 0. T tput shafts 110, along,th d 11
ofthe fouf gedP ST BB P B RALHONE S08 DIHE APy e oo the S RIGtve pover o
each of_the ow:piutwaftd M&E%msemﬁmammmwmgq@Iﬁh'@egiﬁ&eﬂgi_éertbrmging the
respective 0“%‘1‘&588%’&?&%?{%%@%E%LU%%S‘VBQ@({S‘EQ%EOQ‘?F*ﬁ%ﬂ!&’x?e?f@g“\ﬂpﬁggfﬁt gtput shaft 36.

Each of the four io gear devices comprises feedback means comprising’a belt 18 and an alternator 19
for feedback abtafipuofitbtvetEslrahaye ibe ctticrivicediorslspeed qoraport $oiivat @¥eheme of a

foce feld 201,aaq o YIS IRNR I A HRKRESH it AR SaBialane 200 of he

body 2 lies perpendicularly with respect to the rotational axis of the body 2. The plane Fig. 11 shows
three vedfors GiN2tR6RKiRd /IREEIDIESRPATIER Bt i8R (Cate5EH USRSy stem to

illustrate the afiematien ahile ®lames38aanrm trdesceaalielk 204 fstargyeatiscaeplirddedie body 2

about the third axis 16. . . . e
the inclination axis 16 in the sense so as to decrease the inclination angle 6.

However, this movement is subsequently prevented by the hydraulic ram 15
which acts as an abutment stopping the rotation of the rotation shaft 3. As a

15 result, the rotational speed wspin of the wheel 2, the rotational speed of the
rotation shaft 3, the rotational speed of the first cradle 5 and the the rotational
speed wout of the second cradie 7 about the second axis 11, being an output
axis, is increased. At this stage, a load may be applied to this output axis of the
gear device 1.

20
The 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 signais generated by the control unit 17 in
response to the position signals affect the hydraulic pressure in the hydraulic

25 ram 15 so as to cause the inner cradie 5 to rotate relative to the outer cradie 7

to the desired inclination angle ©.



20 The third axis 16 runs along the x-direction direction of the Cartesian coordinate system and
passes through the points A and B of the body plane 200. The torque vector points in the x-direction of
the Cartesia%,%)-%(il{' t2 system. The rotation direction 21 caused by the torque is determined by
using the right %oﬂhan rule: using the right hand, point the thumb in the dir&df r%%?’ﬁ?é‘%rque vector.
The curled fingers show the direction of rotation. WO 2009/127228PCT/EP2008/003028 60 The force
field 201 consists of force vectors. Four force vector4?100 to 103 of the force field 201 are exemplarily
shown in Fig. 11. For the cylindrical body 2 with thickness dx, the shape of the force field, shown in
Figure 11, is the same as the fqrce field occurring .on the circular cross-section of a rod that is forced to
Send. The fol 06 FEEERL 4o LA A0SR Sl Pl B R SHe O R O SRS AHE masirmurm
value. They poirthiniehibel Rosiidvimclirhtion reghiideandlirachwyritspe aivaly apbidoneedarstors 102 and
103 are force.yectors af the force field 201 with smaller value, depending.on their ppsition on the body
plane 201 THeS DR SRS o e SO AR LT PeaECR BN VLG Fig. 12
illustrates the ravieritation civicelnng Yesecizeaivetirshd ioatissiblento tomérokthe ingpiat a gear device
accordingsto %tsmPgﬁE%@h%f%tB?fmg'é‘é?f&eﬁige 12 shows a cylindrical wheel 2 of a gear device. The
wheel 2 1

centre of 15mass of th s located at the intersection point IF where the first axis 4 and the
second axis 11 and the third axis 16 intersect. The plane is shown purely to clarify the relative

orientation of e85 ¢k Abch8rsmh iRaneRehrof aThi WBCEhZikrRRR iy hsrelydhr sptational axis

of the wheel 2 is along the 20first axis 4. The angular velocity vector of the angular motion of the wheel

2 about the firBPEBEE%4 AR iR SBTUELPHEVECHANRE used To supply a portion of the output

motive power supplied at the second axis 11 back to the electric motor 12.
10
The orientation of the inclination axis 16 about which the torque is applied and
the sense of the torque are illustrated in Figure 3, in which it can be seen that
the wheel 2 rotates about the first axis 4 which is at an inclination angle 8 with
respect to the second (= output) axis 11. The torque applied by the hydraulic
15 ram 15 is applied in the direction indicated by the arrows 21, and the reaction
torque arises in the direction indicated by the arrow 22.

Although in the preferred embodiment the first axis 4 and the second axis 11
intersect at the centre of mass CM of the wheel 2, alternative arrangements are
20  envisaged in which the first axis 4 and the second axis 11 do not intersect, in
which case either the first axis 4 or the second axis 11, or neither of the first and
second axes 4 and 11 may pass through the centre of mass CM of the wheel 2.

it will be appreciated that, although the gear device 1 of the preferred
25 embodiment is illustrated with its output axis 11 horizontally, the gear device 1
would function with its output axis 11 in any desired orientation.



A torque is applied to the wheel 2 about the third axis 16 (= inclination axis) in a sense of increasing
the inclination angle between the first axis 4 and the second 25axis 11. The torque vector of the torque
applied abouyt the third axis 16 is referred to as applied torque vector V3 about the third axis. WO
2009/127228PE1ERY608/003028 61 The torque applied about the third BCEHB 508488 he first axis 4
to precess about the second axis 11. The angular velocity vector of the angular motion of the first axis
4 about the second axis 11 is referred to as output metion vector V2. 5 Connection arm length Fig. 13
shows a scheme for illustrating the definition of the connection arm length. Fig. 13 shows the first axis’
4 and the second axis 11 of a gear device according to the invention. Both axes 4, 11 lie within the

drawing plane/®PE§T 18 delRImiBe 8id 23EHRIG- FRSPRRN YN PRramaint Aridha 9RsiEBANS of a pivot
so that the firshaxipdrigticofad lgeaitBiyibe sk BugipaNR oh& iSret3 R WdbaripaBHrof pivot 34. The

first axis 4 is oriented with respect to the second axis 11 at an inclination angle 6._The first axis 4
constitutes th& 3B %@Mﬁf GridPExibf v P IBRLSY o 18] Pesr NI Re LohRsLE 9 body 2

which is mourdéthizndbedisdacedentt ¢ Sapaidinmphoutitre ispisstxibel 50 thalstiapitiaxis 4 passes
through thse cecptre.of mﬁgls CM of the body 2 and the moment of inertia of the body 2 is maximised. 20
Ak

Fig. 13 shows 2 CASE W the body 2 is not symmetrical about the central plane 250 (= the plane

which passes through the centre of mass CM of the body 2 and is orthogonal to the first axis 4). In this

| ugh the centre of mass CM of i | )
conire of mas A O S TR e et e A T o MR e o

pivot 34, is usedsTifehy areanfimidiemapsniisaty WReNadee:Lif bodyseligheybndringhogonal to the
spin axis 4. ApRagl NEFERIIES (RAPBRRCEaR e &ViBE M Rdying a torque, such as '

10 the ram 15 as shown in Fig. 1, is required. The scheme shown in Fig. 4
constitutes a modification and simplification compared to the scheme of the
gear device shown in Fig. 3 because an external device for applying a torque is
not required. Another significant feature of the scheme shown in Fig. 4 is
limiting means for limiting the rotation of the spin axis 4 about the inclination

15 axis 16.

The test device can be designed in different embodiments. Two different
embodiments of the test device are shown in Figs. 5 and 6 which are described
in detail in the following.

20
It is the objective of the test device to provide a possibility for a variation of
parameters while measuring other parameters. For this purpose, the concrete
embodiments of the test device have special devices, e.g., coupling devices
enabling the use of different rotational bodies, adjusting devices for the

25 adjustment of a lever arm, adjustable limiting means, and various measuring
units for measurement of parameters such as rotational velocities and rotational
directions of the diverse rotational axes.



distance to the centre of pivot 34 is defined as the connection plane P. In accordance with the
connection plane Pc, the length of the connection arm Ic is defined as the distance of the intersection
point of the connection plane Pc and the spin axis 4 to the centre of pivot 34. The length of the
connection 3 €8 fferent from the length of the lever arm, defined a8GREBRLIAHERBY the centre of
mass CM of the body 2 to the third axis 16. Experiments  The following four experiments 1 to 4 were
performed using the test apparatus toshown in Fig. 61 Nine different bodies as defined in the following
Table 1 were used in the experiments: Table 1: Parameters of the bodies A, B, C, D, E, F, G, I-I, and
J. Shape Material Mass [kg] Outer Diameter [mm] Inner Diameter [mm]

15

20

25

Fig. 4 iHlustrates in a schematic manner a situation where the mass m of the
body 2 is used to apply a torgue about the inclination axis 16. The body 2
rotates about the first axis 4 constituting a spin axis. The spin axis 4 is at an
inclination angle 8 with respect to the vertical second axis 11 constituting the
output axis. The spin axis 4 can rotate about the inclination axis 16 which is
perpendicular both to the spin axis 4 and the vertical output axis 11. Also, the
spin axis 4 can rotate about the output axis 11. Thus, the body 2 can rotate
about three different axes, namely about the spin axis 4, about the vertical
output axis 11, and about the horizontal inclination axis 16.

The body 2 is mounted on the first axis 4 apart from an intersection point IP
where the first axis 4, the output axis 11, and the inclination axis 16 intersect.
The centre of mass CM of the body 2 is at a distance { from the inclination axis
16, thus constituting a lever arm of the length . The body 2 is subject to gravity,

causing a gravitational force
Fc=mg (eqg. 1)

acting on the centre of mass CM of the body 2, where g is the acceleration of
gravity with an average magnitude of 9.81 m/s?. The force F¢ applied to the
body 2 exerts a torque T about the inclination axis 3. The magnitude of the
torque T is

T=Fglsin®=mglsinB (eg. 2).
The torgue T is applied in the direction indicated by the arrows 21. If the body 2

rotates about the first axis 4 with an angular velocity wggin greater than a critical

angular velocity we, a reaction torque arises in the direction indicated by the



Height [mm] Body A Ring Steel 11.324 520 480 20 Body B CyIindér Steel 9.785 390 - 10 Body C
Cylinder Aluminium

I3

20

23

WO 2009127228 PCT/EP2008/003028
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arrow 22. As the magnitude of the reaction torque is greater than the magnitude
of the torque T arising from the weight of the body, the reaction torque causes
the inclination angle 8 to decrease. If the body 2 rotates about the first axis 4
with an angular velocity wspin smaller than a critical angular velocity we, the
magnitude of the reaction torque is smaller than the magnitude of the torque T

arising from the weight of the body, and the inclination angle B increases.

The rotation of the body 2 about the spin axis 4, the output axis 11, and the
inclination axis 16 has been measured and recorded in experiments which will
be documented by means of measurement values in the following. It is
assumed that the rotation of the spin axis 4 about the output axis 11 is related

to a precession effect well-known in the theory of rigid bodies.

Test apparatus of Fig. 5

Fig. 5 shows an embodiment of a test apparatus which works according to the

scheme shown in Fig. 4.

The essential difference of the test apparatus of Fig. 5 compared to the
embodiment of the gear device shown in Fig. 1 is that the body 2 of the test
apparatus shown in Fig. 5 is eccentrically mounted constituting a lever arm of a
length £ The term “eccentric” here means that the centre of mass CM of the
body 2 is not located at the intersection point IP as is the case with the body
shown in Figs. 1 to 3. Therefore, the body 2 is subject to gravity, i.e., the body 2

with mass m applies a torque about the inclination axis 16.

