; WKe3eWKWH\ (661 T281 8 S E P 2002 ~n% Differential Dual Drive Bicycle
Assembly. 5 Field of Invention: This invention relates to a difffBr QEPaZOUZ
dual drive assenmbly for use in transmission of differential power to

bi cycles and in particular to notorized bicycles that can be used for 10
recreati onab ojesgsoses | i ke cross-country biking, nount ai PCTHEIBY0HNd t he

|l i kes. The invention, when adapted into a bicycle construction provides f¢
a variety of advanta es Background to the Invention: 15 A conventi ghal P\’?,
bi cycl e uﬁmlﬂwuﬂwumwm power to propel the bicycle and the rider farwar

A nunber nodi fi cations have been patented since thepggbre
particul arly taotzhe nmechani zati on of the lconventi onal bi cycl e. However,

20 practical and cost-effective dual wheel driven bicycle ha

avai l abl e commercially yet. For exanple, there is a bicycle mmm’mmﬂlﬂwm
wheel s driven synchronously by conventional pedal power where the peda
nmeans 25 is linked. to the_driven wheel b,)(l ans of a chriu n and sprocket to
the rear driven wheel. é@m&%ﬂw £ i eel pulley by a
continuous belt. The di sadvantage is that the power generated is split in a
gi ven rati o; hgtygely tthe.f &3k, ,Wheel and the front wheel. A further

di sadvant age 75 that —tihe speed is not 30 variable for a given configuration
of gears and pull eys and wheel dianeters. Another disadvantage of such a
dual drive sysfiemihserdthah td1dtakl 6o a WiFreréntRa2 0822 WArALL 268Heably for

PCT/ S(309100102 2 Lo effectl vely S ifferent rotational peeds
bet ween t he f1ont e =BhE e 9 ?fgaér&\%\,ﬁeerl1 V\E owgﬁu;s:g %ti\/\%dﬁ 0s s% nd tire

wear. Furt herparsagmlamyermt i owsouseeda recketesand-hzaw CREcham sheed ther front

\theel | to refucRrbht el BRRIA DYkl A5Rs3-EABt20VEIEARE AbukdUabiridgen
'eycte. and the 1likes. The invention, when adapted into a bicycle

construction provides for a variety of advantages.

Background to the Invention:
15

A conventional bicycle uses foot pedal power to propel the
bicycle and the rider forward. A number of ©practical
modifications have been patented since then, more particularly to
the mechanization of the conventional bicycle. However, a
20 practical and cost-effective dual wheel driven bicycle has not

been available commercially yet.

For example, there is a bicycle that has two wheels driven
synchronously by conventional pedal power where the pedal means
25 is linked to the driven wheel by means of a chain and sprocket to
the rear driven wheel. Thig in turn is linked to a front wheel
pulley by a continuous belt. The disadvantage is that the power
generated is split in a given ratio between the rear wheel and
the front wheel. A further disadvantage is that the speed is not
30 variable for a given configuration of gears and pulleys and wheel

diameters.

Another disadvantage of such a dual drive system is that it fails



I n another formof bicycle, a dual wheel driven nmechanismis provided
wherein the pedal ed power is transmtted to the rear wheel nal
pedal i ng neans. The rear wheel power is 10 then divided in lgkq @g?gggrg
ratio to the two wheels by a ring and pi nion gear nmechani sm A designed
ratio of PEUY6IE therefore transnitted to the front wh&&SEPMYENs of an
el ongated flexible transm ssion shaft. To this front wheel is attached a
simlar ring and pinion gear drive mechanismas provided for in the rear.
15 In such a dual drive bicycle, in a first operational node, in which the
front and rear wheels are driven in a spged ratio equal to their gear

rati os and wheel dianeters; to a second node in which the front wheel drive

is decoupled to all ow opl y rear wheel drive. 20 The di sadvant age to the
exi sting forFPoPEREHVEFY vBIGRSSPcIFBE AL EEFREPE s FPppEFRadt SRAEH sPHUUEEF due
to the speedthangeorteiwbgeli xedl fioy tcee whael awdidhr eatsehpeles: J%BAaharther

