; MNe3e74L(t, 6bT" - An Axi al | y- Conpact Gear Assenbly Background of the
| nvent'i on. The present invention relates to an axially-conpact gear
assenbl,y, to comrunicate rotation about a first axis of rotation to
rotation about a second axis of rotation. In a typical coupllqg of
assenbly, a drive notor, a rotary drive shaft and a gear shaft l lemaﬁﬁé3
out in-line. That is the drive notor, théd drive shaft and the gear shaft
are axially nounted to transmt the torque generated by the notor to the
gear shaft. Such in-line confiqur ‘ onvent i onal
transm ssi on assenblies |ike=pfe 7. FF gEetrechani sns, for exanple.
In one application, that is an apparatus for furllng sails on sail boats, as
di sclosed in US Patent No. 5,493,988, the driving device for the sails
conpri ses rmqgear.apd i s, accormmpdated internally within a space in the
morn1geargzd§i¥¥éiéiﬂﬁi¥¥§@32 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
di scl osed for exanple in US patent %5 5, 170 525, a battery powered notor
drives a dieREeseBinyeRtion IieH‘“tSJPﬁm lyscompast g4y asgeanbly, ta sammpvicate iatian
gear nechanism In this disclosure, the notor, the rotary shaft and the
bevel geamrbeuta finst dxinef ratation pavudatianabonka aﬁtclo;ld axis of sotatioex. ef or e, not
possible to mnimze the overall length of the toothbrush to nmake it
conpact, if desired. 2

In a typical coupling of a gear assembly, a drive motor, a rotary drive shaft and a gear shaft

A

are spaced out in-line. That is the drive motor, the drive shaft and the gear shaft are axially
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.
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I n anot her application, for exanple US Patent 5,970,813, a drive notor, a
rotary drive shaft and a worm gear are also in-line, thereby not
econom zi ng on space configuration. A disadvantage of such priQL agBJgE2003
transm ssion assenblies is that the overall axial dinension to Ju

in-line arrangenent is nore than is 3. sonetines desired. The usual
-solution is to mniaturize the conponents% but this may nake it nore

expensi ve r o han i rr.an 0, i Sa is.to do wit
the tor quel%raglagﬁjgﬁpltcgg Ve rc% é"}?ﬁtéfs.dﬁ%‘?’& %%’8gj’§oﬁ%r}h§§§ %’fOt?rP{eddIB'g\e%%aH
shaft and drive gear when a gear of .a non-snmall dianmeter is required. The
inertia dedid¥oBherRs#S 250 nndneyihesehyrot Rengazing onpaGs ORBEEREION NG shaft .
Whilst it nay be advantageous in certain applications to have a high
inertia, for e, g. traction required to nove a car froma slippery surface,
a reducti oh dipadvhetageof tsugh fsios eart gearstransnyissiely asseathdion ds i thatnthst overalbtaxial
applications where torque is only applied for a short tinme to achieve
preci se trdinehsibn haisg the in-linelddahgengernt o thadisend ef fect ors. These

di sadvant ages of the prior art can be overconme with the present invention.
Summary of the Invention: The present invention introduces a conpact gear
assenbly conprising a drive notor wiwthin a hollow cavity of a gear shaft.
According to one aspect of the present invention, there is provided a gear
assenbly for comruni cating rotational novenent, conprising a drive notor
having a front portion and a rear portion; a drive shaft protruding from
said notor; a gear shaft, having a driver gear on its outer surface and an
axial hollow cavity; a front end and a rear end bearing rotatably nounting
said gear shaft in a stationary housing; said drive shaft being coupled to
said gear shaft to rotate said gear shaft about a first axis of rotation
said driver gear cooperating with a driven gear; and the majority of the
axial length of the drive notor being |ocated within the




4 hollow cavity of the gear shaft, or the drive notor extends mﬁtDin Rﬂf
majority of the axial length of the gear shaft, or both, characﬂe iiN BS
that to said stationery housing is fixed a notor sleeve in which said rear
portion of said drive notor is fixedly nounted and into which one end of
said gear shaft is inserted and journalled via said rear end bearing, and
said front portion of said drive notor i S housed with a close fit within

said holl oqw cavity of .sa.d gear aft. . Pref.erabl t he sai . end

poar i ng | SomeRich fatirods S S8l Wb Re Yhe ¢BSntiaft B his iy malce
Al ternatively, other known gear threads |ike bevel gears may al so be used
to commnilt:@f’ée?"Ii’énsrl‘cﬁ%PSPdﬁﬁ\lgﬁ%’fﬁw%Tanf% drive. Preferably, the said notor
is axially fully within the said hollow cavity of the gear shaft.

