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GEAR PROFI LE FOR CRBI TAL GEAR TRANSM SSI ONS, AND ORBI TAL AR

TRANSM SSI ON AND W NCHES UTI LI SI NG ORBI TAL1 GEAR
TRANSM SSI ONS 5 This invention relates to a gear profile for an orbital
gear transm sma&ma )

deck wi nches f of—y&e ; :
i ncl ude orbital gGBARt mmssans ANDlUINRBESr WEWSENGnOBBIﬂ'@\lelGEAR

i nvol ving | arge torque | oads tnwml nes is normally done
by neans of vari ous gear systens: rati o reductions and
acconpanyi ng torque conversion is required it is comon practice to
use eithersspuhiQ jHRERtAsY Mtésr %"'Sa RASSEL W B a{mfwrﬂr@&fnt S
and tend to be bulky. A worm drlve prowdes as
alternative bfeaf transmissiqn,,. ”g’eﬁr ‘Fg)rvglnches

cogt act, tlhes%tuch ad RHdul i ivis’ For yﬁﬂuﬁlﬁu H&tMs lﬁﬁflfﬂwizigg Spur
an pl an a us arl, . C operaelnro I N
cont act by usgﬂ}‘é’ §T°=P?€et %ﬁ’n"ﬂ?;“r‘;]esm igeat Sranspissions.

I nvol utes. This produces highly efficient transm ssion. O bital gear
syst ens, rate hy causi one _gear naII for d teeth
T orbri L | eh ExaspmARsion oF pikaed iayetvind dhius Gidme on iis
I nner surfacethroxﬂgm/e:dmy maghiinkesr isomermaldy Idcduai:ybwaxfajrdﬂqer known
that such gea ot I r Qul \Qlav

Qra@i%%”@éﬁqy %gé%%rﬁ W&Ixei ltag'gg 8-\51:%% ctiond

reductions fromrelati I nes. I ke spur or ep| cycle
pl anetary geaﬂcml%&@%oFﬁnverséﬁ’gag@né‘mgeﬂr d&i dseamman t wo

cylinders rol bkaat&%etéaehse eitheR ERAR o&quramlta&&r geass txalikgd.al gears
cause one ylinder to roll on_the inner surf ace of another The

teeth on Js%ur"'&@&ﬁ’s’-&?’%&?‘@%e@&@?ﬁél prdptepd &0 be PReKY5  dyMorms of
the cylinder sangdwhesqe driiecpgogideBt apsanpie altemmbe Batl Petause

tangential to.fhe sl aces ollbe HRbbRMs on 9328185°2chRRCE] RhLLS Surfaces
machines are very inefficient under large loads. Spur and

planetary gears use gear teeth which operate in rolling
20 contact by using gear teeth with their surfaces in the form
of involutes. This produces highly efficient transmission.

Orbital gear systems, which operate by causing one gear
with externally formed teeth to orbit while engaged about

25 another while engaging teeth formed on its inner surface
have been known for some time. It has been further known
that such gear systems have the potential to provide very
great reductions from relatively simple machines.

30  Unlike spur or epicycle planetary gear systems, where toothz
| engagement is predicted upon two cylinders rolling togetber
upon their external surfaces, orbital gears cause one
cylinder to roll on the inner surface of another. The

teeth on spur gears or racks execute small epicycles on the
35 surfaces of the cylinders and hence the engagement process

is more or less tangential to the surfaces. This motion

generates the :’L;wolz.n:e surfaces of the teeth surfaces.




- 2- ‘O bital gears, on the other hand, execute cycloidal notion

agai nst tﬁ@?Wi’@P“gsurface of the internal gear, and hence PCT/AUS3/00443
engagenment process is essentially radial_and teeth with i nvol ute gear
forms produce only sliding contact with #igh 5 friction under load. Up
until now this has nmade orbital gears little nore than engi neering

curi ositi esOrbital |geaxs.atcreite tatheak hamly ebtechiter dylaidal nfddidd es of

orbital gear, Tl rj 0 s i_npl 0 cygloidal teeth
Forms. ot Sopaie, eh Mact asdid, of o (iRl shaty A Pt
i ncor por at i &hepfengngementy Ryocess HéneaRpntiaddoesadiad anidttiemtd witabl em
L vastly  invidlGh@Rgar Forls’ Al B19Xidi alhe® WeReBBEN WSS, Wi
severely limts their use. 15 Clearly fherefore a need exists

devel op 2 né&FigEdon upder logd.chUp mkd lopem shige hasspederoxbdtaipl oy

only rolli ngears 1a@ith e @idraCthahi lehgiedrdng Raribaikyadamental principle
of rigid body gear contact to ensure that their pitch 20 <circle roll

t oget her wi t hout slippage. The first aspect of the invention may al so
be said to In ancattempt 2o maliet alsejof othercdmpbithnti Features of
an inner ge E_bgréd an _outer gear i_nner gear .having a

ars s a ht25 ri ghe
plurality oP*Externge PRS: FRtERRTAESFPRYY 5F18%: LPn1Fe: 834MB1lRavi ng a
contactl0 cyglpidelateeshofpomst.c Thibaformt beillhnprogaeeshaliiddng

pitch circl gontlgeC a c ayi \ of inflectiqn | ocated
on the pitch ci ?%Ite 0 tﬁggiﬁx%t Ehgq\ri;hggﬁgoggh%n of ppd 8EFEY §%ar having
a pluralityPepringsr educes thishfrictippadcprobleim: htt Mastivernal teeth of

the inner incGGaEestbﬁeiBiﬁénahdtéﬁhﬁlhﬁiE?goi eQBhanhcRihbacenlith
engagi ng the _cont gct sur.face_of the external teeth of the I nner gear,

the outer gB8VeR8W¥ndiBiEF: ERedF, BPE- and 35 - wherein, when the

I nner g&ar and outer gear are assenbl ed for transm ssion of power from
erto ¢ €E8hi1y enbPoklfe’h"Rbed' okl Bb actifon "I hen GolY' Eral™™
which allows orbital gear systems to employ only rolling
tooth contact while maintaining the fundamental principle
of rigid body gear contact to ensure that their pitch

20 circle roll together without slippage.

A first aspect of the invention may be said to reside in a
gear for an orbital gear system, including:
a gear body:
25 a plurality of external teeth on the gear body,
for engaging internal teeth of an outer gear;
the plurality of external teeth having a contact
surface for contact with teeth of the outer gear, and a
opposite surface; and
30 the contact surface having a sinusoidal profile
along at least part of the length of the contact surface,
the gear having a pitch circle, the sinusoidal profile
having a point of inflection located substantially on the
pitch circle of the gear. '
35 |
The first aspect of the invention may also be said to
reside in_ag orbital gear system, including:
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- 3- swasdgioase4l | y radi al engagenent and point contact vadmaAv9™0443
poi nt of i.nflection of the external teeth engagi ng and rolling across
an only point on the contact surface of th® - i nternal gear substantially
where the pitch circle of the 5 outer gear intersects the contact surface
of the outer gear. an innébkegbakShnaspacbutlkrt Gaakhvention al so

provi des an orbital gean transnisshpn |nclud|n he orhital gear
system 10 The firsEBasHBRET FORRNANIRE: PoRINERS ity PE eXteTEd, y
transmi ssi on geebRNi ¢He plakradity of external teethf Havwingo@y dvntaik
contact el enents

econd _body Vi n contact el enent s, for
15 engagi ng tﬁgrgﬁﬁ?aﬁPdeFeﬁERP§§5F & thtgﬁhf surface having
rotary notS onafsimusbiédalr prolfdde ndongeat 1eus¢opd:hodﬁ the length of one

o e L1 St 888 R REEOBz B9, B0 mmer GBI R 4 it DAL,
the el enents thetaénhseidabopyofidesbayinghadpoint of duflactich lovated
anot her, when, £0£ﬁ%yp§98h081ké o tgﬁgsgggggd efisgcute cupsoi d cycl oi dal

motion with respec er and enga e rédlally by a rocking
noti on 25 between the @heneﬁFermpeﬁrohevanathepbuentntx eEcintgroal

substant h@l | yedeR! BbxrObndagembatCwth! aaeoaheazaht g8eth oel %KE”%&;P
The first aspect of the, resen& i nve t rovides a gear e which
e

greatly inpr ARRT ¢ hERPciPEPRRALEBREY, FY& g a cgagpc y§P§ﬁ§c8n§°6rb|tal
gear transn sengeFinghthgecaontact susfaaaaaﬂ thanaffteghal @bkethi afagpect of

the i nvention, abi des r L0g ryprknci t preyents_slippage
bet ween pitcﬁu%??ﬁl%gaﬁf 2 ?%%é? 3§§§oﬂgg?nge§ it?ﬁ cgg IPOIFPag cont act
occurs at a point, for wherein, whenpthexinmer| gedss andtbeteycyeanf arach
gear, bu&SWIJEsembled for transmission of power from one of the gears

to the other of the gears, the point of inflection of the

external teeth engage and roll across a point on the '

contact surface of the intermnal gear substantially where

the pitch circle of the outer gear intersects the contact
20 surface of the outer gear.

The first aspect of the invention also provides an orbital
gear transmission including the orbital gear system.

25 <The first aspect of the invention also provides a rotary
transmission mechanism, including:
a first body having contact elements;
_ a second body having contact elements for
engaging the contact elements of the first body and
30 transferring rotary motion from the first body ﬁo the
second body; . |
one of the first body or second body being
arranged for orbital motion relative to the other of the
first or second body; and
35 the elements of the first body and second body in
contact with one another, when rotary motion is
transferred, execute cupsoid cycloidai motion with respect
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orbital gear systens nore gears are in engagenent mnth one

- 4- WQRs3804 The present invention particularly enabl@gTW“””@W%?taJ
gears having pitch circles of very simlar di aneter. Since the cont.act
occurs the pitch circles of the i Mnér ~and outer gears very snooth

operation of the 5 gears. The sinusoid which forms part of the contact
surface of theceacheothearand engsgedradialdyphyamereeking motiohe system

narel y 1o SEERALA' Ehb)oPlmblEs pLh ng)ok Bhe o1dRlinthorObRIRLCERR (e

pitch circle The gears may e made
sophlstlcatednuagﬁﬁnbssuafseehoﬁsthas%FhEEt?ér%hﬁrekﬁP%nEﬁtters but can

al so be made by shapers such as a Fell ows shaper and tools such as a
Hobb t ool can be constructed on the principles for manuf acture of such
gears. OrbiThe §hustspspeat ofi khetpresent; inyenpioR PECULEASEIRNGORE thi s

aspect of tﬁ@ofﬂisn&hﬁ&hlé:akepyeﬂﬁpieeeyeeueIp&tfeﬁusﬁeenafféﬁniaample
machi nes and the ability to st£p under | oad, and remai stationary

unti | tﬁ%‘EyEYEtF§5aEP¢V8fEﬂt5 gR3T | KEARSPLSEHR0E o iR SIPBF/
Fur t her nor egyst@mt aSﬁtaﬁsﬁﬂsssoﬂaﬁflghﬂssaagegedobythe inebatienof an

orbit contrg chani s n_the orbita t ace the
transm ssi hﬁ%ﬂeﬁ ¥uf$g#lng ge‘rﬁPﬁi %%i&g”hé@cég? %€§U%¥§%éa§%s a

si nusoildal Ppetiraén pltchnehrchessoﬂusbedahnproﬁndeobb¢ng9€e¥$nedTb9 t he
foll ow ng ti r - t e
pitch circl olfgﬂév gﬂFag?hoccaL§ Ebr pp%?ﬁ%@aé%%%n%?I%?tSHE Efg?é]ﬁb
angul ar di sphebegear but m#thlﬂrbﬁéﬂéomeﬁFaFﬁFtﬁﬂé POEP FARTBNAER d4Bar is

more than L&Qmaﬂuaﬁtahsnp eaoensrput@negsaésent inveheienabl y the
ext er nal teet% e | nner_gear truncaf ed, haV|ngcﬁ gene ngxfflat

out er nost ga;;ﬁggu&ﬂalyhgnab es or 1ta gears having pi irc
15 +wvery similar diameter. Since the contact occurs the pitch

circles of the inner and outer gears very smooth operation
of the gears. The sinusoid which forms part of the contact
surface of the inner gear is related to two parameters of
the system, namely the eccentricity of the orbital system
20 and the diameter of the pitch circle for a given number of
teeth. The gears may be made by sophisticated machines

such as laser cutters or wire cutters but can alsc be made
by shapers such as a Fellows'shaper and tools such as a
Hobb tocol can be comnstructed on the principles for

25 manufacture of such gears. Orbital gear systems using the
teeth profile according to this aspect of the invention
also enables very low reductions from simple machines and
the ability to stop under load and remains stationary until
the cycle is activated by the input to the transmission.

30 Furthermore, the transmission is easily disengaged by
release of an orbit control mechanism in the orbital system

to effectively place the transmission into neutral.