di sadvant age i 5, agar ento,uben 11 b0, o Sl BRET 1,08U1] agem, Sh,g0

roads) on mu snow when 1t orm er ent.
wheel drive Me¢hasdaer tagthot ﬁrqnﬁe Wﬁ?%htt%n@dluéar tmeqoguébm |1-‘nltt H959vent

if slippage es&WdvahPadN@r0h dae wWheRhSpidR1EXi sting dual drive bicycles
are designed very precisely for a given wheel configuration. Factors such

as tire elasticity, varying ground conditions and manufacturing defects
will cause If8aSothe? 2002 WD (l/c2bD66 PCTUBCONEI1G2i8en | necrspiabbiag and

premature tiLe YRRk nelbEl e ﬁ&a%&fssmt'@ GARR] ddelay ceheRef ixhpg gear

rati os. These di sadvantages can be overcone wth the present invention 5
descri bed by¥heR! Ude ?ﬂnvﬁnbb‘?ﬁl tReAL RS TGRS medRe @I YRSty RWPEYEFi ¢
gear assentl yhat tdishiaddr o ad i fid@kil Yedo ﬁaheowheet:se ttvoawhewl Ay tar anagi ssi on
of power to % her .bot h_ wheel s qr to,t r\/\@lo ofonly. or, f ront

|

t
wheel only, ren?l%ﬁalr meilbanéumrar fg?ehe Aventi bn: - Ac€o glaeree%ofo t he
first aspect tmnﬁmtﬁ@thtlhsnfr@ﬁemeﬁh I owbdedefa apomnqaﬁ&ﬂsﬁi@@béﬁ means

to a bicycl ecphesf sbien POV . 15ct @RS MeSShiO Nyt 1Rk 2k QadiRlVifdesat by f 1 ont
wheel drive and rear wheel drive with differential torque distribution

dependi ng onZoRerafi RYPPLBhEPEY SHA Ve BlPheR Tt 3FhBETHERAL TN “bbEh TRE - r ear
wheel and tshénf soctt ahéell 2rivanbbeydrel, ven at fdiréf esppnhciaiaAt irodal s$peeds

wi t hout any lwﬁ%éh(yhe front and rear wheels are driven in a speed ratio equal
to their gear ratios and wheel diameters; to a second mode in
which the front wheel drive is decoupled to allow only rear wheel
drive.
20
The disadvantage to the existing form of dual drive bicycles is
that slippage of wheels occur due to the speed range being fixed

for the rear and front wheels.

25 A further disadvantage is apparent when riding on slippery
surfaces such as wet roads, on mud or snow when it is desirable
to perform differential two wheel drive for powering both the
front and rear wheels even in the event if slippage occurs in one
of the wheels.

30
Existing dual drive bicycles are designed very precisely for a
given wheel configuration. Factors such as tire elasticity,

varying ground conditions and manufacturing defects will cause



power. Preferably, when both wheels are engaged to rotate tog Efr
torque is increased instead of the rotational speed. This aéﬁgk [ég éﬂughe
invention allows the rider to traverse soft terrain and ascend steep
inclines. It also provides safer riding in wet and slippery road

condi t i onwo famspdser aspect of the invention allows the HQIYEGIGE be driven
30 with a rear or front wheel drive only. Rear wheel only drive neans
al l ows increased speed at the expense of torque without |oss of power. This
node of drive is preferred 1 8 SEP 2002 WO 01126956 PCTlI SG9100102 4
on flat or even terrain where the roIIing resistance is |low Front wheel
drive only is preferable for straight stéering stability during higher
speeds on the bicycle. 5 The invention provides automatic speed

conpensat i ng tirsanss¢fubbling bi @yt | erepesundi f tarent werarzeasof thkeel sif oma he
front and reaqfifrOferthaVedpa8nth %e&%i%‘%ﬁgdjeaﬁcefmfosd' aneters on the
wheel s or while negotiating ben 10 Advantageously, with the speed
conpensati ng nmeans, the cycli st need not apply corrective braking to
conpensat e thaeseeedsamaﬁg@géa;etdmenewbeef&nas wtlbn pnaveprésreamsrihssﬁmnsystem
wi il automatigall onpensate such that bot eels wll be in 15 ful
contact wt dtc fe %breo%un@) %thoute a%y slao‘ﬁﬁﬁggr AN Fﬁlgn mea(glrst an paspeé"t of