Advant ageousl y, the said arrangenment reduces the overall axial distance
requi red tAndibersdisadvantags il go wiithhthe torguettoguitadgtoodverdrand weimpitia, offheolid
hol | ow gear shaft also reduces the nonent of inertia of the assenbly.

Advant ageansss Yof thdgear shafti and) deidle dedrywlidnea geir of aGon-daaalisdibebrnid Alghired. The
reduced, or the torque applied by the gear can be increased and the

preci si on jpértih AepédddnGowt e tBEhAsIbT 18 gERY RIfolrd _ﬂh@&ﬁﬁﬁ%@ﬂatﬁs VEIP A REY be

conventional notor drives. An enbodi nent” of the invention provides an

axially-c E . i ive. Dt O IS Lded within a
ol o catraage3Ge . BRE T BonticiGlsta hee U ghCinBiia For o WG rauihd B Bl
that is coupled to fhe sai ear shaft, by suitahle | ocki ans. The gear
Shaf t i o diam § SRRRRE SHEars: 6 reduetors it the SRPTGA TarreisgropyLy pbRateequs 6 a9Rs: of
a‘rear end bearing located in a notor housing sleeve. The drive gear is
meshed wi trptagy @ppligcgﬁip@evgher@ tprguq)i,siogb' appligd fertd shert time to achieve precise translation

e.g. in robotic grippers and end effectors.

These disadvantages of the prior art can be overcome with the present invention,

Summary of the Invention:

The present invention introduces a compact gear assembly comprising a drive motor within a

hollow cavity of a gear shaft.

According to one aspect of the present invention, there is provided a gear assembly for
communicating rotational movement, comprising a drive motor having a front portion and a
rear portion; a drive shaft protruding from said motor; a gear shaft, having a driver gear on its
outer surface and an axial hollow cavity; a front end and a rear end bearing rotatably
mounting said gear shaft in a stationary housing; said drive shaft being coupled to said gear
shaft to rotate said gear shaft about a first axis of rotation; said driver gear cooperating with a

driven gear; and the majority of the axial length of the drive motor being located within the



movenment, for exanple to nufti-finger grippers, end effectors and the Lhﬁa
Providing the nmotor within the hollow cavity of the gear shaft ﬁlkﬁg$lﬂ

the reduction of the overall axial dinension of the gear assennly thereby
reduci ng the physical space needed for such an assenbly, as well as its

wei ght. 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 ac [ j | ' ; LA &4l 2 jye
expl oded oGP vRf SHR DS Shaf b ik Biive motol kbR it Wi Gy B SIERRE el
invention;lgﬁguiﬁ*z sh a.cross-sectional view of the gear assenbly

showi ng ddenglr et e eesrshatt, rioth, . onmonent s of the exenplified enbodi nent of
the invention. Detailed Description of the Invention: The present invention
wi Il now be described with reference to the preferred enbodi ments._ thereof
and with répasterieed inothahto said wiatigaerydiousing iselixedeh matorslgenecis whigh gaigl rear
there is a gear assenbly (11) which has a drive notor ( 1), a rotary drive
shaft (4) partibnoofymid dshamotdrdy fixadly mountedand irlto mehicnoheaendadf said gearahhft is

ot her. The gear shaft (2) is rotatably nmounted in a housing assenbly (8) by

means of fifigefted andljdueddllied Fid Sid fad ehdbéariii! Ad SiERYAt fokfidn BF sdi® dfive Mbtor is
rear end bearing (6). Such bearings may be friction bearings, such as

roll er beay, S| | l gt eve bearings or the
| Tker ! Fi gaP e aiiTh loRt A wRLALARI RARY) By ot o9 gl R™ 2 mal 197 Hovever

the wall thickness of the gear shaft (2) is still sufficient to wthstand

the | oad ] of. i k I r the torque for
transm ssi%%aéﬁg(t)ﬁseegsa?&{%gr%ﬁarﬁggksoig?lg&?gbgg‘gge'shaft (2)?I and having a