The test apparatus comprises a body 2, e.g., a solid cylinder wheel, which is
mounted co-axially on a rotation shaft 3 for rotation therewith. The longitudinai
axis of the rotation shaft 3 is arranged along the spin axis 4. The rotation shaft 3



3.846 390 - 10 Body D Cylinder Aluminium 9.684 240 - 80 Body E Cylinder Steel 0.107 60 5 Body F

15

20

235

WO 2609/127228 PCT/EP2008/603028
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is rotatably mounted within an inner gimbal 5 by means of inner bearings 6. The
inner gimbal 5 is mounted within an outer gimbal 7 for rotation about the
inclination axis 16 by means of outer bearings 8. The second gimbal 7 is
mounted on an output shaft 110 whose longitudinal axis is arranged along the

vertical output axis 11.

The vertical output shaft 110 is supported by a bearing 40 so that the output
shaft 110 is rotatable about its longitudinal axis. The bearing 40 is attached to a
support 41, e.g., a tripod, for keeping the output shaft 110 along the vertical

output axis 11. The support is mounted to the ground, e.g., by means of screws.

The spin axis 4 is at an inclination angle © with respect to the output axis 11.
The body 2 is mounted on the first axis 4 apart from the intersection point IP of
the spin axis 4, the cutput axié 11, and the inclination axis 16. The centre of
mass CM of the body 2 is at a distance { from the inclination axis 3. The body 2
is subject to gravity, causing a gravitational force Fg = m g acting on the centre
of mass CM of the body 2, where m is the mass of the body 2 and g is the
acceleration of gravity with an average magnitude of 9.81 m/s? The force Fg
applied to the body 2 exeris a torque T around the inclination axis 16. The
magnitude of the torque Tis T=Fgfsin8=mg{sin 6.

The rotation shaft 3 comprises coupling means 33 for easy coupling to an
externa! source of motive power. The external source of motive power, e.g., a
brace or a drill, is used for spinning the body 2 to an angular velocity wspin about
the spin axis 4. However, it is also possible to provide the angular velocity wgpin
of the body 2 by means of any other source of input motive power, e.g., by an
electric motor which is fixedly arranged on the body 2 or the rotation shaft 3.



Cylinder Steel 0.172 60 8 Bbdy G Cylinder Steel 0.431 60 - 20 Body H Ring Steel 0.694 60 30
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The test apparatus further comprises limiting means 210 for limiting the
admissible range of the inclination angle 8. The limiting means 210 (hot shown
in detail in Fig. 5) may be integrated into the outer bearings 8. The limiting
means 210 limit the pivoting movement of the rotation shaft 3 to a pivot range

s between a minimum inclination angle 8nmi; and a maximum inclination angle

emax-

The body 2 i‘s caused to rotate at an angular velocity wsgin. The angular velocity
of the body 2 in combination with the forque exerted by the body 2 about the
10 inclination axis 16 causes a rotation of the output shaft 110.

For the body 2 exists a critical angular velocity w, which is dependent on the
inclination angle 8. It is the aim to determine the critical angular velocity w, of
the body 2. For an inclination angle 8 between 0° and 90°, the critical angular
15 velocity we can be determined as follows. Let us assume that the body 2 rotates
with an angular velocity wepin about the spin axis 4. If the angular velocity wspin
results in a rotation of the rotation shaft 3 about the inclination axis 16 in the
sense of increasing the inclination angle 0, i.e., in Fig. 5 downwards, the
angular velocity wspin 0f the body 2 is lower than the critical angular velocity w..
20 If the angular velocity wgpin results in a rotation of the rotation shaft 3 about the
inclination axis 16 in the sense of decreasing the inclination angle 8, i.e., in Fig.
5 upwards, the angular velocity wgpin of the body 2 is greater than the critical
angular velocity we. If the angular velocity wepi does not result in a rotation of
the rotation shaft 3 about the inclination axis 16, the angular velocity wgpin of the

25  body 2 is equal to the critical angular velocity w..

The determination of the critical angular velocity w. can be summarised in the

following programme:



.40 Body J Ring Steel 0.858 60 30 50 15The used steel has a density of 7850 kg/m3, the used

aluminium has a density of 2700 kg/m3. WO 2009/127228PCT/EP2008/003028 63 Experiment 1 In

this experim% %?9;%575%(3 the four bodies A, B, C, and D as specified in Table 1 Qﬁ/ measuring the
ocitie B

critical angular ve

S wc of these bodies for two different 5inclination ang
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performed in the test apparatus of Fig. 6. The centre of mass CM of the bodies was arranged at a

distance f of approximately 0.072 m from the intercejstion point P.

In a first run, the inclination angle

0 was set to 45 degrees. The values tomeasured are given in Table 2a.
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20

25

Step 1. A value wgpin of the angular velocity of the body 2 about the spin
axis 4 is chosen.

Step 2: If the angular velocity wWepin resuits in a rotation about the
inclination axis 16 in the sense of increasing the inclination angle
g, go to step 3;
If the angular velocity wsin results in a rotation about the
inclination axis 16 in the sense of decreasing the inclination angie
8, go to step 4;
If the angular velocity wepin does not result in a rotation about the
inclination axis 16, the critical angular velocity w, of the body 2 is
determined: We = Wepin.

Step 3: Increase the value of wepin and go to step 2.

Step 4: Decrease the value of wspin and go to step 2.

The critical angular velocity w, is dependent on the geometry and mass of the
body 2, on the density distribution of the material of the body, on the inclination
angle 8 between the spin axis 4 and the ouiput axis 11, on the distance {, i.e.,
the magnitude of the torque, and on certain environmental conditions such as

ambient temperature and humidity.

An advaniage of the test apparatus of Fig. 5 is that the body 2 can be easily
positioned in either of two different ways. In a first way, the body 2 can be
eccentrically mounted on the rotation shaft 3, as shown in Fig. 5, so that the
centre of mass CM of the body 2 is at a distance £ from the interception point IP.
In this situation, the mass m of the body 2 applies a torque T of magnitude T =
m g { sin B about the inclination axis 16. In an aiternative way, the body 2 can
be mounted on the rotation shaft 3 so that the centre of mass CM of the body 2
is at the interception point IP, which corresponds to the extreme case { = 0. In



Table 2a: Critical angular velocities we at 0 = 45, measured in experiment 1 using the test apparatus of
Fig. 6 Magnitude of Torque applied about inclination axis [Nm] Critical angular velocity wc [rpm] Body

A 9:14 99 Bodg B 5.58 381 Body C 2.20 192 Body D 6.48 410
WO 2009/127228
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this situation, the mass m of the body 2 applies no torque about the inclination
axis 16. In this alternative case, in order to apply a torque about the inclination
axis 18, it is necessary to provide an external torque-applying means, e.g., a

ram which applies a constant torque over the entire range of inclination angles.

Test apparatus of Fig. 6

Fig. 6 shows another embodiment of a test apparatus which works according to

the scheme shown in Fig. 4.

The test apparatus of Fig. 6 is similar to the test apparatus of Fig. 5, except for
the gimbals 5 and 7. Instead of the gimbals 5 and 7, the test apparatus of Fig. 8
comprises an output shaft 110 and a pivot arm 30. The pivot arm 30 is pivot-
mounted on the output shaft 110 by means of a pivot 31 so that the pivot arm
30 is rotatable around the inclination axis 16. The pivot arm 30 is elongated
downwards beyond the pivot 31 in order to enable the pivot arm 30 to co-
operate with the limiting means 210. Concerning the mass of the pivot arm 30,
the centre of mass of the pivot arm 30 is positioned with respect to the pivot 31

so that no torgue is exerted on the pivot arm 30 alone.

The pivot arm 30 comprises a bearing 32 whereby the body 2 is rotatable about
the spin axis 4 which constitutes the longitudinal axis of the pivot arm 30. The
position of the bearing 32 can be varied along the pivot arm for adjusting the
length £ of the lever arm.

The test apparatus further comprises limiting means 210 for limiting the

admissible range of the inclination angle 8. The limiting means 210 may be
steadily connected to the output shaft 110 or the pivot arm 30. The fimiting
means 210 limits the pivoting movement of the pivot arm 3 to a pivot range



iIsThe unit "rpm" means "rounds per minute", i.e., 60 rpm corresponds to 1 Hz. In a second run, the
inclination angle 0 was set to 25 degrees. The values measured are given in Table 2b. WO
2009/127228PC.T/EP2008/003028 64 Table 2b: Critical angular velocities w, at 0 = 25, measured in
experiment 1'using thet8st apparatus of Fig. 6 Magnitude of Torque appﬁgﬁl%ﬁ?/%é‘f’ﬁ?ation axis
[Nm] Critical angular velocity wc [rpm] Body A 5.46 85 Body B 3.33 280
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between a minimum inclination angle Bmi» and a maximum inciination angle
Bmax. Fig. 7 shows a detailed view of the limiting means 210.

Preferably, the eiéments of the test apparatuses of Figs. 5 and 6, in particular
5 the body 2, are made from a material having a high modulus of elasticity, which

is preferably above 70 GP, e.g., a rigid material such-as stee!l or aluminium.

Limiting Means

Fig. 7 shows a first embodiment of limiting means 210 for limiting the range of
10 the inclination angie 8. The limiting means 210 comprises a pair of parallel
metal plates 221 which are fixedly arranged on the output shaft 110 below the
pivot 31. The metal plates 221 are spaced apart from each other to form a
vertical corridor wherein the pivot arm 30 can freely move up and down about
the inclination axis 16. Each of the metal plates 221 comprises an array of holes
15 213. The arrays of holes of the two metal plates 221 are aligned with respect to
each other so that a metal bolt 214, 215 can be horizontally slid through two
aligned holes 213. A lower metal boit 214 is inserted in a lower position, thus
forming a stop for the pivot arm 30 at a minimum inclination angle 8. An
upper metal bolt 215 is inserted in an upper position, thus forming a stop for the

20 pivot arm 30 at a maximum inclination angle By

Fig. 8 shows an alternative embodiment of the limiting means 210 for limiting
the range of the inclination angle 8. The function of the limiting means 210 of
Fig. 8 is similar to the function of the limiting means 210 of Fig. 7, except for the
25 position of the limiting means 210. Contrary to the pair of metal plates 221 of
Fig. 7, the pair of metal plates of Fig. 8 are positioned over and above the pivot
31. A lower metal boit 214 is inserted in a lower position, thus forming a stop for
the pivot arm 30 at a maximum inclination angle 8nax. An upper metal bolt 215



Body C 1.31 160 Body D 3.81 355 Experiment 2 5 The purpose of this experiment is to show that
when the angular velocity wspic of a body is smaller than the critical angular velocity wc, the body 2
falls, i.e., rotates about the inclination axis 16 in the same direction as the applied torque caused by
the gravitatic}ﬁglzf’g?@éz"gﬁsthe mass m of the body 2. io The experiment caf’rfjg BHfHA2Rd in the
following steps: 1. The body 2 is rotated about the spin axis 4, using an external source of motive
power, up to an initial angular velocity wspin which isslower than the critical angular velocity wc of the
body for the initial inclination angle emin 52. The body 2 is located at the initial inclination angle Omijn.
3. The body 2 is released at the initial inclination angle ()min. 4. The duration of the rotation of the
body 2 about thé"#RARAIAAKRPES BRSHIRG. bHsTRmmg R mtember dhe ORI @hding at the final . .
inclination angigr@mans indneasseshgl@®, [Ruring this rotation, the maximum output angular velocity w'"t
of the output shaft 11 is measured. WO 2009/127228PCT/EP2008/003028 65

Fig. © shows still another embodiment of limiting means 210. The limiting
5 means 210 comprise a circular metal plate 50 with a curved hole 51 in proximity
- to the circumference of the plate 50, a ﬁrst-stop 52 and a second stop 53 which
project from the plate 50 and can be moved along the hole 51, and a bolt 54
.. movable between the first stop 52 and a second stop 53. The plate 50 is fixedly
connected to the outer cradle 7 of the gear device 1 shown in Fig. 1 so that the
.10 inclination axis 16 passes through the centre of the plate 50 and is
. perpendicular to the plane of the plate 50. A pivot 31 along the inc[inatior{axis
16 passes through the centre of the plate and projects from the plate 50. One
end of the bolt 54 is fixedly connected to the projecting pivot 31 so that the bolt
54 extends at ninety degrees from the inclination axis 16. The length of the bolt
15 54 is chosen so that a pivoting motion of the bolt 54 about the inclination axis 16
|s limited by the first stop 52 and the second stop 53.

