1 A Propul sion Systemfor a Vehicle Field of the invention 5This invention
relates to a propul sion systemfor a vehicle. Background of the Invention
To propel a conventional bicycle, a user is required to nove his or her
l egs in a 10circular notion so as to rotate each pedal of the conventional
bi cycl e through an angle of 360 (i.e. alfull circle) about a pivoting
point. The notion of a pedal 102 of a conventional bicycle is shown in Fig.
1(a) wher ehy’repeisioovipyied fangefaigieof t he pedal 102 through the first 180
is referred to as the morklng stroke whereas the upward notion of the pedal
102 through the next 180 is 15referred to as the return stroke. Fig. 1(b)
illustrates an efficiency plot for a propul sion systemused for a
convent i orgk|dodiame ligyehibhng t he wor ki ng stroke. As shown in Figure 1(b),
the efficiency of the propul sion systemis |ow throughout a significant
portion of the 20 working stroke and is above a | evel 104 only when the
angl e of the pedal 102 with respect to the vertical axis-is in the range of
a rox mat . Ther ef the overall efficiency of the
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Background of the Invention

To propel a conventional bicycle, a user is required to move hié or herlegsina
10 circular motion so as to rotate each pedal of the conventional bicycle through an
angle of 360° (i.e. a full circle) about a pivoting point. The motion of a pedal 102
of a conventional bicycle is shown in Fig. 1(a) whereby the downward
movement of the pedal‘ 102 through the first 180° is referred to as the working
stroke whereas the upward motion of the pedal 102 through the next 180° is

i5 referred to as the refurn stroke.

Fig. 1(b) lliustrates an efficiency plot for a propuision system used for a
conventional bicycle during the working stroke. As shown in Figure 1(b), the
efficiency of the propulsion system is low throughout a significant portion of the
20 working stroke and is above a level 104 only when the angie of the pedal 102
with respect to the vertical axis is in the range of approximately 80°-22.5° to
00°+22.5°. Therefore, the overall efficiency of the propulsion system in a

conventional bicycle is iow.



2 Summary of the invention According to a first aspect of the present
invention, there is provided a propul sion systemfor a vehicle, the

propul sion system conprising: a transm ssion systemarranged to propel at

| east one wheel of the vehicle; a 5pedal assenbly having a first and second
el ongat e nenbers pivotably connected t& a fulcrum each of the first and
second el ongate nenbers being configured to alternate between a first
posi ti on d@umiaseocdind ipesitidron to drive the transmi ssion systemto prope
the at | east one wheel; wherein a relative angle between the first and

second el ongatdingeihdrs, ashethof Banaesehionideid() thedeas wrovified 88 an angl e of
| ess than 180 degrees. This can increase the efficiency of the propul sion

system ang,gehbBuyateHidd LUcnefakid ﬁr%p%%@syét@n%!&‘néhgﬂg:éhere is no dead
spot at the 12 and"6 o' clock position in thi§S propul Sion"systemunlike the
propul si.o em | 0, I i | f e el ongate
nmenber s a?%a?x%g‘fné;%ﬁ}n‘\]/gyéeﬁ\o%grﬁ'%écgvfb%rggﬁgééflﬁgsﬁ %rﬁ’ﬁa&e%ﬁpégﬁcvgm Br €4 by a
conventi onaldéfi Csé%lé@ ue to %h? Isn th of thetcrank arm.i r}éE}Pe conventi onal
bi cycl 2. PeUBrdy Y PaVige Ht ANFECARG PP IRRGEEHMPRS RY9E@PYand second

el ongate nmenbers, 20with respect to the fulcru forms an angle of |ess
than or e&aanestsdisadelgrenseagthpithedist and geponhelEgate MealETsbsitthcy of

t he propul sion system The propul sion system may further conprise an

al t er nat i egnidBveddo aftemade ietween a first position and a second position to drive

the transmission system to propel the at ieast one wheel; wherein a relative
angle between the first and second elongate members, with respect to the
10 fulerum, forms an angle of iess than 180 degrees. This can incréase the
efficiency of the propulsion system and achieve a smaller pedalling angle. In
addition, there is no dead spot at the 12 and 6 o’ clock position in this

propulsion system unlike the propuision system in a conventional bicycle.

15  Preferably, the elongate members are relatively long to overcome the fimitation
encountered by a conventional bicycle due to the length of the crank arm in the

conventional bicycle.

Preferably, the relative angle betwsen the first and second elongate members,
20 with respect fo the fulcrum, forms an angie of less than or equa! fo 45 degrees.

This can further increase the efficiency of the propulsion system.

The propuision system may further comprise an alternating device arranged o

urge the first and second elongate members io alternate between the first and



3 second positions. The alternating device allows for the reciprocating and
alternating novenent of the first and second el ongate nenbers. The
alternating device may conprise a first interconnecting system having: a
5sprocket; an idler sprocket; and a chain arranged to cooperate with the
sprocket and the idler sprocket; whereBn the chain is configured to urge
the first and second el ongate nenbers to nobve in opposite directions to

each ot her sedwoidt pddite i TeeuinerTatid ddbte BNGWE EOMMBTELRG SBLesAERl | ows for
the reciprocating and alternating novenent of the first and second el ongate

menbers. 1fethetid hRIVBAIAM B 40V iGE MBS EOMR EIGR Ao %ma& gl Nterconnecting

system having: a pivoting |lever; wherein the first second el ongate
menbers are connected to respectlve ends of the pivoting | ever, the
pi voting | ever configured to urge the second elongate member to the second

position en i rst el ongate 15nmenb n ed to the first
posi ti on. V\%’] al %@3 ‘a@ dﬁvgﬁdﬂﬁhéeﬂpﬁ‘aes%/@ts&m%%YCPaagCWﬁSX%%mr%\iW ofating
and al ternati movenent of the first and second el ongate nenbers as well.
Fur t hernmor O8RS R iAUSRIREE e 8Pk 8chaiy a§§‘§9@¢n"%@ﬁﬁpﬁ"s9é% Vil tpe Spsoctgite
- conponent, that is, the pivoting |ever and therefore allows for easy

manuf act uranitharidlerabrrokesvdererahdistans ispeinficoned i tegn theyfirsLander
conprise a resilient nenber arranged between each of the first and second
el ongat e nerwbed lanwhia measpecttb\reownicth afpddie giramibhadgo kevebthdhitsothel ps to
accommodat e any nigration of the elongate nenbers due to the novement of
the el ongahe fureiner FhafistiRRrIHRICtAG sy8\eH allods for the reciprocating and

alternating movement of the first and second elongate members.
10
The alternating device may comprise a second interconnecting system having:
a pivoting lever; wherein the first and second elongate members are connected
to respective ends of the pivoting lever, the pivoting lever configured to urge the
second elongate member to the second position when the first elongate
member is being urged to the first position. The second interconnecting system
aliows for the reciprocating and alternating movement of the first and second
elongate members as well. Furthermore, the second interconnecting system
comprises only a single component, that is, the pivoting lever and therefore
allows for easy manufacturing and maintenance.
20
The propulsion system may further comprise a resilient member arranged
between each of the first and second elongate members and a respective end

of the pivoting lever. This helps to accommodate any migration of the elongate

members due to the movement of the elongate members and the pivoting lever.



It should be appreciated that the pivoting | ever should be placed very
close to the fulcrumof the elongated nenbers to mnimze the mgration.

Al ternatively, the propul sion systemmy further conprise a rotatable
menber -5 arranged between each of the first and second el ongate nenbers and
a respective end of the pivoting |ever, 4the rotatable nmenber being
rot at abl e about the respective end of the pivoting | ever, each of the

el ongat e i ch i NS subs antl ally

per pendi cul 4RSFS %eaébﬁ ?c' éﬁﬂ%t@é’r R e b RS MR g &
menbers. Thi S adv s it is 10easier for the user to pedal in
this way. Q\?rf kéﬁ‘ ?ﬁ)‘ﬁ ngrerp de FUNMIZAadNa Mg alignt he wheel of the
vehi cl e may be Iarger mhen the direction of the force exerted on the

el ongate nmenbers is substantially perpendicular to the |ongitudinal axes of
the el ongate nenbers. 15 The propul sion system may further conprise a
resilient Altemshvelgr hanyedulbeiveestereachy afrthenechipree anctasdteondrebangat e
menbers and the respective end of the pivoting lever, to allow the first

and secondarehmpghbevemieich deh@@rMﬁbé@o&H%ﬂ@n@ateeﬁghibeﬁé ah#le respective
rotatable nmenber. This helps to reduce the anbunt of stress on the el ongate

menber s dWe'sFQcﬁJ@erﬁ@M?%’Bw&fngzl@ere tRé YSthtdMe hidMRber B_é\ﬁg %ﬁ@ém@%bbaver nmay

be arranged to be novabl e al ong a Iength of a pivot.

P onoiheTBER BN ot R HylifoRE AT EUS sﬁtr?ecgr%rﬂarggmteﬂqée'rghggﬁr td on of

t he el ong Vi Ce e gear

a second B tao@%‘uéd@%r%wbrﬁtrﬁﬁreavlrﬁ%s@%%aﬂﬂa b Etpate chErie P degRion dent ro

beve. 1 geg meshed with the fi rst and second hevel gears and arranged to
urge the SBEShRKSISSHRfaLECEhBE elpBoRIReMSTREERd! o ds aflvintaBeors AR itfis r st

el ongate nenber is being urged to the first position. The bevel gear

ar r and€neraasigt fonthea ireriowenehin tbis wae falrihegaiose nbeianeuntmfifercenoot her .

translated to the wheel of the vehicle may be iarger when the direction of the
force exerted on the elongate members is substantially perpendicular to the

longitudinal axes of the elongate members,

15 The propulsion system may further comprise a resilient element arranged
between each of the first and second elongate members and the respective end
of the pivoting lever, to allow the first and second elongate members to be
movable along a length of the respective rotatabie member. This heips to
reduce the amount of stress on the elongate members during the movement of

20 the pivoting lever.

The pivoting lever may be arranged to be movable along a length of a pivot.
This allows the position of the pivoting lever to be adjusted according to the

positron of the elongate members.



The propul sion systemmy further conprise a first plurality of pedals
arranged 10 to drive the first elongate nenber at respective first driving
points and a second plurality of pedals arranged to drive the second

el ongate nmenber at respective second driving points. This is advant ageous
as i he user can change the ampbunt of force transmtted to the transm ssion
system by sinply selecting the pedal on~which he or she steps on. 15 The

propul si on syisd gm@ri@nldeiida L first pedal arranged to drive the
first el ongate nember %t a ?f‘?gtgg@ﬂ'%e%ge‘ﬁ%igﬁ?r gﬂﬁ”%erg‘é'&t ngedl&fst ar r anged

For adj usting T he bost C1 one ol oL P SerEah € eShl Ve BRg Sbehce al ong

for adjusting the positions of the Tirst and Seco

length of 2Gbdestdrsdiorayate FREMY: S)LHILE H@Jg?ng%%,-e ,Hg?,!r}%w{%gd%%%a eous as

t he user can adjust the amount of force trans to the

transm ssi orsesyst Bene! oot eharfrarded k& uRRSEL B J e the amount of
force transmtted to the transn‘iﬂsgsi on ?}%st em %}iﬂﬁe%)ﬂ%tggﬁ r@?“?ﬁ??‘er equi red

to travel acrows pasiigherhdrethedicst ngdte MeblRPR beif i tkons of the
pedal s may be adjustable relative to the fulcr unei‘! “fﬁfbgedﬁg;h Jfe'r%gchi eved

usi ng | ever $O5EPEL Ors bevel gearcavratyeads aldhd el fo M AIROUS Gt he user
can adjust the anmobunt of force transmtted fromthe pedals to”the

transm ssi off'®§yRAreln berirapethere it is possible to increase the amount of
force btransmtted to the transm ssion system when the vehicle i.s required

to travel across rougher terrain or up a slope.

Tha' propulsion system may further comprise a first pluraiity of pedals arranged
10 o drive the first elongate member at respective first driving points and a second

piu;gfity of pedalls- arranged .to drive the second sfongate member at res;:ecti‘;re

second driving points. This is advantageous as the User can change the amount

of forge transmitted o the transmission system by simply selecting the pedal on
which he or she steps on, \

15

‘The propulsion systemn may further comprise a frst pedal arranged to drive the
fif*st elongate member af a first driving point and .a. sacond pedal arranged té
drive the second elongate member lat a second driving point, and means for
adjusting the positions of the first and secc.ind dr ving points élcng a length of
20 the first and second elongate members. This is advantageous as the user can
adjust the amount of fdrce transmitted from the pedais to the fransmission
systém. Therefore, it is possible to increase the amount of force transmitted to
the transmission system when the vehicle is required to travel across rougher

terrain or up a slope.



The adj usting means nmay conprise: a support frame coupled to the pedal; and
an adj ustabl e nmenber arranged to be novable along a length of the
respective 10 el ongate nenber, the adjustable nenber coupled to the support
frame and the respective el ongate nmenber to restrict the novenent of the
support frame away fromthe respective gﬁongate menber. This is

advant ageous as not only can the user ust the amount of force

transmtted from.the als to the traps ion syste t he user can al so

i ncrease tﬁ@ep%%%qqusrfgﬁgﬁggaaf%ﬁgﬁypﬁeac[}g%f'@ﬁfcqegaq ?fﬁrtg]%é YIETUg. hisgRBot her
terrain. This can achieve the same effect as changing gear in a

convent i on&e %é%euwg lRygts. OB 68 SPsw B pansi Sﬂﬁjﬂ@‘l’@ﬂé@@@ﬂ&)@kéﬁ@ The
adj usting neans nmay further conprise a nmechani smarranged to maintain 20t he
support fr&ger can adiggb¥eaampant of fhme tramraittepdsimitba peBakftertabl y, t he
mechani sm conprises at |east two chains and at | east two sprockets arranged

to rotate tragetrikeion sysigmciherdfaad, iitds pasibkoRpBERIReWhE inkdnitom@ogRai ns to
mai ntain the support frane in a horizontal position. This is advantageous

as thissal trewsniithel @eaaliraslshikSoh diStANGA he top
to the 7 bottrc?n) to |ncrr ease \A/(rJ\enyt he adl@ﬁgfég@egb&%@rgr@ﬁ?gh %Ert%@r away

fromthe f r gear in a conventional bicycle) and
ShmlgRsRannds 0 g 0o -

.the pedal strok adj ust abl e nenber is nearer the

ful crum (corresponds to high gear in a conventional bicycle). 5 The

adj ust abl e nmenber may be coupled to the support frame using an adjustable
el enent ar g %9 Si‘o be novable along a | ength of the support frame. This is
advant ageou J4SHEE MYRMRY C,Oglﬁﬂ ed Wpﬁﬁ\f@mﬁéoéﬁl%t@dbﬁé)%htﬁld al ong
the length of the respective el ongate nmenber since the support franme is
10not requ@f @HJ%S@%WWB@MWQ tonbe R vadjaisloall elemgtibet the respective

10 elongate member, the adjustable member coupled to the support frame and the
respective elongate membér to restrict the movement of the support frame
away from the respective elongate member. This is advantageous as not oniy
can the user adjust the amount of force transmitted from the pedals fo the
transmission system, the user can also increase the pedalling speed when the

15 vehicie is propei!ing on smoother terrain. This can achieve the same effect as
changing gear in a conventional bicycle without the need for expensive multiple

sprockets.