snel | er outer and inner dianeter that the main body of the gear shaft,

there is dr i aft contact portion,(2b). ILn front of that Ltk even
il Ler " oeeletali B¢ gparie 8 yrged htend o erBheverf, oth koo et shsetds W Bl
shaft contact portion (2bh), sleeve bush (2c) and nain . body of the gear
shaft ar e BeAE&RAY-A15q b Bedhte compunicatedhe refarymeovement ghthedri¥eeby t he whol e
gear shaft (2), is nmounted for rotation by neans of the front end bearing
(5. Adrive notor ( 1) is housed for the nost part within the holl ow

cavi ty of Dreferabathessaid motortiwaxdally fullyoyidyin the said kolloveeavityioif pheagaar shadt. f it as
this can reduce vibrations. The rotary drive shaft (4), protrudes fromthe
front end of the drive notor (1) and is located within the drive shaft
contact portion (2b) of the gear shaft (2). The drive shaft preferably has
the sane or al nost the same outer diameter as the inner dianeter of the
drive shaft contact portion. The gear shaft (2) is coupled to the drive
shaft (4) by neans of one or nore set-screws (3) in the drive shaft contact
portion (2b), or sone other known form of coupling. The outer annul us 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. Oher types of thread or rack type
teeth may al so be used, depending on the application. The drivér1gé N(Zﬁﬁ3
is used to drive a driven gear (7). The driven gear (7) may usually be a

pi ni on wheel but can also be a rack, a helix gear or any other type of gear
dependi ng on the usage. The rear portion of the drive notor ( 1 ) extends
beyond the gear shaft (2) and is fixedly5n0unted within the notor sleeve (

10). This tpo can b nmeans of set-scre (9 ot her, known | ocki

reans for AGERARGERe B TR FrsResheBilos Mt olerfl oBl pialF K o Fuss,e
gear shaft (2) expends.into the notor sleeve &hl ), but only a short

di st ance, the assgmbly wiithin thechqusingef theassraablysFhe fiollgy gear shaft alse sedusey the
nounted within the notor sleeve (10) by neans of a rear end bearing (6),

al | owi ng meméntef inentizaof the agsermblye gear shaft (2). The notor sleeve ( 10),
or at least the front portion of it, may be sintered nmetal or suitable

pl astic that reduces friction during rotation, or simlar materials known,
in which eubahtagbsusty dic Peqid m@déddy Hiymber dis be solistantiallh reduted, lirshé wrguef
setup, the sleeve ( 103 gives good alignment and stability during use, and
provides g ?maw % Rak Bin 6O inds e BRI (HRTTEARbY of rdtdtidn SLtHERGIIRUA Mbtor is
assenbl y (g . The drive notor ( 1) is fixed. to the housing assenbly (8)
by neans of the.,notor sleeve . s 44 can cause the drive shaft (4)
0o rotat e Nrpen & FERgRE R G et el v af T Ve ahar () s in fixed
contact with the gear shaft (2), via the drive shaft contact portion (2b).

Thus rotatjon of .the drive shaft (4),causes rotation of the gear shaft .(2)
ot he f it CuBRUiENER: o6 dajenii phudeS BN RoRtpogioaear HPTbE Hhedi e drive
acRieves the rotation of the driven gear (7). In the exenplified,

embodi mentmotenis proided within a bellovy saviby pf/a gsashafle the ddve moter kaving 2uptagy e
shown as different dianeters. However, that is not necessary. Moreover,

t hese par tdsiveahath ¢hat épéaupbal toithé said geat shaft bycupable hocking meansoNbe geartdhatt is
achieve the same result. Further, although the notor sleeve ( 10) is shown

as an int eetraaalbgi éctiietied %0 1@ redieendRif die @iVt thbor bg atcafNOf b et iend béding lobated
can be replaced with one or nore other conponents that achieve fixing of

the motor i} g fhdisr ﬁkﬁﬁ?ﬁ%‘?e&@% PR gdaf W thBhell Wimtmﬁ%ggeaﬁtwﬁ&v{d%)mﬁaﬁon

i nstance, rather tha xing the notor to the housing by neans of screws or
the Iike [ t e . i 9, 1€ d > fi1he
not or . Ana}éd i eitngﬁfgf egﬁpglre ﬁgt‘;’bﬁ'ﬁ%ﬁ?%@ grghg%& P ﬁ?(‘ft?]rﬁ gsﬁ\%velﬁ{é' g];s&g(?lﬁg rthé
possi bl e fixings). wuld, allow, | d be far .the or_ to fit tirel .