‘The positions of the first stop 52 and the second stop 53 can be changed

individually, even during operation of the gear device 1. A change of the

20 position of the first stop 52 or the second stop 53 can be achieved, e.g., by

| means of a gearing mechanism. The respective positions of the first stop 52

and the second stop 53 define a maximum angular range a the bolt 54 is
allowed to pivot about the inclination axis 16. In this way, the allowable range of
the inclination angle B between the first axis 4 and the second 11 can be

25 defined and changed, even during operation of the gear device 1.



These five steps have been performed for the three bodies A, B, and C specified in Table 1. The
experiment with the five aforementioned steps has been executed as follows. 5 The body 2 is
positioned on the pivot arm 30 at a distance f = 0.072 m from the inclination axis 16. The limitation
means 210 it & 5§u§7tg& %o that they limit the inclination angle 8 to a rand& BERTEEALHinimum
inclination angle Onn = 300 and a maximum inclination angle 9. = 800 . toThe pivot arm 30 is initially
positioned at the inclination angle 8,",, = 30 and thessreleased. If the body 2 does not rotate, it falls
under the influence of the gravitational force and the pivot arm 30 rotates around the inclination axis 16
with increasing inclination angle a The duration of the fall from the initial inclination angle 8min = 30 to

. the final inclin&@i angle emax = 80 is less than is0.5 sec. If the body 2 is spun to an initial angular

velocity ws,,,n:hgss @%W@éﬁ?@@r@é&g|ﬁWQinW@L@EEQfQMMC%@%@@QSFQr?é)}he initial

inclination an le emin = é%the pivot arm 3 [S)recesses around the vertical output axis 11 with a

20slowly incr %'ﬁ?&l SrangrvisesRE! WGt grabdayieechsew e Sipdt shaft 110 to
rotate with anmmmahglﬁamﬂ@m? el fbuf e dvedisricatiana bl piveé mitiledGnigth steadily

fnal inciraton g8 D P a0 oe 1o A B TR e R S e e, K ah D Boctes A, B. ¢
of Table 1. W@EQSGH@KQM}W@MMGS‘M sdq abweaﬁm&aﬂr@réﬁeﬁlemumpectlvely, of
the pivot arm Jitial ARAALS each of the output shafts 110 is turned around by means of
four angular gears 29 for bringing the respective output motive powers of the
four gear devices together into one coliective output shaft 36. Each of the four
10 gear devices comprises feedback means comprising a belt 18 and an alternator
19 for feedback of output motive power into the gear devices.

Force Field _
Fig. 11 shows a scheme of a force field 201 acting on a cylindrical body 2 with
15 thickness dx. Fig. 11 shows a plane 200 of the body 2 lies perpendicularly with
respect to the rotational axis of the body 2. The plane Fig. 11 shows three
vectors x, y, z along the directions of a three dimensional Cartesian co-ordinate
system to illustrate the orientation of the plane 200 and the force field 201. A
torque is applied to the body 2 about the third axis 16.
20
The third axis 16 runs aiong the x-direction direction of the Cartesian co-
ordinate system and passes through the points A and B of the body plane 200.
The torque vector points in the x-direction of the Cartesian co-ordinate system.
The rotation direction 21 caused by the torque is determined by using the right
25 hand rule: using the right hand, point the thumb in the direction of the torque
vector. The curled fingers show the direction of rotation. .



velocity Wspin [rpm] Initial inclination angle emu, Il Final inclination angle em” [a] Duration of
Precession (Fall) [s] Maximum output angular
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The force field 201 consists of force vectors. Four force vectors 100 to 103 of
the force fieid 201 are exemplarily shown in Fig. 11. For the cylindrical body 2
with thickness dx, the shape of the force field, shown in Figure 11, is the same
as the force field occurring on the circular cross-section of a rod that is forced to
bend. The force vectors 100 and 101 are the force vectors of the force field 201
with the maximum value. They point into the positive and the negative z-
direction, respectively. The force vectors 102 and 103 are force vectors of the
force field 201 with smaller value, depending on their position on the body plane
201. They point into the positive and the negative z-direction, respectively.

Vectors

Fig. 12 illustrates the orientation of vectors associated with the rotational
motions occurring in a gear device according to an embodiment of the
invention. Fig. 12 shows a cylindrical wheel 2 of a gear device. The centre of
mass of the wheel 2 is located at the intersection point IP where the first axis 4
and the second axis 11 and the third axis 16 intersect. The plane is shown
purely to clarify the relative orientation of the axes 4, 11, 16 and the wheel 2.

The wheel 2 is rotated whereby the rotational axis of the wheel 2 is along the
first axis 4. The angular velocity vector of the angular motion of the wheel 2
about the first axis 4 is referred to as spin vector V1.

A torque is applied fo the wheel 2 about the third axis 16 (= inclination axis}) in a
sense of increasing the inclination angle between the first axis 4 and the second
axis 11. The torque vector of the torque applied about the third axis 16 is
referred o as applied torque vector V3 about the third axis.



velocity cow [rpm] Bodies A, B, C 0 30 80 <0.5 (Fall) 0 Body A 75 30 80 30 37 Body B 140 30 80 81
WO 2069/127228 PCT/EP2008/003028
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The torque applied about the third axis 16 causes the first axis 4 to precess
about the second axis 11. The angular velocity vector of the angular motion of
the first axis 4 about the second axis 11 is referred to as output motion vector
V2.

Cennection arm length

Fig. 13 shows a scheme for iliustrating the definition of the connection arm
~length. Fig. 13 shows the first axis 4 and the second axis 11 of a gear device
according to the invention. Both axes 4, 11 lie within the drawing plane o_f Fig.
10 13. The first axis 4 is pivot-mounted on the second axis 11 by means of a pivot
so that the first axis 4 is rotatable within the drawing plane of Fig. 13 about the
centre of pivot 34. The first axis 4 is oriented with respect to the second axis 11
at an inclination angie 8. The first axis 4 constitutes the spin axis (= rotational
axis) of the body 2.
15
Fig. 13 shows the contour of a body 2 which is mounted on the gear device for
rotation about the spin axis 4 so that the spin axis 4 passes through the centre
of mass CM of the body 2 and the moment of inertia of the body 2 is maximised.

20 Fig. 13 shows a case where the body 2 is not symmetrical about the central
plane 250 (= the plane which passes through the centre of mass CM of the
body 2 and is orthogonal to the first axis 4). In this case, among the two
possible mounting orientations the one with a smaller distance between the
centre of mass CM of the body 2 and the third axis 16, preferably passing

25 through the centre of pivot 34, is used.

There are infinitely many planes which intersect the body 2 and are orthogonal
to the spin axis 4. Among these planes the one which has the minimum



38 Body C 140 30 80 18 47 Experiment 3 S5Experiment 3 differs from experiment 2 in that the initial
angular velocity wspin of the body 2 is greater than the critical angular velocity we of the body 2. The
purpose of this.experiment is to show that when the angular velocity wspin of a body 2 is greater than
the critical atr%%ﬂ é}lrs)g\?le%%%%y we, the body rises, i.e., iorotates about the in&ﬁgﬁgﬁﬂgﬁg’féﬁin the
opposite direction as the applied torque caused by the gravitational force on the mass m of the body 2.
This rise of the body 2 may be called "reaction motiéa". This experiment also demonstrates the effect
of stopping the reaction motion, namely a significant increase in the output angular velocity of the
output shaft 110. 15 The experiment can be summarised in the following steps: 1. The body 2 is
BRI

rotated about AR 10H8% CRRIR APEAkPRP LR THRELR SHBREOPE grhinitfAl angular velocity
(Own which ismgreatenttawitheleitoahantotap Mele ety e Rinde bodetnribetinwiaktngligation
20angle EMPyefined as the distance of the intersection point of the connection plane P, and
the spin axis 4 to the centre of pivot 34. The length of the connection arm Icis
5 different from the length of the lever arm, defined as the distance of the centre

of mass CM of the body 2 to the third axis 16.

Experiments
The following four experiments 1 to 4 were performed using the test apparatus

10 shown in Fig. 6. Nine different bodies as defined in the following Table 1 were
used in the experiments:

Table 1: Parameters of the bodies A,B,C, D, E, F, G, H, and J.

Shape Material Mass Quter Inner Height
Diameter | Diameter
[kg] [mm] [mm] [mm]

Body A Ring Steel 11.324 520 480 20
Body B Cylinder Steel 9.785 390 - 10
Body C Cylinder | Aluminium 3.846 390 - 10
Body D | Cylinder | Aluminium 9.684 240 - 80
Body E Cylinder Steel 0.107 60 -

Body F Cylinder Steel 0172 60 - 8
Body G Cylinder Steel 0.431 60 - 20
Body M Ring Steel 0.894 60 30 40
Body J Ring Steel 0.858 60 30 50

15 The used steel has a density of 7850 kg/m?®, the used aluminium has a density
of 2700 kg/m?.



2. The body 2 is located at the initial inclination angle emax. WO 2009/127228PC- EP2008/003028 67
3. The body 2 is released at the initial inclination angle ere". 4. The duration of the rotation of the body
2 about the Wirg@g%%ﬁs 16 starting at the initial inclination angle emu and ending at the final
inclination angle’'Bmié€ iS"measured. 55. The maximum output angular velggﬁm Ofieg output shaft
11 during the reaction motion is measured. 6. The reaction motion is stopped at the limiting angle
emu,. The angular velocity wspie of the body 2 is mé&asured when the body 2 has just leaned to the
limiting means at the limiting angle Ornin. 107. The maximum output angular velocity weut of the
output shaft 11 when the reaction motion is stopped is measured. 8. When the angular velocity wson
of the body 2 falls below the critical angular velocity we (e.g., due to frictional losses), the body 2 starts
to fall. I 5 Thegaxmigint@terds have been performed for the four bodies A, B, C, and D specified in Table

1.Th i t.with the eight af ioned steps h _ ted as f . The body 2 i
positoned on T B PR S0 At FSRAe B BOeE fo e SO R DR SR Tt
apparatus furthéycoegnsesylihetatiboaiesmnd 218 focifigdting ¢hthesdibatites doglevs diffenertge

bet inclinati I = ' inclinati le () =30. Th
oot arm S0 B SRl e A R T e R A O, o it

angular velocify Ebg egrezeeiimassHeNmidaepdimlies vepamangedfahe distgrzahdfhe pivot arm 30 is
released at thg dRiiak RSB 2 m from the interception point IP.