t he i nventi orepiisyethat deprabbesmblypestachedt mOQGelqmtléYchangbebwﬂlﬁl)% theder

di fferent grcaqmdwcmwttﬂaaeﬁmsteﬁqyﬁ powek NVET SAINEr PHORPWHeRN ! of OcSRERM. For
exanpl e, when the 20 _front wheel is_in contact wth a d?g/ and_tractive

terrain whil SE3Fn&5%eaP™ 1% °§p\“r‘1rﬁhﬁgf’f‘ﬁ‘t whett CBrY ait Tt B ki hy on the
front wheel, nore torque is given to the rear wheel to extricate the
bicycle out10 of the situation. 25 This causes |ess wear on the tires and
there is less slippi ng of the V\,heel s. The invention provides a differential
dual drive asS@RdiX g XBE-494nsm ssi on neans for a standard pedal

bi cycl e t hat can be 30 eaS|Iy and cheaply retrofitted. It is also provided
Il:)lhgilc][ 26 asse\ ¥d1ng %o &eecfggggna%%lecé Oofn%ﬂgfﬁ%telq{zfona,nqhgxoe filst pggvn.lé)e a new

a power transmigsion means to a bicycle where the power
15 transmission is able to provide both front wheel drive and rear
wheel drive with differential torque distribution depending on

operating conditions.

By use of the invention, both the rear wheel and the front wheel
20 can be driven at different rotational speeds without any loss of

power.

Preferably, when both wheels are engaged to rotate together, the
torque 1s increased instead of the rotational speed. This aspect
25 of the invention allows the rider to traverse soft terrain and
ascend steep inclines. It also provides safer riding in wet and

slippery road conditions.

Another aspect of the invention allows the bicycle to be driven

30 with a rear or front wheel drive only.

Rear wheel only drive means allows increased speed at the expense

of torque without loss of power. This mode of drive is preferred



WO 011 26956 5 Brief Description of the Drawings: 51 8 S ~ P, 2002
PCT/ S39100102 The present invention will now be descri bed bl/%w%)EBf 2002
exanple only, with reference to the acconpanyi ng drawi ngs wherein: 10
Figure 1 shows the rear perspective view of a bicycle having attached

t heret o a Wonmess dri ve assenbly according to the inventPOHSGPIOgOLe 2 i S
front perspective view fromthe right of the bicycle illustrating the front
drive nmeans (30) with flexible shaft (40) 15 Figure 3 is the side el evation
view of the differential dual driven bicycle. Figure 4 is a plan view of
Figure 3. Figure 5 is a detail drawing of the front wheel (SO
incorporating flexible drive shaft (40), front transm ssion 20 roller unit
(31)) holding bracket (30) attached to the extended front wheel spindle

t hr ough r et ai ¢r fdahuess even giarwabn sthews the noddinavreel st@nceeig [108) att ached
to the rear wheel (60) using holding bracket (70) to the back wheel

spindle. Figure 7 is a_perspective view of the epicyclic gear (100) 25

showi ng the dfiRE r'gi9%er H0S) , OHhul&r PIEATTAPL66) O s uREFEEFT ( 1USFILPY anet
gear (104), asmchbalieghwaiby HikkBegWpegdaron tthe Biayxilbl e shaft (40). Figure 8
is an expl oded view of the epicyclic gear drive nechanismand the electric
motor (101). 30 Figure 9 shows an elevation of a nounted gear assenbly
(101) to the Fraarinwpeelon 6OyvidsgerheP atiich sPeattoBRetGitiae (09) 1 Frrire 10
shows a plan yiguiefuddieabraciat afdaangemnme1of tdr @ueesBnt and rear; or

if wear and tear causes different diameters on the wheels or

while negotiating bends.

10

Advantageously, with the speed compensating means, the cyclist

need not apply corrective braking to compensate the speed change

between  wheels as the power transmission  system will

automatically compensate such that both the wheels will be in

15 full contact with the ground without any slippage.

Another important aspect of the invention is that it allows speed
to torque interchangeability under different ground conditions.
Torque is inversely proportional to speed. For example, when the
20 front wheel is in contact with a dry and tractive terrain whilst
the rear is sgpinning in a wet terrain, by braking on the front
wheel, more torgque is given to the rear wheel to extricate the

bicycle out of the situation.

