WO 2009/ 127228PCT/ EP2008/ 003028 5 10 Cear device, preferably notor device
15 The present invention relates to a gear device, preferably a notor

devi ce, aWO20WB7RPecifically to a gear device, preferaBCy/EPR08/00H2%i ce,

whi ch can supply output rotational power about at |east one output axis in
response to input 20rotational power about a different axis. Furthernore,
the present invention relates to a nethod of providing a rotation and to a
test device for determi nation of paraneters for design and operation of
such a gear device, preferably notor device, and a correspondi ng net hod.
25When a rotating body is acted on by a torque about an axi s perpendicul ar
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 WD 2009/ 127228PCT/ EP2008/ 003028 2 rotation. This
principle is well known in gyroscopic devices. The effect is naned
precession. It is the object of the present invention to provide an

i nprovgd gear device, 5preferably notor device which makes use of the

af orenenti oned principle, and a correspondi ng nmethod for providing rotation
by neans of said gear device, preferably notor device. This object is
sol ved by the invention through different ways which are iofornulated in
the patent clains 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 notor devices. The ways 5 to 12 and way 16 concern net hod

sol utions which are forned as nethods for providing rotation. The way 13

10

Gear device, preferably motor device

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
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i sconcerns a device solution which is forned as a test device for

determ nation of paraneters for design and operation of a gear device,

pr ef er ablWOr6@%27228vi ce according to the invention. TheP@aEP20D86H06IC®r ns a
met hod solution which is formed as a nmethod for determ nation of paraneters
for designing and operation of a gear device, preferably notor device
according to the invention. 20 The différent ways 1 to 16 are given in the
patent clains. The main clains are structured in a preanble and a
characterising part. This structure is for a hetter understanding of  the
subj ect - mdetationefl hisringiplers wetlHemawnsin 9 aseeRic devicss. 1 baweffestisiramed he

pr eanbl enﬁ}gcé&%ﬁhar acterising part does not nean that all 25features of
the preanbl e are known and all the features of the characterising part are
novel, or vice versa. The value of the features of the clains is

i ndependent, of whether they are in preanble ar in the character.ising part.

WD 2009/ 13YisABpceRiessai e 0 inventign 46 PreYidR andmnraves 9ear davice. i s

achi eved j - } b er of
ol ai m 3 P L o b e Pl
rotati on aboartrespordimg methed fert groviding mtatidre by sueanteof said geaedevwlsl y not or
devi ce cogﬁr' Si ng a %o%% mounted for a rotation about a first S5axis and a
rotation 4BBRARYIBROAAFEYIEEs 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 |east one
out put axi Brigbbidet isgeelved dyitbe inyandipartasiughmiffererdavaysevhigh@rei n t he

rotatign qf the. b 0 - 1 hi ' ' | SE:. e in the
et i i nhige inR Aol Oy ohdl yiiE R HESeriei Brdo iz 00 ' he
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 thHie vayedrtedsandwvayels Congarngtevireysdutionswdichearesformed|as9garng t he
rotation - he LT ISl i

i ncl i nat i 8419@%@92%%@9%@ taﬁ‘ék?%bﬁ‘%g}taﬁgr?ké’ﬁggﬂgﬁvﬂé@?ﬁ@?ﬂa@??% th

15 respectsdigtidgnsevhbiehand farmed ae methedg fegprevidingrotatioregfreewagri® | ess t han
90 degrees, the gear device. bei so  structured t.o enabl e a.source of
ot | Ve SpoNCElIR deuieRaien WhS SSmed 8% extesbaenige FUe B AN S abou
the first ﬁgg@;&g?%é&g%mé@héﬁ o8 g¥far'd ic,*lé%Ye@Féw n‘iclftér Bevise axis

is at an ocity greater than acritical angular’ velocity so that
a const antacsording bl tve ewentigni Hlae wayt 1doeongerne ai methaskcsaldtion Wwhiciblg t o

initiat i t . | oci t d . t t f
the T ot at TORGH eromsaeRe sarePBsugh oh fe et it il he «hi d axis
as sai d atode?agdn enslg@utr a@mcéxgﬁefemm Aot devib® dEco@ingitespechientian.i ti cal

angul ar velocity of I'ess than 20000 rounds per mnute, preferably thereby
to i nc0ease an out put power about the at 25 | east one output axis, whereby

sai d specifjic Lt r LOCT L Ve i 0 i pecific
critical afm?%¥%ﬁgéc¥sta{;g¢]g%ﬁ%§éﬁ #‘ctgk%gggﬁ &a%sgﬁo% #%wlamggﬁ%dy when
t he incli raticturednglacprebnibie ahdrssthavacterisinghpart sPeiststiueturbds facbettexi s i s
45 degrees, when the first axis passes through %Hbstanéi al | \é the centre of

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.



WO 2009/ 127228PCT/ EP2008/ 003028 4 mass of the body, when the body is
oriented such that the nonent of inertia of the body is substantially

maxi m sedWoOwhe 27328 t he body is not symretrical about aPPIT&RR0RIDIAS passes
t hrough the centre of mass of the body and which is orthogonal to the first
axi s, anmong the possible nounting orientations of 5nmounting the body on the
first axis the one is chosen that resulfs in a smaller distance between the
centre of nmass of the body and the third axis, and when a connection arm

length is Smﬂlftherrassofthe ody is less than 0.1 kg, 25 mmif
the mass J?*?et%um?cwd&m way 148 a@ﬁ@fé@rb\tW&ﬁ“é.o?%sﬁéﬂ&cgg??qrﬁin 100
kg, c) 50({5%«, I o@g}ggl kg and
10l ess tha ﬁ)o* sU@%ﬁt Qia"%gg’f%%]%ﬂ rhe masas ?P?ﬁgegg%%??ﬂsa%quﬁ&to or
greater thmwdbompkwldMGrompnsmajJt(abmwmmLHpm axsghe deardeviagi, st ance of
the intersec

ti h f t t h
third axi sorefﬁrﬁ%&¥69°t§’épﬁv@gr§?gﬁ]€r?%?lg 8%61"0‘5”3{16&{8 2 rsl%] § °L§rat ﬁ’&&oﬁm to

the 15St o and Actoldtof MGt $8ork0as R d'RstafdiPaibit AWIdlamsamee (O the
inclination axis. 15 The solution according to way 2 is achieved b[\ér means

of the sulfiretaaxisrheingrorignted avith speThie thaisiesond mxis @k amindlination 289 ow des

Feget one theapaPhg aRE Hd M Rshird RN Soreliufe e 5 WAt Lot bR B8 o™ i g
a body noypé g@af devide! pietéiably alvtor delhce tigreirithesrotdtibriof theddddynatsdiaut  a
second axis and a rotation about a third axis, the first axis being

ori ented \hethirkapedivasriseto achanae dxthe mllaﬂthmanglﬁamw%ﬁgaeplyme
Seconqoax'asto?tilgé g& tﬁehﬁoc?g?églﬁtstﬁlﬁgpgg Qge v'b(Lfl’\teé%et gﬁn‘?}?e%]sﬁ?q?ﬁcﬁﬁ'&ldwt put axis

f the'gear d pre erel otation of the
body aboutarighewhinrtte dixstsaxis isest a sslectea mch:’m‘:ttmleamgbwhm tespethtat then angl e,

nmeans 25for applying a torque to the bod abo ird axis in,a sense
of incr eaﬁeﬁﬁnﬂ FxIS Whichds gg‘?’@tﬁét%{bﬁ degEces AR %@l tgapgo c?egi{egg* & ed

ooy ens: afieRIEIE ik R RARhod or Lip A RN A 1 tbE i SR o Lo ¢
t he body alecmadihg irdinatiomangle such thaltizobelinatireamgls/af e fisst GoE0RBh 5
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 a 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



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 WO 20¢¢RR7228an 90 degrees, the gear devi ce bei ngPEH/EPRISHOINRED as to
enabl e a source of notive power to be connected to the body to cause the
body to rotate about the 5first axis, and whereby the rotation of the body
about the first axis is at an angul ar v&locity greater than a critical
angul ar velocity so that a constant or a decreasing inclination angle is
reached, therebétto initiate or increase an OUt8§{ angul ar vel oci.ty and/ or

an out put Masgabtherbadye whanthedredy isiaiientedisuctbhat the erareetef ingrtia %fﬁd/ or

P omen ¢ 1thE oty 3 bR nRhirhREE whER, AHPHbIRK Aot SniHeficabgl: 20 ©

bet ween the“vector "o or que applie 0 the third axis
and the verplanheofhith@agseptiiroaghuharcente of massadithe bddy aretwhithasi s i s

bet ween 85 degrees and 93 degrees, prefer close to. 90 degrees. If the
ool o beteoong! tiedobAx LB TOBBNIE PRsRRILEALGTrA TS IRy t he ¢ hi rd

15axi s san%ggﬁtg\’e%%%odyn oh e fistiails MBGHES tRlsBRIthat RRONS if BriARANd axi's

i s between rees egrees, prefer y ose to 90 degrees, an
out put powtistasuoe pleteeemttraitentne ohmdssaftthe bedyanduhedkird aixis, andrvgred. \Wen

t he angl e between the vectar Qf the.torque a ied to the bod out, t he
third axi sCO(EJeaﬁ%'P ey '?B?‘%'u‘é ﬁé_cmm }fttla%gqu%&%? _ Y%@?S&r}ﬁéeﬁﬁ?gi é) hi gher
than 90 degy s if tRAPNASS of thblfodyisldqual {Per greakd thain @ONKbaiid lek§ehapt at i on
of the body about the third axis in the senSe of decreasing the inclination

Sngl e canntﬁOhk@ ®tefpment if sbenphrasseofitharodyrie eatist o erareatarshan t1§0digeand
cub) eab. mpreinaiy 40 R4, FHEH) ToRani MRmdsn By B bRaT[R IE b7 oloatel”,

gear devi afanPI0BDKEWNHEreBy 8aidiedtineetibatanr levgth 8ghe disthhedofitreut at | east
one output axis, the gear device, preferably notor device conprising a body

mount ed f dntesseqSioatpaiRt el genaestionsplapg agddhe fastatiatq Bie HeAXis second
axi s and i t hird;axi 003028 6
the first qﬂéﬁ%ﬁg&% nfhg@grﬁ’r:féecg?)gdﬂ \%‘\AF"%i F\éé gi%neecm%ﬂtg ﬁ!erﬂ% cé%gga-{?l%? @?%g

i ncl i nat i canchinggreectsithe bodyrahdhas thenehiromuin distdmcedtoathiesinclorationtaris.ng t he
at | east one output axis of the gear device, preferably notor device,

whereild the rotation of the body about the third axis gives rise to a

change in fr%e?gnﬁbh %%&b%@e&gbv%y RIS by Ridlarst the lsRbieemdttdriyy body

about the t axi's In a i ncreasing I nclination altna%ée when the
first axi sclais 36. Theslbjecethattes lof claiindd® prayideswh gear depicet predenaldy second

T b e P Ro R R Pl o VB B CB R oS, T
decr easi ngydvid, iphefer My SR devicd ddmibrising ai Byl Mauh &Y fanal retatfort Atsodti r st
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



lo axis with respect to the second axis remains greater than 0 degrees and
| ess than 90 degrees, the gear device being so structured as to enable a
source ofwARPINIE7328wer to be connected to the body to cRGTEPRINS/OPINAY t o
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 angul ar

vel ocity so that a constant or a 15decréasing inclination angle is reached,
thereby to initiate or increase an output angular velocity and/ or an out put
torque of the raotation of the hody apout the second axis and/qr, about the
third axi seasesfidecreasing diclipationang S%h%‘,atfflﬁ't”ﬁlé’ﬂa%hﬁ?g'? éh%ﬂéstor mor e
sensors faf; L I ; f 1 ters:
he ot at i i SRR PoRR B HE BeEbnd aRistortat poRatt o) KUt AR B e thi rd
axi s, the thang@0adegreesctheygesr delvecer neing isorstaloturedtdsstof ématile asaure@df or t he

d [ d/ t t hird i,s, .th it f th d d h
B oo Kol Bovweh ok e k3o theBoR Thicethe e his PO PGB hhEY ¢ e
rotatign gheudyis ehd ihetetfihe RBHAT of the bRIGUBbLIS fit & istdiant hi rd axi s,
a force. 25 The solution dccording to way 4°is achi eved by neans of the

subj ect - nengalarofeletityi gnealer thap ascrifjcat anguwlar ¥elogity sbdhat 3copstent aee a gear

devi , f bl v.mt or. devige. f Ldi i I
oot put awiGEcTedang singlioR @R suRReREF hatdty, toahFhlecB: Bt se b bl 4"
mount ed f Ginqul&0lAsignamiBHEN VD AABRIEZFARERETHIBR2FARE BRAY2bolt thd | T St

axis and a rotation about a second axis and a rotation about a third axis,
the first secosdigxinandior aheutithg thirdraxipas saidat pastsene adtPalkpsisat an

inclinati i / t L axi isng the
a1 eal Qmetall B Srife BEGRELR B 3o 0P e SRane abIc e At
wher ei n t ltae thirdiakignarmd tHeheedidootthemutputt dreyuld vedoeity sb@itthe seicord taxisa
change in the inclination angle, neans for apglwi ng a &gr%ue to the body
about t he i Refweek B3 dagrees and &34eqraes Jusfeigolyirse o e when the
first axis is at a selected inclination angle with respect to the second

axis which is greater than 0 degrees and | ess than 90 degrees, and neans
for |imtilhthe drgle dichveen thd vetter bbthe tabque applied td the kodysabhoutdhe dkiethse of

decreasing i.nclination angle such that the inclinatjon angle of .the first
i s vt h i At e uSFioE CE b, APl paSY ek pincs PLARLI SR Al it s and
l'ess than RAwded'srdeqrbBS 29993 deyices, PRIfEMbHPCIDEE Y6100 Rshrags t4h sOplte a
source of notive power to be connected to the body to cause the body to

rot at e abqawersupplied abaut $e ahi¢aghene bytput @xisos drereased. \Mhensbaanaiut t he

vel oci vy S5RED B8 vEREPSINHY ofuBEbblad i FRiehod Aot b AxLATL co.

t hereby t aapgphetitéfcieofedtdl pastheutputt ravtiomgetonis Nigherthian adidegress) out put
torque of the rotation of the body about the second axis and/or about the
t hi rd 28xi $£v&9 ikthednglinationsanglads sangant. dhe sotatign of e bedyAbsthihetbifs f or
mechani cal It d t ! ay= eToTNY AN F%d i nation axis
in both se"’{r%(ls{se,srII @gt%éve}%ﬁ %ﬁ%&%&'#‘?@?%&?{g@é&sgmg andogﬁsusg(gbr

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,



limt angle value and neans for adjusting these Iimt angle values during

t he operation of the gear device, preferably notor device to a chosen | ower
limt angWe 20eW12@28i gher than O degrees and | ower than ®OTHPI8H830aHd an
upper limt angle value higher than the chosen lower |imt angle value and
| ower than 2590 degrees. The sol ution accor ding to way 5 is achieved by
means of the subject-matter of clai m 39% The subject matter of claim39
provides a nmethod of providing rotation WD 2009/127228PCT/ EP2008/ 003028 8
about at |east one output axis, &eferabl y about at | east one output axis

of a gear B@\flr%teax'i)péff@r%mﬁ'}ﬁeﬁ&' regeericd; thermechBe R BLAHINANAKEN nount i ng
a body for tge%na@a& gﬁdfor'iﬁé %l@'&gnéﬂthﬂﬁ@tﬁé’at Pe%e%nég% nd axis

and a rota out axi s rst axis being oriente
respect toaxmef tmcgrmi' device qirefmabiynnbﬁomahevm whefrain theeotaelonmcﬂtlafxl s and/ or
the third axjs COI’leItU.tIn ast ,one wherein the

he at
ocatton dodnabadbe Mt atisrives it aaicoapae 8 4 nglinetion BRae BEARS he
i nclinati %ggpgflyﬁwgné fruens tﬁ@%oeg%oﬁbmthﬁr@%ilé iS4 s@ﬁsé oRinct8agingul ar

vel ocity gr an a critical angular velocity, applying a torque to the
body aboutmclmsat'tohuarcglamrnen hhleaﬁrstaaose |saataaele@&z;1 mglinaton aagleowthangl e when
the lofirst aX|st tﬁ 5 | ect dInCI 'on@ggle with ptﬁg @othe
second axi'€SRAFIA §56F8a &S Walk dsgé%% 85 all, 859383[?:%% érg and
limting tdeyrees adndPmedinstfBelimamy heabtatioReofithe bddpdbdut thetHitneds @f a
decreasing inclination angle such that the inclination angle of the first

axi s wit h senspftdacseasiag swdioationansgle syall et thenctinationangleqddhe &isstand

oo o 12" s A S ReraR shE Fechnd AR AMaiRY sfediBl REIG LGRS G AL O

angle SrEhse 5N o

vel ocity aRdh®@0 @egredspthie dex rqi&ncﬁaf bélhg sbcﬁtﬂidtmdcﬁs thendisidya sduooe of he
second axis and/or about the third axis as said at | east one outgut axi s

wher eby t HBOHY¥E REWET iR PR&ONABAIRT; l9dhe bodydo £agsayhe Ay 4o Eplate abeutthet i cal

I t hereb
01 ner enqroeateRi) WEETEOLER SR OPHEIDEIHS Frst P SR winer ooy

sai d speméngnlarrvélocnty gmageﬂ than\eetritwat gngsladeélomiyl saghaba lconstant beaspeci fic
critical uI ar, vel he cri ul ar. I ocity of the when
Che | Bl 1 abreating indgtibn mbolq Rebached e odnikle BF nderte AR RutEl < '1's
45 degree%n%é% ey‘ér'iélbr %ﬁ'&tﬁ@ﬁ%ﬁilé BFtﬂéQBtaiié*hséf%ﬁé'b%Jd Yagdig tigent r e of

mass of the iIs oriented 25 such that the nmonent of
inertia ofsetdcvedtamg/and/omlbguhﬂte thindyaxisas saickat leapleone patpuh@xisofyrther not

symmetri cal about a _pl ane which e of the
body. and \ATGR 9180 3B BBRL ST PRISTRebt iy Vales of SPEicE BaeBERe  rount i ng
orientati %ﬁo@fng?ét@hélérst ke Ragdio® BbbOEthei first aﬂslaﬁdld‘rethersecbﬁd elkizsen WO
2009/ 127228PCT/ 08/ 003028 9 that results in a snaller distance between

t he celt r canst/onthesthisel axife the @podlad velresity if the estation ahaubenfirgt 8¥8nect i on
arm | engt %Hd?*)%%&%@@d'dfa)&?gn th&thifd 58! {}% t'l(ﬁ?@f @[\réﬁtébcg/n%n#@r gy 25 mm

if the mass © |seu to or grea ssS t han
100 kg, C)flrEDa)ﬁmalnﬂ/dthe rmESnOfaxtéwndD’od;he thirdcpad, 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



5 or greater than 100 kg and | ess than 1000 kg, and d) 100 mmif the mass
of the body is equal to or greater than 1000 kg, whereby said connection
arm | engtW0i280%1K3&228i st ance of the intersection point of PRTEFAMHWEOHI3H pl ane
and the first axis to the third axis, whereby said connection plane is a

pl ane which is orthogonal to the first axis and intersects the body and has
the mini mum distance to the ioinclinati 6n axis. The sol ution accor di ng to
way 6 is achieved by nmeans of the subject-matter of claim57. The subject
matter of claim57 provides a ,nmethod of providing rotation about at |east
one out putd et axisFN a relstion about asecopd axis,ard dUelalonghut & t?‘é{dl ar

devi ce. PR Frabls BB orfkNed Hith! B8pET 1BAHe SREBRY BxWat AP Hitihaford body for
a rotation about 'a TIrst axis and a rotation about a second axis and a
rotation angle, thetseicodd @axissand/betHe third axis sobstitutingtheat ledstwoé outect to

the second axi s at an jnclinatjon angle, the second is and/or the third
axi s constht'%?FW& qg queeg?#%%@y6&?"8[,{19&5??5‘/\’%%?gﬁ% r ?tﬁgoP(S’E 8 on of the
bodyaout(;d")yea ith | [ ' li hatel higgdnison
angl e; tgr otbat I ngﬁt téﬁ%?ﬁ{/&gﬁ%%@h@sé %fgtCHgQ?g@ﬁﬁcgﬁ%%ﬁ?. @gf oci ti

great er tHanapplyingta teruergdivebodylabout the thirglaxisith a seose oéincseasied body

about the.third axis,in,a nse ,of .i ncr.easi i Lj. i 0 .2 when the
first axi gn%:]gm 'Pna?r%? &'&eé’(sntﬁﬁﬁm RN fso%t %%%qégt#ﬁﬁw%&"eg?&g%'ﬁhe second
axi s whi chebge@tahe cetbid aRisdfBicRas grstiet Bm O Hagreds staglcdethandd | initing
the rotation of 25the body about the third axis in a sense of decreasing

i ncl i nat i slegiegs canslmeansder imiingribeiratatios ofdng Pedy@boybthe thitd axis ¥ @i t h
t i 5. Fenpi | han 90
Gogredy. ' SaR T HERReadl MAif RO BadleCaldH nal ik AcifaiiPandR e first 100 .

t her eby t axigiwvithabspext tonise sasendaxisiremains Y@ RO0MahAY d2grREs airPRe8/ 003028
10 angul ar vel gcity and/or an output torque of tge rotati Cfn of the gody

about t he_tBéB&Qcp%(Pgsdﬁﬂlgﬂar%iﬁe heig s is(tﬂ{céy{p aéstos%ﬁ‘ﬁ’ @@ $YUSE Obne
output axifoliiebewr {chse%thefrizehbtbttﬁérboegrrgrchagé tRe Bby R rdtife ABGGIReL O T he

body about d axis at least partl y nmeans o wel ght of the
body. 5 THistsatisitarchwheoabydihegotationoyf theitodycticar éhe bxst @mxinis adfant he

bj ect - mat t f claimb58. .Th ject matt f clajmb8 id
ot hodSof BIGNASIE Bidetes dndnaantal paddr Sriothy Spibala LRt B PER b1
about at 'dcféé?éaQﬁ ifinaHSn FRigle RireBcHER thERBYR. inBibeS 6F Meteadiawbugfiti ce,

the nmethod conprisSing: nounting a body 10for "a rotation about a first axis
and a r ot ariguarastocitysandiooad casp taraueoftbedotationafdbe badyrabogtthe s, t he

first axis_ bei oriented, w r ect i Ngl i nation
angle, t hese§88§%d('sa§?g} °5ﬁ‘8P8f pr}ehtglﬁﬁtﬁ%sdéé?&%@e%@ﬁé?tr&u{l%%u? %é%a{drpgéarst one
out put  axigempin§imedrisefof eigdhamically linfiind iy ratben of the body dbeutithegi ves
rise to a change in the inclination angle; rotating the body about the
first 24xi gnelination 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



