Gear device, preferably notor device The present invention relates to a
gear device, preferably a notor device, and nore specifically to a gear

devi ce, pWOf2809a3r328not or devi ce, which can supply out puPCTGPA0BHANRS power
about at | east one output axis in response to input rotational power about
a different axis. Furthernore, the present invention relates to a nmethod of
providing a rotation and to a test device for determ nation of paraneters
for design and operation of such a gear device, preferably notor device,
and a correspondi ng nmethod. 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 ofrotation. This principle
is well known in gyroscopic devices. The effect is naned precession. It is
the object of the present invention to provide an inproved gear device,
preferably notor device which nmakes use of the aforenentioned principle,
and a gorresponding nethod for providing rotation by neans of said gear
device, preferably notor device. This object is solved by the invention
through different ways which are fornmulated in the patent clains and which
are described in the following. The ways 1 to 4 and way 15 concern device
sol utions which are forned as gear device, preferably notor devices. The
ways 5 to 12 and way 16 concern method solutions which are fornmed as

met hods for providing rotation. The way 13 concerns a device sol ution which
is formed as a test device for determ nation of paraneters for design and
operaH%on of a gear device, preferably notor device

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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according to the invention. The way 14 concerns a nethod solution which is
formed as a nethod for determ nation of paraneters for designing and
oper at i orwof20¢0/ige28 devi ce, preferably notor devi ce acc@®CURRG0SH0I0RS
invention. The different 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 better understandi ng?of the subject-matter of the
clainms. The distribution of the features into the preanble and the
characterising part does not nean that all features of_the _preanble are
known and rgfationhd hisepyingirle iswelldnmawihingyrascepic gdeNices. dhe bis naped; ce
ver sa. Theprg %‘?or?f the features of the clains is independent of whether
they are i'n preanble or in the characterising part.The sol uti on accordi ng
to way 1 is achieved by neans of the subject-matter of claim1l. The subject
matter of claim 1 provides a gear device, preferably notor device for
provi di ng 'f BrtaeiahIFGRd the Rreserh dvestien Japptids AndMArAYSY B8R HEVER e,

pref er bl o Rk a1y H¥tor BeTREhIEN MHake Ll of T dBbhehtidhd PpAREIBIE aRaU! a
first axis and a‘rotation about a second axis and a rotation about a third
axi s, the & cosesporidingaiethod foreprowiding tdiatiers pgcneans ohsaid geandexices at an
i nclination fangl e, the second axis and/or the third axis constituting the
at | east JHETESEPYIPOWLUEVIE- t he gear device, preferably notor device,
wherein the rotation of the body about the third axis gives rise to a
change in the inclination angle, neans for ap_PrI ying a torque to the body
about t he THi$ objeskisso!ved bydhe énventiondhemghr@jiferant iwaysi whick@ee when t he

axd o i cotBuBleciraelifiEf Al B84 Viite™ AR Sedhrb B T InRnbLD o ans
for limting the rotation of the body about the third axis in a sense of

decreasing_ inclination angle such that the inclination angle of the first
axi s with Theways 1to 4 and way 15 concern device solutions which are’formed as gear

device, preferably motor devices. The ways 5 to 12 and way 16 concern method
solutions which are formed as methods for providing rotation. The way 13

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

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

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



respect to the second axis remains greater than O degrees and | ess than 90
degrees, the gear device being so structured as to enable a source of
not i ve power0gi2nsconnected to the body to cause the b&GY/EPRBOINCE about
the first axis, and whereby the rotation of the body about the first axis
Is at an angul ar velocity greater than a critical angular velocity so that
a constant or a decreasing inclination éngle I s reached, thereby to
initiate or increase an output angular velocity and/or an output torque of

the rotati.on of the bod about the second axis and/ qr. about the third axis
as said atlhes@lutigmaceerding toway 1 igachigyed ?hvemsaa§ oh e augseﬁmaﬂ@r@f. tical

angul ar Ve §YTM <li681 by BP0 CHRARIGES oBaP b fico PERISIEN hotdter cby

to increase an output po ast “one out put axis er eby
said spemd‘ev«r:ecﬁorprmadmgrrgtﬂtwn a/cmm(atﬂqastgnéedutpeﬁams thelgecamstevldee specific

critical vel oci t s the crltlc vel o the body when
Che ol et e @7 HeVichearmiising i oty MAUReRlfof 8 oiAtigh Holul s i's
45 degk eesex.é/\ﬁﬁ@ atrbﬁatfdnréso% &m&as Tahﬂ%'ﬂﬁaﬁc&l*b%@untté mliovai.betn@ent re

of mass of the body, when the body is oriented such that the nonent of

i nertia offirstraxivbding eriented metht lespeot tmtheraesedd axiseat an indlinatigpangles not

symetric about ' a an | ch.nasses . t h th
body and %? éﬁc?gd 3?(@h%'bc§ﬂ\l\1?1ett®"ﬁ?@“§ ??%Stmtlé %&%é&{#{ie gé‘s"g‘? %?(es unt(:a i ng
orientati qrg g@%r fevick| pﬂsfél*aﬁbh}f)ﬁ%‘!orodmh&@ vf'hér%in e dtativh ehel sodyhals®n t hat
results in a smaller di stance between the centre of mass of the body and

the third thgithird axg divesrise toardanpedn fevnclngtion asglg) means fof applingass of
e o o R B tabon Bt B BT SEngPaEreled i, fobiten e, 1o
body is ecmle Whearthgrfﬁ@ttaeﬂs ishatra $€ectegl iavlihatessandiawittO3plegt toathe d) 100
mmif the mass of the bady is equal to or e
second axis which is ‘greater than 0 degrees ancﬂess than 90 degrees, and
means for limiting the rotation of the body about the third axis in a sense of
decreasing inclination angle such that the inclination angle of the first axis with
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



t han 1000 kg, whereby said connection armlength is the distance of the

I ntersection point of a connection plane and the first axis to the third
axi s, wheweryosgiarzz8connecti on plane is a plane whi ch i sPOT{ER2¢P8/463028 0 t he
first axis and intersects the body and has the m ni nmum di stance to the

i nclination axis. The solution according to way 2 is achieved by neans of
the subject-matter of claim26. The subject matter of claim 26 provides a
gear device, preferably notor device for providing rotation about at | east
one output axis, the gear device, preferably notor device conprisjng a body

mount ed f dnass pbthethedy. athan the badysis oas@née%ﬁucfathastta% nRMaRbek ingt@efond
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i nclination a rst axis is at a selected inclination angle
with res pamtahoetblee/\/eenﬂmjcalxtre ofiasis df shg bedy @ndttharthitd dxis; aed vemeh hBess
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i nclinati oy ﬁmhfﬁthefméélﬁotfﬂhb%oo%s%q\uat fa) 6E§RAEr thant0Ne kgerRNBsdthan r enai ns
greater than O degrees and | ess than 90 degrees, the gear device being so

st r uct ur ed! Gskg,cc)famine ifihe mms:seofdherh@pwe eavakio erureaterdhae d08cka and he
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i nclination angle is reached, thereby to initiate or increase an output
intersection point of a connection plane and the first axis to the third axis,
whereby said connection plane is a plane which is orthogonal to the first axis
and intersects the body and has the minimum distance to the inclination axis.
15
The solution according to way 2 is achieved by means of the subject-matter of
claim 26. The subject matter of claim 26 provides a gear device, preferably
motor device for providing rotation about at least one output axis, the gear
device, preferably motor device comprising a body mounted for a rotation about
20 a first axis and a rotation about a second axis and a rotation about a third axis,
the first axis being oriented with respect to the second axis at an inclination
angle, the second axis and/or the third axis constituting the at least one output
axis of the gear device, preferably motor device, wherein the rotation of the
body about the third axis gives rise to a change in the inclination angle, means
25 for applying a torque to the body about the third axis in a sense of increasing
inclination angle when the first axis is at a selected inclination angle with
respect to the second axis which is greater than 0 degrees and less than 90

degrees, and means for limiting the rotation of the body about the third axis in a



angul 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 output

axi s, wheweryosan28gl e bet ween the vector of the torqueP&bfPresd/ 003928 he body
about the third axis and the vector of the output angular velocity about
the second axis is between 85 degrees and 93 degrees, preferably close to
90 degrees. If the angle between the vedtor of the torque applied to the
body about the third axis and the vector of the output angular velocity

about the second axis i s between 85 degrees and 93 degrees, pr.eferabl
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Is between 85 degrees and 93 degrees, preferably close to 90 degrees.

If the angle between the vector of the torque applied to the body about the third

15 axis and the vector of the output angular velocity about the second axis is
between 85 degrees and 93 degrees, preferably close to 90 degrees, an output
power supplied about the at least one output axis is increased. When the angle
between the vector of the torque applied to the body about the third axis (=
applied torque vector) and the output motion vector is higher than 90 degrees,

20 even if the inclination angle is constant, the rotation of the body about the third
axis in the sense of decreasing the inclination angle cannot be stopped

completely and therefore the output torque decreases.

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

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

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

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



i nclination angle when the first axis is at a selected inclination angle
wWth respect to the second axis which is greater than 0 degrees and | ess
than 90 Qr2ees12728d neans for limting the rotation of PCREPROEWINRDHUL t he
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 | ess than 906degrees, the gear device being so
structured as to enable a source of notive power to be connected to the

body to cause the body to rotate about the first axis, and whereby the
rotation dhetie adspegemientad with @spgct to the secopd aximal ah iINANBEeR y greater
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t he secon he thir XI's, the angul ar velocity of the rotation
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position of the b and/or the first axis.,andlaor the second .axis,~and/ or
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I s achi eved by neans of the subject-matter of claim3 1. The subject matter
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axis being oriented with respect to the second axis at an inclination
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
15 decreasing inclination angle is reached, thereby to initiate or increase an output
angular velocity and/or an output torque of the rotation of the body about the
second axis and/or about the third axis as said at least one output axis, further
comprising one or more sensors for measuring values of one or more of the
following parameters: the rotation about the first axis and/or the second axis
20 and/or the third axis, the angular velocity of the rotation about the first axis
and/or the second axis and/or the third axis, the position of the body and/or the
first axis and/or the second axis and/or the third axis, the torque of the rotation

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

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



angl e, the second axis and/or the third axis constituting the at |east one

out put axis of the gear device, preferably notor device, wherein the

rotati on O 2012238y about the third axis gives rise toP&TARaNGH0I0@8 t he

i nclination angle, nmeans 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 respect7to the second axis which is greater
than O degrees and | ess than 90 degrees, and neans for limting the

rotation of the body about the third axi,s in a,sense of decreasing.
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axis with 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
15 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 velocity and/or an output torque of the rotation of the body about the
second axis and/or about the third axis as said at least one output axis, further
comprising means for mechanically limiting the rotation of the body about the
20  inclination axis in both senses between a lower limit angle value and an upper
limit angle value and means for adjusting these limit angle values during the
operation of the gear device, preferably motor device to a chosen lower limit
angle value higher than 0 degrees and lower than 90 degrees and an upper
limit angle value higher than the chosen lower limit angle value and lower than

25 90 degrees.

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



The solution according to way 5 is achi eved by nmeans of the subject-matter
of claim39. The subject matter of claim 39 provides a nmethod of providing
r ot at i onaWOP09AR27328ast one out put axis, preferably abouPCRUEPR@SHH303he

out put axis of a gear device, preferably notor device, the nethod
conprising: nounting a body for a rotation about a first axis and a
rotation about a second axis and a rotafion about a third axis, the first
axis being oriented with respect to the second axis at an inclination
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specific critical angular velocity is the critical ul.ar velocity of the
body when thadadyahavkthe thighaxis inp senserql decreaging inGIRation angle suh

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

15 decreasing inclination angle is reached, thereby to initiate or increase an output
angular velocity and/or an output torque of the rotation of the body about the
second axis and/or about the third axis as said at least one output axis whereby
the method further comprises using a body with a specific critical angular
velocity of less than 20000 rounds per minute, preferably thereby to increase an

20  output power about the at least one output axis, whereby said specific critical
angular velocity is defined as follows: the specific 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 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



Wi th respect to the second axis is 45 degrees, when the first axis passes

t hrough substantially the centre of mass of the body, when the body is

ori ent ed WO@POXYRA228t he nonent of inertia of the body i sPSHFEPRERIODINLE y
maxi m sed, when, if the body is not symretrical about a plane which passes
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about at |ashir@BaRisOWhébp¥ail é&nn@casﬁ?:lad@/iis@ lapeslIBER M YrinBgenaldevi ce,
t he net hod conprising: nounting a body Tor a ro?atlon about a fTirst axis

and a r ot dhedirstaisiand intecsanis e bodyand hesttheirvinimvamdistancritedhexi s, the
first 1abxi smb@ibag% ori.ented with respect to the second axis at an inclination
angl e, "t he & d E¥s and/or the third axis constituti ng the at |east one
out put axis, wherein the rotation of the body about the third axis gives

The solution according to way 6 is achieved by means of the subject-matter of
claim 57. The subject matter of claim 57 provides a method of providing rotation
about at least one output axis, preferably about at least one output axis of a

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

20 rise to a change in the inclination angle; rotating the body about the first axis at
an angular velocity greater than a critical angular velocity; applying a torque to
the body about the third axis in a sense of increasing inclination angle when the
first axis is at a selected inclination angle with respect to the second axis which
is greater than 0 degrees and less than 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



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;
app! yi ng wotoegue2so t he body about the third axis in arsempeoosioiopgr easi ng
inclination angle when the first axis is at a selected inclination angle

Wi th respect to the second axis which is greater than 0 degrees and | ess
than 90 degrees; and linmting the rotatifn of the body about the third axis
in a sense of decreasing inclination angle such that the inclination angle
of the first axis with respect to the second axis remains greater than 0
degr ees arghgularsvealocity and/gegnsusputdorqueasef thegetatioaref the bedyahosdtheg

out put angdiEse N ed/eR anpor e Rt S shid atbhstin PRIFERRET Wretery boay
about t he theGRewodflrhenedmprieds WpplyiRg the tetqasits tiks bsdy abalt theatsirdone
out put axi s whereby the nethod further conprises applying the torque to the

body aboutaXihat least paglyi by means£5ftheweight afyhebady¥. of t he wei ght of the
body. The solution according to way 7 is achieved by neans of the

subj ect-matter of claim58. The subject matter of claimb58 provides a
met hod of THesoldtion acobalingto gt isaichieast byneanstgfithe axbject-pratferraibl y

about at | east _one output axis of .ge deyjce, preferably notor. device,

t he met hoFlRIBHpRi Emu&%& matieg %C%ﬁ efovides A matbad b BEAviging ptation | <
and a rotatyd [ ' t b i i's, the
first axi gédbdéﬁr?g%éﬁ gﬁféﬁﬁ@f%ﬁ%‘,é@g?@?b&éﬁt@%&gégﬁgﬂgxqtgpg{%)gﬁ O?écl I nation
angl e, t hgesrdavitea prafesatnly onotbhdevioes theamietharbermnptisingnmouinéingta bedyst one
out put axi wher ei n

Fi'se118™a BhadgEton Ahet a fTE] mE Rod alRion ABRRt s AgcPRe aB g B oaRtBRe
first axi Sat?btut%”thﬁfagi%is?}rthéﬁl’él%(‘ié’b@ih?%r%htéd‘Wfth&_e%éétit@fthe 3BBYh@BxNEAtOCI tY;
applying a torque to the body about tThe third axis in a sense of increasing
i ncl i nati an imehnatiathanglehthe 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
15 an angular velocity greater than a critical angular velocity; applying a torque to
the body about the third axis in a sense of increasing inclination angle when the
first axis is at a selected inclination angle with respect to the second axis which
is greater than 0 degrees and less than 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



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 limting
t he rot atWor0ef12/228 body about the third axis in a sens®@CHEPA®S083928 ng
inclination angle such that the inclination angle of the first axis with
respect to the second axis remains greater than O degrees and | ess than 90
degrees, so that a constant or a decreaQing i nclination angle is reached,
thereby to initiate or increase an output angular velocity and/ or an out put

torque of the rotation of the bod bout the second axis and/or, about the
third axi Snokieseaondeds apHiorale gmdu axisst r%lfy°€ the oatiasa e,

compri ses (eRSYLINYKAhUS3cBhd AR Ma/BPi Miraldifs pldrwi ng par aneters: ¢ he

rotation a I rst axis and/ or e second axis and/or the third axis,
t he angul ar velocity of the rotation about the first axis and/or the second

i d/af, the third axjs, th i tion of the body and/or the first
i Sand or Theh8oluto Agcailias eyt Bireayertph Hieans dfdAe shBlsctBratiars

rotatign ﬁ&i% SP.h‘?hé isth&Mﬁt@W/c%mtﬁpWa Mdthod o pPviding rofitich axi s,
a force. e solution according to way 8 is achieved by neans of the

subj ect - meahaut ableast aine Adputrings spreferablyrahautat igast loaermwpuiaxis ofies a

nmet hod of provjding rotation about at Jeast.,one output axi . f Iy
about at | t QY_ _'&5‘? ﬁﬂ?b%ﬁ'@to{) e&'cﬁe{’;“e ’88910 e9°$Pﬁ$gpam@hH§§§ar§ i ce,

t he net hodkof arBtdtonEboutRUitst 8is andoslyothdn abbat alseedndRistarkd AirbBitiodxi s
and a rotation about a second axis and a rotation about a third axis, the

first axi sahsitgthisdiaxia, dbe firstraxiebpiagtorientechwithdesnectdritse secand axis athat i on
on e FEBRUN A0 fiied s AR eRant o RRP L RARG Bk doaer one
rise to a lehstee botpuhaxisnhengihithe retatibe of tikd body@abbhetheotthyrdaxisigivebe
first axis at an angular velocity greater than a cré tical an ilil| arxive{ ocity;
appl yi ng disotoqehaige in the inclination"angle; rotating the body about the Yirst axis a
an angular velocity greater than a critical angular velocity; applying a torque to
the body about the third axis in a sense of increasing inclination angle when the
15 first axis is at a selected inclination angle with respect to the second axis which
is greater than 0 degrees and less than 90 degrees; and limiting the rotation of
the body about the third axis in a sense of decreasing inclination angle such
that the inclination 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
20 decreasing inclination angle is reached, thereby to initiate or increase an output
angular velocity and/or an output torque of the rotation of the body about the
second axis and/or about the third axis as said at least one output axis,
whereby the method further comprises mechanically limiting the rotation of the
body about the inclination axis in both senses between a lower limit angle value
25 and an upper limit angle value and adjusting, while providing rotation during
operation of the gear device, preferably motor device, these limit angle values
to a chosen lower limit angle value higher than 0 degrees and lower than 90



t he 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 axwe v ein2s greater than O degrees and | ess thaoT@Pasgomes; and
limting the rotation of the body about the third axis in a sense of
decreasing inclination angle such that the inclination angle of the first
axis with respect to the second axis relains greater than 0 degrees and

| ess 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 degrpes andrafuepRer limié angleavalue higheribam dig chesrn loweas liseitangleaxi s

and/ or abaqut the thir i | d at | east one output axis, whereby the
met hod fur\far%lé? agg,#gwﬂg@ﬁi%ﬁ%gf%aq y limting the rotation of the body

about the inclination axis in both senses between a lower Iimt angle val ue
and an upper limt angle value and adjusting, while providi n? rotation

during opethg pelytion acgerdieg to wayi%is, aghieves By meanstoftha subiect-maftarof| i ni t
angl e val . a | ey J: | r and
anale el Yo Bp TAReS el Ml o S bRo Al g B haigRetBege a0
| ower | i nidbanghdeastione cutpul axierpreferabllatsrgrat ¢sast Bhe cudput axis ofacor di ng
Sub] ont - mATIRHCR PAFRr0Y Breler dewics. The Metas CPBUS BeE AU a8 RO Gbout
subj ec _ ' n vi out at
east one @HERIatRN shout St aRSYare Htafibn LBBGE a 8BoRY BRI arik b Totioh gear
evice, preferably nmotor device, the nethod conprising: nounting a body for
a rot ati oratxabat thirdfaxiss tthefirst axisibeingairientech withaespectdedbesearnd axisdata

o el el 5Bt b b s B R s e o es
axi s constiphst driolifpRit akis| dhereiftBe otalith cthe bod absuntHeirdah @ gResof 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
the body about the third axis in a sense of increasing inclination angle when the
15 first axis is at a selected inclination angle with respect to the second axis which
is greater than 0 degrees and less than 90 degrees; and limiting the rotation of
the body about the third axis in a sense of decreasing inclination angle such
that the inclination 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
20  decreasing inclination angle is reached, thereby to initiate or increase an output
angular velocity and/or an output torque of the rotation of the body about the
second axis and/or about the third axis as said at least one output axis,
whereby the method further comprises increasing an output power supplied
about the at least one output axis by means of decreasing a distance between

25  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



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;
appl yi ng WOt260%i3é22860 t he body about the third axis in aPE€EFPa0080I02Er easi ng
inclination angle when the first axis is at a selected inclination angle

Wi th respect to the second axis which is greater than O degrees and | ess
than 90 degrees; and limting the rot att®on of the body about the third axis
in a sense of decreasing inclination angle such that the inclination angle
of the first axis with respect .to tgae ecqnd .axi s remain reater than O

3 e
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solution according to Way 10 is achieved by neans of the subject-natter of

claim 6 1.leastonmubitpot axist wherein the sotation of thebody abautthentbird@xipgyesdi ng
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rotation about a second axis and a rotation about a third axis, the first
axi s bei nghemboghtaboulithethiskpesin asense of dngrasiagiincination ange wheni the
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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
15 decreasing inclination angle is reached, thereby to initiate or increase an output
angular velocity and/or an output torque of the rotation of the body about the
second axis and/or about the third axis as said at least one output axis,
whereby the method further comprises increasing an output power supplied
about the at least one output axis by means of decreasing a variation of an
20 angle between a normal vector of a first frame plane and a normal vector of a
second frame plane, the frame plane defined as a plane which passes through
three non-linear points of a frame where the gear device, preferably motor

device is mounted in.