Preferably the sinusoidal prof;le is defined by the
35 following equat1on.

= f(D)Sin{nWDOg ()} o ' -
- e THIS SHEET HAS BEEN
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si nusoi dal Ry ds} of the contact surface extends froma peRiAtornedsal Iy
inwardly of the pitch circle of the gear to

-b5- the truncated surface. Prefegrably the opposite surface of
the external teeth are al so provided with a sinusoidal profile along at
| east part 5 of the length of the opposite surface. The sinusoi dal

profile of the opposite surface having a point of I nflection | ocated on
the pitch cirocihexd Dhesgebe, dsameter of thdipiteeh aiwclbperate in both

forward and r ' i with the contact surface making contact
with the int e%gé%%§€g{’%8£$ the outer gear in one direction and the

opposite $udisg @sasmitiadtyf v beconi ng the contact surface for
rotation ig t@wfqg%gggwht Preferably the contact and
opposite surfaces of the 1 external teeth are a mrror inmage with respect

to one andtiffdiin the conshzaing \thed ohtthe innangeax isoudnecthah

gears is an ewd RHiFEs Ehdlp V¥ fes HMHeGh fadends froma radially outer
20 point to the point where the pitch circle of the outer gear

intersects with the contact surface. Preferably the angle of the flat
surface with IP&W&BI?{ the téitdilil Tt U WHes it geariaiLé M ned by

he 25 d f d
the exterl  FeaHreted Havhid e fenerdlisy 1k, oubieimont firrage and the
profile. _ s:.atm‘carw )pamammﬁamhswdmmfsuﬁﬁaamteam‘aﬂds et dm 34
extends 1 adi apbt A Al Iy ARHAROY ol WINERSBAYIAD Yr ene 'JEasoRL !

surface and t p|t Circ outer
the truncated surface.

15 Preferably the opposite surface of the external teeth are
also provided with a sinusoidal profile along at least part
of the length of the opposite surface. The sinusocidal
profile of the opposite surface having a point of
inflection located on tha:pitch circle of the geaxr, so that

20 the gear can operate in both forward and reverse directions
with the contact surface making contact with the internal
teeth of the outer gear in one direction and the opposite
surface effectively becoming the contact surface for
rotation in the opposite direction.

25 _
Preferably the contact and opposite éurfaces of the
external teeth are a mirror image with respect to one
another.

30 Preferably the contact surface of the internal gears is an
inclined flat surface which extends from a radially outer
point to the point where the pitch circle of the outer gear

intersects with the contact sgsurface.

35 ©Preferably the angle of the flat surface with respect to
the radius of the outer gear is determined by the o
derivative of the sinusoid forming the sinusoidal profile

heet Has Been Replaced l
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to a radially nost inner point of the internal teeth. Preferably the
i nternal ™a@es03BE/ e a opposite surface which 35 is a nmrr ®CTIAHIGOOHS t he

contact surface with the opposite surface beconing the contact surface:
in reverse notion of the gear systef -

- 6- A second aspect of the invention relates to an orbital gear
transm ssi Orof thé ebftermepandett dthcthemointoroHriontestion ahitlse gear
transm ssion,, i ncluding: . an inner gear having a plurality of
ext er nal sinng dal'brotile. an outer gear having a piurality of

internal 10 teeth for engagement with the external teeth of the inner

gear, rﬁ)eeferab]?f ethg éct}?tiw eﬁt%ﬁacp# c?f & in @Ml’? d on an

eccent ric me con nmeans engagl ng t he i nner

or 15 oft ereagmdmmablxrmmlm £xam the point rmﬂrmtwwion o
control nov tccmt%é\? ¥ cd art! (tHe JPRECHTUHYELh ¥ the IAAEF GGl C

menber to undergo orbital notiaon; brake nmeans for. engagi ng
the orbit cdif rolrafiakly moshAnRem RAING P Hberintemak tretibans
stationary so as to 20 control orbital notion of the inner or outer gear
nount ed on the eccentric and V{IEI’EI the brake neans;

and
means for r&xeferaplndhe Anrexpal teqrh have 3 goposite, suringe which
means sgot hals ulenﬂ:&hﬁ neye Of t:he NEmftsadto swrfyade GEItH allte WppositdIDLi On

so the |nnelrJﬂ Ol .2 out er. %hc% oﬁ’&lt Yol B E 4,0 PA\%Czeset %Oé{grpsrg ssion

into ne | aspec I'nventTon provi
transnissiomhﬁnyear system.

A second aspect of the invention relates to an orbital gear

15 transmission.

This aspect of the invention may be said to reside in an
orbital gear transmigsion, including:
an inner gear having a plurality of external
20 teeth;
an outer gear having a plurality of internal
teeth for engagement with the external teeth of the inner
gear;
one of the inner or outer gears being mounted on
2S5 an eccentric member; and
orbit control means for engaging the inner or
outer gear which is mounted on the eccentric member so as
to control movement of the innér or outer gear mounted on

the eccentric member to undergo orbital motion.

30
This aspect of'the invention provides a transmission for
machines such as winches including hoists and deck winches
for yachts which provide simple machines providing high
efficiency and'very low reductions.

35

Preferably brake means is provided for engaging the orbit

control means and maintaining the orhit control means

Sheet Has Been Reilaced HIS SHEET HAS BEEN \
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machi nes sugo so3gsdches i ncl udi ng hoi sts and deck wi nches 3@ctiOtoriesfit S
whi ch provi de sinple machi nes providi ng high efficiency and very | ow
Teducti ons. .The orbital control nmeamrs #my conprise an orbital control
pl at e havi ng openi ngs or pins which engage with 35 respectively pins or
openi ngs on t lL.aner. .or ou e | i witsd e centric.
-7- Pr ef gﬁgﬁl%%%% isr?ntaafg g%d%{?ﬁtgfl\sgg%gtgﬁeméon ?‘gl?g; :‘?%(!:%%r%f ng
to the first ouses geRn meuntedhonorheesaceptdic anggherein The ke
embodi Ment s Olglld AP GaldaltRaObl bdl tePieiBage LHIPUknITCANEL] SC 2

regressive control gear having gear, tee I ch engage control gear
teeth provi deBedms: g jthasy the ogbis, contgeds means &9 JFNFRT qantxels. The

regressives  orBAkhalomotden $RARKES ind@rcoy GaLER! b@iz‘)fca&i‘%:idnﬁé‘i{/ ﬁ:;.,vé@e

oufer gear which iis nounted on the eccentric so that extre
reductions cafChPIBCS tiey transmisgion. Apko, ReMETAL s i ssion according to
t he second aspect of the invention is provided in a winch. 15 I n

one enbodi menf, the . winch is _in.the formof a hoist hayi ng an i nput
pul | ey nounte 8n°§ﬁ"itﬁ‘3uf"'°§ﬁ§l°ll RRERS PRY compriffed™: 8‘%‘83(9&&9’1’%1 and
an out put pul pauteshasipgedpenings dlrepinsewhdehoehguggeamit®i ch i s not

mount ed 47 {N2egRectiGRl Lin30otNabolilks bh LhANTHLECY! LA G P

pulley to the In € ecC e~ nner —or o] gear
mount ed on t hwhadcbeasr mountddt penthe egkeentmic. or outer gear which is
not mounted on the eccentric and then to the output pulley. 25 Thi s
aspect of the invention which is used in hoists has particul ar

advant ages anBrefaxphily theainneRaandheubesi gaprs are configured
according to the first aspect of the invention described

15 above.

In other embodiments of the invention, the orbital control
means may comprise a regressive control gear having gear
teeth which engage control gear teeth provided on the inner

20 or outer gear mounted on the eccentric. The regressive
control gear enables regressive motion of the inner or
outer gear which is mounted on the eccentric so that
extremely low reductions can be provided.

25 Preferably the transmission according to the second aspect
of the invention is provided in a winch.

In one embodiment, the winch is in the form of a hoist
having an input pulley mounted on an input shaft which is

30 coupled to the eccentric and an output pulley is coupled to
the inner or outer gear which is not mounted on the
eccentric so that drive is transmitted f£rom the input
pulley to the input shaft to the eccentric, to the inner or
outer gear mounted on the eccentric and then to the inner

35 or outer gear which is not mounted on the eccentric and
then to the output pulley.' '

; This Sheet Has Been Replaced THIS SF:’EEPEEAggg BEEN
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transm ssion can remain stationary when the input shaft is st opped by
ceasi ng towﬂﬂsfo”% a chain or cable coupled to 30 the i npuPCTMAUBEY048D t hat

the transm ssion and therefore the hoi st will remain in a stationary
position even when supporting a | oad &mil the chain on the I nput
pulley is again pulled to activate the input and therefore the

orbital t ranMa;hsnecsyOEthas inyenhdobr whinh dvansedf far hdistkondsi S
remved, thepgEbitalat’ 889EhesbeR GaH) I1R°pRLeSEd1ar, EHaBoRhEAbrbecb]C O

rel ease the

anot her enmbotFaRsmisghenoeant spmadnr stathonaryi vhennyhbeinputi shhfdedsi n a
deck W nch f@koppddChir cbB8if&CE8 paE1PEAN ;R o4pl | t _shaft
whi ch is_rot t%?bycg&vmgnchl § ha%diie i'Elhg g‘e‘gt{ﬁvfgc gﬁidgiﬁgugﬂg ubiPs or
recei ving a FRPTBUEPRLlEYfR Fhat:the| tEarEmigsinm andchhersfodeuthbei ng

coupled to theistpwilihpbhadi dnfarstatdbsipty 50siP2bnUEPEn whehOt ation of
the i nput shaft in pne diiec%i ont,fri ve is , transnmtted via the ratchet
to the drumTHPRITERT RelPRAnpntil Fhp chain gu the input peliavieisor

outer gear vigainipuhbéd lfonactiesdtenthéciRPeeNind CtRBFdLsra 8RebCI NY

coupled to t . rum by, a _second_ratchet which freewhgel s when the input

shaft is rotéa]'te%ﬁtnl%dfﬂ%n MRF P rec Yoﬁegﬂ?sﬁ\ﬂ?c %r@’a%%“g mejns Afer

i nput shéft Joad cimtxemoyed hethoposhbitalli trahsmiesion scouldiberpyeced

transmtted M ahdulierf Pid an ];?]iéggérq':ﬁéi ; §0d the second ratchet to
SFéby - 3 : .

the drumto rotate the drumw a drive ratro according to the drive
rati o of the orbital transm ssion, and with the first ratchet

fr eenheel i ngahaRotler | bbdEReakt, | €hd BBkl Ngdde trandPOsiss £l a4 1 on.
20 Thus,, agcording to this aspect_of the invention, the wnch drum
i s al ways rdﬁﬁséﬂi?‘*u ’Ig’he‘s‘ia?@‘df i kA% 2 Yaghtyi tYRe ARAREFLE deing of the
i nput shaft douplEeddid ean inplit eidfwhidh is Fe{esa@dy 4 Reinaput shaft
ts mounted gR.Stedl ddific winddHilvilif’d H8M b2 SO QLI O", 8501 Ving
to be drawn in or released by the winch, the drum being
coupled to the input shaft by a first ratchet so that upon
rotation of the input shaft in one direction, drive is
20 transmitted via the ratchet to the drum to rotate the drum
with a 1:1 gear ratio, the inmner or outer gear which is not
mounted on the eccentric member also being coupled to the
drum by a second@ ratchet which freewheels when the input
shaft is rotated in the first direction but which engages
25 <when the input shaft is rotated in the opposite direction
8o that drive is transmitted via the orbital gear
transmission and the second ratchet to the drum to rotate
the drum with a drive ratio'according to the drive ratio of
the orbital transmission, and with the first ratchet
30 freewheeling when the input shaft is rotated in the

opposite direction.

