; >?e3eld{. xxy<zXzzG‘de{ #  An Axially-Conpact CGear Assenbly Background of

the Inventmmmmmﬂ\m 2003 The present invention relates to an
axi ally-co

senbly, to comunicate rotation about a first axis

of rotation toxkdsati on about a second axis of rotation. In typi cm
coupling of a gear assenbly, a drive notor, a rotary drive smafﬁ/ JiU QU@é}ar
shaft are spaced out in-line. That is thé& drive notor, the drive shaft and
the gear shaft are axially nmounted to transmit the torque generated by the

(r:]gtn\?cranz ?ommm“mmmﬂwﬁt 6nsg(£¥iﬁg@&%w&%r@a;ﬁduzﬁgcgnmc hani sns,

for exanpl e. idgoco@me application, that is an apparatus for furling sails on
sai |l boats, as disclosed in US Patent No. 5,493,988, the driving device for

t he sails_conprises rmgear and is accommpdated internally within a
space in &ﬂ&%ﬂ&&%i ts worm gear screw. The worm gear acts
between the driving device and a sail furling stay and/or sail furling
shaft on the mast. In another application, that is a battery operated

t oot hbrush, as disclosed for exanple_in US patent No. 5,170,525, a battery
pover ed ndhepresent igkention relates to an whialli-compact: gearipssomblys te gemmpnicatsfrotatign d
then a bevel gear nechanism In this disclosure, the notor, the rotary
shaft andalbdw alfrstelxisgefaotation td rotdtion@bautch ssparskakioofrotationl | y. It is
therefore, not possible to mnimze the overall length of the toothbrush to
make it conpact, if desired. 11J UN2003 2 In another application, for

exanpl e Um Pegraedl cbulifiy, iflalgead asheinbly, madrble, métof, ol wedty dfivy ehafhaid a goat shafyor m
gear are also in-line, thereby not econom zing on space configuration. A

gi Z?g?’?”;ﬁ&gslpﬁéeds&ﬁ hindlink OThANid HRISRIvelh&0E The aHed sRT iihe QRad shahiRt akiifly
v Xl
mounted to transmit the torque generated by the motor to the gear shaft. Such in-line

configurations are used in conventional transmission assemblies like pick, carry and place

mechanisms, for example.

In one application, that is an apparatus for furling sails on sailboats, as disclosed in US Patent
No. 5,493,988, the driving device for the sails comprises a worm gear and is accommodated
internally within a space in the worm gear inside its worm gear screw. The worm gear acts

between the driving device and a sail furling stay and/or sail furling shaft on the mast.

In another application, that is a battery operated toothbrush, as disclosed for example in US
patent No. 5,170,525, a battery powered motor drives a drive rod which in turn drives a
rotary shaft, and then a bevel gear mechanism. In this disclosure, the motor, the rotary shaft
and the bevel gear are in-line and spaced out axially. It is therefore, not possible to minimize

the overall length of the toothbrush to make it compact, if desired.



di rension to house the in-line arrangenent is nore than is ~ ~ ~ ~~ ~~
2003 4 hollow cavity of the gear shaft, or the drive notor extends within
the majority of the axial length of the gear shaft, or both, cha{aaw{lim
inthat to said stationery housing is fixed a notor sleeve in C i

rear portion of said drive notor is fixedly nounted and into which one end
of said gear shaft is inserted and journdl|led via said rear end bearing,
and said front, portj.on, of .said dri tor j used with a close,fit

o i saltmrodeoliion farestmply S FRaR 570,833 Biud inptory n G dive st
bearing is a sleeved bearing. Preferably, the gear is a worned thread.

Al t er nat i ¢ed § wosntgenar 3taolsn indine, therebyaef coremizangon spage eonfigpratiose be used
to communi cate the rotary novenent of the drive. Preferably, the said notor
is axially fully within the said hollow cavity of the gear shaft. 11JU
N 2003 5 Addizademeapesofy sudhhprisaard gear arapemissionr axderabliest sethat éhalolveralli atial

di stance required to house the assenbly within the housing of the assenbly.
The hol | owing@Rionsb ablisethe th-liRs MeATeinRAt RGO thadlis | nertia of the assenbly.
Advant ageously, the torque needed by the notor can be substantially
reduced, or the torque applied by the gear can be increased and the
precision of rotation of the said drive notor is increased as conpared to
conventional notor drives. An enbodi nent of the invention provides an