15 an angul ar velocity greater than a critical angular velocity; applying a
torque to the body about the third axis in a sense of increasing

i ncl i nat iI\UA 2809gI28228hen the first axis is at a sel ected PAREIEPABIOBIN2:NGI e
with respect to the second axis which is greater than 0 degrees and | ess
than 90 degrees; and limting the rotation of the body about the third axis
in a sense of decreasing inclination anéle such 20that the inclination
angle of the first axis with respect to the second axis renains greater
than O degrees and | ess than 9Q degrees, so t aﬁ a constant. or, decrea3|ng

i ncl i nat i APWAGH east oneRuiRet a’f'ﬁé?’@f?;fa%! ahqutiad Q@%P”Fr@’rtﬁ'éts%x'%ﬁ 8ut put
angul ar Vﬁe‘%ﬁ"ote\(/ icd) ré‘frer%ﬂln%tﬁ\"ﬁe& Eaite rﬂEtﬁdBecérﬂBﬁélh@nn%funmﬁ RSy about

t he second® axi s and/or rd axis as sal [ east one out’put
axi s wher ey a2btdtienratidutad first axierandoanpotaties abeataseognd alxiseandbé rotadioor nor e

of the follow n raneter t he otat on. abo the fi axi s ndlor t he
second am%baﬁﬁ %Fr s, tth??'éstz%&'% e'f‘ﬁé)lr Lﬁ’\féﬁ%?tt@sth? s)éﬁgn 5 3ton

about the i t he
it on i Rlin@drPafiafy) fe Lberpesetnat harH O herlioes e

11 and/ or least crexzoutpubaiis, wherein thegotation of the body Aboubthguthirdfaxishgivest at i on
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of 5clai m&aPandinar %'II%ICR?bréB?tbF fHarPh cﬁh@él@n’é%ld?ﬁié!ééi@s applyRidado@iuerbovi di ng

rotation about™ at |east” one output axis, preferably about at |east one
out put axitbedfody ajsut tlmemlrsieampn@ﬁmawfmr@asmgvn@l@atlpneanﬁé@ Mé&en the

o at i On dsalPUE s Ba TeRed Itfinfus bR Rellnc® s HeSeftliefa®iton ;
axi s bei ngs giré#tet ethnd idegresacd ldss thha SDedeyrdesxarnd amum@then@katmt ofon
angle, the second axis and/or the third aX| s constituyting the at | east one

out put axite beslyrahaut the thigt axis 4magensgof slegieagiRg indinatiomapglessyd gi ves
rise to a i I

firat axi Shap raincdeh afip oFle A 3R it [Eudtict R oty alppbinal e 1y
appl! yi ng agrbateIUBamO ddyrebsdnddéessithanh@0 dhglrecésasoshatra aosstapktoné i ncreasing
inclinatio |.e when ijhe 15|rst aﬁé'segiy gq(;tedinclinatigontangle
W th dspdRCeasiiasTBabR A isrched sherdin & MRl o eer e an ShPUtase
than 90 d%  velBet g) Aok af Juitsut ekdld Qﬁhgfroié’t%nt&qﬁewtaﬁdm théri rd axis

in a sense ecrea ing inclination angle such that the inclination angl e
of the fi rescoadiaximand/or ebpetthe thirdaxis assaifl aklesst emmputpul axis whetehyn 0

ml Enat | QRedyenet anpteHaaNSERupREyA PR%y R SedBho Bl ZRENH 51 Dl

angul ar veleh6dityyofaass eHarp20000 P3lindsqpetifinate, tﬂ‘r@fér@bl@tthél‘ewftotlherebeé)anabout
t he second axi s and/or about the third axis as said at | east._one out put

axi s, hheraput pewekabed thaat ﬂeast@@@muteetsamcwhwe@mwd sPafific ﬁgtleaie

o2t on lnd g g R ekl RS o p S BuRE USRI e

whi | e pr oviriticabarigulat velacidy bf th@ body when the inclination angle of the first aX|s
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



operation of the gear device, preferably notor device, these limt angle
values to a chosen lower Iimt angle value higher than O degrees and | ower
than 90 WO20Q0QI287228PCT/ EP2008/ 003028 12 degr ees and PEH/ERRES003028 t
angl e val ue higher than the chosen lower |imt angle value and | ower than
90 degrees. The solution according to way 9 is achieved by nmeans of the
subj ect-matter of 5claim60. The subjec? matter of claim60 provides a

nmet hod of providing rotation about at |east one output axis, preferably

about at | east one output axis of a gear device, preferably notor device,
t he met hodhabrasuitsiimg: sragliaidisignee Bsbyeemthexceniiepf aressiRbdbe Rodyand” axi <
and a rot a},LqRn: t ' h I; ; | b s, the
first axi anpdfind a8 aReiaRand Bhhachiafnehdhiiga) SIAH f re st dhihe

i ncl i nati dsodyniglless tham &.ddagnd) 26i mmaifitHeomaskofthe bddpxs equaltstartgreatey t he

at | east one ou% put e&i s, .wherejn the | about the third
I635 421 109

axi s gi vedhandkl £g ap dran 109 kg, F)néé ?T,E»{gtié %‘E ’gfﬁﬁé B?th%gé%{ $LYR Body

about tshe (grip%rﬁété?%én%o mmﬁghgﬁggeg%%eq@ewodmﬁmif%éhﬁawsc@dthangul ar

vel ocity; ying a torque to th t the third axis in a sense of
i ncr easi ngpodycisieratal tmongrgatevthan 1009 Kghwherebysaid connmctiansarielength is

I nclination apgle w respect,.to th econd axi s ich i .eater .than O
degr ees areidiaanch ohths riEiaPEURT PaIG of Aropnagtomes snd PRt BRE thoay
about the thBithld %&Is?WHér@b)ﬁ%i%lQ:dﬁne@ﬁéﬁ PRI d prRneRAMitRTs arBbgosalad t hat
the inclination angle of the first axis with respect to the second axis
remai ns grtbetfisst axiaand integsents thebody 8ad hesrthe aninbgumcdistangettidbe a const ant
or a 20decreasi inclination angle is reached, thereby to initiate or

i ncrea¥e dﬂcﬁlﬁt%&é)ﬁ%gul ar 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
| east one out put axis, whereby the nethod further congri ses increasing an

out put powkie selyPN agcarsing te Way is|achigvestiey BRANSIOTARE SUBipChEAter &
O o nd e 158 DRV S hACsTL(id ¥s0) by aige
subj ect - nedirt ableast @ne diitpuflinds spreferablyratidut at tfast loaeroBputpaxisioflas a
et hOdl SOf gperaorvcje%iicrzaq prrg e?éél? rgnotor 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 90 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



WO 2009/ 127228PCT/ EP2008/ 003028 13 about at |east one output axis,
preferably about at |east one output axis of a gear device, preferably

not or dewvoepodie22set hod conpri sing: nounting a body forca/Epedostdmes 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/W the third axis constituting the
at | east 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 t he dnguar wloctyaand{ar andutput toequscot thegptatioarofithamogdyataut &k  angul ar

!t eas ngacnotiah AalfRr APyt et ifietBts of SplY adigfst ohe Hyfblh BslufadBY o ©

i ncli nat i aRean@thedWuither €smpfited caﬁdmnc?‘_m@m_}qaes its thdbebly iabogt #hal tirdt han 0
degrees and | ess than 90 degrees; and [imting the rotation of the body

about t he @¥tis Atileast paitly by meass aftheiueigd af 4e PAEYi nati on angl e such that
the i n%l i nation angle of the first axis with respect to the second axis
remai ns greater than 0 degrees and | ess than 90 degrees, so that a constant
or a l15decTieasoloton actorting towagd i8 dchigveaicherheansasfehy subjechimatarefor

i NnCrease an _outgut angul ar vel oci t%nﬁ or an out uE_l tor%ue .g,f the rotation
of the bodiighed: I eeeubiech matieriof claimy 5t Prayidas @ Reetpad of PrayidingJotation o

| east one ' ; rd ' sing an
out put pov\afeﬂrrbt L@%Ebﬁ%egng%{)ﬁ%xé,gﬁ © egtg?%ogn%mtgﬂﬁ)atﬁ %ggidstﬁ ?/t éfr)ggggaof

decr easi ngyeandavice, ipoefecdblpma@or deaygice, thetmethodacoroprisingyeountingfa kody r st

frame plane and normal vector. of a second fra | ane, the frane,plane
def | nell adonagPtatan At s xS B ifians abofib sPPARdRxisnd & TBRMBNT T ame
where the gRafk aARHGis, IRE Fitstads/ baRb Wrichfed GithiréspBetbaRe isBcord BRR at
solution according to way 11 is achi eved by neans of the subject-matter of

cl ai m 63. arhinclindjiacangtet the segonsl axisnaed/qirtbe thied axismanstitutiong the@ki di ng

out put _axi 580 oUERT by BuBrR the Rigfion B bR BpB0CHe Mg i bveRe
CONpri si Najseoud Ehalig@irPBRYinciMAtRAM IS REARGTHERIRBAIBARARS fitst £x0s at

rotation about a first axis and a rotation about a _second axis and a
rotatildn =bangwat uelpgitygreatet thansa egticalangulasiviede@ly; aRping @ terauedpect to

the Seconqhg)ﬂoﬁyaatbout 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 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 less than 90 degrees, so that a constant or a
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

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/or the

second axis and/or the third axis, the position of the body and/or the first axis



an inclination angle, the second axis and/or the third axis constituting
the at | east one output axis, wherein the rotation of the body about the
third axiWogreweR7228 rise to a change in the inclinationP&ldP2908/0630a8 i ng t he
body about the first axis at an angular velocity greater than a criti cal
angul ar 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 sel ected
inclination angle with respect to the second axis which is greater than 0

degrees and | ess than 90 degre and |imting the r n of 10t he body
2bout ¢ he ANl/pEine3arond xS Sngbrshe dust adsi g toFia pEiedRalian ebaudie hat

the incli r the second axis
remai ns g?@% %ﬁs%ﬁgn %§%E§g§ gﬁ%a@ggguﬁ%ﬁﬂuégagggﬁggg so that a constant
or a decreasing |ncI|nat|on angl e is reached, thereby toinitiate or

i ncrease out

of the bodihesel 59%2 e S A SRR IRl 1 5 L

| east gne é?é'uh’PBQ §ub}g&f rtd?@arrﬁ.téy)Erd‘vwéshs?né%ﬁaardf%?@wumgrr@ea%ndm an
out put power supp ut t at | east one output axis by neans of

decr easi ngakout at ileast oneafutput aaxlg,l wef&rahbreabwt\aédﬂaat ook quipulbaxipof aangul ar
vel ocity about, K the at

ol ane, 1 ncatAlginyGa, Arerelany sRaon 3R B AR oo BRE R b G e o T

non- | i nearfopairBtatiodf alfbt faAfiret #kis aidt ) FotBBEm adeut & @ecOn@bRisadnd/ ametationdevi ce
is nmounted in. The solution according is achieved by neans of the

subj ect - meakat aothirg|axisntse flrstraea%tagqngcquamg wthcﬂesee@ﬁ ttBe sgeend gxis af

met hod, of t ref erably
Sbout ¢ 4L GRS, BEYS: R saRPYNs Bholi3RL LARP AR dlisHRn @R 01 20
t he nmet hodegstgrie supat amumnier@nahémdmubnrofme bbdy mboutitheuthird dxis giveaxi s
and a rotation about a second axis and a rotation about a hhlrd axis, the

first axi Jisseion changsinethenelingtionangle; wtatng ahout the firgigxis at
2009/ 127228PL L GEPIORCAD 3PeRte! haifla LRI RHAURAL RASLISy o gﬁ,t@es@&%u@%bs

and/ or the axis c ting t east one ou axi s, wherein
t he rotatithe tm‘dytertmmdﬂd@'trattbamnma sdmsecbfamreagmgesclmamentangie wiir@ngtdei n t he

inclinati : t the b bout. the fi t t I
vel oc By ebeds 4 Ak Selacted Incinatioranale wist ERamest R oo s RN o
St he body iglapstitel Bfarf Oidedréed 8nd esd liped a%%rbesrmnmmgmel r@@éudmofangl e

when the first axis Is at” a selected inclination angle with respect to the
second axnhe\ktuctyrabwtgm@mlwaxmamma(sem@grcé@tecseaﬁlm@whnamn a0g@espdbes; and

decr oasi ng eI AEETUIPTLAA e LB TN A T oA s s oy RF Pemaing

axi s W'th% reaReehah 0 déy?eég@madegs(trfarfmegv%etsowrtle@ttaabonétant r degrees and
| ess than 90 degrees, so that a constant or a decreasing inclination angl e

isr ea&@heorieqrﬁwegyn@@atlﬁntar@ﬂ%lsmeaphw dhseetyntognitigir origIRaSe R CHERUty
and or abdtIelev 6 Bhngbr eOUSAIAL Sk BIARTLHAS tock IR 2\ 2
met hod f urddvonhdcanigand®s aboat testhid axis asispid aleast orseipptput dixis,
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 lower limit angle value higher than 0 degrees and lower than 90



15about the at |east one output axis by neans of decreasing a variation of
an angl e between the angul ar velocity vector of the angular notion of the
body abowvothe/f2rn2st axi s and a normal vector of a body ppiraregostobmbody

pl ane defined as a plane whi ch passes through three non-1linear points of

t he body. 20 The solution according to way 13 is achi eved by neans of the
subj ect-matter of claim67. The subject!2mtter of claim67 provides a test
device for determ nation of paraneters for design and operation of a gear
device, preferably notor device, whereby the gear device, preferably notor
devi ce corgrdrees aad asuuprer lsnhangleeyaige Highedthar melbesen lawet ligwt angler

cradle, a spin_axis. hej r tional 25 axis of a body which is

rot at ably Vﬂ?lr'%ﬁagd()\fvﬁ?g%%i %ggbc SRl e, and an inclination axis

per pendi cul ar to the output shaft, whereby the spin axis is rotatable
formng an_inclination angle between the spin axis and the output shaft,
the spin am%SO'Slt'PGiaﬁPPSﬂ'%Q)mw&'svﬁqmﬁ\@&ﬂmeaéﬁ&féh?(§P§lﬁ9t'i”§a%ﬁ5pﬂfi ed
about the | kRt ' P ; : Lest
Gevi ce *corg o he SyfcT mateP et B o RGeS B s Arefiadd ot

vertical cabquitat $ustioneaoutpunaxis, prefarablyi dbdtrag least onetoudpal axigiof aof a body
which is supported on the spin axis, an incli raati on axis which is
per pendi c AR deyiGen Preferakly Mo dgigectlie methad cepRrisingeMOMNENg 8 RoG¥r ni ng

an incli “%iraf}oﬁmh%b%tn%tﬁnﬁ?axi&%ds%&aﬁé.p‘%banfiaﬁetegﬁzgﬂam_ta | afrbiatisher eby

t he body can be eccentrically arranged wth regar he inclination axis
wher eby a alorgma thirchaodis, dhé dingftadxis bein@ driented with. reSphectdolthe isesond @xisdatng t o

way 14 is achi eved by neaps of the subject- ter of iocl.ai.m68. The

oubj ectd et BYCTERURH Andleolhe:FerATHLaTS RBLdAE HOrd aReSReHag Bt

par amet er Seh&f oS LIk Blis2 WhePHRtAE IrfAtiBh oF tISE BB ABbAEthelthfiahddhiveBDt or
devi ce, whereby the gear device, preferably notor device conprises an

out put shaise toed sharge indthe ielinatianeangle: ptatindthedrody abivw the fisgti axiart s

cradte. ol NSWALKERERY ShedePHinha Bhfich b Hletvints RBPRRHER e """

wher eby t hBe:didy ot the tHiat akislm a demseiofin@eakinglincitiadtion anylé evhesttiveen t he
spin axis and the output shaft, the spin axis is jointly connected with a
body, '¥nd fist axigigal 8 sglasted mcinalien angle; with resaachie tha secandeaddpWhith t est
devi ce as I 7nl é@?ﬁ u ; i idnhgs body
about the 'é |r§1ét§;r<ﬂaq}(s) agr%%j%@&?eo I ?E?roeﬁbr\%g U%a@c,ﬁ “mia@g@)t?yrtoﬁéélre I's 20a
det er m nattherbddgrabeast thethitchaxidiih besemse of alecesasihg irfotinatidre aagdieusitald angul ar

locity i ter | t it | | |l ocity h f
EE ey R T e
axis. The %Sr@btgr'tﬁ‘a"n @Qf%@;’rgé@%nhq%wﬁla%o 8edfdtisC¥8thda BBRSanPbr Ahe

subj ect-natter of 25clal m69. The subject Tatter of claim®69 provides a
gear dmevi cdgcreasingirdlingtiootanglalisvieashed dherglyvtodnitigte ot ncreaseadooutpitt | east

o Firot " adip eIt 475 Sn it ULk ARa P e 3he by A Bt T
third axi ssedoff dxig Ghd@¥iabobEtHothidi £ ¢ seid &t 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  the 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



WO 2009/ 127228PCT/ EP2008/ 003028 17 respect to the second axis at an
inclination angle, the second axis constituting the output axis of said
devi ce, VWNOR280M2{138 rotation of the body about the thir&Ca¥P00§i00W38ri se to
a change in the inclination angle, neans for applying a torque to the body
about the third axis in a sense of increasing inclination angle when 5the
first axis is at a selected incIinationBangIe W th respect to the second
axis which is greater than 0 degrees and | ess than 90 degrees, and neans

for limting the rotation of the bo oyt the third axis in.a sense of
decr easi ngangma,t ipast gRe AP %’ﬁ%rpf?%ﬁg@r?i%@l?#% CBR AUHBYERHS Ofﬁe first

axis wth %e%?g%giceeté?réfggallﬁﬁ%g&gr axlice! BEEhBEIY &thpfisih aﬁwo@nﬂﬁggaﬁlgtﬁﬁl)gng

| ess than evi ce being so structuréd as to _
sour ce of fopairgtatipavebout @ first axiamadtatation Bbobbal gecond axiscancha rotatipnt o

rotate aboyt the first IS, .and whereby the rotation  of the bo about the
firot axi Shot & ini s de Frerdi Pepogrenel WifRsasd Bint apedng

vel oCi by st fefhatforFaRgeaie S8cohddPas 8ARIdHInS MGild BRI MsBRMING the dteached,
thereby to initiate or increase an output angul ar 15vel ocity and/or an

out put t orlgast afe ohiput exist wherein thécotatidp ofitribody absutthedthiidiaxis giveseby a
| oad applied to the third axis i,s used as.the limnti when .
inclinati df‘?‘eatﬁgq 8“?@%&&1 a'E'PﬁbatEOS %@q?'oroééﬂ%ﬁe%%%%%gﬁéf e&%?ﬁd
axis. 20 Tireap@hlak '\/@m_cnpg@é@lbﬂmm weitical Gngslakilevigd applyipa touettoe

subject-matter of claim /0. The subject nmatter of claim 70 provides a
met hod of thedadyiahput thethishaxisdue senseaddncreasinginglinatigiangle Mberdhgod

conpri Si ng. I Ak i . i i potation
Soont B SuBPARE I 4 sBRtYed loiafich BhofSTwitp fakngs d fre odbrit SR L1 O
ori ent ed Visigheates fret 0 degirdes ard (33 than 90adegtbes; amd limitatg the ratation, oft he
second axis and/or the third axis constituting the'm%:l | east © t put

axi s, mhertéﬁrbogdﬁeaq%'tté'ﬁ HWdo?X'FHéatﬁ?@feéﬁG’@PrQQ?éng ination §n§{é$%oéc ise to a
change in tﬁQFﬁHer\ﬁHir{E’lfdnoé’heq?}@%%e fifdk %&fs_rWitrf hes gerelYo ﬁ@f@cdﬁ&ea)fi!; r&hhafhd S at

an angul ar vel ocity great an a critical angular velocity, applying a

t or que t o gregtez@oan DaEReCahERREDBYaD0BDA8gER st ke thatdy cahstant oha t hird axi s
in a sense, of increasing inclination angle en the first axis is at .a

sel ectléd iqﬁ,qr?%%{f'wﬁ'gﬁ pa e\ﬂﬁi%'srrgéﬁlé%q'%Sr‘%g}(et_os'_aﬁ'af'ﬁjobﬁcée%ﬁ 2h OPEDLﬁr eat er
than 0 degipfitariilodigiand/batn YUARI6RRE ofRE rbtdtiohl dTtht Ibody Gibdiut &t of t he
body about the third axis in a sense of decreasing inclination angle such
5t hat t he sesondraxis and/engbeubthe: thirdfaxisas sridkatieast ene putput @Xis; he second

i i .and. | . by t
i ac o oneraey € a8l iR S Sy Bl e A s B O e o
the rotatigyoudthd BeldaetyneRutibutidis B evsthsaof dacrebsingiavdriationesfrard f urt her
conprises extracting power about the third axis by Ii1mting the raotation of

the body ansle betweemameranal yeetqr oha 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
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 comprising: mounting a body



t osense of decreasing inclination angle when the inclination angle is
decreasi ng. Concerning the ways 15 and 16, the follow ng can be said: Wen
t he devi cwoi2s0%2712Be regi me state, it is provided that Prhe/EPNSN03038
generated about the third axis by limting the rotation of the body about
the third axis using an output |load. 15 Wile power is generated about the
third axis, the body rotates about the third axis in the sense of
decreasing the inclination angle. This nmethod only can be used when the
inclination angle is between O degrees and 90 degrees. For the continuity
of this mefohaedotatisaraban@dirgt axistang alratatior abopbaisegend Biis and strofadionod:

ower is ner.ated .about, the third axis.b i tin tati he
body. aboutaot e - dnp St Babestiented WibiqeStat Beh8 saepal a8k 4t he
i nclinati ogn Megh&tidrsahgle! GRsescdnd axiglandrgt theehif®bsis suhstifutingetheedy about
t he second axis using an output | oad or a brake mechanism By repeating
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body aboutard hegsiat o8ldciy igseateptiean & Sritical)argrianaliecityabpplyinda tofjuectoaxi s.
When an output |oad is used instead of tr}e brake nmechanismfor lLim¢ting the
rotation dheindyraptibethird aws dvasanss,qtdncrgasiBe Inglinatio an %M%‘ll‘ﬁ'ebot h
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the i 9t orfngiacaatiiiins e s it ecserive st iesreas e I BRLeT GROBr SHafe body
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the first period, the pressurised air is transferred to a turbine. So power
i s gener atgréatey than Srdegreesanddess than 9hdegeaesndo teat agonstagtor aed as t he
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10punp fromoutside. This period is also considered as the intake period of
t he pulfp. SEf®Ngeis gadiof @bopt Brecthing| axisas saidieblpast org optPUi I8, as a gear
devi ce an i i oot rm.- RSt not  be
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ener gy, Susboudsheaghksst one outputraxis bpmedrecofrdecreasing.a veiationt dfeart er m
"notor" is rather to be understood as a ra?at or  that convert?ler;es?hani cal

energy to FRLRREIVEEN arvectyr of the output angular velocity about the a 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 65. 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



simlar to a hydraulic notor. Wen referring in this text to a gear device,
this termis to be understood as conprising a gear device, preferably notor
devi ce. 2OPPY/i2M28nt ors of the present invention have PEUAR2908403028%hen t he
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 bel Bw as 25i nclination angle) to the
axis of rotation of the body, and (b) athird axis (also referred to

bel ow as the inclination axis) whjch is substantial] er.pendicular to both
Che 111t ainincaebamiangies e sesosbens snakuos AEb o csHBANSINEI
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value, this 5applied tgrque gives rise to a reaction torgue of a ni t ude
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as to decrfgataxislieat aselacied inclinatipre anglewsitle respeict tthe serand axis athich t he

inclination axis i,s |limted, e. by, me pi cal _me . d of
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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 cradle, 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,



sense so as to increase the magnitude of the acute angle gives rise nerely
to a corresponding rotation of the first axis about the inclination axis in
t he senseweao@si2tn28i ncrease the inclination angle. (ii) pcii/APh@soosdysi s
caused to rotate at an angular velocity (= rotational speed) 25which is

|l ess than a critical angular velocity (= critical rotational speed), there
are two resulting rotations of the firsté 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, WO
2009/ 1272 28pdesERocBroueoismgaan putput xisecanstituting a langitydingh aghs afie i rst

axi s about_ t S | S. I.S: & £ . j . . he
rotati onalvegﬁg%l(f%gﬁ &%%ﬁi’m %'rseéingsg'?mlrﬁegE%gﬂegﬁ%f&%ﬁ g?ﬁggvo\q"ﬁ?ﬂﬁe{'fi rst
axi s aboutsupporiedicdn tHd $pin a3dd, andaclirefivesaxismbics perpeapieathrad thet at i on of
the first axis about the 5second axis increases. (iij)\Wen the rotational
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the rotati t k e axd i e i's now no
| onger Sanygé}g}téfgpitﬁﬁ S@H ?%'ga%{ldrstgt@%au&%lt a (gﬁt tﬁgb?ﬁﬁc P(r)lg*li&gﬁrbg(i s. 10(iv)If
t he body iecoemtricallytavranyfeat witlaregardaodhe #nclination akis whenebytahlever atrax|
angul ar vel fcit%, 'Bger are again tw rotations of the first axis, i.e.
about bot @ ERGtR & 1XM&dand 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 Thé solutibn atsoating tawayeldisiachievest by meansaof thesubject-gnattareoft o

id ful ti | (= .ot ) tt d [ d th
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the gear O@yriaﬁ%teﬂsffomes%ﬂmg hisd OPERARMNLSF J géart deBb® Wretdrablyi mbdtoraxi s at an
angul ar vel ocity above 20the critical angul ar velocity, the gear device
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may be cha cti've angdl ar "vél ocih asrespec e

torque. | miastatbeeybesizhiis retatsbdgatranged & anabeartcradle, Bndwn axlisatatn an
angul ar velocity above the critical angular velocity, .the ZSrBIﬂe]lgi on of the
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nmotion is also referred to as reaction speed. The torque of the reaction
motion is jalmly comhecteadwitio aadsodye acdi atorqoe iuuapplied about the inclination axis,

whereby the test device as in claim 67 is used and whereby an angular 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



WO 2009/ 127228PCT/ EP2008/ 003028 22 The critical angular velocity of the
body has been found to vary in dependence on the geonetry of the body, the
density olotbe/mmederi al of the body, the inclination angle/Ereéus/oomgni t ude
of the torque applied to the body about the third 5axis, and environnent al
conditions such as anbient tenperature and hum dity. The inventors have
found experinentally that the input notlhe power supplied to the body to
cause it to rotate is used to generate output notive power in the form of
the rotation of the body about this output axis with extrenmely high to
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Furthernore, The torque applying neans conveniently acts as a sw tch which
triggers tthdhehodysbout die thiel axis jua sepse s ingseasing Teinatientangle whgns i s
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rotation |Wlmbhii§19réméﬂﬁ1drﬁo deyraedtand Resttham9velegrées andmeanssoi t ut ed by a
purely nmechani cal neans, a stop, which does not require a source of
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t he sane aghereby 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
15 velocity and/or an output 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 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 rotation
about a third axis, the first axis being oriented with respect to the second axis at