In a first run, the inclination angle 8 was set to 45 degrees. The values
10 measured are given in Table 2a,

Table 2a: Critical angular velocities w. at © = 45°, measured in experiment 1
using the test apparatus of Fig. 6

Magnitude of Torgue applied Critical angular velocity w.
about inclination axis [rpm]
[Nm]
Body A 9.14 89
Body B 5.58 381
Body C 2.20 192
Body D 6.48 410

15 The unit “rpm” means “rounds per minute”, i.e., 60 rpm corresponds to 1 Hz.

in a second run, the inclination angle 6 was set to 25 degrees. The values
measured are given in Table 2b.



angle ema, = 30. The pivot arm 30 rotates around the vertical output axis 11 with a slowly decreasing
inclination angle O. The spiralling rise of the pivot arm WO 2009/127228PCT/EP2008/003028 68 30
causes the QY l{)’[ﬂ&@%‘t 1910 to rotate with an output angular velocity wont. The helical motion of the
pivot arm 30 ith st/eacﬁ‘fy decreasing inclination angle 0 continues until tﬁgyi%%‘}gwgﬁ%uches the
upper metal bolt 215 and the reaction motion is stopped at the final inclination angle Ornin = 25 (=
limitation 5angle). Table 4 gives the results of this experiment for the four bodies A, B, C, D of Table 1.
oTable 4: Rise of the pivot arm (= reaction motion), initial inclination angle %lax 30, final inclination
angle emin = 25. 23456 Initial angular

Table 2b: Critical angular velocities w. at 8 = 25°, measured in experiment 1

using the test apparatus of Fig. 6

Magnitude of Torque applied Critical angular velocity w,
about inclination axis [rpmj
[Nm]
Body A 5.46 85
Body B 3.33 280
Body C 1.31 160
Body D 3.81 355

Experiment 2
5  The purpose of this experiment is to show that when the angular velocity wpis of

a body is smaller than the critical angular velocity w,, the body 2 falls, i.e.,
rotates about the inclination axis 16 in the same direction as the applied torque
caused by the gravitational force on the mass m of the body 2.

106 The experiment can be summarised in the following steps:
1. The body 2 is rotated about the spin axis 4, using an external source
of motive power, up to an initial angular velocity wepin Which is lower than
the critical angular velocity w, of the body for the initial inclination angle
emin.

5 2. The body 2 is located at the initial inclination angle 8.
3. The body 2 is released at the initial inclination angle 8qn.
4. The duration of the rotation of the body 2 about the inclination axis 16
starting at the initial inclination angle 8miy and ending at the final
inclination angle Bmax is measured,

20 5. During this rotation, the maximum output angular velocity wgy of the

output shaft 11 is measured.



velocity Wpm [rpm] Duration of Rise [s] Max. output angular velocity caw during rise [rpm] Angular
velocity wspin just before stopping reaction motion [rpm] Max. output angular velocity w"i after
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These five steps have been performed for the three bodies A, B, and C
specified in Table 1. The experiment with the five aforementioned steps has

been executed as follows.

s The body 2 is positioned on the pivot arm 30 at a distance £ = 0.072 m from the
inclination axis 16. The limitation means 210 are adjusted so that they limit the
inclination angle 8 to a range between a minimum inclination angle 8mi, = 30°

and a maximum inclination angle Omax = 80°.

10 The pivot arm 30 is initially positioned at the inclination angle 8xin = 30° and
then released. If the body 2 does not rotate, it fails under the influence of the
gravitational force and the pivot arm 30 rotates around the inclination axis 16
with increasing inclination angle 8. The duration of the fall from the initial
inclination angle B, = 30° to the final inclination angle 8max = 80° is less than

15 0.5 sec.

If the body 2 is spun to an initial angular velocity wspin €8s than the critical
ahgular velocity w, of the body 2 and released at the initial inclination angle 8min
= 30°, the pivot arm 30 precesses around the vertical output axis 11 with a

20 slowly increasing inclination angle 8. The precession of the body 2 causes the
output shaft 110 to rotate with an output angular velocity wey. The helical
motion of the pivot arm 30 with steadily increasing inclination angie 8 continues
until the pivot arm 30 touches the upper metal bolt 215 at the final inclination
angle Bmax = 80°.

25
Table 3 gives the results of this experiment for the bodies A, B, C of Table 1.



reaching emin [rpm] Body A 300 111 9 230 107 Body A 400 93 6 315 187 Body B 600 29 7 540
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Table 3: Fall and precession, respectively, of the pivot arm
initial Initial Final Duration Maximum
angular inclination inclination of output
velocity angle 8, angle Bnax | Precession anguiar
Wsgin (Faili) velocity Wey
[rpm] [] [°] [s] [rpm]
Bodies A, B, C 0 30 80 <0.5 (Fall} 0
Body A 75 30 80 30 37
Body B 140 30 80 81 38
Body C 140 30 80 18 47

Experiment 3

Experiment 3 differs from experiment 2 in that the initial angular velocity wspi, of

the body 2 is greater than the critical angular velocity w, of the body 2.

The purpose of this experiment is to show that when the angular velocity wspin of

a body 2 is greater than the critical angular velocity we, the body rises, i.e.,

rotates about the inclination axis 16 in the opposite direction as the applied

torque caused by the gravitational force on the mass m of the body 2. This rise

of the body 2 may be called “reaction motion”, This experiment also

demonstrates the effect of stopping the reaction motion, namely a significant

increase in the output angular velocity of the oufput shaft 110.

The experimeni can be summarised in the following steps:

1. The body 2 is rotated about the spin axis 4, using an external source

of motive power, up to an initial angular velocity wspin which is greater

than the critical angular velocity w, of the body 2 for the initial inclination
20 angle Omax.

2. The body 2 is located at the initial inclination angle Byay.



110 Body C 600 13 8 480 220 Body D 600 22 26 492 70 Column 2 gives the initial angular velocity
wwn of the body 2 whereby the initial angular velocity wson is higher than the critical angular velocity
con for that I@% %Qsangle Onus = 300. Column 3 gives the time bet 83}1 Igase of the body
2 at the initial INClinatiorn angle ()max = 30 and the end of the rise (= reac ion mo % Athe final
inclination angle enon = 25. Column 4 gives the maximum output angular velocity woo of the output
shaft 110 which is observed during the rise of the pigbt arm 30. Column 5 gives the angular velocity
wson of

3. The body 2 is released at the initial inclination angle Smax.
4. The duration of the rotation of the body 2 about the inclination axis 16
starting at the initial inclination angle Bmax and ehding at the final
inclination angle B, is measured.

5 5. The maximum output angular velocity wyy of the output shaft 11 during
the reaction motion is measured.
8. The reaction motion is stopped at the limiting angle 8min. The angular
velocity wspin Of the body 2 is measured when the body 2 has just leaned
to the limiting means at the limiting angle Bmin.

10 7. The maximum output angular velocity wey of the output shaft 11 when
the reaction motion is stopped is measured.
8. When the angular velocity wspin 0f the body 2 falls below the critical
angular velocity w, (e.g., due to frictional losses), the body 2 starts {o fall.

15 These eight steps have been performed for the four bodies A, B, C, and D
specified in Table 1. The experiment with the eight aforementioned steps has
been executed as follows.

The body 2 is positioned on the pivot arm 30 at a distance { = 0.072 m from the

26 inclination axis 3. The test apparatus further comprises limitation means 210 for
fimiting the inclination angle 6 to a range between a minimum inclination angle
Bmin = 25° and a maximum inclination angle 8max = 30°.

The pivot arm 30 is positioned at the initial inclination angle Bnax = 30°. The

25 body 2 is spun to an initial angular velocity wgpin greater than the critical angular
velocity w, of the body 2 and the pivot arm 30 is released at the initial inclination
angle 8 = 30°. The pivot arm 30 rotates around the vertical output axis 11
with a slowly decreasing inclination angle 8. The spiralling rise of the pivot arm



WO 2009/127228PCT/EP2008/003028 69 the body 2 in the moment when the pivot arm 30 only
touches the lower metal bolt 214 at the final inclination angle Or,,,, = 25. Column 6 gives the maximum
output angulwov%gggl%%\%)ut of the output shaft 110 which is observed after the rise of the pivot arm 30
has been stopped by the lower metal bolt 214 at the 5final inclination ang?ga%:?%o%?%?%an be seen
from the columns 2, 3, and 4 of Table 4, increasing the initial angular velocity wspi, increases the
speed of the reaction motion, however, the maximug8 output angular velocity w,,,, observed during the
reaction motion todecreases. When the reaction motion is stopped at the final inclination angle, the
output angular, yelocity wow increases excessively and the amount of increase is more when the initial
angular velociaﬁﬁgﬁﬁ%ﬁfﬁ?@ﬂm RIAGAAC BIntaia dte sy Bt aneURbKEIPEBBarison of different
bodies with respedidiiciienatisitabilihe piageardsyiaiiasesidinoecieadme Hitnatisipaniie critical
angular velocity wc,.spec isf gned. The s iEc o iticzé}ws eed w, spe %Iﬁs referr cﬁto as "specific
critical angulaéy\?glgt(':ﬂge)so%n ”Et Sf%?g;%mogﬁw %ﬁf‘%‘lﬁ I &%%%f&*?@%f% & iﬁﬂcﬁg ath!, is defined
as the critical s vrattidreibstyppedstited tisaldgnitin 20tesangel dg,e =G G=iaitafeninclination
angle is Osandat,b@ [stance of the connection plane to the centre of pivot is I,. The purpose of this
experiment is to show the measurement of the specific critical speed in spec of different bodies for the
length I, of the connection arm 25fixed at 25 mm and an inclination angle O of 45 degrees. The

experiment wagpRriPHREd B Yasumstae dnstalpdnm ohfigr fre Y0 BBAULI A 28R GF (7P2008/003028
Table 1.

10 Table 4: Rise of the pivot arm (= reaction motion), initial inclination angle Bmax =
307, final inclination angle 8., = 25°.

1 2 3 4 5 6
Initial Duration | Max. output | Angular velocity | Max. output
angular of Rise angular Wepin Just before | angular velocity
velocity velocity ey stopping Woy after
Wspin during rise | reaction motion | reaching 8y,
[rpm] (s] [rpm] [rpm] [rpm]
Body A 300 111 9 230 107
Body A 400 93 6 315 187
Body B 600 29 7 540 110
Body C 600 13 8 480 220
Body D 600 22 26 492 70

Column 2 gives the initial angular velocity wsgin of the body 2 whereby the initial
angular velocity wsyin is higher than the critical angular velocity w, for that

15 inclination angle Bnax = 30°. Column 3 gives the time between the release of the
body 2 at the initial inclination angle Bnex = 30° and the end of the rise (=
reaction motion) at the final inclination angle 6mip = 25°. Column 4 gives the
maximum output angular velocity wey of the output shaft 110 which is observed
during the rise of the pivot arm 30. Column 5 gives the angular velocity wspin of



70 The bodies E, F. G, H, J of Table 1 with smaller diameter are used in this experiment since it is
difficult to rotate bodies with higher dimensions at higher rotational speeds. 5Table 5 gives the specific
critical angular. velacity wc, spec measured for the three bodies specified in Table 1. Table 5: Specific
critical angu:‘gf"v@f%g%&fe spec for connection arm length le = 25 mm anﬁqﬁﬁmﬁ%ﬂﬁﬁtﬁﬁle B=450.
Specific critical angular velocity Wc, spec [rpm] Body E 2400 Body F 2600 Body G 3200 Body H 2500
Body J 3000 69

the body 2 in the moment when the pivot arm 30 only touches the lower metal
bolt 214 at the final inclination angle Bmin = 25°. Column 6 gives the maximum
output angular velocity we, of the output shaft 110 which is observed after the
rise of the pivot arm 30 has been stopped by the lower metal bolt 214 at the

s final inclination angle 8y, = 25°.

As can be seen from the columns 2, 3, and 4 of Table 4, increasing the initial
angular velocity wspin increases the speed of the reaction motion, however, the
maximum output angular velocity woy observed during the reaction motion

10 decreases. When the reaction motion is stopped at the final inclination angle,
the output angular velocity wey increases excessively and the amount of

increase is more when the initial angular velocity wepin of the body is higher.