Thus, according to this aspect of the invention, the winch
drum is always rotated in the same direction
35 mnotwithstanding rotation of the input shaft in opposite

directions.
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Once agai n, wp obMighs €MbOdi Nent of the invention, the brake 301,@.]3,%@%,4&@55 be

rel eased so as to release the orbital control means to pla
transmi ssion in neutral and thereby relgase the w nch. Thus, if it is
necessary to quickly rel ease the deck winch so as to release a sail,
t he brake ani c Si, P | eased t n turn rel ease the 35
orbi t al contro?g%ggﬁggg]g gP‘Scéni’ﬁé Fﬁ&ﬁgm“‘gsf"%n ﬁfio':’n PARS 9f &he hat
the drum can fispwheshaft having a hollow for receiving the mast.O-
The invention al so provides an orbital gear transm ssion i ncl udi ng:
a first outer gear having a plurality of internal teeth; 5
a second outerogearagamlngla phig sembodiment OEnthené.hvaaeb.bn, the brake
an input havi ngegfsCes8Nbbi fal . | pRer avi

s fa e ﬂased sﬁ as oargiéig?h O?.]bgr%'rhlt nﬁ:& 31

plarality of external teet e eccentric
10 inner gear BA%a%i kg Phacecths bramsmissien imineugral; and thereby a

second inner ogf@leaddVthé ﬂzﬂéﬂf althyg Pfif :r.teﬁeﬁaéés&ﬁﬂrht &f‘ Yy
eccentric, the teeth of the secopd i nner gear engagl ng t of the
second outer gES}easg the deck “winch 39 dutpRtrelepsedat saike sheobcrakat er

gear. 15 Rt 1edxi Dshn 0880 O 158518 156 i&metéu&néboih\’\thhbﬁeﬂﬁﬁﬁé' Qﬁg

by way of 1raxarripl th ref ence to the, acco %g draw ngs,

whi ch: "g%\i c‘lnf‘ BRARG 4R iPTIRS é‘ ?’%?ﬁ’-ﬁ?o?-P e of 20 an
out er gear of meutrdll tsd tiostr tlhstd»am can freefhﬂt[[e 2 is a diagram
illustrating the tooth profile of an inner gear of an orbital gear

system lqure 3.shows gears res 1 and,
assenbl ed posr%xr'eo{e%? ‘f‘d'he& qoft}% %’ﬁ‘fb"‘*% ﬁr??%r%%f?ﬁﬁbﬁét ween
t he gear pr of idyesvayf dfrea:lmlsa,ofw:.th defiprarscd tkhe accompanyfhgures 4,

5, 6, 7, 85 9arhes 1Ju@rvﬁu@@grarrs showi ng the gears of Figure 3 in
various positions a Is transmtted fromone of the gears to

anot her of the 3o(y;gq;e 1 is a diagram illustrating a tooth profile of

an outer gear of an orbital gear system;
Figure 2 is a diagram illustrating the tooth profile
of an inner gear of an orbital gear systenm;

20 Figure 3 shows gears of Figures 1 and 2 in an
assembled position for rotation for illustrating the
interaction between the gear profiles of the gears of
Figures 1 and 2;

Figures 4, 5, 6, 7, 8, 9, 10 and 11 are diagrams

25 showing the gears of Figure 3 in various positions as drive
is transmitted from one of the gears to another of the
gears;

Figure 11A is a diagram showing teeth profile
according to a second embodiment of the invention;

30 Figure 12 is a plan view of a transmission embodying
the invention; '

Figure 13 is a cross-sectional view through the
transm;sszon of Pigure 12; ‘ .
Figure 14 is a plan view of a transmzss;on according

35 to a further embodiment of the invention;

Figure 15 is a cross-séctionél view through the

transmission of Figure 14;

This Sheet Has Been Reilaced L THIS SHEET HAS BEEN
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Figure 11A is a diagram showing teeth profile according to a second
enbodi ment WE98{03804 nventi on; Figure 12 is a plan vPEWAYP7/H443
transm ssi on enbodyi ng the invent | on; 35 - Figure 13 is a
cross-sectional view through the trand® gsion of Fi gure 12;

- 9A- Figure 14-is a_plan view of .a transm ssiaon accord| ng to a
further enbodi ment Fé@ume: 16, AliqWs, & winch in the form ofga; hoisds.- sect i onal

vi ew through {8813 singARHE tXaSibniilssHicd! 0T ngres 12/\@n38433804
PCT/ AU97/ 00443 Fi gql#e 16

shows a winch in t§d9MEemids shows & secong q’ﬁb?dﬂd‘aﬂ’fe#r Shenhedist,

Figures 12 anmigdre 16; and Figure 17 shows a second enbodl ment of the

hoi st of Fi gur 16 a ure sho wi nch utilising
t he t Fansmi ssi g'(')‘Fequ ursi‘?"ﬂ a#éc%Swm]c% dﬂ?‘@ 1% ows a gear
profile of antrahsmigsiomoofaFiguresr 14t andjdsr. system and Figure 2 shows a
gear profile of 10 the inner gear of the orbital gear system Wth

reference to Figure 1, outer gear 10 has a gear body 12 generally in
the form of aFignge Thahowsgalgeaxs profilet @fnan patelr géatopify amwo of

which are shoyBhse@1SBAE Lysthh ahaPFdbuded Pehins" a2gbaseBrokdsth ok

10 the inner gear of the orbital gear systemn.

With reference to Figure 1, outer gear 10 has a gear body

12 generally in the form of a ring. The ring 12 has

internal teeth 14 (only two of which are shown). A space
15 16 is provided between adjacent teeth 14.

The teeth 14 have a contact surface 18 and a opposite

surface 19. For ease of illustration, the opposite surface

19 of one tooth 14 is shown along with the contact surface
20 18 of the adjacent tooth 14.

As can be clearly seen in Figure 1, the surfaces 18 and 19
of adjacent teeth 14 are a mirror image of one another
about radial line 20. The surfaces 18 and 19 of the same
25 tooth 14 are also a mirror image about a radial line (not
shown) through the tooth 1l4. The surfaces 18 and 19 of
" each tooth 14 generally meet at an innermost point 22 on

clearance surface 23 of each tooth 14.

30 The surfaces 18 and 19 of adjacent teeth 14 extend
outwardly in the ra&ial‘direction and terminate.at flat
surface 24 which defines the radially outer point of the
space 16 between teeth 14.

35 The reference to a opposite surface 18 and a contact .
surface 19 assumes movement of the gear 10 so that the

surface 18 will engage teeth of the gears shown in FPigure



The teeth 14y@ansessgs COntact surface 18 and a opposite SUrgcgLu
ease of illustration, the opposite surface 19 of one tooth 14 is shown

al ong wi.th the contact surface 20 18 of ghe~adjacent tooth 14. As
can be clearly seen in Figure 1, the surfaces 18 and 19 of adj acent

teeth 14 are a.m'nb%vhmagafofthmgeaaouhemoves ahouher aé‘pab:.k—.bne 20. The
surfaces 18 and 19 of the,  sane_ 25 tooéh 14 ar iﬁ a nlrrg gg about a
radi al |ine (foFectionn khen: kRSuGRPPR tFoBFﬁffﬁe e%fuPRg e§°f§ A& 19 of

each tooth l4cpeneasliybeeemest tha coneagessupfate adndothe sutifageange
surface 23 of e h tooth %hf ghe surfaces 18 and 19 of adjacent teeth
14 ext end mﬁ?ﬁ??e hSPPaaﬁ P 8PFERPon and terninate at flat

surface 24 which defines the radially outer point of the space 16

bet ween t eet I f ak o] osite rtace, 18 an

cont act gﬂ% Cgeigrg ggnég gégggén%'oingﬁg gear § 35 PHIF™: 16h
surface 18 wi haseaghgdyt 33t whatht mayggenerahdynbenrfngtushaped havii® a
98/ 03804 71 QR4

- 11 - ﬁenpﬁmevePenz?gtﬁgrgég?a nnegsalégéﬁtgopggg ggdy 30 is
direction, tHerovidedppitht teethf 3de(281yfonacshown)h THe gearod0i basl a
becores yfge C;Qi‘ééﬁtcﬂ'&iécgs?nghéhﬁék'ﬁf §‘Eeh3:§e a caiﬂ:u:tbgﬁPfchhgal ]

opposi t e surface reference to Figure i nner gear
shown which (whighswillbobe B%emﬂ?ﬁﬁaﬁ%ywbéﬁbr%P#?ﬂﬁésth@ %ﬁﬁ%bdlﬁavfng a

central openiggef@sat L8] i AA0ANAcEPSsite THErPREY £0.1 SThe coRégytded with
teeth 34 (only one shown). _The 30 has a 10 |tch circle, 36, the teeth

34 have a con?%ﬁf‘%ﬁr?%c%“§8°ppg51fﬂh¥%ﬁfﬁf?I4%e‘¥ﬂe“§ﬂ%¥§%€ i#reR e8nt act s
the teeth 14 &ie anothéf g8t 1PAdP4T Biné PRSI t?hé%éﬁﬁ&céosuirf@céoﬂﬁac'[

surface ?g anam? pgpgclaéftg uétfzgggcéo‘l@ rfxé‘ s;nex;ergarzl ;'na 3? s:l.nuso:Ldal shape

as shown by the sinusoid 44 shown in dotted lines. Indeed,
the portion of the contact surface 38 and opposite surface
40 between points X and Y is sinusoidal. At points X, the
teeth 14 are truncated to provide a radially outer flat

20 surface 46. The profile of the teeth 34 inwardly of the
points Y tapers inwardly slightly from the sinusoidal line
44 as shown by reference numerals 50 to provide clearance.
The sinusoidal profiles between the points X and Y have
points of inflection 52 which are provided on the pitch

25 circle 36 of the gear 30.

Referring back to Figure 1, the flat surfaces of -the
contact surface 18 and opposite surface 19 between the
points A and B of the teeth 14 are inclined or angled as

30 shown by the angle 0§ with respect to the radial line 20.
The angle 9 is determined by the derivative of the

sinuscidal profile between the points X and Y of the teeath
34 at the point of inflection 52.

35 As is apparent from Figure 1, the straight section of the
teeth 14 between the points A and B merges into a clearance



one anot her _about radial |ine 42. The contact surface 38 15 . and opposite

surface 4dV9r9§’°§(9ﬂeral |y of sinusoi.dal shape as shown RGT/AHe7/0443us0i d
44 shown in dotted |ines. Indeed, the portion of the contact surface
38 and opposite surface 40 between g&iMts X and Y is sinusoidal. At

points X, the teeth 14 are truncated to provide a radially outer flat

20 surface fb‘.rf&ﬁ?eggr SR 38 Afe % %?’P‘#\ﬁé’fedlaf steardy ‘shoym iny v

ta]E)ers i nwar diguxde g.lgt ![ YrHe @pdfia. i elsp&u&e.ad@l al ia$;rach pf&_c?slm Q]Eagl

ref erence nugeraks 0 _prqviide cl earance.. i nusoi dal profjles

bet ween t he gg“’."%#‘s At '%']ﬁ'ab’@ descﬁ&%ﬁ s 15¥ q%‘é‘c?ﬁﬁ?‘??%’cﬂ% gn

Er ovi de(i OPhthe pirﬂafhr?i‘ad @mboidi man f tof thbetpgeiu.'liobasican@el(‘;ﬁai&idm%@ck to
igure 1, fla r o e cont act .surface and opposite

surface I bg’t"\%‘eﬁt é’l%%'%sag‘opﬁttg irtetid %’o?%tﬁ‘?%t Eiait %i’ &te"ﬁ%r?ﬁ}'ﬁ e or

angl ed as 30podntw® wpulide faddlow per thewgbhrr 49pantetrgoeac ordditall | i ne 20.

The angle [e s, de Qn?g Y at deg i i Si | dal
profil e bet V\gé%:%%é pg‘%nt agggdBYg%F ?ﬁg¥§t§g¥§ QE Ttg% gPsPhé’%g of

i nfl ecti on 58ycloigalapathsygfapndt 1ocatkefi gur the, piltehs pixicjlet 28ceifi on of

{/\?) e ou 03; 8 2t End4 ghareen t BewRYeR! S tﬁeagﬁagtnﬁwaé#kgé%mg 'ﬁ:ﬁré:i'lc %eeth

- 12 - 10 14 ppsweenithei pripssoB gpnubecapbétrarily eedectedshown in

Figure 1. ThaoRkektbatPiAthigsoviaiag’ 3028; f e eth .34 as
will be descriobed in get ai l ﬁe?eilnaf taerﬂgﬁéeig%gt eb%%esﬁfg %’rﬁe%ﬁd

enbodi ment, ®h8CpFIPArAnGRsELE| FhecEPAERGI%-. 5 with a cycloidal path shown
by dotted line 60 at which the point B would follow as the gear 10

undergoes orQita tion. The points B_are therefore_at the cusp of
t he cyc?ﬁ?ﬁgfrbﬁfhgggoeﬁﬁﬁtlBﬁgftﬁ°3n°Fh§ﬁBi?gﬁthPEF€°2528F°f thet e
gear 1015Hoveesr, 10handxsbe €dati gurfiacend 6f oEheheecebbthO34l4sbatween t he

R e I
adequate clearance. Once again, the exact profile of the
surfaces 24 and 46 is not important although generally flat
surfaces as shown are preferred.

20
Whilst it is most preferred that the profile between the
points A and B be flat as previously described, it would be
possible to provide a sinuscidal profile between the points
A and B on the teeth 14. However, this may necessitate a
25 change in the sinusoidal function which defines the surface
profile between the points X and ¥ of the teeth 14 to

compensate for the sinusoid applied to the teeth 14.