25 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 torque to



5force field occurring on a circular cross-section of a rod that is forced
to bend. This force field, conbined with the rotation of the body about the
first axiwp?o@netrizgut es the out put notion. The transm s®COEPedOBIOGI0RNCY i S
defined as the efficiency of transmtting the notion constituted by the
force field to the output notion about the second axis. Increasing the
transm ssion efficiency increases 1 othE output torque, i.e., the torque
provi ded about the output axis, and enhances the efficiency of the gear
device. The transm ssion eff|C|ency depends on both the strength of the

mat eri al s tbe baely ghoutdhethitchaxigdae sensec inereapingrinelinatiparangle whesy tbes
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t he |ncI|nat|on angl e changes, i.e., the inclination angle I ncreases or

decr eases.thednsy almidoe mjfﬁ axigin arffnse; of desreadrdag inclipaloRAsginEYCtbf the
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pi vot - nounjredtexhihah Otdeyrees and lass manTmeriegEHes lthéreb'ytt@hrytlatarqr iptr@ase whi ch
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16 iotasios of the. P

the one wAURaE apgularvelaaiinandierai auinyt terguest the fota ¥bly the
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t he speC|f|c cr| Ica seed a bod nounted to the test
devi ce accapalitnige tmrd/\a)ylsb’& Isnmhgtthatrotaﬂmmm bld?ﬁb@@ﬂﬁ%ﬁd&)@ﬂ%& 24
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i f the body is not symmetrical about the central plane (the plane which

Spasses through the centre of mass of the body and is orthogonal to the
first axis§¢oncaroing W@x&;iﬁbﬂr@ huhe fellpvang eandrs said: Yhendthe davice is

o et AR P U ROBOR AR R AR L 2 =
the ways 1a)i|§b 4infitieg B icEesh bf/tﬂ&l@ow@@@btrmattmr@taxtshmmgmardutpmoad
'nd cat ed V\)Fnle p%w%erl?se ggﬁgﬁatgé 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,



Concerning the ways 1 and 5, an alternative way of determ ning the specific
critical angular velocity is provided when the inclination angle of the
first axiwWORBMW/2fi22Bespect to the second axis is 80 degr @€3/EPRYBHW2DH 45
degrees. If the frictional forces acting against the rotation about the
spin axis 4 are high, this 80-arrangenent hel ps increasing and

checki ng/ verifying, respectively, the al:"curacy of the neasurenent of the
specific critical angular velocity by reducing the transm ssion rate of the

torque of the spin axis to the second axis caused by 20the frjctional
forces actWhen apnawmnatiheumgithet isloeasdibatween the oxtaut shaltAns eripger
enbodi nent . | S Rk Qv 'y ifi<C itical
angul ar ve?rgéle}tl@lx%lg al'@s%gd?r,rh%ﬂ"ﬁ%%%ﬂﬁgtﬁ%%gf g‘%ﬁ%%ﬁ@ tﬁﬁéﬁﬁgra gdpst‘é erred
enbodi mentfiref paviys isldefiredbas theppistandeithefpunhe icatyplessed squaiseiof tiee i ti cal

25angul ar vel ocity of |ess than 10000 rounds per mnute. Still another
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conpared to a body w a lower specific critical spee Rot ati ng a body at
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pref er abl ypurapor device require that the overall strength of the notor

shoul d be nade higher, and this would increase the production costs of the
gear device, preferably notor device. For cylindrical shaped bodies with

A e L S T
cyl i nder) afmdtbedévidy. ldehiseameext, 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
term is 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,



For two different bodies wth the same nmass, the sane thickness (= height)
and the sane density but with different shapes, nanely one is cylindrical,
t he ot herw®Qome12i=28ri ng shaped, the one with the ring sirapapas/ovives | oner
critical angular speed. A body with high mass and high vol ume nay not have
a high specific critical angular speed. That means that there is no
necessary positive correlation 25betweeff t he paraneter "specific critical
angul ar speed of a body" and the paraneter "mass and vol ume of the body".

WD 2009/ 127228PCT/ EP2008/ 003028 26 A preferred enbodi ment of ways 1 to 4 is
provi ded ithetappligation abaitesiucornutdee inclisalior axisfin fbe seas@sa@s @hi ch i s

Card angul HPreRBEdRBEp et thsak bk R A AR S Spbhid s &

preferred enbodi nent of ways 1 to 4 is provided if the gear device
conprises feedback neans for transmtting notive power fromthe notion of
t he body aBbhen thaspged afsatatignofdne petiy@%pge%atqeétaybeﬁwlcyal%ﬁhlﬁe power .
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power, “defi I Opr o uct 0 ue an

rotational themﬂiedltotqmetdim ahich ndeals@dlredﬂed dbeed tlee Inclimation agispbef iar abl y
arranged to transmt SuffJI_CI ent notive ovver t %{}étsource of ggt I ve power

to overconB®e é?ftﬂoéiﬁelsﬁé‘%s hisirepgien T‘%?d’ CRAEEED gyisitRdotade 2oPHhtNG t he
body abOUtmEfﬁ a%%s ?ri‘fh% &ndefS B8 téﬁéb%asghﬁe |ﬁ<9in'5%oﬁta?ﬂbﬁ]'ﬁo\9§&ér”ﬁd to
be the state en t e

e Inclination angle is constant 15and the magnifude of
t he appli etfhist mtaﬂmm abaouttthefieclinatiod i is linsitesh resg .t mectanical meanst themgul ar
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critical 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.
15
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:
(1) 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 so as to increase the magnitude of the acute angle gives rise
merely to a corresponding rotation of the first axis about the inclination
axis in the sense so as to increase the inclination angle.
(i) If 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,



angul ar velocity. A preferred enbodinment of ways 1 to 4 is provided if the
torque applying neans is arranged to apply the torque when the sel ected

i nclinat iwo 2a0vgi2e228s Wit hin a 25range of 10 degrees to 80Tdwgesme3028 WO
2009/ 127228PCT/ EP2008/ 003028 27 The neans for applying a torque may
conprise a spring. Additionally or alternatively, the neans for applying a
torque may conprise one or nore of: a h3ldraulic ram a pneumatic ran an

el ectromagnetic ram 5 A preferred enbodi nent of ways 1 to 4 is provided if
t he gear device conprises nmeans for controlling the magnitude of_ the torque
appl i ed by the hwthee gpisy arigtatiearsy tha fipstends abeutdhss@icred@xis. WEss 1 to 4

is provided if e.lipLLi L.Lm tation of
t he body about %fﬂeeCttl%Fb%wg%srsﬁgg%%&{)ﬁaégméé@%@%ér!%lpie%gogrtl% goé the first
axi s W th respeatrdageththesssibofrstationsofahedirstraxidaboldOthdeagckrestionnakis ess
than 80 degrees. It has been found that there is an ogti,rrum inclination

angl e whi ch depRerigases, MNRIERS (ke speed Pt rotation af e firshaxisiabew theut t or que
of the Jgear dev%&%n@%\}\i‘ir%‘??%é&d out put angul ar velocity of the gear
en

devi ce.” For instance, e I'nclination angle is close to O degrees, the
out put torg@ie odfVhehetheeotatidnakspeedofithesbodynis mguabtd thieheriticat ahgolaal speed

of the second axis .is at a maximum. Conver,sel when the inclinati.on angl e

is close to 90 ‘éﬁ‘!%‘F'Q'eér_,‘er?Hé sHEt”ﬂﬁufOt?B?rheg{hfogﬂ%t ?ﬁ'é_ag’@_é‘&ﬁbe A9t a g

maxi num  but th@utrtﬁélae{]fs% nég&‘??broén}m?]t&ﬁf‘%e%hﬁaii§ aBbuftHg ni mum  Since
the gear device I's t

t he out put power o e product of the output torque and
t he out put rot anclimationspeed, it follows that, in order to maxi m se the

out put power, it wll be necessary.to select an incljnation,angle for which
Che prbbiucivlor f M Badh i CTRAE Tite ahan gyl veloall Shev® wdifeel

25mexi ni sed.  Thatgguldr VEIBEIRS, tREreLaTROsH 1R Blvo PbtatiBhs of tHedfirkt asispl.evalieet if the
gear device further conpri'ses adjusting neans for adjusting the inclination

angl e. In this batpthesecend axsru theripoiialipeo®ds, 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 to 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 rotations 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 torque.



28 case, al so neans may be provided for selecting a desired output speed
and/ or desired output torque of the gear device and adjusting the

i ncl i nat iwo 2aevgi2e22accordingly. 5 A preferred enbodi nent pofi/Brayes/00302®© 4 i S
provided if the gear device conprises neans for selecting a desired output
angul ar velocity of the gear device and causing the adjusting nmeans to

adj ust the inclination angle in depende¥ce on the sel ected output angul ar
velocity. 10 A preferred enbodi ment of ways 1 to 4 is provided if the gear
devi ce conprises neans for selecting a desired output torque of the gear
devi ce and causing the adjusting nmeans to adjust the inclination angle in

d d t.f | ect ed, out put,, t .15 f ' f
1o 4 1s Prosttil Sotfardaicabishint Boli fas bl loipoiarf FLdtndilin® "°
rotation obn tﬂte?@é}ﬁkétrﬁmlﬂﬁe bbay ! therdbnaity of the hResgnFehebodgciheasi ng
inclination angle. The neans for apFI ying a torque is used to ap

|
torﬁue t o inpEnalismyangeuthetmagnitidrp mtpmveaapeli%t%t@etbpdyr@waégei(hﬂ'gi
o on o I _ .
cont ront 1 1S Gt AR bopdibnTSaET ob SmBBR il B R FRIANE

device by neans of a control unit. If this neans for applying a torque,

e.g., a hydraulic ram is controlled with a proper control unit, the neans
for applyi hee ihvestesdayayfodad ieP‘PSH%f!eI“P'EYéF%R@s'RHUF metve WVY%:%‘\’QP{'%S 55 i i t

the reactiqg HH%fy'tB’ba%}%%Hftotﬁb?a W&'ub@&&b?;@n@?‘ét% o%ﬁ%tfdibﬁ\b?bo%rﬁf’m&t t he
inclination angl’e to a desired value in~accordance wth a desired out put
nmot i on spefedhafttpe rotationud thebbody abodethis edtput axisi with eptrenvelyehighi on t or que.
In this 2009/ 127228PCT/ EP2008/ 003028 .29, sense referred enbodi ment
of vy 1 FHCRNEL A% SRAISEANFNERE HEaHISYiGE PUIAGHARING BdRsRIneHIG s

addi ti onal ,yyR%Hd BEpartigllar GIiETRE at Fed dﬁ%admﬁapéxigwtné Sétond Sigue serves
to apply a torque to the rotation shaft 5and thereby also to the body about

a third axand/onthehthirdead®s of i ncreasing inclination angle. Said neans for
applying a torque additionally may serve to prevent the rotation of the
body about the inclination axis in a sense opposite to that of the applied

torque. Sarkk iR@ntors HavarBlkd tisatawitrsiied drbarrahgement, ke efficiehaissf thbe
inclination angle to a desired value corresponding to a desired output
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 to 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, e.g., 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 it 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.



10noti on speed/ out put torque and/or a desired reaction speed/reaction
torque. For applying a torque to the body about the inclination axis in the
sense of woen@aing the inclination angle, for |imtingpChEre@sobioes notion
in the sense of decreasing the inclination angle and for adjusting the
inclination angle to a 15desired val ue corresponding to a desired output
not i on speed/ out put torque and/or a des®¥ed reaction speed/reaction torque,
the operation of said nmeans for applying a torque is controlled by a proper
control unit which is supplied with input signals fromsensors such as
position, notion, speed, touch, torque, and force signals. Control signals

gener at ed the,control unit.in response .t he, 20i nput _signals affect the
neans for r&ﬁf&fqﬁet'i)?aﬁge‘i&%Q&@%\P}%{tﬁ_ﬁﬁhﬁ" q,q¥'s ?%go Bﬁseegthteorque
to the bodychbftidn Ah§lel 8Fbicealdl®Bcédrison thebddy ikIf. Faglinand®tfbpa and
adj ust the inclination angl.e to the desired value. A preferred enbodi ment

i

of ways 1 eindrical hody e thicknesscdx,ithe shage 9é thesforee falsk isdbe sagpas the

The body oAbtk fRRPGuEnE ol s oBEIOE ohd 6 s B RBado R, o %,
stop or a PeistforceVifeld 08thbinéd2B HSRIAEH 0B b d30afoutitré dirstemkissnmbodi ment

of ways 1 to 4 is provided if the first axis passes through substantially
the cent r ecqistities the outputsaeijomide tensipigsionefigienay éydefinad amihie t he

nmonent of |J [ : i i [Prap '

preferred éeﬂrﬁg%hfggﬁrahfg ﬁw\;\t/@@@XEé m&ﬁf (té&ﬁ%@!aéég qﬁ? f%%e%lg S?Atiéngé g(t:ond
axes i nt erpetion aboet treabdgondeaxibeincrrasing theotrandraistianseffiaiedcy duradsesces
pass through substantially the centre o ss . of th ody. Decreasing the
G st antle. bDERURL e i ehgrtofraspmdadkngigie At ents B EN Sind
keepi ng thmeVér*ﬁgéhgpefﬂ{e %@érsd i AHeEtragshISRidn @mcié%zldap@nuwne@aﬁs the
out put power and 10 enhanCes the efficiency. Wien the Second axis passes
t hr ough t htbecstrength of thenmaterials of thenpae df thet gearedevies enovhich thehe nmaxi num

considering only.this distance as a.paraneter second.. alternative
preferred \%Mﬁ%ﬁ?s &t%rg%sy\gﬁgs? 6312“\9% dB?BR'/‘?'H@d@'iequrﬁ(‘:(a?'?%sq&f@ 8®second
axes do notrdrytRtBREgh the S\H@Féfbf(fﬁé@ pafsinclination angle is defined as
the acute angle between the Tirst and second axes when viewed al ong the
15
If the body rotates about the third axis, this gives rise to 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



direction of the shortest line joining the first and second axes. An
alternative way of expressing this geonetric relationship is to consider a
poi nt on wbeodwnsizsaxi s and to consider an inmagi nary |i ReTEP2@B/OPRAIEES
through this point and 20which is parallel to the second axis. The
inclination angle is then defined as the acute angle at which the first
axis intersects this imaginary line. A ¥referred enbodi mnent of ways 1 to 4
is provided if the body is fornmed in a shape which provides that the change
in the force field constituted on the body 25by the torque applied about
the third axis the amnmamsmsearth gbdbe ¢ef tr@ecs‘rnassgtma Yf the body

embodi mentOlor R pyegs S kﬁ%@%ﬁﬁ%ﬁ@%ﬁ%ﬁ e de BBIARY.

cylindricagdy symretrical about the first axis and may conprise a cylinder.
It is possible that the body conprises a hub and a web and a rimof ring.

Pr ef er abl yC) t helf thenbedy isotiymynetrisel abeutids ceniral RENg:thplage Whehweb '
| over tha Gég.Et uﬁﬂtg@c etr{t’reé of rﬁ%§éopfh%f§6%g%§g89 Q&@%al% tN@Y l1to4is

pr ovi desd i 0 he folTow n h ear VI ce are
made from axispaeiorm] tWapossible mbghtlmg)duéutsatlohs theshe withya shtaﬂlelodtgtan@e shaft

where the body is nounted on, Oout | on ast ne
out put axi ketwegnithe gentreeofqaass 9%&! Hlentr\V S\ I@ef%ﬁgystﬁﬁcﬁe”
mat eri al havio6 anbidbdmeiy us of el astl city includes any material with a

nodul us of £ast| city above 70 GPa, preferably above 100 GPa. Using
material s having high nodulus of elasticity for the parts of the gear

devi ce on i,ch v bl e rces rc mhos reI ti tlo t he
ar t viir | dhgrtich adntaash eheats D18 TR AP SRR R iE SahGaeRs d e

i ncreases ,hbgnmﬁsoi%,ga@édwgtﬁé\@eggh@émqga,mge efficiency of the gear device.
Using a material having a high nodulus of elasticity for the body increases

the output torque and enhances the efficiency of the gear device. Using a
materi al 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 80 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



20havi ng a hi gh nodul us of elasticity for the shaft where the body is
nmount ed on increases the output torque and enhances the efficiency of the
gear deviW¥O.200%i2A8a materi al having a hi gh nodul us of ECALPRYBYIRYHr t he
out put shaft increases the output torque and enhances the efficiency of the
gear device. Using a material having a high nodulus of elasticity for the
other parts of the 25 gear device on whi ch variabl e forces (forces whose
relative direction to the part varies) act increases the output torque and
enhances the efficiency of the gear device, . . .

2000/ 127278995 LM 8PORHE SHIGH BAYYIFRIERG) Ca\é\’f%% FRalisggdyinicominaiony such
that its depsihlikifmsdensity distribution, respectively, is appropriate for
providing a required output notive power of the gear device. Thus, if a
hi gh output notive power is required, a material with a high density, such
as steel, pay be used, However, it. can be djfficult,.and Shence expensive,
To Torm stSBbeitipanandaton Bt tie ain shaaccey the Gt s hishies pas Bl caT

requir erendseed HRhBTR sdurﬁuq%ed;sébﬁomn@ §&anddvide /b8y WatAth higheh the
gear device, It is possiblethat undesirable vibrations arise from

unbal ancedspexifiesritioal haletmestjearotatad atd)igher speadsucampargdato &bpey kithi

symmetry toof the c onents of 't r. devi ce t .t I {..one
out put axi 3 ,ov&q{ogp&cﬂgsrﬂgai 8%%?16}%&3%8%%04%%& m&t%ﬂ’ﬂ&%ﬂ iv‘éﬂfel S

di rected pesmidtl Belcalsé tad Rekrdwn, @ns FrictivhaPldsBes (Sudtsas Alifactisrobl em coul d
be sol ved by nounting/fixing the gear device by neans of nounting neans of

the gear degaring frigiienkingmasesxpangntiplly wishiibe sgin sreek frurthaymese thjgher i xed
support. Thi: i : r : LNg;, e

ar ound? a Wi sPeEEe (EHE ok BRoe preRabl oty bt thaleieral S
support, estgength of #ekmotof sleowid bermadé highmspakd this pvafieinerdasertiedi ment  of
ways 1 to 4 is provided _if one or nore ?oun er bal ance masses are nount ed
for rotatiRRAILEHRA cosle ofdhe ggandevice TRETGbROMAY MG ce masses may have
an effect so as to conpensate at |least partially for these unbal anced
forces, by reducing the lack of symmetry and by giving rise to a

cent ri pet aforf eyliodrivdli sapeal odies withea sametdenmsity pthguspecifiecnitiahangulaof t he

body about the first axis i t t | ed .t 25spi
vact or 1> Trped of 4 Beegindressen RE e Ao S Gaphransyif bt o Ml or

associ at edthickness (= 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 lower critical angular

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”.



wi th the angul ar notion of the body about the first axis. Wiile the body is
rotated about the first axis, if atorque is applied to the body in the
sense of WAGKPYARIRY the inclination angle, the body staPCI/EPZBHINEE about
t he second axis WD 2009/ 127228PCT/ EP2008/ 003028 33 as well. This rotation
of the body about the second axis is reg&esented by a vector referred to
bel ow as the output notion vector. The tput notion vector is identical to
the angul ar velocity vector associated with the angular notion of the body
about the second axis, 5 gear device is built, the angle between the

Wh ,
vect or of Arpéeﬁe@@@ﬁﬂasaim%ﬁanqum1 kodys pERvided ihdhe 9RAHIBYICE COMRIISSS| ed
torque vech %LE&P& thﬁvé’HvagP WHREH f%rlio‘fﬁ\%};férd f?t:ﬁerk%dgq% c%%g%qaé%ay%cause
ol er gle ppli

of production ances. the an bet ween the ed torque vector
and the outopate atmut e fiest taais atssaidl asgutan velbcity greatgr dean saidecriticaput power
of the second axis i_? increased and the efficiency of the gear device is
enhanced. aPBLYSIAEMhower and the efficiency are maxinised when this angle
is 90 degrees considering only this angle as a paranmeter. 15 A preferred
enbodi ment of ways 1 to 4 is provided if the gear device conprises

adj ust i ng Agmeferfedrerabipdisnéntgpfiwayst btaydds pppidediif tle ghar devge goppriseise
third axis, I,n order to reduce.the ¢ | exity, of control .unit of the
notor, a rﬁﬁﬁf’B?%Hﬁa\"&ﬁ&r ?@Bﬁ@éthaﬂi%&ﬁ@a&o%%yfﬁg@ot%@og%%ﬁ}?gb%&f orque in
the sense ghoutRé @Rfddyd ohBoutpet At He so\gte of hdtivel powendn tHie wasaat i on
nmotion in the sense of decreasing the inclination angle and for adjusting

t he incl i nataossitiap teadobacieatdesst @ godtionef the alpWrRRWMRYe defined 2sdB8| r ed

out put . not | /0 r / i : | /reaction
For que! 25 PRuE B e RHE oh i 3R s Bl R S SR 18I g BESE LPOE

t or que abodévitdeThefdadbalck eeang i preferablyenrsnded tortearismit safficiertinmativeng t he
rotation of the body about the inclination axis in both senses between

| oner and RWerta theisourggobmedive PeNaspe-PVErRINS LOSDLI9Saas 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 torque 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 controlling 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.



angl e values and a neans for adjusting these angle values during the
operation of the notor for a chosen lower limt angle val ue between 0 and
90 degr eaw0(200%1nc2280 degrees are not included) and an uppemEprkeosiovzoangl e

val ue which is between the chosen lower limt angle value and 90 degrees. 5
The nul ti-function nmechani sm preferably conprises force, torque, position,
noti on, speed and touch sensors. A prefé&red enbodi nent of ways 1 to 4 is
provided if the limting neans for tomechanically limting the rotation of
the body about the inclination axis in both senses is at |east one

abut ment . Phe maansrfooppplying aforgvedvay gomprisecispiindéxdditionaly @wn or in

conbi nati o it both.of th Luti . i bl
o brat tonAugthafyal g maghi i anplind AP lud Al iR, BRE BTt g 2! ©
plurality pfdraams raiﬁyéméumtmhamwnbaemmhgdeﬁ@wﬁher and caused to
operate at substantially the same frequency but at different respective

phases. In this case, any such vibrations are mnimsed if the phases of

the gear dgvi r Tht . . r

dovi ces i ROERTEH B et SUASE L S ST bEE! Ghvikdoniites, o0
degrees. Tineaps ésecdntidivrentheomayhitsdesf thedorduwe applssbyithey tartjugamplyiey i ces
of the aforenentioned type, in conbination with nmeans for causing each of
the gear d®fPB&s to rotate at substantially the sanme rotational frequency
but at different 25 respective phase angl es and neans for conbining the
out put notive power of the gear devices. WD 2009/127228PCT/ EP2008/ 003028
35 | n suchApsefeasd, ernhedipnaritenf veaysnlitdhéris pfovipied if dee limiting meoamreand t he

gear devi ces can, advant ageousl arranged in 2 X 2 array. en a system
of rror ©'t rAzegRt BRlitiae Fatod of bl HBPuLerty s St iat fiE Geay

devi ces, k@gRidt@nt A%y ¥ tind fidh aRls WS réSplce td Ha\SesbriLARY s GRIdteNtheACt or s

of the gear devices as small as possible during the operation of the gear

devi ce i nct@degeeasandlesgibap8iategiees.enhances the efficiency. Wen a
system of nore than one gear devices are used, for at |east one pair of

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 torque

20 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 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



10 gear devices, the variation of the angle between the output notion
vectors of the gear devices is preferably less than 5 degrees during the
oper at i orwWOR200%87298ar devi ce. When a system of nore t haRCHAR2¢P8AP303R VI ces
are used, for every pair of the 15 gear devices, keeping the distance

bet ween the centre of mass of the gear devices as small as possible during
the operation of the gear devices i ncrefses the out put power and enhances
the efficiency. The invention extends to a vehicle powered by the out put

notive power of a 20 gear device or an assenblg of_ggar devi ces as, defi ned
above, suctAsgs alsa MEANsERAYPe Pravided fersalecting a degipd outpitpegdAnd/er  The

i nvention . 1 Cl rat.or ; he out put
ot ve povfoise suBELERGc bf uRDoEarticlicd ah RRRHG. AL PROMHEH dEIL (e
25above. Aaguoediegtyed enbodi ment of ways 1 to 4 is provided by a gear

device, preferably notor device conprising a second axis being a rotational

axis of a second WO 2009/127228PCT/ EP2008/ 003028 36 rot at abl e support, a
first axisplbgl érRbanNH f@%ah/% Plo 2 jPPFOVIAY Fhé §ebPlSlidelcvniriseaged in
a fi rs? r ot ??%%?ree%support, whoere y tLoe g%)rﬁst Iaxi_s isgrot atabl e Pgdrrri ng an

i ncl i nat i omeanglfer sed¢otirega desiréd ositpubangulardeldritysefdbe geax deyicerand

inclination axis, perpendicul ar to sai econd_axi s ereby a torque is
appl i ed t o°34Ng frfes?&gﬁ g %totq@ugﬁﬁ? i'rhfglpiaﬁ?ln @pglﬁnngq denge O

i ncr easi ngheh1édlel it utdhgu wio@tyd | imting means for limting the
rotation about the inclination axis'in the sense of decreasing the
inclination angle, whereby the body is rotated at an angul ar velocity

Inare Resdtpelrefia eifou i AR £ 4B e SERERUPP cofidsad. ona

10support medheforssel€ctinitch idesired pugitotqueadf the agiar degiceldnilitawsing theSi nce,
due to the inertia of the body, there.is a delay between the tinme at which

0oay, Lhere .
t he t or queadiBsling meansip adystitae incliggfion apale n danrendenge on Wigisaiestad
applicati o&gtgpt{otg& orque about the third axis gives rise to a desired
speed of ro Ion"of the 15first axis about the at |east one output axis of
the gear device, it is advantageous in sone circunstances to reduce this

ti del b i di J ddi ti , t er nal .to the bod bout
he selont BPBr80 SMBOYBIR T ayayS, T sk S picyidart R HruinanEan et o i s
rotat 'eO” Arrddifed {0 Slevent SnfRatioh BE R bbRabo PPt dxisiv the FensBRfgear

devi ce. o
decreasing inclination angle.