Experiment 4
15 In order to allow a comparison of different bodies with respect to their suitability

in & gear device according fo the invention, a specific critical angular velocity
We, spec IS defined. The specific critical speed W, spec {2180 referred to as “specific
critical angular velocity”) of a body for an inclination angle 8 and a connection
arm length | is defined as the critical speed w, of the body measured using the

20  test device of Fig. 6 when the inclination angle is 8 and the distance of the
connection plane to the centre of pivot is |..

The purpose of this experiment is to show the measurement of the specific
critical speed W, spec Of different bodies for the length | of the connection arm
25 fixed at 25 mm and an inclination angle © of 45 degrees. The experiment was

performed by use of the test device of Fig. 6.



10 The specific critical speed we, spec of the body 2 only indicates how suitable the shape of the body
2 and the distribution of the mass of the body 2 are in terms of efficiency. Among two different bodies,
the one with g lower ific critical speed we, spec can be said to be mqre efficient jn terms of shape
of the body ﬁl%%%?%%%gé%ribution of the mass of the body. However, the slf)gélg ﬁ:z%??{lﬂcﬂg ;sspeed Wc,
spec of the body does not indicate whether the strength of the material of the body is suitable for the
required output power of the gear device. The body®hould also be tested for strength and rigidity
under the magnitude of applied torque necessary for a desired output power of the gear device. If the

strength 200f the material of the hody is pot sufficient, the efficiency of the gegr_ device may decrease

during the opetiSYREE ded? devitIUIRIF IbUth\RBPIBD 81T RSP HEas8 381503028 71 Since
the specific créigalrivneatsiveespecdifialiodyratisaipcperiyvitf tighbodind b is detaghired
dependent on the.inclination angle and the length le of the connection arm, the specific critical speed
we, spec of thrgt@(%? ﬁ?g)? %\'ry for different pairs (9, le) of the two parameters inclination angle 8 and
connection 5arm length L. Therefore, in order to compare different bodies, the specific critical speeds
W, spec qf th IeS [ i . r paitshauld b T it.Is important
to use thg saﬁg%g,(%e?ﬁ%%?aﬂqnw% grg gg’!?(%rl@gﬁ’r%@g%ﬁ/i#gé5{1@&6@%‘?@8&3%%@3%6 gﬁfg %arameter
pair, the bodybeHiesheprsif@dsipetidetical speed can be said to be the more efficient body in to terms
of shape of the body and the distribution of the mass of the body. Let us assume two different bodies
which have different specific critical speed values we, spec for the same (0, le) parameter pair. Then,
for a certain phaRisciePRANEIGCHMIRRGNET HMEIRETH Hnato U FBE HRNAHYHROEE & The applied
istorque, and therspirARSSSIMERIA, dRgly B ueqsrirs comprising the output speed

Specific critical angular velocity
We, spec [rPM]
Body E 2400
Body F 2600
Body G 3200
Body H 2500
Body J 3000

The specific critical speed we, gpec Of the body 2 only indicates how suitable the
shape of the body 2 and the distribution of the mass of the body 2 are in terms
of efficiency. Among two different bodies, the one with a lower specific critical
speed W, spec CAN be said to be more efficient in terms of shape of the body and
15 the distribution of the mass of the body. However, the specific critical speed
Wwe, spec Of the body does not indicate whether the strength of the material of the
body is suitable for the required output power of the gear device. The body
should also be tested for strength and rigidity under the magnitude of applied
torque necessary for a desired output power of the gear device. If the strength
20 of the material of the body is not sufficient, the efficiency of the gear device may

decrease during the operation of the gear device under load.



value wee, and the output torque value are different for these two bodies. That means, even if the
inclination angle 0, the magnitude of the applied torque, and the spin speed oho, are kept the same for
these two baqdies, the gear device will provide different output speed values w'"i and output torque

e
values for each oF 2of&two bodies. If the size or mass of a body to be tSte 280 0le for the

test device, the specific critical speed of the body can be deduced by mathematical calculations from
the specific critical speeds of other bodies which arescaled according to a 25scaling factor such that
these other bodies could be tested using the test device. WO 2009/127228PCT/EP2008/003028 72

One of the variables for determining the output power is the magnitude of the aEzlied torque. In order
to obtain a hi@l@?%mﬁlﬁ%ﬁ@_rf:ﬁt@adé@@%g%,twﬁ B Prstye? 1813 BeoRe Tbnef dkafkedyher operation

conditions arqipiemeqeestniivrel fapeseietisd inclinatintisRARgIEtARIMRENENGE of shehapplied torque
is increased, 5the critical sBeed WC als_ﬁt increases. Therefore, If a torque value higher than the torque

value used wHEATMRGOM ANy 1R SRRt Ehicel FO5Edd uerepld e SO SRY ¥BREBody, the new
critical speeo'l'wmmg)cmdémgﬂmmmmt@mmawmwd Aegiobendnasriectiecific critical
chould bemgRLT (AT the cHhea eel REH i EP B B ERE G A RRETS bocy wiha
higher specificrititid sipeside we ssped thedtodéesofate aidndgoat &) ¢ decamtargdhioshdoidy with a
ower specifiaigGalsHeat WAE imASlP I I IRARG WIRGIOUEISRI,RS8H value wspe, is
beneficial because, as |s?<hown,"m fric |onalrnﬁ)sses (suchas ai&frlfz)t?gn, earlné) %’IC'[IOH) increase
exponentially ¥@thP@Engpitiffeperidondies. for tmrase Rirlbepateraetsighsirsiia bpdedytin the gear
device, prefergRlyoneiiRiiecrraairsdhad im el seanetheidhammrinnigrd be made

higher, and this would increase the production costs of the gear device, preferably motor device. The
test devitk folSHBASENGRA,E R e iapd thgatistiiutipa O Hismans ef $8mboshecial features in

order to enhance the accuracy of the measurement:

Let us assume two different bodies which have different specific critical speed
values we, spec for the same (8, ;) parameter pair. Then, for a certain parameter
triple (= set of three) of the inclination angle 8, the magnitude of the applied

15 torque, and the spin speed wepn, the value pairs comprising the output speed
value wyy and the output torque value are different for these two bodies. That
means, even if the inclination angle 8, the magnitude of the applied torque, and
the spin speed wspin are kept the same for these two bodies, the gear device will
provide different output speed values wqy and output torgue values for each of

20 the two bodies.

If the size or mass of a body to be tested is not suitable for the test device, the
specific critical speed of the body can be deduced by mathematical calculations
from the specific critical speeds of other bodies which are scaled according to a

25 scaling factor such that these other bodies could be tested using the test
device.



25The transmission rate of the torque of the spin axis 4 to the second axis 11 caused by the frictional
forces acting against the rotation about the spin axis 4 affects the specific critical speed values wc,
spec. In order to decrease this effect, the frictional forces acting against the rotation about the spin
axis 4 should" B RG Z6Bo/127228PCT/IEP2008/003028 73 as close as BoSSBRW 4% heoretically
best value of zero. The frictional forces acting against the rotation about the second axis 11 decrease
the rotational speed about the second axis 11 and hence increase the specific critical speed values
tun, spec. In order to decrease this effect, the frictional forces acting 5against the rotation about the
second axis 11 should be as close asgpossible to the theoretically best value of zero. Table 6 gives the

current draw &% FiegriaraiissEos ﬁ‘?ﬁ@fﬁi’?%%%%ﬂiﬁﬁﬂ@&%%@aﬁ@@dﬁaﬂ@@ Current draw
of the electric gpingnategudlile spirpitgdbRBosnigHEr difgient swisr SpesHe sBHTy SPisepged wspin
[rpm] Current %%"é’;r%%ﬁg Fa)lsn tB"nCS%rs[?’P\’é]o Qgro o%%?a%ggoconditions are préserved. Also, for

a selected inclination angle, if the magnitude of the applied torque is increased,

5 the critical speed w, also increases. Therefore, if a torque value higher than the

torque value used when determining the specific critical speed we, spec IS used

on the same body, the new critical speed value corresponding to the new torgue

value would be higher than the specific critical speed we, spec fOr that inclination

angle.

Since it is mandatory that the spin speed wgin of the body should be higher than
the critical speed w, during the operation of the gear device, a body with a
higher specific critical value we spec Must be rotated at higher speeds compared

to a body with a lower specific critical speed we spec.

Actually, using a body with a lower spin speed value wepi, is beneficial because,
as is known, the frictional losses (such as air friction, bearing friction) increase
exponentially with the spin speed wspin (¢f. Table 8). Furthermore, higher spin
speeds in the gear device, preferably maotor device require that the overall

20 strength of the motor should be made higher, and this would increase the
production costs of the gear device, preferably motor device.

The test device for measuring the specific critical speed w, spec should have
some special features in order fo enhance the accuracy of the measurement;
25 The transmission rate of the torque of the spin axis 4 to the second axis 11
caused by the frictional forces acting against the rotation about the spin axis 4
affects the specific critical speed values wq, spec. In order to decrease this effect,
the frictional forces acting against the rotation about the spin axis 4 should be



870 5000 1100 6000 1800 7000 3000 The embodiments given in the figures have the functions which
are described in 15the description of the figures. However, these embodiments have further functions

which are n%g%(%n}iggg{;n the description but only described in the claimﬁcﬁﬁﬁ%ﬁ%@gﬁsthe subject of

all the claims can berealised in the embodiments given in the figures or mo ereof. 74 Key
of reference signs 1gear device 2body 53rotation shaft 4first axis (= spin axis) 5inner cradle
73

as close as possible to the theoretically best value of zero. The frictional forces
acting against the rotation about the second axis 11 decrease the rotational
speed about the second axis 11 and hence increase the specific critical speed
values wq, spec. IN order to decrease this effect, the frictional forces acting

5 against the rotation about the second axis 11 shouid be as close as possible to

the theoretically best value of zero.

Table 6 gives the current draw of an electric motor (= spin motor) used for

spinning the body F.

Table 6: Current draw of the electric spin motor while spinning the body F to

different spin speeds Wspin.

Spin speed Wepin Current draw of the spin motor
[rpm] [mA]
3000 800
4000 870
5000 1100
6000 1800
7000 3000

The embodiments given in the figures have the functions which are described in

15 the description of the figures. However, these embodiments have further
functions which are not described in the description but only described in the
claims. Furthermore, the subject of all the claims can be realised in the
embodiments given in the figures or modifications thereof.