25 The solution according to way 11 is achieved by means of the subject-matter of
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 he 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 axwe 2#wieln28s greater than O degrees and | ess t haoT@P2asgomes; and
limting the rotation of the body about the third axis in a sense of
decreasing inclination angle such that the inclination angle of the first
axis with respect to the second axis relains greater than 0 degrees and

| ess 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 fouapotatmrapwt@fflrshemsar@ta mtatwn aheubagpgcand axis ard gde@ii@naxi s

and/ or abo ird s sajd at u Xi by, t he
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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
15 second axis and/or about the third axis as said at least one output axis,
whereby the method further comprises increasing an output power supplied
about the at least one output axis by means of decreasing a 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, 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



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 ncli nat W0 2809g12&228hen the first axis is at a sel ected PPAEIEPABIOBIN2: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 anEIe such that the inclination angle
of the first axis with respect to the second axis remains greater than 0

degrees and | ess than 90 degrees,, so th a constant or decr.easin
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frame plane n as a plane which passes throtgh three non-Iinear points
of a franefirahaxie is bba gelactedinaiatipn ahgleawitly respest taitha secans axismthieh i n.

The sol uti.on accordin o way _12.is achieved by nea i ect-matter
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angular velocity and/or an output torque of the rotation of the body about the

second axis and/or about the third axis as said at least one output axis,

whereby the method further comprises increasing an output power supplied

15 about the at least one output axis by means of decreasing a variation of an
angle between the angular velocity vector of the angular motion of the body
about the first axis and a normal vector of a body plane, the body plane defined

as a plane which passes through three non-linear points of the body.

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

25  axis of a body which is rotatably arranged in an inner 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,



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;
appl yi ng wotoegue28o t he body about the third axis in aPsemPeoosioiorgr easi ng
inclination angle when the first axis is at a selected inclination angle

Wi th respect to the second axis which is greater than O degrees and | ess
than 90 degrees; and limting the rotatl®n of the body about the third axis
in a sense of decreasing inclination angle such that the inclination angle
of the first axis with respect to the second axis remains greater than O
degr ees artheltesisdavies COMPHISHigears outpyt axist capstibiiindamiongitugingd exisRfishg

angul ar vl RE i s sl 1Bttt SR AMEI dbous
t he secondsuppostedinst tHe gbiauxig, @ inblinatioaxaxis ahichaisherpehdigatardacheut put

axis, whereby the nmethod further conprises increasing an output power
suppl i ed MRt @xis aad qasuRivobaROWthe $Pimkaxis f%V“'HQaﬁ%'“&*'”%ﬁ&ﬂ&%%‘Png a

vari ation & ; ' fnet he angul ar
ot onor F91RBo LSBT AKIEEER BB i, UieREhY th BEbPbalbe "2 BOdy

pl ane, t heedvethyrigdligragralefeidneith esgardiibdhe indinatiop agiseshé by levehaeaa of

non- 1| i near Poi ntz (@,t{]e body. The solution according to way 13 is achieved
by neans o '&ngkh &gy isformgdi er of claim 67. The subject matter of claim 67
provi des a test device for determ nation of paranmeters for design and
operation of a gear device, preferably notor device, whereby the gear
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device, whereby the gear device, preferably motor device comprises an output
shaft being solidly connected with an outer cradle, a spin axis being a rotational
axis of a body which is rotatably arranged in an inner cradle, and an inclination
15 axis perpendicular to the output shaft, whereby the spin axis is rotatable forming
an inclination angle between the spin axis and the output shaft, the spin axis is
jointly connected with a body, and a torque is applied about the inclination axis,
whereby the test device as in claim 67 is used and whereby an 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



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

i ncl i nat iwo 2000/R712Be t est device conprising an out put apCcs/Eressihdiozsi ng a
| ongi tudi nal axis of a vertical output shaft, a spin axis constituting a
rotational axis of a body which is supported on the spin axis, an
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according to way 15 is achieved by nean he subj ect-matter of
whereby the rotation of the body about the flrst 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



claim69. The subject matter of claim®69 provides a gear device, preferably
not or device, for providing rotation about at |east one output axis, said
devi ce compro@/ng2a body nounted for a rotation about aPrCiEPRoanI®28Nd a
rotati on about a second axis and a rotation about a third axis, the first
axis being oriented wthrespect to the second axis at an inclination angle,
the second axis constituting the outputl®@xis of said device, wherein the
rotation of the body about the third axis gives rise to a change in the
inclination angle, means for applying a torque to the body about the third
axis in a tbertmaiycabquicth@ayrdngnsnmausmsecnf ingrgRsinghaelinationfangle whensthes at a
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The subject matter of claim 70 provides a nethod of providing rotation

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

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

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

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



about at |east one output axis, the nethod conprising nounting a body for a
rotation about a first axis and a rotation about a second axis and a

rotati on WBA09/R722Bi rd axis, the first axis being orienP€l/ERR2A08/0pIWIPect to
the second axis at 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 axis gives rise t ol%a change in the inclination angle,
rotating the body about the first axis at an angular velocity greater than

a critical angular velocity, apg,l ying a torque tothe body_about the third
axis in a wWhera pireumaticRdiMRghahisi ipeated hietwagn dheguatputisbaftiand thgdpaef s at a
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provi ded that the power is generated about the third axis by limting the
rotati on dpadisgchasya hpdiaulic memmilp dhispesiods pif@riersdattharistendf thani | e power
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when the ig@ghpnation angle is between O degrees and 90 degrees. For the
continuity of this nethod, there should be two different periods. The first
peri od:

The gear device, preferably motor device may be used as a gear device and/or
a motor device. In this context, the term “motor” must not be understood as a
15 motor which converts non-mechanical energy to mechanical energy, such as a
gasoline motor or an electric motor. Here, the term “motor” is rather to be
understood as a motor that converts mechanical energy to mechanical energy,
similar to a hydraulic motor. When referring in this text to a gear device, this
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,



power is generated about the third axis by limting the rotation of the
body about the third axis using an output |oad. The second period: the

i ncl i nat iwo 2a0pgi2e228s i ncreased by limting the rotati onprofi/EPh@slasdys about

t he second axis using an output |oad or a brake mechanism By repeating

t hese periods consecutively in a |loop (period 1, period 2 , period 1,
period 2, ...), the continuity of the nerating power fromthe device is
provi ded. When a brake nechanismis used for limting the rotation of the
body about the second axis, power is only generated about the third axis.
When an ouhgapplisation sf adewuerahad dheindinalien axis irdb® saN8@sP@ES t0i ni ting t he
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is located between the output shaft and the inner cradle is used in order
tolimt the rotation of the body about the third axis, the first periodis
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energy to rﬁ@%cfdﬁ‘ém@éful 8BBFc@Yof hbfife PSwaT. It will be appreciated that, with such a
system, the means which are used to limit the rotation about the inclination axis
do not require a source of energy, thus enhancing the efficiency of the gear
device.
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,



gasoline notor or an electric notor. Here, the term"notor" is rather to be
understood as a notor that converts nmechanical energy to mechani cal energy,
sim | ar twoaotwdreslic notor. When referring in this terCcriER2@08@0eR028 devi ce,
this termis to be understood as conprising a gear device, preferably notor
device. The inventors of the present invention have found that, when the
axis of rotation of the body (also refetred 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 inclination angle) to the axis of rotation
of the body, arkut{tbreisiaise a raiat@n(@tb@flr%faem&aaowtdhseqe@wndsmméf

and second axes o SFpa AR HRERLA, oY YREFBRN A hRed e bBAb i <
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about the second axis. Wen the speed of rotation of the body exceeds a
certain criticalesranses, whereagihe seaed of Eriation pbthe firsbaxis abaudhe i on tor que

of a nggnitude of the applied torque and which is also
di rec?gsd about %Zﬁlhﬁéc |nat|%gr?§am S, but in the opposite sense. This
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thus giving rise to a usefu notive power. be appreC|ated
that, with suchnalmatsmmmsthe nmeans whi ch are used to I|mt the rotation
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angular velocity, there are again two rotations of the first axis, i.e. about
both the second axis and the inclination axis, but in this case the rotation
about the inclination axis is in the sense so as to decrease the inclination
angle. It is only when the rotational speed of the body is above the critical

15 angular velocity that the gear device is able to provide useful rotational (=
motive) power about the second axis and/or the inclination axis, either or

both of which can serve as an output axis of the gear device.

If the body is caused 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.



In order to understand these effects, it is useful to consider the
followng cases (i) to (iv) when the body is caused to rotate at different
angul ar webaoesizersabout the first axis: (i) In the trivcalEpsoosowedozo©n in
whi ch the body does not rotate at all about the first axis, the application
of a torque about the inclination axis in the sense so as to increase the
magni t ude of the acute angle gives rise2Zrerely to a corresponding rotation
of the first axis about the inclination axis in the sense so as to increase
the inclination angle. (ii) If the body is caused to rotate at an angul ar
velocity (= rotational speed) which is less than a critical angular

vel ocity (& cri.
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i .e. about _ . . . . L

efficiency. As a consequence, a gear device built according to this principle

would be of particular utility. The at least one output axis is the second axis

and/or the third axis.

The inventors have found that, with such an arrangement, the efficiency of the
15 gear device is extremely high. Furthermore, the torque applying means
conveniently acts as a switch which triggers the provision of the output motive

power.

The limiting means is arranged 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.



both the second axis and the inclination axis, but in this case the
rotation about the inclination axis is in the sense so as to decrease the

i nclinatiwo 2amgi2e22slt is only when the rotational speedpofi/dpb@shosdysi s
above the critical angular velocity that the gear device is able to provide
useful rotational (= notive) power about the second axis and/or the
inclination axis, either or both of whi&h can serve as an output axis of
the gear device. If the body is caused to rotate about the first axis at an
angul ar velocity above the critical angular velocity, the gear device

provi des an output notion (= rotation) about the second axis and/or an
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the strength of the materials of the parts of the gear device on which the

variable forces (forces whose relative direction to the part varies) act and the

strength through the shape of these parts.

15
If the body rotates about the third axis, this gives rise 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



woul d be of particular utility. The at |east one output axis is the second
axis and/or the third axis. The inventors have found that, with such an

arr angemewo,2othe7e28f i ci ency of the gear device is extremelrEpr2ooglnosozs
Furthernore, the torque applying neans conveniently acts as a switch which
triggers the provision of the output notive power. The Iimting neans is
arranged to prevent any rotation of the2body about the third axis in the
sense of decreasing inclination angle. As nmentioned above, since the
rotation limting nmeans is not required to nove, it can be constituted by a
purel y mechani cthe spimaxis pasges throsigbghe wente afseassot thedbpd e a source of

ener gy, thereby,contribut.ing_t hj | CLEency - ; . ice. A
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rotate abogdgthe first axis at a rotational speed in excess of the critical
angul ar vel ocit\é. Alternatively, the rotation of the body about the spin
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constit ut ese 4 bgH&%tbémgé@_n. The transm ssion efficiency is defined as

the efficiercy transmtting the notion constituted by the force field to
t he output notion about the second axis. Increasing the transm ssion
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inventions indicated by the dependent claims.

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

15 with respect to the second axis is 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



the efficiency of the gear device. The transm ssion efficiency depends on
both the strength of the materials of the parts of the gear device on which
t he vari WPEIH2ERE (forces whose relative direction toPCHEPRBH00303E | es)
act and the strength through the shape of these parts. If the body rotates
about the third axis, this gives rise to a change in the inclination angle.
That neans that the inclination angle cﬁhnges, I.e., the inclination angle
i ncreases or decreases. The connection armlength is defined as the

di stance of the intersection point of the connection. plane and the first
axis to t H@NERSOf thepReC ?éf'té\?%ltﬁmg Y vEliReilysan ke sralisrd 1; BIPOREAT ¢ he
first axis,i i ~nhount ed about the second axis. There are infinitely
many planéghﬁﬁnéﬁﬂﬁﬁfersect t he body and are orthogonal to the spin axis.
Anong t hese pl anes the one which has the m ninum di stance to the third

" or dor -t §needlinmandalony it the Stfisnesd Stihedady S biatesan B Bk ot be
mount ed t o3y bRk KRN REIRFHR! SietatiR ohe dSasdilicd habady Wit £ RighepXi S

passes through the centre of nmass of the body, b) the spin axis is oriented
such that spesifioonitival valueroust be retateskatrhigbelr spertiscgornpareasketopa bipdy withot

symmetrical about the central pl . ' h t he
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possi bl e npaHEficd beich88é 2dd RIWIE the grictional RseaBl($wsh 8s sirdrictorhet ween t he
centre of mass of the body and the third axis, preferably the centre of

pi vot, shoearingfrigtien) inFreasecexnaneatiatywithdhe spin segRd. T urthermose highaf eved
by t heloe”bé);gh @B@Eas ?ﬁ tr1teh§ear device, preferably motor device require that the overall
strength of the motor should be made higher, and this would increase the

production costs of the gear device, preferably motor device.

For cylindrical shaped bodies with a same density, the specific critical angular
15 speed of a body increases as the ratio of the diameter of the body to the

thickness (= height of cylinder) of the body decreases.

For two different bodies with the same mass, the same thickness (= height) and
the same density but with different shapes, namely one is cylindrical, the other
20 one is ring shaped, the one with the ring shape has the 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”.



i nventions indicated by the dependent clains. Concerning the ways 1 and 5,
an alternative way of determning the specific critical angular velocity is
provi ded WREAXYBA2Bncl i nati on angle of the first axis WPCH/EPAYEEBI2E 0 t he
second axis is 80 degrees instead of 45 degrees. If the frictional forces
acting against the rotation about the sgin axis 4 are high, this

80- arrangenent hel ps i ncreasing and chetki ng/verifying, respectively, the
accuracy of the neasurenent of the specific critical angular velocity by
reduci ng the transm ssion rate of the torgue of the spin axis to the second
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body has a Sé)ﬁci fic critical angular velocity of |ess than 10000 rounds per
mnute. St¥MYUIARYRIREYY preferred enmbodiment of ways 1 and 5 is provided if
the body has a specific critical angular velocity of |ess than 5000 rounds
per mnute. Al the aforenentionedranges of the specific critical angular
vel ocity cAmreferredagmbedimentcdwrysat tod impravided if dheigesr device comprises
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require thgévitdeTtay fgeablack means is preferably arranged to transmit sufficient motive
power to the source of motive power to overcome energy losses arising from
friction due to the rotation 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.



strength of the notor should be nade higher, and this would increase the
production costs of the gear device, preferably notor device. For

cyl i ndri cab 28évapentsbodi es with a same density, the specipCii®Epesosidznas

angul ar speed of a body increases as the ratio of the dianeter of the body
to the thickness (= height of cylinder) of the body decreases. For two
different bodies with the sane nmass, th® sane thickness (= height) and the
same density but with different shapes, nanely one is cylindrical, the
other one is ring shaped, the one with the ring shape has the | ower
critical aﬁm:rraaa@pfeeappmmayomuennaygnmml§§ a@BpRring. g‘mdlmfﬂﬁﬂy Gfay not have

necessary PIRPENGEY EReAP K UnatIEER ol B R phd B Fid R e oo

angul ar sperftaqlic ﬁhrﬁoﬂ?neaﬁﬁtbh@nﬁ%fnaéléb@émagﬁéﬁcﬁeﬂﬂ vol ume of the body".A
preferred enbodlnent of ways 1 to is provided if the gear device

conprises a source of notive power which is connected to the body to cause

the bo;g.ydt/grpr% e %ﬂBH%ﬁn}im Fials yﬁfﬂﬁl?é@ﬁdé& ﬂ‘gﬂ%ég%r Hg\{le&fcbméﬂs%%tto 4

t han sai gular vel oci’t A preferred

i s provi dethehs férecqrllintetiecmagnitpde sfthef toegimapplishbg trﬁ@torquamppsiwmg ng
notive power fromthe notion of the body about the at | east one output axis
to the souM&8Ndf notive power. In this way, it is possible to feed back at
| east a portion of the output power, defined as the product of the output
torque and the output rotational speed, into the gear device. The feedback
means i s pAgirefeateidyerabodind of evaysahtndt iis pravided i e I"rmitingerr'qeamrareo t he

source, of IDLAgSs ROURT the rStaR0s S the Body 5boarhetn axid SudH 3k the
inclination angle of the first axis with respect to the second axis is greater than

10 degrees and less than 80 degrees.

It has been found that there is an optimum 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



friction due to the rotation of the body about the first axis at regine
state. The regine state is defined to be the state when the inclination
angl e i s WOr89%A17228nd t he magni t ude of the applied tor qRETAIR2MS/003928 t hi r d
axis is constant and the out put angul ar velocity about the at |east one
output axis is constant. A preferred enbodi nent of ways 1 to 4 is provided
I f the gear device conprises neans for thntrol I i ng the source of notive
power so as to cause the body to rotate about the first axis at said
rotational speed in excess of the critical angular velocity. A preferred

enbodi mentCase, @spsmeans may e providaddon selesting 8 desire ﬁb’ltfgl-i't)r/ﬁj’eﬁé’aﬁﬁd/‘?%
dt , el A . : thi
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conpri se aacqordingly. Additionally or alternatively, the nmeans for applying a
torque may conprise one or nore of: a hydraulic ranmi a pneumatic ranm an
el ectromagnetic ram A preferred enbodi nent of ways 1 to 4 is provided if
the gear dgy BhbaGndRMTIWYR 1 PR Pldvidet i e BBEPHEWES Bprfd@st or que
appli e? by \Pﬁgﬁtno%rgque appléyFﬁng rreyagns. A prﬁef Ierre_d enggdi ment of m%ys l1to 4
i s provi demerhs foresdlectintg ageswad oubput amguiatgetocity dofithetgeandevisearncon of t he

w th ospecuaing Meegbeliia eahs b3y Tt tamaion shgB R derindeRedl ¢ han a0

degrees. |hehatedegButpitnthdutatvdibatye i s an optimuminclination angle which
depends on various factors 1ncluding a desired output torque of the gear

device and a desired output angular velocity of the gear device. For
' nstange, m(?&eﬁ'nj%% embodiment of ways 1 to 4 is provided if the gear device comprises

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

output torque.

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

decreasing inclination angle.

The means for applying a torque is used to apply a torque to the body about the
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



inclination angle is close to O degrees, the output torque of the second
axis is at a mninmum but the rotational speed of the second axis is at a
maxi mum wonueyreizy, when the inclination angle is closecrerid@sdegeees, the
out put torque of the second axis is at a maxi num but the rotational speed
of the second axis is at a mnimum Since the output power of the gear
device is the product of the output tor¢fue and the output rotational speed,
it follows that, in order to maxim se the output power, it will be
necessary to select an inclination angle for which the product of the

out put t orsprseaadrefasreshembodiroent ofomays § pedds ipsovided ﬂﬁtgednemf;qr a

preferred emhodinent of ways 1 .to 4 1S provi i e gear device further
conpri ses %?ngi% r%%ﬁgr\égradac{ﬁ%qlﬂyﬁsgsptp%émﬁﬁﬁgina%é on angle. In thiscase,
al so neans may be provided for selecting a desired output speed and/or

desired output torque of the gear device and adjusti ng the inclination
angl e accoPaidrigegns foransEng @dosm servertto @Pplg sorauedoshe sofgtiglishall i t he

gear devic ' (0 - desi t L ul.ar vel oci t
ot ne Sgeat G TER &eBIfE b AR EF hRF R e g Bl ’
i ncl i nat i oRckmgtion anyldePakidaeans for dgptyinglectorque additivhalynmadyaserveltocity. A
preferred enbodi nent of vvafys l1to4is Ij;)rovi_ded I f the gear device

conpri ses PRENABE therrotatiancefithg bodyahqut dhe IGhnation axigdn G SeNse QRRASIELPi ce
and causi | ' é{p@ ; ' i NG g d i j
dependencgggﬁltam%dés@fg?pgr ou{%ad(?%%ér“qsﬂ@.} akbg#dedt]grtdr)@gl e%%%@eﬁ?ﬂvgftomys 1
to 4 is pradjusicitieiinclinatiohiandle hyardesitedivale camegabriding teadesiredyoutpitat i on

f the bod b i iS i
© e10 © %oﬁor? %tpeggﬁ)uwdtrtgrq%)g gné/%r%%s?rggsrgagﬁon speed/reaction torque.