25 This causes less wear on the tires and there is less slipping of
the wheels.

The invention provides a differential dual drive assembly as a
power transmission means for a standard pedal bicycle that can be
30 easily and cheaply retrofitted. It is also provided that the
agsembly is also economical to manufacture and to fit on to a new

bicycle.



18 S E P 2002 WO 01126956 6 PCT/ SG9/00102 Figure 11 shows a schematic oé
the all wheel drive arrangenent. Figure 12 shows a schematic of ‘]tBeSEd%r 002
glheel drive arrangenent. Figure 13 shows a schematic of pedal power only
etached from drive nechanism 5 Detailed Descriptio nventi on:
10 The pr eggr%’g{;%venti on will now be described with ref efbe'ﬁ%:%gwta@dt he
preferred enbodi nents thereof and with reference to the draw ngs. The
differential dual drive bicycle (1) has a power transm ssion nmeans
conprising an epicyclic gear assenbly conpartnent (20) 15 containing the
differential power transmtting device (190) of a planetary gear wheel type
for providing differential action between the front and rear wheel driven
by a primary power source input nmotor (101). A battery conmpartnent (10) is
al so provided at the rear wheel (60). The gear assenbly conpartnment (20)
and the 20 battery conpartnent (10) are supported by a spring | oaded
bracket attachnment (70) which is in turn securely attached to the rear
wheel spindle_ (.71) together wth the rear dropout (2) by retaining nuts
(72). In the k) pe S pREn e Dol Ml Bl le is a conventional bicycle in
whi ch the pédal sprocket , endless chain 25 and the rear sprockets are
suppl enented with the drive arrangenent of the invention. There are

provi ded | eft_and right pedal s éS), i th cranks (7@.aa When the drive
arrangenent i 9§ rPREEERE nEPPRGAPR R 2aY e dSEAkERFDLRY tHiYs PBr SFREREE no
advant age. 30orfilyt, ewitat iré€eyendenta ther hbesmpanbixtl @eavings ehewent:i onal

bi cycle gear train with pedals (3). cranks, a pedal sprocket , an endl ess
gear chain , and a flexible transm ssion shaft (40) with differenti al
fitted as d@sE¥qused L rehone shef EppedPerfiRssrieht viawd of 12 gbisyelp Pguing WO
01/ 26956 PCTI SR2%h081QZerettANabeohedhl OafireVi LekbEy Macbetiag! HOWEHe i N
lieu of electric power. The power transm ssion neans (100) and the
transnission Shaft - %'(40) will now be described in detail as shown in
exploded Figuthure 2 is front perspective view from the right of the bicycle

illustrating the front drive means (30) with flexible shaft (40)
15 Figure 3 is the side elevation view of the differential dual
driven bicycle.
Figure 4 is a plan view of Figure 3.
Figure 5 is a detail drawing of the front wheel (50)
incorporating flexible drive shaft (40), front transmission
20 roller unit (31), holding bracket (30) attached to the extended
front wheel spindle through retaining nuts.
Figure 6 shows the rear wheel drive (100) attached to the rear
wheel (60) using holding bracket (70) to the back wheel spindle.
Figure 7 1is a perspective view of the epicyclic gear (100)
25 showing the drive roller (108), annular gear (106), sun gear
{(105), planet gear (104), and attached to the sun gear, the
flexible shaft (40).
Figure 8 1is an exploded view of the epicyclic gear drive
mechanism and the electric motor (101).
30 Figure 9 shows an elevation of a mounted gear assembly (101) to
the rear wheel (60) together with reaction roller (109).
Figure 10 shows a plan view of the bracket arrangement of Figure

9.