Figure 3 shows the gears 10 and 30 mounted for engagement
30 with one another. In the embodiment shown in Figure 3, the
gear 10 is mounted on an eccentric 63 which is in turn
coupled to an input shaft 64. The gear 30 is restrained to
undergo orbital motion by an orbital control means (which
will be described in more detail hereinafter) which may be
35 an orbit control plate; orbital control gear or the like.
It should be understood thaﬁ in other embodiments of the
invention, it would be possible to mount the gear 30 for



Simlarly, tRgosgieughs POSition of the flat surface 24 of the 15c198ad870b94320d

the flat surface 46 of the teeth 34 is also sonewhat arbitrary and can
be sel ected so as to provide adequat e glaearance. Once again, the exact
profile of the surfaces 24 and 46 is not_ inportant although generally

fl a]E dsuL f a@&ﬁ;ﬂ&ls];mlmogf eramﬁézeﬁﬂﬁd; tHe geaﬁAEd sg mt?@;fxf&s&s
prererre that the Proriile et ween t he nts a|,n e at as
sediih be dpssr et bazs

previously des Shopddrg thig axFangement,

profile betweegdnaralldiyhithe geafi- ailich ds nttred bnléhd*@&éi{tri&lﬁ ey
necessitate a 25 chan%ﬁ&éﬁ; I.nusqi dal_ f.uncti on whi efines the

sur f ace pr SR%eX 9L, SR &5« 3 d0PRls deRE ofoPe geaF system
conpensat e 5 or ande thienethiet gepn cd tuhd loatipatt lyehd for prdvi@iimgy Duips
the gears 10 and_30_nount ed f%ﬁ%% nt .30 W"%’o& ne ,another. I.,n the

embodi ment  showk PRREFHE 3 5 Rywhe C.dBPT PR R i ¢ 63
whi ch is in tumountedc oxl @d:'hm:aénmqmm shé.ﬂ.t g&ﬁeriﬁdygmuﬂ& iifh the

restrained to unde ti an orbl contr neans (which
will be descri B8&eF erg’t‘t gr%eltgﬁft ﬁ’é’)? BE o arresy %o
control plate, shalfltt mmmlgm dam-wehaol |tlbe :Lnnerl geabrowihexioa s

under st oo ha e i LQn,..l q lae
possi bl e ?l od m&ﬁhﬁt%hg %hgnggﬂ:feliEE BIG%:OEO G&Begglo O§§'§?&ﬁ rotactdd

PCT/ AU97/ 00443taking output from the inner gear regults in tlhehiimmerngeaan
rather than thgnlgagollg FeRA%IGRNEH the rakavsRldhibbetabhaRee Rl i ‘Mhdult be
descri bed herei nafter Ceneral |y the gear which_is nmounted on t
eccentric 63 t8haft.  Fhis phensmencn caR ke $akan Apyangage of dfe gear

system 5 andsbaeﬁ&beamsearimlaachhasautgpuhege%ﬂ:an peay ¢racsadisiion
transm ssi . Arrangenents |n ht e inn r ear is nount ed f or

orbital ndtl on®RA| pLCNERT P"é? | £9i er"ﬁé TguPEPeg8&P rotating in the

sanme direction as the input shaft mhlch supplies drive to the inner

gear whereas 1? %?ntl ng thevgl.el;ve tglougg r.d9 grgmlngottgtlg 3%?’80| g

t aki ng out put fhe rRnér gear resu I'nhel gear
rotation in theitboutsthdi desiovationt bf thpuslnn801§hahpwnThwsdphsndnenon

can b? taken aﬂ!ﬂgtiﬂ? QLeiBycloidal path shown by dotted line 60. The
20 profile of the teeth can therefore be more clearly seen in

Pigure 4.

With reference to Figure 4, the teeth 34 and 14 are shown
in a disengaged position with the outer gear 10 undergoing

25 orbital motion due to rotation of the input shaft 64 and
eccentric 63 in the direction of arrow A in Figures 3 and
4. As the gear 10 continues to orbit contact surface 18 of
tooth 14 moves towards tooth 34 of the gear 30.

30 The point marked I on the input shaft 64 in Figures 4 and §
shows the position of the orbit for reference purposes.

As the orbit continues, the gears move into position shown
in Figure 6 where the teeth 14 and 34 are almost in

35 contact, possibly only being separated by an oil film with
the teeth 34 sliding relative to the tooth 14 on the oil
£film, but not making contact with the tooth 14.



speci fic enbodi nents using the orbital gear transm ssion 15 and al so can
be used t OWP98H3E a reverse gear. . Figure 4 is a vi eWPCT/AU9704430
Figure 3 showing the teeth wi t hout the designation of the sinusoid
shown by dotted line 44, the cycl oi &l =path shown by dotted |ine 60.
The 20 profile of the teeth can therefore be nore clearly seen in

Fi gure 4. Wth reference to Figure 4, the teeth 34 and 14 are shown
in a di sengrgegn8osbkitioni khotheiauregugaan, 18nendeeghi 8¢ and 2abmare
notion due to rotation_of_the input shaf& 64 .and ggcentric 63 iggthe
irection oFSRFAGH WLFH FPEUPRARE Qfjinflegtig 5ReTgIdingoacsREFniES 1o

or bi t Contaﬁéiﬁerﬁasg tReOtooth 10t hAd4isDeteaklyasldwhoahh Fidguek he gear
p

30. 3Q The point parked,l on t i nput, .shaft.64 in Figyures 4_and 5
shows tRe pERetFHA BFthechﬁngfgg F@Be%gnt gBPp8§8§? 19 and'Ag%the or bi t
conti nues, ébtngtaeswitliconst anpeheri an thewpoint bff EogtaettBiaade t he

] _ sheupo: e
an oi| 11| nPGiTR 1 CrnmepabPad sSG, fRk, oBRECLS, Wnilh tR°hRRRRERERE, L) Y

oi | fi |l axbhtal mbtiaki bg thet gearwdBhsbhast bot rotate the gear\\B0

98/ 03804 . R PCT/ AU97/ 00443

- 14 - abﬁfttﬁgspsgPFFB% %8 in Figure 7, the teeth 34 and 14 nake
contactowith the point of inflection 52 rolling across the poi nt B of

the tooth . As is-cleagly.shown _i.p_Figur h bteh cirecles 25
and 36 of t egﬁﬁfgafﬁ ;th§ogﬁe °8a?ﬁsggegﬁ§Pﬁ gﬁéeg%%pﬁé?zantéé ot nt of
contact B anddoes HbtVRake tbatagttwidhf the bppogite trfAaceh 4i0sofnehegoi ng

orbital moty R LosiN® §°3L-22:80A5uhe 58! Bhex1AEnIRAY BY proviHRH! vl S
providing a spacing of, fpr example, half a millimetre
15 between the opposite surfaces 19 and 40. However, in some
embodiments, there could be momentary contact between the

opposite surfaces 19 and 14 if desired.

In view of the gear profiles previousiy described with

20 reference to Figure 1, the point 52 rolls across the point
B as drive is transmitted from the gear 14 to the gear 34.
Rolling contact occurs for approximately 4° of the rotation

of the gear 30 and as is shown in Figure B8, the gear 34
then begins to disengage from the gear 14.

25
It should be understood that whilst only a single
engagement between two gears 34 and 14 is shown in the
figures described to date, a number of gears will be in
engagement with one another due to the orbital nature of

30 the gear 10 with respect.to the gear 30. As the tooth 34
begins to disengage from the tooth 14 as shown in Figure 8,
load is effectively transferred to another pair of teeth 14
and 34 to continue supplying drive from the gear 10 to the

gear 30 to cause the gear 30 to rotate about its central

35 axis.



The surfacewd®ssibagbyie adj acent tooth |abelled 14" in Figure pepdu not
make contact with the opposite surface 40 of the -tooth.3if A certalrn
amount of backl ash nmay be provided by . igreviding a spacing of, for.
exanple, half a mllinetre 15 between the opposite surfaces 19 and 40.

However, in sBigure 9c&hotisTRhies geaier @1eauly AesenFRgbar ¥rombad between

t he opposkhgt urfaces 19 and 14 if desired. ~In view of the gear
profil es previous frdescribed with 20 reference to Figure 1, the point 52
rolls across the point B as drive is transmtted fromthe gear 14 to

t he r 34. 4. | Li,ng,cont act curs_far approxi ely 4[err] of the
ro?a??gn F%F“?%eage§P°§6 gﬁﬁ ggagss ﬁg%ﬁeiﬂsFPﬁgE esgeP%e3§ear 34
t hen begi ¥s t Sravedddagephstntheeclearabée aﬁrfacal23sbﬂuhﬂ3§ajugd%%stood
that whilst o aqgi €4 n tween t gears an | S
shown in the ngrf}%u?gé agggrgggggﬁggngg§ geﬁﬁnﬁéa g+g§§3r§1wFPPWEetPR
engagenent w t@etheldnanfeB4dateavlyhdisehgagednsicmeonéd hothle H8aERL0
with respect &LpnkPg1988% t 6% Eﬁg &8€Lh684§r%?f§§$|ns to di sengage from
oad i

the tooth 14 as shown I n Figure 8, ?:ﬁélyt_ransferredto
anot her pair of teeth 14 and 34 to continue supplying drive fromthe

gear 10 10 thhus, S83ingle!EnePtSes'hRatestertrll 691 ALEAE0OH, LhS CONt A
gngiib§)0044%irection of arrow A shown in Figure 1%, -gear 10 §Fegerally

shows the geasfbit£aih Yt SELBECEIbH O Pfow B so HW! .rcontac'f %ﬁf ure
10 shows the ildat surface 46_of the gear 34 S travelling pas e
cl earance surthc®f RN iIeRr 3 L ffause the gean LhEk9 watateain thehat

gear and Fi gﬂﬂéﬂti&mwftil_ﬁrmlr c am&%aéf@?ﬂh% ﬂ%&%ﬂéﬁ%@f@i&ﬁ%ﬂ
one anot her the .. orhit venent o e gear r .
Thus, asfﬁnpﬁ s%?ff t"%%n%’%&e%r#&c??ﬂ%‘f’ec i t‘fﬂé’“"P by arrow A.

Figure 11A shows a diagram illustrating a complete gear

profile for an outer orbiting gear and an inner rotating

output gear. Like reference numerals indicate like parts
20 to those in the embodiment of Figures 1 to 11.

In this embodiment of the invention, the gear profile of
both the inner gear 30 and outer gear 10 are curved rather
than being truncated as in the embodiment of Figures 1 to

25 11. The profile of the teeth 34 of the inner gear are a
complete sinuscid about the pitch circle 36. For example,
‘the curve between the points M and N is a complete
sinusoid. The profile of the teeth 14 of the outer gear
embody the straight section between the points A and B as

30 per the embodiment of Figures 1 to 11 with the clearance
surface 23 being curved in a similar fashion to the
embodiment of Figures 1 and 11. The space 16 between the
teeth 14 of the outer gear 10 include a curved recess 16a
as distinct from the truncated recess 16 of the embodiments

35 of Figures 1 and 11 so as to accommodate the curved
sinusoid of the teeth 34. '



direction of arrow A shown in Figure 11, gear 10 generally orbits in
the directVOP8@P804rrow B so as to contact teeth - 14 of powmaAgenoosd) to
cause the gear 13 to rotate in the direction of arrow C opposite to
the direction of rotation 15 of the inpulbshaft 64 and eccentric 63 shown
by arrow A Figure 11A shows a diagramillustrating a conpl ete gear
profile for an outer orbiting gear and an inner rotating out put gear.

Li ke referencpigur®’ B1A EROWwSatentake DAEhRiRE ?chBhBSEWEQnt f&:ﬁ%ﬁ%gﬁm

of Figures 1t s _enbodi nent of the invention, t gear

11. In thi , :
profile of of BRerh ﬁﬁe?”'b%thSO"aHBaSEt Epkingr piace by coelding aoher
than bei ng trxowleing mStiont BAbLERACLAEIY &€ EhaU18SatibR WRere lthe 1hE
profile og the. f get h, 34, of %:ge ian gear gLe a, conpl et e sinusoid
about the pi - retEcies #3r aﬁ%l oincide;ywith ,phe BRETRLF- t BB points M
and N is a comdeiously esphained, tthe poiht| 6foinfhectish hofded t he outer
gear e raj ecti bet n Qi n A and B as 30 per
The enbodi nontiyaqfas] BHERLLS 16 PRa"FReER! sk Bableally 5iffs cover ihmg
curved in a sintiexsedtidtm ovf t the hpitch ebbelle n25twhth Filge'srofi Pétod lend he
space 16 bet gl . uteer _gear 10 include a curved
recess 16a asl'I &t nIc%eﬁ%n%%é#%%%t%?ﬁteéguﬁ6s%ﬁst‘ﬁg R At S
35 of FiBur én cankhat ab wariouscltoeations ¢oficrellimg moticm e aile of the

teeth 34. int ¢ BUAEMion of ¢ i i i :
PCT/ AUS7/ 004 ??:u'x on o he s:l.nuso:.d_a.Jl 6p1:'ofxle of l._t?lbeu r%oa%

shows cont act34C AR hacniriarahion pf fhe pitch eirqlkeet2h lagd 34 with
the contact pHEFIIGEEHY teddt N O Contad® ks %éﬁ?tﬁéfk %ﬁéé&éﬂ aqy at
e W one

the location where the 5 pitch circles 25 and 36 col nci
anot her. As ard 14 xamains %o appreximatelwi4ht off thef retatdonobft ke

htor sectt on SoR i i Bk Wil Tnd s ol o34 ana ta e 14
I n the -enbodithenmdiaitoim Rigire 1A olax & (juste Heyinningomicaxtiacat wiath ous
locations of thel Poitit e Ghfifedtion of the tooth 34 being slightly
below the pitch circle 25 of the tooth 14 ready to roll
across the pitch circle 25. The point of contact C of the
20 pair of teeth 34 and 14 on the left in Figure 11A may have
completed the rolling motion across the pitch circle 25 and
the contact between these two teeth is just about ready to
discontinue.