6inner bearings 7outer cradle 108outer bearings 9frame 10frame bearings 11second axis 12electric
motor 1513plane 15hydraulic ram 16third axis (= inclination axis) 17control unit 18belt 2019alternator
20electric harness Zlql%lled torgue, direction of 22reaction torque, direction of 29angular gear

2530pivot ar?ﬂ%iﬂr? PCT/EP2008/003028
74
Key of reference signs
1 gear device
2 body
5 3 rotation shaft

4 first axis (= spin axis)
5 inner cradle
6 inner bearings
7 outer cradie

10 8 outer bearings
9 frame
10 frame bearings
11 second axis
12 electric motor

15 13 plane
15 hydraulic ram
16 third axis (= inclination axis)
17 control unit
18 belt

20 19 . alternator
20 electric harness
21 applied torque, direction of
22 reaction torque, direction of
29 angular gear

25 30 pivot arm
31 pivot
32 bearing

33 coupling means



32bearing 33coupling means 75 36collective output shaft 40bearing 41support S0plate 551hole 52 -
53stop 54bolt 90array frame  100- 103 force vector 10110output shaft 200plane 201force field

210limiting WS 9(?992,‘:1[2172':;%12 plates 15213hole PCT/EP2008/003028

75

36 collective output shaft
40 bearing
41 support
50 plate

5 51 hole
52 - 53 stop
54 bolt
80 array frame
100-103 force vector

10 110 output shaft
200 plane
201 force field
210 limiting means
211-212 plates

15 213 hole
214 -215 bolt
221 plates
250 central plane

20 CM centre of mass of the body
Fo gravitational force
{ distance, length
£ length of connection arm
IP intersection point

25 Pe connection plane
V1 spin vector
V2 output motion vector

V3 applied torque vector about the third axis



214 - 215 bolt 221plates 250central plane zo CMcentre of mass of the body Fcgravitational force
fdistance, length tolength of connection arm IFintersection point 25Peconnection plane V1spin vector
V2output maotion vector V3applied torque vector about the third axis 76 aangular range QOinclination

angle eminmimti itéifiation angle emaxmaximum inclination angle SWERHERPRAGI

76
a angular range
8 inclination angle
Bmin minimum inclination angle
Bmax maximum inclination angle
5 W angular velocity
We critical angular velocity
We, spec specific critical angular velocity
Wouyt angular velocity about the output axis

Wspin angular velocity of the body 2 about the spin axis 4
10



wecritical angular velocity wc, specspecific critical angular velocity wooangular velocity about the
output axis wspicangular velocity of the body 2 about the spin axis 4 10 77 Claims: 5 1.A) A gear
device, preferably motor device, for providing rotation about at least one output axis, said device
comprising: B) a body mounted for a rotation about 4 first axis and a rotation about a 10 second axis
and a rotation about a third axis, the first axis being oriented with respect to the second axis at an
inclination angle, the second axis and/or the third axis constituting the at least one output axis of said
device, wherein the rotation of the body about the third axis gives rise to a change in the inclination
angle, 15C) means for applying a torque to the body about the third axis in a 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 D) means for limiting the
rotation of the iggghyn@pout the third axis in a 20 sense of decreasing inclination angle such that the
inclination angle of the first axis with respect to the second axis remains greater than O degrees and
less than 90 degrees, E) said device being so structured as to enable a source of motive
power to be cohnected\id\theabdeljcts patesebinenbiod Yevoatatepabiinghetdiist 2bautist rast

one oufput axis,
said device comprising:
B} a body mounted for a rotation about a first axis and a rotation about a
10 second axis and a rotation about a third axis, the first axis being oriented with
respect to the second axis at an inclination angle, the second axis and/or the
third axis constituting the at least one output axis of said device, wherein the
rotation of the body about the third axis gives rise o a change in the inclination
angle,
15 C) means for applying a torque to the body about the third axis in a
sense of increasing inclination angie when the first axis is at a selected
inclination angle with respect 1o the second axis which is greater than 0
degrees and less than 90 degrees, and
_ D) means for limiting the rotation of the body about the third axis in a
20 sense of decreasing inclination angle such that the inclination angle of the first
axis with respect to the second axis remains greater than 0 degrees and less
than 90 degrees,
E) said device being so structured as to enable a source of motive
power fo be connected {o the body to cause the body to rotate about the first

25 axis, and



78  F) whereby the rotation of the body about the first axis is at an angular velocity (w4) greater than
a critical angular velocity (Luc) so that a constant or a decreasing inclination angle is reached, thereby
to initiate or increase an 5 output angular velocity (w"t) and/or an output torque of the rotation of the
body about the second axis and/or about the third ayis as said at least one output axis, G)
whereby the body has a specific critical angular velocity (wc, spec) of less than 20000 rounds per
minute, preferably thereby to increase an output power toabout the at least one output axis, whereby
said specific critical angular velocity lw ,_,ri--ec; spec) is defined as follows: ¢ ,N the specific critical

angular velocity (wis the crifigaangylaisuelaciy 4ve) B5dhatfine first axis is ARIEBRNClination

angle of the first axis with respect to the second axis 15is 45 degrees, when the first axis passes

through substantially tﬁgn?:%ﬁt@é?s 'f) rg%§ ro% neat%é%/?lv?/ %uﬁ%rh\geggg&%f\gsr?etﬁfgg gﬁ%ﬁ%a‘f’?he moment
of inertia of the body i $lFsEtaFifalRr fRatigmesss Dosmsaed.ifirepodyiéateesisrmstieal about a plane
which passes through ¢hpeenigelafuaiass, githeaaody ancuvhbicbrisiodihngestalita thenirst axis, among

the possible mounting grigniatineYomAIHIRGLHRPASEAIIAASLEE e Qe ghosen that results

in a smaller distance between the centre of mass of the body and the third axis, and 25when a
connection arm length3RY 8 5m if the mass of the body is less than 0.1 kg,
G) whereby the body has a specific critical angular velocity (wg, spec) Of less

than 20000 rounds per minute, preferably thereby to increase an output power
10 about the at least one ouiput axis,
whereby said specific critical angular velocity (W, spec) is defined as follows:
the specific critical angular velocity (W sec) is the critical angular velocity
{w,) of the body
when the inclination angle of the first axis with respect io the second axis

15 is 45 degrees,
when the first axis passes through substantially the centre of mass of the
body,
when the body is oriented such that the moment of inertia of the body is
substantially maximised,

20 when, if the body is not symmetrical about a plane which passes through
the centre of mass of the body and which is orthogonal to the first axis,
among the possibie mounting orientations of mounting the body on the
first axis the one is chosen that results in a smaller distance between the
centre of mass of the body and the third axis, and

25 when a connection arm length is

a) 5 mm if the mass of the body is less than 0.1 kg,



79 b) 25 mm if the mass of the body is equal to or greater than 0.1 kg and less than 100 kg,

¢) 50 mm if the mass of the body is equal to or greater than 100 5kg and less than 1000 kg, and d) 100
mm if the mass of the body is equal to or greater than 1000 kg, whereby said connection arm length is
the distance of the intersection point of a connectiopyplane and the first axis to the third axis, whereby
10said connection plane is a plane which is orthogonal to the first axis and intersects the body and has
the minimum distance to the inclination axis. 2. A device as in claim 1, further comprising a source of
motive power which is connected to the body to cause the body to rotate about the first axis at said
15angular velocity (wson) greater thags savéliCiiGabangulRy el @ty WD) o Hdavigrms. in claim 2,
further comprising feedback means fcg(r tg%a%gétgm %%t'we power from the rotation of the body about
the at least one output axis to the SOUIEe Of Motive powe?.’ 20 4. A device as in claim 3, wherein the
feedback means is arranged to trafisAtitEnfidiemand Al Borkrte el $oarceestibatd Yower to
overcome energy losses arising fromHKgietiornedsithda tltedatated of the body about the first axis when

the inclination angle and the magnqulgoq{,m@tﬂgg{@ Eﬁﬁﬂ@%&?ﬂb‘%g“u%i%émi%%ﬁtﬁé}g the output

angular velocity (w.ut) about the at least one output axis are constant. 80 5.A device as in any one of

the preceding claims, further comprisi Ai€ans for controlling the source of motive power to cause the
body to rotate about the  whereby said connection arm fength is the distance of the intersection

point of a connection plane and the first axis to the third axis, whereby
10 said connection plane is a plane which is orthogonal to the first axis and

intersects the body and has the minimum distance to the inclination axis.

2. A device as in claim 1, further comprising a source of motive power which is
connected to the body to cause the body to rotate about the first axis at said

i5 angular velocity (W) greater than said critical angular velocity (w,).

3. A device as in claim 2, further comprising feedback means for transmitting
mative power from the rotation of the body about the at least one oufput axis

to the source of motive power.

20
4. A device as in claim 3, wherein the feedback means is arranged to transmit
sufficient motive power to the source of mative power to avercome energy
losses arising from friction due to the rotation of the body about the first axis
when the inclination angle and the magnitude of the applied torque about the
25 third axis and the output angular velocity {w,,} about the at least one output

axis are constant.



first axis at said angular velocity (w,m) greater than said critical angular velocity (we). A device as in
any one of the preceding claims, wherein the torque applying means is arranged to apply the torque to
the body about the third axis when the selected inclination angle is greater than 10 degrees and less
than 80 degrees. A device as in any one of the preggding claims, further comprising means for
controlling the magnitude of the torque applied by the torque applying means. A device as in any one
of the preceding claims, wherein the limiting means is arranged so as to limit the rotation of the body
about the third%xis soAlgviteeainelmation: @hyle ktediigstizins vithacsperisogheesestid axis is
greﬂter than 10 degre@Snﬁ’@ﬂiﬂ§$ﬁetbauﬂ&ﬂoﬂ@@fﬁ@%oﬁféﬂ@cyi|§®§§tﬂé @BMﬁBQdﬂ{t%@&?%ﬂing claims,
further comprising me justi inglinaAti e.. A gevice as in claim 9, further comprising
means for selecting aﬁe?sgr%%%gé%g%? g%ﬂgﬁﬁé’%%é@c%ﬁ tieaatg'b{&ta the &t gg%éti &n Lﬁca)arﬂtput axis and
causing the adjusting MeeosHY (ﬂﬂcbdjust the inclination angle in dependence on the selected output
angular vefocity (weet). 81 11.A device as in claim 9 or claim 10, further comprising means for

selecting a desjred oufpyt jRcaue, Pfhe devicransadistinmthe irinationAndls pdapendence on

the selected output torque. 5 12. A device as in an% one of the precedlng claims, wherein the means

A
for applying a torque dBStSHCHRRIEKIS 2miRe AT we ity PPsY ARRuUiRE L d Ry BHL of the
preceding claims, whelfsinalsctedéapisfieri@uagplyiorgaicrdhgud Gbeuretseativildsatiseéhprises one or
more of: a hydraulic raqggr@daneumatic ram, an electromagnetic ram. 14. A device as in any one of the
prec:eding1 laims, wherein the limiting means is arranged to prevent any rotation of the body about the
third axis In the sense 150f decreasing inclination angle. 15. A device as in any one of the preceding
claims, whereif-the méaﬂ?é’ifﬁraéﬁ’bMﬁg%ﬁrﬁﬁé%ﬁ%ﬂfé@mﬁdfé&@%%ﬁmIf§’fas the limiting
means. 20 controlling the magnitude of the torque applied by the torque applying means.

8. A device as in any one of the preceding claims, wherein the limiting means is
15 arranged so as to limit the rotation of the body about the third axis so that the
inclination angle of the first axis with respect to the second axis is greater than
10 degrees and less than 80 degrees,

g A device as in any one of the preceding claims, further comprising means for
20 adjusiing the inclination angle.
10. A device as in claim 9, further comprising means for selecting a desired output

angular velocity (wey) about the at least one output axis and causing the
adjusting means {o adjust the inclination angle in dependence on the selected
25 output angular velocity (Wey:).