The means for applying a torque is used to apply a torque to the body about the
20 inclination 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 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 torque. In this



20 Therefore, a preferred enbodi nent of ways 5 to 12 is provided if the
nmet hod further conprises providing an additional, external torque to the
body abowvoth@/renend axis to apply an initial accel er aPCOEP2@5/Db»28
application of an additional, external torque to the body about the at

| east one output axis of the gear device applies an initial acceleration
t he body about the at |east one output #xis of the gear device. This can
achi eved, for WO 2009/ 127228PCT/ EP2008/ 003028 37 exanpl e, by physically
rotating an output shaft of the gear device, either manually or by neans

to
be

of

an addi t i cserisepatpreferredembediraentefsaysthe 448 preyided ifithe mears farovi ded i f
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velocity greater than the critical angular velocity of the body. A
preferred enbodi nent of ways 5 to 12 is provided if the nmethod further 1

oconpr i sesSaidineansfprapnlying ianterqumsenygsdo @peht atoraHgrio toe delgtieashafid | ess

el nati o ipraby el Bk SbARE B ZRIRRG SR Y hgBarEer]

inclin enbodi rent. o ys I'S¥provi ded
t he met hodntlinwdtier angepSaianeans foraapplyiog taheraqes additidaaldf mayesdroe toie
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applied to the body about the 15third axis. A preferred enbodi nent of ways
fi

5 to 12 i sPiEvent tegotatiomes thedaady ahaut fke InciRa
f the b S ' | | | fiqt h
i st axi i o e At oldl e Saia Micchs o applfing SR/t hal SR8seB o o
| ess t han &fjustethedeslinatioprarfge ted desiredivaiue caresporsling toa Hesired pudputded
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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 signals 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.g., a stop or a bolt.
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conprises generating a desired output angul ar velocity about one of the at
25l east one output axis by nmeans of adjusting the inclination angle. Thus,
after selwotznevgizae2desi red out put speed about one of thepati/Ere@sitozmne out put
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

sel ected output speed. It WD 2009/ 12723BPCT/ EP2008/ 003028 38 is al so
possi bl e that the nethod further conprises generating a desired out put
torque about one of the at |east one output axis by nmeans of adjusting the
i ncli nati o paefgrred ermbedimgntaf wayisettd Ads prawded édhefirsi @xis BASRRS about one

of the at [|east one.output,, axisS, i.£L., S cly i u or que
about the tbé%%s@?ﬁz?gt'%& tgﬁoﬁﬁmrteh%ferpﬂﬁ g#&ﬁ é&ﬂ{ %’é&iﬁéchsﬂya?si éﬁéﬁ;ﬁél eis
adj ust ed igudretpaPiRNSNIEhtidienstihes tiesl bedy Isutb Qantsly haRrinsitedr ed
enbodi mrent of ways 5 to 12 is provided if the nethod further conprises

adj usting the speed of the body about the first axis. It is possible that

10t he t hpg. L ] i : elocity
about one SirstisFeERBLRAENERIRA A 1943 SOUGEE AHE R fRbtetind S CF) o
vel ocity odxddintdredst. Pbeferalblipceitiarssr both of thEhfirst antltsecondlaxetipagsa desired
out put speed about one of the at |east ong out(g(&t) axis, i.e,, zsjl ecting a
desi red ouhfRHINpksiantia)ly therrendiecefitass PEths: bed Heargasipgithg distance ¢ he
speed of t t ¢t } \Sa i bi Qf‘é’é?ﬁ%: n the
sel ected ou put%qéigée%ghmlétdirﬂgﬁ go&%o@gy;?gégﬁ% t rgdj?migtgﬁgﬁ u theﬁhé)

conpri ses wiatioatofigisalistasce @d ssnalpas possihlecingbzasesdhe aftputreoweer arhst one

out put axi s by meaps .adj usting, . the angular velocity o he body .about
Che Tiver spdnossts tiaisasy Whel e geiibars arsats fububhReeBlE R "one of
the at |eapk AASs BNRUWodX the efficencySitRE Mdlamantleshsigerirg oulymis t or que
about the second axis or “about the third axis, the speed of the body about
the first cislancesasalparmredtern dependence on the sel ected out put torque. A

preferred enbodi nent of ways 5 to 12 is provided if the nethod further
25conpri ses adjusting the torque applied to the body about the third axis.

It is possAkkeohdaditdrhigtiveprefdrrédientisddisenpof aags detoef Rt progideddethe fadt
out put angul ar vel ocity about one of the at |east one output axis_ by neans
of adjUst iaif seeonchaxriedamot intarsest.ipavhighigass Hig incligation apglgds gefinfds

after sel egl {30, &,t8%HgiEHetween 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 inclination 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 field 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.



WO 2009/ 127228PCT/ EP2008/ 003028 39 out put speed about one of the at | east
one output axis, i.e., selecting a desired output speed about the second
axi s or MWOROK¥RAE2Bhird axis, the torque applied to thePbddEP2e8E0I028 he
third axis is adjusted in dependence on the sel ected output speed. It is
al so possible that the nethod further conprises generating a 5 desired

out put torque about one of the at |east”one output axis by neans of
adjusting the torque applied to the body about the third axis. Thus, after

o o0 "9 R reshuen embaliant A s o 4 iSPied Bhd by B tusaEatall or
about theecyﬁhaﬁcé\g}eiyégmiéérra%m BRPAirs 8xik Arid ¥Pa) RS pHRRUA chifadrhitigl axi s

i s adj ust In de nce on tothe selected output torque. A preferred
enbodi nentpassibleysatthedotly ¢anprises albubiand & mieb and atiin odriagi Breferakihe body

bout the third axis f h [ ti tati f the bod
bout t he (R34 81 RS i BBb BRAnEMEIEH o tathethisToua” ey e, 0"
pref errsed \palAdbBet i ways 5 to 12 is provided if the nmethod further

conprises using sonme of the provided rotational power to performrotating
t he body about the first axis at regine state. In this case, the anount

ri s ng.framrsereR, Snoadmens BordiE' T8l 408 B B ks PR HneRC T ot
axis. Incrfea@w?_ édraponantdidfthehehhdelica e nedecfromsa hiterak putingaver and
enhances the efficiency, me plane is_defined as a gl ane that passes

A f
t hrough anfyighmredulyspf éﬁ*ﬁ@ﬁwighﬁ gy on shalt whergdhe bodyds moisyed Bneapr ane

| . . ¢ ik . ¢
bt T heltri 2Pl ERIPEICHY RS atiaddrlbtbul Sfis ARSE oD deVied O WRjipt 20" ©"
possi bl e duariabie fdreeopet. & matend| Havengya highdeoidatus ofcelesticty intledestapyt power
4 enh fioi . . . | '
Thus. & priERIPLY o BNk SERSS UGN A0 S Or RO ARIVEORS 46 2hays 5
to 12 is %Q\Hﬂgqﬁgte'rifalstﬁ'@viﬁ@@(@gn{ddmdk%télQQﬁ&t'ySfS?tH%eﬁﬂt@BffHéegé’a?}*dé’liiéé)” of

an angl e between a nor nal r of a first frame plane and a normal vector
of a secomh whinhevariahie forees (fonces whdegrelative giRedtin tythehrarbyaiies)adton of

the output shaft relative.to the. franme during.the operatjon aof e ar
devi ool nceTirdicesifie TSRt AR i et BRI edbub Bl
possi bl e famienRamitSthekestRiendy bhthevgédraddwge.of the angl e between the

out put notion vector and the normal vector of the frane plane as small as

possi bl e during the operation of the gear device increases the output
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.



i opower and enhances the efficiency. For all possible frame planes, if the
angl e between the output notion vector and the normal vector of the frane
pl ane doesonoty/rheage during the operation of the gear ®eviEPeQostohi»28
efficiency is the maxi mum considering only this angle as a parameter.
Therefore, a preferred enbodi nent of waés] 5to 12 is provided if the nethod
further conprises 15keeping the variati of an angl e between a vector of

t he out put angul ar velocity about the at | east one output axis and a nornal

vector of a frane plane |less than 5 degrees referred enbodi ment of ways
5 o 121 S e ovetensd aftne ocs Releciast SyRt b o AenFL or REBRNGISTRLLPAS | at | on

Che body ABSREC .t ABpRAGIAR TornsSioVling  EGLR BL R P NA P Sl B L han
S degr ees. gd@iTdgvice. MAHUROH sohighroutpal mgtlwbaWeois reuired agnmntahwnh mvent i on,

it is |rrportant to 25consi der an angul ar velocity called ' CI’I tical output
speed" abdughtdws%m %S(ﬁ?elTHéYPﬁﬁtﬁe@ah@évqyﬁr:t'héaﬁlbﬁtQ'@'&P o®MPut speed

about the VM‘? e out put
shaft al on@é i%e e o) Z?(l S. F@épﬂg resi stance oéf%tnﬁ%qq%rt g’oél% g?ed to the
out put shajéwer mqgurbhmrﬁs,dbadna[aiastlc Watenas/Mmay aRerEtivelyinased3028 41

causes the speed of the output notion about the second axis to decrease
bel ow the critical output speed about the second axis, the reaction torque

wi |l Cease\/\ﬁtﬂggé?}%a‘?fdfe\/&'eeﬂqy p8§slbféeth5%ﬁﬂe§1?étﬂé 'vﬂfréﬁéﬁs anéefrom ti cal

out put speed t he second axis can onpared to the 1dl e speed of an
aut onobi | eursrejameed ragewitbin ﬂ”necgz&arcdﬁvpnﬂ aSLaaE&SUItaﬂfc(a) atléek esymanedyi s can

be d fol | h ab he f
angul afb veRIBR EPTRNENG of fsoeHeycs ABarY AT ers o Byt 8RS Al e
reaction npia0shrAybéit-of the ka&f@h@rqd@whmhlmaéd b&pehaibulaeLthe tdie

second axis until the reaction 10 notion stops. The speed about the second
axi s at thHeapbome outpat @xishd hisspiobiesm ceptd be setvegdy mogatinadixingethergaarcal

out put sp t t he
second axi @%@&Bﬁ“‘%}fﬁn&e’ﬁg’ﬂg%ﬁ Ini%aen-egd& tﬁégte a?%ﬁ\/%léhg@ w’gﬂﬁ@[ y' of the
body aboutmbbatifd ks géar Sevitdeo aERedtsug@ont! Thivefix@rdumibrt may be one or

15 more of the following: the ground, 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



15t orque, and the inclination angle. OQher influencing paranmeters include
the structure of the system and environnental conditions. The transm ssion
ef fi ci encyoab@o2aepends on the bendi ng of the body rel atcr&re@siobs2§ i r st
axis during the operation of the gear device. A body plane is defined as
20a pl ane whi ch passes through any three non-linear points on the body. For
all possible body planes, keeping the vatiation of the angle between the
spin vector and the normal vector of the body plane as snall as possible
during the operation increases the output power and enhances the

ef fi ci encyas weill. Bhis rptatioinodfdhe dwdy@hout the secantbaxiads eepreseried he spin

Uhe. oper at191OLTeHEY 48 BPIGEGH bnd oulel aptieh Tedbr BRRuBH el SR deri ng
only this jgngémticas tatHeramgih e velociPveioP adSdci3 @G IFBRD 88§ a8 ARstioh2ofA

preferred enbodi nent of ways 5 to 12 is provided if the nethod further
conpri ses ey akewtige seepnd adjsusting a torque applied to the body about
t he segsond axis so that a constant or a decreasing inclination angle is
reached. In other words, the nmagnitude of the torque applied about the

second axiWhed. g geabievioeabuilt] te dngld batweer thé veetor ofithmitorqbebppliédng t he
second axis, is chosen so that a constant or a decrgasi ngei ncl i nation angle

i s reachedto thedodyabaui the tHed a¥igAT ARpEed torane vacien ABA theouiRMmotRRal to
t } j t th

R e S T

enhances t etwelehi the appjied Forquienstchorcand the outpohootionovestanris cipseatodd®dr  usi ng

| ubricating nmeans,such as oil o rease for ]ubricatin arinpags _and/or

bi'ac nb) « reegear. whdatt nduer S seroaaxs isdibisasnt Hhd Rl effideny of

resi stancege déupldiifd B iMaNREdPTRY iodgslithovidiarieme dffvieRgy hfe t he product

of the output” torque and the output notion speed or the product of the

reacti on toagimisedavheanthisasgleds 99piagices congideong onhathis angleragea t o

maxi m se this wer, it will be necessary to select a spin speed about the
first axi S?argnﬁegahi tude of the applied torque about the third axis and an
inclination angle for which the product of the 20output torque and the

out put notion speed or the product of the reaction torque and the reaction
speed I5 nprefesied 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



A preferred enbodi nent of ways 1 to 4 is provided if gear device further
conpri ses neans for adjusting the spin speed, neans for adjusting the
applied WO2W¢/BiR8and neans for adjusting the inclinat PEH/ERRYIBHOIRH t hi s
case, nmeans nmay be provided for selecting a desired output notion speed
and/ or desired output torque of the gear,K device and adjusting the spin
speed, the applied torque and the incli ffati on angl e accordingly. Al so neans
may be provided for selecting a WD 2009/ 127228PCT/ EP2008/ 003028 43 desired
reacti on speed and/or desired peaction torque of the gear. device and

L ust | ng A yalpsaba mewes tsadsinedReae Sadle valaed AErnadie SReltgne
accordi ngl ¥ r SiRReH f n@eg{% ody can
be coupl edaIfV\t/lhté Hﬁ%@ég%‘gér gtﬁgsrot at |rgﬁr§f aﬁ%lte ;@%%geyge_ﬁg‘a ed P%ﬂﬁéﬁe@

separ at e rancbldegreeman not inclidedi fad madupperdidiihengleofalvawhich iss provi ded

if the test device c rises couplin ans f rovi ding the coupling

bet ween t REWEE) tﬁﬁcf?gﬁ@n %‘ﬁﬁrr@(f‘g af@?%?%'??ﬁ?ﬁoé%a?g?e%ereby t he coupling
means iss formed as a plug-in coupling. A preferred enbodi ment of way 13 is
provided if the body is driven by the separate rotational notor

t enpor ar i | The prulfi-furadiion macharismypreferahlypeamnprisesifosee darguamtpositionay 13 is
provided if the test de&ce co%rf)ri es one or nore neasuring neans for
measuri ng '0R OBTSQﬁ)erdea Q%@? NO5wii ng paraneters: an angul ar vel ocity of
t he 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
t he out putAgrgferiedgmbaadiment afavaysi t {o 4bvafovidrd if the limdinomezos{es, a sense
of rotgtio : bNC] ' i g W : re of
the' pr Bcedr s apahi o GEFolationts fie todiutcrf i inchHRH a8 Borfo, ¢

the body csendes iswutlemstedefabutment.ati on of one or nore of the follow ng
paraneters of the body: mass, 25geonetry, nodulus of elasticity, nonent of
inertia, density distribution. A preferred enbodi nent of way 13 is provided

ool POSAKAMReRniidie WAL cBUANSE LGy B G itS oh iRl AhBinatidkPwith
one or both of the above solutions to reduce undesirable vibrations arising from
15 unbalanced 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 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.



A preferred enbodi nent of way 13 is provided if the position of the body
with regard to the formation of the lever armis variable. 5 A preferred
enbodi merWoahooway2283 is provided if the test device comPCrg®g008i0p3oes ng
means for limting the notion of the spin axis about the inclination axis
at a final inclination angle. A preferred enbodi nent of way 13 is provided
if the test device conprises aio f or ce3hreasuri ng neans for neasuring a
force exerted by the supporting neans of the body at the final inclination

angl e. A preferred enbodi nent. of way 13 is, provided if the limting
means conpfiSEhASEe. dhe @f@fsaeemqm'@e%%mr dgyiges '§?°Wh@"9L1BE(9re?an means

means of (R R AdeeaParpady e A e F 2 S A, T Ol tea 11 the t oo

devi ce conprises neans for applying a torque about the inclination axis

wher eby t applied torgue ig independent .of the mass, of the hod 20 The
torm " or adfEnZ SEREMhef T6re Than 85R 928 deiiSas ar& unedror eYeRehRt &' (8 ki nd

of suppor té%g d8 efse?‘(eEB@IgstHB%rritaiti?ﬁ of e Qﬁgwbe&%an%tsﬁmahén véctrgf erred

¢
enbodi ment way 14 i1's provided the method further conprises
25det er m nifrthetdear deyivearasvwnalt aspossibleduting yheabpetationeofdhe geaxdevigRer e no

rotation of the thn aﬁiys[ about the incli r{ﬁti ?fn.axi s i s observed, the
determ nednﬁW@fpﬁ & au t%pv‘f)eé’ia“é ?W%a'}%st & '%%@%M'ar velocity. 45 A
preferred enbodi nent of way 14 is provided if the nethod further conprises

determning the critical angular velocity of a body for different val ues of
one or nor&hen a pysted) olowpre)thar e geasdeviges pess Bsed faf at least aneipair of

inclingtio e of i IS, d ' t 14 is
provi dda 19ed e o1F Faifich iR piudoRhiedt R paRRP TR o W o

angul ar vetheqjdar delvidelRds ipeeieratilp ldss thanspdegreessiuringtthe apegatian ofhleoci ty of
t he output shaft dependent on various paraneters, particularly dependent on
an initial98AT 48MRE- inclination angle. 10 These as wel | as further features
and advantages of the invention will be better appreciated by reading the
follow ng detail ed description of presently preferred exenplary enbodi nents
t aken i n c\dhenre systamnot toee tharmpams gegr devviees gse usedfoc Bverypair 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 output 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
motive 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



Fig. lillustrates a schematic view of a gear device in accordance with a
preferred enbodi nent of the present invention; Fig. 2is a diagram

i1l ustratWogoania7228| ati ve orientati on of the axes of 20POT&PRE/06I028
conmponents of the gear device of Figure 1; Fig. 3is a diagramillustrating
the direction in which torque is applied to provide the output notive power
of the gear device of Figure 1; 25Fig. Xshows a scheme of an alternative
application of torque; Fig. 5shows an enbodi nent of a test apparatus; WO
2009/ 127228PCT/ EP2008/ 003028 46 Fi g. 6shows anoth ngPOdI nt of ﬁ)test
appar at us; rotatgblezsurpest, amlréhﬁzs'a.h%w adptatm\af aﬁgﬁé y waich igsetatablys Fig.

oo S SN OS 15 SRR 88 00 B0ER i [Saibib iy [ o
gear devi casinclifafioryanjlesthetween theHiesteaxid and ftioe secéna bais, Bhgnclihzdibows a
f,?hjnﬁogfy g)ggtpggendamﬂal 3 gd sle?c’:Sh Vgasa wsr%}gby aciforq%eclcsmanp% |edc{ thé ﬁ}sltengt h
5 axis about the inclination axis in the sense 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 inclination

angle 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



Referring to Fig. 1, a gear device 1 conprises a body 2 in the formof a
solid cylindrical wheel which is nounted co-axially on a rotation shaft 3
for rotatWorR@MErR%i t h about a first axis 4. The rotati GRTARIFOB/0B3028
mounted within an inner 20 cradle 5 by nmeans of inner bearings 6. The inner
cradle 5 is nounted within an outer cradle 7 for limted rotation of the
inner cradle 5 about an inclination axi$ 16 by means of outer bearings 8,
and the second cradl e 7 inturn, is nounted within a frame 9 via frane
beari ngs 10 such an rotate relatiyv o the frane 9 about a
ocond”axi SXarmb Bokk phy sically FofAtEG EPAUTRM Shat O he GRrdaiiR, edngr

25Addi ti O%Lahﬁa@f o,ab{/ A dtHd (yfe‘;,y H&itibhsI ,ﬁg&gnd axi s 11 the inclination axis
16 constitutes an ut axis o the gear device 1.

2009/ 127228PCT/ EP2008/ 003028 47 The rotation shaft 3 of the wheel 2 is

caused to fotate about the first a f, an ectric notor 12 or
any ot her a{@ére emhﬁgl'f"qmtqf\)'\%ayﬁ% %er%&qﬁ the mﬁ%ﬁ?gglfﬂ?ﬁs[y be

pover ed bycainpadd<LcontrbllifigtAb doupdk sNbtive pbﬁvemiw BFRst tatca@@eltné |b'oﬂzttb on
angle O relative to the second axis 11 of gear device wher eby t he

i ncl i nat i ootategboud the figpt @xiseat sm@angul@egemﬂquateeé@an Hm’ang(Paélegr ees.
This can be s n Figure 2. The rotational axis of the wheel
2 is al onga't%gaw?mg)?'?yag{@%ﬂ.ggdﬁ)he wheel 2 is nounted such that the first
axis 4 and the 10 second axis 11 intersect at the centre of nass CM of the
wheel 2. A plane 13 sganned by the second axis 11 and the inclination axis

16 is i ndllﬁd?tf%fG"Qd gm Gﬁ@Q“th waysa tq 42 és peavided iéihe prathed figthari on of the
\c/ivlhrerglrm Onaﬁ:osr@ﬁ%s Wb dRG&M Kefitich Q‘h@@ rEQFer‘i’l'\ér?%' 95{ aﬁclj fl(%’éseﬁ Do the

€si an co- ord nat e syst re shown

rel ative o080 degyadaspthisindlinatian angte replesérﬁil@ sdid stalm:teﬁa&rchdatrmm:an@l&shom in
Fig. 1, a hydraulic ram 15 serves to apply a torque to the rotation shaft 3
- and thereby also to the wheel 2 - about athird axis 16, defined as the

ol nat | 98 pidfefred BIHBBATor R4 2 IDRIVIAEY Kike fieifba Aimdrs 4 and e

second axi s he torque appli e ram 15 1s directed in the sense
of incr eascnorgpnms |cnatrotb|ngahgImagmtuﬁeeofatbpltometappjwd tgithe bodysabaus the
rot atllosn ofh haelsfl rst axis 4 about the second axis 11 of the gear device 1.