25 Computerised testing of the gear profiles according to
Figure 11A show a comparative PCD of 93%, a PCD slip of 0,
radial motion of 0.007 mm, interference of 0 and a pressﬁre

angle of 20°.

30 Figures 12 and 13 show a first embodiment of an orbital
gear transmission which use teeth profile as per the
embodiment previously described.

Like reference numerals will be used in the embodiment of
35 Figures 12 and 13 as they have been used in the description
of the gears according to Figures 1 to 11.



poi nt of i nf{erdgedgesof the sinusoidal profile of the tooth .l?
the intersection of the pitch circle 25 and profil e of the

Contact of each pair of teeth 34 and 44 remai ns for. approxi rratel.y 4 of
the rotation of the 15 gear 30. Thus, for exanple the pair of teeth 34
and 14 to the right in Figure 11A may be just beginning contact with

the point of inflection of_the tooth 34 bejn i ght) bel ow the pitch
circle 25 of O 3TFR %#fea%ﬁ/ 38, ‘ﬁﬂ‘f"‘?eé "%a"é?c?g% ‘t‘ilfé"fﬁac:'ch%‘F?’é‘F@QS
'llz'he poi EELAOf cmpl.t agin C’i-.lﬁfs télﬂ:c?ﬁmeﬁﬂ:i s tﬂ'fel tiaaidy %ﬁ@d@.@%&%ﬂ&é&f%n' n
igure may ,have corrp e rolli t1qQn ac ss t tc
circle 25 and¥: c% éﬁ‘ t%%wjt%q T rvikiely
to di s&onhelfu&ancéfto GheY eibesdinietris NG dd&;g@'ﬁag)rﬁ |&cﬁi§15 bef
according to A show a atlve PCD 93% PCD slip of O,
radi al rmtlonpgf’vd'd%@;" ]tqenteecrcfeé’ltg g:p & AF d't‘?d”f‘&"@?ﬁ#@% Veandte of
20[err]. 30be51§nm§512amto®&ddmwavieemtt}mmmhdmi:ud)fsaam iHenl
gear transm s i ch s t.he di,ment
previ ously deébrg‘lglb\eg? A%%%g'k er en é"'%%t?prrg"al mqulntl?reg) ?elt?"f e
enbodi nent of g88xr Bi0gamds 1:@13!“813033' ciggulare dpemingsc®9.n The gear

descripti 30 86 PRGvAMRS WA ELIIpi%s A WEIch Lokher into the'P

- 17 - opaningst 69hand &he plpteviédedswiftiiredn statdgnaryebycnt Hrake
63. In this egbefaf®gh ebh%h;@ﬁeﬁa%%c?&dbs aneus&.ad 38ck 82 EQ% %‘3 %%’llew ¢

63, but as will be disclosed hereinafter wt erence to ot
enbodi nent s, PAEPEE: Bf ybich) gagokp(sgrewed 1BF9vFBEdbéﬁci‘h§2eG9e|¢tllﬂm 63

as is mentionegtabens. p&ate svbear tnaréﬁ Isomaorahdegmebv\%ensw%;%s “ c
63 and t An or Iae67|s nmount ed bel ow t

gear 30 gﬁd i‘ﬁu:gdﬁgs?ﬁlﬁf: EPr & P gnpﬁgs e prakgcnpchapism) 80g shown
provi ded withifopigperes 12 uhBCh3piQJ§ehehathtbﬁ1y and other forms of

brake mechanism will be readily apparent for selectively
holding the plate 67 stationary and releasing the plate as
desired.

20
Rotation of the input shaft.64 will cause the eccentric 63
to rotate which will in turn drag the gear 30 in orbital
fashion by virtue of engagement of the pins 71 in the
opening 69 so that the pins 71 effectively slide on one

25 half of the inner surface of the respective openings 69 to
thereby restrain the motion of the gear 30 to an orbital
motion generally in the same direction as the direction of
rotation of the input shaft 64 and eccentric 63 (such as
that shown by arrow A in Figure 12).

30 _ _
As the gear 30 orbits the teeth 54 6f the gear Bb will
engage with the teeth 14 of the gear 10 so as to cause the
gear 10 to rotate in thg direction of arrow C in Figure 12
(which in the arrangemenﬁ shown in Figures 12 and 13 is the

35 same as the direction of arrow A).



openings 69 and the plate 67 is fixed stationary by a brake mechani sm
80 whi ch meyos/ersbaide a fixed block 82 and a screw me niPET/7Ip443h can
be screwed into the block 82 to clanp onto the plate 67 to thereby
hold the plate 67 stationary 15 with resict to the block 82. The brake
mechani sm 80 shown in Figures 12 and 13 is schematic only and ot her
fornms of Rbtakﬁoﬂmﬂanhenoutét gear chdli pyoeites cputrer pevert and| gan

hol di ng the g |npd?83€% gﬁéyeﬂgﬁpigl Ehﬂéﬁbfﬁfi§1§§ve 1°adg§|£ﬁg 20

Rot ati on of t cause e eccentric to rotate
which will ingeax nlelmlgz.chezgeanpmrmdmlmmensmnf%m%ﬁ whe irPRE of

engagenent Of?ﬂgftpkﬂssg ntﬁh?rovzdeo &8y [ Pelret NPLEPANE dRive

effectively s on one 25 he |nner surface of the res ectlve
openi ngs §9 t®atio vhichbis  set By nthecorbital tFanspisgien Pregided byt al
mot i on genera# ga}ge3§ag§dd15ect|on as the direction of rotation of
the i nput sha and eccentric 63 (such as that shown by arrow A in
Figure 12). 30 As the gear 30 orbits the teeth 34 of the gear 30 will

engage W tPhtﬂg &f&%b &4 €£1ébeeg%aé éﬁaﬁﬁnﬁsi&caﬂsﬁtm placeeﬁh310 to
rotate in the direction of ,arrow C in_Fi

ar r angenent sﬁﬁ%ﬂs?%sﬁiﬁﬁr%EtEZnQHHrﬁﬁr gh ﬁ%‘égp %% angﬂgydf?%ET?Bﬁ of
arrow A) 10 so YRhOStR8SPlate 67 is released to therehy cause the plate
PCT/AU97/0044§

[ t-he
outer gear 5r59|ﬂ@@eﬁﬁtﬁﬁFaBBWEftﬁnﬁh%aﬂccentf%Ft en oﬁﬁgg%ogaegénple
fron1integraltnkeeﬁneleﬁankmihsxon efifectivelghi £reevheebpowithouh anyensi on

G of Lhe \ Bixe nehlLridehfeila’ LoPLRY] JEa 01! KOLELNoPORCENY! (N 2

drive 5 rati ansm ssi on provid the
gears 30 and plate 67 efﬁeqtdselrorebeeas% the geansyPsEFem theat is place

the H%ansﬂaggkgﬂnéatsrﬂﬁeai Aot iBR 85 kRaBOche ééﬂP' Jor ebeacesd wHtRO

that the plate I's released to thereby, cause the f % 67.to nerely
rotate with twaeceeeprEricsd0 withehhesping 71 simplyfEivingshhesion-

effectively f+geuR866Sprat808Y a6Ythat the plate 67 rotates with the
gear 30 and eccentric 63.

20 Figures 14 and 15 show a further embodiment of the
invention which is similar to the arrangement described
with reference to Figures 1 to 11 in which the outer gear
10 is restrained for orbital motion and the inner gear 30
is used to provide output power take off.

25
In this embodiment, a mast 75 is provided on a base plate
77. Input shaft 64 is hollow and locates over mast 75.
The input shaft 64 carries integral eccentric 63 which in
turn mounts outer gear 10 via bearing 65. Inner gear 30 is

30 provided about-input shaft 64 for rotation relative to the
input shaft 64. '

Orbit control plate 67 is provided with four openings 69
and is provided on the base plate 77 and has a brakq 80,
35 which in the arrangement shown in Figures 14 and 15, is

provided with a pfojeétion 83 which can locate in a groove



drive being tg ed to the gear 10. Rel ease of the
B3Rkt " Fmabrums,

effectively rel'éases the gear 30 fromthe 15.restrained orbit
that the gear 30 rotates with the eccentyjc_30 with the pins 71 sinply.
driving the rel eased plate 67 so that the plate 67 rotates with the

gear 30 and eccegyrheob3dea 28 tﬁaguﬁearlﬁeémsh&§ysbéwtﬁefgahEersenhsﬂ'nent
of the invention which is simlar to the arrangepent descri bed wth

reference to F|gEhE§9EYt3°EE Fhewﬁitﬁetﬁz Siced gEaArionaryp s restrajned
for orbital notion and the inner gear 30 is used to provide output
power take off. 25 In this enbodi ment, a mast 75 is provided on a base
pl at e 77. |nﬁattbhafemqu+§enb+|6hpaﬂet95csfe§ 69e+8naSPV¥§ed withhghe

i nput shaft &4 Qﬁiﬁ'?i wHiEHI PbcREECIA tEe(BoYbi 69 iﬂ the b¥bitNBEAESoQUL EF
gear 10 via bearin Innerhgear 30 is 30 rovi ded bout I nput shaft 64

for rotation reI%}gVQ 3 spcthat yhemthe,ippgy shaft %Xﬁ?@ eSReREFigRafd
67 is provided vaié feeaca@enenes;:ﬁ& 10 B8dreéstiidyed cto Oindéegbasepitat e

77 and h brake, 80, 35 _whjch t_sh 14, and
15 TS " brovimtan B ibERcef SRSIPHRT L CofiaE ey Eained WibRTe che

WD 98/ 03804 opening 6S5. PCT/ AU97/ 00443
- 19 - O87 provided in the outer periphery of the plate 67 to
t her eby Ioc& the plate 67 fixed stationary. In this enbodi ment, the

outer gear 10 i SThhe corbitalindtidme of tige noWtenigedr | aim the t diréottondof
in the orbit co f§64
eccentrics 63 rﬁf"o%‘ﬁ% ro?ﬂﬁeix? %%Qa%%%ée%ﬁ% %%@u%%etoargtate

or bi t al nmotiwrthey mqmt:@fdimtﬁm Tt cthry) input rehowk thy narmw A
opening 69. 10 ag4 hJ@ebgéJp'AéAcf%é&wfmaw N LI1 4P %f&é&@e to
direction of arrows shown 1 n Figure 14 causes | nner gear

rot at e 15 Figures 1 to 11.

Thus, by rotating the input shaft 64 in the direction of
arrow A, drive can be provided to the gear 30 in the
opposition direction as shown by arrow C with a ratio set

20 by the orxrbital transmission provided by the geafs 30 and
10.

In this embodiment, the gear 30 is provided with an upper
portion 30a from which output drive can be taken if
25 desired.