8. The power transm ssion neans (100) is driven by an electric powered
motor. (101) and conprises an epicyclic gear train assenbly haﬂi&gsgap 12062
plate (103), with preferably three, but not nore than five planet gears
(104) on pins (111). Central to 10 these planet gears ( ' osi ti oned
the.sun g 0 ?)"3) whi ch meshes into the planet gears (%%igspg#é@tl@r nal l'y,
the planet gears (304) are neshed into a ring gear (106) with internal
teeth. The outside of the annular ring gear is suitably prepared to receive
the rubber roller (108) which will be in contact with the 15 sidewall of
the rear tire (60) (supplied with the bigycle). The rubber roller {108) is
repl aceabl e upon wear and is nmade froma simlar material to the tire. The
entire assembiy,is Lhgp gsaggg&e%tﬂt&erth@%m@ela 00t Lghaldigt: (107)
and a rear retainer ( 2" e retainers also provide protectfon to the
gear assenbl Y¥igorg 1G0Fhevom eakemsGi oty tBP efRATt Wheeth8réye HrErngImarE -wi t h
the planet geagtrd L34En6dH o QtRdnitak0sNGhelRE SN rgemly E0Sdhaandrbdectel Ng
gear (106) aIA QW n thhe,sun gear (105) and the ring gear (106) to rotate at
di fferent spééds® APtHthed rigidly to the sun gear (105) and exiting
coaxially ffomthe epicyclic gear train is a suitable sized flexible torque
transmtting shaft or cable (40) of predetermned |ength to reach the front
wheel (50). The rotational speed of the sun gear (105) is transmtted
t hrough the shaft (40) to the front wheel (50) to 30 the front wheel end of
the shaft (40) is attached a front wheel drive roller (31) which translates
t he sun gear 105) Pyt Rut, torgue to the front. wheel drive. The roller of
the front wh =5 BRI S s et o the—r ol | er provi ded on the rear
wheel 1 8S E P 2002 WD 01/ 26956 PCTI SG9/ 00102 8 attachnent (108). In
?ﬂdi ]Ei ont a\?\ﬁ ﬂ{eegsf%blltyigxt@{tegﬁ Syilﬂrloilol&ﬁ%f[ihﬂgé‘&z_tiibﬁﬂ xﬁﬂ:!hlj@%ﬁel(egﬁ)s_ ecpm: Ite to
e fron eel roller }. Simlarly, ere i s_provided reaction rollers
(113) " oppos, FE=E5 13t PR RRERI CHESFP LA 68y “PAPESAS Sy iR S5EBIIT0 ¢ he
5 stability dfhet Heffrrenci®l diwailndrise bithelea dal aamd & porer wheelsnilss ioa
assenblies c n € [ i,n ac
attachnents ?’%6?‘%%“?%‘8%“%54’&?ﬁ\?’Z’Fg?‘Ei ég?%ﬂgggmn%q\?vagé ot g?y%%yc@)forks
(2) and (4)5 HBtpnins s8Rl LIPRENbiRdr RPVON GRREREtdadr A2 ¥igen (WP oW be
lc;lescri beﬂ. Thﬂa:neptﬁy pPe¥Ef hﬁe@le:’j Lyesl ffbempaoei@mgri@im&eﬁt{aml&c%mr ated
y a rechargeabl e ter oused i n at.ter onpart.nent (10). The IS
out put shaft et(e%ﬁ?n g'fthet Flgé%tag T ?’?‘?egld dlrerft’%n'(t%J gg et ;(Siorwr%)r (595 t hi n
t he epi cycli cingprarngtb@0) 10Mheh bdtcempt competOignti §1opamsapéel) nHexided @t
torque will baet raRsMitdAd (0) t NG CRELL efsdihBl £ dokPa}emeHt S28F MuLAIUHES
pl anet gear,s (104% and the planet gears (104 drot ate with a c%ngon
rotational XetSEFTY FEPRREYMr &1 D0 &8y F1REGT b CEnfiofPrm 195 8FFSAST by
t he not or ( 1Odtaghdemmuivoédwbictpiiss ihltiyn exeseedy ngtfachedt he tlosmoearpl ane
(103). They arg .fr t @1 ot t hei axj n g S
(104) are ina%%%% gt i P PR ERcl: | JaLh O o?é%heggﬁﬁltgegg) (186))
causi ng the ryefgigeRg nutee6i’¥o FottdeePrefifrend | YAt BRitalthy 2iFYai e abhéd with
the rear hdri V@:rfv%‘:ﬂilfna(légﬁéycffghend\gﬂi\tﬁ ll':ﬂéh%’daﬂ.lgﬁz)ocﬂseﬂ ?@ﬁifl’feéacf:}irx]mfto
rotate the rear e of the bicycle (1) independent romthe front
wheel (50) . st ritﬁ% (%6‘5) PRYSTBant ed o %‘ER o6 ex%%e;éfet (1o ﬁﬁeméﬂlsveof 30
| ocki ng scr evay(rBnO¢mentf lofx ithe einvemgien + riinesei &x¢ myoyhadd lmftcabfieridt®) of a
sufficient | engiNst @3y 6ach thsudkr onf. whes! coQ)kile ﬁ&ﬁ?@@utoggt faldge to
the sun wheel (105).. The shaft (40) or cable, for exa e a Bour den cabl e)
is a conmonl ytlhevgie %&ﬂ éBi)tcé-:m be ‘cranked but this provides ho advantage.