The adjusting means may further comprise a mechanism arranged to maintain
20 the support frame in a substantially horizontal position, Preferably, the
mechanism comprises at least two chains and at least two sprockets arranged
to rotate together in synchronization and cooperate with the two chains to
maintain the support frame in a horizontal position. This is advantageous as this

allows the pedal stroke (distance moved by the pedal from the top to the



The propul sion systemmay further conprise an adjusting device arranged to
urge the adjustable nenber along the respective el ongate nenber. The

adj usting device may conprise a piston. Alternatively, the adjusting device
may 15- conprise: a spring nechanismarranged to bias the adjustabl e nenber
towards a first direction; and a drum arranged to pull the adjustable
menber in a direction opposite the first direction. This is advantageous as

the positign T T ERRSaE B AL EAS lnta) BEERINO | Nese
5 era e (0] tﬁ

conmponent s. posi‘tTons al's are ergonom cal l'y
selected in. a na r a ui ts the human he transm,ssion
ayst em naylt &%HM‘C&@*‘%BO?@?E%'O%%W&E 3??%8@%@%%&“ R BEHROREIE, e at
| east one wheel of the vehlcle and a first chain arranged to S cooperate
with the fiordgcoregrowkien ae PANEEARAMETIREF & PEATRE e AgUE) GRE&eROREHer i s
arranged to nove the first chain which in turn is arranged to drive the
first sprotikbigesr imagemsantiansl picyplel). t he at | east one wheel of the vehicle.
5 The transm ssion system may further conprise: a second sprocket
arrangénent; an axle arranged to connect the second sprocket arrangenent
and the first sprocket arrangenent; a second chain arranged to cooperate

with the spe9RdiUSBINE keimBaT MAYBRRRIupIdhes st rorspadph@Bgat e menmber is
arranged to nove the second chain which in turn is arrange to drive the 10

second Spréﬁgﬁ @éi@ﬁ%ﬁﬁ%ﬂ%ngé@% BEGH 935!@%‘&%&5 [5y) tﬁ%@%ﬁ@@& P@'ranged

to drive th e an st sproc et arrangement. This

easi er t e Lvely trnsmS|on

SOt e a5 M 950, T TRS306% AGhELS) btSlotne LR dEABS AL
along the length of the respective elongate member since the support frame is

10 notrequired to move together with the adjustable member.

The propulsion system may further comprise an adjusting device arranged to
urge the adjus-tabie member along the respective elongate member. The
adjusting device may comprise a piston. Alternatively, the adjusting device may
15 comprise; a spring mechanism arranged to bias the adjustable member towards
a first direction; and a drum arranged to pull the adjustable member in a
direction opposite the first direction. This is advantageous as the position of the

adjustable member can be easily adjusted using these components.

20  Preferably, the positions of the pedals are ergonomically selected in a manner

that suits the human body the most.

The transmission system may comprise: a first sprocket arrangement arranged

to propel the at least one wheel of the vehicle; and a first chain arranged to



15arrangenent arranged to propel the at |east one wheel; and a second chain
arranged to cooperate with the second sprocket arrangenent; wherein the
second el ongate nenber is arranged to nove the second chain which in turn
is arranged to drive the second sprocket arrangenent to propel the at |east
one wheel of the vehicle. In such a tragsm ssion system the wheel of the
vehicle is 20 connected to two sprockets of the transm ssion system whereby

the wheel e%cfc};%rét%rv@f?ﬁ eyﬁr%{ éﬁ(:%@k&ya&gﬁ%érﬁ%ééQ{h%‘sf%iﬁttﬁe ﬁT{(lﬁo@@érlggi ve rise to

a hi gher clency. Furthernore, sinc sproc ngenent and
t he second spr.ocket arrangement .ar ot conpected to. each other, .t

e £ oo roRRTRE 1S b BhO SR ETIRYS R Bt Fre b PR BRFL R it R g iyl e

i ndependent | 9 The transm ssion system may further conprise spring

| oaded idlfgﬁygﬁfp@&@eﬁ%&w&éﬁ PrePerdNf RISt ORsiveredof threvelhipe: and second

chains. The propul sion systemmay further conprise an assenbly arranged to
engage 5the chain to nove in response to the novenent of the first or
second el ongate nenber fromthe first position to the second position and
furthes arTrengredshizsttirsssgagenay flthidrectitaise: breacespapsecidsd t he novenent of
the first or second el ongate nenber fromthe second position to the first

position. gkhh SiDhY aFRYakenddd RNEShRe e sscarLShrobkéthirdidethemnd second

chai ns and each of the 10 first and second el ongate nenbers respectively.

The assemby, Wir&@%?h@@%@émi b s£80R4 LALM%Pa ¥

LGt
arranged to rotate of the gear unit a urther arranged to

engage the_chain; .at |least one |0 rr d tao allow the wheel of the gear
ant to 1 araceePhe Shicr e et e RAEE coBel R i B and 1 he
at | east one | ock arranged suc hat (i) when the 15el ongate menber noves
rom the FTETESH0EI TP BT RS ST IS Bh S AR The gear uni
is prevented fromrotating, in turn preventing the sprocket fromrotating
and i A0t usecant GareRiet REangeBRbl jhe scenhgeramkehatrasoemanhbeibdmove; and
(ii) when the el ongate nenber noves fromthe second position to the first
posi tion, artemgekideldrivt théexigeard tha first spackangreangement dhe aliowd torn
rotating the

easier manufacturing and maintenance.

Alternatively, the transmission system may further comprise: a second sprocket
15 arrangement arranged to propel the at least one wheel; and a second chain
arranged to cooperate with the second sprocket arrangement; wherein the
second elongate member is arranged to move the second chain which in turn is
arranged to drive the s.econd sprocket arrangement to propel the at least one
wheel of the vehicle. In such a transmission system, the wheel of the vehicle is
20 connected to two sprockets of the transmission system whereby the wheel is
alternately driven by the two sprockets. This can give rise to a higher efficiency.
Furthermore, since the first sprocket arrangement and the second sprocket
arrangement are not connected to each other, the positions of the first and

second sprocket arrangements can be adjusted independently.



20 sprocket about the chain and in turn allow ng the assenbly to di sengage
with the chain. This arrangenent allows one of the elongate nenbers in the
pedal assenbly to nove upwards while both chains in the transm ssion system
are being driven dowwards. 10 The transm ssion system nay be di sposed
partially within the circunference of the at |east one wheel of the

vehicle. Preferably, the transm ssion systemis disposed fully within the

circunfer i g%sﬁ#g%kgﬁe s*&éﬁ% m%gﬁ%Hﬁ]ﬁeéor%rliéé‘tQ%Nﬁ@io%ld%d_i&i%r thickease, the

el ongate ne rs nmay onger the angle rough which 5 the el ongate

nccor i ng. toeade By Ra eBBfn' R ik EBRisoRABLPERls “There 15 provi ded a

propul sion system conprising a pedal assenbly conprising a first pedalling
10 nenber; and a transm ssion system connected to the pedal assenbly;
wherein the transm ssion system conprises: a first sprocket arrangenent
arranged t Bhppopuiisian systest mayduiheetomprishanassealdy aganged ¢ pRFAGHai n
arranged to cooperate with the first pedalling nenber; wherein the first
pedal | i5ng tmerdhein tcsmave amgespdnserovtee thwehigrgtof dhafirst whisebonhelongats s
arranged to drive the first sprocket 15arrangenent to propel the at |east

one wheel @bnite ficehtd first Bosigibn Be &@r $@ddranpeditishanffifgtiearrdngeddonent s of
the invention will now be 1llustrated for the sake of exanple only with

reference cﬁi?er‘id!fgé( Rlth oé PEadrAYEQShsel tB MBIntdVerd & thd fifd: drlskiishd at es the

operation of a propulsion systemin a bicycle in the prior art and Fig.

oper at i opul st on a bicycle in the Fig.
compr i i ng St aatP BBk HEfLFRr e Bmstion s S ettt THERRRIR o e

present | nn\ég}? Ieoar}.fanged between each of the first and second chains and each of the

10 first and second elongate members respectively. The assembly may comprise a
gear unit comprising a wheel; a sprocket arranged to rotate with the wheel of
the gear unit and further arranged to engage the chain; at least one lock
arranged to aliow the Wheei of the gear unit {o rotate in only one direction; the
sprocket, the gear unit and the at least one lock arranged such that (i) when the

15  elongate member moves from the first position to the second position, the wheel
of the gear unit is prevented from rotating, in turn preventing the sprocket from
rotating and in turn aliowing the assembly to engage with the chain to move;
and (i) when the elongate member moves from the second position to the first
position, the wheel of the gear unit is arranged to rotate, in turn rotating the

20  sprocket about the chain and in turn allowing the assembly to disengage with
the chain. This arrangement allows one of the elongate members in the pedal
assembly to move upwards while both chains in the fransmission system are

being driven downwards.



11 Fig. 3(a) illustrates a magnified view of the propul sion system of
Fig. 2 conprising a pedal assenbly and a transm ssion systemand Fig. 3(b)
illustrates a further magnified view of a part of the propul sion system of
Fig. 3(a); S5Fig. 4 illustrates the conponents used in the connection of the
pedal assenbly to the transm ssion systijgm of Figs. 3(a) and 3(b); Figs.

5(a) and 5(b) illustrate the assenbly of the conponents of Fig. 4; Figs.

6(a) to G(ﬁ)e %l %hcﬂ Jfgmorgg BLip d%fedég‘agt ?I?ys\ﬁlﬂmnyth fclrjéb%s?ere?&;g)ofand

5(b). 10Fi g. ust at es t e operati a propul'sion sy

accordi ng | ferre di nt of .t en i nvention nd F| g. 7(b)
illustrat ebg 8&?@?9P8i‘%ﬁ%§ﬁ%ﬁ cle. PrgFegraBé/(jj ARUE S e?® g ERdgni fi ed
view of a ransm5|on$ tem t hat |savar|a§|on of the transm ssion

syst em of YRR YW%‘H%/ ¢ prafcg.of3ha Rl eash onesgLas of F"I%‘é@*?'ﬁ‘?es a
further magnifi ed view of a part of the transm ssion systemof Fig. 8(a);
Fig. 9 illlodbisaess, thepploporle mempersmey be ipogar and seerbngletthenqudhswhich
variation of the pedal assenbly in the propul sion systemof Fig. 2;

Fi gs. I0( dhe eld{da)e amembOfsd)avedspecta tceprnppiel thesatrlabst enecewhsest smche onal side
20view, a cross-sectional top view and a 3D view of the pedal assenbly of

Fig. 9; smaller.

According to a second aspect of the present invention, there is provided a
propulsion system comprising a pedal assembly comprising a first pedalling

10 member; and a transmission system connected to the pedal assembly; wherein
the transmission system comprises: a first sprockst arrangerﬁent arranged {o
propei at least one wheel of the vehicle; and a first chain arranged fo cooperate
with the first pedalling member; wherein the first pedaliing member is arranged
to move the first chain which in turn is arranged to drive the first sprocket

15 arrangement to propel the at least one wheel of the vehicle.

Brief Description of the Figures

Embodiments of the invention will now be illustrated for the sake of example
only with reference to the following drawings, in which:
20 Fig. 1(a) iliustrates the operation of a propulsion system in a bicycle in
the prior art and Fig. 1(b} iliustrates its efficiency plot;
Fig. 2 illustrates a bicycle comprising a propuision system according to a

preferred embodiment of the present invention;



Fig. 11 illustrates a bicycle conprising a pedal assenbly that is another
variation of the pedal assenbly of the propul sion systemof Fig. 2; 12
Figs. 12(a) and 12(b) respectively illustrate a 3D view and a
cross-sectional top view of the pedal assenbly of Fig. 11 whereas Fig.

12(c) illustrates conponents used in thg pedal assenbly of Fig. 11; Fig. 13
illustrates a scooter including the propul sion systemof Fig. 2 Fig.

14 il t

pr opul 81 on’ Syst okt SR *%‘%%?”*?%ﬁ?fﬁ@g%‘v’% %@%ﬁ%ﬂ% %Ke%'ﬁ@f% o bi cycl e

f Fig. 8 ; , trat bi dal |

bars. pi vot §%m9ﬂawaaca%%a'ta%saw®m B e S TABR G S Phe bi cycl e,

t he pedal |'j ng, bars rranged t h 10adj usting nmeans adj usted by an adj usti ng
gtr gmed?rgpugif%swéw @trighe

devi ce; ateg @priner fson Hedovisih & gera @

assenbl i es of Fig. 15 and Fig. 16(b) illustrates a cross-sectional view of
a portion éf@one of the assenblies of Fig. 16(a); Fig. 17 illustrates a 3D
vi ew of one of the assenblies of Fig. 15; 15Fig. 18 illustrates how one of
the assenbl i es Bify. Filjustrbfed heaxsepdricrds wised irt tre dorametioh dftlee bedyicl e of
Fig. 15; Fig. 19 illustrates how the assenblies of Fig. 15 are

arranged Waddenihio 16 fied fansthiskid® dYses lof Fafs. Blg) adda(b);
Figs. 5(a) and 5{b) illustrate the assembly of the components of Fig. 4;
Figs. 6(a) to 6(d) illustrate the operation of the assembly of Figs. 5(a) and
5(b}.

10 Fig. 7(a) illustrates the operation of a propulsion system according to a
preferred embodiment of the present invention and Fig. 7(b) illustrates its
efficiency plof;

Fig. 8(a) illustrates a magnified view of a transmission system that is a
variation of the transmission system of the propuision system of Fig. 2 and Fig.

15 8(b) illustrates a further magnified view of a part of the transmission system of
Fig. 8(a);

Fig. § illustrates a bicycle comprising a pedal assembly that is a variation
of the pedai assembly in the propulsion systém of Fig. 2;
| Figs. 10(a), 10(b) and 10{c) respectively illustrate a cross-sectional side
26 view, a cross-sectional top view and a 3D view of the pedal assembly of Fig. 9;
Fig. 11 illustrates a bicycle comprising a pedal assembly that is another

variation of the pedal assembly of the propulsion system of Fig. 2;



Fig. 20(a) illustrates a cross-sectional side view of assenblies which are
20variations of the assenblies of Fig. 15 and Fig. 20(b) illustrates a
cross- sectional view of a portion of one of the assenblies of Fig. 20(a);
Fig. 21 illustrates pedalling bars pivotably attached to a ful crumfurther
away from a back wheel of a bicycle, thepedalling bars arranged with the
adj usting neans of Fig. 15; 13 Figs 22(a) and 22(b) illustrate

cr055- sect{ nal oyl pfo khe AYUSIALATANS DS $851RRSAHIA BORATS of Fig.