Figure 16 shows a winch generally in the form of a hoist
embodying a transmission of the type shown in Pigures 12
and 13. With reference to Figure 16, hoist 90 is provided

30 with outer casing parts 92 and 94. Input shaft 64 is
provided with integral eccentrics 63 as previously
described. The input shaft 64 also carries an input pulley
94 with which is engaged a chain 95 of the hoist 90. Inner
gear 30 is mounted on the eccentric 63 in the manner

35 described with reference to Figures 12 and 13 and is

restrained for orbital motion by pins 71, which locate in



in the opposite direction Cto the input shown by arrow A as has been
descri bed MO M3804det ai | with reference to-15 Figures 1 toPCT/AU97/00443
Thus, by rotating the input shaft 64 in the direction of arrow A,
drive can be provided to the gear 30 in e~ opposition direction as
shown by arrow Cwith a ratio set 20 by the orbital transm ssion provided
by the gearshobesnf® in oxbit °°ntr°1npiﬂF§ E¥bodPrake, merbagdsm 89 i s

provi ded W tho28sUBRBEtal coﬁ&&bnoﬁlaea svogtubisaagyl put drive can be

taken if 25 desired. Figure 16 shows a winch generally in the form
of a hoi st enbodying a transm ssion of the type shown in Figures 12
and 13. Wt hraetRignefbbaimedt], €tA8, bhﬂk&tmaehhﬁ:.ﬁlolbdeﬂn@Qig%t B outer

casing parts 92 an t ,shaft 64_is p th integral
eccentrics 6%3Bagt, vPBu?#&gﬁ isgmeunted 2 BAWL ﬁgd?g%ﬁgm%SGESSﬁs Ocarries
an input pulieyk thegéom:i'BlV\bllﬁbel s7e5§ae£dnar9hahen95oaa ibeabﬁlibd%

| nner gear gF on the ec éEIC 63 3 ﬁ ngg #

described with F ErE F Bi GAPeBOYT PR R ESngRFeT sWhen PR, aﬁﬁEdlﬁor
orbital nDtlbaaaydp|n$n76xduhltb reteasgei the brake ﬂihﬂﬂﬂﬂaﬂoeo, load

PCT/ AU97/ 0044 . - 20 - s 69 .in orbit
control platé§%9 b%ra%keﬁeg ganﬁ1 815t bﬁ%?ﬁg %r%i?%r con ro?sﬁPng°67
stati ondfy. from the cbntrekbpliatené7.t hThéraketrelimbaten 60 iveprdees a 5

shaft 86 on Mgzgﬁsta?EDHHLGQ)afB@mkeggl ag Fhédﬂéﬁf 58 3 ag t Oﬁgo% Y on

control plate lonary when load Is
not be di sergpgedebhe phulhsﬁsmtb the teat;ﬂedonmhgrne:ipbeml efisthenhe

brake nechanispi88y pPafe. J:H‘Jéhlbf é@kfaleaéetbﬁe@iééebﬁorehahshaéw |

can dlsengage 10 fromthe control ate ~ The control plate 67 includes
can be rotated to withdraw the pawl 89 away from the

15 teeth (not shown) on the periphery of the plate 67 to
thereby let the plate rotate as has been previously

described.

Outer gear 10 is arranged about the inner gear 30 in the .

20 same manner as described with reference to Figures 12 and
13 and the output gear 10 has provided on it an output
pulley 98. The output pulley 98 receives chain 95 which
extends from the input pulley 94.

25 The casing 92 may include a hook 99 for suspending the
hoist 90 so that a suitable load can be connected to the
chain 95 extending from the output pulley 98.

By pulling on the chain 95 which extends over the front of
30 the input pulléy 94 and which cannot be seen in Pigure 16,
the input pulley 94 is rotated in the direction of arrow F
to in turn cause eccentric 63 to rotate so as to cause gear
30 to orbit as has been previously described. Oxbital
motion is transmitted from the gear 30 to the cuter gear 10
35 so that the outer gear 10 rotates about the axis of the
shaft 64 to in turn iotate the output pulley 98 so that a

load connected to the chain 95 can be lifted.



teeth (not SHhewsb r receiving the pawl so as to properly e
i ' pl 5@@%@%&

pawl 89 with the teeth on the periphery of the contr ol

to release the plate 67, the shaft 86 ogan be rotated to withdraw the
pawl 89 away fromthe 15 teeth (not shown) on the periphery of the plate
67 to thereby Iet the plate rotate as has been previously

descri bed. 1Q is arranged about the inner gear 30 in the
20 sane mann®&¥ 3&”3 c%ag'@G ‘%@f&@é’e %% 89 RF &° BropFotatipm ofy
the output geghel@npat Pulliede®40and! idpudlighalft 64,0 WHeS Y A% QEh%uﬁ.szt

pul l ey 98 receives _chain extends fraomthe |nput pul
25 The casi nﬁagflﬁa?‘ﬁsﬁa“gag]a’lﬁboﬁhQQtF&nm Foed by the aeagc@: o)

that a sui%abB@ hnddlOamefrelgo &mﬁ.ﬁdnbo staeionardNantils ehet ehgdiiRd ofs"
Lhe chal n 95 whi ch extends over

the output pu 9 ling.Q

the front of é%gx{lhgulﬁﬁﬂt tﬁu#’ §‘§H°a ﬁf‘rf‘gh"egﬁﬁ'&?tbezgét?ntmnﬁhgare 16,
t he i nput p;JI leydgﬂm app?u.adettm thehehdine65j, oghef laadowill ng_t% %a'ugﬁt urn
cause eccentr e caus rbit as has
been previ ous*y d g%gbégd%ggg? ?eégusﬁo??ogg eFFﬁﬁ'gﬁ?'th PROWRAEB gear
30 to the outtheggearidsigousbedhat Ifhitoisedegiredlbor slaFRE1§0bireke
axis of e ¢n t s L Opat yt put y o that a
| oad connect ed ?oi@éu ﬁ%l n S@ec{%&be %|§f ?%éuﬁ S g?\&é@/’%ﬁﬁ%

PCT/ AU97/ 00448%tends over and behind the input pulléy-94 can beBpulisgl y

rel easi ng thegg S f ey 94
and i nput shaJr_t h%‘zi‘t: ?ﬁ%élc)%g%r%&: f&é’aéQﬁaih?%I ﬁp 32%)%%(18%1&Q8€%°€ Jé

transmi ssi on ¥Hretheyiead QRaFhe chaim ¥ whicheextendenerer nthet eutputry
until the chaiuLBdyise. as aﬂeéﬁﬁ&i Qése£Dhbd NUERS | hE éWVé?é%& Byen

t hough a l.oad i ie t he chal n 65, t he Ioad W not cause
the gear bdx ﬁ?]ﬁﬂ‘ff’%e’ggﬁs% %F %rcc’e?lt:!-‘? 'B% becapse rL engﬁmyearf-’fs

mounted. |f itthe padelsigedeitth stkhghtégtﬁ Ofdt shown) on the periphery of
the plate 67 which maintains the plate 67 stationary and
locked whilst the hoist is loaded. If it is desired to
release the plate 67, the load must be removed to emable

20 the pawl 89 to be disengaged from the teeth {(not shown) on
the periphery of the plate 67. This prevents the
possibility of the gearbox being released and placed in
neutral while the hoist is loaded, which would merely cause
the weight taken by the hoist to drop under gravity which

25 would be extremely dangerous.

'In the embodiments described with reference to Figures 12
to 16, the orbit control is provided by a plate 67 which.
includes openings which rqéeive Pins extending from the
30 gear 10 or 30 which is mounted on the eccentric 63.
However, in other embodiments the arrangements-could be
opposite to that which is shown witﬁ the pins beihg
provided on the plate 67 and being received in openings
formed in the gear 10 or 30 as the case may be.
35
Figure 17 shows an embodiment similar to Figure 16 but in
which the orbit control plate 67 is replaced by a



10 the load, then the chain 95 shown in Figure 16 which ext ends over

and behi ndwOIs8/0888dut pul |l ey 94 can be pul | ed so t hat tPEI/4usnied43
rotates in the opposite direction to lift the load on the chain 95
whi ch extends over the out put pul Iey®28 As previously described, the

brake 80 cannot be 15 released while the hoist is |oaded because of _
engagenent ofregresgiye BoRtBl \gear tHP ¢ e AFNIRFLENFPPLERL t9RaPetiBhery

of the o eeddeMich wRien %ﬂEa&é‘ Qrit i torfthr L %é&mrnﬁrﬂmvmea
| ocked whilst the hoist is | oaded it,is desired rel’ease the

plate 67, théT R SxLengion IR Rf tt'c}men‘éiﬂ%‘ Apay r%opavﬁ'h%glﬁ%e’begear

di sengaged fraom é¢dieriest thd Néet B )wiith engddie Wwifh IR Ve &dtk hEg phat e

67. This revents t he ossi bility of the gearbox bei rel eased_and
placed in>  OutRRgeRT 49 1R (he iang nanner ki PRATIEAI0I PHF P94 cause

the wei ght t ajegd Mnamaméf te HabeI IR gHoaN| iH Mgﬁbéiv Weukgebe

extrenely dangerous. In the enbodi nents described with reference to
Figures 12 sane as thake dpsgxiheshiwisth izefaradateEdFigyet6 67 which

i ncl udes openi ngs which receive pins extending fromthe 30 gear 10 or 30
which is nounted on the eccentric 63. However, in other enbodi ments the
arr angenent s TR xpgRessive gepttal geath 410 His maintaisgd \tationany ey

being 10pr tdlaskOfe (4 it &l 61604 1304 dheides- ra&cesd/%w Pretareiyels oy

formed in the gear,10_or 30 as the case may be. Figure 17 shows an

enbodi nent sidfsFiRed Mnd, xestrighs the geay, 39, %é"%ﬂﬁiﬁ° FRIAL pl ate 67

is replaced gothion as tHe Vedbi¥ilic 63 rotates. The orb1ta1 motion is

PCT/ AU97/ 00443 . ressive
control gear A%’“ﬁe"g’?ﬁ & FhH9as e dbich ca“ser?a§1’(°eéﬁ? 20 ¥ ch
engage w t h omtiatd dAlsaith the8 pricyicethe inputashafiterid ao Afbrate télse | nner

gear 30.,d %{egﬁﬁrel;ry fa”,gé:ﬁ; dﬁ%m%ﬁt&esg}&gdml ch engage with the

teeth 14 of e sare nner ~as previously descri bed.
The renmai nder of the h0|st 90" shown in Figure 17 is the sanme as that

described w ighdefafaB15e P JPdHY @olDlace the transmission into
neutral, the brake 30 can be released so as to move the cam
89 out of engagement with the gear 110 so the gear 110 is
20 free to rotate so the gear 10 rotates with the eccentric 63
rather than undergoes orbital motion so no drive is

supplied to the outer gear 10.

The use of a regressive control geai provides extremely

25 large reductions in ratio by virtue of the fact that the
input gear 30 is able to rotate in one direction such as a
forward direction with respect to the regressive control
gear 110 whilst the gear 10 rotates in the opposite
direction so that the ratios between the gear 30 and the

30 regressive control gear 110 and ratio between the inner
gear 30 and outer gear 10 effectively multiply to provide
an enormous reduction_in_power from the input shaft 64 to

the outer gear 10.

35 Figure 18 shows a deck winch for a yacht which utilises the
orbital gear transmission according to Figure 14 and 15.



The regressiwgofidahs 0! gear 110 is maintained stationary by /A0S dehake
80 in a simlar manner as to that previously described and restricts

the gear 30 to undergo orbital noti on.agathe eccentric 63 rotates. The
orbital nmotion is transmtted to the gear 10 which causes the gear 10

to rotate aheeé ageinaxi 3iré kBeerBRde aha&hﬁé te EfbakCuled ka output
pul ey 98 as preyiously descri bed. gain, in order to place the
transm ssi on |nF¥9“r°snéﬁtFﬁﬁ 1FhérﬁrH§8536nc§ﬁgﬁ€°réPeased so as to nove
the cam 89 out of engagenment with the gear 110 so the gear 110 is 20

free to rotate so 10 rotate mnth he eccentrjc rat her than
under goes orbiti ?lgﬂggglﬂﬁnﬁr?% E? QupbPPEB Fg‘Fﬁesﬁuéérmﬁé&Feﬁo
The use of & regozssouatﬂoatonlmgsar7pranadEQ Relacinl plabe b?rﬁenut 115.
Sbi'e to rotate KivoRek krRatT ofmeticRRaRel o2 b, Sapnon, BEkRORRY, fpout
respect to the sbgf9364v900pn0vnde rotationl1t6 thel $hptbeshaft §4.r oGakes
in the opposit ecti th he_ctati os we r .30 and
the 30 regresg?% %b% rBf°8£%§8 ééﬁ% 24 b%tggéﬁ ?ﬂ%°$ﬁﬂ§?g 8 gear 30
and outer gear dﬁhniééctbvwigchu&rwmlyzoabpravrdechet 122 enorheuaineHuatimn
i n power frgmt tEfad F.gure 18
shows a de%E #¥?1¥%$£%§€2%%f§3ﬁég ??*?geggt Eﬂé%%bl?afégearbg
transni ssi on ad@%#@#m@ 121 el is arwanged in rQ!P%@¢088©h respect to

PCT/ AU97/ 00443 the ratchet 122. - 23 - Once agai n,
| i ke reference nunerals to those used in Figures 14 and 15 are used in
Fi gure 18. In the enbodi nent of Figure 18, input shaft 64 is nounted

5 for rotationrfs MBflen e dinsutcdkh £ mas@ éwtécéulh&lé £irst” A W nch
handl e (nolt.SShcamz)ecCtainorP ebye ntheg%(vju\z,\cn:ltx qmngl not shown) drive can be

directly transferred via ratchet 121 to the drum 120 to
rotate the drum with a 1:1 ratio with respect to the input
shaft 64 and with the ratchet 122 being overrun so that no
drive is transmitted from the gear 30 to the winch drum

20 120. when the input shaft 64 is rotated in the opposite
direction, the ratchet 121 freewheels and the ratchet 122
engages so that drive is transmitted from the gear 30 by
the ratchet 122 to the winch drum 120 to drive the winch
drum with a reduction set by the ratio of the transmission