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

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

20  input 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.



decreasing inclination angle. The neans for applying a torque is used to
apply a torque to the body about the inclination axis so as to increase the
i ncli nat iwo 2a0vgi2e228Pr ef er abl y, the neans for applyi ng apcompa@sabiooss
controlling the magni tude of the torque during the operation of the gear
device by neans of a control unit. If this neans for applying a torque,
e.g., a hydraulic ram is controlled wi3h a proper control unit, the neans
for applying a torque may additionally serve as a limting neans to limt
the reaction notion about the inclination axis and further to adjust the

i ncl i nat i of paefgrrediembodisented waysubtd 4 ispodrechif ghefifst axisdeassesd out put

noti on speed/ oyt put .t or and/ desir r J ke I t or que.
1 i seenbeoddt SitisraBlally uRnile.fnERe Gl GOH 200 1IEBRRL IGRINEO, c
neans for sﬁmNmiaﬂmeanfo@rﬁém%f?r@érﬁéfofaldéibb'd?ﬁb?lbdjb/stéﬁtiélf}ernbkiﬁii\ibéﬂg nmeans. Said
means for applying a torque serves to apply a torque to the rotation shaft

and thereby also to the body about a third axis in the sense of increasing

inclingtiope i (o) [ : - : gk ] serve
o pr eventAfid BrElerRR, fmBPan i BRR T1o'%if phdhiF r3C o AR dedtY L
opposi te tgxdshinterséct! Peefepaly esitHerrarbath Sathk fisaaadfseconppixgs pasa t or que
may al so serve to adjust the inclination gngl e éjﬁ a desired vzl:ifge
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about the 1ncli naﬁl on axis In tﬂe sensey %?&I ncreasing the inclination
angl e, f orvdriationiofdhisitistaaaetasesmalbas possible increasesdhefoulpat pawemand he

inclinati I d dj usti the ipclinati I i.red
val ve dor rSupTEABe ecendiBen 3k setondbersbasses 4iadehbS cBriERrand or a
desired reofethass sPARMBERAThE BFIdIENAUS thé RPaXaPRRREORSIIEfing Bh thrans for

distance as a parameter.

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



applying a torque is controlled by a proper control unit which is supplied
with input signals fromsensors such as position, notion, speed, touch,
torque, aWME2PYY12&228i gnal s. Control signals generated byPCREPZSIOPIRS unit in
response to the input signals affect the neans for applying a torque to

adj ust the magnitude of the applied tor%qlue to the body about the
inclination axis, limt the reaction notion and adjust the inclination
angle to the desired value. A preferred enbodi ment of ways 1 to 4 is

ided if the limtjng. | . t t. Pref bly,
R LM M R AN T AW T
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preferred of ways 1 to 4 is provided if the first axis passes
t hr ough subossibieitiat thetbodyozamprisesf a habsandfa web andig rimof ring. Beaferakdy,

oriented such that. .the ment, of inertia of th ody /i s substantjally
et mi e TR ST of t*ﬁrﬂ?&?\‘@@‘%ﬁ%@ﬂgﬁbe&e'%@ tﬁet"%ebdsi lgwst YR 17 e
first and gegandf theesmi ntersect. Preferably, either or both of the first

and second axes pass through substantially the centre of mass of the body.
Decreasi ng the di stance between the centre of mass of the body and the

second axi eni ; varl ati f | | C S as possible
i ncreases éﬁgg%ﬁéguﬁhgg%@&éﬁg%ﬂﬁaﬁ@eg '3 é@@‘?‘ﬁ @}o@%co;?_rﬂ%eﬂhke second
axi s passeplibWingueimpbeentetfitive geat Hevioaase aiadefrolvodynatelial ledfingaency is

t he maxi mum consi deri ng on_I¥ this di stance as a parangeter. A second,
al t er nat i Viigpmeedylve af elasbaitydhe bedywaphaft wherg the bodys geeunted oRean; r st

ot nell a FREFs!idt BRing e IestontulBhESaEAe: S lpanRaRR WS, 5
al ong t he variable forces act. A material having a high modulus of elasticity includes any
material with a modulus of elasticity above 70 GPa, preferably above 100 GPa.
Using materials having high modulus of elasticity for the parts of the gear device
on which variable forces (forces whose relative direction to the part varies) act
15 enhances the transmission efficiency and therefore increases the output torque

and enhances the efficiency of the gear device.

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

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

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

device.



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 wbeodyrs28axi s and to consider an inaginary | i reTErR@S/0pISES
through this point and 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 enbodi nent 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 bod the torque applied about the

by
third axi sThe mateiialofdae body g sgle@teﬂegﬂ@béaéﬂs density @n densithdistidiitionpout

body i < suUBSPERIVN-T SebonRa] w5Vl e Bilco bt o@ierhodialing' 27
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web and a rimof ring. Preferably, the sum of the weight of the hub and the
wei ght of maad@@glty,ssuqb\/@ﬁsmaﬁn@héemeehﬁomeveﬁétpa ediflicafteandq

embodi nent, cé sive éfaﬁn BIY i dsu%‘&esr%{ dohe & bhew Slibawi ng
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conmponénts 0 gear eV| ce are nmm roma ter| al 'having a

modul us Ofp@h@ﬁﬂequlrbmerﬁﬁahbndyplaatlshaiwnmbenay alernatidglyi e usecht ed on, an
out put shaft along the at |east one output axis, parts of the gear device
on which variable forces act. A material having a high nodul us of

el asti ci tyj; Cthléfbee%é%%:ic%a‘t% E@Es%’leﬁ'ﬂa?uﬁ@@éﬂéﬁe ber§i|@t$§ hﬁéé Yroppove 70 GPa,

preferably above™1 g materials having high dulus of elasticity
for the pauntalahcathtorgemwitiawineegesnt daviesh asaar reﬁmllte)ff(e)aé@CKOf)fﬁmme\mmse
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ef fici encypyfa ddiBp&FeHt dteNé ¢€action torque WhICh is d|rected perpendicular to the at
least one output axis. This problem could be solved by mounting/fixing the gear
device by means of mounting means of the gear device, preferably by rigidly
mounting the gear device to a fixed support. This fixed support 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



Using a material having a high nodulus of elasticity for the body increases
t he output torque and enhances the efficiency of the gear device. Using a
mat eri al wewoepgi2a22Bi gh nmodul us of elasticity for the shatt/prbespoioke body
is nounted on increases the output torque and enhances the efficiency of
the gear device. Using a material having a high nodulus of elasticity for

t he out put shaft increases the output térque and enhances the efficiency of
the gear device. Using a material having a high nodulus of elasticity for
the other parts of the gear device on which variable forces (forces whose
rel ative das welli Dhistrotation cpfathe boglyiabkout the seerndaxigds rerreseniedtby ar que and
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device. Thus, i out put notive power is required, a material with a

hi gh densithg, b@i)/c@b%ﬁ%@éépon‘#rﬁy'sbe used. However, it can be difficult, and
hence e5><pen5| ve, to formsteel into a desired shape, and so, for |ow out put
power requirenments, thernoplastic materials may alternatively be used. Wth

the gear O@iHetea gehr dévipessbbiltetHehangledtweenlthe vector of tetorque appficdm
unbal anced forces within the c]gear device, as a resu t oftaéa a | ack of

symet ry oo thedadyraRait the third axg (g@w"a@wr@éemr il qué%léithtr‘@‘ out put
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per pend| cu one out put I'S hi s problem co e sol ved
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devi ce ferabl nt i n the ear devige to a fixed support.
Thi s 1 IocbaSesbar hemiypuEbanr FhReEtar Biderprisasegnd g <fideney of
floor, a vwiklgedt defidd |§€bnh%n‘éé§! THe o@t&RrHoWé?and the efficiency are

maximised when this angle is 90 degrees considering only this angle as a

parameter.

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

axis.

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



anot her type of support, e.g., a rack, a frame, or a franework. A preferred
enbodi nent of ways 1 to 4 is provided if one or nore counterbal ance masses
are nountW@ 2pe¥12i38at i on about the second axis. The couRCEMFANEMEW2$asses
may have an effect so as to conpensate at |east partially for these

unbal anced forces, by reducing the |ack_of symretry and by giving rise to a
centripetal force which bal ances the redttion torque. The rotation of the
body about the first axis is represented by a vector caIIed t he spin

vector. The Spl n vector is ideptic he an ocity vect
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the body 'éfthetrﬂsev'ff&b@eﬁoéé}?IJWérﬁﬁmﬁéh@e uafnu@béeo&fwo'a%hda@cgbggeés qot he

body in the sense of increasin he I nctfination an starts to
rot at e aboand Qﬁeiwemdrmm@asludebb andransuppErdiniibangle vahge ddsh sbout t he

second axi s s represente ect referr t,0 bel ow as the out put
mot i on vech&e eﬁﬁge&?‘PﬁﬁF?%%lf @Hlt@@gf%yalyg qr@‘: AELIeESy t he angul ar

vel oci tsy vector associated with the angular notion of the body about the
second axis. When a gear device is built, the angle between the vector of
the tor queTlaq:)muletﬂumcdlotnhBeDbalylsabW@Eeﬂahb' eampusescfosce tosgs, ipesitioss que
vector) and hhe out Ns vector may not be 90 degrees because of
producti on"PYPRy anq l‘l S gﬂg bet ween the applied torque vector and

the output notion vector is close to 90 degrees, the output power of the
second axis is increased and the efficiency of the gear device |s enhanced.

The out putApeelerresrembadimgntiafiwaysyl ta 4 lsﬁas@wﬁ%cétﬁtk}mémltm eghgifer i s 90
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of ways 1 t ear conpri ses
senses is at least one abutment.

A further option, which could be used either on its own or in combination with
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.



adj usting neans for adjusting the torque applied to the body about the
third axis. In order to reduce the conplexity of a control unit of the

not or, a WO0I2009%/120328t i onal nechani sm can be used for app/PgITARF2e08t0630q%ie i n

t he sense of increasing the inclination angle, for limting the reaction
notion in the sense of decreasing the inclination angle and for adjusting
the inclination angle to the desired vafie in accordance with a desired
out put notion speed/output torque and/or a desired reaction speed/reaction

torque. The multi-functional, nmechani smco i ses a neans for applying
torque abdftSUcheas ?f’l‘ﬁq e PeeferrednumberOf r&{geﬂﬁesdﬁ PRIt gpeiaz] ting the

rotation oé \;lé.@s PI i ang geva 'H%Cét'rﬁﬁé‘éd)ﬂl g)él 2'a'F ot h senses between

| ower and upper es an neans or adj usting these angle
val ues during the operation of the notor for a chosen Iovver limt angle

val ue bet n 0 and 90 r%%re s (0 and 9 rees ar i ncl udeg and an
upper |im Rg eysiam e nsonR BRak eY'ﬁ S@Fﬁ)gﬁ% ﬁEVerylF?ﬁ'fo % e val ue
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t or que, ition, notio spee d touch sénsors preferred enbodi nent
of ways 1 ofdhe gesair gevicedeas srhall he possible dgrlmmopewatlmecnfathe gear gevicai ti ng
the rotati.on of ”%ﬁe ?%thabout the incli ngh axis in both senses is at

| east one 'SBFATERY tpr?éf‘fec%} %r}parw?s Lﬁ'%!n(fye used either on its own

or in conbination vvith one or both of the above solutions to reduce
undesirabl e vibrations arising fromunbal anced forces, would be to provide
a pl ural i tYhen ayeysteaeef mete Wﬂ%@ﬂ?rﬁ?abéemﬁ&juﬁ@@éph& leastiopapadPft o

operat & atgéﬁbdsetv?&at | §hd Varidifors 8The’ dritfit' Bf¥een the output motion vectors of

the gear devices is preferably less than 5 degrees during the operation of the

gear device.

When a system of more than one gear devices are used, for every pair of the
15 gear devices, keeping the distance between the centre of mass of the gear
devices as small as possible during the operation of the gear devices increases

the output power and enhances the efficiency.

The invention extends to a vehicle powered by the 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



but at different respective phases. In this case, any such vibrations are
mnimsed if the phases of the gear devices are equally spaced. Thus, for a
syst em ofWPQR0W9/1g828 devi ces, the phases woul d be 0 degr E€3/EP2@3fer®es, 180
degrees and 270 degrees. The present invention thus extends to an assenbly
of gear devices of the aforenentioned type, in conbination with nmeans for
causi ng each of the gear devices to rotate at substantially the sane
rotational frequency but at different respective phase angles and neans for
conbi ning the output notive power of the gear devices.|n such as, case, the
dyol\e,lt%wi1

p(rjef erred TolaBEle BHPRAEHA st puisbaing ?dQFat'OQﬁHa’f'ﬁé’f@e%R dg relgtably’
advant age éﬁé:ﬁg&ﬁr@é d?d%?&%té&e%u%gélrtrzv@y@yeth\éyﬁet %éé)(éhﬁmcfyle fSthfin han one

gear devices ever ear vices, Keeping
vari ati on ar utdnaamghagleemmlendhe;fmt anis and theseocorsd akist ba ugelmatldaw ces as

smal | as possi bl e dyring the operation of the gear device s .the
out put povd¥s RREPIMficHREL $3id s%@ﬂélaéﬁwh%%ggow’ﬁ'\élrﬁp(ﬁ'gagpi ﬁ&sﬁ one

gear devic %b@ut~'tff'f°edincﬁr?eftld'ﬂ'ﬁt aki€ ¥ thePSéndePor |n€ifea‘%ﬁ%teh‘é%bl‘ﬁ?’a?vonté}%léa“ ation

of the ang e between the out put notion vectors of ear devices 1s
pr ef er abl yanaEmitingameand o lrvinguhe mgtambe aoeit the mmioathmemgerarth@leems%.

Wh f th f ' f th
goar dev, cOSqRRINAGE REBRLOR ABES ARG (oot oo ALl o e Cear
devi ces awéaaty gt;@z%té}otﬁ%hfd Eritiia aRgulaf YRRy 3bi that 8decheasi®R Incladiices
i ncreases the ou ower and enhances the efficiency. The invention

ext ends t oaraagleea$tdtSe \Aﬂmmbseaa@ysqudoamaplldimcpoeeg@de/mﬂbfheasecond

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



gear device or an assenbly of gear devices as defined above, such as a road
vehicle, an aircraft, or a water-borne vehicle. The invention further

ext ends t\WO2M09%12888Bri city generator powered by the out pRCTHFRI8O093%er of a
gear device or an assenbly of gear devices as defined above. A preferred
enbodi nrent of ways 1 to 4 is provided by a gear device, preferably notor
devi ce conprising a second axis being a fotational axis of a

secondr ot at abl e support a first axis being a rotational axis of a body

which is rotat arran dlnaflrst r ot at b suppo eby the first
axis is roP@m Pe <5’|hbh$'ﬁ YrotaHeg ARAYteut %) %‘théﬁrd’et"f@ £t L?f axi s and
t he secondm%hgléy alnbg, Pr?e}dr{%aéi‘é}'f‘aﬁd‘u?nB%B?d?d' cular to said second axis,

whereby a torque I's a iled to t Irst axis about the inclination axis in
t he sense of increasing the inclination angle, and limti ng means for

limting t tatlonaout t elnc l.on axis the of decreasing
the incli ﬁ"&HgEF'BbOaJHb%’H&?W%Yé % '%pWﬂéﬁde zﬂp &' vel ocity
greaters t "@d}n§n§éd tdoﬁ%um@q%%rouw% Qﬂnblfvé @owéatn 6rdi=§t%%%%'séghé BediRat i on
angl e results, whereby saird second axis solidly connected with the second

suppor t arr@/taie ahoiud thenGirst mxisi atrsaigtiapgular yelacity greates than he crtidgad.  Si nce,
duetothe rt| there is a delay between the time at which
t he torqu ﬁ'tv?ﬂ(é'kfﬂfﬁ&b%&crys is applied and the tinme at which the
application of the torque about the third axis gives rise to a desired
speed of rotation of the first axis about the at | east one output axis of

the gear dRwreferrediembodimettafyeyssd 13 dnpravided,itthemeatiod furtheiuce this
time dglay axpﬁéé;s}"S%Léylngr}ar@ﬂ@hﬁét?&%ngl‘é rEhik? thd16 eckQed BR RadyuaRou!

t he secon ar devi ce, So”a o 1nNi acce erate this
rotation o80 tbgrdesy tis mollaaabmahgtdﬂmpaesérﬁa@tsa)deelected inclination angle.

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

15 third axis.

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

20 10 degrees and less than 80 degrees.

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

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



out put axis of the gear device. Therefore, a preferred enbodi nent of ways 5
to 12 is provided if the nmethod further conprises providing an additional,
ext er nal WOr2Wé12{88t he body about the second axis to apBCY/ERAVGBAPIRS]
acceleration. The application of an additional, external torque to the body
about the at |east one output axis of the gear device applies an initial
accel eration to the body about the at | #ast one out put axis of the gear
device. This can be achi eved, forexanple, by physically rotating an out put

shaft of the gear device, either nual |y or, by neans _of an a nal
roor . A pheieh pessiaiaal inmedtod Byihes coBprsebsSphataad FesHaouBEhod

further C%%Pc?d{&? %ﬁ pttt A féQetér%&t%u%x. (YM%aﬂg\detnﬂ@ctﬁé to cause

the body to I'rst axis at said angular veloci'ty greater
t han the cinclinatan amgle! 'ﬁhusxedftanséjecr%gtdﬂe@c&@oumuptcstqeerab@uénbed:frhimt of
ways 5 to 1

Is provided if the thodf rt.he | ses ti
i nclinati oﬁ‘ﬁﬁ %P%@Pgﬁxﬁhhﬁ £§ qyggg@egegtﬁgf P CHHHe o Eg]eeggcor{am s
inclinati Oésag'ae bsoufeme%ﬁatdw tﬁé"m’cllﬁﬁtl@ﬁfaﬁ ld .@Cddjttabuw dapeh8endt Bhef erred
enbodi ment o I's provid e nmethod further conprises

control i ntgetSadaectagmuttmdetomfuet he torque appl ied to the body about the third
axis. A preferred enbodi nent of ways 5 to 12 is provided if the nethod
further conprises limting the rotation of the body about the third axis

such that Ahgefen@d diabb@meit@favais 5 ie12iig providddbif thé Pnertnécmemthéro t he
second axis is greater than 10 degrees and | ess than 80 degrees.

pref erred eompdsermdjugtingdhe speed of 2he Hogy @bioybths first ﬁéISnﬁﬂﬁeeswbl& that

10 the method further comprises generating a desired output angular velocity
about one of the at least one output axis by means of adjusting the angular
velocity of the body about the first axis. 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 speed of the body

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

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



conprises adjusting the inclination angle. It is possible that the nethod
further conprises generating a desired output angular velocity about one of
t he at | ewmeto@ne7ngt put axi s by means of adjusting the poclEPR@sioasn2@Nngl €.
Thus, after selecting a desired output speed about one of the at |east one
output axis, i.e., selecting a desired output speed about the second axis
or about the third axis, the inclinatio# angle is adjusted in dependence on
the sel ected output speed. Itis also possible that the nmethod further
conprises generating a desired output torque about one of the at |east one
out put axi eutpyt apeed aboutaone: of theratilaast ong oulput exisahgl, selerting a desiead

sel ecting a desired, out t or que .about _on f .fhe at least

axi o 1 q. Sulpll e 3b4RHbel eGB! oBRGBe shif e LRE RiraE 2RIkE N}
about the thdisshyaabsut thEehitdekisngbdustéd il @epénditicesdrethe seldetedrsilapee on
the sel ected output torque. A preferred enbodi nent of ways 5 to 12 is

p[) ovit ded ispaetk Ihiéparhsmrosﬁiblﬁaethat:mefmieﬂw &mﬁh@sppﬁu)rﬁﬁfé geperating & he body
; ot . .
Goner att ngt &SR AUl e 20BAE BN of e B PSP QB LIRS BP R S0 e

out put axi gdjhgting testorfuadpphiéd twtHesodyngboetrthe ehiod akis. Thushaftdrody about
the first axis. Thus, after selecting a desired output speed about one of

the at | eastleehing adesiied utrut torqgiie akeutane ¢fghg aldeast aneRNtpUt a¥BelRt: about
t he second ' t.Aj L S, - i i the
first axi ssééb@?ﬂoé&%&gg? r@%&ﬁt}%&c@%ﬁ t?{a]gﬁgéﬁg%Sgﬁérﬁt%u&?ﬂ%%fgi&é?%%t S
al so possi thiectotduat apiedtet thedddyrabont tioe third axs igadpséad mgdepeteeincedrout put
t orque about or?e of the gt | east one output axis by nmeans of adjusting the
angul al® velh6c38/sctse QUIRNtIBERM I bout the first axis. Thus, after selecting a
desired output torque about one of the at | east one output axis, i.e.,
sel ecting a desired