21; _ Fig. _ ustrates  usting device that is a variation of
Lhe 21 vst Lag ey Bl, 5 e phoa SEL R iUt LaRe,eel nonh pamesd on,
LOReT er 1 nGOTHORPEE trecanJah PERE! FHAREY EOF-of ‘a. bi cycl ¢ 200 8 shown
conprising a propul sion system 202 according to a preferred enbodi nent of
the present i nvértil@rillugtiages a(%pogerfdn@uam@dgﬁimp@wlsmwsé@m@f Fighe?;
propul si on system 202 whereas Fig. 3(b) shows a further magnified version
of a patt of the€igridplilsicdes aysremg@ddent herhby pheabhsmissicly sygem2@2 in t he
preferred enbodi nent conprises two main parts: 1. a pedal assenbly 300 and
2. a transfAsgiopnisiyss e Fid. s@Eeddly assemsl witB#HE wheel of the bicycle of
Fig. 8(a);
Fig. 15 illustrates a bicycle comprising pedalling bars pivotably aftached
to a fulcrum nearer a back wheel of the bicycle, the pedalling bars arranged with
10  adjusting means adjusted by an adjusting device; ;
Fig. 16(a) illustrates a cross-sectional side view of the assemblies of Fig.
15 and Fig. 16(b) illustrates a cross-sectional view of a portion of one of the
assemblies of Fig. 16{a};
Fig. 17 lliustrates a 3D view of one of the assemblies of Fig. 15;
15 Fig. 18 illustrates how one of the assembilies of Fig. 15 is assembled with
the frame of the bicycle of Fig. 15;
Fig. 19 illustrates how the assemblies of Fig. 15 are arranged with the
chains of the bicycle of Fig. 15;
Fig. 20(a) illustrates a cross-sectional side view of assemblies which are
20 variations of the assemblies of Fig. 15 and Fig. 20(b) iliustrates a cross-
sectional view of a portion of one of the assemblies of Fig. 20(a);
Fig. 21 illustrates pedalling bars pivotably attached to a fulcrum further

away from a back wheel of a bicycle, the pedaliing bars arranged with the

adjusting means of Fig. 15;



20 The pedal assenbly 300 conprises two el ongate nenbers in the formof a
first pedalling bar 304 and a second pedal ling bar 306 with first and
second pedal s 308 and 310 attached respectively. The pedalling bars 304 and
306 are pivotably connected to a fulcrum 208 (see Fig. 2). The pedal
assenbly 300 further conprises an altermpati ng device conprising an
i nterconnecting system 14 for operably connecting the first pedalling bar
304 and the secg ' oIS ' inturn
conprises a sprg@gez{@@%rl,d g%(bit?a[ugfrggepP@é‘éeété&g%g@r}%\%gtdéEg? %b@%g ith the

chain 316 formn n_endl .00 round the sprocket 312 and the idler
- sprocket 3T ?“%ﬁgdg%%ﬁﬁg?ﬁ556§%§8§%‘-gﬂd 306 are in turn connected to the

chain 316 on opposj si des of the sprocket 312 such that downwar d
movenment of the i ?éﬁ'%é@%ﬂq %adwéim%@&vwgﬁa@é@ & Weriatiedn of @%69‘41%3%9
direction X, resulting in an upward novenent of the second pedalling bar
306. The d%@@@i@%F@aRgs pl ace during the downward novenent of the second
pedal | i ng bar 306. 10 The pedal assenbly 300 further conprises a stopper
309 connect ed tiigt Meillostwidses Hiraceccmdcion drgeden pepalingmars hetheesld! i ng
bars 304 and 306 from noving beyond a particular position during their
downwar d rasereiN of Figespodald asaesbl the3Pandraiscmesied df(Fi@J‘aa?!i cycle frame
of the bicycle 200 (shown 15in Fig. 2) by connecting one end of each of the
pedal | ing bars 304 and 306 to a rod 318 at the fulcrum 208. The rod 318 in
turn passes through the intersection between a head tube 204 and a down
t ube 206 i » f Ln Fig. 2. Alternatively, the rod
318 may p%ettal dgleg fifon 6% bgl tg'd tube 204 of the bicycle frane.
The sprocket 312 and the idler sprocket 314 of the 20 interconnecting
system of the pedal assenbly 300 are al so connected to the bicycle frane
via a spring so as to maintain the tension in the chain 316 throughout the
not i od0of R¥FEFEdalfiisng pyekickton thadnoe 2 Rigkianapy Ve phowh KenypisiKya my be
repl aced by any resilient menber.

propulsion system 202 according to a preferred embodiment of the present

invention. Fig. 3(a) shows a magnified version of the propulsion system 202
whereas Fig. 3(b) shows a further magnified version of a part of the propulsion
system 202.

15
The propulsion system 202 in the preferred embodiment comprises two main

parts: 1. a pedal assembly 300 and 2. a transmission system 302.

1. Pedai assembly 300

20 The pedal assembly 300 comprises two elongate members in the form of a first
pedalling bar 304 and a second pedailling bar 306 with first and second pedals
308 and 310 attached respe'c’{ive!y. The pedalling bars 304 and 306 are
pivotably connected to a fulcrum 208 (see Fig. 2). The pedal assembly 300

further comprises an alternating device comprising an interconnecting system



15 2. Transm ssion system 302 The transm ssion system 302 serves to
transmt a force generated by notion of the first pedalling bar 304 and the
second pedal | i ng bar 306 of the pedal assenbly 300 to a wheel 320 of the

bi cycle 200 of Fig. 2 to propel the wheel 5320. The transm ssion system 302
includes two sets of sprocket arrangemgpts 322 and 324 interconnected by an
axle in the formof an interconnecting shaft 326. The transm ssion system

302 is co e bi ; i in Fig.
) usi ng. 0 RBrevC e Bah Gy o s SRR Rb e GG SRR g b8 1D,
322 is arr t.o, be driven by the first pedalling bar 4 and. this wll
be el aborzft%giger?@t'atre.m%{ée%‘ﬂgsgﬁ'g@gi'notf“r'%ﬁf) E@?Séﬁ'%gﬂﬁﬁ%“ﬁ&’@%jg‘eﬁcl udes an
upper sprocket 328, a mheel,zfrocket 330 and an 15idler sprocket 332 being
arranged ispreckaigdéand achginst’$ wih thegaaBnt16 PERING 3f SPHISS PR ket s 328,
330, 332 are arranged to mesh with parts of a chain 334 which fornms an
endl ess | copurd thmspreakst 312 ahe e sramkecketg,. Themedzdmoshal 30aandahen
the chain 334 is driven to nove in the direction Y, the novenent of the

chai n 334 F0Buseript@atresorirzetatppahe hnoc i e6 032 pdsitk esidespridbkepr@tked32 and
al so the wheel sprocket 330. The wheel sprocket 330 is connected to a wheel

hub (not oW dhnE} 8 dodtrar@mBdMentdTites first detialimgba@uIEeHREed thet he

wheel 320. The wheel hub further conprises one unidirectional clutch

arranged t0,0Pef @i fa WirkBid 'R, MRAInSA AFKENarBovement of the second
pedalling bar 306. The opposite takes place during the downward movement of

the second pedalling bar 306.

10

The pedal assembly 300 further comprises a stopper 309 connected to the
bicycle frame and arranged to prevent the pedalling bars 304 and 306 from
moving beyoend a particular position during their downward movement. The
pedal assembly 300 is connected to the bicycle frame of the bicycle 200 (shown

15 in Fig. 2) by connecting one end of each of the pedalling bars 304 and 30610 a
rod 318 at the fulcrum 208. The rod 318 in turn passes through the intersection
between a head tube 204 and a down tube 206 of the bicycle frame as shown in
Fig. 2. Alternatively, the rod 318 may pass through any part of the head tube
204 of the bicycle frame. The sprocket 312 and the idler sprocket 314 of the

20 interconnecting system of the pedal assemb}y 300 are also connected to the
bicycle frame via é spring so as to maintain the tension in the chain 316
throughout the motion of the pedaliing bars 304 and 306. Alternatively, the

spring may be replaced by any resilient member.



16 Furthernore, the portion of the chain 334 between the idler sprocket 332
and t he wheel sprocket 330 passes over a spring |oaded idler sprocket 336
whi ch nmaintains the tension in the chain 334. 5As shown in Fig. 3(a), the
first pedalling bar 304 is connected to the portion of the chain 334
between the upper sprocket 328 and the 4sdl er sprocket 332. Applying a
downward force on the first pedal 308 results in a dowward novenent of the

first pedaéthgSpmgi 'st#ﬁﬁbi”ives the chain 334 in the first set of
sprocket afrangeneﬁ?ig§§—§ﬁ~nnve in the direction Y, hence rotating the
10wheel sprocket 330, in tur opelling the wheel 320 into,nmotion o

nor easi ol SR SBETOIPTLEY SR SHAE vab ¢b HeRETU bitke BBneted plouelih &
arrangenent 324 is driven by the second pedal | ing bar 306 and includes an
upper spr deRASiaEialing B Fernd freosketn e aling Aged0d Sk esatat el y bel ow
t he upper sprocket 338. Teeth of the upper and | ower sprockets 338, 340 are
arranged tassepshy WlOHo cevbes!Bipanfttbe dficysa RED wf 42 Anei hpebihesviagelend| ess

| oop around these sprockets 338,340 such that when the chain 342 is driven
to nmoveé i M32the direction Z, the novenent of the chain 342 rotates the upper
and | ower sprockets 338, 340. 20 Furthernore, a first portion of the chain
342 between the upper sprocket 338 and the | ower sprocket 340 passes over a
spring | oaded idler sprocket 344 which maintains the tension in the chain

342. The transmission system 302 includes two sets of sprocket arrangements 322
and 324 interconnected by an axle in the form of an interconnecting shaft 3286.
The transmission system 302 is connected {o the bicycle frame of the bicycle

10 200 (shown in Fig. 2) using suitable connecting means,

The first set of sprocket arrangement 322 is arranged to be driven by the first
pedalling bar 304 and this will be elaborated later. The first set of sprocket
arrangement 322 includes an upper sprocket 328, a wheel sprocket 330 and an
15 idler sprocket 332 being arranged in a substantially star arrangement. Teeth of
the sprockets 328, 330, 332 are arranged to mesh with parts of a chain 334
which forms an endless loop around each of these sprockets 328, 330, 332
such that when the chain 334 is driven to move in the direction Y, the
movement of the chain 334 thus rotates the upper sprocket 328, idler sprocket
20 332 and also the wheel sprocket 330. The whee! sprocket 330 is connecied to a
wheel hub (not shown in Fig. 3(a) or 3(b)) which is in turn connected to the
wheel 320. The wheel hub further comprises one unidirectional cluich arranged

to operate with the whee! sprocket 330.



17 As shown in Fig. 3(a) and 3(b), the second pedalling bar 306 is
connected to a second portion of the chain 342 opposite the first portion
of the chain 342 between the sprockets 338 and 340 of the second set of
sprocket arrangenment. 324. Applying a downward force on the second pedal 310
results in a downward Snovenent of the ggecond pedal l'ing bar 306. This in
turn drives the chain 342 of the second set of sprocket arrangenent 324 in

the di rect LaRngmbente: Kokahidghd NeaiRRer v aRankel 8. ahoieaseannd set of

sprocket arrangenent nce e upper Sprocke i set of
sprocket afrangenent 32 d the upper sprocke 38 of the ond set of
sbrocket allonERmoss] AP paes MBte it L fdns i et b ehat ¢ 326,
the rotation of the upper sprocket 338 of the second set of sprocket

ar r angemenfaiainsdhe tamsien it ©¢ ¢@in Ré4upper sprocket 328 of the first set
of sprocket arrangenent 322 and thus the upper sprocket 328 of the first
set of sprocket arrangenent 322 is rotated as well. This in turn drives the
chain 334 of the first set of sprocket arrangenment 322 to nove 15in the

di rectison As shewndn Fog.a3(ahghé fiestwiaealingprao dtis 330nettedtionine poapel éfi ng t he
wheel 320 into notion or increasing the notion of the wheel 320. 3.

gggnggt | onihef cHagslabl inRBnda thd Mhiaddro &3 8Bl ahBPHR HRrlshARtkEt ssi on system
332. Applying a downward force on the first pedal 308 results in a downward
movement of the first pedalling bar 304. This drives the chain 334 in the first set
of sprocket arrangement 322 to move in the direction Y, hence rotating the

10 wheel sprocket 330, in turn propelling the wheel 320 into motion or increasing

the motion of the wheel 320.

The second set of sprocket arrangement 324 is driven by the second pedaliing
bar 306 and includes an upper sprocket 338 and a lower sprocket 340 arranged
15  approximately below the upper sprocket 338. Teeth of the upper and lower
sprockets 338, 340 are arranged to mesh with ceriain parts of a chain 342
which forms an endless loop around these sprockets 338,340 such that when
the chain 342 is driven to move in the direction Z, the movement of the chain
342 rotates the upper and lower sprockets 338, 340.
20
Furthermore, a first portion of the chain 342 between the upper sprocket 338
- and the lower sprocket 340 passes over a spring loaded idier sprocket 344

which maintains the tension in the chain 342.



The upward novenent of the pedalling bars 304, 306 in the pedal assenbly
300 is independent of the novenent of the chains 334 and 342 connected to
them respectively. In other words, the first pedalling bar 304 can nove
upward to return to the top position even when both the chains 334, 342 in
the 18 transmni ssion system 302 are beilfig dri ven downward by the second
pedal i ng bar 306, and vice versa. The arrangenent of the pedalling bars
304, 306 amglshbenaha&ids(3Bdnd 343, tre subhevaddlirg bal S05RwdIRsdRRChI Ded,
with reference to the first pedalling bar 304 and the chain 334 in the
first set ol sRREHET ofHANERNBAD Bpddte tHetﬂr%thH%nb@r RBRKGH gi#d that the

sane arrangenent applies to the second pedalling bar 306 and the chain 342

the pedal 1TRgcB0snSoaRAR Fie BERAOTIIN 2o 18 o BRI GHERERR IR, T

manner as a), .and 5( usin onents shown in Fig

e These. i amabind eafi Rt BRG T S%feoeﬁa?%ﬂeaé%ﬁ@ﬁewas 8 dgWEwREL 406,
a spacer 408, beari ngs 410, a { 412, 8 ns 414, |ocks 416, stops 418,
springs 4700VeMgRief tﬂﬁ.&@C@Q@p@Ba! g bap 308 hig ie dviay draves, theisdalm %obuard
404 is configured to prevent derailing of the chain 334, 15 Figs. 5(a) and
5(b) illudheseeond 3&t of spmoskrl asrangessrd 8etiintag direptiai dnwhameaniatatinde
connection between the first pedalling bar 304 and the chain 334 of the
first set toé uppeosietkalr 3Egeieriecd? sasobgmnckeoamhhgerhopt 34 thecdi cycl e
200. As shown in Figs. 5(a) and 5(b), a shaft of the gear unit 422 is
connect ed th® ubper 28osREOTKLES HEGirsi NI BpidtRt hfré&g@@\‘éﬁ BpP@nBane 304 to

al l ow the sprocket 406 to rotate together with a of the gear unit

422. The 88?56500‘&9@33%0\‘ H2 é#faﬂﬁes@g%h@&m‘&éparg?ﬁﬂ&ﬂ@hE3§§éré o allow the

chain 334 e together wt rocke e sprocket 406 is

%, 52 BB A AR SRR, 5,
ST e e

cause the wheel of the gear unit 422 to rotate in only one direction.
5Fi gs. 6( &prackebpdy of theulinst agleoftameodiisd aengamsmt G@e arskibnbitye oppei gs. 5(a)
and 5(0) sprocket 328 of the first set of sprocket arrangement 322 is rotatad as well. This
in furn drives the chain 334 of the first set of sprocket arrangement 322 to move
15 inthe direction Y, hence rotating the wheel sprocket 330, in turn propeiling the

wheel 320 into motion or increasing the motion of the wheel 320.