25 formed by the ocuter gear 10 and the inner gear 30. As
described with reference to Figures 14 and 15, the gear 30
rotates in the opposite direction to the input shaft 64 so
that when the input shaft 64 is rotated in the opposite
direction to that which causes drive to be transmxtted

30 directly through the ratchet 121, the drum 120 will
nevertheless rotate in the same direction as the
aforementioned direction so that the drum 120 always
rotates in the same direction either with a 1:1 ratio or
with a ratio as gset by the transmission formad by the

35 oxrbital gear transmzssxon formed by the gears. 10 and 30.



shaft 64 to provide-rotation to the input shaft 64. Gear 30 whi ch
provi des. ow@ss/3so4 ve in this enbodinent is coupl ed t o raTatYTOR 120
by a ratchet 122. The winch drum 10 120 is also directly coupled to the

i nput shaft 64 by a ratchet 121 whi @4 +s arranged in reverse with
respect to the ratchet 122. Thus, when the input shaft 64 is
rotated i n aAlthoughSnoti shewnenbeprings\mayhbrapapridad: bekwmep ¢heve can

be d'reiﬁbﬁttﬁﬁﬂile%hednh'%hhahﬁﬁét732lnh0aiﬁs QEHWB&EQtBQ jnput' Otate
the drumwith a 1:1 ratio with respect to the input haft 64 and with

the ratchet 2hafkcfigasdeithengedrt At £RE suppogtipg F?lﬁFéﬁgnFFFeGIPPon1the
gear 30 to the vhBslh dbmposents20. Wen the input shaft 64 is rotated in
t he opposite direction, the ratchet 121 freewheels and the ratchet 122
engages S that drive is transnltted fromthe gear 30 by t he ratchet

122 to the “@H@hbdbﬁnbiaQetQldhhyealBB vhppbrt a r8peNyWihB a2neduel i on set

by the ratio_of the transm ssi on t he_quter gear 10 and the
i nner gear 38@idiRg r°pﬂe§BFPbéﬂdiPFh°%5fEgﬁnéE“Polgpgures 14 and 15, the

gear 30 rotates in the opposite direction to the input shaft 64 so

t hat when thg, i ngut s t 64 is rojated in.the osite, irectionto

that whi ch cgh e i32Bt83393§F3n§ﬁ1PF831§59 8?$§C§F§rfﬁ98u fi°Phe rat chet

121, thdaodr uaupdlrvihly rotandwvar bfcthesdrahall0i pelarivantodtheckhagtas t he
rotates in the

ggﬁ;engéL?ng g: %&p§§fgos£ggkcgh Pgrgg]&gg afmﬁxal?aflo as set by the

transm ssion formed by the 35 orbital gear transm ssion fornmed by the

gears 10 andyg30 8
PCT/AU97/004I§ the emhodlmxgkg AQ§§94bed one of 5he inner gf?ﬁough T ot

shown, beariP@EeFageds %Po%?d@ﬁ“%ﬁ?ﬁeﬁﬂrtﬁ@tathFnﬁatasﬁhﬁft6ﬁnﬁn§hﬁhe mast
75 and alsso @@E&Eeaeﬁhezh”?ﬂbtrnznsaafér66rﬁ£9a1hﬁogféﬁ 30xh0EnaugPorting

relative rotation of ,t hose conponents. 5 The_base plate 71 may
al so suppor t SESEEMR, (URAike 8PRE, gear gYsHeng ?Bthﬁn%bkandWBPrBff t he drum
120. contact is basically tangential between gear teeth, contact

and engagement is radial. Rotary motion is transferred by
virtue of the cyclic orbital movement of the orbiting gear.
20
Furthermore, whilst in the embodiments described, only one
of the gears is controlled for orbital motion, embodiments
could be provided in which both the inner gear 30 and outer
gear 10 are arranged for orbital motion. In such an
25 embodiment, engagement of the respective teeth of the inner
and outer gears takes place at the intersection of the
cycloids. Double orbital arrangements of this nature are
disclosed in our copending Australian Patent Application
No. P0O3739, the contents of which is incorporated herein by
30 this reference. |

Since modifications within the spirit and scope of the

invention may readily be effected by persons skilled within

the art, it is to be understood that this invention is not
35 1limited to the particular embodiments described by way of

example hereinabove.




The drum 12@:o98%3gd4sS O ﬂmm’ﬂ mw bearings from 10 supperfduss/00443

rotation of the drum he shaft 64 and support surface
108 of the guide 123. odi +e25 s-descri bed, one of the inner
gear 30 or outer gear 10 is nmounted for rotation on a shaft and the 15
other gear is I '@lipis’ Sereirlls MrmEOIhOBNTION ARBSES ForLBYWEETS, unlike
spur gear systens or the | 1 ke, where contact 1s basically tangenti al
bet ween gear teeth, contact and engagenent is radial. Rotary notion is
transferred by 3, virtuea eabef&ycaﬁ%fmﬁ&nlgmemﬁmej ihereabhlying
gear. 20 Furt her nor e, I | st the enbodi nents descri bed, only one
of the gears is controlleﬂ ?%ﬁrdP noti on, enbodi nents coul d be

provi ded inswhich both the pmlwroﬁcaﬁ&m eteeth @¢thdOg@ae Boag)ged

for orbital notjion. In syuch a rrbod men enent of the respective
teeth of the i eng %Woh?'é?n@%i kee e%épﬂc‘g“g T19¥™F fht er secti on of

t he cycl oi ds. Doubl e théiphiralitangefrenttsexial tnaaamthu\e:.ﬁea contact
di scl osed in ou n I t] P 739
the contents ofguvﬁtcé)‘o‘?ete %&? n‘g%g%%%t%lggéi%h @PB%Egt%l?tgef ef ee?xé'h ca®

Si nce nodi fi catoppesitie Burfacespndt and scope of the i nvention may

readi |y be,gffected by peioNSortddd Sid tfa ving | e %’.ﬁusditdif pfoffle

understood that this invention 1s not 35 e particuliar

enbodi ment s defdanseathyleopst gpart Ofex%lkﬁmlewﬁm contact surface,

- 25 - THeHd Ydds BEFDNG Tﬂﬁ:éﬂ\l\ﬁ%ﬂ\' %Asizﬁgdﬂé& prole&
An orbital gear system ingcludi an i nner and an outer
gear; 5 having,a ippint "’T'Htﬁ"rfg‘%f‘ p‘r‘iﬁ%ﬁ?‘?f‘tﬂsm ?l]a}Y on theth,
the plurality giteH &irdld asf the\gemyx a cont act
15
2. The gear of claim 1, wherein the sinusoidal

profile is defined by the following equation:

= F(D)Sin{nwWDOg (¢)}
20
where D is the diameter of the pitch circle
W is tooth width
E is eccentricity.
6 angular displacament
25 within the constraint the D of the inner gear is more than
two thirds the D of the outer gear.

3. The gear of claim 1, wherein the extermal teeth
of the inner gear are truncated having a generally flat

30 outermost surface and the sinusoidal portion of the contact
surface extends from a point radially inwardly of the pitch
circle of the gear to the truncated surface.

4. The gear of claim 1, wherein the opposite surface
35 of the external teeth are also provided with a sinusoidal

profile along at least parxt of the length of the opposite

surface. The sinusoidal profilé of the opposite surface
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surface and a opp05|te i nner gear having a |tch circle,
t he cont msmc “muinﬁmmm i nfl ection | ocatf&/APHMRM3p; ¢ ch
circle of the first he outer gear haV|ng a plurality
of- i nt ernal teeth for engagenent With The external teeth of the inner

gear, the internal teeth having a contact surface for engagi ng the
contact surpaviéngfatpeinktefninfieetionfleopgated onnkbe pitech thecdet of gear

havi ng a pi¢gd EbiflesanHaé5the ?aar can“@ﬁéfh %ﬁeﬂo%ﬁefbgﬂﬁkagﬁﬁﬁ and

outer gear are assenb ransm ssi on O ower rom one of
gears Bet'ﬂeset%nen?ﬁé tge‘ahs',che heoRkRgE aﬂafeaeemageaw gnutrgs

subst ant i alyythaghal :.ﬁﬂeﬁﬂ&m?eéeﬁﬁdoﬁoi:ﬁé eaeéacge&&t int8Re airBeLALNOf
i nflection of ,the externa teet eng gﬁand 20 rogpkgg across an only

poi nt on t ™o 3c?“§ﬂ?+ Ee’%f teely bae bERanEPRFAFEWher €
the pitch Csu:cfmefftbherotatbuheingﬁhé opposieet dirderfont act surface of
the outer gear. 25 2. The orbital gear systemof claim1,
wherein the contact surface has a sinusoidal profile. 3.

The orbital5gear systThe cfext apfn aimhel ciwhéiein thmmmdalamofl le is

def db 3 D t he
d?ahgfer > éﬁ éfééo%ﬁgg?cgyaéfoeee 2“? ?%fréé?ﬁh %rferﬁ%ffgoéiéﬁﬁ?P|C|ty
[err] é&mnw#thuseﬁneswmﬁm one anethexrihe constraint the D of the inner

gear is nore than - 26 - t wo

thirds the D of the outer gear . 4. The orbital gear st em of
claim2, wfrein the The gear of claim 1, wherein the contact sur ace

of the internal gears is an inclined flat surface which
extends from a radially outer point to the point where the
15 pitch circle of the cuter gear intersects with the contact

surface.

7. The gear of claim 1, wherein the angle of the
- flat surface with respect to the radius of the outer gear
20 is determined by the derivative of the sinusoid forming the
sinusoidal profile of the external teeth at the point of
inflection of the sinusocidal profile.

8. The gear of claim 1, wherein the contact surface

25 of the internal teeth extends radially inwardly from the
point of intersection of the contact surface and the pitch
circle of the outer gear to a radially most inner point of
the internal teeth.

30 8. The gear of claim 1, wherein the internal teeth
have a opposite surface which is a mirror image of the
contact surface with the opposite surface becoming the

contact surface in reverse motion of the gear system.

35 10. An orbital gear system, including:
an inner gear and an outer gear;

the inner gear having a plurality of external

e P TR

Al .‘_.," i~ {TH'S SHEET HAS BEEN eet Has Been RTlaced

B . B 1111




external tagdlosaised eyl Mﬁ ‘lruncat ed having a 5 geeEAebinoghd at
out ernost surface andn‘mm‘\m‘“}“ ) ! ortion of the contact surface
extends froma point radially " ‘inwardby2®f-the pitch circle of the gear

to the truncated surface. 10 5. The orbital gear system of
claim?, wherdotll? che GPRERLLEy SUE!8kEoRhal EaBERCHATING H hdiiitad SO
provi ded wth a sinusoidal profile along at_|east part of the length

of the opposi t8uEfa¢ecand #ORPASLE? (BRTERGEr | EhBf cPREaCt syxyfase hawindce
having a poi nta OfihikéEdil OprbPLTé calléng 18t 188s8i baRtCHECkBeON dndt HIFH -

so that the gear can o&_’erate i n both forward d reverse directjions
with the contathe COntIFE BREFARSnthe 1BRET \JEAT RAVIRT A RAtCR i TG laine
out er gearthd £Lusbid@sl i profile tevDRFOsi pELAHN bECEnElbRE LY Nbcated

becomi ng the contact surface,foy rotation_jin the o posite 20 direction.
6. The d&7i'th® %’é‘fhs%f‘é#ﬁo? 2‘7’5?5&’,’3%%?%$n t he contact and
opposite surfaces of thelsxtaatmt gesat lheering a pluralityi 68genveichalespect

to one anot her 7 T i r t claim 1, wherein
t he cont ac‘%eéta?f%%’é %xf‘g?‘%eemel%{]gvf%lP %%%r%gﬁg %fi ﬁ%gﬁeﬁff Fglf inner
surface whi ch gesmendshe rinternak tedtth chaving ok ncontactesurfapei foxwher e
the pitchqygir : t Gear d C ] C face.
8. +§e or%%’fﬁ%g‘g?ys%? em ofé‘gﬁ%gzéf e? e%{:?#elnf Eg%%g] éfz?' 5:'tahe
flat surface \inner ggaxt the tortepdrear davirg a pitebrciraleisandt er ni ned

by the derivative of theyuruist Gl v Nidiedt Nfest 'WiS® ditep’ ghhkeath the
external teeth at the oi nt of i nif | ectjon of the sinusoidal_profile.

- 27 - g assembled, £ Vi immeiccit %%/s‘?fe RYrexT | Ly om 1onqhef cFhe; geaxs
contact surfaa®d athd hxher asfhalhd eaidr=cXtutidl poirxt abf yinflection of the

15 external teeth engage and roll across a point on the
contact surface of the internal gear substantially where
the pitch circle of the outer gear intersects the contact

surface of the outer gear.