axi al | y-conpact gear assenbly wherein a drive notor is provided within a
hol | ow cavity of a gear shaft, the drive notor having a rotary drive shaft
that is coupled to the said gear shaft by suitable |ocking neans. The gear
shaft is rotatably connected to the rear end of the drive notor by neans of
a rear end bearing located in a notor housing sleeve. The drive gear is
meshed with a driven gear to provide translation novenent, for exanple to
mul ti-finger grippers, end effectors and the |ike. Providing the notor
within the hollow cavity of the gear shaft allows for the reduction of the
overal | axial dinmension of the gear assenbly thereby reducing the physical
space needed for such an assenbly, as well as its weight. Brief Description
of the Drawi ngs: The present invention will now be further described by way
of non-limtative exanple only



with reference to the acconpanying drawi ngs, in which : 171 J U N 2003 6
Figurer 1 shows a perspective expl oded view of an enbodi nent of bj%ﬁa@[][]a
assenbly according to the invention; Figure 2 shows a cross-secti VI ew
of the gear assenbly show ng details of the various conponents of the
exenplified enbodi nent of the invention. Detailed Description of the

| nvention: The present invention will now be described with reference to
the prefe ﬁd errbodl nts thereof gvmth reference to the dra er&]%f As
can be se ¢ gegh ghaft, arifhe drive moteraextends yuithin he majorifyof the,exialy
drive notor a rota drive shaft (4) and a gear shaft (2), all nounted
inl'ine ande thyg@arsb@%wrbpﬂer The gear shaft (2) is rotatably nounted
in a housing assenbly (8) by neans of front end bearing (5) and to a notor
sl eeve (10) by neans of a rear end bearing (6). Such bearings may be
friction lchamctadsed muthht ®ssaidistationdrgdrousing, is fixet ar edtos| sheewe iheshiclngsid rear
plastic sleeve bearings or the like. Figure 2 show that the gear shaft (2)

i's hol | owaﬁmrdradaim/deomet& lis ﬁk&ﬁ?r\&ﬁddntéd‘&l%iﬁ&ﬁﬁlh@h 6d%eenﬂ‘°<ﬁfsa§f'§€a} shal id S

still sufficient to withstand the oad reqwred for the application to

transfer H&%ﬂ%@%&d"ﬁ&%le& Qﬁaﬁ%iﬂ 28t Sa?ﬁ sa;[igfr&#goi‘tﬁo 5t st(aIdt 4}1&% HASGE is

shaft (2) a srmaller ou r an |nner ter e naln body
of the gear shaf. ther a drive shaft c ntact p ion (2b). In front of
that, witROBTPdavLha %‘fﬁ*e\”ﬁ%‘&t Hlloesavty 62 ggFgegBQé'bush (2¢). In this
enbodi ment the drive shaft contact portion (2b), sleeve bush (2c) and main
11JUN 2003 7 body of the gear shaft are integrally formed. The sleeve
bush (2c) Frefeg kﬂﬂ@*‘&é’;drfﬂeemn@@aﬂﬂ%%b DL is nounted for rotation by
means of the front end bearing (5). Adrive notor ( 1) is housed for the
most part within the hollow cavity of the gear shaft. The drive nmotor (1

i s pref er Rueforahly; thesgear iis a eprmef shready Alernatively, inthariksawn geae threadarlikechave
shaft (4), protrudes fromthe front end of the drive notor ( 1) and is

| ocat ed V\/igbmsmayhésocbeiusedw@dmmunimtatthemwymeﬁﬁbboﬁheﬂﬁee.gear shaft (2).
The drive shaft preferably has the same or al nbst the sanme outer dianeter
as the inner dianeter of the drive shaft contact portion. The gear shaft
(2) is coppeferblyo thevaidinbtoe isshadlly fully Withingrnaidtollonecadity GOtR geat shaar ews
(3) in the drive shaft contact portion (2b), or sone other known form of
coupling. The outer annulus of the gear shaft (2) is provided with a driver
gear (2a). This may be a suitable screw thread, for exanple a wormthread,
as shown in Figure 2 in a wormgear application. Other types of thread or
rack type teeth may al so be used, depending on the application. The driver
gear (2a) is used to drive a driven gear (7). The driven gear (7) may
usual |y be a pinion wheel but can also be a rack, a helix gear or any other
type of gear depending on the usage. The rear portion of the drive notor (
1 ) extends beyond the gear shaft (2) and is fixedly nounted within the
notor sleeve (10). This too can be by 'nmeans of set-screws (9) or other
known | ocking neans for |ocking the notor to the notor sleeve ( 10). The
rear end of the gear shaft (2) extends into the notor sleeve ( 10), but
only a short distance, at |least sufficient that the gear shaft (2)



1 1J UNZ2003 6 is rotatably mounted within the notor sleeve (10) by neans
of a rear end bearing (b), allowing the free rotation of the r