16. A device as in any one of the preceding claims, wherein the limiting means comprises an
abutment. 17. A device as in any one of the preceding claims, wherein the first axis passes 25through
substantially the centre of mass of the body. 30 82 A device as in any one of the preceding claims,
wherein the second axis passes through substantially the centre of mass of the body. A device as in
any one of the preceding claims, wherein the first axis and the second axis intersect. A device as in
any one of claims 1 to 18, wherein the first axis and the second axis do not intersect and the inclination
angle is defined as the acute angle between the first axis and the second axis when viewed along the

direction of thesghortest figadeuyngdbienfy sk apsiﬁqamdftm@emm@xésmead@m%@écm@ey one of the
preceding claims, whe g ég%q%p{g%ﬁg%? QQH%J% th%%a lx % qt[glgc%%lnabo tIhe first axis. A
es a

device as in any one o alms wherein t ody ) mpr Fweb and a rim of ring
shape. A device as in SPRFBARNER ﬂﬁ‘ékﬁré%@ai%%%%éormrem the body is made from a material
having a nfodulus of elasticity above 70 GPa, preferably above 100 GPa. A device as in any one of the

preceding claimgs, furth@g&g&gg@mm R% prountingcpaick device, 83 arhAdeyice as in any one of

the preceding claims, further cor{)}prlsgﬁ }% or more counterbalance masses mounted for rotation
about the second axis2BYETR BV 200tHRE LUdBHR RTYE $555 ARG 1, preferably as in any one of

the preceding claims, wherein an angle between the vector of the torque applied to the body about the
third axis and thg, VeCthéi/i&Ea@hﬁM@?\gldﬂhM@@@%i@/dﬁ)n%?Wﬂf&a’?@% secpRdraxis is between 85

degrees al%d 93 degre p!? F]%fgr% Xe a%%%tt%e? 9\ c? 9)2%%%'mprises one or more of. a hydraulic

ram, a pneumatic ram, an electromagnetic ram.

14, A device as in any one of the preceding claims, wherein the limiting means is
arranged to prevent any rotation of the body about the third axis in the sense

15 of decreasing inclination angle.

15. A device as in any one of the preceding claims, wheregin the means for

applying a torgue about the third axis serves additionally as the limiting

means.
20
16. A device as in any one of the preceding claims, wherein the limiting means
comprises an abutment.
17. A device as in any one of the preceding claims, wherein the first axis passes
25 through substantially the centre of mass of the body.

36



10 27.A device as in any one of the preceding claims, wherein the body is mounted on a shaft which is
made from a material with a modulus of elasticity above 70 GPa, preferably above 100 GPa, 1528.A
device as in any one of the preceding claims, wherein an output shaft along the at least one output
axis is made from a material with a modulus of elasgjgity above 70 GPa, preferably above 100 GPa.
29. A device as in any one of the preceding claims, wherein the parts of the 20device, on which
variable forces act are made from one or more materials with a modulus of elasticity above 70 GPa,
preferably above 100 GPa. 30. A device as in the sections A) to F) of claim 1, preferably as in any one

of the precedingsclaims, Jurther CAMRAYISINGLPAE BFMOFR-SEARA S IRELPeASWiRg,3 Bylues of one or

more of the following parameters: the rotation about the first axis and/or the second axis and/or the
third axis, the angular J&FSERY ST HRHABIP bHbE HE R 835§ I0"85%MNd/or the second axis and/or

the third axis, the position of the body and/or the first axis and/or the second axis and/or the third axis,

the torque of thgyrotatiaryahesibihe ditpbaxiss ardirsdhigngeeand avsrandiRriteibid-xiss a Sforce. 31.
A device as in the sections @)a;[ﬂo F) of claim 1, preferably as in any one of the preceding claims, further

comprising means for mechanical yeﬁsrﬁﬁlhg the rotation of the body about the inclination axis in both
senses between a lower 10limit angle value and an upper limit angle value and means for adjusting
these limit angEyvalues devitg=hie apesaten ghisaid devdcehtosnchogssndoweandmy sagleivalue higher

than O degrees and lowgr, han, 90 ARALeEs:ANY ADMARRIGE RAHYA M UREIRAGdNe chosen

lower limit angle value and lower than 90 degrees. 15 , o
10 between the first axis andthe second axis when viewed along the direction of

the shortest line joining the first axis and the second axis.

21, A device as in any one of the preceding claims, wherein the body is
substantially cylindrically symmetrical about the first axis.
15
22. A device as in any one of claims 1 to 21, wherein the body comprises a hub

and a web and a rim of ring shape.

23, A device as in ahy cne of the preceding claims, wherein the body is made
20 from a material having a modulus of elasticity above 70 GPa, preferably above
100 GPa.
24, A device as in any one of the preceding claims, further comprising means for

mounting said device,
25



32. A device as in claim 31, wherein the means for mechanically limiting the rotation of the body is one
or more abutments. 33. An assembly of two or more gear devices, preferably motor devices, each of
20which comprises a device as in any one of the preceding claims, in combination with means for
causing each of said devices to rotate at substantially the same rotational speed but at different
respective phase angles and means for combining the output angular velocity (wc,"t) and/or the output
torque of said devices. 25 34. A vehicle powered by a dev assembly as in claim 33. ce as n any one of
claims 1 to 32 or by an 35. A vehicle as in claim 34 in the form of a road vehicle. 30 85 36. A vehicle

as in claim 34 ipsthe fosnadf@naircsaflodd cANEHISR ASIBERET 3thdn dhadesimyofha ¥ater-borne

vehicle. 5 38. An electricity generatar comprising a device as.in.any,ong, of claims 1 to 32 or an
assembly as in claim FITG00 K BRAS BSFo R iR S SR &put axis, the

method 10comprising:
5 26 A device as in the sections A) o F) of claim 1, preferably as in any one of the

preceding claims, wherein an angle between the vector of the torque applied
to the body about the third axis and the vector of the output angular velocity
{twe) about the second axis is between 85 degrees and 93 degrees,
preferably close to 80 degrees.
10

27. A device as in any one of the preceding claims, wherein the body is mounted
on a shaft which is made from a material with a modulus of elasticity above 70
GPa, preferably above 100 GPa.

15 28, A device as in any one of the preceding claims, wherain an output shaft along
the at least one output axis is made from a material with a modulus of

elasticity above 70 GPa, preferably above 100 GPa.

29, A device as in any one of the preceding claims, wherein the parts of the
20 device, on which variable forces act are made from one or more matetials with

a modulus of elasticity above 70 GPa, preferably above 100 GPa.

30. A device as in the sections A) to F) of claim 1, preferably as in any one of the
preceding claims, further comprising one or more sensors for measuring
25 values of one or more of the following parameters:
the rotation about the first axis and/or the second axis and/for the third axis, the

anguiar velocity of the rotation about the first axis

30



b) mounting a body for a rotation about a first axis and a rotation about a second axis and a rotation
about a third axis, the first axis being oriented with respect to the second axis at an inclination angle,
the second axis and/or the third axis constituting the at least one output axis, wherein the rotation of
the 15body about the third axis gives rise to a changg in the inclination angle, c) rotating the body
about the first axis at an angular velocity (wwin) greater than a critical angular velocity (wc), d)
applying a torque to the body about the third axis in a sense of increasing inclination angle when the
first axis is at a selected inclination angle 20with respect to the second axis which is greater than 0

degrees and less than:3@/glegEeasoaddxis an8bimEingdsisotatiansaiiher brdvoapard/the third axis in a
sense of decreasing inglination angle-sweh thanns nelinauan andle of (e first isith respect to the
second axis remains greafer an dpegrees and éssthan egrees, éqﬂ SO { at a constant or a
decreasing inclination Bffjfenidheddrrirsiteiepyderintarsddasicardia e dhpdeaisgalar velocity (w01)
and/or an autput torquierce. of the rotation of the body about the second axis and/or about the third
axis as 5said at least one output axis, g) whereby the method further comprises: using a body with a
specific critical angular velocity (-0, spec) of less than 20000 rounds ger minute, preferably thereby to

increase an output powPEEBaE RS SRACIE A 18 htheliale, 1 HiHEAENPS P LpaRFY BRical angular
velocity (w0, spec) is deficratihas/fotews tthecspacifiorriteak dngutmhsetadityirtiieg, tspec) is the critical
angular velocity (wc) obthgoheeinbsdsy R ipsinatinnaniofithefisaxispaifassspestio the second
axis is 45 dlegrees, 15phien e ML aXs DASSSS Meddlsvhsantaly ihe cenie.plmgss of the

limit angle values during the operation of said device, 1o a chosen lower imit

angle value higher than 0 degrees and lower than 90 degrees and an upper

limit angle value higher than the chosen lower limit angle value and lower than

90 degrees.

15
32. A device as in claim 31, wherein the means for mechanically limiting the

rotation of the body is one or more abutments.

33. An assembly of fwo or mere gear devices, preferably motor devices, each of
20 which comprises a device as in any one of the preceding claims, in
combination with means for causing each of said devices to rotate at
substantially the same rotational speed but at different respective phase
angles and means for combining the output angular velocity (W) and/or the
output torque of said devices.
25
34, A vehicle powered by a device as in any one of claims 1 to 32 or by an
assembly as in claim 33.

35, A vehicle as in claim 34 in the form of a road vehicle.
30



body, when the body is oriented such that the moment of inertia of the body is substantially
maximised, when, if the body is not symmetrical about a plane which passes through 20 the centre of
mass of the body and which is orthogonal to the first axis, among the possible mounting orientations of
mounting the body on the first axis the one is chose, ) that results in a smaller distance between the
centre of mass of the body and the third axis, and when a connection arm length is 25a) 5 mm if the
mass of the body is less than 0.1 kg, 87 b) 25 mm if the mass of the body is equal to or greater than
0.1 kg and less than 100 kg, ¢) 50 mm if the mass of the body is equal to or greater

than 100 5kg aggl lessAhanid0a9 KehiAnde )00 i & thesnass of the body is equal to or greater than

1000 kg, whereby said connection arm length is the distance of the intersection point of a connection
plane and the first axis to the third axis, whereby said connection 10plane is a plane which is
orthogonal to tRé first &xishime saterdemesithie thedgrare haeskreonhsimaiwplaistance to the inclination
axis. A method as in claim 39, further comprising: providing an additional, external torque to the body

about the seco axis,&g &W n | %t'@ c eration. A method as in any one of claims 39 and 40,
further compris%jg: contro%igng S[:h%e/: %%l%réte%_ o%gmgtrf\slg %@v%\??ﬁ Arder %réeu%e% }g%zg‘ﬁg%tate about
the first axis at said arfjJLASFFBRYERS dpB, Péreater than the critical angular velocity (wc). |

38. a) A method of providing rotation about at least one output axis, the method
10 comprising:

b) mounting a body for a rotation about a first axis and a rotation about a
second axis and a rotation about a third axis, the first axis being oriented with
respect to the second axis at an inclination angle, the second axis and/or the
third axis constituting the at least one output axis, wherein the rotation of the

i3 body about the third axis gives rise to a change in the inclination angle,

¢} rotating the body about the first axis at an angular velocity (W)
greater than a critical angular velocity (w.),

d) applying a torque to the body about the third axis in a sense of
increasing inclination angle when the first axis is at a selected inclination angle

20 with respect to the second axis which is greater than 0 degrees and less than
90 degrees, and

e) limiting the rofation of the body about the third axis in a sense of
decreasing inclination angle such that the inclination angle of the first axis with
respect to the second axis remains greater than 0 degrees and less than 90