30 Alternatively, in a further embodiment, a conventional bicycle
gear train with pedals (3), cranks, a pedal sprocket , an endless
gear chain , and a flexible transmission sghaft (40) with

differential fitted as described in the preferred embodiment and



WO 01/26956 9 18 S E P 2002 PCTI S&9/ 00102 but nust be sized sw tably for
the aspects of wi thstanding torque and torsional deflection EhFheQUUZ
required maxi numload to be transmtted. To the other end of aft (40)
is attached the front wheel roller (31) which translates the shaft (40)
torque to WOWOKSGt at i onal velocity of the front wheel (BEHSCRIPhg nor nal
operation of the epicyclic gear) the bicycle is dual wheel driven but
differentially. The torque generated by the notor (101) can be split
advant ageously between the rear wheel 10 (60) and the front wheel (50) to
traverse soft terrain or ascend steep inc]ines. The output torques at the
rear wheel (60) and the front wheel (50) are determ ned by the nunber of
teeth on the sun_ gear 105 ) and the ring %ear 106 )., If the synmbol Rg
is used to repPefBntsthdd RPYH ThgnBEFhar f‘%e’?‘??’eﬁnlf‘hél%ri’fg«?é?c%/ JCS’S) to
15 the nunberpodkerteeth on the ring gear (106), then this value of Rg will
be naturally between unity and greater than zero since the ring gear (106)
has nore teeth than the sun gear (105). The torque distribution ratio for
t he rear wheé!rhe( GOpew traggnissitnm téarsl ©EORY) aadd thhatraisntibeidnm onhafivheel

(50) will y a1 R Bg)dedérlﬁé‘&‘ BPd%EQI‘.L ta'%%ﬁév@l{ g nt Qﬁleéd?e% dr by

torque di strl ution anount for the rear (60) is naturally_higher than
the drive torfh'ueThﬁl SPFEDUE T ARBAT e8RS t ﬁ’émf r 3fit dhedr Rys@p slerhelc
bi cycle in itgwered emoedr enfaod) Neddd  26mddiess| aaki Egld}hﬂlf:r agdarwhesdin ol | er
(31). the bicycle npletle rear whegl .drive bicy jlhere is power
| oss when theym"%%}fll%an%lp F?}r?ﬁrsp%%te Qr?&gjt h& bR ueecaobnﬁ’l S’E’ ?e' lI"uc%fts to
t he rear wheetot( 80¥e atlehrf fdme phrawt G8@Ys | (10#heon atiing dtlmoo%ener@%to

respectivehy. Qe THRIRHOGEard Nl S {seqsrosy\bf&J ddfhé/%ueiogeartmsbl Gy is
powered only at the rear advant ageous for clinbing

whi IS
i nclines sucH"58%8| Hy&s t&ﬁdp*?ﬂe(tsﬁﬁ?ﬁ n‘doé%f PESHIF et . the PIgngt 99T h02 WO
011 26956 PCTI @29/ 804 Oizshed into a ring gear (106) with internal teeth. The

outside of the annular ring gear is suitably prepared to receive
the rubber roller (108) which will be in contact with the
15 sidewall of the rear tire (60) (supplied with the bicycle). The
rubber roller (108) is replaceable upon wear and is made from a
similar material to the tire. The entire assembly is then capped
on either end with a front retainer (107) and a rear retainer
(102) . The retainers also provide protection to the gear assembly
20 (100) from the outdoor elements. The carrier plate with the
planet gears (104) can rotate around the sun gear (105) and the
ring gear (106) allowing the sun gear (105) and the ring gear

(106) to rotate at different speeds.