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



out put 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 sel ected

out put towgueoyarpseferred enbodi ment of ways 5 to 12 i scpmprecsedsopg t he
met hod further conprises adjusting the torque applied to the body about the
third axis. It is possible that the nmethod further conprises generating a
desired out put angul ar velocity about o#e of the at |east one output axis
by neans of adjusting the torque applied to the body about the third axis.
Thus, after selecting a desiredoutput speed about one of the at |east one
out put axiway$ 5do,12sisipFovided itthegvethed fodhpucompeases Heaping the vaiation axi s

bout the thi ' t he t li gd t he,_baod third
o 2000t Bobf Bt el RAV "0 0% W B PR Rt e LS
possi bl e thpd sée@qdrﬁbh@pﬁuéu@@gtmrmaé?@@sgener ating a 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 selecting a

desired ou rar 0 t ' i.e.,

sei ect g SodkePEaf SaPton SF futoublEsRin LoaRte RS MARY o igine: 10 {1 (4
axi s, the ¢psatenapthe gdat devibe inmdasediet oltbat poivedandienhancesithest ed in
dependence gn the sel ected output torque. A preferred enbadi nent of ways 5

to 12 is peigieasy. Fer all ressinle frapemiangs &fepMS: the Ys@jioRd e eRE'S hird axis
further COB’%WS%%SthQr&J‘f&TEﬁweﬁoﬁvéefo?ta'nerlrefnokrt?\%l 9?&& BPMHY frafe n@?hé Qtsax' s In
0 e gl e. pr way

t he sense creasing i nclination an eferred enbodi ment o s 5
to 12 i s psmoall dsgpaskibidduneg el opearatioarofdbengeias deviceiingresses thé otitpaut
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between the output motion vector and the normal vector of the frame plane
does not change during the operation of the gear device, the efficiency is the
maximum considering only this angle as a parameter. Therefore, a preferred
embodiment of ways 5 to 12 is provided if the method further comprises
15 keeping the variation of an angle between a vector of the 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



Is preferably sufficient to overcone the energy | osses arising from
friction due to the rotation of the body about the first axis. |ncreasing
the rigi WO 12/228 franme i ncreases the output power an@CERF2MEHE302$e
efficiency. A frame plane is defined as a plane that passes through any
three non-linear points on the frame. For all possible franme plane pairs,
keeping the variation of the angle betwlen the normal vector of the first

pl ane and the normal vector of the second plane as small as p055|ble during

t he operation of the gear device increases the outﬁ ovver and e iances
t he eff|C|%ﬁ#t%?sdBﬁ§|p§8F’|Qféh%HPPLttH‘i‘%t'CHhQ‘P%UtéBeéeﬁﬁ F fo degigase Ee

preferred %t?:,c?ﬂlcgfac?\?]tgﬂva“ =d Abb 6t lﬂﬂ% ée%oﬂﬁ%‘%%eiﬂe réaétrb‘ﬁ (ﬁmklfﬁnl Seder

conpri ses eepln on of an an ween a vector of a
first franengtreneffisiethcy oﬁd)mmmaedetenocétea TFlee oniticdl mmwtpdpmd abmng théan 5

degrees. Reducing .the oscillation o e out put, shaft lLative to the frame
during t heSRRRE0A%i$RaBHOE FMPRIEd t@éb?d@ ﬁﬁ’@rega&f@é‘ ?W@”Hﬁ’("ﬁlﬁn $er and

enhances the efficiency. For all possible frane planes, keeping the
variation of the angle between the output notion vector and the nornal
vect or of Tlhe“cfr'rt'maiaoplpwmepaed"saMUt the spoelsd Bixis Qanbagetefmlo@@raatfolmwsif t he

gear devi c | nc th enha ces th nc For all
possi bl e f % qug' "fnr?éﬁgrﬁ%ﬂés\e%&s\/\%e% fhad 30%’%'89%%19{?%? M@F and
the nornal chd%%ﬂ aﬁgm‘arvelrbcft¥@6&h§i fheeredefon RiYtiodldgte. during the operation
of the gear device, the efficiency is the maxi num considering only this

angl e as a2par aaiﬁkgrtheTﬁtﬂ{l@ﬂd?féhe ogy &beuit the segand adaungt theapacioRo 12 is

i ded f I
et weell o welibf s dhe' o aR e sBE3nd BRR i tnbabintFindtel P dactth 29! ©
out put aximotiod seoprmusrmllledehé eriticd! cutputespeea avsutltkes 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.



than 5 degrees. A preferred enbodi nent of ways 5 to 12 is provided if the
nmet hod further conprises keeping the variation of an angl e between the
angul ar webaoesng7a2ect or of the angul ar notion of the bodygTairoess/oddves fir st
axis and a normal vector of a body plane less than 5 degrees. For the

met hod of providing rotation according to the invention, it is inportant to
consi der an angular velocity called "cr#tical output speed" about the
second axis. The inportance of the critical output speed about the second

axis is understood when a load is connected to the output shaft along the
second axiA preéfertedeembedisnentaf waysthto 12isipwyidastf e methoe futhesut shaft

al ong the second axi scauses the speed of .the outpput i bqut second
axis to de%Q’BBE%eia eo@/ﬁ?wg"gcsr‘tﬁpia Iusﬁr&? SJPr%e%QfH%go@hFﬁ%@e%é%tﬁéi s, the
reaction tidpid ais sotRasE canstahher afdeiced ey indlination BRGRNisdeaetidd At es.

The critical output speed about the second axis can be conpared to the idle

speed of gﬁhgumﬁ%ithe raagpitusie qfrtée"t@liqup! appliegiabaut thp seaPndipyist €hedecond
o anga armeansdr A)BEY aRplicd o, 3h ot TRIIGAG 18 edRPHKis, RicHidsehisdii! P,

reaction niiat arcopstaiitdr aZdedseakingtinglinatibatangie i3freabRed iy, b thdt thee second
axis until the reaction notion stops. The speed about the seconsegﬁi s at

the point WAEPEUde ef theawachan teraus s saypkto & greaterdhan dhe magnity t put
speed abo t e i A ; t speed about the second
axi s vari :l]isqev&Bf%%t %@‘%ﬁ t@gebyﬁ ?que‘&,t'q?hhe'm;%’gﬁ] ar velocity of the body
about the first axis, the magnitude of the applied torque, and the
inclinatio ngl e. her influencin raneters.include t structure of
Lhe. syl erRaaUIBaIPT BHrHoREbeSIARS e o Bl Gar detice Snidtioes e Ericiéhey.

For instance, using magnetic bearings and/or using lubricating means such as

oil or grease for lubricating bearings and/or placing the gear device in a vacuum

vessel reduce the frictional resistances.

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

20  output torque and the output motion speed or the product of the reaction torque

and the reaction speed is maximised.

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



The transm ssion efficiency al so depends on the bendi ng of the body
relative to the first axis during the operation of the gear device. A body
pl ane i s wehoeed72s a pl ane whi ch passes through any threg/mressionzvesr
points on the body. For all possible body planes, keeping the variation of
t he angl e between the spin vector and the normal vector of the body plane
as smal| as possible during the operati#h increases the output power and
enhances the efficiency. For all possible body planes, if the angle between
the spin vector and the normal vector of the body pl ane does not change

during t hedeqmdanaaohomspead aggéor drsiredgeactien tareiue of thg gear dedce@dnum

fo 12 15 pragriat Sfgheeni hleaBhals ArF LR FidiEv ST BBleng "seep: "
adj usting @cddpamgﬁ/_appl ied to the body about the second axis so that a

constant or a decreasing inclination angle is reached. In ot her words, the
magni t ude of the torque applied about the second axis, by nmeans of a

conat anp! KBt RnED GHbBUneIHr WAl P86 bRIREER T Bﬁ&gcah%e m@?éq apptat a

constant or ecreasing i1 nclinat’i on angle 1s reac

magni t ude s¥pdraee rotatigriadmdtor goe desccmpl@di froen tite sEEbey rdthtiondl imeotorgni t ude
of the torque applied to the body about the third axis. Reducing the
frictional resi stances of the gear device enhances the effici ency For

I nstance, Cr)r'r@a?é}ﬁf)i)&in%ﬁrdft’%ga}r Pl Bfovgi%gr‘ﬁtriéjférs't G%WCBQ: ssuch as

oil or grea ubricating I ngs an acl ng ear evice in a
vacuum vescalplingdneans for grovidingthe! cmmtmgttmtween tige body 1a|nd tpewepapartew ded

o o el W ok i BB Bl 5 R

A preferred embodiment of way 13 is provided if the body is driven by the

separate rotational motor temporarily, preferably initially.

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

20  axis, a sense of rotation about the inclination axis, a course of time of one or

more of the preceding parameters.

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

A preferred embodiment of way 13 is provided if the position of the body along

the spin axis is variable.



reaction speed, it follows that, in order to maximse this power, it wll
be necessary to select a spin speed about the first axis, a magnitude of

t he appl iwo 20@vquesabout the third axis and an incli nat ipom/ERe@is@oioes whi ch
t he product of the output torque and the output notion speed or the product
of the reaction torque and the reaction speed is nmaximsed. A preferred
enbodi nent of ways 1 to 4 is provided i# gear device further conprises
means for adjusting the spin speed, neans for adjusting the applied torque
and neans for adjusting the inclination angle. In this case, nmeans may be
provi ded for selecting a desired output notion speed and/or desired output

torque of jhe gear, device and_.adjustiin Di | | e¢d torque
and the i pm%{riegnergﬁaﬁlg\ %%%8@?gﬂb@ﬁﬁssﬁégg%}g&o@?@% or

sel ecting Rgadd ethe RARkteN of IR bvandhars dafabred reaction torque of the
gear device and adjusting the spin speed, the applied torque and the

inclination angle accordingly. A preferred enbodi nent of way 13 is provi ded

if the bod i i e- coupl ed
from t e <usie sret SREBUBR drivd, P RPE R e Rsfige Rk borfifeds® 571 E
provi ded ilimitihg rh€sts fi\intiting g riction afdhelspirgaxieabsut the inchivatibmaxis he
coupling between the body and the separate rotational notor whereby the
coupl i ng ntahlinaldnelyiation angle. pl ug-in coupling. A preferred enbodi ment of
way 13 is provided if the body is driven by the separate rotational notor
tenporarily, preferably initially. A preferred enbodiment of way 13 is
provi ded iA préferteesémbedinuentcd way 2 provided ifthestast devicermpnnpréses & or
measur i ngaf;éne or nor.e of the, foll ow n%oé)?r aneters:; b%ﬂh%n&%l ar..velocity of

the bolfy oREIR MERSUEPRY ﬁn%ggssforén§%§1rgg\ orce exerted porting' means

of the body at the final inclination angle.

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

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

20
The term “cradle” according to the ways 13 and 14 is meant to denote any kind

of supporting devices for support of the body, such as 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.



rotation of the body about the spin axis, an angular velocity of the out put
shaft, a sense of rotation of the output shaft, an angular vel ocity about

t he i ncl iweto@n2aess, a sense of rotation about the inclrmaPeas/oesns, a
course of tine of one or nore of the preceding paraneters. A preferred
enbodi mrent of way 13 is provided if the body can be exchanged for variation
of one or nore of the followi ng paranetérs of the body: mass, geonetry,
nodul us of elasticity, noment of inertia, density distribution. A preferred

enbodi ment of way 13 is provided if the position of the body along the spin
axi s is vahipaelesred gnbodimernt of a1 drisprayideshij theamethed uthrscampnises

position of _the.body with r the fqr j r IS

vari abl e. Q\G‘SF’BFE’PSF an 8r%c&&%ﬂ§k&rg/gl%gl¥ 01[% @prr%g\?ﬁeégnﬁélﬁ%g otf gég]oéevi ce
conpri ses fniofé bf fre fFHBWIng Pardneétetd: NBe tdver v, @i Mitid] véclimRtion axigke apbout t he
inclination axis at a final inclination angle. A preferred enbodi nent of
way 13 is thecspigéedisif the test device conprises a force neasuring means for
measurisng a force exerted by the supporting neans of the body at the final
inclination angle. A preferred enbodi nent of way 13 is provided if the

limting mwefwmmfémﬁed??tw vgary mgserirav_iddmmlwhhmiﬁhod;hmnerworr]mqg&es y
supporting means of the body and cooperating w t he output shaft and/or
the suppor@¢tegmniias theratiof tBS(ﬁP.QU}?WeéQ%Wrcgdh%&PBSMi thg SRS 5

provi ded it J i [eJaIRYY £ i&hge about the
inclinati o%ea%(}fbsmﬁhs\;eﬁlgﬁy ?ﬁg%%??gﬁﬁ%?aue c{ég{tioﬁdegbgﬁgg)nt ao thé mass of
t he body. Fartictlariyndepeadest on@ndniiahgr finaltinginatips ai@leand 14 is neant to
denot eloany ki nd

These as well as further features and advantages of the invention will be better

appreciated by reading the following detailed description of presently preferred

exemplary embodiments taken in conjunction with accompanying drawings of

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

Fig. 5 shows an embodiment of a test apparatus;



of supporting devices for support of the body, such as ginbals. A preferred
enbodi nent of way 14 is provided if the nethod further conprises

det er mi niWE 2009£123228ul ar vel ocity of the body about the EEITAPANBHONREr e no
rotation of the spin axis about the inclination axis is observed, the
determ ned angul ar velocity being the critical angular velocity.A preferred
enbodi nent of way 14 is provided if t he*tret hod furt her conpri ses

determ ning the critical angular velocity of a body for different val ues of
one or nore of the foll ow ng paramneters: the |lever arm the initial

i ncli nati ofi9aRgl e ofSRAYS gagwea 0diMePbeka test aRssAtUSent of way 14 is
provided if the nethod further conprises determning the ratio of the

angul ar velocity of the body about the spin axis to the angular velocity of
t he out putFigh@ft depshoesan@mbadimans op imitimgx means pas aideddibof Figdépendent on
an initial or final inclination angle. These as well as further features
and advantages of the invention will be better appreciated by reading the
fol | owigng ﬁ@t 8i | ed dgffifd Bhbther @mBYdtHent by limithgahesds exenpl ary enbodi nent s
taken in conjunction wth acconmpanying draw ngs of which: Fig. 1
illustrates a schematic view of a gear device in accordance with a

preferred enbqdi nent_of th resent.inveniiaon. Fig, 2 is a diagram
illustrati ﬁ'& ghe re@[mv\V,sea‘jm?%ﬁpﬁqqdm@gfot WB'“Q%Eg%?g'r otation of conponents
of the gear device of Figure 1; Fig. 3 is a diagramillustrating the
direction in which torque is applied to provide the output notive power of
the gear deigi 38 of Fshawsanembedimens RbaB asrayctfararstevigesal t er nat i ve

appl i cPoti on of torque;

Fig. 11 shows a scheme of a force field;
Fig. 12 shows a scheme of vectors; and
15 Fig. 13 shows a scheme of a connection arm length of a body.

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

20 cradle 5 by means of inner bearings 6. The inner 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.



Fig. 5 shows an enbodi nent of a test apparatus;Fig. 6 shows anot her
enbodi nent of a test apparatus; Fig. 7 shows an enbodi nent of |imting
means, aswe@deyrriz8of Fig. 6; Fig. 8 shows anot her emnmbo@®CHERR008H030281 ti ng
means. Fig. 9 shows a third enbodinent of limting nmeans; Fig. 10 shows an
enbodi mrent of an array of gear devices; Fig. 11 shows a schenme of a force
field; Fig. 12 shows a schene of vector$? and Fig. 13 shows a schene of a
connection armlength of a body. Referring to Fig. 1, a gear device 1
conprises a body 2 in the formof a solid c;glindrical wheel which is

r

mount ed colBiefption shalt I of thei whealZaistcaysedrto retaie pBAUt e firdt axis 4Rt a
first axi spdane B @Ak MompablobrlySoBI1EL Grke b Alild BEher ! PEl © 5 by
means of innér bearings 6. e inner ’cradl € 5 1s nounted w thin an outer
cradl e 7 felectricvnbia 12otnalyibepoietdteby aattecy.akHeerdiatidoshaf3 is meduntadi on

axis 16 by means of outer bearings 8 and the second cradle 7 , in turn, is
mount ed wi 8r@minglipatioRangle; & relati t%@&r?@@@dlﬁ'%ﬁgwqﬁﬁﬂe?f devgerlot at e
relatively iF=1e1 - ; j [MeTo Sy i ut put

axi s ofset h\gﬁgreégqﬁgé\}l ce '.OﬁA |?i@d§1§f%g{)§?§a (t)gejréﬁat | véer:‘(g/‘%sgqﬁﬁg@ggcond axi s
11, the indégreesi on axis 16 constitutes an output axis of the gear device
1. The rotation shaft 3 of the wheel 2 is caused to rotate about the first
axis 4 by neans of an electric notor 12 or any other source of input notive

pover. TheTkkeG be sEB RiordZId@Yy RFIGAMRED EThEYotatiORAILBHY of tHeewheérs ison
shaft 3 is nounted at an inclination“angle q relative to the second axis 11

of the geadlooguheéirst axises cbiye wheel 2d$ mmitritech sgaly thatdhe dirgfraxds érandhthe 0
degr ) anéjecloens a)giga}q ir? ergee "at the centre of mass CM of the wheel 2. A plane 13
spanned by the second axis 11 and the inclination axis 16 is indicated in Figure
2 to illustrate more clearly the location of the wheel 2 in space, and three
vectors along the directions of a three dimensional Cartesian co-ordinate
system are shown purely to illustrate the relative orientation of the axes 4, 11,

15 16.

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 8 decreases.



This can be seen nore clearly in Figure 2 . The rotational axis of the
wheel 2 is along the first axis 4 . The wheel 2 is nounted such that the
first axiwodoand7izie second axis 11 intersect at the certrapedosmemss CM of
the wheel 2 . A plane 13 spanned by the second axis 11 and the inclination

axis 16 is indicated in Figure 2 to illustrate nore clearly the |ocation of
the wheel 2 in space, and three vectors4&long the directions of a three
di mensi onal Cartesian co-ordinate systemare shown purely to illustrate the

relative orientation of the axes 4 , 11, 16. In the gear device 1 shown in
Fig. 1, a hydraulic ram 15 serves to apply a torque to the rotation shaft 3

- and thergby also to,the wheel. 2. -,about t hi. r X| S, 16 f] t he
i nclinati Olr% %ggrgﬁo ?Hhe an'bg?\ﬂ%%(]i H].ﬂ \HHGE(@ fP régf'%’éé%q €°sﬁ°t§§i As%jﬂéﬁ% t he
second axi firstaxis Wantilaf Skt prbwmiiRed lchAfitdiTotational epéed uj.nThee sense
of increasing inclination angl g@(}édThe applied torque gives rise to a

rﬁt aL i on olry ravli¢ rarst1 Xigitben ag ﬁnealsSt@caﬂw atpeiupitoghetwheqldar device 1.
a o ' o e g f
at) iy abolipbBRUE g e Sitids af e kiaflot 4Rl o Modeihg indihiafioft ¢ °F)

rotati € Sense opposi of the

appl i ed toagyds ancin thesdnsatoftihereasinlgi indirnationaargjle 6q THizcgieas eise to a

operation of the gear_device 1, the wheel 2 is first caysed to rqtate about
the first mtatiomofthe;first axig doakepit the guERIE @Xis hddoweyver by virye 8f tshal speed
wc. The hy al i : I t he
Wheel 3 i ntn Bt fEigel 2 abafeupELREF forafors skl XoBul BETR 410,
t he i ncli ndta oxadionstoifueniscyenerated whichdasfa compeasnhalsoratiaub e on angl e q.

Thi . ' . : , : _
HO\INZVglpovegiyrc 'isqet{c{jga)?jg r1?5}@tlir? rt]hé) E)p})gs%tef Isér?ste,ell.)él. lsn éeasbeonuste 8fh c?ec?gégl% axis 11

inclination angle 8. This reaction torque causes the 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.



rotation of the wheel 2 above the critical rotational speed wc about the
first axis 4 , a reaction torque is generated which has a conponent al so
about theWPR00¥13328on axis 16 but in the opposite sensePCl/EL2008/§030R% sense
of decreasing inclination angle q. This reaction torque causes the first
axis 4 to rotate about the inclination is 16 in the sense so as to
decrease the inclination angle q. However, this novenent is subsequently
prevented by the hydraulic ram 15 which acts as an abut nent stopping the
rotation oththe

0 e nnotnd 8onfralitil P2 pfondes Snnld SafdiRior ottt i st of RESton" P
rotati onal ofstRE&FheX] 2t me fridlinktisn adyR Pandthé heagtmdécafaﬁe %pﬁheé regdevout of

the second cradle 7 about the second axis 11, elng an out axis, is

i ncr egsed As\nndlmtedab@ge, the llncmlatmyarwe@pplqoe@roile tbm\ertwpbme hydraubie t he
1..T the h
dontrol - urfer 15- BiaRteing ke earnel hatistasdp 47 BB dteificor (ot

shown) swhi @ftatich spasd 64, of tidigelydewdsé ic ram 15. Control signals generated
by the control unit 17 in response to the position signals affect the

hydraulic pressure in the hydraulic ram 15 so as to cause the inner cradle

o e SontR etk et Raith AdhEliolh Badel 16 AT Endifialdicts ACGLERchPT N0 °

g. The contro Hes Eont r ol or con € speed of

rotation ofiarmbes @0esid ﬂh,e d¢drerol rmmit|1r7a¢ambe ansgbetosupply a bertrmgmﬁ thedaitpdt t he
applied to d above, the tion a

i ndi ca [in gl t II d
by virtue r@gtlvmomﬁaephede Ahtheisecang %’%tﬁ ' at*ﬂ?.@zeétrg%\ﬂm'tﬁ A ro e

possi bj.e to control the output rotation speed wout of the gear devi ce 1 A
f eedback nmechanismin the formof a belt 18, an alternator 19, an
el ect ri cal The orientation of the inclination axis 16 about which the torque is applied and

the sense of the torque are illustrated in Figure 3, in which it can be seen that

the wheel 2 rotates about the first axis 4 which is at an inclination angle 8 with

respect to the second (= output) axis 11. The torque applied by the hydraulic
15 ram 15 is applied in the direction indicated by the arrows 21, and the reaction

torque arises in the direction indicated by the arrow 22.