3. Connection of pedalling bars in pedal assembly 300 {o transmission system

302

20
The upward movement of the pedalling bars 304, 306 in the pedal assembly
300 is independent of the movement of the chains 334 and 342 connected to

them respectively. in other words, the first pedalling bar 304 can move upward

o return to the top position even when both the chains 334, 342 in the



As shown in Figs. 6(a) to 6(d), as the first pedalling bar 304 is depressed
inthe direction A the | ocks 416 |ock the teeth of the wheel of the gear
unit 422 and prevent the wheel of the gear unit 422 fromrotating.
Therefore, the sprocket 10406 connected to the gear unit 422 is prevented
fromrotating as well. Since the sprock& 406 is connected to the first
pedal i ng bar 304 via the gear unit 422, it noves downward together with

the first pegkahiksing HafensBd42 afb@faenarddsoveERNbY Ble b8EORPHOEHREg 406 in

turn drives the chain 334 of the first set of sprocket arrangenent 322

downward. gJa 493 LRE R GErshafde aduhLBShPBY %V\@édﬂaf:@sg(ﬁga@fsda*ﬁg i rst

pedal | ing bar 304 in the direction as shown in F t he eel of

ot ate ol Al TRESEr 333 Br A wiEPouERe ARGt I REeie 520 e

rotate alo rst se sSprocke
aresult,

t he enent of the sprock 406 20i s i ndependent of the npvenent
ot " the chdln RREIEE 4604 7aT 1ERETGR CoArONGHT SPRGERFo LB aaeI R 1 i r
pedal I'i ng bar 304 noves upward. Fig. 7(a) shows a sinplified view of the
novermedt oi24 Weshoutdspe geaegdigiag thatrthgeanys arpeopneplipRpiss ©ybe&acon?
according to the preferred enbodi nent of the 20 present invention. As
shown i n Fieglaliingaar 306earfd thet chzdinl KL iimghcbaecidsatml eprdokemaaahigestenposi ti on
to a second position through an angle of 45 degrees, Fig 7(b) shows an
efficiencyzal ot of the propul sion system 202. As shown in Fig. 7(b), the
overal |l efficiency of the propul sion system 202 is higher than that of the
S5propul sion systemin a conventional bicycle (as shown in Figs. 1(a) and

1(b)).
o) in the preferred embodiment, the pedalling bar 304 and the chain 334 are

10 connected to each other in a manner as shown in Figs. 5(a) and 5(b) using the
components shown in Fig. 4. These components comprise a nut 402, a chain
guard 404, a sprocket 408, a spacer 408, bearings 410, a key 412, pins 414,
locks 418, stops 418, springs 420, a gear unit 422, bolts 424 and a cover 426,
The chain guard 404 is configured to prevent derailing of the chain 334,

i5
Figs. 5(a) and 5(b) illustrate a 3D view and a cross-sectional top view showing
the connection between the first pedalling bar 304 and the chain 334 of the first
set of sprocket arrangement 322 as seen from the top of the bicycle 200. As
shown in Figs. 5(a) and 5(b), a shaft of the gear unit 422 is connected to the

20  sprocket 406 through the first pedalling bar 304 to allow the sprocket 406 to
rotate together with a wheel of the gear unit 422. The sprocket 408 is, in turn,
meshed with the chain 334 to aliow the chain 334 to move together with the

sprocket 406 when the sprocket 406 is not rotating. Bearings 410 is located

within the first pedalling bar 304 around the shaft of the gear unit 422 1o



Furthernore, the propul sion system 202 enpl oys the | ever principle such
that a snmall force applied on the pedalling bars 304, 306 in the pedal
assenbly 300 can be translated into a large force at the wheel 320 of the
bi cycl e 200. 10 Al t hough the propul sion system 202 has been descri bed using
a preferred enbodi nent, many variati onsjcare possible within the scope of
the clains, as will be clear to a skilled reader, w thout departing from

t he scope I system
e scone Pl h2 8RR % o2 URHn FR-EAOBI beaks SUBPL TR SV
t he pedal enb 0) rep S 902 as
shown in FP]§§' %r‘r@quﬁ?rét% Cé(élll@cl ‘ﬁﬁ*f/ ef%@)??gée g’ﬁSﬁ/ﬁgﬂHg 11 and
12. The variation will now be descri bed. Transmi ssion system 802

20Ref erri nﬁmﬁ 62%@1 Ca‘B%%She \é{h%‘?‘dﬁﬁh%lggﬁr §9’§ femigaotaie ’%ﬁ@%?r@o(ﬁ‘fﬁqt@ﬁng a
pedal assenbly 300" and a transm ssion system 802. The transm ssion system
802 of Fig. 8(a) is a variation of the transm ssion system 302 of the
preferred enbodi nent. The pedal assenbly 300" is simlar to the pedal
assenblsy 3Bigsob(a)2d 6fi)glusiizag ttendptiation of e sasempbrdfFintl 3{ahand She sane
reference nunmerals, with addition of prinme. The transm ssion system 802

i ncludes two sets of sprocket arrangenents 804, 5806 which are not

i nt erconnected unlike those shown in Fig. 3(a) The transm ssion system 802

is also coRa %F\B\%H mq ggﬁé‘gﬁgﬁ afsrtﬁg%rét Bl ‘C’)\?arlfgbfisgc?e 86844 't hﬁ(bﬂ

usi ng sui ta | e connec . The fir spr ocket arrangerrent
of the tr acﬂ?ectl%ﬁ',@,%éYocti<%r21%q%cl'< the teeth of the wheel of the gear unit 422 and

prevent the wheel of the gear unit 422 from rotating. Therefore, the sprocket

10 406 connected to the gear unit 422 is prevented from rotating as well. Since the
sprocket 406 is connected to the first pedalling bar 304 via the gear unit 422, it
moves downward together with the first pedaliing bar 304. The downward
movement of the sprocket 4086 in turn drives the chain 334 of the first set of
sprocket arrangement 322 downward.

15
On the other hand, during the upward movement of the first pedalling bar 304 in
the direction B as shown in Fig. 6(d), the wheel of the gear unit 422 is free to
rotate. The sprocket 406 is hence free fo rotate along the chain 334 of the first
set of sprocket arrangement 322. As a result, the movement of the sprocket 406

20 is independent of the movement of the chain 334 of the first set of sprockst

arrangement 322 as the first pedalling bar 304 moves upward.

Fig. 7(a) shows a simplified view of the movement of the first pedalling bar 304

of the propulsion system 202 according to the preferred embodiment of the



10arranged to be driven by a first pedalling bar 304" and this wll be

el aborated later. The first set of sprocket arrangenent 804 includes an
upper sprocket 808, a wheel sprocket 810 and an idler sprocket 812 which
are arranged with a chain 814 in the same manner as the first set of
sprocket arrangenent 322 in the transmpgsi on system 302 of the preferred
enbodi nent. The wheel sprocket 810 15is in turn connected to a wheel hub
816 which }S kP , {.h : ' f (not
chown 1 n P g o oy PR LT (2 8 R P aing B DY EA AT
system 302_qf .the.preferred _enbodi rtl f, 1 he chaj 14

ot ween ¢ iR 1iPaS BB RO B BT oAy o S EREI B e keb e "Fhl s “over a
spring | oaded idler. sprocket 820 whi ch maint ai the tension_in_the chain
814 of theSHqWsen Hicigcy %%fkté? pawtaﬁ'@@rﬁé'ﬁief‘g%iz- ﬂz’»zshwryw - T g.

8(a), the first pedalling bar 304" is connected to the portion of the chain
814 bet wedhctveralppf8eicspy ot st popg!siitsysiem 2is Righecienghat ofdbsl yi ng a
downward force on the first pedal 308 results in a downward novenent of the
~first pedapropolyidrasysdod’in aturnyedtionva Dityde Easiowdd Fgsnde dmd 1)t he
direction Y', hence rotating the wheel sprocket810 of the first set of

sprocket arurgngeitestth8QlopliBiohuydtdm el dmpioythiee WheelpriBdhid Blich tRiizon or
i ncreasing the notion of the wheel 818. The second set of sprocket

arrangene g§gb } i i cond
pedal | i ngr%n;?gpgjégé agﬁ‘ge&a(?@o I n%?ﬂgg%%gﬁé ﬁ%g‘?%sgﬁg%%eﬁy%ég%rgM{X?eﬁ

k idl. i . i 28 i
mannor vini 2 P8 Fafitaldt it 2REBE tEhe i BMIRRI IOl BB AP Enant 804
of

10 Although the propulsion system 202 has been described using a preferred
embodiment, many variations are possible within the scope of the claims, as will
be clear o a skilled reader, without departing from the scope of the invention as
claimed. For example, the fransmission system 302 may be replaced by a
variation as shown in Figs. 8(a) and 8(b) whereas the pedal assembly 300 may

15 be replaced by the pedal assembiy 902 as shown in Figs. 9 and 10 or the pedal
assembly 1102 as shown in Figs. 11 and 12. The variation will now be

described.

Transmission system 802

20  Referring to Fig. 8{a), a propuision system 800 is shown comprising a pedal
assembly 300" and a transmission system 802. The transmission system 802 of
Fig. 8(a) is a variation of the transmission system 302 of the preferred

embodiment. The pedal assembly 300" is similar {o the pedal assembly 300 of



t he transm ssion system 802. The wheel sprocket 824 of the second set of
sprocket arrangenent 806 is al so connected to the wheel hub 816. The wheel
15hub 816 further conprises two unidirectional clutches with each
unidirectional clutch arranged to operate with each of the wheel sprockets
810 and 824. Furthernore, the portion of; the chain 828 between the idler
sprocket 826 and the wheel sprocket 824 of the second set of sprocket

ar r angenent:; I I ed i dl et .830
ot oh-ser ol Cy RS, IR SR U AN TR BMe AR s e BRI e o
sprocket arran nt. 806. As shown in Fig. 8(a) and 8(b), the second

pedal |'i ng Bg&t'%g}?ﬁ”?%onnect ed to the portion of the chain 828 between the
upper sprocket 822 and the idler 23 sprocket 826 of the second set of
sprocket arrangenent 806. Applying a downward force on the second pedal

310" results in a downward novenent of the second pedalling bar 306'. This
drives thelbhdiansprssion syslens8edinguias o $36 @f lbptocket angogemensd804,0 nove
in the direction Z', hence rotating the wheel 5sprocket 824 of the second
set of Sprétkethicr aangenerrc@0®ctachutlikenthpselolhiniig Hige3(ahekhe 818 into
notion or increasing the notion of the wheel 818. As it can be appreciated,
with the apavemBisianNgRIBRtE0 BeIendldd tstHY bivedle frame (not shown in

Figs. 8(a) or 8(b)) using suitable connecting means.

The first set of sprocket arrangement 804 of the transmission system 802 is
10 arranged fo be driven by a first pedalling bar 304’ and this will be elaborated
later. The first set of sprocket arrangement 804 includes an upper sprocket 808,
a wheel sprocket 810 and an idier sprocket 812 which are arranged with a chain
814 in the same manner as the first set of sprocket arrangement 322 in the
transmission system 302 of the preferred embodiment. The wheel sprocket 810
15 isin turn connected to a wheel hub 816 which is in turn connected to the wheel

818 and the bicycie frame (not shown in Fig. 8(a) or 8(b)).

Furthermore, similar to the transmission system 302 of the preferred

embodiment, the portion of the chain 814 between the idler sprocket 812 and
206 the wheel sprocket 810 passes over a spring loaded idler sprocket 820 which

maintains the tension in the chain 814 of the first set of sprocket arrangement

804.



separately by each of the pedalling bars 304', 306" and its correspondi ng
10 sprocket arrangenents 804 and 806. Since the upper sprockets 808 and 822
of the first and second sets of sprocket arrangenents 804 and 806 are not

i nt erconnect ed, an advantage of the transm ssion system 802 is that the
positions of the first and second sets of sprocket arrangenents 804 and 806
can be adjusted independently. 15 Pedal assenbly 902 Referring to Fig. 9, a

bi cycl e 90Q.i ; 1481 R I l ' IS, Aa.xariation
of t e peda? “eSATHE T8 Jft Pk oRE Rl BN e L ek L1 e
of the pedgl. as I 2. 1s shown in Fi 10 to 10(c) .in ich Figs.
10(a) alrcl)d %6’(%}85'???6)&8?&?%” ir}eog%p_eérescqrpglﬁ%%q% %R(}@%Qﬁ 'd@{es(ﬂﬁ ‘kae’[%&'t he pedal
assenbly 902 as respectively seen fromthe rear and fromthe top of the

bi cycl eygofgpm\r@e%ggw@f.ar%{rea% onthedirptares! 20§D epulis e dmevridal assenbl y
902 as seen fromthe left side of the bicycle 900. 24 The pedal assenbly
902 i ncl uddsvement of thediiral pedajlinsabari 904 . 5%@ drivesdbadhpéddl4 fngayarin 1006
with first and second pedals 1008 and 1010 attached respectively. The pedal

assenblly 902 directiodes, rencl oatingt tha gvitslispeodet®t0 of thg st settefrsponsiect | ng
system having a pivoting | ever 1012 for operably connecting 5the first and

second pedatdrigign el S04 094randoddliey tHhaheens 18 irab s rPbVAatidigidpewer 1012
is attached to a pivot in the formof a pivot 1014 and each end of the

pi voting | @8¥esn 4042 WRekp{gurn attached to one of the pedalling bars 1004,
1006 such that a downward novenent of the first pedalling 10bar 1004 woul d
result in the upward novenent of the second pedal ling bar 1006, and vice
ver sa.

The second set of sprocket arrangement 806 of the transmission system 802 is
10 driven by a second pedalling bar 306° and also includes an upper sprocket 822,
a wheel sprocket 824 and an idler sprocket 826 arranged with a chain 828 in a
manner which is a mirror image of the first set of sprocket arrangement 804 of
the transmission system 802. The wheel sprocket 824 of the second set of
sprocket arrangement 806 is also connected to the wheel hub 816. The wheel
15 hub 816 further comprises two unidirectional clutches with each unidirectional

clutch arranged fo operate with each of the wheel sprockets 810 and 824.

Furthermore, the portion of the chain 828 between the idler sprocket 826 and
the wheel sprocket 824 of the second set of sprocket arrangement 806 also
20 passes over a spring loaded idier sprocket 830 which serves to maintain the

tension in the chain 828 of the second set of sprocket arrangement 806.