B Thi n ¢ handiet Pahisele bougw catlsy R Hhegsat siattalanedPh e ssiotonias Tt pvsrall it
or nore bearings at different axial points along the outside of the noptor

t o suppor tdimgesion of dhegesr aswnhlyyﬂwgbi neduding the, physicsl @pagsepreded,ifer, seqhean
not or sl eeve conpletely. Thus the present invention, by nmounting at |east

t he maj or iassemhly,adsiwealhas itsxiveight. engt h of the notor within the gear shaft
(2), provides a saving of overall axial |length over the prior art.
Additionally, the hollow gear shaft has a nmuch | ower nonent of inertia than
t hat of t IBrigfhacription ofitkéDirawingsed response tinmes and accuracy. Further,
the lower inertia of the drive gear nmeans that the sane torque can be
applied to the driven gear by a notor providing |ess torque than that

needed i n THeSpredenPinvefifion Will AoWHeOfurthEOddseibed by &a§ ok Minfitifive @AGApleCondy
hi gher torque being applied to the driven gear.

with reference to the accompanying drawings, in which :-



CLAIMS 1. A gear assenbly for communi cating rotational novene

conprising: a drive notor (1) having a front portion and a redr1pddﬂNOﬁﬂU§
drive.shaft (4) protruding fromsaid notor; 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 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 (7); and the majority of
the axial length of the drive notor (1) being | ocated within the holl ow
cavity of the gear shaft or the drive notor 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 s.I eev whi ch,sai d rear
portion o%lga‘ﬁd showe arﬂﬁrgpeqti\;e P§P gﬁgé‘d%hﬂa‘mmtcp CfBne end

of said gear aft é | sert ed. .and Journal |l ed via said rear end bearing
(6), and %%'P‘leﬁl DXQPHOHH ve nmotor (1 ) is housed with a close
fit within said hoI I ow caV| ty of said gear shaft. 2. A gear assenbly

according to claim1l, wherein said rear end bearing (6) is a sleeved
bearing. p igure 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 (2¢). In this

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



3. A gear assenbly according to any one of the preceding cIalnE mh
the.gear (2a) is a wormthread. 4. A gear assenbly according to a y 2@03
t He preceding clains, wherein said gear shaft includes a front end (20)
rotatably nounted via said front end bearing in said stationary housing.

5. A gear assenbly according to any one of the preceding 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 smaller inner and a snaller outer ®iameter than the main body of the
gear shaft. 6. A gear assembly according to any one of the preceding

cl ai ns, V\/nereln at | east rt of sai rive r (2a),and said drlven ear
(7) are a><bQ£dyI of the gear ¢ aﬁwtﬁgfﬁigagoxme& gg‘ﬁ Séé@‘fg bﬂShQ& k
ArL Al
ns RS thensby the,whologapnehaft Guis repmirddox retation bxpesqxasa?éﬁ]ec@ape alcT
a] cTa] cajc r]dc@ cal_]B ?bca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c(a] cha] c”a] ca]ca]cal
|l x -J* §
m{ vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c&a] ca] ca] ca] ca] ca] ca] ca] ca] ca
U] cMa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! mo! D1DZ0SYazytoj e [V]ca]ca] c&a]ca]c

?J]g?!af 21;1]: A cﬂ] ﬁ]" éﬂgja‘]sqf&lﬁedﬁ the most part within, the hollow cpvity.of the, o0
TUREE S Jlist o Uty poplaphaabse Sisalthistastanad] oal ca

] ca] ca] caJca] ca] ca] ca] ca] ca] c( a] c(a]ca] ca] calca]ca] ca]calca]ca]calcal n00017
111162222 34Brations6 T he/rbtadbative |sha @), protruded] fibhe die flontlepd efdhealriwd cal c
a] ca] ca] ca] ca] ca] ca] c6a] ca] ca] ca] ca] ca] ca] ca! ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!
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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 (2a) 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‘(2)
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is rotatably mounted W1th1n e motor sleeve (10) by means of a rear end

bearing (6), allowing the free rotation of the gear shaft (2). The motor sleeve

(10), or at least the front 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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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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a sleeved bearing.

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 (2¢) 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.