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

It will be appreciated that, although the gear device 1 of the preferred
25  embodiment is illustrated with its output axis 11 horizontally, the gear device 1

would function with its output axis 11 in any desired orientation.



harness 20 and the control unit 17 can be used to supply a portion of the
out put notive power supplied at the second axis 11 back to the electric

nmot or 12.WORBISTRBt ati on of the inclination axis 16 ab8GH/ERRFISMHOIRAE t or que
is applied and the sense of the torque are illustrated in Figure 3, in
which it can be seen that the wheel 2 rotates about the first axis 4 which
Is at an inclination angle g with respeéot to the second (= output) axis 11.
The torque applied by the hydraulic ram 15 is applied in the direction

indicated by the arrows 2 1, and the reaction torque arises in the
directi on inrRfdeatedeteyming.and eglimase. raspeeHySH viﬂ?r?’ﬁ‘@teffﬁéPEﬁ}ee%e%%éﬂpnent

the first [ | Halan ; 7 f mass CM
of the. whelE Gpetaliif of 3Ger ERYICeHS Goccrivel R1AE Brodiaildectpicn B | T5° o
axi s 4 andcdrhbinationmdthathiesFigis. tido Gpa testtdevierhas beentdeyklapede Thetdesign he

first axis 4 or t second .axis 11, or. neither of the .first and second axes
4 and 11 reinBitest Savies gR, RoReAlRa HNFIRL Rdrsr DN R SPRSTaNE i || “be
appr ecisat a%ﬂﬁ%ofﬁkih@ugh the gear device 1 of the preferred enbodinent is
illustrated wth 1ts output axis 11 horizontally, the gear device 1 would
function with its output axis 11 in any desired orientation.ln order to

operati on e gSSeall i SRR beent 614 Tiolhs i G Bk MesRlich s
conbi nat i ogxigi1Bibyt Meahk @F the etertrically ieeihtstENo@e2hey. heedlidieyRidiead. The

design of this test device and its operational function is described in the
schemat i ¢ Wheeh withagnass g1, and that nesxdernpbdeviea fQirapRIYing A OrgudesHehias t hat a

mount o oy 1275 58 St Pl IstRafites. The BheTiE ol 0™ E" it "o
external deoristiuttera mpglfication andaimptficationhcarmpared 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.



the ram 15 as shown in Fig. 1, is required. The schene shown in Fig. 4
constitutes a nodification and sinplification conpared to the schene of the
gear deviwe syomam28n Fig. 3 because an external device Por/ERp@syIZNgs a
torque is not required. Another significant feature of the schene shown in
Fig. 4islimting neans for limting the rotation of the spin axis 4 about
the inclination axis 16. The test devicé& can be designed in different

enbodi nents. Two different enbodi nents of the test device are shown in
Figs. 5 and 6 which are described in detail in the following. It is the

obj ecti ve big. #hikusteates d’eauscbemtlpmanw asituationowhere/theonaas vaef e on of

ermbaar mon 804 27 (SRS =Ry BFhuB BLBEk EMoilonte® 18, ™REXBay 4o Gevi coc

enabl i ng t krateSabdut thd filt aiis 4 ebastitandd alvph agis. THE Wpin agsdeiiatem for the
adj ustment _of a lever arm adjustable linmting neans, and various neasuring

units for lmmmmle&wﬁammcért@t@&m@gl senand aa lveanssiutingshand
rotatignal ﬂﬁg?8§|§9§ﬁsi}> $ﬁ8%‘ a\,’ﬁ{e Fo‘?a é@édt‘%ﬂé"m&f‘é@%@a% ng&hsfsrat es in

a schenmmti c nne e MASS m O IS Used to

apply a toperpendioultr tidll&toméspmta)dm4@nd5thé6/erﬂ'dmﬁdmmtyta3<ls QtlaAlss #wout the
first axis 4 const|tut|n(%ﬁa Sp in axis. The Sp Ln axis is_at an inclination

angle g vm%FH“raé%sp‘é@?”trBt @b\?HF %h%%tPHEE@ﬁé1a>1—|h§'s'1ti‘eclb9@t?t°éf‘|rﬁ§‘ €he out put
axis. The ?ard} ?@hes |ﬁe Eaﬁﬁn‘égpaﬁ%dr;tgﬁe s@ﬁ{ bRl ABodkine vk ch is

per pendi cu e splh axi vertical output axis 11.

Al so, the cutpot ax:ssl14a¢ndrabamahehabmntat|hellmttq3uaX|a>d|6$ 11. Thus t he body 2
can rotate about three different axes, nanely about the spin axi s 4, about
the vettical

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



out put axis 11, and about the horizontal inclination axis 16. The body 2 is
nmounted on the first axis 4 apart froman intersection point |IP where the
first axiwWo200%1B@28ut put axis 11, and the inclination aRCI/EPEBMHIWRSect .
The centre of mass CM of the body 2 is at a distance | fromthe inclination
axis 16, thus constituting a lever armof the length | The body 2 is
subject to gravity, causing a gravitatié)?nal force FG= mg (eq. 1) acting
on the centre of mass CM of the body 2 , where g is the accel eration of

gravity with an _average nmagni tude of 9.81 nms2. The force FG applied to the
body 2 exe?ftfgwa?zt-&sq@g ”i"asgk%ée Pfi@el rﬁéPE'%leSHeﬁSBeaierEh‘?é‘ﬁﬁdﬁggﬂ' %f the
torque T i 3 ' - ' th2) h ' le@d 1N

the di rect Sone AT 2 P2 b uelahBtine bodl e REn tol TS ' e
first axi sthe incliratan angieBado dexrease. \If thebodyy2 ectates albaut the dirsttaxia# angul ar

el oci t , tion to ' in the direction indicated b
{near r ow D01th 28 T HERIPE DAt DAL bR Gceb gaar velEi B e dn ¢ e

magni t ude @faghligdé Bf Hterebclibh 16RRiefis MAIRE theH Y magnithide BPhe tdrfGe Teact i on
torque causeS the inclination angle q to decrease. [f the body 2 rotates

about t he aiisisg from theaweight ohitheahgdy.cand/thlecotlinatienpangle Panceasesan a
critical angular velocity w, the nagnitude of the reaction torque is
smal l er than the magnitude of the torque T arising fromthe wei ght of the

body, and TRe rotatibh dRthedBody 2l hout iths Egiasdas 4 T 6otpat awig 1of, andehgody 2
about the spin axis 4 , the output axis 11, and the inclination axis 16 has
been neasuinstinatian axsdbdwas beerRirasurrthasd ipeemediin experigentswhicdawily neans

of meagur egRERbYRAHER by nidkhd &F h8UsMEmert vVafues 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

15  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

20 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.

25
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



assuned 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 appaWvet2089/3722Bi g. 5 Fig. 5 shows an enbodi nent of RCTEPRO&HMNLAt uS
whi ch works according to the schene showmn in Fig. 4 . The essenti al
difference of the test apparatus of Fig. 5 conpared to the enbodi nent of
the gear device shown in Fig. 1 is t hat °} he body 2 of the test apparatus
shown in Fig. 5 is eccentrically nmounted constituting a | ever armof a

|l ength L The term "eccentric” here neans that the centre of nmss of the
body 2 is ifdptataRiynaeuniedvithin 3ndpaeeiMial ponmeaps & ipner eSSl ¢ ho
body sho ' ' ol | inhosl i BRI Ry gravity,
i.e., th\éngggglaﬁlgé\naIt%snrgggntﬁ;&gglgﬁﬁga;ne%mt%gghue gb%&tréttazlggi ncl it trtlrgef i on axis
16. The t eistlirzgtivar axisid 6dnynmeass ©f @auberdyeatings.&). Theasemunddginal Ader wheel ,

which i s mounted co-axiall ti t 3. f tati t h i th.
The 1 ongi (BAUART P pebaatof1d MefsethdtBlng ans s Aais SgnaibSspi
axis 4. Th@er{i@élaédtgﬂt Shefy. 3is rotatably nounted within an inner ginbal 5

by neans of inner bearings 6. The inner ginbal 5 is nmounted within an outer
ginbal 7 for rotation about the inclination axis 16 by neans of outer

beari ngs . _The. second, qj VAN d : t ft wh
ongi tadi ke 4srisr 6ot ShERD 10t siePRAS BV A BefhlHBae wdl Beradbiye" o
vertical osHatti 16 Rafdtathbfe ABogtuRPOhYRAdIRY| AxiHEPe BBadfg 20 it atachbe teut put
shaft 110 is rotatable about its longitudinal axis. The bearing 40 is

attached teURPosLbbR 0.4 tripod, for kegping heputput shafbpil @@langtheugstiealshaft 110
2! N9 {ghe SRLL §R5 00 TR subloft i nodiBa tRREGHour, MRYb Tnésnd BPsdteRin:

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.



The spin axis 4 is at an inclination angle g with respect to the out put
axis 11. The body 2 is nounted on the first axis 4 apart fromthe

I nt er sectWOrR0@H2M28|1 P of the spin axis 4 , the output aRCIEP20034HH28 he
inclination axis 16. The centre of nass CMof the body 2 is at a distance |
fromthe inclination axis 3. The body 2 is subject to gravity, causing a
gravitational force FG = mg acting on the centre of mass CM of the body 2
, Where mis the nass of the body 2 and g is the acceleration of gravity
wi th an average magnitude of 9.81 mis2, The force t he body 2

F i ed
exerts a t biQiRsUAPRAFAIHE furiaer GRMPHSAS Wnitiagirgeans 2‘1’928&5'6&5”9&88 of the
torque T '§drﬁ|ss§gg]{én ge Bf thei |n€?u‘gat§innz?rggle-§hthth %%21@(:‘?&@%’@?3

coupl i ng neans easy coupl an externa sour ce noti ve power.
The ext er nialdetailiircEigob) m:ay beurnegmted atg the auterdeariogs 8. dihel Ilmltlng used for
spi nning the bo uIar vel ocity |n axis 4

However, i meﬁgs%gﬁ'”%&aqnﬂ"e P9 MRvemert qfﬁlée é‘gt@ﬂparsg§b :{)& PR FARIRF ¢ he
body 2 py gEARS lﬂphﬁénn%%ﬁ% ®f ol .NaHY d”'mab(}fﬁurlﬁq}‘\’éfnat%ngan%IQY. an

el ectric notor Whl i xedly arr nge'a'non the body 2 or the rotation
shaft 3. Th@mdkest apparat us further conprises limting neans 2 10 for
limting the adm ssible range of the inclination angle q. The limting
means 2 10 (not shown in detail in Fig. 5) may be integrated into the outer

bearings 8Tpe EBay 121 iBicauBEd 18 2otatel afl 8n ahgllar vBfodity (04,1, Tohérang IRR veRfcity he
rotation shaft to a pivot range between a m ni numinclination angle gqmn

and a maxi QﬁlhﬁlbﬂleZ\m ¢anbinagpe Wikhie-tomaue exrijed by the hade@ akputdhat e at an
wih ¢ e ToPRAnER: 38 GReR et SLBE AR HEN PBat i on i o 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:



For the body 2 exists a critical angular velocity wc which is dependent on
the inclination angle g. It is the aimto determne the critical angular

vel oci ty WO 2009/2AR8body 2. For an inclination angle q b&CR&E®R008/0839a88 90, t he
critical angular velocity wc can be determ ned as follows. Let us assune
that the body 2 rotates with an angul ar _velocity wspin about the spin axis
4 . If the angular velocity wspin resultls in a rotation of the rotation
shaft 3 about the inclination axis 16 in the sense of increasing the

inclination angle q, i.e., in Fig. 5 dowwards, the a | ar velocity wspin
of Cthe bodgteD T | vl ialisenel BRianGuiAT VeR:a! (D oy 1 aneuing Sp

angul ar velocity wspé)g! uesWhbsehN a rotation of the rotation shaft 3 about
the inclination axis % in the sense of decreasing the inclination angle q,
i.e., in FBtpp & upwalf thee ahhelaanglociy wiph cesuits imspiotatain abeutidtbdy 2 is
greater than the critical.. angul ar, .vel ocit .1t the,angul.ar _.velocjity

wspi n does not resul Pelinpation 'ﬁﬁﬁdﬂ?%? SFH%%{”&{?%”%H&?&‘%“%%%?”Q%(%
inclination axis 16,gtdetae@plsr velocity wspin of the body 2 is equal to
the critical angular velocity w. The determination of the critical angul ar
vel ocity we can be slfithmangeldr valochy uisah resaitagn griotatiomabaitdpe1: A val ue

wspi n of the angul ar, VF| cit '0f1 t.he bag X grt t%@i'ﬂ | '% 4 ] e
chosen. Step 2 : |If PREN Wdh v \%P %"FP 8 &8 MR EIPNE about
the inclination axisgldp tdistepes;sense of increasing the inclination angle q,

go to step 3; If the angular velocity wspin results in a rotation about the
inclination axis 16 If the aegelanyelosity deser dass Agt fasultiin@ fatatioroabawdhe g, go

to step 4 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



I f the angul ar velocity wspin does not result in a rotation about the

i nclination axis 16, the critical angular velocity w of the body 2 is
det er m neYO 2009/27388pi n- Step 3 : Increase the val ue of REPIER2EAOYASt 0 St ep
2 . Step 4 . Decrease the value of wspin and go to step 2 . The critical
angul ar velocity wc i s dependent on the_geonetry and mass of the body 2 ,
on the density distribution of the mat er§ al of the body, on the inclination
angle q between the spin axis 4 and the output axis 11, on the distance | ,
i.e., the magnitude of the torque, and_on certain environnental conditions
such'as anBieRiuatoRpdemAss il Ut RPAY 2APRliEs 11, raug,abBR rdnelingtion
appar at us 9. Figg id ; Bo £ eAiirh e BBBLE iHNRliddtios t her
of two dif e'?gr'?f lr{/\g.';és.%'t%ﬁ%tgv%?%sst’ ﬁlly(glr,%et ?]eagﬁgy t?rééa% Egu{e!ch?gntgr"?éggﬁ y
mount ed onaxigd6r dtimhecessamftd pBovide asrederniahtdrgge-applysing nredns, keg.cant re of
mass CM of the baody 2. is at distance | fromthe interception point IP. In
This it uABRNGhaPAiesa Fbastanh Bralapvor s Phius Tane a iatlnaPn Bighs: ude T
=mg lsgsin q about the inclination axis 16. In an alternative way, the
body 2 can _be nounted on the rotation shaft 3 so that the centre of nmass CM

of the bodjie_ﬁﬁ@&@gm_uﬁtf@jm&rception point |P, which corresponds to the
t I = 0. i i . i
Cor que. abar- PraborisdlleT siiedthefor 4 iy APRR A Wl vk adodtBd Bier

apply a tofhguschehfishéWe i Fgd.ignation axis 16, it is necessary to provide an
external torque-applying neans, e.g., a ramwhich applies a constant torque

over the entire range of inclination angles. Test apparatus of Fig. 6 Fig.

6 showk, anphdelstAERAMLITETYY FYd. &is StfilaPRPMeAuPayPh BBl K. 8CEREP 18N L O
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



the schene shown in Fig. 4 . The test apparatus of Fig. 6 is simlar to the
test apparatus of Fig. 5, except for the ginbals 5 and 7. Instead of the
gi nbal s 5WarA09712722Re t est apparatus of Fig. 6 conpri sesPal/ER2908(00302haft 110
and a pivot arm 30. The pivot arm 30 is pivotnounted on the output shaft
110 by neans of a pivot 3 1 so that the 7p| vot arm 30 is rotatable around
the inclination axis 16. The pivot arm 30 is el ongat ed downwards beyond t he
pivot 3 1 in order to enable the pivot arm30 to co operate with the

limting means 210. Concer ni ng t he mass of the pi vot arm 30, the centre of
mass of thtéetwe\%ta BHMTBENiRC ﬁﬁ@ﬁpf‘l%‘ﬂ&l win 8Rd rae@ﬁélﬂ‘u'f”dnﬁl'f@t&n\@lgg 1 so
that no t S he pivot arm 30
conpri sesoée{“ p 7%§¥J5\?\}£ﬁj Igaﬁﬁéh\égy]@gﬂtﬁﬁr@%agpg é about the spin axis
4 whi ch constltut es the Iong| tud| nal axis of the pivot arm 30. The position

of the beari can be varied alo t he pivot mfor usti t he
Cength of RistSiabbe haERMERS 4 dag t%%%mﬁ}@% 5. Bcanst S LpaTeuiel ng
means 210 tfn%rbddﬂ téregnégéf.%m ferial ﬁé\ﬂﬁ@ amaglo@@idsfﬁe.tgmmehq The
l'imting neans e stea y connec ed o e out put shatt 110 or

t he pivot |arp1eﬁa®ablvraé)o|verﬂaGnﬁ’gergaaasigmmatenixalltsychm steeboi algmiomenent of
the pivot arm3 to a pivot rangebetween a m ninmuminclination angle gmn
and a maxi muminclination angle gqmax. Fig. 7 shows a detailed view of the
limting nEaigneMEansPreferably, the elenments of the test apparatuses of

Figs. 5 and 6, 1n particular the bod?/ 2, are made froma material having a
hi gh modul g éfshemssa fitst eynbadiment pklipiteganasny 248doelimgingthegagge of ri gi d

mat eri 1‘%' tﬂ(énnglﬁa%%ﬂeéng% e‘.”‘LrHQ‘n%Hﬁ@ n{‘édﬂﬂstémc%ﬁﬂ%s a pair of parallel

metal plates 221 which are fixedly arranged on the output shaft 110 below the

pivot 31. The metal plates 221 are spaced apart from each other to form a
vertical corridor wherein the pivot arm 30 can freely move up and down about
the inclination axis 16. Each of the metal plates 221 comprises an array of holes
15 213. The arrays of holes of the two metal plates 221 are aligned with respect to
each other so that a metal bolt 214, 215 can be horizontally slid through two
aligned holes 213. A lower metal 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



Fig. 7 shows a first enbodinent of limting neans 2 10 for limting the
range of the inclination angle q. The limting nmeans 2 10 conprises a pair
of paral €D 2681872281 at es 221 which are fixedly arrangedPOi/EPR8H0IR/t shaf t
110 below the pivot 3 1. The netal plates 221 are spaced apart from each
other to forma vertical corridor wherein the pivot arm 30 can freely nove
up and down about the inclination axis 3. Each of the netal plates 221
conprises an array of holes 2 13. The arrays of holes of the two netal

pl ates 221 are aligned with respect tq each other so that a tal bolt 214,
215 can beiSHp$eRashinaan yPRef positen.uhHs fomningiagsten fabthespiyoharm g01ah&r net al

bolt 214 iﬁiﬂiﬁﬁ%‘rﬁ‘ﬂné@?@ahgﬁ%i osition, thus formng a stop for the pivot

arm 30 at a m ninuminclina ingl e gnm n. An upper netal bolt 2 15 is
inserted in an upper position, thus formng a stop for the pivot arm 30 at
a maxi mum inclination angle qmax. Fig. 8 shows an al tive, enbodi ment of
the |initiflg- Fshowsxstll 3 th?fﬁmppﬁﬁngmﬁé’frl'ﬁﬂﬂﬁg meqnﬁeﬁﬁc SNt angl e q.
The functi hihidd 9 o b WitkBa lcanddhdia's it Qinhitnction
of t he%lci m&??ﬁ% ztrllggcrésrhgﬂi%é gf%lrglﬁg ?r}?tégglgfe%?b?vgtr ?ﬁe position @fﬂr?hlgfnwﬂ'
limting niedhe ctOmfexemceanfithe plateédOpaifirsbstopediZaang baecondZtopb3mhjch7 |

the pair of nmetal plates,of Fi 8 are posjtion ver —and abqv e pivot
31, PA | ovioRrt 1 Biaus 50/t e Pr &nY AoRGite G T e AR r i ng
stop for thevAbkBetdeBhIAe ArstStoFS2BHY & BeLbAG oS RNTHE prAtES0 idfixediper
metal bolt 2 15is inserted in an upper position, thus formng a stop for

the pivot eennedtecito thenoutenaradied ofithe igear davice lgahawn M fig.J smihad thei | |
oot el TR RAL 4B SRR bt B gRege, 220, comr e
ci rcunf er epspeatiiculs toltiaé pldrid ofthkiplate 50.9pphdt 3ndieng treoindlisation &dswhi ch
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.



