PONERED CASTER WHEEL ASSEMBLY FI ELD OF | NVENTI ON The present invention
broadly relates to powered caster wheel assenblies. BACKGROUND

Omi - di r ewoi2orai39wkeel ed nobile platforns have been an a&ctriseeoosmsesas ch ar ea
over the past three decades. Their advantages over the | egged platforns are
t he costeffectiveness, high |oading capacity, high efficiency, ease of
control, and the ability to performtasks in congested and narrow

envi ronment. To construct an ommi-dirdctional wheel ed nobile platform
three classes of wheels can be enployed, i.e. the conventional wheels,
speci al -desi gn ommi -di recti onal wheels, and ball wheels. Conventi onal
wheel s are those wt | i h everyday, such as

t hose on cars and trg?éwg%ﬁﬁ&gﬁ’%ﬁﬁ'- mnly refer to the
Mekanum wheel s, consisting of a drumwith a plurality of idle rollers

| ocated on its periphery. Since all the roller axes are skewed w th respect
to the axis of the drum the wheel can allow omi-directional notions. The

bal | whe d as a special type of omi-directional wheels
with ba|ﬁﬁ§héggﬁnﬁé%ﬂg@$§. The ball wheels are difficult to inplenent, as

it isdnot possible to place an axle through the ball w thout sacrificing

the usabl e wOrkaRACEnt MRIefPEroalil rbisielith bbilda dAdrARRITLLAMIRE o dri ve

t he wheels. There 1s e practrica eepi ng them robust from

collected dust and dirt fromthe floor. The omi-directional wheels tend to
have | owgdQekRONBaci ty and poor ground cl earance due to the use of small
peripheral rollers and the arrangenent of the support structure being very
close to the ground. Mreover, they have the drawback ofdi scontinuous wheel

cont ggt poi nt prigeRusRnal whited RRBIE PRAHTSHRPRAVe BEepVarfagtiveWabsdiciBieacause a
ot of Vlol\)/éra tthleopg'st three decades. Their advantages over the legged platforms are the cost-
effectiveness, high loading capacity, high efficiency, ease of control, and the ability to
perform tasks in congested and narrow environment. To construct an omni-directional
wheéled mobile platform, three classes of wheels can be employed, i.e. the conventional
.15  wheels, special-design omni-directional wheels, -and ball wheels. Conventional wheels
are those with simple disk geometry that we see everyday, such as those on cars and
trolleys. Omni-directional wheels mainly refer to the Mekanum wheels, consisting of a
drum with a plurality of idle rollers located on its periphery. Since all the roller axes are
skewed with respect to the axis of the drum, the wheel can allow omni-directional
20 motions. The ball wheels can be treated as a special type of omni-directional wheels

with ball shaped geometry.

The ball wheels are difficult to implement, as it is not possible to place an axle

through the ball without sacrificing the usable workspace. Moreover, it is difficult to

25 transmit power to drive the wheels. There is also the practical need of keeping them
robust from coliected dust and dirt from the floor.

The omni-directional wheels tend to have low loading capacity and poor ground
clearance due to the use of small peripheral rollers and the arrangement of the support
30 structure being very close to the ground. Moreover, they have the drawback of



Consequently, the conventional wheels are the sinplest and nost robust
anong the wheel designs. United States Patent No. 6491 127 di scloses a
novel Powsoedio@astoer Wheel (PCW nodul e design based onpPaTscassdéanal
wheel for omi-directional nobile robot platforns, conprising notorized
caster wheel with a |ateral offset between the steering and rolling axis.
Two rotary notors are nounted side by side in a vertical arrangenent, one
for independent driving and another fa& independent steering. However,
turning the steering axis not onIy changes the direction of the wheel but

al so i ndu di spl t ort ona he direction of eel . \Wile the
BON has. HUSRTRUP IREE COTtER HOUHS DRSS G i, BYRBE: PRI GVt 1 or e
t o provi deay cddserubtidf vibyatend agility, there are sone problens in the
current PCWdesign. One of the major problems is the abovenent i oned

coupl i ng e”“‘éor@?&ﬁg{:‘, V\ﬁ% g?ﬁ ﬁ&’or@a”@vhé LLidged m;?%ﬁ aWQ%“r‘ést ?&%Qtﬁrﬂﬂ“&t hea

steer|ng notion O V\B.Sln uces a ro not1 on

contrd@ ttbe whegldesigas L!mteéﬁpatgsleateﬂb%\ﬁé%&?edlsm%smeh Rryesed easter cont r ol
errors al \Wa¥s (P& moduld RLYNIHa88d off 4 3nFerftioRdi WhleeSBl ShhiCiirelicHal MBBIY T €S

costly notion control har dwar e and/ or software and/or electronic circuitry.

For exanploBot pafaimeneoraprisitg mgtosised caster wheshovillt @ Iaigial ipffset bejwpen the

ser vonot OgSerinfdaHd i fdﬂfh% a)@éw‘ﬁﬁo rStanpenbRes bR %U%8r5|dé19¥ rsld |nng vaRichon t hat
is not intended for t actual notiaon control need therefore exists to

provi de 2TERAPGEBRM (P i cldependsplydEWRT ;3nd @pethel o Hidepgrdenh figeBBobI ens.
SUMVARY | Howsen tamimgehavstebrifg bxis sbt aperdnges thd@irgtiens eNtheiwneenbitailso t her e

i Vi ng dndyiEsR SREEBRA SEPadST PBATSHBRH HOhe whoel : and a meohani cal
conpensati ng nmechani sm coupl ed between the second actuator and the wheel;
wherein the n%ni%n{h%ai!’CW'has been widely accepted for various omni-directional mobile
platforms to provide full mobility and agility, there are some problems in the current PCW
15 design. One of the. major problems is the abovementioned coupling effect between
steering and roliing of the wheel such that the steering motion of the wheel always

induces a rolling motion.