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



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
appl i ed t\WPGOW/127228. . so that the inclination angle 8 dEET&RIYWE/003028 | n
operation of the gear device 1, the wheel 2 is first caused to rotate about
the first axis 4 until it exceeds a predetermned critical rotational speed
wc. The hydraulic ram 15 is then actuatdtl so as to apply a torque to the
wheel 2 5indirectly via the inner bearings 6 and the rotation shaft 3 about
the inclination axis 16 and in the sense of jncreasing incli nat'ﬁlﬂr}pgggl e O

Thi s gi ves'srﬂ'%fépP%SialertB?hV'leoWeg?oq?WE‘ [ compsises gengraling@des Nl is 11.
However, b%r%dé éHSutchrbé Bfethre‘)éta\%éé’trbrFBc oﬁ@% Wﬁ%ry meaRe\WF alfiistifgithe cal
eed wc about | a

rotational s the first ax Bf eaction torque™i s generated
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this nmovenent 1 s subsequently prevented by aulic ram 15 which acts
as an abuttirergelstteg piutputitbeguent at i on of the rotation shaft 3. As a
15result, 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 rotatiQnpéfesRRIESMBOdIMaHt Sfiayses e a2 ¢4 privided Alesiindthed seeeerd axis 11,
being an output axis, is increased. At this stage, a |oad may be applied to
t hi s out putorariisesfadjiudingdhe speedaf the deYﬂb@Uba'@ tinst axisoft is ResHYIR Hhat i c
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f eedback nmechanismin the formof a belt 18, an alternator 19, an
el ect ri cal torgueabsuoneantithenat least:ong oulpiut axie hyamepes @f edjustingupel y a
portion Ofartlghu aro\lljélggﬁy 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

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

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



notive power supplied at the second axis 11 back to the electric notor 12.
10 The orientation of the inclination axis 16 about which the torque is
appl i ed aw0dvei2seese of the torque are illustrated in Pcgmpeood/oo3ons whi ch
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 15ram 1¥is applied in the direction

i ndicated by the arrows 21, and the reaction torque arises in the direction
i ndi cated by the arrow 22. Although in the preferred enbodi nent the first
axi s 4 andoutput speethdbant enel of the: alrleast ong output axist i.e., selesting agiesired he

wheel 2, alt ti e 20env d,in. whi LI is 4
and the' scruiul Shee sBOHEMRECRR AXSaf SBR (RER: oliet Mt Rybi® apelied i1 ©
axis 4 or theepsRcapslitane shild axielis agjustéd intdeperRidnicesin ﬁ@s@@@l@ﬂcblﬂgeﬁ 4 and
11 may pass through the centre of mass CM of the wheel 2. It will be

appr eci at espaashilt isglsnpoggiblebal the meihadtirthescompsisgsegenerdiingfembodi nent
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2009/ 127225GGHikPEOBIGISABBIIEMI thedbsty aboutdheenind agisaftussafteat e,
respectively, paraneters for the design and the operation of a %ear devi ce

as descri b¥elesting Aslesied autpiy tate abrytane of thgAlileastione WiPH! X8 gs. 1
to 3, a te | I QR | i Lce and
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The essentthel toferat apeliedf tot theb cdyrebmutitise thied axis i adustedinaggperetenice arhe
inclination axis 16 b r’¥eans of the eccentrically nounted body 2, e.g., a
solid Wyl ithgrsleste UttIqUYe-mass m and that no external device for
applying a torque, such as 10the ram 15 as shown in Fig. 1, is required.
The schene shown in Fig. 4

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

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



constitutes a nodification and sinplification conpared to the schenme of the
gear device shown in Fig. 3 because an external device for applying a
torque i swoabowemasred. Anot her significant feature of Poe/rpedsmasizhown in
Fig. 4islimting neans for limting the rotation of the spin axis 4 about
the inclination isaxis 16. The test device can be designed in different
enbodi ments. Two different enbodinents #f the test device are shown in
Figs. 5 and 6 which are described in detail in the following. 20 It is the
obj ective of the test device to provide a possibility for a variation of
par amet er sway$ bdoriais provigedtitibe rpathadguher comprises skeapinm e variadiatoncr et e

embodi nent s, of th st device have,Speci evi ce evi ces
onabl i ng.t At abSB Sip B e ARG st i Bana it 4 nREYRLLESE! | he
25ad] ust megt g 8écdnd RERTe plafe 1868 thandhUegldedi ting means, and vari ous
measuring units for neasurenent of par arret ers such as rot at| onal velocities

and rotational directions of the diverse rotational axes.
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constituting a spin axis. The spin axis 4 is, at_ an |ncll?§§t|on angle 0 with

respect to® Igieng¥r korcall P@%?!B'ﬁcf"%ﬁ@??'aﬂescc!fﬁ@?ﬂgl}f‘?ﬁ’g“kaﬁen WHENIi s. The
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axi s 4 cansmatll aseosisinle duhirg dle pperaivansof]thle g'élauslevmbenbr@ayeﬁ tlnmnutmﬁate

about three dlfferen axes ab he s
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1) 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 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 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 called “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



acting on the centre of mass CM of the body 2, where g is the acceleration
of 20 gravity with an average nmagni tude of 9.81 nmis2. The force FG applied
to the boWQ 2009%R&E28s a torque T about the inclination aRCI/ER2008/830281gni t ude
of the torque T is T=F&sin =ngtsin(eq. 2). 25 The torque 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 wdpin greater than a critical angul ar
velocity wc, a reaction torque arises in the direction indicated by the WO
2009/ 127228PCT/ EP2008/ 003028 52 arrow 22. As the magni tude of the reaction
torque i s epusgsdhespaRdialdheryinut faetics aboud thgsggend axis tg rP?%?rP?ﬁ%N

wei ght of AL e to
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vel ocity vanm thesefficiesicy tdfidine enator ﬁeteabraeguTm critital autputvepeednabdutdiyei t ude
of the reaction tqQrque is snmaller t an.the g%g(ﬁltude of the torque T

ari si ng f rIfRNAXIR @ﬂtbeoqomﬂgregot&} eidig spe an agemap Qrﬁﬂgé"% i ncreases.

The rotation of the body 2 about the spin axis 4, the output axis 11, and
the inclination axis 16 has been neasured and recorded in experinments which
will 10be Tetcriticabdutpyt speed” atfoutdhs secorthaxisatarese determinedbisdoliows: 1t is

assuned tht th atio 4 about th 11
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Test appar@itital aﬁ%ﬁbave@cn 2ofthat the reetisn abtRmodétseNt of a test apparatus
whi ch wor ks accor to the schenme shown in Fig. 4. The essenti al
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shown Astitu I'éver “arm o
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
15 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.



| ength t. The term "eccentric" here nmeans that the centre of nmass CM of the
body 2 is not located at the intersection point IP as is the case wth the
body showwoiznodA2ges 1 to 3. Therefore, the body 2 is sulpcemPp2ios/ogoasity,
i.e., the body 2 with mass mapplies a torque about the inclination axis
16. 25 The test apparatus conprises a body 2, e.g., a solid cylinder wheel,
which is nounted co-axially on a rotati®h shaft 3 for rotation therewth.
The | ongi tudinal axis of the rotation shaft 3 is arranged al ong the spin
axis 4. The rotation shaft 3 WD 2009/ 127228PCT/ EP2008/ 003028 53 i s

rot at abl y Apuefeegdermbodimeantiafiveaysd thal isptoyidashif themathed futherr i ngs 6.
The inner ginbal 5.is unted Wi thin.an_quter. gi |, 7. far rotati about
the inclin WBHS%&"? ff o‘ﬂﬂpgﬂ‘éﬁﬂsa SBW 330%39@%%8@ t?ﬁgmé{é{c%bﬂo tSriq?‘rbal 7

i s nount edsddndaas s Yhatsd 8bhsthhPorl Rerd 5N indhaedn aKgR isseachiangaed al ong
the 5Svertical output axis 11. The vertical output shaft 110 is supported by

a beari ng atheswordsitthe eagnitysie: ofdhafterauecappliedahaudhe saeend axisse.d., by
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11. The supaeatconstamwniaededreasing igtlimatidn amgle is feachednise.péo ticatehs. The
spin axis 4 is_at an inclination angle O with respect to the output axis

11. The bo@pgpityde phthe w@cHAN teraue; IF eauakiosorareaigrithan dhe Magnitydefect i on
point IP t j ' j 1, and the inclination axis
16. The cgﬂfrtgﬁ)@ﬁ@pr#a@s&sﬁéﬁfo@a?h%%g@e gﬁéogaét& a distance t fromthe

inclination axis 3. The body 2 is subject to gravity, causing a
gravitationpal force FG = acting op.the centre of, nass .the body 2,
Shere 1 | SReruciadte biciona) thagjencemal e Gea P ViR MRATRERIHEGHTPRRH 1y i ¢ h
an averag%@ﬁagtatnléa,eu%g%%n_ SBearlis éﬁd/epuaﬁgaewwaqmgtmebhg shers?2
exerts a torque T around the inclination axis 16. The 20 magni tude of the
torque T iail ar gre@Getfoslubricatingrbgatings andior placingthe gear device irBayaspiises
coupling neans, 33 fortpgﬁﬁ%/ﬁicoqpl i.n%ntcgsan external source of notive power.

The exter n‘éefss%[ﬁdé’&eo N ;5%%3 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 Rrovide t he angul ar velocity msPin
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



of the body 2 by neans of any other source of input notive power, e.g., by
an electric notor which is fixedly arranged on the body 2 or the rotation
shaft 3. wo@o®0Q%1/2227228PCT/ EP2008/ 003028 54 The test appamzebars/odioes her
conprises limting nmeans 210 for limting the adm ssible range of the
inclination angle A. The limting nmeans 210 (not shown in detail in Fig. 5)
may be integrated into the outer bearinfls 8 The limiting means 210 limt

t he pivoting novenent of the rotation shaft 3 to a pivot range 5between a
m ni mum i nclination angle Amn and a maxi mruminclination angle emax- The
body 2 is m@eioretaotlomsaeedandém desifiedaeagton tarayeof the geandeviag @ngr

Zbout e TUPRENY R TSR Sherl. s BbBAI pAF MR TR BGR L shar ¢ 110, -
For the bogbcotdidyiysts a critical angular velocity we which is dependent on

the inclination angle O It is the aimto determne the critical angular
vel ocity wec of the body 2. For an incli nation angle 0 between 0 and 90, the

critical a 5 i I fssune
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4. |f the sopra® rotaticrl nyotosphd deeecw;iled frorratrfe%@narate aftatidreal nodtat.i on

shaft 3 about the inclination axis 16 in the sense of increasing the
inclination angle 8, i.e., in Fig. 5 dowwards, the angular velocity wspin

of the body efe%e'doamboa@gélhtt&m 13'isc§40vﬁiw'fg{e Eegslteevuawn o the

angul ar vel ocrt rnr ts | arotation o rotation shaft 3 about
the incli MUMngemeanﬂﬁanmotnldmgsthmwﬂlngémtwaenrhlgebbdy iandithaseparatangl e A,

i.e., in Fi rds ngul ar. vel oci t of the bod
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wspin does not result in a rotation of the rotation shaft 3 about the

inclination axis 16, the angul ar velocity wspin of the 25bodg 2 is equal to
t he criti cAlprefegedembedisrentyofway This prov ihthe bedyis diikerchy thecal angul ar

vel oci Ly ve. can, be, SHIRLLSEdRob A% Brb@IA8Y iREqy, 2mme: VO

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.



55 Step 1: A value wspin of the angular velocity of the body 2 about the
spin axis 4 is chosen. Step 2:1f the angular velocity wspin results in a
rot at i on wbauday/2hes inclination axis 16PpcmEPh@ssesnse of
increasing the inclination angle 50, go to step 3; If the angular velocity
wspin results in a rotation about the inclination axis 16 in the sense of
decreasing the inclination angle 0, go #o step 4; I f the angul ar
velocity wspin does not result in a rotation about the loinclination axis
16, the critical angular velocity wec of the body 2 is determ ned: w = Wpin
Step 3:Increase the value of wspin and go to step 2. Step 4: Decrease the

dependent BREREGIRRbAY P SRE i Bredidsitil e BORHbRor I Bpby with® ' ©
di stributiegafd td e foRhatibalof the ldver BAAYs varfiablee i nclination angle O
between the spin axis 4 and the output axis 11, on the distance t, i.e.,

t he magni tude of the torque, and on certain environnental conditions such

as anbi_ent t J 1,0l . A . appar at us
of Fig 5 ATOREEH dhBadRf 13 iR BiE BAE dBlick T E e P I
di fferent maiting rheans farnigtitingyhe hivtionasiith@ spanakie abouetie inchhdtiormaxist ed on
the rotation shaft 3, as shown in Fig. 5 so that the centre of mass CM of
the body 2aafinaligclinalioaAng'e. fromthe interception point IP. 25 In this
situation, the mass mof the body 2 applies a torque T of nmagnitude T = mg
t sin O about the inclination axis 16. In an alternative way, the body 2
can be noulipeefeoredtérabodinantaf vedyal 3 iSprwidddaif thehtest drvice adimprises &M of t he

body 2 is at the int i int | P _which ds to the ext
cast 110" o MeRBLHGE AR B RaT SR 68 628 H ENE PRRTGREA e rass

m of the bgdneHRRPAtItRE fiRQI helifdtforplegle. 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 external torque-applying nmeans, e.g., a ram

\Qﬂbfgsappl %sre err%%nésr% cr)'ctiirr%eor{t%lf%va%/\/% ist Br%v?&étd if the %ﬂl‘?‘ngorfne'aﬂg lcbﬂwaptrlsgna
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 gimbalis.

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.



5 Test apparatus of Fig. 6 Fig. 6 shows anot her enbodi ment of a test
appar at us whi ch works according to the schene shown in Fig. 4. toThe test
appar at uswof2009g7228 is simlar to the test apparatus of PErgr2&wg/oeseept for
the ginbals 5 and 7. Instead of the ginbals 5 and 7, the test apparatus of
Fig. 6 conprises an output shaft 110 and a pivot arm 30. The pivot arm 30
is pivot-nounted on the output shaft 1165 by nmeans of a pivot 31 so that the
pivot arm 30 is rotatable around the inclination axis 16. The pivot arm 30
is elongated 15 downwards beyond the pivot 31 in order to enable the pivot

arm 30 to Aduptermdeembodiment afiway 1his piswidedif the methed furtheriaeeprsss of the

pivot arm 30, the centre.of f the pivo 30 i LLi ith
respect tog’?tﬁémm'%ﬁ]es‘i” C@'Pﬁ?ﬁ%ﬁ&eio {'}&L?Zai%éw@mdﬁge%ﬁt €%§5%|°3§ﬁg§wm 30

al one. 20 rhaee BF ¥R follbWintpaaisters Thé Id\eREnmg tRinif iedlnatibe dpgiyof s
rotatabl e about the spin axis 4 which constitutes the |ongitudinal axis of
the pivot ®Wersm@0axithe position of the bearing 32 can be varied along the

pi vot asrmfor adjusting the length t of the |lever arm 25The test apparatus
further” conprises limting neans 210 for limting the adm ssible range of

t he incli natgreferaaiodrabddinddre dfiway 14és pravidedif themetived furtati domprizesect ed
to the output shaft 110 or the pivot arm30. The Iimting nmeans 210 limts
the pi vot i ¥eferpiungHie mtio ofdhgiangular valecity fiheidedy %&e fiein axis to

2009/ 1272 %qgg gﬁaqg i 'rﬁwéw' At gle Anin
and a rrax?%cmgrrfgﬁg inaéggﬁgﬁtﬁgﬁ%mg@n%x. ?%?é@dgs omsddggé}g{%rfag%t%éw of the
i mting neatisul2ilg depeatientibhan intial et tmadnnclinationtenglest appar at uses of

Figs. 5 and 6, in particular 5the body 2, are nade froma material having a
hi gh nfdul us of el asticity, which is preferably above 70 G°, e.g., arigid

material sygdsegs Wehtds Rirthek Wééétgié%ndr:hmléﬂitage%/ﬁiﬁﬂ% invefitiorl i/sglhﬁ%e@tefri rst

enbodi ment of limting nmeans 210 for limtin e range of the
i ncl i nat i oapregiatedby Teadingrhe ifellpwing detaite iptioa ©f pregantlyqirefrired | el

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;



nmetal plates 221 which are fixedly arranged on the output shaft 110 bel ow
the pivot 31. The netal plates 221 are spaced apart fromeach other to form
a verti cavocotriass wherein the pivot arm 30 can freel yPeiKEL208/083988 down
about the inclination axis 16. Each of the netal plates 221 conprises an
array of holes 15213. The arrays of holes of the two netal plates 221 are
aligned with respect to each other so tft a metal bolt 214, 215 can be
horizontally slid through two aligned holes 213. A lower netal bolt 214 is
inserted in a_ |l ower t|on thusformn stop for the pivot arm30 at a
mi ni num i nEiG; Rat i on %a;a‘ her empqdipent 8{%@&‘?5 ParalYs. j s inserted in an
upper position, thus formng a stop for the 20pivot arm 30 at a nmaxi num
inclination angle Amax. Fig. 8 shows an alternative enbodi nent of the
limting neign? 210 fshows antenmigpditeent ahtimitofg mieans nad ardetaibof Biggbe EL The
function of the limting means 210 of Fig. 8 is simlar to the function of
the limting nmeans 210 of Fig. 7, except for the 25position of the limting
nmeans 2510.F§ogtrary $rovid 8nBtHer eﬁibdﬂ?ﬁt@ht 8f fthRihg JhdaRé. Fig. 7, the pair of
metal plateS of Fig. 8 are positioned over and above the pivot 31. A | ower
metal bolt 214 is inserted in a | ower p05|t|on thus formng a stop for the
pi vot arm t a maxi numinclinatipen a pper netal bolt 215
WO 2009/ 12%‘529PCT/ E d@ﬁt}g"%g)qoglepﬂg 'e'P@ng rﬂeaﬂéjupper position, thus
formng a stop for the pivot arm 30 at a mininmuminclination angle Ornin
Fig. 9 shows still another enbodinment of limiting neans 210. The limting
Smeans 210Figoifri se shaws anlearbogiment of ap@rsy qfidesrsleyifefed hol e 51 in
proxinmty to the circunference of the plate 50, a first stop 52 and a
second stop 53 which project fromthe plate 50 and can be noved al ong the
hol e 51, aRig. a1bolt shHbweaachentzedietorceliield;irst stop 52 and a second stop
53. The plate 50 is fixedly connected to the outer cradle 7 of the gear
device 1 shovvn in Fig. 1 so that the 10inclination axis 16 passes through

t he centre bhe pl d lar to the plane of the plate
50. A pi vot aI ongﬁ(ﬁlvsslgr?%ﬁlghﬁg?@ﬁ&g@:gsbﬁg passes through the centre of
the plate and projects fromthe plate 50. One end of the bolt 54 is fixedly
connected to tlﬁe proj ectl ngﬁﬁl vot f’51 so _t hat thelbolt c{ends at ninety
degree’ frioidh fRe i ncPIR P HFNERECHS CORRRCYOLRIT IE5ieth R tpcﬂ 1554 i s chosen
so that a pivoting notion of the bolt 54 about the inclination axis 16 is

limted by the first stop 52 and the second stop 53
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 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 second cradle 7, in turn, is mounted
within a frame 9 via frame bearings 10 such that it can rotate relatively to 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.



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

i ndividually, even during operation of the gear device 1. A change of the
20posi ti oMoabow@2Bi rst stop 52 or the second stop 53 c&ATHP2@819)39%d,
e.g., by nmeans of a gearing mechanism The respective positions of the
first stop 52 and the second stop 53 define a maxi num angul ar range a the
bolt 54 is allowed to pivot about the ifitlination axis 16. In this way, the
al l owabl e range of the inclination angle El between the first axis 4 and

t he second_11 can be 25defined and changed, even during operation of the

gear devi cEha rotatign shel 3 oftheorise! 2HsgEsIsed 0 setate apprbtpeHirgt axis 4bbws a
preferred l%e)én% o?%ﬁa%'i?%féicgrﬁat{orr]gﬁg& é?ﬁ/\ébtﬁ‘é? soq??:% o iﬁpli%tntﬂéfi\gé_/ @R\%ﬁ.fﬂ?&s four

gear devices of the ear ‘device sShown erein the
frames 9 oglethie rhotor 1Pemaydeypowsrdtiovea batie na Skeidtation shaft 3 is mountgte

array frame 90, The output shafts 110 al ong the SS(ri)an axes /11 of, the four
gear devi cal@pinsiingtion ppgle B elativmio thegecondiawds A1 o4 yhe ggardewcehe out put

moti ve ﬁov‘ﬁbefg%fet)ﬁgggg{ﬂ;ngttigﬁréﬁwlé’@tis ?;E@éété?th]a}po id%gf’égéﬁ'ﬁﬁjd ARUpdn 'y means of

four angul a r gl ng respecti vé out put notive powers of

t he four geegredsvi ces together into one collective output shaft 36. Each of
the four to gear devices conprises feedback neans conprising a belt 18 and
an alternator 19 for feedback of output notive power into the gear devices.

Force Fi el fhisFda@: beléeéﬁﬂ’(&e%lééﬂlﬁiﬁq:igﬁrézfPﬁé?ot&ii@héi R offHd WHeOIM &
cylindrical bodgez w th 15t hi ckness 0x. Fig. 11 shows a plane 200 of the

body 2 |i ealopgthefigitaxiat! Thewtheel 24paaunted skheh thatdhe dinstl axis # anskthehe body

2. The plane Fig. .11.shows three ve r ng. t i ions of a
Chr oo ] neniaBiE it a6 e e HPRLE ST el thB theei % & DRES €Y

ori entat i ogpaifnddisy tHesscotiPaxasd 1tdird fherineliddtindaxdd 16 idiridicated ih Figure! i ed
to the bogi 2 about the third axis 16. 20 The third axis 16 runs al ong the

x- di r ect i of tjillustrateomorng cleaslydhe decation efdbe whag! @ iB\spasm andithyggses t hr ough
h i f i i h
the poi nt Sv&t?fégﬂgn@grl% BitebOSHs &f leﬁe@in’me&?@g%}?b%ﬁgs?é‘?\céo??Boﬁr?%tlﬁt S in the

x-direction o esran co-ordinate s rota rection 21
caused by s$ystemareglshowh pletedy to ifleskring theirelativb @rientdtion2&tthecaxesi4:11usi ng

t he riight hand, point the thunb in the direction of the torque vector. The
curl ed™fi n?ﬁrs show the direction of rotation.

In the gear device 1 shown in Fig. 1, a hydraulic ram 15 serves to apply a
torque 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 6 decreases.



WD 2009/ 127228PC T/ EP2008/ 003028 60 The force field 201 consists of force
vectors. Four force vectors 100 to 103 of the force field 201 are

exenpl ariwg 28évomeme28n Fig. 11. For the cylindrical body Pcwrpbosshozmmkness dx,
t he shape of the force field, shown in Figure 11, is the sane as the force
field occurring on the circular cross-section of a rod that is forced to
5bend. The force vectors 100 and 101 ar#8the force vectors of the force
field 201 with the nmaxi mum val ue. 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 val ue, depending on their

position on the bod | ane_201.. The ol.nt, 4 nt h 0s] 11

negative ZG‘G‘?‘?GE@ '?B%?,f H}G‘egﬁ@b VET 5.’ M‘J%ngﬁlt%fssﬁrs’#:?%f&fg{q #q\fﬁtg%bgqtégﬁ? he
orientat i ofysPhxiserlRtiISt excetdsad pebdsitéiinBe crigtaltrotitdinalBpesd s 0TRYI ri ng in
a gear device according to an enbodi nent of the invention. Fle(;i 12 shows a

cyl'i ndri cahyduaglis ramdts is theaectiated so apte army pdoruelBBsVREElhe wheel 2
5oL L8PS Gl BN D e gl

second “axi Inters urely

to clarifyakibeeraidin the synserdfdhdreasing inbinativasangle Bl Thistgiaesi risédo aheel 2.
The wheel 2 is rotated whereby the rotational axis of the wheel ﬁﬁ'lis al ong
the 20fi r stotatigrsotherffst axigdh apoutdhe outRutaxis bt BeweMer byg(itue ohBi8 on of

t he wheel | i LSt . t j V. ic A
torque i s SARTLR RShedls aBive il bicaF | aliGhalsheBB SPabod R Tfstibie

axi s) in a4sansactioh torqueeBsgenerated whichihasta oompogest dlspvaboutthee first axis

R L A Towt T I ST T SR el
third axi sinclif¥ictPR91é D 335 FH FEBALOR{UO3ARsGhe first axis 4 to rotate about
the inclination axis 16 in the sense so as to decrease the inclination angle ©.
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 woy of the second cradle 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 signals 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 cradle 5 to rotate relative to the outer cradle 7

to the desired inclination angle 6.



The torque applied about the third axis 16 causes the first axis 4 to
precess about the second axis 11. The angul ar velocity vector of the

angul ar n¥Pi2809/137226he first axis 4 about the second axi ECTEPRYS{08302¢red to
as output notion vector V2. 5 Connection armlength Fig. 13 shows a schene
for illustrating the definition of the &Pnnection armlength. 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 of Fig. 10 13. The

o' i ik EEaRoLTE FEERGReSBb 0 SHFARTodctrtulind TSR B i3’ ©°
about the gaRbhhed] ze)itw&rno’ﬁﬂatiJﬁlanbier@bn?xrhénﬁﬁ]rgtufa_éicﬂnﬁ@@pwié@tdraaeect to

the second axis 11 at an inclination angle O irst axis 4 constitutes

the spin ?As yxctizatedtaemveﬂme iaglingtiasf angle Bhispntrolled biyivirtua of Heohydrankbc
2. whi ch i : . i j b
Che opi n obara 13- by Solitpingshel® MalgRels L8 AR R cRRrRChelliBll of Macs

CM of tshe fesborespeut tNg oftegeapdevioenti a of the body 2 is maxim sed.
20Fi g. 13 shows a case where the body 2 is not symetrical about the

central plane 250 (= the plane which passes through the centre of nmass CM
of the bod i / fu i IS anong
the two pos itk RebhariearRdhe thirh ofatdicts B Aucthatdid, Brelgfial 27
bet ween t hiearpess 20 afd thescoritid| amitt 1Yecdrobly udedrtd supplyt dnpodiomxofsthé@®utput

preferably passing 25t hrough the centre of pivot 34, is used. There are

i nfinitel yNREWS pBW&IﬁéEPWf’ﬁ‘%ﬁt mﬁﬁ%‘é’ta’?%ywtg t'&?lﬁl'%ﬁtréc BrPoGeNnal to the
spin axjis 4. Anong these planes the one which has the m ninum 62 distance
to the centre of pivot 34 is defined as the connection plane P. In

accor danceThe phentatioomftee inainahbmaxisPty abbat Whichtthe ddrquieds apphiedendn ar m

b S B SR e R SRR o s oRRES" o1

connect i onhanghéd 2 RotadsiduueMe first Bxishe whishoishat@in ihBEndtReandle® wilkf i ned
as the distance of the centre of nmass CM of the body 2 to the third axis

16. Exper inespest to the Besond|(Fonitpig) asisr1 Xiher toneue appliedby the: hpdigetie or med

ot i nelt | TS TERPBr SR e ohpdictesty Ml firdly 23 B pefedudi?