As shown in Fig. 8(a) and 8{b), the second pedalling bar 306’ is connected to

the portion of the chain 828 between the upper sprocket 822 and the idler



As shown in Fig. 10(b), the pivoting |lever 1012 is attached to the pivot
1014 in a way that allows the pivoting |ever 1012 to nove along the length
of the pivot 151014. Fig. 10(a) and 10(b) further show the first pedalling
bar 1004 to be attached to the pivoting | ever 1012 via an eye bolt 1016.
Alternatively, the eye bolt 1016 can bezrepl aced by any nmenber that is
rot at abl e about the end of the pivoting |lever 1012. As the pivoting |ever

1012 pi vot s, abeutts20MRe REUOA] e s;sresk@s@rab@efmé&%etw@mn@ach that the

first pedalling bar 1004 remains horizontal regardless of t’he position of

Lhe DI Vot A hBYR hE: (e She dadal! 100,03 A0V 4nml B3 har sont 2

because of i Cation of avertical force on p 'ng bar

1004, the direction qof,.the v jcal faqrce bein st.anti al | er pendi cul ar
Lo the 1 origPrrapnaPedaid e She s iRlssupa it BaF o 35 seae SEftcan
occurs for the second pedal | ing bar 1006 connected on the other end of the
pi voti ng |sVeskel@IandameshSRA 1 meyeyd thealirgrtiand  1enee, rotatiwgrthevhgfddal | i ng
bar 1004 is held in place 5against the pivoting | ever 1012 by a nut 1018
and a $prispgedic2@2ésf phasecoinbseleesproekai@mangedani@0bhin fuirm srogmdiérg | i ng
bar 1004 to allow the first pedalling bar 1004 to nove along the | ength of

t he eye bahé wiHXES 848 intbengliorobt ingrdaimer tHEOhatiph wotis: ahewt 8t1he pivot 1014.
Alternatively, the nut 1018 can be replaced by any fastening nenber and the
spring 1020 can be replaced by any resilient

As it can be appreciated, with the above arrangement, the wheel 818 is driven
separately by each of the pedalling bars 304’, 306’ and its corresponding

10 sprocket arrangements 804 and 806. Since the upper sprockets 808 and 822 of
the first and second sets of sprocket arrangements 804 and 806 are not
interconnected, an advantage of the transmission system 802 is that the
positions of the first and second sets of sprocket arrangements 804 and 806

can be adjusted independently.

Pedal assembly 902

Referring to Fig. 9, a bicycle 900 is shown comprising a pedal assembly 902
which is a variation of the pedal assembly 300 of the preferred embodiment. A
20 magnified view of the pedal assembly 902 is shown in Figs. 10{a) tc 10{c} in |
which Figs. 10(a} and 10(b) illustrate cross-sectional views of one half of the
pedal assembly 902 as respectively seen from the rear and from the top of the
bicycle 900 wheresas Fig. 10{c) illusirates a 3D view of the pedal assembly 962

as seen from the left side of the bicycle 800.



10el enent. Alternatively, the eye bolt 1016, the nut 1018 and the spring
1020 can be renoved and the first pedalling bar 1004 can be directly
connected to the pivoting lever 1012 via a spring or any other resilient
menber to accomobdate any migration of the first pedalling bar 1004 due to
t he novenent of the first pedalling bap41004 and the pivoting | ever 1012.
The second pedal ling bar 1006 15is connected to the other end of the

pivoting lgyefed)i2séMpt g@ozﬁmd@s@ﬁfs{ ﬁéeeu.ﬂscbe&r 1898 eiHd & s887hd ur t her

conprises a stopper 102 onnected to t bi cycle frame of the bicycle 900

of Fig. 9 )Pae’&gm% b%’f'%%etv?trpﬂﬁs‘f 58 s%@%ncﬁ’%@é&i‘ 'Mé’%& aé‘i’@"att%gﬁe&‘)% from

novi ng be al ar ron during their ownward novenent. The

pedal assenbl conn cted e cle frame.b n i ng. one end
of each oft ’ﬂff?@ ?ﬁsrﬁ)&dé @W@%@ 'Pﬁagéa@& Aheu oS Bbe SR 1024
which in turn passes through the bi cy cIe frame. The PIVOt %014 of the pedal
26 assenblap iDECeNaRinE SYESSH havisera Piptngevesr 0121 BPRFENCHI SN By
sui t abl e connecting nmeans. Preferably, the_flvot 1014 is placed as near as
possi bfe e fitsé apdisecoond pedatiogthasn 1684 wedriGdfe first and second pedalling
bars 1004, 1006 and the bicycle frame so as to mnimze the anount of
hori zontal novenent of 5the first and second pedal ling bars 1004, 1006. As
it can be appreciated, the above arrangenent requires the use of only a

si ngl e _conpenanfreast th8®ivdtngre0aNerstd RGHEYREETD a pladt ihdhe fdren f A @hicag | ever
1012. Therefore, this arrangenent can be easily manufactured and
mai nt ai Nedg 14 and each end of the pivoting lever 1012 is in turn attached to one of the

pedalling bars 1004, 10086 such that a downward movement of the first pedalling

10 bar 1004 would result in the upward movement of the second pedalling bar

1006, and vice versa.

As shown in Fig. 10(b), the pivoting lever 1012 is attached to the pivot 1014 in a
way that allows the pivoting lever 1012 to move along the length of the pivot
15 1014. Fig. 10(a) and 10(b) further show the first pedalling bar 1004 to be

attached to the pivoting lever 1012 via an eye bolt 1016,

Alternatively, the eye bolt 1016 can be replaced by any member that is rofatable
about the end of the pivoting lever 1012. As the pivoting lever 1012 pivots about
20  the pivot 1014, the eye bolt 1016 twists such that the first pedalling bar 1004
remains horizontal regardiess of the position of the pivoting lever 1012, The first
pedalling bar 1004 remains horizontal because of the application of a vertical
force on the first pedalling bar 1004, the direction of the vertical force being

substantially perpendicular to the longitudinal axis of the first pedaliing bar



10 Pedal assenbly 1102 Referring to Fig. 11, a bicycle 1100 is shown
conprising a pedal assenbly 1102 which is another variation of the pedal
assenbly 300 of the preferred 15enbodi nent. A magnified view of the pedal
assenbly 1102 is shown in Figs. 12(a) - 12(c) whereby Fig. 12(a) shows a 3D
view of the pedal assenbly 1102 as seensfromthe left of the bicycle 1100,
Fig. 12(b) shows a cross-sectional top view of the pedal assenbly 1102 as

seen from t i J0Q 3{@@1 fring; gcg}m@% onent s
of the pedil és@%ﬂﬁn&é %gﬁga_sq%{h%he peg aassn%n%%a@l% I ncf[%&c?lggc&?%?st and
second pedallin s 12 1 with first and second pedals 1206 and
1203, atta@thg‘ae&égﬁgﬁﬁj;\yg‘tz'rf/ga@ﬁﬁgﬁ%al assenbly 1102 al so includes an
alternating device conprising a bevel gear arrangenent for operably
connecting the first and second pedalling bars 27 1202 and 1204. I|In pedal
assenbly 1102, the inerconnecting systemconprises a set of bevel gears
i ncl udi ng 4s shewe ipEigs 1gearant2t@b).dhe des medpling bagedi041ig heldindiaceent r e
bevel gear 1214. As shown in Figs. 12(a) to 12(b), the pedalling bars 1202
and 1204 iaggwestahe asméngligvel 10A 2area cohhetd eddtzosprivg 102G1s @adedsecond bevel
gears 1210 and

between the nut 1018 and the first pedalling bar 1004 1o allow the first pedaliing

bar 1004 to move along the length of the eye boit 1016 as the pivoting lever

1012 pivots about the pivot 1014. Alternatively, the nut 1018 can be replaced by

any fastening member and the spring 1020 can be replaced by any resilient

10 element. Alternatively, the eye bolt 1016, the nut 1018 and the spring 1020 can

be removed and the first pedalling bar 1004 can be directly connected to the

pivoting lever 1012 via a spring or any other resilient member to accommodate

any migration of the first pedalling bar 1004 due to the movement of the first

pedalling bar 1004 and the pivoting lever 1012, The second pedalling bar 1006

15 is connected to the other end of the pivoting lever 1012 in the same manner.

The pedal assembly 802 further comprises a stopper 1026 connected to the
bicycle frame of the bicycle 900 of Fig. 9 and arranged to prevent the pedalling
bars 1004 and 10086 from moving beyond a particular position during their

20 downward movement.

The pedal assembly 902 is connected to the bicycie frame by connecting one
end of each of the first and second pedaliing bars 1004 and 1006 to a rod 1024

which in turn passes through the bicycle frame. The pivot 1014 of the pedal



1212 respectively and the .-first and second bevel gears 1210 and 1212 are in
turn.connected to the centre bevel gear 1214. |- ence, a downward novenent
of the first pedalling bar 1202 results in"an anti-cloi;kw se rotation of
the first bevel 10 gear 1210 (as seen fromthe inner surface 1210a), which
| eads to a clockw se rotation of the cenére bevel gear 1214 (as seen torn
the inner surface 1214a) which in turn Feads to an anti-cl ockwi se rotation

of the secongsRewd) @ERM M n he inner surface 1212a). Since
t he second pedal |ing barrTllgr(;)t%diggs'g1 ooﬁﬁ%“c%%%‘hﬁ%@@cfw bevetadear 1212,

the antii - cl askebs®y mehad i B8Pl nd bevel gear 1212 results in
t he upward novement of the secon%l?ﬁeeéglf)f%% 't APSl0aE nepRés meseiblede occur s

when t he sechagopedatdrirzgidng | ., The above arrangenent
allows the f rst and second p%%%lgﬁit&ne;ﬁ%gﬁsoe%%g%d %‘%ﬁm? a5 i%ég@ﬁ bet ween

the top and dotthemopdsiftironse a2 1102, further conprises
a stopper 1216 connected to the bﬁgﬁgl&gqﬁégﬁﬁgmiﬁ@zﬁp fesETe0Tof Fig.
11 and arr arttrefirst enprewent padagingedal 1ddag 1bass 1202 and 1204 from novi ng
beyond a particular position during their downward novenent. Preferably, a
spring is incorporated in the stopper 1216. This can not only cushion the
i npact of the force exerted on the stopper 28 1216 by the pedalling bars
1202 and 126% 1 §30ebe armspriath, tHealope Brgngénend ,@gu,i;@ PelRe'FGRYS some of
the energy | ost when the pedalling bars 1202 and 1204 are pushed agai nst

t he stopper SPEFEOMROREEt @ thednierasgnectingt Bistdr0IBa0f, BE@hYing Rydhe pedal
assenbl y 113@%3 connected to the bicycle frame by connect?ng the inwardly
facing surf ereRre. 1his araagemantictm tef samiansark?dured 2ha AL %1%314
respectil(yely to the bicycle frame of the bicycle 1100 of Fig. ik Rl

Pedal assembly 1102

Referring to Fig. 11, a bicycle 1100 is shown comprising a pedal assembly 1102

- which is another variation of the padal assembly 300 of the preferrad

15 embodiment. A magnified view of the pedal assembly 1102 is shown in Figs.
12(a) - 12(c) whereby Fig, 12(a) shows a 3D view of the padal assembly' 1102
as seen from the left of the bicyele 1100, Fig. 12(b) shows a cross-sectional top |
view of the pedal assembly 1102 as seen from the top of the bicyele 1100 and

| Fig. 12(c) shows the camponents of the pedal assembly 1102
20 |

The pedal-assembly 1102 includes first and second pedalling bars 1202 and
1204 with first and second pedals 1206 and 1203 attached respectiveiy. The
pedal assembly 1102 also inciudes an alternatiny device comprising a bevel

gear arangement for operably connecting the first and secand pedalling bars



Further variations are possible wthin the scope of the invention as wl|
be clear 10to a skilled reader. For exanple, the propul sion system 202 may
be used not only in bicycles but also in other vehicles such as a scooter
1300 as shown in Fig. 13. The propul sion system 202 nmay al so be used in
other vehicles such as a trishaw or 15 a,pedi cab. The propul sion system 202
may al so be used in a wheel chair and a user nmay propel the wheel chair by
movi ng t he pe@akldnag doar s | hd h.his or her hands. Al though Figs.
8(a) to 8(b) show the tran@s%ﬁ%é&%@%@%@wcwFvﬁﬁwmw| appi ng
with the wheel seBb8betdigebrsanSudissSh o By _be positioned such that
it is fully overlapping wth th?\%\ﬁ%&ﬁ%g%@iga?ﬁ?gﬁ%ﬁ%”&qeﬁﬁ' 48pst18hg 802
bei ng di spos@udfautdmyreiavhi gedrheigi rcunf erence of the wheel 818. An exanple
of this is illustrated in Fig. 14 whereby the transm ssion system 802" is
fully overlapping with the wheel 818 . In fact, it is preferable to
position the, 29 transm ssion system 802 as far away as possible fromthe
handl es of tfi& SBPwY N Biosr 4fe) ool 24s), the: pavtilimozsrs heod & H&?f?[ the, pedal | i ng
bars. Wth a_| onger pedalling bar, the angle through %ic He® ﬁédals (and
hence the peﬁ%ﬁer’?[ﬁfﬁg% 8)F travected torireirsicerpir @pehd bBesIWasR! 15y gy d by a
particul ar djstance 5decreases and this creates a greater nechani cal
- advant age. Fjlﬁ? HEPRTT R SVAdHBe bRt ates posidbensgeis thep RRdabs, ap., fhe

. pedal I'i ng bat[J%- re shown to be fixed in Figs. 2 to 12, the positions of the
pedal s may be  ad] §ERGR e Wﬁ%emlﬂﬁmyb@@salam“xnb,%w%vg;ney,ﬁgfer s,
pi st ons, SCrf)Ve QreaqF or any_10ot her suitable adjustnent nmeans. Fig. 15
illustrates an al terfiaty v to2teiligin angethein kefsetrbatioe dalid me RALS.
Al t houghgt h }.ng bars are shown to pivot about a ful crum nearer the
front. V\,L]gel %SEP?%@ L%%gsﬁ?lngml“hthﬁi”aéerﬁuffécﬁ_ﬁ?lQaie\yhinmeaailsﬁﬁabﬁ:c@:ﬁuﬁs@n%d to

pi vot about & rer, the back wheel of the bicycle. As shown in
Fig. 15, fi;ngﬁg#ﬁé%ﬂg%evelgeamzbup(asseen “rom the inner surface 1214a)

which in turn leads to an anti-clockwise rotation of the second bovel gear 1212

(as seen from .the inner surface 1212a), Since the second pedalling bar 1204 s

connected to the second bevel gear 1212, the a Tti-clockwise rotation of the

15" second bavel gear 1212 results in the upward mrovement of the sacond

pedalling bar 1204. The reverse oscurs when ths secong pedalling bar 1204 is

dgpressed. The above arrangement allows the f rst and second pedailing bars

1202, 1204 to aiternate between the top and bottom positions

20 : The pedal assembly 1 102 further comprises a stopper 1216 co'nr%écted to the

bicycle frame of the bicycle 1100 of Fig. 11 and Arranged 1o prevent the

pedalling bars 1202 and 1204 from moving beyond a particuiar pasition during

their downward movement. Preferably, a spring s Incorporated in the stapper

1246, This can not only cushion the impact of the force exerted on fﬁe stopper



second pedal | i ng bars 1502 and 1504 are arranged to pivot about a ful crum
1506 nearer a back wheel 1508 of a bicycle 1500. The advantage of this is
that the length of the pedalling bars 1502 and 1504 can extend to the
maximumlimt of the franme of the bicycle 1500. This can achieve a stronger
mechani cal 20advantage suitable for propgelling the bicycle 1500 with a
heavi er | oad. Furthernore, the pedalling bars 1502 and 1504 nay be arranged

wi th an adj j.n : i 5 bhat.as I 514. irst
pedal 1510 AP BEIEERRS P2 1 2h8 wanReHR oY e SRR e

(bet ween second 30 al 1512 and.a second, pedal || ar shown in
Ho 1. RISl soreB 18 ereinn 8 he b BRGH R e s "B i Te T 518 and
t he down tube 1520 of the bicycle 1500 via chains 1522. 5Preferably, the
assenbl i esPUSHed agqinst $1% siapeehd il i Rpfae Breyentng edord Mastdfenssay- 1524 of

t he bicycle 1500 whereas the distance between the pedals 1510, 1512 and the
seat 1524 of the bicycle 1500 is chosen to be approximately 0.15 to 0.3
nmetres (depending on the body height of the user). Al so preferably, the

maxi mugh dovirenaedh!disstabte! MR adcdnneetarhtoothet hieyge danse H0nnd& i) fhe about
100. 32 netres and the | owest point which each of the pedals 1510, 1512

reaches i snabeil fAbiddsifdders 2Ry a2t Re GicotMia dhgsasdizgnanges anke
ergonom cal ly chosen to fit a hunman body al t hough these di stances can vary

and be, adapladkaasily tBoido Shde: #8%,5TEE or KL and 16(b)

respectively sho I ed cross-sectiona e viewof the first and
second assenbliesl514 and 1516 and a cross-sectional view of a portion of
the first assenbly 1514 as seen fromdirection D whereas Fig. 17 shows a 3D

\éloﬁ\rllvegI i ; %{%@%Eigﬁwsenbg%)q%ﬁ% 8\&1?151 f%éosp;[e g,rs f grm\llglnﬁ(ljglfs v(\:n?[r?er }:l%%? a

10  to a skilled reader.