Although a control technique can be employed to overcome this coupling effect,
20  control errors always exist. In addition, such a control solution also requires costly
motion control hardware and/or software and/or electronic circuitry. For example, both
the steering and rolling motors may have to be servomotors. Additional power is wasted
to counter the rolling motion that is not intended for the actual motion control.

25 A need therefore exists to provide a system that seeks to address at least one of
the above problems.

30 SUMMARY

In accordance with a first aspect of the present invention, there is provided a
powered caster wheel assembly comprising a first actuator for driving a wheel; a



conpensati ng nmechanismis arranged for driving the wheel to counter a
driving notion of the wheel induced by steering. The nechani cal
conpensatwogormashmwai sm nay conprise a first mechani cal POWSIG2008H063TE SSi ON
system for transferring a rotational novenent of a first vertical axis
coupled to the second actuator into a rotational novenent of a second
vertical axis coupled to the first actuator. The first mechani cal power
transm ssi on system may conprise a firdst pulleybelt set, wherein an out put
pulley of the first pulley-belt set conprises a ring gear coupled to a

pl anetary .gear set nd,a carrie ed t t he pl anet ar ear set and to
Phe seoorRfoon prbabr B sisbite e Whed HELA DA CHLERPPTIAUR e B oLy o1 em
nay conprécspleal beimstengmer sédfcmdnactwlatbrearm #e ouHeplit wherain tie trhechbinicat gear

train co rlse rin [ coupled t | angt ar ear set. and.a carrier
coupl eq tommesafh o gREn. £ 4o ted Ry Sl Bl el Sfhene
first gea'notuoramfrthmeeanGeddDyastemﬁgernal gear coupled to an internal gear.
The figrst gear train may conprise an input gear coupled to an idle gear

coupled to an output gear. The second vertical axis may be coupled to a
bevel gear setTheomechanies grmipagsatingoneachanisnomayheorsrrisenal fitsé meahahicaki s int o

a rotati %v@r%%ﬁlggﬁﬁsm?fé Vtith 3br fXdsterri Qea SERRAY r‘ﬁ%(/ét‘ngﬁ’ﬂ ofaé(rﬁst TBMiche

coupl ed edr set for tranSformng a rotation o he second
vertical as§ @qmﬁ%toath?cﬁeﬁt’“%ﬁdé?@ﬂﬁdoé ’ﬁtﬁf'PE%'rf’f‘aYefﬁ%tsfPf'ﬂ@@@@(‘!ﬁﬂ'cﬁbrt| cal

axis my s ESUPRES the filsh8ctubfort actuator in a manner such that the second
vert |1%al axi s can be independently driven by the first actuator
The first mechanical power fransmission system may comprise a first pulley-
belt set, wherein an output pulley of the first pulley-belt set comprises a ring gear
coupled to a planetary gear set, and a carrier coupled to the planetary gear set and

to the second vertical axis.

15
The first mechanical power transmission system may comprise a first gear
train, wherein an output gear of the first gear train comprises a ring gear coupled to
a planetary gear set, and a carrier coupled to the planetary gear sét and to the
second vertical axis.
20

The first gear train may comprise an external gear coupled to an internal

gear.

"~ The first gear train may comprise an input gear coupled to an idle gear
25 coupled to an output gear.

The second vertical axis may be coupled to a bevel gear set for transforming
a rotation of the second vertical axis into a rotation around a horizontal axis.

30 The second vertical axis may be coupled to a helical gear set for
transforming a rotation of the second vertical axis into a rotation around a horizontal

axis.



and by the first nechanical power transm ssion system of the nechani cal
conpensati ng nechanism The second vertical axis nay be coupled to the
first actwet2oro/dzyioa second nmechani cal power transm Ssi ORCTIRS2@ISI00EHTPT | Si NQ
a second pul |l ey-belt set coupled to a sun gear coupled to the planetary
gear set and the carrier coupled to the planetary gear set. The second
vertical axis nmay be coupled to the first actuator by a second nechani cal
power transm ssion system conprising & second gear train coupled to a sun
gear coupled to the planetary gear set and the carrier coupled to the

pl anetary gear set. The first actuator and the second actuator may conprise
respective rotary notors. BRI EF DESCRI PTI ON OF THE DRAW NGS Enbodi nent s of
the invention THel sedofdheitical anisdaagp beotbuphdl toethdi firgt aapafoenm d maaner of

ordi nary skj m.the follo t,ion way of
oxanpie” ey thatie sREehyertEal A tar Fe iR aRestit R e B Rr R Rt 1R <
a front varewhbyf the p‘imierrmbhaatctatarpom&metraasalsmbhysyﬂsiemr «hfntylet menfnaencahpl e

enbodi sTen , Fi r | eft view of the powered caster wheel assenbly
of Fi gur eé ;elelgéttrhn e%?gta%sq“ back view of the powered caster wheel assenbly

of Figure 1A, Figure 2A is a kinematic di agram of a powered caster wheel

assembly accorenchdia AR esP Rk e RACLAIRILS o hAE: SBhubitr ByS) decdee Of

t he wheel portion o Is a kinematic d gram a gear
trai n conpe¢haniagl awgrxtfafﬁﬁms'@mayst@w@nmsm HpeJond duteay- bg'éaet RUpRddi ng to

an exanplyg £EBAddER MoupRBdio the planetary gear set and the carrier coupled to the

10  planetary gear set.