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.



Table 1: Paraneters of the bodies AL, B, C, D, E, F, G H, and J. Shape
Material Mass [kg] Quter Dianeter [mm] Inner Dianeter [mrm Height [mr] Body
A R ng StWe[2009112328 520 480 PCT/EP2008/003028

50

In order to determine and estimate, respectively, parameters for the design and
the operation of a gear device as described in the preceding description in
combination with the Figs. 1 to 3, a test device has been developed. The design
of this test device and its operational function is described in the schematic

5  drawing of Fig. 4.

The essential feature of this scheme is that a torque is applied to the inclination
axis 16 by means of the eccentrically mounted body 2, e.g., a solid cylindrical
wheel, with mass m, and that no external device for applying 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.



20 Body B Cylinder Steel 9.785 390 - 10 Body C Cylinder Al um nium 3.846 390
- 10 Body D Cylinder Al um nium9.684 240
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Fig. 4 illustrates in a schematic manner a situation where the mass m of the
body 2 is used to apply a torque 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 6 with respect to the vertical second axis 11 constituting the
5 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 horizonta!l 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,

1S causing a gravitational force

Fe=mg (eq. 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 F¢ applied to the
body 2 exerts a torque T about the inclination axis 3. The magnitude of the

torque T is

T=Fgfsin6=mg{sin® (eq. 2).

25
The torque 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 wspin greater than a critical

angular velocity w, a reaction torque arises in the direction indicated by the
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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 6 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 6 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 longitudinal

axis of the rotation shaft 3 is arranged along the spin axis 4. The rotation shaft 3

8



60 - 20 Body H Ring Steel 0.694 60 30 40 Body J Ring Steel 0.858 60 30 50
15The used steel has a density of 7850 kg/nB, the used al um nium has a
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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

5  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

10  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 8 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 output axis 11, and the inclination axis 16. The centre of

15 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/s2. The force Fg
applied to the body 2 exerts a torque T around the inclination axis 16. The

20 magnitude of the torque Tis T=Fg £sin®=mg{sin 6.

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
25 the spin axis 4. However, it is also possible to provide the angular velocity wspin
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.



WO 2009/ 127228PCT/ EP2008/ 003028 63 Experinent 1 1In this experinent we
tested the four bodies A, B, C, and D as specified in Table 1 by neasuring
the critiWQ20ep3iud28r vel ocities we of these bodies for POH/ERRIBHPIIIAS

5i nclination angles. The experinment was perfornmed in the test apparatus of
Fig. 6. The centre of mass CM of the bodies was arranged at a distance t of
approximately 0.072 mfromthe i ntercepf“ on point |P. In a first run,
the inclination angle 0 was set to 45 degrees. The val ues 10nmeasured are

given in Table 2a. Table 2a: Critical ul ar vel C|t|esv\ca 450,
measur ed i @G APREFRAUS fU:@thCQfHBf@%'ﬂmg'ﬁﬁamﬁ?ﬁ% &P fef miting tbﬁgnl tude of

Tor que app | we
(oo dyéfk"ﬁ%. Bledingd Og#y (HRARGATaN SndiB¥8]. THE'IihifiRg rdHY 210 (RbtHwh
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

5 between a minimum inclination angle 6mi, and a maximum inclination angle

emax-

The body 2 is caused to rotate at an angular velocity wspin. The angular velocity
of the body 2 in combination with the torque 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 6. It is the aim to determine the critical angular velocity w. of
the body 2. For an inclination angle 6 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 wspin 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 6, i.e., in Fig. 5 downwards, the
angular velocity wspin Of the body 2 is lower than the critical angular velocity w.
20 If the angular velocity wspin results in a rotation of the rotation shaft 3 about the
inclination axis 16 in the sense of decreasing the inclination angle 6, i.e., in Fig.
5 upwards, the angular velocity wspin Of the body 2 is greater than the critical
angular velocity w.. If the angular velocity wspin does not result in a rotation of
the rotation shaft 3 about the inclination axis 16, the angular velocity wspin of the

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

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

following programme:



5.58 381 Body C 2.20 192 Body D 6.48 410 15The unit "rpnt nmeans "rounds
per mnute", i.e., 60 rpmcorresponds to 1 Hz. In a second run, the

i ncli nat iV 2809g12&228 was set to 25 degrees. The val ues MBEIFEPRYWSAPI2Yi ven i n
Tabl e 2b. WD 2009/ 127228PCT/ EP2008/ 003028 64 Table 2b: Critical angul ar
velocities we at 8 = 25, nmeasured in experinent 1 using the test apparatus
of Fig. 6 Magnitude of Torque applied out inclination axis [Nml Critical
angul ar velocity wc

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 wspin results in a rotation about the
inclination axis 16 in the sense of increasing the inclination angle
5 0, go to step 3;
If the angular velocity wspin results in a rotation about the
inclination axis 16 in the sense of decreasing the inclination angle
6, go to step 4,
If the angular velocity wspin does not result in a rotation about the
10 inclination axis 16, the critical angular velocity w. of the body 2 is
determined: w¢ = Wspin.
Step 3: Increase the value of wspin and go to step 2.
Step 4: Decrease the value of wgpin and go to step 2.

15 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 output axis 11, on the distance ¢, i.e.,
the magnitude of the torque, and on certain environmental conditions such as
ambient temperature and humidity.

20
An advantage 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.

25 In this situation, the mass m of the body 2 applies a torque T of magnitude T =
m g £ sin 8 about the inclination axis 16. In an alternative 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



[rpm Body A 5.46 85 Body B 3.33 280 Body C 1.31 160 Body D 3.81 355
Experinent 2 5The purpose of this experinent is to show that when the
angul ar WD W738pi n of a body is smaller than the criPCITEFERROOGMHOIIRHr
velocity we, the body 2 falls, i.e., rotates about the inclination axis 16
in the sane direction as the applied torque caused by the gravitational
force on the mass mof the body 2. 10 Ti% experinent can be sunmarised in
the followi ng steps: 1. The body 2 is rotated about the spin axis 4, using
an external .source of notive pawer p.to an initial apgular velogity wspin
which i s | iRATEER. tomassimiokine hgdy 2arriescia Proke aouBedBdnaton  ne
tnitial inglisAgt \iPihigalbmatilik Rase, in order to apply a torque about the inclination

axis 16, 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 Fiq. 6

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

the scheme shown in Fig. 4.

10  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. 6
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

15 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 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 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.

25  The test apparatus further comprises limiting means 210 for limiting the
admissible range of the inclination angle 6. The limiting means 210 may be
steadily connected to the output shaft 110 or the pivot arm 30. The limiting

means 210 limits the pivoting movement of the pivot arm 3 to a pivot range



152. The body 2 is located at the initial inclination angle emn. 3. The
body 2 is released at the initial inclination angle emn 4. The duration
of the rovade2g328t he body 2 about the inclination axi 8CTEPZ08/003028) at t he
initial inclination angle 8mm and ending at the final inclination angle
Amax i s neasured. 205. During this rotation, the maximum out put angul ar

vel ocity weut of the output shaft 11 is’heasured. WO

2009/ 127228PCT/ EP2008/ 003028 65 These five steps have been perfornmed for
the three bodies A B, and C specified in Table 1, The experinent with the
five af or hiMeesfAiRimg lmﬂ@aﬁee@n@@e@m 8ad &MmaxmeRsncination s 2 i s
posi tionedyon ghe-pi : | 3 = m fromthe

i nclinati ged“aé'x'iglg' Z%{h%%egplg}rfﬁ@gﬁ}ii%\ﬁ oﬁ%@%g&g%@tgggﬂg%ég ed so that they
limt the inclination angle 8 to a range between a m nimuminclination
angle em n_=_300 and a, maxi mum j nclination angl e Amax = .. 10The pivot arm
30%1 5 T {PeaieiabbGde BHBANGONAG (oot ARPARISRE BRI, AN O BPaic Bhon

el easad. th ddiy POfY rhade §onfama@ral Ravihg of AbhodABE of Bfadtighy uekeR of
the gravitational force and the pivot arm 30 rotates around the inclination
axi s 16 wiisiprefecallysiboyei HcGPhatg.oa rigid) rat@ialBushdas steebor aluminien.al | from
the initial inclination angle emn = 30 to the final inclination angle Amax
= 80 is less than 150.5 sec. If the body 2 is spun to an initial angul ar

vel ocity wWsHifihd Rsanishan the critical angular velocity we of the body 2 and
released at the Tnitral inclination angle Onn = 30, the pivot arm 30
precesses kigodrshomse fiest enteodigenpaf llragqng means 2 0foniiting theirapge £§i ng

inclingtio T e i : t shaft
110 1 oftor e der e, e Bor PN ag et Y boafBR 8 e SrAdtelkt  Onor
the pivot metalPlates 2R 1svkiedidry fixadlyeararued o thenatipun shafyl1d 0belowtthaues
until the pivot arm 30 touches the upper netal bolt 215 at the final

i ncl i nati obvelhyl el kevietal pates 22 trag epaged apayt fram eaauptherée form 8
exper i ment, diaLa tdieriddWhsrein th plroPhrm 39 &nlfreely 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 bolt 214 is inserted in a lower position, thus
forming a stop for the pivot arm 30 at a minimum inclination angle Bnyin. 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 Bmax.

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 bolt 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
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is inserted in an upper position, thus forming a stop for the pivot arm 30 at a

minimum inclination angle Bnin.

Fig. 9 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 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 bolt

15 54 is chosen so that a pivoting motion of the bolt 54 about the inclination 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 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 6 between the first axis 4 and the second 11 can be

25  defined and changed, even during operation of the gear device 1.
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Array
Fig. 10 shows a preferred 2 x 2 array of four gear devices. The 2 x 2 array

comprises four gear devices of the type of the gear device 1 shown in Fig. 1
wherein the frames 9 of the four gear devices have been assembled into a

5 single array frame 90. The output shafts 110 along the second axes 11 of the
four gear devices project from the front side of the array frame 90. The output
motive power of 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 collective 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 along 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.
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differs fromexperinent 2 in that the initial angular velocity wspin of the
body 2 isw@reexer228han the critical angul ar vel ocity wePCH/EPRGSIHBHPS 2. The
pur pose of this experinent 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., iorotates about the inclintion axis 16 in the opposite
direction as the applied torque caused by the gravitational force on the
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vel ocity
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

5 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.

10
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

15 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
20 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 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
25 axis 11. The torque vector of the torque applied about the third axis 16 is

referred to as applied torque vector V3 about the third axis.



15 The experinent can be summarised in the following steps: 1. The body 2
is rotated about the spin axis 4, using an external source of notive power,
up to an WRi200%12728gul ar vel ocity wspin which is great ePCEERA08/48302% i t i cal
angul ar velocity we of the body 2 for the initial inclination 20angle emax.
2. The body 2 is located at the initial |ncI|nat|on angl e Amax. WO

2009/ 127228PCT/ EP2008/ 003028 67 3. The®! body 2 is released at the initial
inclination angle Amax. 4. The duration of the rotatlon of the body 2

about the jnclination a t he i inclination angle
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reaction notion Is neasured e reaction notion is stopped at the
linmting athelfastaxis 4 abwtahgsbaond'emcﬂt»ﬁ refgired tsf as hatmttdiyotlpn ¥egteasur ed
when t he b\9 y 2 has just leaned to the limting neans at the limting angle
Am n. 107.Y9he maxi num out put angul ar vel ocity wow of the output shaft 11
when the reaction notion is stopped is neasured. 8. Wen the angul ar
velocity wspin of the body 2 falls below the critical angular velocity w

(e.g., dueConnéctianammigndgtdsses), the body 2 starts to fall. 15 These eight

Table 1 TG 3 sBMeh FEfernR ol Mstaltlo Ry huthn Brunty oflfectipnRRRL ¢ "
execut ed al%n@ﬂi IFoyvs13 §m~b@@b'f|£stlas<uspoandlt|®@edc@md akis P wba gearrdamcet a

di stance t 0.072 mfromthe _20 inclination axis 3. The t Fgaratus
further co@ﬁfﬁqrg'@g tpithe inMandiennBatyaxapds bt liewihin H’{f fjf?é""f‘ﬂ(ﬂ ?'??a? i¥-angl e 8

i TIPSR, a8 LG LM Sy TS 1 B i or e
initial insd thmu}n@ﬁrsiraglse4 /Ps‘r&ﬁatab]ﬁ)wutfﬂmethe 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 angle 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



25body 2 is spun to an initial angular velocity wspin greater than the
critical angular velocity w of the body 2 and the pivot arm 30 is rel eased
at the i nWVOI2809/12A2Bi nati on angl e Anax = 300. The pivot XREKREZ08H0HLES
around the vertical output axis 11 with a slowy decreasing inclination
angle 8. The spiralling rise of the pivot arm WO

2009/ 127228PCT/ EP2008/ 003028 68 30 causfs the out put shaft 110 to rotate
with an output angular velocity wow The helical notion of the pivot arm 30
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s 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 Outer Inner Height
Diameter | Diameter
[ka] [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 0.172 60 -
Body G | Cylinder Steel 0.431 60 - 20
Body H Ring Steel 0.694 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/m3.
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Experiment 1
In this experiment we tested the four bodies A, B, C, and D as specified in Table

1 by measuring the critical angular velocities w, of these bodies for two different

5 inclination angles. The experiment was performed in the test apparatus of Fig.
6. The centre of mass CM of the bodies was arranged at a distance { of
approximately 0.072 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 6 = 45°, measured in experiment 1

using the test apparatus of Fig. 6

Magnitude of Torque applied Critical angular velocity w¢
about inclination axis [rpm]
[Nm]
Body A 9.14 99
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.
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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 [rpm]
[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 wspin 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.

10 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 wspin Which is lower than
the critical angular velocity w. of the body for the initial inclination angle
Bmin-

15 2. The body 2 is located at the initial inclination angle Bmin.
3. The body 2 is released at the initial inclination angle Bmin.
4. The duration of the rotation of the body 2 about the inclination axis 16
starting at the initial inclination angle 8mi, and ending at the final
inclination angle Bax is measured.

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

output shaft 11 is measured.



110 Body C 600 13 8 480 220 Body D 600 22 26 492 70 Columm 2 gives the
initial angular velocity wspin of the body 2 whereby the initial angul ar

vel oci ty Wepnew/i2322Ri gher than the critical angul ar vel o®CTEPEEE/0HINS t hat

15i nclination angle Amax = 30. Columm 3 gives the ti me bet ween the rel ease
of the body 2 at the |n|t|al I nclination angl e emax 30 and the end of the
rise (= reaction notion) at the final i il i nation angle Amn = 25. Colum 4
gi ves the maxi num out put angul ar velocity wnat of the output shaft 110

which is observed during the rise of th p| vot ar gi ves the
angul ar vel6R$e {vesigns hﬁve ResLBedPMmeSD I-J"E'ﬁ/t P?dmz%é\@% aha €
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 £ = 0.072 m from the
inclination axis 16. The limitation means 210 are adjusted so that they limit the
inclination angle 6 to a range between a minimum inclination angle 8mi, = 30°

and a maximum inclination angle 6yax = 80°.

10  The pivot arm 30 is initially positioned at the inclination angle Bmin = 30° and
then released. 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 6. The duration of the fall from the initial
inclination angle 6min = 30° to the final inclination angle 8nax = 80° is less than

15 0.5 sec.

If the body 2 is spun to an initial angular velocity wspin less than the critical
angular velocity w. of the body 2 and released at the initial inclination angle Bmin
= 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 weu. The helical
motion of the pivot arm 30 with steadily increasing inclination angle 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.



69 the body 2 in the nonent when the pivot arm 30 only touches the | ower
netal bolt 214 at the final inclination angle Orn 25. Colum 6 gives the
maxi num MO0/ ’M38l ar vel ocity wout of the out put shaf PCT/EP2808i063928 s
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metal bolt 214 at the 5final inclination angle emn 25. As can be seen
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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 w, the body rises, i.e.,
10 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 output shaft 110.
15
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 wspin Which is greater
than the critical angular velocity w. of the body 2 for the initial inclination
20 angle Bmax.

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



5Table 5 gives the specific critical angular velocity wc, spec neasured for
the three bodies specified in Table 1. Table 5. Specific critical angul ar
vel oci ty WO20868¢2280r connection armlength | C = 25 nm RGA/EPAABIOANNLE on
angle 0 = 45. Specific critical angular velocity W, spec [rpn Body E
2400 Body F 2600 Body G 3200 Body H 2500 Body J 3000 10 The specific
critical speedwc, spec of the body 2 onf@ I ndi cat es how suitabl e the shape
of the body 2 and the distribution of the nass of the body 2 are in terns
of efficiency. Anong two_di fferené ope Wt Iomer specific

critical speed %Th%BQGY 2dp releass étﬁlﬁa 'Hét' @*“P" éng fl"ﬂ ternms of shape
of the body andy 1ﬁ%é‘8u@t®%rdeHé'r8fétl%&f% BBaY 2%bduiehd Hbinalionaxrr 16 t he

specific critical
startlng at the initial inclination angle 8max and ending at the final

inclination angle Bn,n is measured.

5 5. The maximum output angular velocity woy of the output shaft 11 during
the reaction motion is measured.
6. The reaction motion is stopped at the limiting angle 8mi,. 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 Omin.

10 7. The maximum output angular velocity woy of the output shaft 11 when
the reaction motion is stopped is measured.
8. When the angular velocity wsin of the body 2 falls below the critical
angular velocity w. (e.g., due to frictional losses), the body 2 starts to 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
20 inclination axis 3. The test apparatus further comprises limitation means 210 for
limiting 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 Bmax = 30°. The

25 body 2 is spun to an initial angular velocity wspin greater than the critical angular
velocity w. of the body 2 and the pivot arm 30 is released at the initial inclination
angle Bmax = 30°. The pivot arm 30 rotates around the vertical output axis 11
with a slowly decreasing inclination angle 6. The spiralling rise of the pivot arm
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Initial Duration | Max. output |Angular velocity| Max. output
angular of Rise angular Wspin just before | angular velocity
velocity velocity woyt stopping Woyt after
Wspin during rise | reaction motion | reaching Bnyin
[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 wspin of the body 2 whereby the initial

angular velocity wspin is higher than the critical angular velocity w, for that

15

body 2 at the initial inclination angle Bmax = 30° and the end of the rise (=

reaction motion) at the final inclination angle 8, = 25°. Column 4 gives the

inclination angle Bmax = 30°. Column 3 gives the time between the release of the

maximum output angular velocity woyt of the output shaft 110 which is observed

during the rise of the pivot arm 30. Column 5 gives the angular velocity wspin Of
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of other bodies which are scal ed according to a 25scaling factor such that
t hese ot her bodies could be tested usin? the test device. WO
2009/ 127228PCT/ EP2008/ 003028 72 One of Phe variables for determ ning the
out put power is the magnitude of the applied torque. In order to obtain a
hi gher °“t§§¥ power, it IS necessary to use i e.as long as the
|

hi gh
ot her oper WYC%HHVF% HREEe W g\_@r‘?ﬁéﬂtarﬂ? SB_,OI bg%ﬁ‘géﬁa%ﬂ%eri W@?q_'n_ation
angl e, 'fal%&?Zﬁ'@%‘f"tﬁé’ﬁﬁaIQE}%ﬂGr{régifoﬂpJHdlfgm.tnO-I?5*9Co‘-iur'n?\céﬁﬁfi‘ég%e% mieih L1 cal

speed wc SO i ncreases. ore, a torque val ue her than the
t or que val ostpusenguibeweldeity Ly rofrithe totput shafti 110 whichi is albsepeedafier,thepec i s

d th bady, th itical I [ to th
new 1 or qud R PUDRANS LABE SATA T eppRa  Joepwe" el ol 2 Epablhel, ' spec
for that iﬁ}gmmﬁqiagan%gl%emil Q Sence it is mandatory that the spin speed

wspi n of the body shoul e Higher than the critical speed wc during the
operation of the gear device, a body with a higher specific critical value

WC, Sspec st _bhe rotatged hi gher e co t Lt h..a | ower
specific %? ICFB%e %%eéb@ﬁ‘?‘es’:p"g‘ém”i??ﬁcsﬁ&ﬁ w{@gﬁg?@ﬁsgﬁaé% ﬁ]mggl ower

spi n speedavglideveBBitNws s, iPeRRidesithb speedustehe AsadtRnknowon, idweVvdri tHe onal

| osses (such as air friction, bearing friction) increase exponentially with
the spin spastnMy@RUPEanguidbyalogily wWeyobreras dUring tiesieashiph MPEEYs in t he
gear dgvi C§

h Vi i d engt h of
Phe noftor decBSeE IRt SR iR aof RittepBeh 4iné AN Effitlont e oro|
costs of ttlhﬁ cg&pnt@i];egdjlaevelpciej ftroaﬁrhc}rease@excbtss'i\m%y ahdahé astouddafce for
nmeasuring the specific critical speed , ec shoul d have sone speci al
features |ACEA$ES ORISR NG H@'aﬁ@@GP&WeﬁC'WH’éﬁphﬁg}ﬂﬁ SH&HS. @Q?Ee
transm ssion rate of the torque of the spin axis 4 to the second axis 11

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

in a gear device according to the invention, a specific critical angular velocity

W, spec is defined. The specific critical speed we, spec (also referred to as “specific

critical angular velocity”) of a body for an inclination angle 6 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 I..

The purpose of this experiment is to show the measurement of the specific
critical speed we, spec Of different bodies for the length | of the connection arm
25  fixed at 25 mm and an inclination angle 6 of 45 degrees. The experiment was

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



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
decr ease WRi2809¢2fR8t , the frictional forces acting agai RET/EPRISH06I03E | on
about the spin axis 4 should be WD 2009/127228PCT/ EP2008/ 003028 73 as

cl ose as possible to the theoretically best value of zero. The frictional
forces acting against the rotation abouf® t he second axis 11 decrease the
rotational speed about the second axi s 11 and hence increase the specific
critical eed values wc, spec._ In ord o, .decrease this fe t, the

fricti onal he pediesteth . n% I\#adzﬂfﬂ?tb'q hewi %@?“%’ igEsier anecy ISHxi s 11
shoul d be { et é?ﬁce?ﬁ’?égml&ﬂf@ rbfﬁet%%?ése\yvitﬁ?Jl%r?’er?ﬁﬁtseg;é%n'é%t%

Table 6 gives e current draw of an electric not n m)torg usedfor
spi nni ng trotatioody speedf. Table 6: Current draw of the electric spin notor
while spinning the body F to different spin speeds wspin. Spin speed wspin
[rpn] Current draw of the spin notor [mi] 3000 800 4000 870 5000

5 Table 5 gives the specific critical angular velocity we, spec measured for the three

bodies specified in Table 1.

Table 5: Specific critical angular velocity wc, spec for connection arm length | =

25 mm and inclination angle 6 = 45°.

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

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 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
W, 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.



1100 6000 1800 7000 3000 The enbodi ments given in the figures have the
functions which are described in 15the description of the figures. However,
t hese enbsQi2ie2322Rave further functions which are not ®ETEPRWSHO30A8 t he
description but only described in the clainms. Furthernore, the subject of
all the clains can be realised in the enbodi nents given in the figures or
nodi fi cations thereof. Key of referenc® signs lgear device 2body
53rotation shaft 4first axis (= spin axis) 5inner cradle 6inner bearings

7outer cradle to8outer bearings 9frane .
Since the specific critical speed we, spec Of @ body 2 is a property of the body 2

that is determined dependent on the inclination angle and the length I of the
connection arm, the specific critical speed we, spec Of the body 2 may vary for
different pairs (8, Ic) of the two parameters inclination angle 6 and connection

5 arm length I.. Therefore, in order to compare different bodies, the specific
critical speeds wy, spec Of the bodies for an identical (6, Ic) parameter pair should
be compared. Thus, it is important to use the same (8, I) parameter pair for
comparing different bodies. For the same (6, I;) parameter pair, the body with
the lower specific critical speed can be said to be the more efficient body in

10 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 (B, ;) 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 wspin, the value pairs comprising the output speed
value woyt and the output torque value are different for these two bodies. That
means, even if the inclination angle 6, 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 torque 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.



10f rane bearings l1llsecond axis 12electric notor 1513pl ane 15hydraulic ram
16third axis (= inclination axis) 17control unit 18belt 2019alternator
20el ect r iwOR&MMIEER821appl i ed torque, direction of 22rea®CirdR2908/003923
direction of 29angul ar gear 2530pi vot arm 31pi vot 32bearing 33coupling

means WO 2009/ 127228 75 7

One of the variables for determining the output power is the magnitude of the
applied torque. In order to obtain a higher output power, it is necessary to use a
higher torque as fong as the other operation conditions are preserved. 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 torque
value would be higher than the specific critical speed w¢, spec for that inclination
angle.