project fromthe plate 50 and can be noved along the hole 5 1, and a bolt
54 novabl e between the first stop 52 and a second stop 53. The plate 50 is
fixedly cwoneeyem28o the outer cradle 7 of the gear deviPCE/ER2&80OW128 n Fi g.
1 so that the inclination axis 16 passes through the centre of the plate 50
and is perpendicular to the plane of the plate 50. A pivot 3 1 along the
inclination axis 16 passes through the é&ntre of the plate and projects
fromthe plate 50. One end of the bolt 54 is fixedly connected to the
projecting pivot 3 1 so that the bolt 54 extends at ninety degrees fromthe
inclinati off8%i s 16. The I ength of the bolt 54 is chosen so that a pivoting

notion of ghe | 4 | | | ' 0.l L B the first
stop 52 an%'lat Hgggégs%n%ﬁgﬁgheégfx?%ﬂ Ogﬂoﬁgﬁgﬁtﬁe%ﬁgéﬁlﬁés?‘é?%{) 2 and the
secong stomﬁﬁris@mfhdw g@aa?geiﬁebmitwéméf%nhe@mh fddau'rden‘gsbpwnaning]h‘of t he .
gear device 1. A change o e position of the first sto 2.0r the secon
stop 53 cawhgeeimig &98&8 %.OE;th,e f@yreﬁahgeweaheéﬁheﬁg ﬁ@ﬁﬁﬁ?émtome
respectd veg; P | ine a
o, murh ancpg v afte 9T bteuf SABNS 1B MoAq e RERHY HaP1 PR i

i ncl i nat i ofouagear dévices prajest fray, thefeordIsidenatthe areengframie 9el henolfipobit | on

| bet the first LS 4 h 11 be,defi ned d
changed, _cweivaRPiEs cbsaraal dre srfihahgis Thes fwBsd BpHag ¥rReatoEhows
preferred @ adgafar dbatd 298¢ beRFhg WY repectiVd dutput mofiid BoweR B thaes four

gear devices of "the"type of the gear device 1 shown in Fig. 1 wherein the
frames 9 ofour gear davicgetogeatber inés ohawelleetive eutpuhbhall 36nEach of theyfasirar r ay

devi cold pray Bt BNt ée frelu Aok MeddS oS TPARHo R 18storn Sipflie” ™™

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.



notive power of each of the output shafts 110 is turned around by neans of
four angular gears 29 for bringing the respective output notive powers of

t he four YOa09dEvi28es t oget her into one coll ective out pBCTEIR2908/08828 Each of
the four gear devices conprises feedback neans conprising a belt 18 and an
alternator 19 for feedback of output notive power into the gear devices.
Force Field Fig. 11 shows a schene of a%%orce field 201 acti ng on a
cylindrical body 2 with thickness dx. Fig. 11 shows a plane 200 of the body

2 lies perpendicularly with respect to the rotational axis @f t body 2 .
The pl ane Fhgjforee figkhaR1 cansists didoarasvectors. Fousfogg vestora;100de; °fgf a
three di i - (Al | = ' : O/ ;

or ont at 1 GhEdP A G B R B BT 5 EIRBABRAY 2 1 e
t 0 t he bodyiti tlibknesst dve thaishdpeaxaf shel forcdlfield, IshodnariFsgae turis tix samet he

et oas fhe e RO aecans BhuS iR BP sias o aBerat s G BRT SLBET t e o
in the x- qgér%?t'lfr@fo%%‘%/@t@tﬁ%‘ﬁbé%'nam @@a@mbrfak%d@%aaér@f thBgofcet /il 201

di rection 1 caused e torque I's determned by using the right hand
rul e: usi ngith tiee mayimuhavalpepdhey poind inth ding positive andi thedgtegativefz-t he t or que

vector. The curled finger ow t he direction qotation. The far, field
201 consi S&gecglpnf 6?%’@633%@0?59 SV d?e%rfqglf] géftﬁ%) ?rgelvgg?%r]s o[fﬁlief orce
field 201 Rree AANIDRWith ¥ntdIRwMaluR, Eb?_endihg driPthelitsositidr BA1the dodpeineg? wi th
t hi ckness dx, the shape of the force tield, showm in Figure 11, 1s the sane

as the for2@l.fTheaydaotinte theypesitiveandithe neaative sshirestioni @speetiely.od that is
forced to bend. The force vectors 100 and 10 1 are the force vectors of the
force Hield 201 with the maxi mum val ue. They point into the positive and

t he negativyectegd recti on,

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.



respectively. The force vectors 102 and 103 are force vectors of the force
field 201 wth smaller val ue, depending on their position on the body pl ane
201 . Theyop8Ix27328t o t he positive and the negative z-dPEEEPREHE/003028
respectively. Vectors Fig. 12 illustrates the orientation of vectors
associated with the rotational notions g]ccurri ng in a gear device according
to an enbodi nent of the invention. Fig. 12 shows a cylindrical wheel 2 of a
gear device. The centre of nass of the wheel 2 is |located at the

i ntersecti first .a axis 11 and the

int IP. | s 4
third axi S?E%Pcﬁlﬁlgt@ra@@@%gea%ﬁ’éﬁ B')eeamdi as"'%ﬁé\sﬁt?uﬁgg gﬂ%?ﬁ%&ﬁ% Pre4%&Sr el ati ve
ori ent ati ogh it th8QeBIRS atis ﬁlﬁﬁgﬁ%\'ﬂai: (810WinE G ctér of tHe ¥h@@hr Adtdndit at

ed
whereby the rotational axis of eel 2 1s along the first axis 4 . The
angul ar vethedirstyaxiedtabouifthe secamdyakisr1 histreterred ta &e outppdimatiabvestot he
first axis%é Is referred to as spin vector V1. Atorque is applied to the
wheel 2 abbtfit the third axis 16 (= inclination axis) in a sense of
i ncreasj ng the inclination angle between the first axis 4 and the second
axis 11. The torque vector of the torque applied about the third axis 16 is
referred tQoare ue vector V3 about the third axis.The torque

Goagection are lansthy
appl i ed abaut bkl ofaind APIGEART, bRoadiriodn iR SR RERSRAT, 200U

ocitly vector o e angul ar notion of

the first jangth Figbraishéwe tisefistaxipxd and the secefid¢axisd! 1 of ageautipuicenot i on
vector V2. Connection armlength Fig. 13 shows a schene for ill uﬁ:_,r ating
the defi ni2¢idipg toke dpeidion: Bathaxes dnyl He within thesdeayyng Piane P Fig: axis 4

and thf seponfhaics ol £ls GiveEHouRA 6/ the second axis 11 by means of a pivot
so that the first axis 4 is rotatable within the drawing plane of Fig. 13 about the
centre of pivot 34. The first axis 4 is oriented with respect to the second axis 11
at an inclination 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



according to the invention. Both axes 4 , 11 lie within the draw ng pl ane
of Fig. 13. The first axis 4 is pivot-nounted on the second axis 11 by
means of WOpDPHR7R8 that the first axis 4 is rotatabl e RCTHPABIHOS0EF awi ng
pl ane of Fig. 13 about the centre of pivot 34. The first axis 4 is oriented
Wi th respect to the second axis 11 at an inclination angle q. The first
axis 4 constitutes the spin axis (= rot % i onal axis) of the body 2 . Fig.
13 shows the contour of a body 2 which is nDunted on the gear device for

rotation about the spin axi t hat th n axis 4 ses_t hrough the
centre of %?@Cél\'/PélﬂePﬁBtrBéP"@tg’ﬁ r?érF edqoninﬁgpcp#g? If’*h(llnbody 2 s

maxi m sed t r | ;about
the centra %@Hﬂ?ﬁe%ﬁgﬁéﬁéﬂﬁ@ﬁ?ch ttﬁé;;@gg% hf%HuéO%o ﬁe céndtﬁfgl of nass
CM of the dedZaaﬂté distayrcehafgbe atetsectiba p‘oumtsaf the |csnngact|0mplahnesPccm

anmong t he ossj b nt rie t th smal |

di st gnce b {3 ""f"lﬁe‘l &a u‘ée'iffegﬂgg'lélowo* gb&gnf (gfmﬁ% ntarfmg'%m s 16,

pref er apl ydlﬁ‘éﬁe?itrﬁ%rﬁ Mé)i&m@tﬁ BEtHeRVELafth, difiid B¢ thd 8istiRe of thETc@nfee
infinitely many planes which intersect the body 2 and are orthogonal to the

spi n axi s @ magerig of theskogy drtedhe Mrdaxs\vith.ch has the mi ni nundi stance to
the centre of pivot 34 is defined as the connection plane Pc. In accordance
with the connection plane Pc, the length of the connection armlc is
defined asgip@ifleafsance of the intersection point of the connection plane
Pc and the_spin axis 4 to the centre of pivot 34. The length of the
connect i onTke fallowing feyrrexpesiments dniothwere pgefarmed wsing @@é?sh@ma@&ﬁ ned as
Ereert R ATE oM irf Py, 85N afferRiBodibd 88 doRifel I the diiBwil ThbIE flwiré s 16
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.



The follow ng four experiments 1 to 4 were performed using the test
apparatus shown in Fig. 6 . Nine different bodies as defined in the

fol | ow ngWPB9E121228er e used in the experinents: Tabl e 1PCP&P2¢p81063028 of t he
bodies A, B, C, DL E, F, G H and J. The used steel has a density of 7850
kg/ 8, the used al um nium has a density of 2700 kg/nB. Experinment 1 In this
experinent we tested the four bodies A 68, C and D as specified in Table 1
by neasuring the critical angular velocities w of these bodies for two
different inclination angles. The experinment was performed in the test
apparatus of Fig. 6. The centre of mass CM of the bodies was arranged at a
di stance tpgfofRRpPXi Mately 0.072 mfromthe interception point IP. In a
first run, nation angle g was set to 45 degrees. The val ues
measur ed alnethisi experinnentaie ¢testad tabdur atieCA| B Calandri)aksapecidieddntTiabde we at

it oy ot T BugRses e quiiealarigdler Veloies uaobt BRBE bR Bhako Biferet | ,
a second rinBlndtiyh aMgks. A @Q%é‘r%bﬁt Wa¥PR fofinetian 2fe 4ed RParathBOf Fig.ues

measured are given in Table 2b. Table 2b: Critical angular velocities we at
q = 25, me@slhedentie of pwsisret ofthadiodies wes asrangegmiraadistarse Rfg. 6

Experinment_2 The pu of LS. e i is.tg show that when the
angul ar ve?%%rpf(kgn%g[ﬁﬁ‘ﬁz? ’Hf{?&ifﬁ? ﬁ%@gﬁﬁ@rﬁ pPﬁ‘éABt he critical angul ar
velocity wc, the body 2 falls, i.e., rotates about the inclination axis 16

in the sane direction as the applied torque
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.



caused by the gravitational force on the mass mof the body 2 . The
experinment can be summarised in the follow ng steps: 1. The body 2 is
rotated aWORPONRE28pin axis 4 , using an external sourc@CHEPREBIVI2Howner ,
up to an initial angular velocity wspin which is |ower than the criti cal
angul ar velocity we of the body for the initial inclination angle gm 2 .
The body 2 is |ocated at the initial i n® i nation angle gmn. 3. The body 2
is released at the initial inclination angle gnin. 4 . The duration of the
rotation of the body 2 about the inclination axis starting. at the

initial inkallaadb: &itisalpRIvA Melaﬁaleéwaqwgea@ﬁ hmanHéﬁ lm%m%v%w angl e
gmax is m@ﬁl‘{'l'é?f?e %t a?é?t)él}gs g?cq rEtation, the maxi num out put angul ar

vel ocity wou 11 is neasur ed. These five steps have been

performed|for the hre (0 ci The
experinment with |t H\@%"' ﬁt‘?%’i&g t@ﬁg'cﬁlﬁﬁ "él F} %@ggﬁf*éd as foll ows.
The body P is pcmtuﬂ?@él' HW OISt arm 30 at a ¢iPSance = 0.472 mfrom
the inclipationjaxis 16. T E'”Flmtatlon means 210 are adj usted g0 that they
limt thegggiAnation anglesggTo a range [between a N1 TTUm 1 NCT nation
angle gmip ="30iand a maximuminclination angle gnmax = 80  The pivot arm 30
i's initialBydyBdgitioned at 382 inclinatign angl e qn?&p— 30 and t/hen

rel eased. rgdy YI@ body 2 doegzfot Totate, [it fat s ujgEr the inffluence of

t he gravi atlonal force and the pivot arm 30 rotates around thelinclination
axis 16 wayllhqream ng i nc3.Bhation angle q. The dud2iion of the fall from
the initiat

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.



inclination angle qmin = 30 to the final inclination angle gmax = 80 is

| ess than 0.5 sec. If the body 2 is spun to an initial angular velocity
wspi n | eswotzheii2328 critical angul ar velocity we of thePbEdEP2M8ANMY2S el eased
at the initial inclination angle gmn = 30, the pivot arm 30 precesses
around the vertical output axis 11 with a slowy increasing inclination
angl e gq. The precession of the body 2 c&Uses the out put shaft 110 to rotate
wi th an out put angular velocity wout - The helical notion of the pivot arm

30 with steadily increasing inclination angle cont.inyes until the pivot
arm 30 t outhese tiyR sigpsdiaviechegn B%ﬁ?r%%foo{ttﬁ?ﬁ'%’%ﬂ tﬁ%fj'e? %b%ﬁ&'ldl n angl e gmax
= 80. Tablgpe}i- ' r I\ SitHEIREAVTER i ' , B, C
of Table 1. a'fl%edlgﬁi&—aaﬁltg?l?%?peeg@%&o@ﬁres;')\'lect| 3%%%@%‘:‘?@? Efegﬂpsﬁiaosﬁ arm
Exper i nent béercepecutedras fallowsf ers from experinment 2 in that the initial

angul ar velocity wspinof the body 2 is greater than the critical angul ar
velocity w of the body 2 . The purpose of this experinent is to show that

when the grﬁéb%angwﬁgwggg&mme GivBPskm 301t BdistrRE N7 Fohitheal

angul ar vel ocity” wc, y rises, i.e., rotates about the inclination
axi s 16 i ninclimatompads t16. dhedimitationaneans 230 @re @djusted se thatibey lipyit thee
gravitational. force gn {he nass of the body 2.. This ris f thg,body 2
may be cal qngty\at}oeoa%rgﬁgﬁt R fhee Bn%ti‘ffesen&%'r“i t‘”%él"éé'OBearﬂ?i%ﬁwat‘e 0the
effect of sh@BRhAGNUE irﬁcﬂi@a@tibﬁ%ng@ 0Q.=8@mely a significant increase in

t he out put angul ar velocity of the output shaft 110. The experi nent can be

summarised in the following steps: 1. The body 2 is rotated about the spin

axi s 41(7 uﬁl@%i\?o'? afmtsy @%it%ﬂ)'?”bggitioned at the inclination angle 6mi, = 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.
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Experiment 3

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

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

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

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

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

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

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

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

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

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

angle Bmax.

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



The pivot arm 30 is positioned at the initial inclination angle gmax = 30.
The body 2 is spun to an initial angular velocity wspingreater than the
critical WAGN9A2Z7328| ocity wec of the body 2 and the pivoPCAERR®S/0DIH2E el eased
at the initial inclination angle gnax = 30. The pivot arm 30 rotates around
the vertical output axis 11 wth a sl ova_y decreasing inclination angle q.
The spiralling rise of the pivot arnB0 ®auses the out put shaft 110 to
rotate with an output angular velocity wout - The helical notion of the

pivot arm 30 with steadily decreasing inclinatiop angl continues until
the pivot arm 39 tRREARY Ziipéelgppe aﬁg[eaqmt[%mc I5ayan gﬁglse[ &reaXr eaction notion

|s stopped art tﬂ.efﬁé Hﬁfatiio'ﬁ fitﬁﬁ}rbl‘é‘ﬁoﬁ%@hﬁe BBB?gr:at ttre 'iridﬁh%st?ﬁ aRisayl e) .

Table 4 gives the results o S experi nment e four es A, B, C D
of Tabl e Tabl e starting atethefinitibEinplivatioraamg!é Hicad eodingoati tha)finai ni t i al

I nclination angl e.r%ax 30, 5 nal inclination angle qmn = 25. Columm 2
gi ves the ini Fi'QP“ m?ﬂglgl misc'P (NPARPRT of the body 2 whereby the initial
angul ars vel oci ty Wfﬁ%xﬁrﬁum &hlggt élgg?HSTrrrEéIg%fty bl GAdf tRE DUkt skalftors dyring T or

that inclination angle gqmax = gives the tinme between the
rel ease of the thedgagtien mdiioniiaimeéaguredcl i nati on angle gmax = 30 and the

end of the rise,(&. . reactiaon tion), at final.inclipatio I mn =
25. Colum 4 giQ/eEhet F@%Qi%%%&%‘&?p%ﬁgﬁﬂher mﬁkﬁ“@cﬁdé}g&ﬁ‘ﬂt ?Be%ﬁglagut put
shaft 110 whi chydisciBh@gf/ethéwddy® ishteassredabhéh ehedbydy 2a1a® jast legabdmm 5
gi ves the angul ar velocity wSpjn ofthe body 2 in the nonent when the pivot

arm 30 only toueHbs limiting sigansnatithe lipyling anglefmis-he final inclination angle
gmn = 25. Col ' | [ t he
out put Ghar ¢ 110 e RRubh SuBBLa T E eRKhy Bhgibrihe KRR BB |00
been stopped bythkeheattiowemotivinas stsppedlismedsured.

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



final inclination angle qnn = 25. As can be seen fromthe colums 2, 3,
and 4 of Table 4 , increasing the initial angular velocity wspin increases
t he speedWOf20@%@728acti on noti on, however, the maxi num SGTHEFR0ZMGOIIRHr

vel ocity wout observed during the reaction notion decreases. \Wen the
reaction notion is stopped at the final inclination angle, the output

angul ar vel ocity wout increases excessi % y and the anopunt of increase is
nore when the initial angular vel ocity wspin of the body is higher.
Experrrrent 4 In order to al of different bodies with
respect to Qﬁewe%met%lﬁpm §§raﬂﬂ19tag§§at%wﬂ@@ qeteyt anﬂﬁafde&’?gyl‘*rw@ntlon a
speciflc cThéhe ﬁéal%&ﬁ’ér?& ) BGbE A0 SRRE steRdiF beBRAsing RS rféaﬁ
critical speed wc, spec so re err to as "specl |c critica ar

vel oci ty" )eobnamhnsjynmldhewwotrmm Mtominesrtgeerpqeambtal bmjhaéﬁandrther m | engt h

lc is defined, as e critical .of  the bod d_using. the test
devi ce of fr?qagt'O% 90 181 RLOPRRY ?Eﬁﬁ 'I"@P?% aagénge.ﬂ ﬁgﬁi(s'ﬁgﬂ' I%¥ the
connecty ongphjignpe to the centre of pi vot is | . The purpose of this

experinment is to show the neasurenent of the specific critical speed
we, spec of different bodies for the length Ic of the connection arm fixed

o o R SBb 2 s 0 ey RS TSR B |

Table 1 withpiemel | er dianeter are used in this experinment since it is
difficult to rotate bodies with higher dinensions at higher rotational
speeds. Table 5 gives the specific critical angular velocity wc, spec

measur F'od f?éblghﬁ F&Qé %?t%ogiiv%aﬁ\q?girgéa%ri onﬁém,%i&ar inclination angle Bmax =

30°, final inclination angle By, = 25°.

1 2 3 4 5 6
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 inclination angle Bnax = 30°. Column 3 gives the time between the release of the
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
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



Tabl e 5: Specific critical angular velocity wc, spec for connection arm
length Ic = 25 mmand inclination angle q = 45. The specific critical speed
we, spec WO 20006120238y 2 only indicates how suitabl e the FRAFR2GB/003928 body 2
and the distribution of the mass of the body 2 are in terns of efficiency.
Anmong two different bodies, the one with a | ower specific critical speed
Wwc, spec can be said to be nore effici eft in terms of shape of the body and
the distribution of the mass of the body. However, the specific critical
speed wc, spec of the body does not indicate_whether the strength of the
mat eri al O%ettmgyb%gyﬁ]esmgﬁ?qrgmmeq&}e RiMet @raaéprqsﬁy 6 t %\;@’f’gro’f“e He gear
devi ce. Th : t fQr I itk hi er the
magni ¢ ude 27 b S [ S ATE ol 25 CHMAT SRV o AN o
gear devi ceutpuf angnalas velecity h.gfoftthe ontpudrshalt 100 whizhlis dpsesvedoaftanthei ci ent

the effici f th [ d dur i t ' f th
goar " devi O HHBe PUSKETG A0S AR abpPRe o heedet SREPAE BN °. boy
2 is a5prOﬁi}%lfiﬂclmfatibh%n?@iﬁm%ﬂi@"‘. is determ ned dependent on the

t he

inclination angle and ength I c of the connection arm the specific

critical speed wc, spec of the body 2 may vary for different pairs (q, Ic)

f the t t inclinati | | . ai:hy | c.
Ther ef or 6. AF REBRereaTpH B bR o AP a2 S L CATIE A WFBa PPl Ml
speeds WC gifaflalelbbity kgl perdafesaReispertiiciahe téhction) mpasemiweveratiie shoul d
be conpared. Thus, it is 1nportant to use the sane 1;hqe,prlc_ paraneter pair

1;)o(rj conpar Mayginmiastpwt angtiarvelogity wen &bsamed duringtheygagken a0t r | t he
o B e .
00 i B RS ] i e Pl i

ef ficient n'terns o0 utior of the

mass of t helmdput dmjulasvelssityre,t\wcrdadésercdssily andwhe a@mduntefdi f f er ent
specific critical, speed N . L
increase is more when the initial angular velocity wspin Of the body is higher.