The second vertical axis may be coupled to the first actuator by a second
mechanical power transmission system comprising a second gear train coupled to a
sun gear coupled to the planetary gear set and the carrier coupled to the planetary

16 gear set.

The first actuator and the second actuator may comprise respective rotary

“motors.
20
BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be better understood and readily apparent
25 to one of ordinary skill in the art from the following written description, by way of
example only, and in conjunction with the drawings, in which:

Figure 1A is a front view of a powered caster wheel assembly according to an
example embodiment;
30 '
Figure 1B is a left view of the powered caster wheel assembly of Figure 1A,



Figure 3B is a kinematic diagram of a gear train conprising an input gear
coupled to an idle gear to an output gear according to an exanple

enbodi mrenwo 2DEB8Y10ED DESCRI PTI ON Figure 1A is a front vipewschom/opamer ed
caster wheel assenbly 100 according to an exanpl e enbodi nent. Figure 1B is
a left view of the powered caster wheel assenbly 100 of Figure 1A. Figure
1C.is a back view of the powered caster wheel assenbly 100 of Figure 1A
The powered caster wheel assenbly 100%conprises a first actuator 102 and a
second actuator 104 for driving and steering a caster wheel 108

respectively; and nechani cal ensat,i ng nmechani sm 106, coupl.ed between
heleacond wefiie1CTo8 Paiow o Ba ouR Srage Toes SerbIo g oHTBdr
conpensati ng mechani sm 106 is arranged for driving the caster wheel 108 to
counter a rolldn t.ion.of the.caster wheel ,108 induced S ring. The
pover od cast er Sl 5 8kifmay Bisgr Bl s el sr ot g ol T Forebb SR, ¢

such as rnoanexargplpleatbediniehf), 112, support colum 120. Wth reference to

Fi gurg 2A, t he working of the caster wheel assenbly 100 and the mechani cal
conpensati ng mechani sm 106 is now described in detail. The assenbly 100
conpri ses necliigire 2B ipaside viewnl the wheeah podign pbinigureapabl e of transmitting
mechani cal power between two parallel shafts with sanme the rotation
direction and constant velocity ratio. In the exanpl e enbodi nent, the
mechani cal powgure BAnisra §i9pmatic diegw@ms ohradgan thalfecqraprisingf ap gKEERl B8Pt set s

210, 220,c0g88d to'ZéWinfé'r’r‘iﬂ?gia§ri AordMRUS aR'ekaRye edbddineht and32, 242, out put
pulleﬁs 214, 224, 234, 244 and belts 216, 226, 236, 246 respectively. The

out pd pulley 224 is in the formof a gear mesh 260 including sun gear 262,
pl anetary gearrsgutéBEaRdarkilkn&iRadiagefh of @ gédrefrfiAtonpiibingiarempat geaar

rains includin n i m nes,. .
trains c%uglgd toganbi"cji}e ge%tr to an ot}tglﬂ gtegr aoccgrsdlng to an example embodiment.

15
DETAILED DESCRIPTION

Figure 1A is a front view of a powered caster wheel assembly 100 according to

an example embodiment. Figure 1B is a left view of the powered caster wheel assembly

20 100 of Figure 1A. Figure 1C.is a back view of the powered caster wheel assembly 100 of
Figure 1A.

The powered caster wheel assembly 100 comprises a first actuator 102 and a
second actuator 104 for driving and steering a caster wheel 108 respectively; and a
25 mechanical compensating mechanism 106 coupled between the second actuator
104 and the caster wheel 108. The mechanical compensating mechanism 106 is
arranged for driving the caster wheel 108 to counter a rolling motion of the caster
wheel 108 induced by steering. The powered caster wheel assembly 100 further
vcomprises structural elements such as mounting plates 110, 112, support column

30 120.



conprising an external gear coupled to an internal gear (as shown in Figure
3A), or an input gear coupled to an idle gear coupled to an output gear (as
shown i n Wogore33®p, can be used in place of the pulleyPbelSG26e0810803240, 220,
230 and 240, and a helical gear set in place of the bevel gear set 250. For
exanple, the external gear 302 in Figure 3A may correspond to any one of
the input pulley 212, 222, 232 or 242, and the internal gear 304 nmay
correspond to any one of t he out put p@ | ey 214, 224, 234 or 244. 1t will be
appreci ated that a rotation of the external gear 302 drives the |nternal

ear 304 int r ot at C to_ a nal I n
O o as |t i lRreh ' e pa, TR p iR o i o br s A BV ARSEEE ™ 1 5y
212, 222,th@8fcbaniéi 2ompersatigemechanism @&is ndwGleseribeddm deta;hoTrmia dsseaibly one of

the out pu‘FOO0 géhﬁrﬁgslﬂncﬁc%gﬁmalzﬁé\i/% g‘témhss on )bét?rplgea C'o?tt?a%skw the

| nput gear ear e ou r 6 are
ext er nal raeq’r‘angelmwersbatweemauo iparaliel shaits @itlp same tbetrptattlorg@aect@m&ndot ate in

the same éi')h%t%ﬁtt\}e%htv\"réti& fh ﬂ%@’é%&ﬁngfe é(ﬁ’do%ﬁﬁén‘( tpéwe%héﬁ?f‘?@%@gfﬂéns%ssi% idle

gear 314. a gear train 1s use l"ace ‘o t set an

out put geﬁdﬁteﬂﬁna@e'nl et foemf ofr pylley- QeHeSGﬁ%é-’ﬂ One2h, Qﬁgl at9 m?”!m'ﬁmgelaPUQGZ

pl anet ar y, Ge@d §12621223'2@2r QEQ SfRpt &ﬁl@{s bRat fey ©6aNphe pahaasBet poghe first
act uat or 102 and the second act uator onprise rotary motors, The first