(2). The notor sleeve ( 10), or at least the front portion ofg}leﬁ, fnlgngOB
sintered metal or suitable plastic that reduces friction during rotation,
or simlar materials known, in which event the rear bearing (6) may be

di spensed with. In this formof setup, tkhe sleeve ( 10) gives good

al i gnnent d stabi]Jity dyuring use, and provides_a mounting point_ for the
gear asseﬁ@tegwsfy, the said apangsmeyt sedveemihg qugall aual distanee raguised to hoyse s
fixed. to the housing assenbly (8) by neans of the notor sleeve ( 10). Thus
it can cathseasserablyr withinsthafhougiap afdhe essetblyni The holidve gharushiaBgalsdHosdmees thet he
drive shaft (4) is in fixed contact with the gear shaft (2), via the drive
shaft connmtenpof ineftth df2hg assdibly, rot ati on of the drive shaft (4) causes
rotation of the gear shaft (2) in the front end bearing (S) and rear end
bearing (6). This, in turn, achieves the rotation of the driven gear (7).

n the exalRthhbeMsRIBRALAREheddibPHRANSPEADE bktaffifllyfddkeedt BRtHo fRIIAC!

portions (2b) afe shown as different diameters. However,

necessary r., r o be replaced-w.th any, other, co nent
or compon 2P EUe: Bl peht" G304 ks eEhd e ot R B e S S TR
sl eeve ( 10) is,shown as.an integral item housing the notor and the rear
end beari H‘Qf’)r?aéf‘,ia%?ﬂ“%p%%flntotfé’n?’@ﬁg’&%e‘ﬂowg]ﬂvﬁne or nore other conponents
that achieve f zing of the notor to the housing and a rear bearing for the
gear shaft (2). For instance, rather than fixing the notor to the housing
by means & eabadimenfrofithe inverdomproniges ae axialy-compactigeqy asgerably wherein ardrive 1
~J UN 2003 .9 rear end face of the notor. An additional alternative,

whi ch sucmaorf isxpmyided svithah la ledlowt bavitypafss igbdreshftx thegdrjvevenotod havingve roteryl d
be for the notor to fit entirely within the drive gear (2). Another

possi bl e driveshdt thaeisi dupled 6 v hed pere shaft BY seitdieeldching réand] Thegamn shak il
points along the outside of the notor to support the drive gear. It may

then be posaablyeconfedbPRANE Peabichl of Bt dFREMots} BFEURamLOR] &%Lf&ty%b&ﬂﬂg é(%é&f‘ed

present invention, by nounting at |east the majority or a e ax

| engt h of . it hin.t r f s e} VA j rall
i ol 1 endh Bt Rl ibel 1t SR peBl R sheshld wilha SRR} G B iR,
much | ower_nonent oOf inertia t that .,of the prior art, wth ipgproyved
response ﬁ%ﬁ‘%&g’a@é"dﬁl@&}? r@@ﬁ?f T ZARRCIF, oy Chiertqrs iagd(%\é H%% viding, the,
means that the same torque can be applied to the driven gear by a notor,
provi di ngmateswithindghe hellew cevity ohdegser shaftrallews fpiothe seduction of theyevsrall axial
provi ding the sane torque |l eads to a higher torque being applied to the
dri ven gedimension of theUgédr 2888ntlly Ghevehss reducing the physical space needed for such an

assembly, as well as its weight.

Brief Description of the Drawings:

The present invention will now be further described by way of non-limitative example only

with reference to the accompanying drawings, in which :-



1. A gear assenbly for comuni cating rotational novenment, conprising: a
drive.-notor (1) having a front portion and a rear portion; anﬂiq¢U$p@p9%
(4) protruding fromsaid notor; a gear shaft (2) having a driver gear a
on its outer surface and an axial hollow cavity; a front end and a rear end
bearing (5 and 6) rotatably nounting said gear shaft in a stationary
housing (8); said drive shaft (4) being coupled to said gear shaft (2) to
rotate said gear shaft about a first axis of rotation; said driver gear
(2a) cooperating with a driven gear (7fﬁ and the majority of the axial

| ength of the drive notor (1) being |ocated within the hollow cavity of the
gear shaft or the drive notor extends within the nmgjority of the axial

| ength of the gear shaft, or both, characterised in that to said stationary

housing (8) is fixed a notor sleev 1Q) .in ich said rear portion of said
drive not ')um_)l shows &@GF%PQ‘P&Y@@%P%&ESM?W Q\%ﬁ-"&ﬁ 1meat of thegeagear
shaft (2) is i serted.an(% jpurnal | ed via said rear end bearing (6), and

sai d frorfss Y 8rcondingta the iN¥enteny ( 1) is housed with a close fit
within said hollow cavity of said gear shaft. 1 1J UNZ2003 n 2. A gear
assenbly according to claim1, wherein said rear end bearing (6) is

Figure 2 shows a cross-sectional view of the gear assembly showing details of

the various components of the exemplified embodiment of the invention.