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.



val ues wC spec for the sanme (g, |c) parameter pair. Then, for a certain
paraneter triple (= set of three) of the inclination angle q, the nmagnitude
of the appPi28®/12632§ue, and t he spin speed wspin, the vaPGEEFAIBHOHNpri si ng
t he out put speed value OOU and the output torque value are different for

t hese two bodies. That neans, even if the inclination angle g, the
magni t ude of the applied torque, and t h& spin speed wspin are kept the sane

for these two bodies, the gear device wll provi de di fferent out put speed
val ues wout and out put torque val ues f r eaﬁ é)f the two If the
si ze or nmbRe Bpdigsdady. €oHpd of dabig)1ivathgnalier qiameter are lt' t“ {$ devi ce,

the specifj fn'tér‘n cSRESH| éulft%eropé}g%o‘a?ék ;ﬁ?éjr‘r&ecﬁn@ﬁsgﬁtés?m cﬁaare

cal cul ati on romt e sp eC| critical spee her

scal ed accmtahotgaltspeedscal [ ng fact or such that t hese ot her bodi es could be
tested using the test device.One of the variables for determ ning the

out put power is the magnitude of the applied torque. In order to obtain a
hi gher out r Loher t he
ot hor per eSS e B e A ety Lot e R the R o
angl e, if hddiesmpacifiadén dabteht. applied torque is increased, the critical
speed wc al so increases. Therefore, if a torque value higher than the
torque val ue used when determining the specific critical speed wc, spec is
used 0 n tgpleATBHRIG critlea) aﬁg\mﬁfk/é!o% uﬁps%&dovabmeeawmpwwm&o t he
new t orque _value woul d be highér than the specific critical speed wc, Spec
for that |2}%mfﬁﬁﬁddﬁclﬂiﬂjloél a@'ﬂ@e—ﬁﬁ is mandatory that the spin speed wspj n

of the bogy—shoytd—behigher—thanmthe—critiical speed wc during the
operation|of the d(Eeecificoiitic] aaghladyeldcith 3
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.



hi gher specific critical value we, spec nust be rotated at hi gher speeds
conpared to a body with a |ower specific critical speed wc, spec- Actually,
usi ng a BYE2OMVI2AR228 | ower spin speed val ue wspjn i s ben@CTHPABHEWARSe, as
is known, the frictional |osses (such as air friction, bearing friction)

I ncrease exponentially with the spin speed wspin (cf. Table 6).

Furthernore, higher spin speeds in the {ear device, preferably notor device
require that the overall strength of the notor should be nade hi gher, and

this woul d_increase the production costs of the gear device, preferably
mot or devi Si@cethe spesific galiralspasd WeasuPf adodie SpiaRestyQfithe badydeed we,

spec shoul tﬂaﬁ%@et@ﬁrﬂﬁe@ﬁ@éﬁdéﬁ%l{ﬁ? zndgiﬂaﬁé@ %bg?eg%rg@gfé‘feﬁgwg. dtGhe'r acy

of
t he neasurenent: mssion ra spin axis 4 to
t he secondcantiettibh ata stesl spgcifiberifical speedab, {p¢ ofthedmdyr®) neayavargtfot he

rotation abgut the spin axjs 4 affects the specjfic critical speed val ues
Wwc, spec- q’l%eEﬁl’tﬁ@all’§é%b};?@§§éwpm%famqt%f&IDCIﬂf}?éIOPr?Qﬁ(i‘?@r%{FdaFBfﬁ 108ct i ng
agai nst. t hon | ' Hiparke C fpossible to
t he thesor gﬁnigr@h %'egﬁg\%méér?@??@er?g% eé}?r |Icti§%gﬁa%8'r{cﬁé§s&a§fildgg agai nst
t he rot at i giticabspeedhe. spc of thenkodies fodamn idendicat (B 1) pasameteripaipsiabildbout

ne spece " bE Epmoared thutd BIE anPRMERER sk thRNG (6. I0) Rtaf bt P REE for i o
agai nst t h&rﬁﬁ%ﬁrﬁ%@ﬁf@@%oc?i@@ F&RaRBGame 1,1 p%fﬂé’t%_lslgé%rﬁgigsthé beag vath

possible to t eoretically best value of Zzero. 6_gives the current
draw of arthellewer specific oritical speied qan ke yaiddeder e mpreaffisient bedyday F.

Table B s Ghendna s tle bRy ShahE distiBl b8t e MEss 8 Bl okyto the body F

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.



The enbodi nents given in the figures have the functions which are descri bed
in the description of the figures. However, these enbodi nents have further
functi onsworpeM12a228 not descri bed in the description bufPCoHPR08883928 bed i n
the clains. Furthernore, the subject of all the clains can be realised in

t he enbodi nents given in the figures or_nodifications thereof.Key of
reference signs 1 gear device 2 body 3 fotation 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 t or pl ane 15
hydraul i ¢ ¥agmofdhe H?F'%Iblﬁﬁlf%' determining e eutrak poyver is ?sn' 'eﬁ’ﬁPF e belt 19

al ternat or 4 jied 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



20 electric harness 2 1 applied torque, direction of 22 reaction torque,
direction of 29 angul ar gear 30 pivot arm3 1 pivot 32 bearing 33 coupling
means36 cYPI28Yi2yR8out put shaft 40 bearing 4 1 support BOT{HP2908/083028 hol e 52
- 53 stop 54 bolt 90 array frame 100 - 103 force vector 110 out put shaft
200 plane 201 force field 2 10 limting_means 2 11 - 212 plates 2 13 hole
214 - 2 15 bolt 3

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.



221 plates 250 central plane CMcentre of mass of the body FG gravitational
force | distance, length ¢ length of connection armIP intersection point
Pc connecWpDa@noyl2z228 V 1 spin vector V2 output notion ve®CHEPYBSANILE ed
torque vector about the third axisa angular range q inclination angle gmn
m ni mum i nclination angle gmax maxi num inclination angle w angul ar velocity
wc critical angular velocity wc, spec sﬁbcific critical angular velocity
wout angul ar vel ocity about the output axis wSpm angul ar velocity of the
body 2 about the spin axis 4Clainms: 1. A gear device, preferably notor

devi ce, fok€ f e ion about at |east one output axis, said device
conprising: a body (2) nounted for a rotation about a first axis (4) and a

1 gear device
2 body
5 3 rotation shaft
4 first axis (= spin axis)
5 inner cradle
6 inner bearings
7 outer cradle
10 8 outer bearings
9 frame
10 frame bearings
11 second axis
12 electric motor
15 13 plane
16 hydraulic ram
16 third axis (= inclination axis)
17 control unit
18 belt
20 19 alternator
20 electric harness
21 applied torque, direction of
22 reaction torque, direction of
29 angular gear
25 30 pivot arm
31 pivot
32 bearing
33 coupling means



rotation about a second axis ( 1 1) and a rotation about a third axis (16),
the first axis (4) being oriented wth respect to the second axis ( 11) at
an incli MiOi2009/12MBe (g) , the second axis ( 1 1) and/ oPCTAE2Q08/00H2%1xi S
(16) constituting the at |east one output axis of said device, wherein the
rotation of the body (2) about the third axis (16) gives rise to a change
inthe inclination angle (q) , neans (155) for applying a torque (21) to the
body (2) about the third axis (16) in a sense of increasing inclination
angle (g) when the first axis (4) is at a selected inclination angle (Q)
with respe?® to thecalleghyRoxin S%aflt 1) which is greater than 0 degrees and
| ess t han degree[? arﬂﬁad means (21 0) for limting the rotation of the
body (2) about the %II’ axis (16) in a sense of decreasing inclination
angl e (q) 4uch thatsugpori nclination angle (q) of the first axis (4) with
respect to_the secor\d axis (1 1) remains greater than O degrees and | ess
t han 90 de@(s ees, saP'8%evice being so structured as to enable a source of
notive jpowef to be gqoanected to the body (2) to cause the body (2) to
rotate about the first axis (4), andwhereby the rotation of the body (2)
about the $2¢ 68 axigtop4) is at an angular velocity (wspin) greater than a
critical a,%gul ar v Iq{:i ty (w) so that a constant or a decreasing

i nclination angle (etEﬁ is reached, thereby to initiate or increase an out put
angul ar vey@city (v@yhy frarg or an output torque of the rotation of the body
(2) about the second axis (1 1) and/or about the third axis (16) as said at
| east one WA pdP3axfosce 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



characteri sedi nthat the body (2) has a specific critical
angul ar velocity (wc, spec) of |ess than 20000 rounds per m nute,

pr ef er ablWoOt2he¥i8p328t o i ncrease an out put power about th@CREPRGEHOIdNe

out put axis, whereby said specific critical angular velocity (wc, spec) is
defined as follows: the specific critical angular velocity (wc, Spec) is the
critical angular velocity (w) of the ba‘?jy (2) when the inclination angle
(q) of the first axis (4) with respect to the second axis (1 1) is 45
degrees, when the first axis (4) passes through substantially the centre of
mass (CM) @f the bodR9yl@yran@en the body (2) is oriented such that the
nonment of gnertia of .fhg: 2) is substantially maxim sed, when, if the
body (2) iés not syn%t'}g{lé?lco?ﬂo%%éut a plane whi ch passes through the centre
of mass (@}, of t hemironhung Bclinatiomiangle i s ort hogonal to the first axis (4),
anong the é)ossi bl e nmount i ng orientati CfnS of mounting the body (2) o n the
first axists) the HREMEMIAGEENIONRN9  esults in a smaller distance between
the centre,of nass body (2) and the third axis (16), and when a
connec?i onwarm I engérﬁa(%l?p\?eng@ya) 5 mif the nmass of the body (2) is |ess
than 0.1 k@¢b) 25 nentical ahgulanyelosityt he body (2) is equal to or greater

than 0.1 k(%c,?prl? | eséspéci |cncrzlt(|)c0al lé\%gular velocity
Wout angular velocity about the output axis
Wspin angular velocity of the body 2 about the spin axis 4

10



c) 50 mmif the mass of the body (2) is equal to or greater than 100 kg and
| ess than 1000 kg, and d) 100 nmmif the mass of the body (2) is equal to or
great er twearo®Q@®@2kg, whereby sai d connecti on arm | engt RCT/EP2608/003928

di stance of the intersection point of a connection plane (Pc) and the first
axis (4) to the third axis (16), V\/nereb%; said connection plane (P ) is a

pl ane which is orthogonal to the first &is (4) and intersects the body (2)
and has the m ninmumdi stance to the inclination axis (16). 2 . A device as
inclaiml, further conprising a source of notive power which is connected
to the body (2) to cause the body (2) to rotate about the first axis (4) at
said angular velocity (wspin) greater than said critical angular velocity
(w) . 3. Adevice as inclaim2 , further conprising feedback nmeans ( 17 ,
18, 19, 20) for transmtting notive power fromthe rotation of the body (2)
about the at | east one output axis to the source of notive power. 4 . A
devi ce as &£RiMSajm 3, wherein the feedback means (17, 18, 19, 20) is
arranged to transmt sufficient notive power to the source of notive power
to overcone energy |losses arising fromfriction due to the rotation of the
body (2) about tA@ehrdsvicaxpeeférdbiymator devicedbr peavidingaotgtion(apouvhadl t he
magni tude of the applied &’8‘{5 ue about the third axis (16) and the output
angul ar vel oci ty ?E\@Eﬂ? oY %xfshe at | east one output axis are constant.5.

A device as in agg{dq@mc@fcd,ﬁgrighgpedi ng clains, further conprising
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



means for controlling the source of notive power to cause the body (2) to
rotate about the first axis (4) at said angular velocity (wspin) greater

t han sai dVORPYRA128angul ar velocity (we) . 6 . A devi ceP&d/EPR003§)303he of

t he preceding clains, wherein the torque applying neans ( 15) is arranged
to apply the torque (21) to the body (22 about the third axis (16) when the
selected inclination angle (q) is great § than 10 degrees and | ess than 80
degrees. 7 . A device as in any one of the preceding clains, further

conprising nmeans for controlling. the _nmagnitu of t t.orgue 1 lied
by the torque appl yi¥ge" é(ﬁge(@%)“.o"é’.f tﬁ\gEQQVgZ) %Qo‘i'tﬂﬁﬁrf'{/s%ﬁs g‘ﬁ '%ﬁggﬁ
precedi ng cl ai LR | i ité ' as to
Pt the ot at St folBoDfumpDhiecter A cltichl BgUer SIIIDFR ™ 1o

i nclination anglthat g)cooktanter fi dextreasing inelinatipn angés (Bds reachesk thesebyd axi s
( 11) is greater, than 10 degrees and, |l ess than 80.degrees. (9. A deyjce as
in any one of tI‘F@'B&'@EeeGT Wﬁg‘?ﬁsﬁ %PU%&iﬁﬂﬁ‘Qi‘E’éa’ Q'Qﬁﬁbutﬁéaﬂ@f%‘rmﬁai‘ sting
the inglination gpaleof fhe rotdtidn o HEHARSY @5 abButihal $Bddndf akié (1) &ifer i si ng
means for selecting a desired output angul ar velocity (wout) about the at

| east one out putakoutdhathird axisi(i§) assaisbatusastenereuipsit @xisadj ust t he
i nclination angl e, (q).in,depen ce_on the selected output angular velocity
(wout)-11. A devf bea g??hec,rl'aﬁ %?g WP claim 10, further conprising nmeans for

sel ecting a desithadtieubedy (2)Hasu@ spécifiberitleali argyudardretdditysiud G o€ less
' nelination angltﬁagq}OOiOr(]) r(gl;allr)\ggOFIJ%rr](?neinStrcla,tprr]eefe?aetll;/a ?rt\cfrgb?‘fé ?nuére;gé ﬁ%utput
10 power about the at least one output axis,
whereby said specific critical angular velocity (we, spec) is defined as
follows:
the specific 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,



12. A device as in any one of the preceding clains, wherein the neans (15)
for applying a torque (21 ) about the third axis (16) conprises a spring.

13. A deWOat12iR8any one of the preceding clains, whePEeIlHEPRHEHWIhs (15)
for applying a torque (21) about the third axis (16) conprises one or nore
of: a hydraulic ram a pneumatic ram an el ectromagnetic ram 14. A device
as in any one of the preceding clains, therein the limting neans (210) is
arranged to prevent any rotation of the body (2) about the third axis (16)

in the sense of decreasin |ncI|n i on angl . A device as |n

one of the preceding clai éftthetrngsq@g“‘%%q@ﬁ(]ﬁﬁ eﬁBﬁ'It)‘?chgPrﬁa{eér que

(21) about the third axis (%bns(?'i‘kgsarﬁ)dl‘ébé'tﬁéﬁlhbﬁk?? the limting nmeans
of the ing Cla

(210). 16. A device as in any one recedi i ms, wherein the
linmting neans (21 0) corrpc)lwmranfthbmnmofthemody (@28 equalstoiar gregtesne of

t he preceding clains, whereipn t i rst XI S, (4) ses t hrough
substantially the centre of Wﬁé‘s% Sr?eth%BdkP%@ ﬁf‘cpA device as in
any ong of the preceding cdj)amj@mrﬁmhelrﬁagéﬂﬁ%%uif @¥ii$ euaith qrasses

through substantially the centre of mass (CM the body (2). 19. A device
as in any one of the pr ecedi grgaterdhas ,108Rdigei n the first axis (4) and the

second axis ( 1 1) |n 20. A device, as I 1 to 18,
wherein the first ax‘fv }y%ﬁ%‘acf’ﬂae%té%%f&" 5{] ?Qg%ytfggﬁstﬁhgg oﬁ sect and
the inclination angligtdréctich Q@rnt Bed cafnétoraplahe (PRpasd kel ieaxish@) to r st
axis (4) and the second axis ( 1 1) when viewed along the direction of the
shortest |ine joinin§etthisd axis (16), whereby said connection plane (P.) is a plane

10 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.



first axis (4) and the second axis ( 1 1). 2 1. A device as in any one of
the preceding clains, wherein the body (2) is substantially cylindrically
synmet ri WP 2809637228he first axis (4). 22. A device as i RCAHP2U{EOWLS c| ai ns
claims 1 to 2 1, wherein the body (2) conprises a hub and a web and a rim
of ring shape. 23 A device as in any ogf of the preceding clains, wherein
the body (2) is nmade froma materi al ng a nodul us of elasticity above
70 GPa, preferably above 100 GPa. 24. A device as in any one of the
preceding clains, further conprising nmeans for nounting said device.25. A
device as in any one of the preceding clains, further conprising one or

mor e countgr bal MRS waﬁ@féfw pféeteamgoagmtfhnheec&%ﬂgm gaxis. 26.

A device as in the preanble of claim1l, prefera as In any one of the
precedi ng cl ai nsmeahefei cordrollingythe mnrme@ﬁmdtye\mn/ve;'rtomauSEéhedﬂoq!ue(ZI 21)

applied to the bod 2) thir XLS 6 tor f t he
out put angul ar %ﬁt?fbﬂ}dgkh% h@‘ﬁ@?ﬂs #ﬁé%@goéﬂ?% q?c'tl}( spip sgrl? feen 85
degrees; and 93 dmghegzﬁd chficd angblar velasig (1R).90 degrees 27. A device as in
any one of the preceding clains, wherein the body (2) is nounted on a shaft

(3, 30) which is nmade froma materlal wi th a nodul us of el ast|C|ty above 70

GPa, prefe abI y 1 recedi ng
cl ai s, vvh rein jo%gﬁ:te %E)m%@ 93% oi%ﬁ?’eic%ﬁbnaqsﬂ %Weas ore (E&fegut axi s
is ][radeb}‘ r omba @L%%lhg:mmarﬁﬁ(’ﬁﬁ)ﬁ@@udalmgedfto appsit thel toyquad (M9 td héBady (2)
preterably 4 C)Veabout 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 (6).

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)-



29. A device as in any one of the preceding clains, wherein the parts of

t he device, on which variable forces act are made from one or nore

mat er i al sSW@i2009/127®8dul us of el asticity above 70 GPa, pr @CEEXBI0S/08WAYe 100
GPa. 30. A device as in the preanble of claim1l, preferably as in any one
of the preceding clains, further corrpri?i ng one or nore sensors for

nmeasuri ng val ues of one or nore of the bl T owi ng paraneters: 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(4) and/or
the second axis ( 1 1) and/or the third axis (16), the position of the body

(2) and/orq{he fAfc%R/ic%.sSin(éiéirﬁ@ddr%laihmo%%@ﬂcaiﬂp?his(n thndhgy or the

third axis (16), the torque of the rotation about the first axis (4) and/or
the second axis gelecting angsed tautputitorqueast the (desjce and adjsting the A devi ce

as in the preanble.of. clai referaply as in any .,one of the preceding
clainms, further 'BBWiﬂtloé'\ ngmﬁég%@‘f er}f@@%ﬁrﬂ"c%’ﬁl%Fqgcftﬁfgtquz%mtt%qt%ot ation of
the body (2) about the inclination axis (16) in both senses between a | ower

limt angle value and an upper limt angle value and means for adjusting
these |imi12.angl A dexiageds muannhgne Ivé thsppreseding epins wherein the means (tdbsen

an apper 11 m ¢ angrePyde St adatfRe Rz | BiZortats HepE Ve e
and | ower than 90 degrees. 32. A device as in claim3 1, wherein the neans

for nmechanically limting the rotation of the body (2) is one or nor
abut nent s. 133, A\ dgyicends b 31y P0L %ﬁh%fe@e&mclam,e@%@mm teemgans (e or

devi ceg, for applying a torque (21) about the third axis (16) comprises one or

more of. a hydraulic ram, a pneumatic ram, an electromagnetic ram.