act uat or 237 246 'eRpRSYRY. P %wgr%uﬂpmgﬂé Bon| R oD ot SBRT MeEh 28 er

wheel 108ndigdingsUN gBSr 261E petetfy gubealesanmauaing geat08s, Starting fromthe
first _actuator 102, rotational novenent about a vertical axis is directly

transfitted tothe i nput pulley 212 which is axially coupled to an out put
shaft of the flnralter@atéuahbbdlﬁr@zats Ag:eanowduds beclacmpg etmtamdndnye@ tp edrean
skilled in the. art rotation rmve

mpr r ar, t i e F@ nlq'!J reySfﬁlgris-
nmechani caid )P 'tswgn%qw?)ft?é‘& #% ‘f?é'p Blﬁn aé>g 3N st H LIk 6, which
isin fr |art|npulagean@nu[aled tovah lidle gebr palplesy® mdutautbéht4as shmin trhkigureul | eys
212 and 2 1.0f Hefuddl Biac8 Bt tHL 'Suily-BE B8R 2o, 5P oM ¥EbOGhA % ratio.
15 helical gear set in place of the bevel gear set 250. For example, the external gear
302 in Figure 3A may correspond to any one of the input pulley 212, 222, 232 or
242, and the internal gear 304 may correspond to any one of the output pulley 214,
224, 234 or 244. It will be appreciated that a rotation of the external gear 302 drives
the internal gear 304 in the same rotation direction due to an internal arrangement..
20 In Figure 3B, the input gear 312 may correspond to any one of the input pulley 212,
222, 232 or 242, and the output gear 316 may correspond to any one of the output
pulley 214, 224, 234 or 244. It will be appreciated that the input gear 312, the idle
gear 314 ah‘d the output gear 316 are in an external arrangement such that input
gear 312 and output gear 316 rotate in the same direction with a constant velocity
25 ratio independent of the> idle gear 314. If a gear train is used in place of the pulley-
belt set 220, an output gear can be in the form of the gear mesh including sun gear
262, planetary gears 264 and ring gear 268.

In the example embodiment, the first actuator 102 and the second actuator

30 104 comprise rotary motors. The first actuator 102 is employed for generating a rolling
motion of the caster wheel 108 for driving the caster wheel assembly 100. Starting from

the first actuator 102, rotational movement about a vertical axis is directly transmitted to



The output pulley 214 is axially coupled to a sun gear 262 such that the
sun gear 262 rotates in tandem i.e. in the sane direction and at the sane
angul ar Webaeiwog9108i t h the output pulley 214. At the pl aoesergosgees s set
260, the sun gear 262, in turn, drives planetary gears 264 in a two
degree- of -freedom (2-DOF) notion, i.e. a rotation about their own axes and
a circular notion around the.external circunference of the sun gear 262 in
an opposite direction to the rotation7f the sun gear 262. It woul d be
appreciated by a person skilled in the art that at |east two planetary

26 Th I t I ' i
OE" S 2 P D AR S B e FOF L S B
ci r cunf erAnweuldfoetdppreviated)myn p2fdni skilled dm tHeadre dhé ootational mbvenerd fof tHee

oo 3RSl 86 EhEenah Al ie it Sk Bliek £84RKEG B2 21k 1 o1

gear eve ear es I'n tandemw th
t he car riwhici2gan fridiienal cioatacbwitiy bothhaulleysr 212 bml/étM ceieh tEs Dubdys?12zander t i cal
axis igs t tRevel gear 254 about a
hor i zgnt %ﬁggt%@}agﬁéb%\% &reggérgérg%%%’;cﬁgrgtf are per pendr cul arly engaged. The

second bevel gear 254 is axrally coupled to the input pulley 242 such that

the input pul lg¥ ot pQled8s id &rél@%@ﬁﬂb&"t& Qsﬁ#ﬁea?%@@gcrpﬁr‘é?ﬂhe%ﬁbegﬁ‘l The

rotation is transmtted o the ouf put In a sane nmanner

descr i bed?62yatAiestip tander, pa indye pame dgetﬂozmd atithmsarge apgHiarolqstly. Wit | ey 244
i's axial ltfe et 6&1Ie§1Q1f4 hat §RsisetaMeekr g&&s@um $Umadea PB2 CRASLAY dwhgel 108

rotates |ntandemvmt t he outé)% pulle out ahorlzontal axis. As

describe 25N 987§t 2 BV E ﬁ%ﬁf f"?ﬁal%é? PPF é MoeR. & Gr rofayen jabout
t L an; m t Ittrsretr bn axghande cimdléreyotraﬂatrom%ttha Eterrdn eirqundisrehey of theaun ge4r I260
t he beve ar _set 250 and.the pu Y- t set 24 aster. eel 108
for generit hgnappati oo thbron el et o0 doh It BRGP PGS axi s
270 for dy & pagon Bkiled hethidlayt that at least two planetary gears 264 are employed. The

planetary gears 264 are coupled to a carrier 266 such that the circular motion of the

15 planetary gears 264 around the circumference of the sun gear 262 is translated to a
rotation of the carrier 266.

Furthermore, the carrier 266 is axially coupled to a first bevel gear 252 such

that the first bevel gear 252 rotates in tandem with the carrier 266. The rotation of

20 the first bevel gear 252 about a vertical axis is then converted to a rotation of a

second bevel gear 254 about a horizontal axis as bevel gears 252 and 254 are
perpendicularly engaged.