10
Since it is mandatory that the spin speed wgpin 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 w, spec Must be rotated at higher speeds compared
to a body with a lower specific critical speed W, spec.

15
Actually, using a body with a lower spin speed value wgpin is beneficial because,
as is known, the frictional losses (such as air friction, bearing friction) increase
exponentially with the spin speed wepin (cf. Table 6). Furthermore, higher spin
speeds in the gear device, preferably motor 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 we, spec Should have
some special features in order to 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 wc spec. INn Order to decrease this effect,

the frictional forces acting against the rotation about the spin axis 4 should be



36¢col | ective output shaft 40bearing 41support 50plate 551hole 52 - 53stop
54bolt 90array franme 100 - 103 force vector 10110out put shaft 200pl ane
201f or ce WP&P®/R21Bi mi ti ng neans 211 212 pl ates 15213REITE&P2004/093028 hol t

221pl ates 250central plane 20 Cvcentre of nass of the body FGgravitational

force
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 w¢, spec- IN order to decrease this effect, the frictional forces acting

5 against the rotation about the second axis 11 should 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 Wspin 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.



t di st ance,

| ength tclength of connection arm | Pintersection point

25Pcconnection pl ane Vl1spin vector V2output notion vector V3applied torque
vect or ab¥0t20e%8722RBi rd axis 76 a 0 emin enax 5(A. ) W POF/EP2@E800302%1t Wspi n
10 angul ar range inclination angle

10

20

25

74

Key of reference signs

1 gear device

2 body

3 rotation shaft

4 first axis (= spin axis)

5 inner cradle

6 inner bearings

7 outer cradle

8 outer bearings

9 frame

10 frame bearings

11 second axis

12 electric motor

13 plane

16 hydraulic ram

16 third axis (= inclination axis)
17 control unit

18 belt

19 alternator

20 electric harness

21 applied torque, direction of
22 reaction torque, direction of
29 angular gear

30 pivot arm

31 pivot

32 bearing

33 coupling means



m ni mum i nclination angle maxi muminclination angle angular velocity
critical angular velocity specific critical angular velocity angul ar

vel oci ty \WPA0/2AR8out put axi s angul ar velocity of the BEHEP2008/963928 t he
spin axis 4 Cainms: 5 1A gear device, preferably notor device, for

provi ding rotation about at |east one output axis, said device conprising:
a body (2) nounted for a rotation about’a first axis (4) and a 1Orotation
about a second axis (11) and a rotation about a third axis (16), the first
axis (4) being oriented with respect to the second axis (11) at an

i nclinati o?P angl e (@0llectiye oyt sdalixi s (11) and/or the third axis (16)

constituti t he at one output axis of said device, wherein the
rotation of the body Egid about the third axis (16) gives rise to a change
15in the i4tlinati csuppogt e (0), means (15) for applying a torque (21)

to the body (2) about the third axis (16) in a sense of increasing
inclinati o%oangl e ( ?t%en the first axis (4) is at a selected inclination
angle (0) y4th respgyt to the second axis (11) which is greater than O
degrees and | ess than 90 20degrees, and means (210) for limting the
rotation ob2th8 bodstop2) about the third axis (16) in a sense of decreasing
inclinati o€ angl e (0%I such that the inclination angle (0) of the first axis
(4) withr %pect tob he second axis (11) renmins greater than O degrees and

less than g degr eegrray 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



25 sai d device being so structured as to enable a source of notive power to
be connected to the body (2) to cause the body (2) to rotate about the
first axiwo(409/12222d WO 2009/ 127228PCT/ EP2008/ 003028 78 PCT/EP20R8MPIRY t he
rotation of the body (2) about the first axis (4) is at an angular velocity
(ws) greater than a critical angular velocity (we) so that a constant or a
decreasing inclination angle (0) is reathed, "t her eby to initiate or

i ncrease an output angular velocity (wout) and/or an output 5torque of the
rotation of the body (2) about the second axis (11) and/or about the third
axi s (16) @s said a@ngWasfang®e output axis, characterised in that the
body (2) hgas a speciki j tical angular velocity (we, spec) of less than
20000 roun%s per m'h&l"ﬁe:?t&{g{rée @rgabl y thereby to increase an output | opower
about the &4, | east miremum ndinatiors angleer eby sai d specific critical angul ar
velocity (ye, spec) is.defined as follows: the specific critical angular

vel oci tye Puwhe criTRXEMURHBEINAIOPANA®ty (we) of the body (2).--, spec) is
15when ¢ he,,i ncli nat i ) of the first axis (4) with respect to the
second Saxi%) (11) isé%jlgggélgggf when the first axis (4) passes through
substanti alky the centicabaogulanyelocty) of the body (2),

when the body (2) is or.ij.ented such thai tthe nonment of inertia of 20t he body
(2) is sub¥e-artei al IV%)'& ﬁﬁ'%?nﬂﬂ@ﬁ,\’eq@'yhe body (2) is not synmetrical
about a plape whi chamagaeselbbitpHBbut the Saput &ief mass (CM of the body (2)
and which is orthogonal to the first axis g4), anong the possible nmounting
ori ent ati owspirof noUAIGWAr Yeleciivaf theXhodin2 eheut thesspiaaxis 44) the one is
250h05ﬁ)n that results in a smaller distance between the centre of



mass (CM of the body (2) and the third axis (16), and when a connection
armlength (cc) is a) 5 mif the mass of the body (2) is less than 0.1 kg,
WO 2009/ N028@ACT2EP2008/ 003028 79 b) 25 mmif the massPO/EPR@SI003098 (2) i S
equal to or greater than 0.1 kg and | ess than 100 kg, C) 50 mmif the nass
of the body (2) is equal to or greater than 100 kg and | ess than 1000 kg,
and 5d) 100 mmif the mass of the body {2) is equal to or greater than 1000
kg, whereby said connection armlength (1,c) is the distance of the

i ntersection point of a connection plane (Pa) and the first axis (4) to the
third axis (16), whereby said connection plane (Ps) is a plane 10which is
orthogonal to the first axis (4) and intersects the body (2) and has the

m ni nrum di stance to the inclination axis (16). 2. A device as in claim1,
further conprising a source of notive power which is connected to the body
(2) to cauge the body (2) to rotate about 15the first axis (4) at said
angul ar v : (wspin) greater than said critical angular velocity (we).
3. Adegvice as in claim2, further conprising feedback neans (17, 18, 19,
20) for transmtting notive power fromthe rotation of the body (2) about
20t he at | tast oh@eantdpuiceaprefetably hoteodeviee,dbr povidiegpotation about at

least one output axis,
said device comprising:
a body (2) mounted for a rotation about a first axis (4) and a
10 rotation about a second axis (11) and a rotation about a third axis (16),
the first axis (4) being oriented with respect to the second axis (11) at
an inclination angle (8), the second axis (11) and/or the third axis (16)
constituting the at least one output axis of said device, wherein the
rotation of the body (2) about the third axis (16) gives rise to a change
15 in the inclination angle (8),
means (15) for applying a torque (21) to the body (2) about the
third axis (16) in a sense of increasing inclination angle (8) when the
first axis (4) is at a selected inclination angle (6) with respect to the
second axis (11) which is greater than 0 degrees and less than 90
20 degrees, and
means (210) for limiting the rotation of the body (2) about the third
axis (16) in a sense of decreasing inclination angle (8) such that the
inclination angle (0) of the first axis (4) with respect to the second axis
(11) remains greater than 0 degrees and less than 90 degrees,
25 said device being so structured as to enable a source of motive
power to be connected to the body (2) to cause the body (2) to rotate

about the first axis (4), and



4. A device as in claim3, wherein the feedback neans (17, 18, 19, 20) is
arranged to transmt sufficient notive power to the source of notive power
t o over coOWO 280023328 ]| osses arising fromfriction due to PREEPIPSOBINRHN of
the body (2) about the first axis (4) when the inclination angle (8) and

t he magni tude of the applied torque about the third axis (16) and the

out put angul ar velocity (wout) about th& at | east one out put axis are
constant. WD 2009/ 127228PCT/ EP2008/ 003028 80 A device as in any one of the

di | ai ms, furth i Si f trolli th f
peres! o0 12 o el SRR TEERRek Y S5R e A fPE U 5
sai d angul ar vel ged i (ABER) (5P Rt PN SAERica! BhbGRk IBH) ALocyes 0 tY

(we). A device asin any o e preceding clains, wherein the torque
appl yi ng neans (tha) aiconatardogaddeaeapipgyinclinationrangie (913 reachesk thergpy ( 2)
about the third axis. (16). when the selected inclination, ang)e (0) .s
greater than 10 t&é@ﬁ'@&éoémr?%a? ngfp‘g@nggggé/gichtx (Eognd 888)5% alg‘n&ﬁwt one of
the precedi ng clg@rde of tHel AoRdtictOstheHdty (25 aBsuf Ble SUBNUAi$ (D1 )tdiRi/or

magni tude of the torque (21) applied by the torque applying neans (15). A
devi ce as in anyalmd tbe thirkagisdd€pangais ali lgast enrepuipyit @Xis, | i ni ti ng nmeans
(210) is arranged,so_as to l.imt,the rotation of the body (2) about the
third axis (16) %8?ﬁ§t°iﬁé'i n%lq nali on angle (0) of the first axis (4)

Wi th respect to thaetrresedd(Btias 4 $pecific chtieaitaiguldraveldditydesy 63 ohiteds! ess
20t han 80 degrees. 9. A device as in any one of the Br ecedi ngscl ai ns,

further conprisihgnRO000 moendadensinklg, Preferakly thefepy o firgeasy an owpdln. A

device,as in claj rther Y for selecting a desired
out putloangul ar \a/be#ué% ?%/&(t\}ggt%t?Eagogtn%tﬂgpgfépéast one out put axis and
causi ng t he adj ushéerspyresd specifiadyitisal arigrlam@locibt juanspais defigd as

WO

dependence on the sel ected output angular velocity (wow).
2009/ 127228PCT/ EPY8WE7 003028 81 11.A device as in claim9 or claim 10,

further conprising ngangdeftlc critical angular velocity (We, spec) is the critical angular
velocity (wg) of the body (2)
15 when the inclination angle (8) of the first axis (4) with respect to
the second axis (11) is 45 degrees,
when the first axis (4) passes through substantially the centre of
mass (CM) of the body (2),
when the body (2) is oriented such that the moment of inertia of
20 the body (2) is substantially maximised,
when, if the body (2) is not symmetrical about a plane which
passes through the centre of mass (CM) of the body (2) and which
is orthogonal to the first axis (4), among the possible mounting
orientations of mounting the body (2) on the first axis (4) the one is
25 chosen that results in a smaller distance between the centre of
mass (CM) of the body (2) and the third axis (16), and
when a connection arm length (£;) is
a) 5 mm if the mass of the body (2) is less than 0.1 kg,



selecting a desired output torque of the device and adjusting the
inclination angle (0) in dependence on the selected output torque. 5 12. A
devi ce asWPRW78Be of the precedi ng clains, wherein tRETHEAHS/00302Y f or
applying a torque (21) about the third axis (16) conprises a spring. 13. A
device as in any one of the preceding clains, wherein the neans (15) 10for
applying a torque (21) about the third Ris (16) conprises one or nore of:
a hydraulic ram a pneunmatic ram an el ectromagnetic ram 14. A device as

in any one of the preceding clains, wherein the |jmting nmeans (210) is
arranged to prevent any ro? 58deﬁthteﬁ€a%9§/ttr‘@2§°dc¥o%t's %gPﬁgot%grﬁa is
(16) in the sense of decreas{hggdm@éi%kgﬁtﬁé}ghgow. 15. A device as in
any one of the preceding clains, whérein the means (15) for applying a
torque (21) about the thirc) EHxiven ({1t sassvekthadutidy @) egualtotdregreatert i ng

means (210). 20 16. A device,as jn an ne of th ecedi pg clains, wherein
the liniting means (210) contBtaPs@ %ngagdﬁﬁ?e%‘@" 0 kg, ce as in any one

of the preceding claims, WpE{E) rh BhEIr&ds 8kihe K Rasgas! tohgrough
substantially the centre \(l)\é})errass ( of the body&%YZS&? V\%
2009/ 127228PCT/ EP2008/ 003028greaterghan dé¥0d@,as i n any one of the preceding

| ai ms, wherein th d axis (11). t b ' th
LTS ool oy SRS bSobbkidnEtRiedlh 24P B UARADbE Y e Mo
precedi ng cl ai ms, whigtegsactiditpdint 6f a@¥hRettfon pRAct(PE) s8¢ evulfidx bsis((# 1o

intersect. 20. A device as in any one of clainms 1 to 18, wherein the first
axis (4) and the sect@ﬁdhtiﬂiaéﬂs((ﬂﬁg, wherehy said epaee¢tiamplapedPilisld planeon

angle {8) is which is orthogonal to the first axis (4) and intersects the body (2)

and has the minimum distance to the inclination axis (16).

2. A device as in claim 1, further comprising a source of motive power
which is connected to the body (2) to cause the body (2) to rotate about
15 the first axis (4) at said angular velocity (wspin) greater than said critical

angular velocity (wc).

3. A device as in claim 2, further comprising feedback means (17, 18, 19,
20) for transmitting motive power from the rotation of the body (2) about

20 the at least one output axis to the source of motive power.

4. A device as in claim 3, wherein the feedback means (17, 18, 19, 20) is
arranged to transmit sufficient motive power to the source of motive
power to overcome energy losses arising from friction due to the

25 rotation of the body (2) about the first axis (4) when the inclination angle
(8) and the magnitude of the applied torque about the third axis (16)
and the output angular velocity (wout) about the at least one output axis

are constant.



10defined as the acute angle between the first axis (4) and the second axis
(11) when viewed along the direction of the shortest line joining the first
axi s (4) WARHRTB8cond axis (11). 21. A device as in aR¢TAR008{00302%
precedi ng clains, wherein the body (2) is 1l5substantially cylindrically
symmetrical about the first axis (4). 22. A device as in any one of clains
clains 1 to 21, wherein the body (2) cofiprises a hub and a web and a ri m of
ring shape. 2023. A device as in any one of the preceding clains, wherein
the body (2) is nmade froma material having a nodulus of elasticity above
70 GPa, preferably above 100 GPa. 24. A device as in any one of the

precedi ng ! ai s deUide Y iICAPEHE DR BiERRAMd BN litheBceRpsigyi ce. 0
2009/ 127228PC T/ EP2008/ 003028 83 25. A device as 1 n any one of thé precedi ng

clai ms, further meapsifeicantralingthensource ofi maiveaawrrdormasiseshabodydd) f or
rotation about the cond i S, 526. evice as in the preanble of claiml,
preferably as int°a[f?§§8ﬁé’° ﬁi%@“‘g?é@@é?ﬁgsﬁ'ﬁaﬁw,lang?@B’n&é‘ﬁ’"aW&Iagerbet ween
the veator of thaahyaiderificalangbRriveibdity (g body (2) about the third axis
(16) and the vector of the output angul ar velocity (wow) about the second

axis (11) is between 85 degrees and 93 degrees, preferably close to 90
degrees. 1Q 27. i ce I i i rein the
body (2) 19 mourt S Vi s Bk B5Y of U Blac i R E, M B LR ord0 P 1 1%,
modul us of el astapplyingaheses (16)@arrapget ¢o apbyy thieatoegue) (@ 1Ga the body (2)

about the third axis (16) when the selected inclination angle () is

10 greater than 10 degrees and less than 80 degrees.

7. A device as in any one of the preceding claims, further comprising
means for controlling the magnitude of the torque (21) applied by the

torque applying means (15).

8. A device as in any one of the preceding claims, wherein the limiting
means (210) is arranged so as to limit the rotation of the body (2) about
the third axis (16) so that the inclination angle (9) of the first axis (4)
with respect to the second axis (11) is greater than 10 degrees and less

20 than 80 degrees.

9. A device as in any one of the preceding claims, further comprising

means for adjusting the inclination angle ().

25 10. A device as in claim 9, further comprising means for selecting a desired
output angular velocity (woyt) about the at least one output axis and
causing the adjusting means to adjust the inclination angle (8) in

dependence on the selected output angular velocity (wWout)-



1528. A device as in any one of the preceding clains, wherein an out put
shaft (110) along the at |east one output axis is nade froma material with
a nodul usWeR0y133i2Bci ty above 70 GPa, preferably above POU/EBRYS/003928 A
device as in any one of the preceding clains, wherein the parts of the
20devi ce, on which variable forces act agre made fromone or nore materials
with a nodulus of elasticity above 70 , preferably above 100 GPa. 30. A
device as in the preanble of claim1, preferably as in any one of the
25preceding clains, further conprising one or nore sensors for nmeasuring
val ues of one or nore of the follow ng paraneters: the rotation about the

first axi S]{.4) AR YeRlcd A€ISQASPRD GPdIgin 4é)m'&€4%n¢dﬂ@irk{;\ﬁ8ban§>fbls (16), the

angul ar velocity of the rotation about the first axis _
2009/ 127228PCT/ Eseleciga sieaedoutpyt tarqieoof theelevineoand adjustingthe and/ or t he

third axis (16),. the position.of the bod 2)..and/or, the first axis (4)
and/ or the Seconlacg;gtgvn(qriglegﬁgy‘notﬁeqqﬂgoetnﬁpsoﬁ%@issel?cltgsi’outt%lét t?’E)cruc?ue of the
rotati gn about the first axis (4) and/or the second axis (11) and/or the
third axis (16), a force. 5 31. A device as in the preanble of claim],

pref erabl ylas i rAsleyicsnas isfamhengoéihripiegeding elgims,wvherein thenpeass nSheans
et imat o axi 1o #BphiRP g uofeded) eBulthe g MR (e coRittiles F'6Ptng e and

an upper limt angle value and ionmeans for adjusting these limt angle
val ues during the operation of said device, to a chosen |lower Iimt angle
val ue hi ght3. t hah deviseReisamhane shihe piecedng elatipeoxhersin e meaes (19 t

20 degibes. i s300h RRYIL 3RS AR el i 2B ) CRITSRB Db L han

mechani cal | y | i ninbrengf:.tahleydraulic ram, a pneumatic ram, an electromagnetic ram.

14. A device as in any one of the preceding claims, wherein the limiting
means (210) is arranged to prevent any rotation of the body (2) about
15 the third axis (16) in the sense of decreasing inclination angle ().

15. A device as in any one of the preceding claims, wherein the means (15)
for applying a torque (21) about the third axis (16) serves additionally as
the limiting means (210).
20
16. A device as in any one of the preceding claims, wherein the limiting

means (210) comprises an abutment.

17. A device as in any one of the preceding claims, wherein the first axis (4)
25 passes through substantially the centre of mass (CM) of the body (2).



rotation of the body (2) is one or nore abutnments. 33. An assenbly of two or
nore gear devices, preferably notor devices, each of which conprises a

devi ce asWPrRoeMR738e of the precedi ng 20cl ai ns, in conbPRAEPIHSRPIRS neans
for causing each of said devices to rotate at substantially the sane
rotational speed but at different respective phase angles and neans for
conbi ni ng the out put angul ar velocity (&but) and/ or the output torque of
sai d devices. 25 34. A vehicle powered by a device as in any one of clains 1

to 32 or by an assenbly as in claim33. 35.A vehicle as in,.claim34 in the
formof a %/%ad VRIHeyice as W?'?b@@?Pg]mBW?PEWQQW%OﬁW@"BQ‘%%‘?C%%ehi cle

as in claim34 in; f f i i1 4 i ¥l idn 34 in
the formof a wa é%?ﬁyrﬁiQf&ﬁpﬁhﬁ %‘%@%ﬁt}i"ﬁéf‘%?teﬁ’gi‘?yrﬁaﬁg'g'? gtﬂ,\én
conprising a devhbody ¢9.in any one of clains 1 to 32 or an assenbly as in
claim33. 39. A nethod of providing rotation about at |east one output

axi s, the 10net hod conpri sing: nmounting a body (2) for a rotation
about & fi L@.t axh Yeifbe 2 any 8haldf ik ?F&éﬁirﬁg slarnedviaietn (HelirstBgisqa)
rotation about a third axis (16), the tirst axis (4) being oriented wth
respect to the sandthe sedand axip (41) iaterseet. i nati on angle (0), the second
axis (11) and/or the third axis (16) 15constituting the at |east one out put
axis, wherein the rotation of the body (2) about the third axis (16) gives

rise to a ghangeaidevidecad canyahe of chivakel 10018, wherein the first axis (4) and
the second axis (11) do not intersect and the inclination angle (8) is
10 defined as the acute angle between the first axis (4) and the second
axis (11) when viewed along the direction of the shortest line joining the

first axis (4) and the second axis (11).

21. A device as in any one of the preceding claims, wherein the body (2) is
15 substantially cylindrically symmetrical about the first axis (4).
22. A device as in any one of claims claims 1 to 21, wherein the body (2)

comprises a hub and a web and a rim of ring shape.

20 23. A device as in any one of the preceding claims, wherein the body (2) is
made 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

25 means for mounting said device.



rotating the body (2) about the first axis (4) at an angular velocity
(wspin) greater than a critical angular velocity (we), 20applying a torque
(21) to tWO2bedn7328) about the third axis (16) in a senPETHP200800IASI ng
inclination angle (0) when the first axis (4) is at a selected inclination
angle (0) wth respect to the second axis (11) which is greater than O
degrees and | ess than 90 degrees, and IF%iting the rotation of the body (2)
about the third axis (16) in a 255ense of decreasing inclination angle (0)
such that the inclination angle ( of the first axis (4) with respect to

the second®xis /e\ﬁfqueemmnsgpegtoéihq Regceding-¢laEas fin e'r 8BPfIRIAG
degrees, WO 2009/ 12/228k rﬁ&@aﬁ%@@ls reggﬁ%@%teﬁ for @Qatﬁéﬁiéb GRBRERBhdOr 2

decreasing inclination an ere 0 |n iate or

i ncrease an out patisangul ar velocity (wow) and/or an output torque of the
rotation of the body (2) about the second axis (11) and/or about the third
axis (16) as said at |east one output axis, 5characterised in that the

met hod furdier CRgRIcEess irtihkted lS él% m™, {ppet%remgés(lﬁ)a rie 6f theeci fi ¢

criti cal angul ar velocity (we, spec l'ess than 0 rounds per mnute,
preferably ther eﬂuyectedmgrmiam evrmemuarpangi@obﬁweandhe vetoraf the dsrguene

t put i b
s Gefined as f o IoRERtene DSBeRY )catad: g tuERrs ML P etk St pocy 1 s
the critical a”%b&futﬂ@ﬂ é’ﬁgdlélr ((él@bltyﬂ(wgub%b%‘aﬂhé gécond axis (11) is betweenwhen
the inclination angle (0) first axis (4% th respect to 15t he

second axis (11)8% deQ@%efyidaﬁﬁ de@f@es m@ferablmcm@ QQyegeses t hr ough
substan)tlally the centre of mass (CM of the body (2), when the body (2) is
oriented such that the nmonent of inertia of the body (2) is substantially

maxi m sed, 27. A device as in any one of the preceding claims, wherein the body (2) is
mounted on a shaft (3, 30) 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, wherein an output shaft
(110) 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
materials with a modulus of elasticity above 70 GPa, preferably above
100 GPa.

30. A device as in the preamble of claim 1, preferably as in any one of the
25 preceding claims, further comprising one or more sensors for
measuring values of one or more of the following parameters:
the rotation about the first axis (4) and/or the second axis (11) and/or
the third axis (16), the angular velocity of the rotation about the first axis



20when, if the body (2) is not symetrical about a plane which passes

t hrough the centre of mass (CM of the body (2) and which is orthogonal to
t he firstwaxne/i2228 anong the possi bl e nounting ori ent aPCoEP2@B/06392%t | ng
the body (2) on the first axis (4) the one is chosen that results in a
smal | er di stance between the centre of 25mass (CM of the body (2) and the
third axis (16), and when a connection #mlength (fc) is a) 5 nmif the
mass of the body (2) is less than 0.1 kg, WD 2009/127228PCT/ EP2008/ 003028
87 b) 25 mmif the mass of the body (2$ra|s equal to or greater than 0.1 kg
and | ess than 10@)kgd/anthesesand @xisnd 1 §§/Q5 he teirdhady (16). the pegliien afo or

greater than 10y, Ayl 871D A%k AR o BTN (Hrinse of

the body (2) is or “greafer ere connecti on
armlength (fc) the thtn@adissmr)cmectbrqdmﬁthéeommhummmlnemrsﬁaxes @onnecti on
pl ane (Pc) and the first axis to the th ? é% wher eby said

connection pl aneaNqe) thesS%F%lda??és\(\H)c?f‘q/grt rﬁ 16)t 8 foIe8. first axis

(4) and intersects the body (2) and has the m ni mum di stance to the
inclination axis (16). A method as in claim39, further conprising:
provi di ng & addhtdevivel as ixtherprebmibde qf.lelatm 1t, Ipeefacamy @2)in ainyanet dfethsecond

t | tal | t f..cl 39
A 40 further REABHNGISEITS GHRAGT RaG R RG MR B e GTIBNERS  n or der
to cause the bodpe(élation 6ﬂhétb%d2k(9yhbb@lethfe'|ﬁ§|¥na%>6h-°a>&§l @tln%'tﬁjséﬁ‘&b’d ar

velocity (wspin) greater than thé critical angular vel OCIté A et hod
as in any one ofbetwesiensa Bovardindit anglervatee and@or upperdimit ang C\tallﬂ@aﬂde

sel ect ed’i ncl i nat on. anol & (g Rt bAGR VERLELALASS 1AM Epbiatn LR FO

degr ees.
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 90 degrees.