14. A device as in any one of the preceding claims, wherein the limiting
means (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).



each of which conprises a device as in any one of the preceding clains, in
conbi nation with neans for causing each of said devices to rotate at

subst ant iWDI2)0%BRE228ane rot ati onal speed but at differenPCraPpe8{0PIN8 phase
angl es and neans for conbining the output angular velocity (wout) and/or
the output torque of said devices. 34. A vehicle powered by a device as in
any one of clains 1 to 32 or by an asseﬁ%ly as in claim33. 35. A vehicle
as inclaim34 in the formof a road vehicle. 36 A vehicle as in claim 34
in the formof an aircraft. 37. A ehlcle a cla|n134 in the formof a

wat er - bor n8-vehi Qdevicesas |ary ape y?? Pres& arm% oMperedn HiF s€ ce as in
any one of claing, i d of
provi ding rotati onég)@ﬁ%sgsltggbst oﬁgegg(%?tﬁv tggfblseﬂ'trt@hofe’f?mn% S)%mgg?ni)ﬂrﬁ%)m ng:
mounting a body B&Jy (r a rotation about a first axis (4) and a rotation
about a second axis ( 1 1) and a rotation about a third axis (16), the
first axis (4) being oriented with respect to the second axis ( 1 1) at an
i nclinationg ang'Rcfe‘W}ce ad eamEeRB&f Me Brdceding cladé Avhérem tHY fidt axisS4{ 16)
constituting the at |east one output axis, wherein the rotation of the body
(2) about the thamdjtWSQCC(mBalXIgl(%)slnterseCtto a change in the inclination
angle (q) , rotating the body (2) about the first axis (4) at an angul ar
velocity (wspin) greater than a critical angular velocity (w) , applying a

torque (2120to0 tARihdyad i ampeHe of BrimBi 1@ B8 iwhdreM theirgt 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.



sense of increasing inclination angle (q) when the first axis (4) is at a
selected inclination angle (gq) with respect to the second axis ( 1 1) which
i s great evotzhepiiz22degr ees and | ess than 90 degrees, andPCITAHPREOHOIRS
rotation of the body (2) about the third axis (16) in a sense of decreasing
inclination angle (q) such that the |ncI|nat|on angle (qg) of the first axis
(4) with respect to the second axis ( 1 ﬁ) remai ns greater than 0 degrees
and |l ess than 90 degrees,so that a constant or a decreasing inclination
angle (q) is reached, thereby to initiate or increase an outBut angul ar

velocity (%®ut) Amevise %m'fb%mbaﬂe106ﬂlﬂleQ?Pdtf}QeC'?lﬂ‘E'%tfPﬁhebPom aswsoﬂne( 2)
about the secon ' ' at
Teast one out putPaPE gt AR ndtaRtimbaitel 1of Frdforf b ind ekt
further conprisesxisusing a body (2) with a body (2) with a specific
critical angular velocity (wc, spec) of less than 20000 rounds per m nute,
preferabl y thereby to i ncrease an output power about the at |east one

out put V‘heA‘?f@Olc%aééjlnstFH%%rEhﬁwb‘Fé bt bl%fhh 1are>9é#e?éb| %E%'afn{/ dntCof tﬁBeC) is

defi ne as ol lows: the specific critical angular velocit spec) is
the critical angnﬂeaedmgl ajaims; Wherginoan ahgleﬂn&twe(en)tha/rventqriﬁ tlnentkbnquat ion

5 Geor ceb, “when @i 2ppHed teyeBod (2] ABIR T MiBw0S (BECER I VSPPRE Lent o
of mass (CM of %BQ)LIQQGNar(@)Iar velocity (wou) about the second axis (11) is between
85 degrees and 93 degrees, preferably close to 90 degrees.
10
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



when the body (2) is oriented such that the nonent of inertia of the body
(2) is substantially maxi m sed, when, if the body (2) is not symetrical
about a pvarewhI2R passes through the centre of mass ( CVI/ERROOSHE3DDAY (2)
and which is orthogonal to the first axis (4), anong the possible nounting
orientations of mounting the body (2) on the first axis (4) the one is
chosen that results in a smaller distant® between the centre of mass (CM
of the body (2) and the third axis ( 16) and when a connectlon arm length
(c)isa 5mif the nass of the, s less than 0.1 b) 25 mMm i f
the mass of the oapd(a )the§e§qné|aXtSO(1d§agrdéuttae thirAxig. (16kghar9@8|t@§soft han

100 k 50 h
100 kg and I'ess TRAPGEE BTk st iR 4oy Sr 8 oo s PLAEERTof 07,
equ?lh tg 0{ gr eathfert[mtﬁdjamstl@m tlhtg tovntw@fahesr?tanouca‘nmnum@nralraxug @r)gth (1l d)
is the distance o e intersection point connecgtion n

the first axis (and/ppthengeqand axiaki b %rl(#?r3\&1&’9@“%&@0@6&%@?| (()nC)pI de

(Pc) §a pl ane which is orthogonal to the first axis (4) and intersects
the body (2) and has the mninmumdistance to the inclination axis (16). 40.
A nethod a31.i n cAaevicg%s nuthelpreantoigof slaing:1, preferablpgsan aaglcb’rte’ afithk,

external torque to t about the second axis to |n|t|al
accel er at i an preceglng ccfa|¥ns( %&rther comprising means for mechamc%lly lirfitin

the rotation of the body (2) about the inclination axis (16) in both senses
between a lower limit angle value and an upper limit angle value and

10 means for adjusting these limit angle values during the operation of said
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.



4 1. Anmethod as in any one of clains 39 and 40, further conprising:
controlling the source of notive power in order to cause the body (2) to
rot at e abWoOREMA7I2Br st axis (4) at said angul ar vel oci t PCTEPRIGNOYRRat er
than the critical angular velocity (w) . 42. A nethod as in any one of
claims 39 to 4 1, further conprising : selecting the selected inclination
angle (q) greater than 10 degrees and | #5s than 80 degrees. 43. A nethod 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).44. A method as in any one of clains 39 to 43, further conprising :

limting t rOtAi%ﬁreblé)éft"ggla?ﬂd‘M ﬁ12t}1eé?9HHtof%Heati!Féﬁ.d axis (16) such that

t he inclination ang e first axis (4) wth respect to the second
axis ( 1 1) is greater than 10 degrees and | ess than 80 degrees. 45. A

t hod | . of clai 1o, 44 furth i sing, : adj [ h
ncli nat o angl A VERISE a5t CRMRCHBUNG 0T O PAVRERBOME FEREIE-conpr i Si ng

generats ng a desired output angular velocity (wout) about one of the at
| east one output axis by neans of adjusting the inclination ag?I‘e (qzﬂ. 47.
A nmet hod a38.i n cAmietecifiGityf generetorcomprisingig devigenas it anyonedésiaimg bia put

torque about one,of the at least.ong. ut axis by neans of adjusting the
i nclination ang|%£f’aj‘m_352§mbi¥ ﬁ%f%8@'r§§3lpn any one of clainms 39 to 47,

further conprising : adjusting the angular velocity (wspin) of the body (2)

about the first axis o _ i
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 (6),

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,



(4). 49. A method as in claim48, further conprising : generating a desired
out put angul ar velocity (wout) about one of the at |east one output axis by
means of WOj208%i2f38t he angul ar velocity (wspin) of the BOAEPLIR/06IHAUL t he
first axis (4). 50. A nethod as in claim48, further conprising :generating
a desired output torque about one of the at |east one output axis by neans
of adjusting the angular velocity (wspi ?ﬂ of the body (2) about the first
axis (4). 5 1. Anethod as in any of clains 39 to 50, further conprising :
adjusting the torque (21 0 third axis

applied to the body. about t ]

(16). 52. A mt hoc - ffietia GTiRtantor 4 deeRes neUnpiaoRARo g BLPIePREE

esi red out put Vi LY ,;eh@? t put
axi s by neans o?trﬁgh%tﬂfstﬂ ﬁg%? Ee)'y'Erf)érf\%%geé ?g%%gupta@g?rtolt @t%g@%%g;m;qbrgﬂt -
the third axis (déput Bqué ofittiehodatien ohthel leody &) Bbolutithehsecarahaxis {1 hy
enerating a desired oyt t.or que. apaut th t | t t put
gx! s by rrgans ofa%@f’ﬁ§B9ﬁgt¥ﬁg'raé"&@%§ﬁ§?ﬁ%g[ @alsﬁgra}%(g a‘(stza}x('jsggoﬁ'tj ltoﬁe
third axis (16).c%ara ¢ekhad ad iimany one of clainms 39 to 53, wherein
limting the rotation of the body (2) about the third axis (16) further

conpri ses: pr evelhat the engfhodfutiescooiprises: body (2) about the third axis

(16) in the sensgsigé adt%:cfye(az% ivﬂ zia%%ldiy'z% \i/vﬂﬂ aagpqéc?fié 8|)|tic'al angular velocity
(W, spec) Of less than 20000 rounds per minute, preferably thereby to
increase an output power about the at least one output axis,

10 whereby said specific critical angular velocity (we, spec) is defined as

follows:
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,



55. A nethod as in any one of clains 39 to 54, further conprising : using
sone of the provided rotational power about the at |east one output axis to
per f or m r¥O0200%1¢7228e body (2) about the first axis (4) RAEXEPRINS/O0DINEE | nati on
angle (g) and the magnitude of the applied torque (21)about the third axis
(16) and the output angular velocity (wut) about the at |east one output
axis are constant. 56. A method as in cfaim55, wherein the amount of
rotational power so used is sufficient to overcone energy |osses arising

fromfriction due to the rotation of the bo (l2), ahout the first axis (4).

57. A nmethod as in the prelé)n%fPH‘rBf'ft@?d\"ﬁ?%g?%ﬁr@;@’réﬁl'%eﬂga'itﬁ o gresisd of

clains 39 to 56, further co %Psd M%q arfPiRSY ithsh 466 kgorque (21) to the body
Gmgp. y appl ue’

(2) about the third axis (1 ayl ng the torq excl usively by neans
of the weight of the body €20 oom liitheppass oftheteodyo(2)isceqyaltoargreatean

external nmeans and additionall means , of the j.ght of the body (2). 58.
A method as in the preanbl eak')"?}/’c% kg §§a '?ﬁseé"éf‘awié% 3V any one of clains
39 to §7, further conpri Si 9160 FRA HURE MHadb PR tgjd)p(@é i@éﬂﬂ@lrtg gif the

foll owing paraneters: the rotation about the first "axis (4) and/or the
second axis ( 1 1) and/or thgreaténttianxiO®0kygs), the angul ar velocity of the

rotation about the first .axis (4) and/or t econd,.axi s 1) and/or the
third axis (16), WFRESYGE F8H”é?‘]%%"%g%19tﬁzsjEﬁtﬁfo‘?&f’%‘*%’f b axi's (4
and/ or the secongteeétidn poiht oPAdoARetith plahedPaXard (Hbirst axis (4) to the
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).



the torque of the rotation about the first axis (4) and/or the second axis
(11 and/or the third axis (16), a force.59. A nethod as in the preanble
of clai m8920¢¥i8f¥Bably as in any one of clains 39 to 58CTER2QIRHH3028
conprising : nmechanically limting the rotation of the body (2) about the
inclination axis (16) in both senses between a lower |limt angle value and
an upper limt angle value and adj usti n68, whi |l e providing rotation during
operation of the gear device, preferably notor device, these limt angle
values to a chosen lower limt angle value higher than O degrees and | ower
than 90 degrees and an upper |imt angle value higher than the chosen | ower

limt anglg,valu rﬁ'a@n . . tgb(pﬁle in the
preanble o 4’cI aién : °E%§§Fe‘réa Iy %glgf ?'ﬁgﬁ%g’@&%g‘%of‘ﬁ‘cﬁi 113 @?%.59’ further
conpri sing : i nclimiiagrtge aotatiohpithe body (Buaipdutdte dibcdibxisHdbasutke st one
out put axi s by ans of decreasing di_ st ance hetween the centre of, mass
(CM of the bod%@Zﬁ‘C'ﬁ}?é'oﬂﬁi‘ %é@n@iﬁtaﬁifgst(axis i‘B.W@?ie.S_PRCﬁéq h5SeRond, ¢ he
preanble of C'a'é&ié%uHggrsét%?'twa@%o'dég%@s ﬁﬁeléﬁstﬁbﬁWdé&ebg 60, further

conprising: increasin out put power “supplied about the at |east one
out put axis by neans of decreasing a variation of an angle between a normal

vect or of firsg fr l.ane and a, normal,.vector qf a second franme pl ane,
the frame %F'ane é@?tﬁg‘é s'na{""lyl %E?f“e%ﬁ'?&!ﬂs bgslgété'lﬂf{ﬂbﬂgq?r?wsé%g non- | i near
poi nts of a frangdjubgigtHeipcieaiortigngleqe).pr ef erably notor

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 :



device is mounted in. 62. A nmethod as in claim6 1, further conprising :
keeping said variation |l ess than 5 degrees.63. A nethod as in the preanble
of clai m80,20¢yief@B8ably as in any one of clains 39 to 6PCTERRQISMN3028
conprising : increasing an output power supplied about the at |east one
out put axis by neans of decreasing a variation of an angle between a vector
of the output angular velocity (wout) abbut the at |east one out put axis
and a normal vector of a frame plane, the frane plane defined as a pl ane
whi ch passes through three non-|inear points of a frame wgere t he gear

devi ce, pref er anggnafating agissiesd owpHbiprauriabaut ane ohthesatisastene auiduli m 63,
further conpri si ' i i i aLi ) . A

ret hod as i n ¢ heboay B EFANSR! ERCINGISahaRal EBRCk] 0y BEHEESY ) 3
39 to 64, furthesbadrtpe ffisstraxis (4)ncreasi ng an out put power supplied about
the at | east one output axis by neans of decreasing a variation of an angle
bet ween the angul ar velocity vector of the angular notion of the body (2)
about the £4rst Rphénbflasdfthrfy SIUIAMSs IS 80, Rirth@r Rempridimye, the body

pl ane cfefiéﬁe'd as a %Pgnea V\ﬂi crﬁ passlesS tﬁr ough three ﬁ?)bn-lﬁea_r poi nts of
the body (2). 66adjisting thedtoague (2 0l applied3o thebody (2 )cangutitbe tbird akisepi ng
said variation L@?ﬁ than 5 degrees. 67. Test device for determ nation of
paraneters for ¥'gn and operation of a gear device, preferably notor

devi ce,
52. A method as in claim 51, further comprising :
10 generating a desired output angular velocity (woyt) about one of the at
least one output axis by means of adjusting the 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)



wher eby said gear device, preferably notor device, conprises an output
shaft being solidly connected with an outer cradle, a spin axis being a

rot at i onaWoaRe%120828a body which is rotatably arranged i RCAEPRROIIEHAI €,
and an inclination axis perpendicular to the output shaft, whereby the spin
axis is rotatable form ng an inclination angle between the spin axis and
the output shaft, the spin axis is joinfy connected with a body, and a
torque is applied about the inclination axis, the test device conprising an

output axis ( 1 1) constituti ng a Iongitudl nal axis of a vertlcal out put
shaft ( 1 10) a %tmu% thg thirq axisdd@sand erﬁgtp&taagahrdﬁmw%mb@ %utﬁaay (2)

which is supportﬁqﬁggt 5r{e @;B)lulgagélasr?(cﬁ1 inclination axis (16) which is
pu

per pendi cul ar t e ou axi's can pivot about the spin axis
(4) formng an |ncI|nat|on angle (Qq) between the spin axis (4) and t he
output shaft ( 1 1), hat .t 2) is
eccentricalfy ar'?‘ﬁ'r‘@@%laé 'Woﬁi"}ééya“r"ﬂeﬁedﬁ ﬁ}?eamﬁé'm Héﬁqt%tﬂp |p§ &P wher eby

a levers arm of - a,deN@ldificiOnt  dver&oifle e‘ﬂ?f Woissed ri@fncgdﬁérgl:fﬁFf@ﬁ e tof

paranmeters for designing and operation gear eV| erably notor
devi ce, whereby thberomnn afdhe body(2paboatthe fms:ttams (Vi ce conprises an
out put 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

tchdl e, amgly an i AphdtAal iRNnaNké préshBRIGH Alaihd B9t prefé&rabBuadit asy ahk .of wher eby
claims 39 to 56, further comprising :
10 applying the torque (21) to the body (2) about the third axis (16) by
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.



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 i sWaEpIYBM28bout the inclination axis, whereby tRETERIWHEIREe as in
claim67 is used, c har acter i sedi nthat an angular velocity
(wspin) of the body (2) about the spin axis (4) is adjusted to different
val ues, whereby there is a determ nati off for each of the different val ues
whet her t he adj ust ed angul ar velocity (WSpj n) is greater or less than a

critical angular veIOC|ty wc) by neans surin he sense of rotation
of the spi?W-axi $AMgthad@s:i tth% P %@f ﬁﬁ'”ggg pref bﬁ;gasmag\ép ng&fi ce,

preferably notor,gdeyd ggm%@rf&{ﬁl%m&%%tlon about at |east one out put

axis, said device conprising unted for a rotation about a
first axis (4) amdchamioaliy Ilmltlrrgu&mtrotatmomfrlﬂeé)mdy (2) abayt thednelinadicat i on

bout third ' f t 4 d th t ot
The second axi o X8 U19) ool sehEes REMSaM lewe’ i nofAide AR PEs( 1 1)

consti tuting t helheit'taHBFe Paile a‘hﬁ &ﬂb&uﬂf%l’ﬁl@ eri@'irfg Fbtéf'l&m HQF:F'#? operatfort he

body(2) about t third axis gives rise to cangeln
i nclination anglef thg)gear dexice, pn )erafbiy mmpll gevige dhese djout armle V@blétshf@ dody

(2) apout L he, ULt Rl e YT Babo AR FARbSEs B G g 3901

{ ﬁ; ﬁegg to the s@sfadsandsar uépéanmmlaﬁ@lel Valge eagiesr thiathd chegsewetnd | ess
limit angle value and lower than 90 degrees.

10
60. A method as in the preamble of claim 39, preferably as in any one of

claims 39 to 59, further comprising :
increasing an output power supplied about the at least one output axis
by means of decreasing a distance between the centre of mass (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.



degrees, and neans (21 0) for limting the rotation of the body (2) about
the third axis (16) in a sense of decreasing inclination angle (qg) such

t hat t he WOEPMIAT128n angle (q) of the first axis (4) w PRTERIEEH302Y t he
second axis ( 1 1) remains greater than O degrees and | ess than 90 degrees,
sai d device 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), andwhereby the rotation of the body (2) about the first axis (4)

s at an aréigul ar velocity (wspin) greater than a critical angular velogcity
(wc) so tHRed: a cdriethied 2% In i prearsblegot ﬁ@vmr?a‘-i.remf%raelyeaw any on&ehed,

thereby to init '5{!ﬁ"§39't3%beﬁﬁﬁ}e‘?ﬁ?§ﬁﬁb§ﬁﬁf angul ar velocity (wout) and/or an

out put torque of rotation o (2) about the second axis ( 11) ,
charact e mcreaswq; an ioutput lpaiwex éw@ﬂedppbuemetatleasi drie odtpa agis( 16) i s

used as the limgtin sWnenthelncllnalona g) is decr I ng so
as to extract poRem r}qqq:éeqs“ngavzgliagop )anang k ?%R)a V@F? I’%&ﬁ%l ng
rotati an about [ [ nting a
body (2) for a ?%%tét@?%ﬁgﬂﬁﬁﬁ%’“% L o P R e

second axis ( 1 rgrmaideataratfa framegiiane, thetftanneip!anesdegﬂt@)d as beplane st axi s
(4) being orienteg gnth re ectht t he s cond %f( }{:é? aé an.incli natlon
angle (q) , the wRie rﬂ?s§§§ r(oug 5%%’319% n?ﬂ'ép?'ﬂsr axe e(\i’ ?r%m‘?sg?q uting
the at |east onej&yitd Preferhbly mMbRIreevides malimbian of the body

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



(2) about the third axis (16) gives rise to a change in the inclination
angle (q) , rotating the body (2) about the first axis (4) at an angul ar
vel oci ty WapmnmiR72g8eat er than a critical angul ar vel oci PET(ER2)08/003pP| yi ng a
torque (21) to the body (2) about the third axis (16) in a sense of

I ncreasing inclination angle (gq) when the first axis (4) is at a selected

I nclination angle (q) with respect to tfe second axis ( 11) which is
greater than O degrees and | ess than 90 degrees and limting the rotation

of the body (2) about the third axis in_a sense of decre
i nclination angl ¥agdle) agdan nehpatiopax mrmrﬂci'ewaar@ﬁaaytpaf S'i‘gfg first axis

(4) with respect,, | ;i r rees
and | ess than 90 hgretdgemé% ﬂgrg)é%)%?%tg}#l%?%@ﬁgrarﬁﬁﬂglr@fg@ %rglélrg)tegﬁgggngul ar
vel ocity (wout) t;haoHpum azis atdﬂmomtpuqﬂleaquthelsplrraxiaﬂ:% inthf canmeedbed with2)
about the second axis e di.n that the nethod

, h . t -
further conprised! OQXHS@?%@MPQB%@OHHQ‘GE'H'FPfilatéBn dXIB16) by linmting

the rotation of %Q%Qﬂgjé’wé%):o he third axis (16) in the sense of
decreasing inclination angle en the inclination angle (q) is
decr easi ng. an output aX|s (1 1) 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),

10 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

15 inclination axis (16) whereby a lever arm of a length £ > 0 is formed.

68. 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
20 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
25 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.