The second bevel gear 254 is axially coupled to the input pulley 242 such

25 that the“input pulley 242 rotates in tandem with the second bevel gear 254. The

rotation is transmitted to the output pulley 244 in a same manner as described

above for the pulley-belt set 210. Finally, the output pulley 244 is axially coupled to

the caster wheel 108 such that the caster wheel 108 rotates in tandem with the

e output pulley 244 about a horizontal axis.

30

As described above, rotational movement of the first actuator 102 is

transmitted through the pulley-belt set 210, the planetary gear set 260, the bevel



100 backward and forward. For steering, rotational novenent of the second
actuator 104 about a vertical axis is directly transmtted to the input
pul | ey 2320whioai39iog axi al ly coupled to an out put shaft @eCTiSGeos®0TId
actuator 104. The rotational novenent is then transmtted to the out put
pulley 234 via the belt 236. Wth reference to Figure 2B, the caster wheel
108 is rigidly nounted to the output pulley 234 by a wheel franme 109 (as
shown in Figure 1A), such that the ca$ter wheel 108 rotates in tandemwith
the out put pulley 234, thereby allow ng the caster wheel 108 to be steered

about a verti cal XIS t hrough the center of the output pu 234. A
ol ' ng 1T 5L GPOSRE AGLS RRILER S5 bR EPFoBes 100t SN & a

rotation refatibh eaf feCestbrivenszl 108 aboRhaHzontl aki@78tfet drivivey thefdsseinblyevel
gear 252 1\3%«30 Cfas%ﬁr V\/geel 108 and wheel frame 109 are steered about
the verti MO0 Phe center of the output pulley 234. In the
exanpl e enbodi ment, the rotational novenent of the second actuator 104 is

advant.ageousl t nerating

e Yok B A DR AR R AR 4B

|2 ggut t EulaxgnstzgnzecﬂrhrMm@echp thd mpgbpplle:we;sb vem:?hjait axuamottowfeld |t<m|zalm'i1 pul | ey
, e ng*@ Sy Ut Yt

t hr ough ti@%e%ﬁ%fg. reg%gh?%u?&%%ﬁsmd%m%ﬁrgf ‘éan he m%lr# Igeahr%%268 such

that t he transgiittsio hegoutent-nusy w3dHvia e belt §2e. whn@g;erema toThigure 28 gear

268 then g icusrr WhgePI G’ Adidly Frdirted &5 tH o @PAL My 234y ARfHSR N fraime®: @

rotati on about their axes and’a circular notion around t'he i nternal

ci r c®f er'@¥c@s showRédn Figve déarsugsdhatihe pastenyybee|i 108ceades Rdardrm Mithat i on of
the ring tB@%ﬁtp@:@ﬁulle—KhM ah&rebp BAbWIRE \(6EeBétet WhbEIMTH RN Be StebRidOAHUt bhe
carrier 2v%(rstlct aX|s throug the center of the output pulley 234. A rolling motion of the
caster wheel 108 would also be induced due to a rotation of the second bevel gear
254 around the stationary first bevel gear 252 when the caster wheel 108 and wheel
15 frame 109 are steered about the vertical axis through the center of the output pulley

234.

In the example embodiment, the rotational movement of the second actuator
104 is advantageously transmitted to the compensating mechanism 106 for
20 generating a motion to counter or compensate the induced rolling motion. From the
input pulley 222, which is axially coupled to actuator 104 and input pulley 232, the
rotational movement is transmitted to the output pulley 224 through the belt 226.
‘The output pulley 224 includes the ring gear 268 such that the ring gear 268 rotates
with the output pulley 224.
25
The ring gear 268 then drives the planetary gears 264 in another 2-DOF
motion, i.e. a rotation about their axes and a circular motion around the internal
circumference of the ring gear 268 in the same direction as the rotation of the ring
gear 268. The rotational movement is transferred through the carrier 266 to the first
30 Dbevel gear 252 for generating, independent from the first actuator 102, a rotation of
the second bevel gear 254 that "matches" the rotation induced during steering. This



bevel gear 252 for generating, independent fromthe first actuator 102, a
rotation of the second bevel gear 254 that "matches" the rotation induced
during stwennrin3oibhi sef fectively mnim ses or renoves treTSGROGSRGO3TOL i ON Of
the caster wheel 108 induced by steering. For exanple, froma cl ockw se
rotati onal nmovenment of the second actuator 104, the caster wheel 108 and
wheel franme 109 are steered clockwi se. At the sane tine, the second bevel
gear 254 noves in a 2-DOF notion, i.e.9 a clockwi se circular notion about

t he vertical axi s through the center of out put pulley 234 and a cl ockvvi se
rotation its own axis. Therefore, ol ] nmot i on of e cas

Wheel  S0sRAYE BAN MRS moNet e Uk Bt Bf ARt MhegL i gSash”

accor di nopyt steérdireg. exanpl e enbodi ment, the cl ockw se rotational novenent of
t he second actuator 104 is also transmtted through the pulley-belt set
220, the planetary gear set 260 resulting in a clockw se rotation of the
first bevel gdarexadplewhorota c':lmckMserrotmiuMsnca{emeuhd:fdhe starkldciataraitddt i on of

the S%Cor&ﬂetéaéég 9%?“19@?{1] g hRedl Al eve%Q@te%Fe%fcgé y.ﬁ 1h€‘s'3ﬁate%rﬁ‘ﬂghé‘et

rotational novenen e secon ear ) selectin
appr opr i ctesokd bevehpéar 254 maoves ér 8 20 mdﬂan, itthe c!mb\msercweulardnoameahoct ation