25 Attached rigidly to the sun gear (105) and exiting coaxially from
the epicyclic gear train is a suitable sized flexible torque
transmitting shaft or cable (40) of predetermined length to reach
the front wheel (50). The rotational speed of the sun gear (105)
is transmitted through the shaft (40) to the front wheel (50) to

30 the front wheel end of the shaft (40) is attached a front wheel
drive roller (31) which translates the sun gear (105) output
torque to the front wheel drive. The roller of the front wheel

attachment is similar to the roller provided on the rear wheel



Alternatively, as the front wheel (50) can be driven in the sane node as
the rear wheel (60) only drive node that is, in the ratio of ‘b%SElPO%@UZ
respectively for the rear wheel (60) to front wheel 5 (50).This is achieved

by -l ocking the ring gear (106) or disengaging ring gear wheel
cont act aﬁff’“&l’zﬁ?ﬁj ng the sun gear (105) to rotate. The 5&?@@%@?zfront
wheel only drive node is a suitable torque distribution for normal riding
because it provides for good straight riding stability. 10 Speed
conpensation can al so be possible. This is necessary when the bicycle
wheel s are not of the sane dianeter or ifg wear and tear is present in the
tires or when it is negotiating a bend. Usually, speed is conpensated for

torque and ViGeiyelad: (geThewPonel: (L LANSM SlandEAnSflescribedoabaye |
relatively sinple 1n construction and Is rea ﬁy avai |l abl'e as commercially
avai | abl e parmegctiierzsflders [32)i Lrpebitd Vil thendxpahsiirelt Foddsent? ¥ -and

manuf act ure asma1 LAV @heraSSEPHoYi & FRlk 0bh t1d1N8r20 (113)0lFebsiL WS es or
to be fitted as an option to new nuf act ured bicycles. 25 30 18 SEP
2002 WO 011 26956 /sﬁ%@fllodr&lef{ @%ﬁrﬂs: TRig i d#@é‘t&g%%%l VOf or*€a

bi cycl e for5 ditiebihigybof heheheétwclef duhindomeycl e and conpri si ng

i nter-connected driving neans for the rear wheel of the bicycle and for the
front wheel of the bicycle and a differential, whereby the wheels can be
driven at di sS¥enFear aPedygent el Ariyq \A@sgERKERS FamcRoriAwRget oo Hiem 1,
wher ei n t he diebpesiRtel ahebNCOS AL €5y EPradiiti Girgectinen@s 370A &fid VE3 o)
assenbly according .to.C ai 1 or 2.inc oratin p r__source for
powering the r(?rsPen&nld’erln\éanlsnnﬁgF tHe réar gé%d kilﬁgc?er (J)’%fr%ﬁh el .ar% L(I'li)A Ui ve
assenbly ademtdphelged.o0 Claim 3 ( wherein the power source is an electric
not or .

The operation of the gear train will now be described. The input
power 1is derived from a electric motor (101) operated by a
rechargeable battery, housed in a battery compartment (10). The
15 output shaft (102) of the motor is fitted into the carrier arm
(103) within the epicyclic gear (100). When the motor (101) is
operated, the motoxr torque will be transmitted to the carrier
plate (103). This arm carries planet gears (104) and the planet
gears (104) rotate with a common rotational velocity as they are
20 carried on common arm (103) driven by the motor (101) and mounted
on pins (111) exﬁgnding from the common plane (103). They also
are free to rotate on their own axis. The planet gears (104) are
in turn meshed with the internal teeth of the ring gear (106),
causing the ring gear (106) to zrotate, which is integrally
25 attached with the rear drive roller (108). The drive roller (108)
provides traction to rotate the rear wheel (60) of the bicycle

(1) independently from the front wheel (50).