For example, the propulsion system 202 may be used not only in bicycles but
also in other vehicles such as a scooter 1300 as shown in Fig. 13. The
propulsion system 202 may also be used in other vehicles such as a trishaw or
15 apedicab. The propulsion system 202 may also be used in a wheel chair and a
user may propel the wheel chair by moving the pedalling bars 304 and 306 with

his or her hands.

Although Figs. 8(a)‘to 8(b) show the transmission system 802 to be partially

20 overlapping with the wheel 818, the fransmission system 802 may be positioned
such that it is fully overlapping with the wheel 818, the transmission system 802
being disposed fully within the circumference of the wheel 818. An example of
this is illustrated in Fig. 14 whereby the transmission system 802" is fully

overlapping with the wheel 818’. In fact, it is preferable to position the



1604 and an adj ustable nenber in the formof a carriage 1608.
Alternatively, it would be apparent that the horizontal bar 1604 can be
repl aced by any other suitable support frane. The first pedal 1510 is
arranged with the horizontal bar 1604 and the connecting el enent 1602 to
urge the horizontal bar 1604 to foll ow2931 any upward or downward novenent
of the first pedal 1510. The horizontal™bar 1604 is in turn arranged with

the first pedalling bar 1502 to _urge the first pedallin ar 1502 to follow
by upvar dUGR R AoV TS M PIBR BT A "ER8ES O tafe car i age
1608 is arranged to be novable along the pedalling bar 1502 through the use
of an adj uBicvelg feasue ee asdrprpsmiae thedeagBepiths mﬁg@ﬁmﬂéaras\éfétﬁtﬂ pros12
conprises a drum 1614 and a spring nmechani sm 1616 arranged to adjust the
posi ti on ofeddiéng bar,ithgeng@08routhenkiphithg pedelsaf@insrargtghe peti@dinganged t o
bias the carriage 1608 to a first end of the pedalling bar 1502 (as shown

in Fig. 16¢a))ande 1 movEle mppéinge necharmeard 646 payicher dttandeed by a cable
1618 connecting the carriage 1608 to the drum 1614. The drum 1614 i ncl udes

a handle 162008865 BAE Mik reted al Ppodtel iInfdhadritiAlluQBAlagdi rection, is arranged
to coil up the cable 1618 which pulls the carriage 1608 thereby

15conpressing the spring nmechani sm 1616, hence noving the carriage 1608 in
a direction Cto any desired position along the pedalling bar 1502, and a

| ock of t rum 1614 s confiqured tqQ.l ock ,the handl e, 1620 to the desired
et Pon.  Ewitamae caicish e iEaid ol Bhebon e e e Sy s 616
to deconpress and tq bias_the carriage 1608 towards the first end of the

pedal | i ng BEWwniobe Sinaddt Figgedite d 2. eePoiigs el theerarsitimey headiusiseie

carriage 1608 at any desired
along the pedalling bars by the use of ievers, pistons, screw threads or any

10 other suitable adjustment means.

Fig. 15 illustrates an alternative to the arrangement of the pedalling bars.
Although the pedalling bars are shown to pivot about a fulcrum nearer the front
wheel of the bicycle in Figs 2 to 14, they may also be arranged to pivot about a

15 fulcrum nearer the back wheel of the bicycle. As shown in Fig. 15, first and
second pedalling bars 1502 and 1504 are arranged to pivot about a fulcrum
1506 nearer a back wheel 1508 of a bicycle 1500. The advantage of this is that
the length of the pedalling bars 1502 and 1504 can extend to the maximum limit
of the frame of the bicycle 1500. This ¢an achieve a stronger mechanica!

20 advantage suitable for propelling the bicycle 1500 with a heavier load.

Furthermore, the pedalling bars 1502 and 1504 may be arranged with an
adjusting means comprising a first assembly 1514 (between a first pedal 1510

and a first pedalling bar 1502) and a second assembly 1516 (between a second



position along the pedalling bar 1502. In this way, it should be

appreci ated that the carriage 1608 may be noved to any position along the
pedal | i ng bar 1502 to suit to the user's preference. 32 In addition, an
adj ustable elenent in the formof a collar 1610 (See Fig. 16(b)) is
arranged to be novable along a I ength q%)the hori zontal bar 1604 and is
further arranged to nove together wth the carriage 1608.. \Wen a user

exerts a do rd_force on the first pe 1510, the connecting el enent
1602, t oge‘?%é%ﬂ”ﬁ ] H%CCHB]P P%‘%ﬁ{’g%ﬂl bea?g% 1O\ VE *%&&n&é?@égeﬂ?ﬁ% exerts
a downward force on the first(fedalling bar 1502 at the point of contact

bet ween t hodadd 456 epsttasited vethei tostiubedar Biangy! herdavgouliedt 524 8 poi nt

1606) resulting in a dowmmward novenent of the first pedalling bar 1502. To
i ncrease tthe bégymlmn 508 visoriceng A8A2nmi tted to the transm ssion system 302
the carriage 1608 and the collar 101610 are noved further away fromthe
ful crum 1506. The further the carriage 1608 and the collar 1610 are from
the ful crum 1506, the larger the nonent generated by the force at the

driving popaterdBS1PeerhbIRs 18 Cf Rt 4396 28 ¢ dshiohduD.2 téﬁ@tré@fr&%rthéhe

anount of force transmtted to the transm ssion system 302'. Therefore, the

carri age 10081304 of e GRLLAN SHBA K LUpUA IO VRA Lo et Ayl ! rom ¢ he

fulcruml equire 0 NMOVEé acr'oss a ficult

terrain or a sj ope. t ot her h .when the carriage 1608 d the
col | ar 161@2@@ e@aﬁé?ﬁép@?k@hmpl@r ﬁ%@%os&? f Q%Wﬁ%k”i‘ée& Q'z pedal
1510 alternates through a 20smal |l er di stance, the djistance the first
pedal | i ng 1883 Msiees{dereRaing LN hedipsly height of the user). Also preferably, the

maximum downward distance moved by each of the pedals 1510, 1512 is about
10 0.32 metres and the lowest point which each of the peadals 1510, 1512 reaches

is about 0.10 metres above the ground. These distances are ergonomically

chosen to fit a human body although these distances can vary and be adapted

to suif the built of the user.

15 Figs. 16(a) and 16(b) respectively show a magnified cross-sectional side view of
the first and second assemblies1514 and 1516 and a cross-sectional view of a
portion of the first assembly 1514 as seen from direction D whereas Fig. 17

shows a 3D view of the first assembiy 1514.

20  The first assembly 1514 comprises a connecting element 1802, a horizontal bar
1604 and an adjustable member in the form of a carriage 1608. Alternatively, it
would be apparent that the horizontal bar 1604 can be replaced by any other
suitable support frame. The first pedal 1510 is arranged with the horizontal bar

1604 and the connecting etement 1602 {o urge the horizontal bar 1604 {c follow



and the amount of revolution in the back wheel 1508 of the bicycle 1500
remain the sanme. This allows the user to pedal faster although nore force
may be required to push the first pedal 1510 downwards in this case.
Therefore, the 33 carriage 1608 and the collar 1610 are usually noved
near.er the ful crum 1506 when the bicyclg 1500 is required to nobve across
snooth terrain. Fig. 18 illustrates howthe first assenbly 1514 (conprising

t he connecting 5el ement 1602, and the, hori zont al 604), together with
Lhe Frrer  phR PR BT SRR AR i A e R Beednts o T Rt Bt ibe
1520 of the_bicycle 1500. The connecting el enent 1602 is engaged with the
chai ns 152%8¢&i%ig vEcxEangroWER e ﬁ@t@ﬁgﬁﬁﬁg P@zﬁ&géomg% hsEspect i vel y
attached to the top tube 1518 and the down tube 1520 of the bicycle 1500
usi ng nut spagding ba1150% i edretany upvagos, davBeardsparemeni 80BEe 1818,

beari ngs 1810, 1820, gear units 1812, 1822 and keys 1814, 1824. These
conponent shatizrdaireand@04t hr ough the hol es 1826 and 1828 in the top tube
1518 and the down tube 1520 respectively in the order illustrated in Fig.
18. Thiss arrangenent allows the rotation of the chains 1522 in unison in a
direction E when the first pedal 1510 is urged downwards and the 15rotation

Toves upuay e AT e RN nea o T Sk SR oM ER bG8 PR, b cycl o
o engage THEdohRaberolaTEadhSit 98058 REPRREY Wi Sellis arheBos ana at
Synahr oni RGP &A1 SGEBBEEPA LTI ROTAENTE TS MeRRaRAZ] #e A8T2NGRH ( hat
the horizontal bar 1604 can renmain in a horizontal position parallel to the
first peddP adiuy thagosiHewef the F&r@agw,ﬁoﬁh@hé@rﬁzﬁé@tmﬁ@@i%’ﬁe%ﬁ%@ i$602 and
1902 of the first and second assenblies 1514 and 1516 respectively are
engagéd wiarhangspidsittias the carriage 1608 to a first end of the pedalling bar 1502 (as
shown in Fig. 16{a) and 17). The spring mechanism 1616 may be actuated by a
cable 1618 connecting the carriage 1608 to the drum 1614. The drum 1614
includes a handle 1620 and when rotaied in a first rotational direction, is
arranged to coil up the cabte 1618 which pulls the carriage 1608 thereby
15 compressing the spring mechanism 1616, hence moving the carriage 16808 in a
direction C to any desired position aiong the pedalling bar 1502, and a lock of
the drum 1614 is configured to lock the handle 1620 to the desired position. The
handle 1620, when released causes the spring mechanism 1616 to decompress
and to bias the carriage 1608 towards the first end of the pedalling bar 1502
20 and likewise, the lock may be used to lock the carriage 1608 at any desired
poéition along the pedalling bar 1502. In this way, it should be appreciated that

the carriage 1608 may be moved fo any position along the pedalling bar 1502 to

suit to the user's preference.



34 sides of the chains 1522 thereby urging the connecting elenents 1602 and
1902 to nove in opposite directions. Al though the above only describes the -
arrangenment between the first assenbly 1514, the first pedal 1510, the
first pedalling bar 1502 and the chains 1522, it should be appreciated that
the sanme arrangenent applies to the seggnd assenbly 1516, the second pedal
1512, the second pedal ling bar 1504 and the chains 1522. Preferably,

whenever the -1 age. 1 f irst I J jeust l.ong t he
angt h of  Prsiiork G ErBbR e biEn kb8 BRATI Jopdtsb toRE G RlsReS
assenbly 1516 is, al so adjusted al gn h ength of the ond .pedal I i ng bar
1504 unt 1 5t eeosh & e SenS et o bete ek heASRE POiPETRE | ages
is approximately the same. It is also preferable to adjust the carriage
1608 t ogetHEFNAAG I MAke tegather Wb hapiiaghd 808 stWheta YsengXsHs a502 and
the horizontal bar 1604 are aligned along their |engths. The sane applies
when 15adjdmswivagrdt fleececan thiafiest aadalcd 10athe fon hectibgodantcas $ 80D tpgahite.

Figs. 20(a) and 20(b) respectively illustrates a nagnified cross-sectional

si de visew with e Bblini@tiare 68d] pipl/es gommarsds OTiNE iexicrtg sadovehwardirdee first
assenbly 2002 and an alternative second assenbly 2004 whereas Fig. 20(b)

i 1 ustrat e thedef 96SaIRREbAONS2 Xi BW ﬁinﬁofﬁﬁﬂtécﬁ'be%eérﬁ‘%@bér@iﬁzpéﬁiﬁi‘()% first
assenbly 2002 as seen fromdirection G The alternative assenbli es2002,

R L e i L e g e e R
?E?Lglr ?Z%%agqéggtrgfﬂgé%ﬁ?%%%“@rgib\%ﬂéoas%gﬁgcr%%sg%é]grgguﬁ?gf %orilcgoSi tion,
transmitted to the transmission system 302’ the carriage 1608 and the coliar
10 1610 are moved further away from the fulcrum 15086. The further the carriage
1608 and the collar 1610 are from the fulcrum 1508, the larger the moment
geﬂerated'by the force at the driving point 1606 about the fulcrum 1506 and in
turn, the larger the amount of force transmitied to the transmission system 302’
Therefore, the carriage 1608 and the collar 1610 are usually moved further
15 away from the fulcrum 1508 when the bicycle 1500 is required to move across a

difficult terrain or up a slope.