15 32. A device as in claim 31, wherein the means for mechanically limiting the

rotation of the body (2) is one or more abutments.

33. An assembly of two or more gear devices, preferably motor devices,
each of which comprises a device as in any one of the preceding
20 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 (woy) 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.



A nmethod as in any one of clains 39 to 42, further conprising : controlling
the magni tude of the torque (21) applied to the body (2) about the third
axis (16)WO28®/22228A net hod as in any one of clains 39 PETAR2008(G930R%r
conprising : limting the rotation of the body (2) about the third axis
(16) such that the inclination angle (0) of the first axis (4) with respect
to the second 5axis (11) is greater tharr 10 degrees and | ess than 80
degrees. 45. A nethod as in any one of clains 39 to 44, further conprising
adjusting the inclination angle (8). to46. A nethod as in claim45,
further conprising : generating a desired output angular velocity (wout)

about one t he ; ; t ! ﬁ‘eaqﬁ:z f adjusting the
inclinati o%é'anglAe%%Rgcséa%.'ﬁE%ﬁ@ﬁﬁ@ tggﬂl)ﬁn?l‘fgl m ?f?'f urther conprising :
15generating a desired output torque about one of the at |east one output
axi s by nmeans of , adjusting the inclination angle (A) . 48. A nethod as in
any one of°ftl ai n%v§l§' %aﬁ%? Ct‘%‘fpt‘ﬂ“e‘rn @S%W&?ﬁg”?te&&%)ﬂ%‘% Veiclehe angul ar
vel ocitgy (wspin) of the body (2) about the first axis 20(4). 49. A nethod
as in claim48, further conprising : generating a desired output
angul ar ved®ci t yA wiratiicibgrneratar aomprisingia deyigst apiteanyippatof glaimspltareans
of adjusting the,angul ar _velocit o]l 250f the body (2) about the first
Hebn REphinbizdR

axis (4). 50. A 88 a&éef‘”ﬁ’ P3 urther conprising : WO
2009/ 127228PCT/ EP2008/ 003028 89

39. A method of providing rotation about at least one output axis, the
10 method comprising:
mounting a body (2) for a rotation about a first axis (4) and a
rotation about a second axis (11) and a rotation about a third axis (16),
the first axis (4) being oriented with respect to the second axis (11) at
an inclination angle (8), the second axis (11) and/or the third axis (16)

15 constituting the at least one output axis, wherein the rotation of the body
(2) about the third axis (16) gives rise to a change in the inclination
angle (0),

rotating the body (2) about the first axis (4) at an angular velocity
(wspin) greater than a critical angular velocity (w¢),

20 applying a torque (21) to the body (2) about the third axis (16) in a
sense of increasing inclination angle (8) when the first axis (4) is at a
selected inclination angle (8) with respect to the second axis (11) which
is greater than 0 degrees and less than 90 degrees, and

limiting the rotation of the body (2) about the third axis (16) in a

25 sense of decreasing inclination angle (8) such that the inclination angle
(©) of the first axis (4) with respect to the second axis (11) remains
greater than 0 degrees and less than 90 degrees,



generating a desired output torque about one of the at |east one out put
axi s by neans of adjusting the angular velocity (wson) of the body (2)

about thewpi2peX12a832Bs (4). A nethod as in any of clains BOT{ES2®E/00502% t her
conprising : adjusting the torque (21) applied to the body (2) about the
third axis (16). A nethod as in claim5]l, further conprising : generating a
desired out put angular velocity (wow) aﬂ%ut one of the at |east one output
axis by neans of adjusting the torque (21) applied to the body (2) about
the third axis (16). A nmethod as in claimb5]l, further co | Si

generating a desir eds%m%@tCQ’W%]"JEQra"’l)%‘Ereéﬁ@gdf‘C'ﬂ’??é'%a’?gr.lg%)sj'érr}gaéﬁ?‘ﬂ)ut
o b Pl L P ;

Third axi s (16 Rreipld Bty intrcese SRBLLS driguldlieRocly (uicly aRGIr arne

limting the rotastpahtasfue loétheobtali@) ohtheubodyh@@) tabioutl trexsacqribaxis i ther

conprises: preventing any rotation. of the bo 2),about the third axis
(1[3? : n thepse\r?s%n‘lyppase&te@&tﬁ@ai“mﬁ &r@itaisosr?"g%bﬁeé)st 85’?‘@%&%‘ as i f\l any
one of £lainms 39 10, P4 c tBHiEe F£OPRrising : 25using sone of the provided

rotational power about the at |east one output axis to performrotating the
body (2) about tthatthe swethod Burther oampriselse i ncli nation angle (8) and the

magni t ude of the applied,t u 1 Q9 7 - 0ps/ 8 90
about the third %% a(ti%cjy %g"'ﬁhé%é’by %\Pwﬁﬁ&ééerzc'@%?@%l5%%&%"%‘%@ ut the
at |east one out @t . aYiof leiseth&AZN0A0trouRls pér Fithited prsfetdblyg tivirgbple wherein
t he amount of rotational power so 5used is sufficient to overcone energy

| osses arising fiNGMASE N PuPLAREWES abREt her 3ttIPast @fie PHPULAYIP. (2) about the
P R N A e e S
(21) to the bodyfo{ldgywsabout the third axis (16) by
the specific critical angular velocity (we, spec) is the critical angular
velocity (w¢) of the body (2)
when the inclination angle (0) of the first axis (4) with respect to
15 the second axis (11) is 45 degrees,
when the first axis (4) passes through substantially the centre of
mass (CM) of the body (2),
when the body (2) is oriented such that the moment of inertia of
the body (2) is substantially maximised,
20 when, if the body (2) is not symmetrical about a plane which
passes through the centre of mass (CM) of the body (2) and which
is orthogonal to the first axis (4), among the possible mounting
orientations of mounting the body (2) on the first axis (4) the one is
chosen that results in a smaller distance between the centre of
25 mass (CM) of the body (2) and the third axis (16), and
when a connection arm length (£) is

a) 5 mm if the mass of the body (2) is less than 0.1 kg,



applying the torque exclusively by neans of the weight of the body (2) or
by applying the torque by neans of an external neans and additionally by
means of WBeowmei2gi?8 of the body (2). 1558. A net hod as i RCTHP2(8003928 e of
claim39, preferably as in any one of clains 39 to 57, further conprising :
measuring val ues of one or nore of the follow ng paraneters: the rotation
about the first axis (4) and/or the secbhd axis (11) and/or the third axis
(16), 20the angular velocity of the rotation about the first axis (4)

and/ or the second axis (11) and/or_the thi%ﬂ axi s, ( osition of the

16), the p
body (2) and/or the first &x¢2mmyf thgdnass @est&qyn@?ﬁfeguiﬂﬁ)orag{aﬁw t he
third axis (16), i on about the first
axis (4) and/or the second atQ%E%ZE?¥%%a%§?EIF§? ﬁgb?ﬁfrd axis (16), a force.
WO 2009/ 127228PC T/ EP2008/ €)0xDatn ¥thEInass okthiedubdys(2) is ehealtoeargreateof

claim39, preferably as in any o of clai ns, 39 58, further conprising :
mechanical ly liniting the r(a)Ilhéf‘i 9 apﬂie%ﬁ\@n(%%oa%lﬁn he inclination
axis (L46) in both senses b@}mmrﬁiﬂtﬁ}égﬁaég 81 theasttyS(2y ¥ Bguaneg an upper

5/imt angle value and adj usting, whi provi ding rotation during operation
of the gear device, preferabgrgatattband@POdq, these linit angle values to a

chosen lower Iim¢t angle.yalue higher tha egrees _.and | r than 90
degrees and an u‘ﬁbg?e iﬁﬂ"yc HB?%'Q?B h@ﬁqﬂ%hgkﬂs%hﬁ Cf'ﬁgngﬁggﬁﬁe lower limt
angl e val ue and hessectidiapoipPofle GoRfEctidiPpRfe (R B &k it BRist (3% tefrANDI €
of claim39, preferably as in any one of clains 39 to 59, further
conprising : third axis (16), whereby said connection plane (P.) is a plane which is

10 orthogonal to the first axis (4) and intersects the body (2) and has the

minimum distance to the inclination axis (16).

40. A method as in claim 39, further comprising:
providing an additional, external torque to the body (2) about the

15 second axis to 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 (2) to
rotate about the first axis (4) at said angular velocity (wspin) greater than

20 the critical angular velocity (wc).

42. A method as in any one of claims 39 to 41, further comprising :
selecting the selected inclination angle (8) greater than 10 degrees and
less than 80 degrees.

25

43. A method as in any one of claims 39 to 42, further comprising :
controlling the magnitude of the torque (21) applied to the body (2)
about the third axis (16).



i ncreasi ng an out put power supplied about the at |east one output axis by
means of decreasing a distance between the centre of mass (CM of 15t he
body (2) wWAQa¥e728cond axis (11). 61. A nethod as in tRETHEHPUFIDW2DHT cl ai m
39, preferably as in any one of clains 39 to 60, further conprising:

i ncreasi ng an out put power supplied about the at |east one output axis 20by
neans of decreasing a variation of an a%l e between a normal vector of a
first frame plane and a normal vector of a second frame plane, the frane

pl ane defined as a plane which passes through three non-linear points of a
frame where the gear device, preferably notor device is nmounted in. 25 62.

A net hod in chaj vaed LT i-Si . i Ld. iation | ess
than 5 degt?‘te’es. A%@é@ﬁl@%@éﬁ@%ﬁ%?gégég EH g?@%%ﬁ‘ﬁ%d as in the
pr ean’pl e of c! ai limiiag the ebtatiahlof tiaes bbdyz@yalnxlmi tgé tlgirch'anish(Be) socl:h‘)ﬂhatf urt her
conprising : increasing. an out ower,.. su i about t t | east, one
ou'[rBut axigs by n@&r@c'ﬁ%t'@@carr&ig:fé)ggféngéﬁta&?%ﬁﬁd‘?"ﬂwﬁ%ﬂ?&tgo @@t%%‘é’r?da vect or
of the Hout put a£59§"(1”‘p iéﬁf;esf'ewh A9y e gROWIA NG N sAthah TRPdegr@sOUt pUt axi s

and a normal vector ‘o rame plane, the franme plane definhed as a pl ane
whi ch passes through three non-linear points of a frame where the gear

device, preferab tqr device is untedni,n.,t064. A nethod as in claim
63, furthe‘fg'conﬁlr\%ggﬁag:ask'Bead]yn@"%ng‘glam?Sgttpéﬁ'? ert‘??&'}lprés"al%grees. 65. A
nmethod as in theygusadiie ptlikdtdnas@e (By.eferably as in any one of clains
39 to 64, further "‘conprising : 15increasi ng an out put power supplied about

the at | east one output axis
10 46. A method as in claim 45, further comprising :

generating a desired output angular velocity (wou) about one of the at
least one output axis by means of adjusting the inclination angle (8).

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 inclination angle (6).

48. A method as in any one of claims 39 to 47, further comprising :
adjusting the angular velocity (wspin) of the body (2) about the first axis
20 (4).

49. A method as in claim 48, further comprising :
generating a desired output angular velocity (woyt) about one of the at
least one output axis by means of adjusting the angular velocity (Wspin)
25 of the body (2) about the first axis (4).

50. A method as in claim 48, further comprising :



by neans of decreasing a variation of an angle between the angular velocity
vector of the angular notion of the body (2) about the first axis (4) and a
nor mal vey0apIwif27228body pl ane, the body pl ane defined a®CI/EPREIRHO3NMS ch
passes through three non-linear points of the body (2). 20 66. A nethod as
in claim®65, further conprising : keeping said variation less than 5
degrees. 67. Test device for determ nat $on of parameters for design and
operation of 25a gear device, preferably not or device, whereby said gear

device, preferably notor device, ﬂ%)l‘l ses an out ; shaft being solidly
connected with SEngrating ardasired C&“EB tergue abg} ther akleaskenequtpuss 2

body which is ro .
2009/ 127228PCT/ E%%gg/’%%%égpg@g{r@%ﬁb afiar viBity (wsy of the body (2)
per pendi cul ar t catide the fittaxih@®)t , whereby the spin axis is rotatable

formng 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 tshe gpclin dissd Y 68 RPNRYIcd an output axis
(11) constﬂ]utl nAgit"Z&PSﬁ)%sﬁﬂ I nal axi sso a verti cél ?&?'qug shaft (110),

a spin axis (4) adjnsting the togque (2t)appdiedito e body (2) abaiyt the)thihaxis i s
supported on the 1?ﬁln axis (4), loan inclination axis (16) which is

per pendi cul ar t o Phe out put axis (11) and can pivot about the spin axis (4)
form ng an inclination angle (8) between the spin axis (4) and the output
shaft (11), characterised in that the body (2) is eccentrically arrangeable
with regar@to tAenatbpd @si lﬁallalﬁh5&xfuéth€ﬂ69mnlﬁlémby a lever armof a length

t >0 f d. 6
and oplfat i on of98 esHuPS At Hlec SHERCR B oF elBLiP ARG EBS AR ar e R oo
devi ce, preferabegstoie®outhen iaxiz mgomyanseo?f agljustinigthie torque (21) applied to

the body (2) about the third axis (16).

53. A method as in claim 51, further comprising :
15 generating a desired output torque about one of the at least one output
axis by means of adjusting the torque applied to the body (2) about the
third axis (16).

54. A method as in any one of claims 39 to 53, wherein limiting the rotation
20 of the body (2) about the third axis (16) further comprises:
preventing any rotation of the body (2) about the third axis (16) in the
sense of decreasing inclination angle (8).

55. A method as in any one of claims 39 to 54, further comprising :
25 using some of the provided rotational power about the at least one
output axis to perform rotating the body (2) about the first axis (4) when
the inclination angle (8) and the magnitude of the applied torque (21)



20shaft 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 i nE¥PDi2peXi2g228axi s perpendi cul ar to the out put shaPCI/ER2eH8OB3IN2E he spin
axis is rotatable form ng an inclination angle between the spin axis and
the output shaft, the spin axis is jointly connected with a body, and 25a
torque is applied about the inclination’xis, whereby the test device as in
claim67 is used, characterised in W) 2009/ 127228PCT/ EP2008/ 003028 94 t hat

an angul ar velocity Qwspi{a3 of the body (2) about the spin axis (4). is
adj usted to dif fah@ithe thibaxisyAl} ang the,eutput angulgsvelasity dtioahalpept thech of

the different Va%tqgéstvg}?et QﬁtlrpuE Pﬁisaéjrjelb%ﬁwgfg ngul ar velocity (wspin) is

greater or less than a critical angular velocity (we) by neans of
S5measuring the sense of rotation of the spin axis (4) about the inclination
axis (16) 69. A gear device, preferably notor device, for providing rotation
about at |¥%st dhEeheg@s 'ﬁ)ﬁﬁ)%'[“ %’s‘ﬁhéf%m%%m@Hﬁbe%qtﬁ%Q'Pal powe&sgody (2)

mounted for a rqiald @%u@ﬁ@%ﬁtt@J\}errﬁzlﬁrpg@g%iré)ﬂ%oisg)eg a"f‘isfr@f?&in%cﬁ‘&?ti?e%second

axis (I1) and a rotation about a 't the first axis (4) being
oriented with rehpeotation dfibe bodyr(@d) akout the firstaxiafd). ncl i nati on angle (0),

the second axis (11) constituting the output axis 150of said device, wherein
the rotation of the body (2) about the third axis (16) gives rise to a

change in ghe i nglhétAbl AR iANEL Prédhhble of claiff89Spletérablyoas aPahy bAE ot tor que
(21) to the body (2) about the third axis (16) in a sense of 1ncreasing
i nclination angleaifty 39e A6t fustitercompiising (4) is at a selected inclination

angle (0) with respect e 0 i [ Ch.J than O
degr ee‘g0 and | essaqpﬁ 'Hgéﬁga‘i@%ﬁg?ﬁ%@’% %ys(z() Jajo)ou\{\’fHe H"Hdsa)gg ??é)egy
applying the torque exclusively by means of the weight of the body (2)
or by applying the torque by means of an external means and

additionally by means of the weight of the body (2).

15 58. A method as in the preamble 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:
the rotation about the first axis (4) and/or the second axis (11) and/or
the third axis (16),
20 the angular velocity of the rotation about the first axis (4) and/or the
second axis (11) and/or the third axis (16),
the position of the body (2) and/or the first axis (4) and/or the second
axis (11) and/or the third axis (16),
the torque of the rotation about the first axis (4) and/or the second axis
25 (11) and/or the third axis (16),

a force.



means (210) for limting the rotation of the body (2) about the third axis
(16) in a sense of decreasing inclination angle (0) such that the

i nclinat U0 28009128228A) of the first axis (4) with respecPCTEPRHE08WEHND axi s
25(11) remains greater than O degrees and | ess than 90 degrees, sai d
devi ce being so structured as to enable _a source of notive power to be
connected to the body (2) to cause the %‘ody (2) to rotate about the first
axis (4), and WO 2009/ 127228PCT/ EP2008/ 003028 95 whereby the rotation

of the body (2) about the first axis, (4) is an _angul ar . vel ocity (wspin)
greater t h%% a _(:’P‘inﬁ?tbﬁfj a&d@dhﬁprmglﬁ 9@1‘:'?%$bsBreth§gvyaa_%th'_i“éﬁf‘e a
decreasing inclig 999@6‘@&3?&&9‘)&'&%%@ thereby to initiate or

i ncrease an output angular velocity and/ or an output 5torque of the
rotation of the rfedharizalhalimitingtthe retationdofdre ody 1) aboualrthetinclinadioni n t hat

| oad lied to.the thi i 6) i d h imti wh
The ety pat § on S E)I0)ate SeBses Betrepna Iokerting Aole fails S Bapet e
third axis (16)-nn%@aﬁgtf%ém%@,émuw@{' jneqorborumag Ri(lgf)?&?%riﬁé opepstforone

out put axis, the method conprising: rmuntlng a body (2) for a rotation
about a first axéf¢heqeasdevice; preferably aindor devieedbege dirlikangle vaiues t@ a

rotation about a_,third axi .16 15t he fir i bel ri wth
ospect o the cafiaben aRel firiedale VATHERPinaR') Aehies i i RBR 80, )
axis (11) and/ ordédrees Rindchrtipper kit atgRsYalL higrierithgn tie tReSEn RWErout put
axis, wherein the rotation of the bo about the third axis (16) gives

e | dy (2
rise to a changdimitapgle Yalueiangtlpwar iy gaééyfe%rot ating the body (2)
about fohe first axis (4) at an angular velocity (wspin) greater than a
critical angular velocity (we), applying a torque (21) to the body (2)
about the étird Axmiethod@s inthe psearnbleodf ¢laion 88sprederabdy asat aoy oasglfe (0)
when the first axis (4) . is at a selected inclination angle (0) with respect
to the second ax@'é'r‘ﬁslﬁ tQurP¢ frther comprising :

increasing an output power supplied about the at least one output axis
by means of decreasing a distance between the centre of mass (CM) of

15 the body (2) and the second axis (11).

61. A method as in the preamble of claim 39, preferably as in any one of
claims 39 to 60, further comprising: '
increasing an output power supplied about the at least one output axis

20 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.

25

62. A method as in claim 61, further comprising :

keeping said variation less than 5 degrees.



25is greater than O degrees and | ess than 90 degrees,
rotation of the body (2) about the third axis (16) in
i ncli nat iW0 2809g12@2280) such that the inclination angle
axis (4) with respect to the second axis (11) remnains

and limting the

a sense of decreasing
PET(EFR008f 00302 f i r st

greater than O

degrees and | ess than 90 degrees, thereby to initiate or
I ncrease an out put angul ar velocity (vvo% and/ or an output torque of the

rotation of the body (2) about t he second 5axis (11),

characterised in that

t he net hod_further corrpr se extracti ng%ggovver apout the third gm S
in

(16) by 1i8%ti ngAthethogt as |"bﬁh%PfQ¢fEbl§’oa§/C'@25‘

Rrefaragly: a% iy agyi Qng o

the sense of decél?i?ﬁé /g té %(él fd}ﬂﬁtér%n?&% e (A) when the inclination angl e

(0) is decreasing

mcreasmg 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

5 output angular velocity (wout) about the at least one output axis and a

normal vector of a 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.

10 64. A method as in claim 63, further comprising :

keeping said variation less than 5 degrees.

65. A method as in the preamble of claim 39, preferably as in any one of

claims 39 to 64, further comprising :

15 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 (2) about the first axis

(4) 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 (2).

20
66. A method as in claim 65, further comprising :
keeping said variation less than 5 degrees.
67. Test device for determination of parameters for design and operation of
25 a gear device, preferably motor device,

whereby said 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
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cradle, 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 test device comprising

an output axis (11) constituting a longitudinal axis of a vertical
output shaft (110),

a spin axis (4) constituting a rotational axis of a body (2) which is
supported on the spin axis (4),

an inclination axis (16) which is perpendicular to the output axis
(11) and can pivot about the spin axis (4) forming an inclination angle
(8) between the spin axis (4) and the output shaft (11),
characterised in
that the body (2) is eccentrically arrangeable with regard to the
inclination axis (16) whereby a lever arm of a length £ > 0 is formed.

Method 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 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,

characterised in
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that an angular velocity (wspin) Of the body (2) about the spin axis (4) is
adjusted to different values, whereby there is a determination for each
of the different values whether the adjusted angular velocity (Wspin) is
greater or less than a critical angular velocity (wc) by means of
measuring the sense of rotation of the spin axis (4) about the inclination
axis (16)

A gear device, preferably motor device, for providing rotation about at
least one output axis,
said device comprising:

a body (2) mounted for a rotation about a first axis (4) and a
rotation about a second axis (11) and a rotation about a third axis (16),
the first axis (4) being oriented with respect to the second axis (11) at
an inclination angle (8), the second axis (11) constituting the output axis
of said device, wherein the rotation of the body (2) about the third axis
(16) gives rise to a change in the inclination angle (8),

means (15) for applying a torque (21) to the body (2) about the
third axis (16) in a sense of increasing inclination angle (8) when the
first axis (4) is at a selected inclination angle (8) with respect to the
second axis (11) which is greater than 0 degrees and less than 90
degrees, and

means (210) for limiting the rotation of the body (2) about the third
axis (16) in a sense of decreasing inclination angle (6) such that the
inclination angle (8) of the first axis (4) with respect to the second axis
(11) remains greater than 0 degrees and less than 90 degrees,

said device being so structured as to enable a source of motive
power to be connected to the body (2) to cause the body (2) to rotate

about the first axis (4), and
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whereby the rotation of the body (2) about the first axis (4) is at an
angular velocity (wspin) greater than a critical angular velocity (wc) so
that a constant or a decreasing inclination angle (8) is reached, thereby
to initiate or increase an output angular velocity (wo,) and/or an output
torque of the rotation of the body (2) about the second axis (11),
characterised in
that a load applied to the third axis (16) is used as the limiting means
when the inclination angle (8) is decreasing so as to extract power
about the third axis (16).

A method of providing rotation about at least one output axis, the
method comprising:

mounting a body (2) for a rotation about a first axis (4) and a
rotation about a second axis (11) and a rotation about a third axis (16),
the first axis (4) being oriented with respect to the second axis (11) at
an inclination angle (0), the second axis (11) and/or the third axis (16)
constituting the at least one output axis, wherein the rotation of the body
(2) about the third axis (16) gives rise to a change in the inclination
angle (0),

rotating the body (2) about the first axis (4) at an angular velocity
(wspin) greater than a critical angular velocity (wc),

applying a torque (21) to the body (2) about the third axis (16) in a
sense of increasing inclination angle (8) when the first axis (4) is at a
selected inclination angle (8) with respect to the second axis (11) which
is greater than 0 degrees and less than 90 degrees, and

limiting the rotation of the body (2) about the third axis (16) in a
sense of decreasing inclination angle (8) such that the inclination angle
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(8) of the first axis (4) with respect to the second axis (11) remains
greater than 0 degrees and less than 90 degrees,

thereby to initiate or increase an output angular velocity (Wout)
and/or an output torque of the rotation of the body (2) about the second
axis (11),
characterised in
that the method further comprises:
extracting power about the third axis (16) by limiting the rotation of the
body (2) about the third axis (16) in the sense of decreasing inclination

angle (8) when the inclination angle (6) is decreasing.