Sun ring (105) is mounted to output shaft (102) by means of
30 locking screw (110) A flexible torque transmitting shaft or cable
(40) of a sufficient length to reach the front wheel (50) is
attached centrally to the sun wheel (105). The shaft (40) or

cable, for example a Bourden cable, is a commonly available item



20 5. A drive assenbly according to any one of Clains 1 to 4,, wherein_the
drive neans of the front and rear wheels each incorporates at1 eSﬁPoﬁ@UZ
roller for engagenment with the tire on the respective wheels, with the
drive for the 25 rear wheel being provided fromthe rin he

epi cyclic \383?’?@@6 and the drive for the front wheel bei 2‘6&2%\%8@3% di rect
fromthe power source by a flexible shaft or cable which passes centrally
t hrough the sun gear. 30 6. A drive assenbly according to any one of C ains
1 to 5) wherein the drive neans for at |east one of the wheels is provided
wi th neans for |ocking or disengaging frgmits driving position. 18 SE
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assenbly for proyidi ng L1 Aq 's{{?tafﬁ‘ige% }%htéoﬁﬁkgfﬁl’)!%%e&§ @thétgﬁcﬁ% | eobslng an
epicyclic gear train conprising p net gears unted on a 5 carrierand
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driven roll er-gRamikcehi Cto CaRk @Rdafeed Wt ansi slewal l(40f idadigaheaharl of
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front wheel (50) are determined by the number of teeth on the sun
gear (105) and the ring gear (106). If the symbol Rg is used to
represent the ratio of number of teeth on the sun gear (105) to
15 the number of teeth on the ring gear (106), then this value of Rg
will be naturally between unity and greater than zero since the
ring gear (106) has more teeth than the sun gear (105). The
torque distribution ratio for the rear wheel (60) will equal to
1/ (1 + Rg) and that of the front wheel (50) will be Rg /(1 +
20 Rg). It can be seen therefore that the drive torque distribution
amount for the rear wheel (60) is naturally higher than the drive
torque distribution amount for the front wheel (50) of the

bicycle in its preferred embodiment.

25 Upon locking the front wheel roller (31), the bicycle is a
complete rear wheel drive bicycle. There is no power loss when
the mechanism is in this mode and the torque completely shifts to
the rear wheel (60} and front wheel (50) in the ratio of 100% to
0% respectively.

30
Therefore, in this rear wheel drive mode, the bicycle is powered
only at the rear wheel (60) which is advantageous for climbing

inclines such as slopes and for starting off from rest.
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manufactured bicycles.
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the bitycle and comprising inter-connected driving means
for the rear wheel of the bicycle and for the front wheel
of the bicycle and a differential, whereby the wheels can
be driven at dissimilar speeds.
10
2. A drive assembly according to Claim 1, wherein the

differential incorporates epicyclic gearing.

3. A drive assembly according to Claims 1 or 2 incorporating
15 a power source for powering the driving means for the

rear and the front wheel.

4, A drive assembly according to Claim 3, wherein the power
source is an electric motor.
20
5. A drive assembly according to any one of Claims 1 to 4,
wherein the drive means of the front and rear wheels each
incorporates at least one roller for engagement with the
tire on the respective wheels, with the drive for the
25 rear wheel being provided from the ring gear of the
epicyclic gearing and the drive for the front wheel being
provided direct from the power source by a flexible shaft

or cable which passes centrally through the sun gear.

30 6. A drive assembly according to any one of Claims 1 to 5,
wherein the drive means for at least one of the wheels is
provided with means for locking or disengaging from its

driving position.
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7. A differential dual drive bicycle assembly for providing
tractive power to both wheels of a bicycle using an

epicyclic gear train comprising planet gears mounted on a

5 carrier and attached to a power generating source, a ring
gear to which is attached a driven roller means which can

engage with a sidewall of the rear wheel of the bicycle

and a sun gear which is centrally disposed of the gear

train and to which is attached a transmission shaft or

10 cable; the other end which can be engaged with a sidewall
of the front tire of the bicycle whereby the two wheels

can be driven at dissimilar speeds.

8. A differential dual drive bicycle assembly according to

15 Claim 7, wherein the front wheel roller can be locked to
slow the speed of the front wheel thereby increasing the

speed of the rear wheel to near synchronous speed with

the front wheel.
20 9. A differential dual drive bicycle assembly according to
any one of Claims 1 to 8 wherein the said drive assembly

is releaseably attached to the rear of the bicycle.

10. A bicycle fitted with a drive assembly according to any

25 one of the preceding Claims.
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