20 11. The orbital gear system of claim 10, wherein the
sinusoidal profile is defined by the following equation:

Yy = f(D)Sin{nwDOg(¢e)}

25 whexre D is the diameter of the pitch circle

W is tooth width

€ is eccentricity

0 angular displacement

within the constraint the D of the inner gear is more than
30 two thirds the D of the outer gear.

12. The orbital gear system of claim 10, wherein the
external teeth of the inner gear are truncated having a
generally flat ocutermost surface and the sinusoidal portion
35 of the contact surface extends from a point radially
inwardly of the pitch circle of the gear to the truncated

surface.
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i nwardly-fromthe point of intersection of the contact surface and the
pitch ci r\YDePWhe radi ally nost inner POI/AUITE048e
internal teeth: mm “lﬁm“l\mumfb. taI gear systemof claim1, wherein
t

he internal teeth Kave a"opbosite qBrtace which is a nmirror I mage
of the contact surface with the opposite surface 10 becom ng the contact
surface in reverse notion of the gear system 11 A rotary
transm ssi mechani s I nc g % % hayi ng, cont act
el enent s; Qjéb' ﬁ% won%fb%?im: %sﬁﬁmc%fnt%]é el ?rbn‘f' °F8¥n the

engagi ng t eppositet surﬁnrsﬁt Qfotheheﬂ:emlbbdgthndre alsoaprbvﬁ.diadg rotary

motion fromgide LIQSL%QQQXBEOpkggxle aigﬁangtbQQXBt of the igﬁg% the

first body or secon 0 arranged for notiron re ve to
the ot hér fi¥he onwnt:;p gnriagend 'Bbsyslaﬁaoidal profxle pfietbeenent s of

the first Woéﬂéesﬁﬁfﬂdcéoﬁlviﬁg a p6PAtask Mﬁe@ﬂfoﬁ@&gﬁﬁeﬁwﬁﬁn rotary

notion is transferred, execute cupsoid cycloidal notion wth respect 25
to each ot Hore itehgsiEciaders F9°b9°arr oBRi éb‘ﬁoﬂ‘ﬁngear gan.eparake

el ements Wid 96€h0fotweral 8ARNLeveLE8Ki 88r8Btions SWwhEhathsakbbitacR0i Nt of a
surface of the_oth

th I t w30 12 Th t
transmi ssi cﬁP’F@%‘ﬁﬁMB? gPﬁFﬁ?gl‘;%ggg gaﬁefﬁFﬁr’?ﬁ% Eﬁ??ﬁc@gi r§gﬁar§¥‘ﬁ&§oi dal -
surfacep thpestnimoodal direcplohi andbehagoppbsiee byurfaecefeffavtigely
equation: glidingSene c8HER8:DabiehDS PLATELELeon' IR PRUCDRROLEES VY

is tooth w
direction.

14. The orbital gear system of claim 10, wherein'the
15 contact and opposite surfaces of the external teeth are a
mirror image with respect to one another.

1s5. The orbital gear system of claim 10, wherein the
contact surface of the internal gears is an inclined flat

20 surface which extends from a radially outer point to the
point whexre the pitch circle of the outer gear intersects
with the contact surface.

16. The orbital gear system of claim 10, wherein the

25 angle of the flat surface with respect to the radius of the
outer gear is determined by the derivative of the sinusoid
forming the sinusoidal profile of the external teeth at the
point of inflection of the sinusocidal profile.

30 17. The orbital gear system of claim 10, wherxrein the
contact surface of the internal teeth extends radially
inwardly from the'point of intersection of the contact
surface and the pitch circle of the outer gear to a
radially most inner point of the internal teeth.

35 '
i8. The orbital gear system of claim 10, wherein the
internal teeth have a opposite surface which is a mirror

"3‘ ." This Sheet Has Been Rei aced




Eﬁ%&lrgfn??‘ﬁﬂ“@ﬁ?‘ ﬂl\ll{ﬁl &Illuﬁ]]ﬂfﬂ more than - two thi 1 ASTAD? B the

out er gear. tal gegs transmi ssion, |nclud|ng

an inner gear haV|ng a pIurallty of external t eet h;

outer gear e %P'Hﬁé" J:&X:Qét' E&EEQ@L %cht Gﬁ&hogﬁbsigga% ST t h ”‘e
ext er nal teet e inner

outer gears mggmmntbq eﬂntactaﬁuééeem ipcrawepee, motion of the gonbnt
control maans8 SfeffN0aQ0Ii Ng the inner or 15 outer gear which is nounted on
the eccentric nmenber so as to control novenent of the inner or outer
gear nounted on the eccentric nenber to undergo orbital notion;

brake neags fpg, engagi ng rdweasy bitakahi 1 oREROS ;sﬁndzﬁemai‘hgtng the
orbit control neans statlo'naré/ so_as to, 20 contr orpital notion of the

i nner or outer gear nothtEF %"R%e‘?ﬁ??%c‘anﬂl?mﬁﬁﬁlsh t he brake

means: and a é&&ﬁﬁﬁfh&dfGﬁéﬁﬁh@gbéiﬁhﬁﬁa&E&h@ntbnféﬂrn1
release the orbit gontr.ol ns so fhat the ' means no

rbjt
| onger contro?’ég?ﬁﬁﬁ‘iatfh?m??’b % ¢ ?‘?ﬂﬁ%ﬁgrtéﬁ bﬁFErLﬁ@Kraﬁén freely
rotate to pl aneandfedrimstotsaon motion fraguthel £irst bod¢. to theThe

orbital ggar tra1§¥1 é n of claim13, wherein the orbital contro
nmeans i s ST %ol 30 pl at e havi ng openi ngs or pins which engage
with respectively mnﬂs off theefiinpt dedheor econd body rbeing whi ch

| s mount ed OQg%Qﬁﬁﬁﬁfeln (frbital méé&on re gtg»gr@*t@iagg€£e£rg§sgL§S|on

of claim13 ontrol neans Is a regressive control
gear having é@&ﬁqxﬂﬁrﬁ%ﬂﬂQ§lQﬁ@ﬁ@émﬁ%ntroI gear teeth provi ded on the
i nner or outer gear NDWHeL G1lUkerdts of the first body and second body in

15 contact with one another, when rotary motion is
transferred, execute cupscid cycloidal motion with respect
to each other and engage radially by a rocking motion '
between the elements with one of the elements rocking on a
sinusoidal surface of the other of the elements.

20
20. The rotary transmission mechanism of claim 19,
wherein the sinusoidal profile is defined by the following
equation:

25 y = f(D)Sin{nwDOg(c))}

where D is the diameter of the pitch circle
W is tooth width
€ is eccentricity
30 6 angular displacement
within the constraint the D of the inner gear is more than
two thirds the D of the outer gear.

21. An orbital gear transhission, including:
35 an inner gear having a plurality of external
teeth; "
an outer gear having'a plurality of iﬁternal
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- 29 - eccentri The orbital gear transm ssion of

clai m 13, WO %8/38e4 elmlm,emlur'mgmmgl n is included in a w REMAUMEOBnNCch 5
is in the formof a hoigt mavingsaninput, pulley nounted on an i nput
shaft which is coupled to the eccentric¢ and "an out put pulley is coupled
to the inner or outer gear which I's not nounted on the eccentric so
that drive | &eeth tfiomeangagementowitde the axtannaldy teetihof the métr to
the 10 eccegfdar; tO the inner or outer gear mounted on the eccentric
and then to the inner or outer _gear which is not nmount ed on the
eccentric and then to % &k fhe peasgy ox outer) gears befing masnted gqmr
transm ssi on agf edcdndBiie L&mﬁﬁql udﬂ:l in a deck winch for a yacht, the
eccentri c. bei ng coup ﬁq__nto i.n ut shgft which.,is rotated by a w nch
handl e, the deck wi nch SF&RH F \?H‘F@‘gé"ﬁgoﬁg‘e inney |9¥ dr awn
in or rel easettar tdaxv\nwmh:h t:i.lﬂandmuﬁd&‘ldig the etdertidd Gdnlier NEWitashaft
by a first r%tchet 39 that eﬁgn;) rLIZ% tatlon of the I nput shaft in_one
direction, dffv&o¥ SRY OFg the, ITReT A7 pMter, 999F FAFRERA 1R at e

t he drum tivet Ieca:em:r:g:am &o tundengee orkitall eotgear. whi ch is not
nounted on the eccentric nenber al so being coupled to the drum by a
second ratchet which freewheel s when the input 25 shaft is rotated in the
first di¥®ct28r but whiThie &xgngmission,meshendsmnpfit cdmii 235 mitextesich i n
the opposi t etfiel Balaike meansS G’ Rrlovidel fior oAy the' ik uite &;,M@i

gear transm ssion and the second ratchet to the drumto rotate
drumwith a BePRE ARd paintaiming the prbit; veqtmlomeﬁnsosmmao

transm ssi onasal&d ot ridle ohibithall sltioh of thecawhnes b&gdd%@} tJhH?a.:} nEUt I
shaft is rot t he opposi t.e dir,ection The orhita
gear transms eg‘f f?,%%\?% 1% &PS 5\"&8%&&? EF&F‘F Peans; fasl ke a
mast of i5he rnpatnsed sshat’st ticaviedgasehthieowrbit ceotiroilnmealns Rstthat :
the orbit control means no longer controls orbital motion

80 the inner or outer gear can freely rotate to place the
transmission into neutral.

20 23. The orbital gear transmission of claim 21,
wherein the orbital control means is an orbital control
plate having openings or pins which engage with
respectively pins or openings on the inner or outer gear
which is mounted on the eccentric.

25
24. The orbital gear transmission of claim 24,
wherein the orbital control means is a regressive control
gear having gear teeth which engage control gear teeth
p:ovided on the inner or outer gear mounted on the

30 ‘eccentric.

» ‘,.

25, The orbital gear transmission of claim 24,
wherein the transmission is included in a winch, the winch
is in the form of a hoist having an input pulley mounted on

35 an input shaft which is céupled to the eccentric and an
output pulley is coupled to the inner or outer gear which
is not mounted on the eccentric soc that drive is
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- 30 - wb938/03804 transm ssion of clai mﬂ@r,mﬁ,m
t he brake neans corrprn ﬂ lm !lm“t menber for engagi ng the orbit
control neans and hol di ngc t he orbst <cont mal -nmeans stationary. -5

20. The rotary transmi ssion of claim 13 wherein the rel ease rreans

conprises a handle fQ M cg;Qe;%@%eg‘ﬁt‘i‘;i%? ﬁgarggftotﬁ’ﬁ tkli#

t he brake neans engages the or
control neanecseatdcar Foathe) iznessior entere geaxy m@m i s

remved fromydigne ricOiabiel cHRM ke +HRANBNIS LR Ydlat WITHH ol TRADS 1S

abl e to rotate free An orbital gear transm ssion

i ncl udi ng: 1®ounted on t¥‘3 PFF?P"-&'&FeP”&e&Peﬁa\FPn&h& M‘? mulkey nt er nal

t eet h; 5 a second outer gear having a plurality of i nt er nal
te‘eth; an_ i ngu% hayi ng an eccentri¢; 20 a first

i nner gear, Rfving a pFRPaPFPYtEt gSaTckrapmuispiernofofled® @centric, the

teeth of theihclatled in anascsee&nenqagrna yhehteen:heobddﬁa‘mrostbémger
gear;

secon l,ng_a I ura ity of, ext er nal
teeth, on t hEBPLER: %F’c“‘t f‘r?pflg ﬁa% ?Hécgeégnﬁ E’P' ée Mnshagi ng the
teeth of thehandded chbeﬂegkaw;.nahdhavzng a drum faur aut:pitvmmjm exbpied t he

second quf er gegL. arawn iflor ﬁgﬁalgg %gn?ﬂ‘esfak Pér I egledid %tlon her

i ncl udi ng brake nmeans f or gear y and
30 release qgupiedotosshsctnputyShsEBabyng fhiwsbr zhtchesnso that wn

The orbital i-&égéﬂbﬁsb@”tﬂfa %Lﬁ-h@ Zﬁaf’é’“%ebﬂgt 88rectibhl,SaAY S&FoNd
i nner gears are Integral wth one anot
transmitted via the ratchet to the drum to rotate the drum
with a 1:1 gear ratio, the inner or outer gear which is not
15 mounted on the eccentric member also being coupled to the
drum by a second ratchet which freewheels when the input
shaft is rotated in the first direction but which engages
when the input shaft is rotated in the opposite direction
so that drive is transmitted via the orbital gear
20 transmission and the second ratchet to the drum to rotate
the drum with a drive ratio according to the drive ratio of
the orbital transmission, and with the first ratchet
freewheeling when the input shaft is rotated in the
opposite direction.
25
27. The orbital gear transmission of claim 26,
wherein the input shaft is mounted on a mast of the input
shaft having a hollow for receiving the mast.
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