I
equal S t hRe GLAEKWLR npet]hF&gﬂttﬁé)eentéroéf%uﬁﬁPgEI?é} il 0, & BRoRES ARty

achieved 1 n an exa nbodi ment renmovi ng any | nduced

rol ling disrowiyads deeiefnje. ameling aalon ﬁ@theﬁa%tﬁ"eWh?ﬁHGQ%WW'élblel"’r‘@icﬁﬁtlﬂcﬂ?ﬁ of the
caster WhgflerdP8akter 4ARRNGESMSN i@onse&tra.ﬁg Qarﬁeﬁéﬁméferﬁm"ﬁaﬂp%@aﬂ ng

mechani sm as described in detall in the followng section. Therefore, it

i s podsi HHieekwisedetatipnal mryerispt 8t FhPa%eéOTPaP%‘H%IP%F%“ 'sealgo trgBs{pittec thrgugh f or
conpl et el ge rpamy\bemeummeeﬂamas#v@@dr $2 1260 RgsUNBY D8 cRIYKWIBE rethtRr of figh l n the
descri pt |H,on t haL fogla%ws .t he tr el evant norre%gl at ures ‘8 e nefctﬁssar
under st arflFnRFVYEhESFH imer SHIChAR (N CASEY 2 LOUBIRFFICKYYSE Frtatign.fthe seR t | on:
bevel gear 254 to minimise and preferably eliminate the net rotational movement of the
second bevel gear 254. By selecting the appropriate kinematic parameters such that the
15  counter-clockwise rotation equals the clockwise rotation,  total compensation can
-preferably be achieved in an example embodiment, thereby completely removing any

induced rolling during steering.

The removing of the induced rolling motion of the caster wheel 108 is

20 dependent on kinematic parameters of the compensating mechanism, as described in
detail in the following section. Therefore, it is possible to select the appropriate
parameters, e.g. gear ratios, for completely removing unwanted induced rolling motion

during steering.

25 In the description that follows, the relevant nomenclatures are necessary for

understanding the powered caster wheel assembly of the present invention:

wq — the input angular velocity of the first actuator 102
s — the input angular velocity of the second actuator 104
30 ow— the output angular velocity of the rolling motion of the caster wheel 108

wws — the output angular velocity of the steering motion of the caster wheel 108



co - the input angular velocity of the first actuator 102 ws - the input
angul ar velocity of the second actuator 104 -- the output angular velocity
of the rowbizog/asetocon of the caster wheel 108 wws - t hePomtSproosangas ar
velocity of the steering notion of the caster wheel 108ws - the angul ar
velocity of the rolling notion of the wheel 108 induced by the steering
notion ip 1 = - - the gear ratio of the pulley-belt set 210 where zp 1 and
zp2 represent the teeth nunbers of pullPeys 212 and 214 respectively. 1p2 =
- the gear ratio of the pulley-belt set 220 where zp3 and Zp4 represent t he
teeth nunbers of Ful | eys 222 and 224 respectively. ear ratio
of the pul | ey“pet es@g“?gde\%ﬁ'&%ftf‘ﬁ@'&’?ﬂjm?ﬁ@ P%ﬁ.’)‘?é’&*@ﬂ@%@dt’%‘?ﬂw nbers of
pul l eys 232 argedrdmoePectively. Ip4d =r 1 - the gear ratio of the

pul | ey-belt set 240 where zp7 and zp8 represent the teeth nunbers of

pul | eys 242 aigl= Z44—thesgmctatme:lfﬂ1e duhiey—-bel% sétrmomre rabhdzpregrésenbthee! gear
set 250 where zb T q zb2b QRk ESR i\% (ﬁ ‘{ &l s of bevel gears 252
and 254 respectivel eegnum =S¢ 8” ? 2 ?g regp%cgy%}cmter of planetary gear
set 280 wher e lzF Adthesgeas patiesdihe puley-belbset 220mheres Z,o0Bnd Za derjesant the8 and
sun gear 262 respecttééfﬁwmbgg%egu@gsb@@ampﬁﬂ;egggcﬂl,é@ted above, the output

(1) ndi cat os e Fate 6 SR BRI MAGRIBHDBPS) 298 SEeER oA P oRstSart B,
movenent of the secagsih acihbéserf pdiRgs 28D uaY 234 rebpectiséiger i ng notion i nduces
an addi tional I,L al J:% D%en&etair Piio oft pMYgi/-BQIt Ea Z%im;hte?@zp?ghd Zp5 represent the
10 . teeth numbers of pulleys 242 and 244 respectively.
Iy = f— the gear ratio of the bevel gear set 250 where z,; and z,, represent the

teeth numbers of bevel gears 252 and 254 respectively.
a== — the characteristic parameter of planetary gear set 260 where z, and z

'represent the teeth numbers of ring gear 268 and sun gear 262
15 respectively.

Based on the notations listed above, the output angular velocity of the steering motion
s IS given by:
20

o, = (1)

Equation (1) indicates that the steering motion only depends on the rotational movement
~ of the second actuator 104. However, the steering motion induces an additional rolling

25 motion, o, which is written as:

@, = | @)

ip3lyips

Therefore, the output angular velocity of the rolling motion of the wheel 208 is given by:
30

o oo o ooy . .
) __ ipt ip2 __ ipy ip2 @y _ @, [a1p3 _(]+a)’p2]wx
wr = ()i, rs = Wr@iyine  Tpyiips | (+@)ipi (+@)iyi 2l pyipe (3)

pllp4



rs 'pi'b" pA (2) Therefore, the output angular velocity of the rolling
notion of the wheel 208 is given by: _ -pi -pi . _ i p2w_w [wp 3
-(]+a) i pvd2pre3mro2{\+a) ibip L rs (\+a) ibip Aip } iPaT/SR2EMa034*" p' "/
> 0 + )" *<p2'p3' p, 3Equation (3) indicates that the resultant rolling
notion of the wheel 208 depends on the notion inputs fromboth the first
actuator 202 and the second actuator 204. However, the rolling notion

i nduced by the steering input by the sdcond actuator 204 may be renoved
when the follow ng condition is satisfied: aip3 -(I + a)i p2 =0 (4)
Rearrangi ng Equation (4) yields: epi-'pl (5 FromEquation (5), it can be
derived that if the values of a, /p2 , and /p3 are appropriately sel ected
to nake Hepuatiorn(B)(rdicated thak, the hesultamt! rolligg nMotibro of the duheed2dBydddeads o ithen | nput

of the second .actuat ar e_co, et remgved. . | ther words, to
achi eve gupRnans R hef e FBY adlabO R Gidih st P 2fater Pof e BRI oo
cast er wrelihg d®8on mdlgeddryehe gieatingmputi bydhe EBepoat iactualcd P04 magde removes
satisfie I i V. e kinematic paraneters to satisfy one
equat i50n%hﬁ}‘?@b%fbﬁ@%ﬁg@;@n&g%@sﬁ%. the system 100 of the present invention
possess high flexibility for performance optim zation by adjusting the
independeglt pﬁr_l_a&rﬁt ers. When Equation (5) is satisfied, the out( ut angul ar
velocity O0f*the To#ling notion is given by: w w - r" (6) The %owered
caster wheel assenbly according to enbodi nents of the present invention may
be suitable for a w de spectrum of omi-directional nobile platforns
Rearranging Equation (4) yields:
10

a= 2 (5)

ip3=ipy

From Equation (5), it can be derived that if the values of a, iy, and i;; are appropriately

selected to make Equation (5) valid, the rolling motion induced By the motion input of the
15  second actuator 204 may be completely removed. In other words, to achieve pure rolling

and pure steering characteristics for the powered caster wheel 108, only one equation,

i.e. Equation (5), needs to be satisfied, which only invoives three kinematic parémeters

to satisfy one equation. Therefore, embodiments of the system 100 of the present

invention possess high flexibility for performance optimization byv adjusting the
20 independent parameters.

When Equation (5) is satisfied, the output angular velocity of the rolling motion is given
by:

@,

25 a)wr = (1+a)iyi

(®)
The powered caster wheel assembly according to embodiments of the present
invention may be suitable for a wide spectrum of omni-directional mobile platforms
ranging form high-end mobile robots to low-end wheel chairs. The major merit of the
30 powered caster wheel assembly according to embodiments of the present invention is



rangi ng form high-end nobile robots to | owend wheel chairs. The major
nmerit of the powered caster wheel assenbly according to enbodi nents of the
present iwoentommozst hat any i nduced rolling notion durPOg/SS2esronesg4 i s
renoved so that the steering and rolling notions can be precisely and

i ndependent|ly controll ed, achieving decoupled steering and rolling notions.
Furt her advantages of the PCWassenbly according to enbodi nents of the
present invention are as follows. The13ctuators nay be independently
controll ed as the nechani cal conpensation of the induced rolling is
dependent, only on ki nematic paraneters such as gear ratios. Hence the
contror eRerR RRytEr i e R RO Er T BaTeHFd SRUTrORE b duced.
The two aoltinqintotionsrasanbise praciselydamh iraeperidextlyl coaisalled 0 aatsieving idepouplesl t he
power trapnsm ssion efficiency and sinplify the wiring schene. Additionally,
a nunber%%‘¥%§%P§V°@§ﬂP Hﬁ?Ves are enpl oyed and may be able to reduce the
shock and vibration of the system while offering the advantage of ease of

asseml y, nai NSALSH O oy j - H: wever,
For ampl | cat i ouangr Sfverfliie REIE HoVar bl Bl 1d SRR b i be
repl aced Piesent gwentionrase s follbivs. khenasteatpis may berindependenly pentfollekppthe

adj ust ed'rﬁ&hﬁﬁi@él?!&nﬁé}ﬁéaﬂbﬁ-'gﬁ " HALdBNFfRling T RE dRPERIehP!dnlyN8n akAed&REr | NY

noti'on characteristic 1s I ndependent of thé offset between the rolling and
st eer i ng Raf@metergssugh assagar ratiopeHendestbe crpljolmsherpeanayobe aiFpliiadhant slip

i ncreasi NhddRs hifiohd MAY Bk Irdduted. I thevb laclitorPd Riaf b M hitddoro BEk&PPaseki | | ed
in the art that nunerous vari ations_and/or nodificatjions may be made to the

presdft iSSv@hiq RP¥e i RAWETMIrRNRENISSINL: PIFiFiENeBRY SRRty the WiNBESCHePSr t i ng

f Lgmd_t he Adeitiohally0 B rl;ﬁﬁibf@ﬁOfCﬁuII%WBegi dﬁb@@tafééétnﬂ&ye_ﬁlfﬂ&ﬂhl | sy d@ssléitt@mtiiucét: te present
e odl nents are re re e c.pnsl ader | a r ecC 0

et 1o oed B vibBitoR S e sYsterB wiiR 56 She pvalins’ SoOREI ek senl v

conpri si mgaintenance, and power transmission ratio readjustment. However, for applications to

heavy mobile platforms, the pulley-belt drives may be replaced with gear trains. The
15  kinematic parameters may be flexibly adjusted to achieve optimized performance. The
pure rolling and steering motion characteristic is independent of the offset between the
rolling and steering axis. As a result, the offset may be free for adjustment increasing

design flexibility.