25 degrees,



A method as in any one of claims 39 to 41, further comprising : selecting the selected inclination angle
greater than 10 degrees and less than 80 degrees. A method as in any one of claims 39 to 42, further
comprising : controlling the magnitude of the torque applied to the body about the third axis. 88 44. A
method as in any one of claims 39 to 43, further coggprising : limiting the rotation of the body about the
third axis such that the inclination angle of the first axis with respect to the second axis is greater than
10 degrees and less than 80 degrees. 45. A method as in any one of claims 39 to 44, further
comprising : adjusting the inclination angle. 1046.A method as in claim 45, further comprising :

generating a desired outpuf) 3oghdas eireil (vavt-racuyonseiiticsnbieasicatieotbEXis by means
of adjusting the '“C““%%t%ﬂe%‘?xn%?eé%é%ﬁ%?@éd&uﬂ?@;&ﬁy g&[ thes COPRRSING. %%e‘erat'“g a

desired output torque about one of the at least one output axis by means or adjusting the inclination
angle. 48. A method a¥ R&IPEMRE NG AR 2Pt e Sﬁ‘fﬂﬁ%?’Géﬁ{ﬁj/i%rﬁﬁ‘}%ﬂ]ﬁéw%afﬁ%aéngular
velocity (Wsp,n) of the ridigtddrstibtieeofiistiaads, 49. A method as in claim 48, further comprising :

generating a desired @;W%@ggM@;&@%@WM#LW@% of the at least one output axis by means

of adjusting the angular veloci éof th bout the f rst axis. 5 ethod claim 48,
further comprising : 89 gé’ne(gr)éﬁé ?E K Grq%q O utﬂaér‘aft 3eb, (né of° (éi ?ﬁé@%‘? %Q%S%H%)utput axis by

means of adjusting thé&HAGRIRSF V@f@&t}ﬂ(@@%@my Bﬁﬁ@/ﬁ@mﬁ@@éﬁﬁm@ifﬁ%& FH)W@’ about the

at least one output axis,
10 whereby said specific critical angular velocity (W, se) is defined as follows:
the specific critical angular velocity (uw;, sec) is the critical angular velocity
(W) of the body
when the inciination angle of the first axis with respect to the second axis
is 45 degrees,
5 when the first axis passes through substantially the centre of mass of the
body,
when the body is oriented such that the moment of inertia of the body is
substantially maximised,
when, if the body is not symmetrical about a plane which passes through
20 {he centre of mass of the body and which is orthogonal to the first axis,
among the possible mounting orientations of mounting the body on the
first axis the one is chosen that results in a smaller distance between the
centre of mass of the body and the third axis, and
when a connection arm length is

25 a) 5 mm if the mass of the body is less than 0.1 kg,



A method as in any of claims 39 to 50, further comprising : adjusting the torque applied to the body
about the third axis. A method as in claim 51, further comprising : generating a desired output angular
velocity (w",) about one of the at least one output axis by means of adjusting the torque applied to the
body about the third axis. A method as in claim 51, further comprising : generating a desired output
torgue about one of the at least one output axis by means of adjusting the torque applied to the body
about the third axis. A method as in any one of claims 39 to 53, wherein limiting the rotation of the
body about the third axis further comprises: preventing any rotation of the body about the third axis in

the sense of decreasing inclination3nggmArRtARAAS ReBAPREQIAIRIBISARIG Bdnforther

comprising : using some of the proviq(edaqucg{?et&i"%rgﬁll Powyer about the at least one output axis to perform

rotating the body about the first axis whén he mcﬁnatlongaingle and 25 the magnitude of the applied
torque 90 about the third axis and thePduplitmgarsr e aee\WaAyaBoat avrelr Bast'8he output axis
are constant. 5 56.A method as in claim:ba, lseheremnttoe agnaendt of rotational power so used is

sufficient to overcome energy Ioss%§ Aising ﬁrﬁ@ﬂé‘é@%@tﬂg%J@ytﬂ%ﬁgtﬁ@&%@%ﬂﬂgﬁ/ about the first

axis. 1057.A method as in the sections a) to f) of claim 39, preférably as in any one of claims 39 to 56,
further comprising : applying the tOI‘qJQO[ e body about the third axis by applying the torque
exclusively by means ohtinebywedihtafrgndidoaiynderafhap pigidigtanes of dueitdprasetionsrofranfexternal
means and additionally kynmgansibeaighef ke 3ROt axis, whereby said connection

10 plane is a plane which is orthogenal to the first axis and intersects the body

and has the minimum distance to the inclination axis.

40, A method as in claim 39, further comprising:
providing an additional, external torque to the body about the second axis to

15 apply an initial acceleration.

41. A method as in any one of claims 39 and 40, further comprising:
controlling the source of motive power in order to cause the body fo rotate
about the first axis at said angular velocity (Wei,) greater than the critical

20 angular velocity (wy,).

42, A method as in any one of claims 39 to 41, further comprising :
selecting the selected inclination angle greater than 10 degrees and less than
80 degrees,
25
43. A method as in any one of claims 38 to 42, further comprising :
controlling the magnitude of the torque applied to the body about the third

axis.



58.A method as in the sections a) to f) of claim 39, preferably as in any one of claims 39 to 57, further
comprising : measuring values of one or more of the following parameters: 20the rotation about the
first axis and/or the second axis and/or the third axis, the angular velocity of the rotation about the first
axis and/or the second axis and/or the third axis, thggosition of the body and/or the first axis and/or
the second axis and/or the third axis, 25the torque of the rotation about the first axis and/or the second
axis and/or the third axis, a force. 91 59. A method as in the sections a) to f) of claim 39, preferably as
in any one of claims 39 to 58, further comprising : 5Smechanically limiting the rotation of the body about

the inclination ayis in b@thm%&)@w%e@ & s Banit asgiw@%%rﬁa@sﬁa upper limit angle value
and adjusting, while pr rotati oper tlo ear device, preferably motor device,
these limit angle valueg tc?régc %g%%g) OWQI‘H??T% %’ngfe va uephlg ar ﬁ%"ﬁ'ﬁ%aég e 5%8 "ower than 90
degrees and an upper 3tale sOBAGIE Pia & igRarastdn W@h@%@%l@%@rﬁmﬁt thaglédvalue and lower
than 90 degrees. 60. Alsgethodraddsstirarseriiegs:ed.to f) of claim 39, preferably as in any one of

claims 39 to 59, further comprising : 15increasing an output power supplied about the at least one

output axis by means of decreasing a distance between the centre of mass of the body and the
second axis. A method as in any one of claims 39 to 44, further comprising :

adjusting the inclination angle.

10 46. - A methed as in claim 45, further comprising :
generating a desired output angular velocity (w,,.) about one of the at least

one output axis by means of adjusting the inclination angle.

47. A method as in claim 45, further comprising :
15 generating a desired output torque about one of the at least one output axis by

means of adjusting the inclinafion angle.

48, A method as in any one of claims 39 to 47, further comprising :

adjusting the angular velocity (W) of the body about the first axis.

20
49, A method as in claim 48, further comprising :
generating a desired output angular velocity (Wey:) about one of the at least
one output axis by means of adjusting the angular velocity (W) of the body
about the first axis.
25

50. A method as in claim 48, further comprising :



61. A method as in the sections a) to f) of claim 39, preferably as in any one of 20claims 39 to 60,
further comprising: increasing an output power supplied about the at least one output axis by means of
decreasing a variation of an angle between a normal vector of a first frame plane and a normal vector
of a second frame plane, the frame plane defined agqa plane which passes through three non-linear
points of a frame 25where the gear device, preferably motor device is mounted in. 62. A method as in
claim 61, further comprising : keeping said variation less than 5 degrees. 30 92 63. A method as in the
sections a) to f) of claim 39, preferably as in any one of claims 39 to 62, further comprising : increasing

an c?utgut power suppl@;}@fﬁmﬁ mg"g;é@@%{&ﬂ%l@gg)m@xi%@ygﬁm%a[@ﬁfdg{gq&ggi@giga,gariationdof an
angle between a vector of the output angular velocity (Wwow) t the at least. pne output axis and a
normal vector of a framr%e%?gr?é @ ﬂﬁ%quggn% Spa?ﬁjga te Eééwguésﬁ‘%p?i%’g 5 dﬁ:ﬁ%’é‘ié@%ﬁrﬁ%’% h three
non-linear points of a frame where the gear device, preferably motor device is mounted in. 10 64. A

method asin clEim 63 Afurdaerdeanmpaising clkesBogosEic vatatiompessghan 5 degrees. 65. A method
as in the sections a) toa@;@tiﬁ@iﬂ% ﬁﬁqﬂ%ﬁ?gﬁ@wﬁﬁé%@d}%%& pilRelpims 39 to 64, further comprising

: increasing an output power supplied about the at least' one output axis by means of decreasing a
variation of an angle between the angular velocity vector of the angular motion of the body about the
first axis and a¥brmal A ectthodfaa botnpkinéjrther bodprpliage defined as a plane which passes

20through three non-ligea&ra@igts fithea Boghi BRyametbag as.in SR Jurber easprising :

keeping S%d variation cla%%soyt]pa& gxg%%rr%%ghg gf adjusting the torgue applied to the body about the

third axis.

53. A method as in claim 51, further comprising :
generating a desired output torque about one of the at least one output axis by
15 means of adjusting the torque applied fo the body about the third axis.

54. A method as in any one of ¢claims 39 fo 53, wherein limiting the rotation of the
body about the third axis further comprises:
preventing any rotation of the body about the third axis in the sense of
20 decreasing inclination angle.

55. A method as in any one of claims 39 to 54, further comprising :
using some of the provided rotational power about the at least one cutput axis
to perform rotating the body about the first axis when the inclination angle and
25 the magnitude of the applied torque
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56,

57.

58.

90

about the third axis and the output angular velocity (us,,) about the at least

one output axis are constant,

A method as in claim 55; wherein the amount of rotational power so used is
sufficient to overcome energy losses arising from friction due to the rotation of
the body about the first axis.

A method as in the sections a) to f) of claim 39, preferably as in any one of
claims 39 o 56, further comprising :

applying the torque 1o the body about the third axis by applying the torque
exclusively by means of the weight of the body or by applying the torque by
means of an external means and additionally by means of the weight of the
body.

A method as in the sections a) to f) of claim 39, preferably as in any one of
claims 39 to 57, further comprising :

measuring vaiues of one or more of the following parameters:

the rotation about the first axis and/or the second axis and/or the third axis,
the angular velocity of the rotation about the first axis and/or the second axis
andfor the third axis,

the position of the body and/or the first axis and/or the second axis and/or the
third axis,

the torque of the rotation about the first axis and/or the second axis and/or the
third axis,

a force.
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58.

60.

61.

62.

91

A method as in the sections a) to ) of claim 39, preferably as in any one of
claims 39 to 58, further comprising . -

mechanically limiting the rotation of the body about the inclination axis in both
senses between a lower limit angle value and an upper limit angle vaiue and
adjusting, while providing rotation during operation of the gear device,
preferably motor device, these limit angle values to a chosen lower limit angle
value higher than 0 degrees and lower than 80 degrees and an upper limit
angle value higher than the chosen lower limit angle value and lower than 90
degrees.

A method as in the sections a) to f) of claim 39, preferably as in any one of
claims 39 to 59, further comprising :

increasing an output power supplied about the at least one output axis by
means of decreasing a distance between the centre of mass of the body and
the second axis.

A method as in the sections a) to f) of claim 39, preferably as in any one of
claims 38 o 60, further comprising:

increasing an output power supplied about the at least one output axis by
means of decreasing a variation of an angle between a normal vector of a first
frame plane and a normal vector of a second frame plane, the frame plane
defined as a plane which passes through three non-linear points of a frame

where the gear device, preferably motor device is mounted in.

A method as in claim 61, further comprising :

keeping said variation less than 5 degrees.
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64,

65.

66,

92

A method as in the sections a) to f) of claim 39, preferably as in any one of
claims 39 to 62, further comprising :

increasing an output power supplied about the at least one output axis by
means of decreasing a variation of an angle between a vector of the output
angular velocity (Ww.) about the at least one output axis and a normal vector
of a frame plane, the frame plane defined as a piane which passes through
three non-linear points of a frame where the gear device, preferably motor

device is mounted in.

A method as in claim 63, further comprising :

keeping said variation less than 5 degrees.

A method as in the sections a) to f) of claim 38, preferably as in any one of
claims 39 to 64, further comprising :

increasing an output power supplied about the at least cne output axis by
means of decreasing a variation of an angile between the angular velocity
vector of the angular motion of the body about the first axis and a normal
vector of a body plane, the body plane defined as a plane which passes
through three non-linear points of the body.

A method as in claim 65, further comprising :

keeping said variation less than 5 degrees.