Detailed Description of the Invention:

The present invention will now be described with reference to the preferred

embodiments thereof and with reference to the drawings.

As can be seen in Figures 1 and 2, there is a gear assembly (11) which has a
drive motor (1), a rotary drive shaft (4) and a gear shaft (2), all mounted in-
line and axially to each other. The gear shaft (2) is rotatably mounted in a
housing assembly (8) by means of front end bearing (5) and to a motor sleeve
(10) by means of a rear end bearing (6). Such bearings may be friction
bearings, such as roller bearings, sintered sleeve bearings, plastic sleeve

bearings or the like.

Figure 2 show that the gear shaft (2) is hollow internally. However, the wall
thickness of the gear shaft (2) is still sufficient to withstand the load required
for the application to transfer the torque for transmission purposes. To the
front of the gear shaft (2), and having a smaller outer and inner diameter that
the main body of the gear shaft, there is a drive shaft contact portion (2b). In
front of that, with an even smaller outer diameter is a sleeve bush (2c). In this

embodiment the drive shaft contact portion (2b), sleeve bush (2c) and main



a sl eeved bearing. 3. A gear assenbly according to any one of the pr ﬁf%bﬁ%
clains, wherein the gear (2a) is a wormthread. 4. A gear asseﬁpﬂykﬂj :
according to any one of the preceding clains, wherein said gear shaft
includes a front end (2c) rotatably nmounted via said front end bearing in
said stationary housing. 5. A gear assenbly according to any one of the
precedi ng clainms, wherein the gear shaft has a drive shaft contact portion
(2b) into which said drive shaft is fixedly inserted, whereby said drive
shaft contact portion (2b) has a snmallerpinner and a smaller outer dianeter
than the main body of the gear shaft. 6. A gear assenbly according to any
one of the preceding clains, wherein at |east part of said driver gear (2a)

and sai d todyeof thegear shaflraredntegmelly formed. sEhe slesyethush 2¢)aand east part

of said notor, .Au .ALl1.A.A a, AU, A. A" . A3, A#?NT e~-Mem s 1
{val gb] X thereby ¢hp eﬁf]ﬁa &%f&kﬂéﬁa@é\&hﬁ wouigd aqrcraat@tapg?)a] @&Péépz‘é!l% f] ca)
a) ca] ca] c%}lgfi)]e%zrai]ncgaéﬁga] cMaljcnhaljcRa]jc:a!'5 D F

A drive motor (1) is housed for the most part within the hollow cavity of the
gear shaft. The drive motor (1) is preferably a close fit as this can reduce
vibrations. The rotary drive shaft (4), protrudes from the front end of the drive
motor (1) and is located within the drive shaft contact portion (2b) of the gear
shaft (2). The drive shaft preferably has the same or almost the same outer
diameter as the inner diameter of the drive shaft contact portion. The gear
shaft (2) is coupled to the drive shaft (4) by means of one or more set-screws
(3) in the drive shaft contact portion (2b), or some other known form of

coupling,.

The outer annulus of the gear shaft (2) is provided with a driver gear (2a).
This may be a suitable screw thread, for example a worm thread, as shown in
Figure 2 in a worm gear application. Other types of thread or rack type teeth
may also be used, depending on the application. The driver gear (28a) is used
to drive a driven gear (7). The driven gear (7) may usually be a pinion wheel
but can also be a rack, a helix gear or any other type of gear depending on the

usage.

The rear portion of the drive motor (1) extends beyond the gear shaft (2) and
is fixedly mounted within the motor sleeve (10). This too can be by means of
set-screws (9) or other known locking means for locking the motor to the
motor sleeve (10). The rear end of the gear shaft (2) extends into the motor

sleeve (10), but only a short distance, at least sufficient that the gear shaﬁ_(Z)
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zupkfa\ W ca] ca] ca] c&a] ca] ca] ca] ca] ca] cal c(a]c(a]ca]ca]ca]c A ] aUl c
al.c(a] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] c&a! %] % ?)]Ljﬁ ﬁﬁhé