20 It will be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to
be illustrative and not restrictive.

25



a first actuator for driving a wheel; a second actuator for steering the
wheel ; and a nechani cal conpensati ng nmechani sm coupl ed between the second
act uat or woaotomsowwkeel ; wherei n the nechani cal conpensaPCm$GresRarB7$mM i S
arranged for driving the wheel to counter a driving notion of the wheel

i nduced by steering. 2. The powered caster wheel assenbly as clainmed in
claim1, wherein the nmechani cal conpensating nmechani smconprises a first
mechani cal power transm ssion system fl& transferring a rotational novement
of a first vertical axis coupled to the second actuator into a rotational
anenenttgf gwgecond vertical axis coupled to the first actuator. 3. The
powered c LA wheel assenbly as clainmed in claim2, wherein the first
mechani cal power transm ssion system conprises a first pulley-belt set,

wherein an out put Q\méﬁé(reQ aét%?wﬁw%%lééssgrwbl e%nppe;}g set conprises a ring gear

coupled to a planeta gear S Carrier co pI ed to the planetary
gear set and ta)ﬁrsmtlsa;ooimddméngiaOMeeams 4. The powered caster wheel

assenty y as clﬂé&qd IRt S isp &eemg'vﬁe@%nﬁ' rst nmechani cal power
rst

transm ssi on system conprises a ear train, wherein an output gear of
the first geara trmeghanisehpraneensating ﬂgegmsmomw thetyeen athet aegongear set,
and a cargdy@ioCHPheWHeR::t he planetary gear set and to the second vertical
axis. 5. The powered caster wheel assenbly as claimed in claim4 , wherein
the first gearwha@indhe Bigsppsieal %mmeﬁmgameawsmﬁmw%oaﬁ"wm tenal

gear. 6. ThRedIY\EsRfr&Rdivirig MoB6H oPthe ey indbicdd BY SieErimd! claim 4 , wherein
the first gear train conprises an input gear coupl ed to an idle gear

coupl@d to an
2. The powered caster wheel assembly as claimed in claim 1, wherein

the mechanical compensating mechanism comprises a first mechanical power
transmission system for transferring a rotational movement of a first vertical axis
coupled to the second actuator into a rotational movement of a second vertical axis

15  coupled to the first actuator.

3. The powered caster wheel assembly as claimed in claim 2, wherein
the first mechanical power transmission system comprises a first pulley-belt set,
wherein an output pulley of the first pulley-belt set comprises a ring gear coupled to

20 a planetary gear set, and a carrier coupled to the planetary gear set and to the

second vertical axis.

4, The powered caster wheel assembly as claimed in claim 2, wherein

the first mechanical power transmission system comprises a first gear train, wherein

25 an output gear of the first gear train comprises a ring gear coupled to a planetary
gear set, and a carrier coupled to the planetary gear set and to the second vertical

axis.

5. The powered caster wheel assembly as claimed in claim 4, wherein
30 the first gear train comprises an external gear coupled to an internal gear.



out put gear. 7. The powered caster wheel assenbly as clainmed in clains 3 or
4 , wherein the second vertical axis is coupled to a bevel gear set for

t ransf or mvogos/a3etoat i on of the second vertical axis int@®@Ca/SGaomtopE14 ar ound
a horizontal axis. 8 . The powered caster wheel assenbly as clained in
clains 3 or 4, wherein the second vertical axis is coupled to a helical
gear set for transformng a rotation of the second vertical axis into a
rotati on around a horizontal axis. 9. The powered caster wheel assenbly as
claimed in any one of clains 2 to 8, wherein the second vertical axis is
coupled to the first actuat I n a mapner such that the second vertical

rin
axi s can be i iiepend&RINEra icRRST MPeehassamRly asiamed n My WRe™eM r st
mechani cahe [festegedr rtes BbBprises &y Fiptingebr thepla® e aniicial gexp repapiedtto ngh
mechani sm . 10. The powered caster wheel assenbly as clainmed in claim?9,
wherei n tHPLEEERd vertical axis is coupled to the first actuator by a
second nechani cal power transm ssion system conprising a second pull ey-belt

Coupl & o t hel pl anDEasgve S8 Bk Mg ieBRCLE iER PP ST DI B
cl ai ned iwheremi e Becond veitical dvds ssecoupled &0 Bi keel gearssetJor trapsferming a he

first actyphn PihASERNdERCBRNMEA IS bl A FEASHAR St em compr i si ng

a second gear traln coup 0 a sun gear couple e planetary gear set
and the carrier coupled to the planetary gear set. 12. The powered caster

wheel assenbl yg as Gl pofered BRYerORRedlassbAIbIE ad didimbd inEISHRl B &g, first
actuator and the second actuator conprise respective rotary notors.
10  wherein the second vertical axis is coupled to a helical gear set for transforming a

rotation of the second vertical axis into a rotation around a horizontal axis.

9. The powered caster wheel assembly as claimed in any one of claims

2 to 8, wherein the second vertical axis is coupled to the first actuator in a manner

15  such that the second vertical axis can be independently driven by the first actuator
and by the first mechanical power transmission system of the mechanical

compensating mechanism.

10. -~ The powered caster wheel éssembly as claimed in claim 9, wherein
20 the second vertical axis is coupled to the first actuator by a second mechanical
' power transmission system comprising a second pulley-belt set coupled to a sun
gear coupled to the planetary gear set and the carrier coupled to the planetary gear

set.

25 11. The powered caster wheel assembly as claimed in claim 9, wherein
the second vertical axis is coupled to the first actuator by a second mechanical
power transmission system comprising a second gear train coupled to a sun gear
coupled to the planetary gear set and the carrier coupled to the planetary gear set.

30 12 The powered caster wheel assembly as claimed in any one of claims
1 to 11, wherein the first actuator and the second actuator comprise respective

rotary motors.