On the other hand, when the carriage 1608 and the collar 1610 are moved
nearer the fulcrum 1506, even though the first pedal 1510 aliernates through &

20 smaller distance, the distance the first pedalling bar 1502 alternates through
and the amount of revolution in the back wheel 1508 of the bicycle 1500 remain
the same. This allows the user to pedal faster although more force may be

required to push the first pedal 1510 downwards in this case. Therefore, the



alternative first assenbly 2002 nay be arranged to nove together with the
carriage 1608 as the latter is being adjusted along a | ength of the
pedal | i ng bar 1502'. As shown in Fig. 20(b), this is achieved by attaching
the carriage 1608 to the horizontal bar 1604' with a connector 2006. The
same applies for the 5second alternative assenbly 2004. Variation in the
anount of force transmtted to the transm ssion system 302' and in the

alternatin j ir and second pedals ,1510', 12" can
be achievegaﬂgéﬁg ?ﬁéﬁﬁfﬁgfﬁé?f3@1@5%%%%F$‘swﬁwﬁgﬁefﬁﬁﬁkﬁﬁugﬂgﬂé manner
as theassenbliesl514, 1 of Fig. 15. 10 Although Fig. 15 illustrates the
first and gggaﬁaeg@aﬁkiﬁﬁg'ﬁé?@m%gbﬁ’5ﬁﬂefgﬁﬁs%§§ﬁﬁﬂh%¥ﬁﬂﬁed to pivot about
a fulcrum 1506 nearer a back wheel 1508 of the bicycle 1500, it should be
appreci ated that the assenblies 1514, 1516 of Fig. 15 and the alternative
assenbl i es 2002 and 2004 of Fig. 20 may al so be used 15when the pedal |ling

bars are arigangeitistetps hov thdfitt asséubly Ui 4 (sdrherdsiaguehe toomedting back wheel
of the bicycle (for exanple fulcrum 208 of Fig. 2). For exanple, as shown

in Figs 2lgletient gé0aldnidrige barizoefbaansid B0 gaaner with angatt badal ¥oto,aout a
fulcrum 208" further away fromthe back wheel 818 and may be arranged with

the first asseqad WithIHd orpigeln sSQRPHE ASSE Y 1§§é§f gizégtg;:prgﬁzl%{)@a”e

manner as the arrangenment of Fig. 15. Figs. 22(a) an ows magni fi ed

Lo RS SR e 447 B RRERIE, et i b WAL P10
1802 and the chains 1522 are in turn respectively attached to the top tube 1618
and the down tube 1520 of the bicycle 1500 using nuts 1804, 1814, sprockets

16 1806, 1816, spacers 1808, 1818, bearings 1810, 1820, gear units 1812, 1822
and keys 1814, 1824. These components are arranged through the holes 1826
and 1828 in the top tube 1518 and the down tube 1520 respectively in the order
illustrated in Fig. 18. This arrangement aliows the rotation of the chains 1522 in
unison in a direction E when the first pedal 1510 is urged downwards and the

15 rotation of the chains 1522 in unison in a direction F when the first pedal 1510
moves upwards as the second pedal 1512 at the oppesite side of the bicycle
1800 (not shown in Fig. 18) is urged downwards. Note that it is preferable to
engage the connecting element 1602 with at least two chains 1522 and at least
two sprockets 1806, 1816 arranged to rotate together in synchronization and

20  cooperate with the at least two chains 1522 so that the horizontal bar 1604 can

remain in a horizontal position parallef to the first pedal 1510.

As shown in Fig. 19, the connecting elements 1602 and 1902 of the first and

second assemblies 1514 and 1516 respectively are engaged with opposite



36 1608" when the spring 1616" is deconpressed and Fig. 22(b) illustrating
the position of the carriage 1608" when the spring 1616" is conpressed.
Alternatively, as shown in Fig. 23, the adjusting device may instead
conprise a 5 piston 2302 conprising a piston actuator 2304, a piston rod
2306, a first tube 2310 and a second tu 2308. When air is punped into the
first tube 2310 of the piston 2302, the carriage 1608" is noved in a

direction H alo the | en f the pedalling bar 304" and the reverse
occurs mheﬁ'%sr&ﬂéeﬁg%d%%%tgefw SN e estng elarmeris ) &9 2and
appreciated that the adjusting device of Fig. 15 10may al so conprise the

pi st on 230290AdP &arreon APesE8 §éaBligNSI612. Alt hough only one pedal is shown
on each pedalling bar in Figs. 2 to 14, there may be nore than one pedal on
each pedalling bar, the pedals arranged to drive the respective el ongate
menbers at respective driving points. 15 Alternatively, the pedals may be

totally reditiedghnise bbevaenialddsoghdatis sandemerPb&esRe thY fRxeiddeRbiy
downward force on the pedalling bars directly, although this may not™ be

pref er red. wnhm@qnsztﬁgjoamgady thBGirQas S ARy ROy Qnﬁg%éer@%ihéﬁ?zé' Y

rectangul ar in shape igs. 2 to 24, they nay be replaced wWith any
sui tabl e el t Exﬁf@r ! .Gl . extend froma
position bél%@vatq%e angtﬁteés% tt'ﬁ’eéﬁéfﬁae bgenr%%l%g“%%éo ﬁﬁa?%cémidn t he
transm ssi Qn_syste 7 Iln addit] ach of the ipterconnectin yst ens
of the ped%?sea{ﬁélé’rﬂgjﬁe '%Woné‘ﬁda?ﬁﬁﬁgo CcHFoD RRC%(EJ”@I e "i"?%d tHe
conbi nat i or}?w’ th _one_or nore of the other | nterconnecti.Pﬁ% systens. 5Al so,
for | ow perldnrdrée [Tefadpe smensveltataripga 1688 dithe fraicssenglyt helbedal
assenbly 300 to the transm ssion system 802 using the assenbly in Figs. 4 -
6, the pedaladingesaleBite length ddise ficsimeadallidpriert1502c trneartiadetod thehe chai ns
814 and 828 respectively because the inertia of the chains 814 and 828 w ||
be | ovili n $emurpeadsenttind&16 ioaiss pefubtet iabye] ®e. el fahe seadndecdanegf or
connecti ng

bar 1504 until the distance between the fulcrum 1506 and sach of the carriages

is approximately the same. It is also preferable to adjust the carriage 1608

together with the collar 1610 when the first pedalling bar 1502 and the

horizontal bar 1604 are aligned along their lengths. The same applies when

adjusting the carriage and collar of the second assembly 1516.

Figs. 20(a) and 20(b) respectively illustrates a magnified cross-sectional side
view of an alternative adjusting means comprising an alternative first assembly
12002 and an aiternative second assembly 2004 whereas Fig. 20(b) illustrates a
20 cross-sectional view of a portion of the alternative first assembly 2002 as seen
from direction G. The alternative assemblies2002, 2004 are similar to the
assemblies 1514, 1516 and thus the same parts of the alternative assembilies
2002, 2004 are labelled with the same reference numerals with the addition of

prime. Instead of being fixed in position, the horizontal bar 1604' in the



10 any of the pedal assenblies 902 or 1102 to the transm ssion system 802.

An exanple of this is illustrated in Fig. 24 which shows the direct
connection of pedalling bars 304" and 306' to the chains 814 and 828
respectively. Alternatively, the assenbly in Figs. 4 - 6 can be

repl aced by a unidirectional 15cl utch {ached to a sprocket. MCSLLP 38
Clains: 1. A propulsion systemfor a vehicle, the propul sion system

conpri sing;,.a transm.ssion conprising first and second, sprocket 5
arr angenen?g‘?ma{we "SfQSB%WQf@@@my SAVPRgeT i%‘? Qovgﬁaggﬁ@B-WhéRSngat e
menbers pivotably connected to a ful crum an alternati ngadevi ce

, , \ nd

arranged t B2iRgR HoRE 8% g 12y '%%@aa@d&%@a{%%wgow%w@lm bet ween
a first position and a second EOSi tion, the first 10 and second el ongate
menbers ar fl 8P edistsbodniindig RO{(pbdbieds poeieypd dukaitachinaihgesasriage 1@DBHoeach
sprocket arrangenent arranged to separately and directly propel at |east
one wheel tife drzonediibal 504" with awdueinector 2006] ahcwainrangbplideionten the first
and second el ongate menbers, with respect to the fulcrum forms an angl e of
| ess than d8drdedi®estive assembly 2004. Variation in the amount of force transmitted

to the transmission system 302" and in the alternating distance moved by the

first and second pedals 1510, 1512 can be achieved using the alternative

assemblies 2002, 2004 in the same manner as theassemblies1514, 1516 of

Fig. 15.

10

Although Fig. 15 illustrates the first and second pedalling bars 1502 and 1504

being arranged to pivot about a fulcrum 1506 nearer a back wheel 1508 of the

bicycle 1500, it should be appreciated that the assemblies 1514, 1516 of Fig. 15

and the alternative assembiies 2002 and 2004 of Fig. 20 may aiso be used

15 when the pedalling bars are arranged to pivot about a fulcrum further away from

the back wheel of the bicycle (for exampie fulcrum 208 of Fig. 2). For example,

as shown in Fig. 21, the pedalling bars 304" and 306" are arranged to pivot

about a fulcrum 208" further away from the back wheel 818’ and may be

arranged with the first assembly 1514’ and the second assembly 1516 in the

20 same manner as the arrangement of Fig. 15.

Figs. 22(a) and 22(b) shows magnified cross-sectional views of the first

assembly 1514’ of Fig. 21 with Fig. 22(a) illustrating the position of the carriage



15and wherein the alternating device conprises a first interconnecting
system having: a sprocket; an idler sprocket; and a chain arranged
to cooperate with the sprocket and the idler sprocket; 20 the chain being
configured to urge the first and second el ongate nenbers to nove in
opposite directions to each other about,the fulcrum MCSLLP 39 2. A

propul sion system according to claim 11, wherein the relative angl e between

the first second, el ongat nbers, with respect ne fulcrum forns
an ‘angl e oﬁgﬁgsg’%ﬂghe&p“ 8&%1&355 S%G%@F,egggq %% Pg*ﬂ- {63@5!%‘&”@%9@% em
according to any Er eceding claim wherein the alternating device conprises
a second i RCEFIE0 RN PAGI28PSHEOS MEEMHGe sPripoviR 1Gds icemressast wherein t he
first and second el ongate nenbers are connected to respective ends of the
pivoting | ever, the pivoting |ever configured to urge the 10 second
el ongate nmenber to the second position when the first el ongate nenber is
bei ng ur gedltematielyf bs shoposhtHi@re3, the adjusting device may instead comprise a
5  piston 2302 comprising a piston actuator 2304, a piston rod 2308, a first tube

2310 and a second tube 2308. When air is pumped into the first tube 2310 of

the piston 2302, the carriage 1608™ is moved in a direction H along the length

of the pedalling bar 304™ and the reverse occurs when air is pumped into the

second tube 2308. It would be appreciated that the adjusting device of Fig. 15

10 may also comprise the piston 2302 instead of the assembly 1612,

Although only one pedal is shown on each pedaliing bar in Figs. 2 to 14, there
may be more than one pedal on each pedalling bar, the pedals arranged to
drive the respective elongate members at respective driving points.

15 Alternatively, the pedals may be totally removed and the pedalling bars may be
depressed by exerting a downward force on the pedalling bars directly, although

this may not be preferred,

Although the pedalling bars are shown to be substantially rectangular in shape
20 in Figs. 2 to 24, they may be replaced with any suitable elongate member that is
sufficiently long to extend from a position below the handies of the bicycle frame

to the chains in the transmission system.



4. A propul sion system according to claim3, further conprising a resilient
menber arranged between each of the first and second el ongate nenbers and
15a respective end of the pivoting |lever. 5. A propul sion system accordi ng
to claim3, further conprising a rotatable nenber arranged between each of
the first and second el ongate nenbers apd a respective end of the pivoting
| ever, the rotatable nenber being rotatable 20about the respective end of

the pivoti ) , C . | ongat e nbers,, havi a longitydinal axis
whi ch rempﬂgé@ﬁgé’t%nﬁéﬁtﬁ% ‘%gfcﬁz‘ﬁ‘%ﬁ Lﬁl5¥£$813a0%ih?é)ceﬁ%gﬁs%efmg%so$€¢ exert ed
on each of e el gngat e nmenbers MCSLLP 40 6. A propul sion system

accor di ng ?@5 Fai1ril| - CaN ¢ Ha?d almsr 9N FeMPIRatgn weRong @rBRte @ thenged

bet ween each of the first and second el ongate nenbers and the respective
end of theClHiel dttprrgnneding systamsow the first and second el ongate menbers to
be novable along a length of the respective rotatable nenber. 5 7. A
propul sion system according to any of clains 3 to 6, wherein the pivoting

| ever is arranged to be novable along a length of a pivot. 8. A propul sion

syst emsaccaisd] fug 16w penfpripaace donesiPel) Bicyshs! gisteddof d0adRgahs padgevi ce
further conprises a bevel gear arrangenment having: a first bevel gear

driven by ddwenipiy 3008bang#RsMRIERSH system 802 using the assembly in Figs. 4 — 6,
the pedalling bars 304" and 306" can be directly connected to the chains 814
and 828 respectively because the inertia of the chains 814 and 828 will be low
in low performance (low speed) bicycles. The same can be done for connecting

10 any of the pedal assemblies 902 or 1102 to the transmission system 802. An

exampile of this is illustrated in Fig. 24 which shows the direct connection of

pedalling bars 304’ and 306’ to the chains 814 and 828 respectively.

Alternatively, the assembly in Figs. 4 — 6 can be replaced by a unidirectional

15 clutch attached to a sprocket.



a second bevel gear driven by the second el ongate nenber; and a centre
bevel gear neshed with the first and second bevel gears and arranged to
urge the second el ongate nember to the second position when the 15fiMsgLLP
el ongate nmenber is being urged to the first position. 9. A propulsion
system according to any preceding claimg further conprising a first
plurality of pedals arranged to drive the first el ongate nenber at
respectivegfiihst driving points and a second plurality of pedals arranged
to drive t$ﬁ?§étond 20el ongat e nenber at respective second driving points.
10. A propul sion systemaccording to any of clainms 1 to 8, further
conprising a first pedal arranged to drive the first elongate nenber at a

first drivjn oi nt. and a sgcond daJ arranged to.drive the second
bl ongat ¢ HorberPHSIar SEHBRYO AL e dhed T POTAD O SHPads for
adj usting the positions of the first and second driving points along a
l ength of the faransmaisgiosesustemealosnriiing fiistbee second splockeat pr opul si on
system according to claim10 wherein the positions of the 5pedals are
adj ust abl earraiggimaregst o the ful crum 12, A propul sion system according to
claim 11 wherein the positions of the pedals are adjustable relative to the
ful crum usi ng | £¥8d8 asBefNBadhg FRstemd ducendsslod§ate members pivotably
connected to a fulcrum, and
an alternating device arranged to urge the first and second elongate
members to alternate between a first position and a second position, the first
10  and second elongate members arranged to drive the respective sprocket
arrangements, with each sprocket arrangement arranged to separately and
directly propel at least one wheel of the vehicle;
wherein a relative angle between the first and second elongate
members, with respect to the fulcrum, forms an angle of less than 180 degrees;
15  and wherein the alternating device comprises a first interconnecting system
having:
a sprocket;
an idler sprocket; and
a chain arranged fo cooperate with the sprocket and the idler sprocket;

20  the chain being configured to urge the first and second elongate members to

move in opposite directions to each other about the fulcrum.



13. A propul sion system according to claim 10, wherein the adjusti%ﬁ%neggs
conprises: a support franme coupled to the pedal; and an adjustable bet
arranged to be novabl e along a Il ength of the 15 respective el ongate nenber,
t he adj ustabl e nenber coupled to the support frane and the respective

el ongate nenber to restrict the novenmenfy of the support frame away fromthe
respective el ongate nenber.. 14. A propul sion system according to claim

13, wner ot K REoRNE SR TR GUSLEY, SAPRE RN B geenosd

to maintai por ntrally horizontal position.

A propul sion system according to claim 14, wherej he mechapi sm conpri ses
at | east t'&)&‘f&' ta@rpgs%qgiwd;gopg%t&m? eé%r%ﬁk*’éaé@?c{ {‘:’et ﬁﬁu‘lcé‘é@tpotrm alfhg}) ns
MCSLLP 42 and the at |east two sprockets arranged to cooperate with each

ot her to nangieaf tessibars gpparel torenBegi®ebhe hori zontal position. 16. A
propul sion system according to any of clains 13 to 15, further conprising 5
an adj usting device arranged to urge the adjustable nenber al ong the

respecti ve el ongate nenber. 17. A propul sion system according to any of

cl ai ms 513 4 on bRopkigh %’g&ehhgc@dﬂm@t@tér@ prenbeingi daifh wWHerdintthet he support
frame using an adjustable el enment 10 arranged to be novable along a |l ength

o o0 15 PARhalii@ iByice LBmofisBE BRaNE TBKIRIEARG S slcfignkapaly of cf aim

13 to 17, erei e adj I ng device conpri ses iston. 1519. A

propul si on systaeg}v%%ggrléivle?;gagao any of clains 13 to 17, wherein the

wherein the first and second elongate members are connecied fo
respective ends of the pivoting lever, the pivoting lever configured to urge the
10 second elongate member to the second position when the first elongate

member is being urged to the first position.