W . #5390004t&N&&&-"1"))) ) W b****6+Y+++, X, ,,,--w{vql gb] X] ] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca]ca] ca] ca]ca]ca]c”™a]c(a]c(a]ca]ca]ca]ca]ca]calca]ca]c(alc(a]
caljcaljcajcalw--..X g.i.../3/|///8000%1p1l11+, X, ,,,--w{vqglgb]X]]ca]ca]ca]ca
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1 g#10% ué& ()-2Z10% u& () - Yg#10% u&' () - Gay#10% u& () g#10% u& () -g#10% u& () -
MexmbC+T#10% u&$L10%0& () - . 10-u 10- u 10-u310% ug&' (

1f #10% issrqtptablymounted within ghe me 8(196\'# (1 )jlmmqafm %&ea_xo@ldoo

igg/ﬁégzﬁngr?gl(éﬁ%ﬁ (% hé%;{ae&'cét% 00wt §g)e@# &3&2@; The motor sleeve

SOV 80) $o%~0;ﬁ§as(t)thé 2fron’c portion of it, may be sintered metal or suitable plastic
that reduces friction during rotation, or similar materials known, in which

event the rear bearing (6) may be dispensed with.

In this form of setup, the sleeve (10) gives good alignment and stability during
use, and provides a mounting point for the gear assembly (11) to the housing

assembly (8).

The drive motor (1) is fixed to the housing assembly (8) by means of the
motor sleeve (10). Thus it can cause the drive shaft (4) to rotate within the
housing. However, the drive shaft (4) is in fixed contact with the gear shaft
(2), via the drive shaft contact portion (2b). Thus rotation of the drive shaft
(4) causes rotation of the gear shaft (2) in the front end bearing (5) and rear

end bearing (6). This, in turn, achieves the rotation of the driven gear (7).

In the exemplified embodiment, the sleeve bush (2¢) and drive shaft contact
portions (2b) are shown as different diameters. However, that is not
necessary. Moreover, these parts can be replaced with any other component

or components that achieve the same result.

Further, although the motor sleeve (10) is shown as an integral item housing
the motor and the rear end bearing (6), this can be replaced with one or more
other components that achieve fixing of the motor to the housing and a rear
bearing for the gear shaft (2). For instance, rather than fixing the motor to the

housing by means of screws or the like along the side, the fixing can be in the
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rear end face of the motor. An additional alternative, which such a fixing (as
well as other possible fixings) would allow, would be for the motor to fit

entirely within the drive gear (2).

Another possible alternative is to provide one or more bearings at different
axial points along the outside of the motor to support the drive gear. It may

then be possible to dispense with the motor sleeve completely.

Thus the present invention, by mounting at least the majority or all the axial
length of the motor within the gear shaft (2), provides a saving of overall axial
length over the prior art. Additionally, the hollow gear shaft has a much lower
moment of inertia than that of the prior art, with improved response times and
accuracy. Further, the lower inertia of the drive gear means that the same
torque can be applied to the driven gear by a motor providing less torque than
that needed in the prior art, or a motor providing the same torque leads to a

higher torque being applied to the driven gear.
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1. A gear assembly for communicating rotational movement, comprising:
a drive motor (1) having a front portion and a rear portion;
a drive shaft (4) protruding from said motor;,
a gear shaft (2) having a driver gear (2a) on its outer surface and an axial
hollow cavity;
a front end and a rear end bearing (5 and 6) rotatably mounting said gear
shaft in a stationary housing (8);
said drive shaft (4) being coupled to said gear shaft (2) to rotate said gear
shaft about a first axis of rotation;
said driver gear (2a) cooperating with a driven gear (7); and
the majority of the axial length of the drive motor (1) being located within
the hollow cavity of the gear shaft or the drive motor extends within the majority
of the axial length of the gear shaft, or both,
characterised in that
to said stationary housing (8) is fixed a motor sleeve (10)
in which said rear portion of said drive motor (1) is fixedly mounted and
into which one end of said gear shaft (2) is inserted and journalled via said
rear end bearing (6), and

said front portion of said drive motor (1) is housed with a close fit within

said hollow cavity of said gear shaft.
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3. A gear assembly according to any one of the preceding claims, wherein

the gear (2a) is a worm thread.

4. A gear assembly according to any one of the preceding claims, wherein
said gear shaft includes a front end (2c) rotatably mounted via said front end

bearing in said stationary housing.

5. A gear assembly according to any one of the preceding claims, wherein
the gear shaft has a drive shaft contact portion (2b) into which said drive shaft is
fixedly inserted, whereby said drive shaft contact portion (2b) has a smaller inner

and a smaller outer diameter than the main body of the gear shaft.

6. A gear assembly according to any one of the preceding claims, wherein at
least part of said driver gear (2a) and said driven gear (7) are axially at the same

position as at least part of said motor.