4. A propulsion system according to claim 3, further comprising a resilient

member arranged between each of the first and second elongate members and

I5 arespective end of the pivoting lever.

5. A propulsion system according fo claim 3, further comprising a rotatable
member arranged between each of the first and second elongate members and
a respective end of the pivoting lever, the rotatable member being rotatable

20  about the respective end of the pivoting lever, each of the elongate members
having a longitudinal axis which remains substantially perpendicular to a

direction of a force exerted on each of the elongate members.



adj usting device conprises: a spring mechani smarranged to bias the
adj ust abl e nenber towards a first direction; and a dru

arranged to pull the adjustable nenber in a direction opposite 20t Wécglr%t
direction. 20. A propul sion system according to any preceding claim
wherein the transm ssion system furtherggconprises: a first chain arranged
to cooperate with the first sprocket arrangenent; MCSLLP 43 wher ei n

the first el onaal 6oBEen ScaSHMASLIAiI% TONSHERohSingcAddRiaMii ch 1n turn
t r the Ti proc I

i s arranged I've rst s ket arrangenent to propel the at | east

one wheel of the vehicle. 521. A prppulsi e rdi l.aiym 20,
wherein t h%lem@gﬁ§F{?§§?gﬁeg\’§’,‘§€f%ﬁ??fgPfﬁ‘&fﬁég%ﬁ]{?,géé%'?a 8%%8896 @%n%ab%rg ag'?r anged
to connect the second sprocket arrangenent and the first sprocket

ar r angenmenthe rgspediyednehef the Hivoiing 8\9@0{%6%@#% gr%iaf‘ﬁ Steﬁeﬁg @i‘ﬂ}&i’% pr ocket
10 arrangenent, wherein the second el ongate nenber is arranged to nove the
second chanemkisirs ko be ntavable slcagralegeth oothgrreseetiive rotaiable spmbsket
arrangenent, the second sprocket arrangenent being arranged to drive the
axle and the first sprocket arrangenent.

7. A propulsion system according to any of claims 3 to 6, wherein the pivoting

lever is arranged to be movable along a length of a pivot.

8. A propuision system according fo any preceding claim, wherein the
10 alternating device further comprises a bevel gear arrangement having:
a first bevel gear driven by the first elongate member;
a second bevel gear driven by the second elongate member; and
a centre bevel gear meshed with the first and second bevel gears and
arranged to urge the second elongate member to the second position when the

15  first elongate member is being urged fo the first position.

9. A propulsion system according fo any preceding claim, further comprising a
first plurality of pedals arranged to drive the first elongate member at respective
first driving points and a second plurality of pedals arranged to drive the second

20  elongate member at respective second driving points.

10. A propulsion system according to any of claims 1 to 8, further comprising a
first pedal arranged to drive the first elongate member at a first driving point and

a second pedal arranged to drive the second elongate member at a second



1522. A propul sion system according to claim 20, wherein the transm ssion
system further conprises: a second chain arranged to cooperat gt

t he second sprocket arrangenent; wherein the second el ongate
menber is arranged to nove the second 20 chain which in turn is arranged to
drive the second sprocket arrangenment #9 propel the at | east one wheel of
the vehicle. MCSLLP 44 23. A propul sion system according to any of clains

20 10 22, MBIk nd FRAREHSIAHESHBIBISHANAS 1RO AL HSsceobll | Ng | oaded

i dl er sproc rranged to nmaintain tension of t irst chain. 524.

[ anam ssi i Bosf riopoirbe bl e dts G 8l Foc afndae HPERELS, ocke

arranged to naintain tension of the second chain. 25. A propul sion
system according to any of preceding clains, wherein the 10 first and
second el ongate nenbers are directly coupled to the respective sprocket

ar r angenent’s A ppulsiopspgamsieerdipgtte tlaamct whegein shangsigensphthtss 20 to 24,
further conprising an assenbly arranged to engage the chain to nove in
response tredahearkbagjvsiaiy retdtivichte the figtrum. second el ongate member fromthe
first position to the second position and further arranged to di sengage
with the chain in response to the novenent of the first or second el ongate
menber fromthe second position to the first position.

12. A propulsion system according to claim 11 wherein the positions of the
pedals are adjustable relative to the fulcrum using levers, pistons or screw
threads.
10
13. A propuision system according to claim 10, wherein the adjusting means
comprises:
a support frame coupled to the pedal; and
an adjustable member arranged to be movable along a length of the
15 respective elongate member, the adjustable member coupled to the support
frame and the respective elongate member to restrict the movement of the

support frame away from the respective elongate member..

14. A propulsion system according to claim 13, wherein the adjusting means
20  further comprises a mechanism arranged to maintain the support frame in a

substantially horizontal position.

15. A propulsion system according to claim 14, wherein the mechanism

comprises at least two chains and at least two sprockets, the at least two chains



20 27. A propul sion system according to claim26, wherein the assenbly is
arranged between each of the first and second chains and each of th@d@ﬁ%&
and second el ongate nenbers respectively. MCSLLP 45 28. A propul sion
system according to claim 26 or 27, wherein the assenbly conprises: a gear
unit conprising a wheel; a siprocket arranged to rotate with the
wheel of the gear unit and further 5 arranged to engage the chain;

at | east ofgy {HRCK 1855A08hrbokS btnkBe RBEhekite Wi SR otHBI fo tO rotate in
only one direction; the sprocket, the gear unit and the at |east one | ock

arr anged sMgﬁ“&Bgﬁ?ﬁgpgggﬂanmamQhéjﬁ?%ﬁn&?ﬁggmﬁggate menber noves fromthe

first position econd posi el of the gear unit is
prevented fromrotating, in turn preventing the sprocket fromrotating and
in turn allowing the assenbly to engage with the chain to nove; and
(ii) when the elongate menber noves fromthe second position to the first
posi tion, tthé pselsion sysienyactordinotioiagyafciained!3 i 5) dtfafteer ¢omplising
rotating the

5 an adjusting device arranged to urge the adjustable member along the

respective eiongate member.

17. A propulsion system according {o any of claims 13 {o 16, wherein the
adjustable member is coupled to the support frame using an adjustable element

i0 arranged to be movable along a iength of the support frame.

18. A propuision system according to any of claims 13 to 17, wherein the

adjusting device comprises a piston.

15 19. A propulsion system according to any of claims 13 to 17, wherein the

adjusting device comprises.

a spring mechanism arranged to bias the adjustable member towards a

first direction; and

a drum arranged to pull the adjustable member in a direction opposite

20  the first direction.

20. A propulsion system according to any preceding claim, wherein the
transmission system further comprises:

a first chain arranged to cooperate with the first sprocket arrangement;



15sprocket about the chain and in turn allow ng the assenbly to disengage
with the chain. 29. A propul sion system according to any precediA§lL
claim wherein the transm ssion systemis disposed partially within the
circunference of the at |east 20one wheel of the vehicle. 30. A propul sion
system according to claim23, wherein e transm ssion systemis di sposed
fully within the circunference of the at | east one wheel of the vehicle.

MCSLLP 46 31. /%Nu%r%iw Rl 8 é%ﬁ%@f’é‘ ﬁﬁgfnb%r‘(se?f'réh dwﬁqo@reqtaelf%t%awstem

conprising: a pedal assenb y conprising a |rs pedal | i ng nmenber and a

acconb o anepd MRS erre R e e PRaRE P EROSHBREL kBB

sprocket rrangene ch ocket arrangenent arranged to separately and
directly aﬁﬁﬁéﬁwﬁw P@égﬂﬁ%ﬂﬁﬁ el of the vehicle; and first
and second chains arranged to cooperate respectively with the first 10 and
second pedal i ng nenbers; wherein the first and second pedal | i ng

menbers are arranged to nove the first and second chains respectively which
in turg ar®. & paapgeton systemvacdongingdo cismpditliwiegerkin die teardsnsiesiond spr ocket
arrangenents to propel the at |east one wheel of the vehicle.
system further comprises:
an axle arranged to connect the second sprocket arrangement and the
first sprocket arrangement;
a second chain arranged to cooperate with the second sprocket
10  arrangement, wherein the second elongate member is arranged to move the
second chain which in turn is arranged to drive the second sprocket

arrangement, the second sprocket arrangement being arranged to drive the

axle and the first sprocket arrangement.

15 22. A propulsion system according to claim 20, wherein the transmission
system further comprises:
a second chain arranged to cooperate with the second sprocket
arrangement;
wherein the second elongate member is arranged to move the second
20  chain which in turn is arranged to drive the second sprocket arrangement to

propel the at least one wheel of the vehicle.



15 32. A propul sion system according to claim 31, wherein the transm ssion
system further conprises a spring |oaded idler sprocket arranged to MOSLL
mai ntain tension of the first chain. 2033. A propul sion systen1accorg|ng ?o
claim 31 or 32, wherein the transm ssion systemfurther conprises a spring
| oaded idl er sprocket arranged to mai nt4ai n tension of the second chain.
MCSLLP 47 35. A vehicle according to claim 34 wherein the vehicle is a

bi cycle, a4 BRANSSn %ﬁﬁﬁéﬁgﬁg% ggsyV&@réah% BE P8I NFereth el m 34

wherein the vehicle is A propul sion systemfor a vehicle,

R e R s R R S S e

second el ongate nenbers pjyvotably connected to a fulcrum and an

al ternatirig r@l@m%‘ét%ﬁ‘%@‘!e efgsiehfdnt he first and second el ongate nenbers
to alternate between a first position and a second position to drive the
transm ssion systemto propel the at | east one wheel;

5 24. A propulsion system according to any of claims 20 to 23, wherein the
transmission system further comprises a spring loaded idler sprocket arranged

to maintain tension of the second chain.

25. A propulsion system according to any of preceding claims, wherein the
10 first and second elongate members are directly coupled to the respective

sprocket arrangements.

26. A propulsion system according to any of claims 20 to 24, further comprising
an assembly arranged to engage the chain {o move in response to the

15  movement of the first or second elongate member from the first position to the
second position and further arranged to disengage with the chain in response to

the movement of the first or second elongate member from the second position

to the first position.

20  27. A propulsion system according to claim 26, wherein the assembly is

arranged between each of the first and second chains and each of the first and

second elongate members respectively.



15wherein a relative angle between the first and second el ongate nenbers,
wWth respect to the fulcrum fornms an angle of | ess than 180 degrees; hangl.Lr
wherein the propul sion system further conprises a first plurality of pedals
arranged to drive the first elongate nenber at respective first driving
points and 20 a second plurality of pedals arranged to drive the second

el ongate nenber at respective second driving points. 38. A propul sion

system f orpa Nsm@'usﬁon SDRRY BUArSirRMtoIAHPSB BRI WAL thd/BssirhBly4S

a transmi ssi'on"system afranged to propel at |east one wheel of the vehicle;
a pedal assenbly having first and second el ongate nenbers pivotably

connect ed TO"H'¥9 crum and 5an alternati ng device arranged to urge the
first and second el ongate nenbers ho alternate between a first position and
a second posi t ibBeRIMHF FUBPHHBIE WHERS ssi on systemto propel the at |east

one wheel ; wherein a relative angle between the first and second el ongate
a sprocket arranged to rotate with the wheel of the gear unit and further

5 arranged to engage the chain;
at least one lock arranged to allow the wheel of the gear unit to rotate in
only one direction;
the sprocket, the gear unit and the at least one lock arranged such that
(i) when the elongate member moves from the first position to the
10 second position, the wheel of the gear unit is prevented from rotating, in turn
preventing the sprocket from rotating and in turn allowing the assembly to
engage with the chain to move; and
(i) when the elongate member moves from the second position to the
first position, the wheel of the gear unit is arranged to rotate, in turn rotating the

15 sprocket about the chain and in turn allowing the assembly to disengage with

the chain.

29. A propulsion system according to any preceding claim, wherein the

transmission system is disposed partially within the circumference of the at least

20 one wheel of the vehicle.

30. A propulsion system according to claim 23, wherein the transmission

system is disposed fully within the circumference of the at least one wheel of

the vehicle.



menbers, with respect to the fulcrum fornms an angle of |ess than 180
degrees; 10 and wherein the propul sion systemfurther conprises a fi¢sitLF
pedal arranged to drive the first elongate nmenber at a first driving point
and a second pedal arranged to drive the second el ongate nenber at a second
driving point, and neans for adjusting4phe positions of the first and
second driving points along a length of 15the first and second el ongate

menber s.

31. A propulsion system for a vehicle, the propulsion system comprising:

a pedal assembly comprising a first pedalling member and a second
pedaling member; and

5 a transmission system connected to the pedal assembly;

wherein the transmission system comprises:

first and second sprocket arrangements, each sprocket arrangement
arranged to separately and directly propel at least one wheel of the vehicle; and

first and second chains arranged to cooperate respectively with the first

10 and second pedalling members;

wherein the first and second pedalling members are arranged to move
the first and second chains respectively which in turn are arranged to drive the
corresponding first and second sprocket arrangements to propel the at least
one wheel of the vehicle.

15

32. A propulsion system according to claim 31, wherein the transmission
system further comprises a spring loaded idler sprocket arranged to maintain

tension of the first chain.

20  33. A propulsion system according to claim 31 or 32, wherein the transmission

system further comprises a spring loaded idler sprocket arranged to maintain

tension of the second chain.

34. A vehicle comprising a propulsion system according to any preceding claim,
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35. A vehicle according to claim 34 wherein the vehicle is a bicycle, a trishaw or

a pedicab.

36. A vehicle according to claim 34 wherein the vehicle is a wheeichair.

37. A propuision system for a vehicle, the propulsion system comprising:
a transmission system arranged to propel at least one wheel of the

vehicle:

a pedal assembly having first and second elongate members pivotably
connected to a fulcrum, and

an alternating device arranged fo urge the first and second elongate
members to alternate between a first position and a second position to drive the
transmission system to propel the at least one wheel;

wherein a relative angle between the first and second elongate
members, with respect to the fulcrum, forms an angle of less than 180 degrees;
and wherein

the propulsion system further comprises a first plurality of pedals
arranged to drive the first elongate member at respective first driving points and

a second plurality of pedals arranged to drive the second elongate member at

respective second driving points.

38. A propuision system for a vehicle, the propulsion system comprising:
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a transmission system arranged to propel at least one wheel of the
vehicle;

a pedal assembly having first and second elongate members pivotably
connected fo a fulcrum, and

an alternating device arranged to urge the first and second elongate
members to alternate between a first position and a second position to drive the
transmission system to propel the at least one wheel;

wherein a relative angle between the first and second elongate
members, with respect to the fulcrum, forms an angle of less than 180 degrees;
and wherein

the propulsion system further comprises a first pedal arranged to drive
the first elongate member at a first driving point and a second pedal arranged to
drive the second elongate member at a second driving point, and means for
adjusting the positions of the first and second driving points along a length of

the first and second elongate members.



