;e3eyttuTvR>wx6. yTydq | Technical Field s The present invention relates
generally to sprockets for use with roller chains, and nore_ s i1 y to
the design of a sprocket tooth profile noise. The present ”Mtﬂﬁ@ﬂlw&mm@!ﬂio
relates to a chain-drive systemincorporating at |east one i ng
the new tooth profile, as well as to a nethod or system for de¥®sg#ng such

a sprocket tooth profile. ~o Background IArt Noi se reductio s energed as
a paramount criterion in the design of roller chain drive am ﬁllwm"m"mmwmcent
! t wo

years. It is generally recogni i I [,S- chain

nost significant noise sourcggﬁﬁsgk&%gﬁbkﬁggﬁﬁﬁég' | action artdoodorrt ensi ve
i npacts due to relative velocity between the chain rollers and sprocket
teeth during their neshing process. Polygonal action is the effect of the
fl uctuat i dechhiealdFiglski tion in which the chain and sprockets engage due to
the wapping of the chain in a polygonal manner, causing both | ongitudinal
and 20 transverse chain span vibrations. The vibrations result in unsteady
chai ry speeds V\ﬁ'ﬁi'@hp?éémtintfétﬁicﬁﬂg@lgwpén@ﬂ’am?e@s spocketd f&s ubbewithmafér

| evel s. The effect of inpact due to relative velocity (see FIG1 ) may be
t hus el ucichatned angdhaors ispecifgrlycieethe desigBofaa sprewws taeih p@fitefa yeduged in

convertin r i : t j : r. on
t he spr oc(*;kj'(e)f5 %t' eﬁ%b*‘%’%?rﬁ%\gﬁénfag??tgvbéﬁeﬁgoﬁpﬁéﬂ—% t%té@rlggﬁggﬁ F &i@t %ﬁe
monent t hdast opersprsekettteminy thegeee soathrmbliey, astvaell as its aamethist antystenus
change in _the direction of roller notign, resulting in an intensive inpact.
~0 In thef¥rqesignipg sush azpipekel B3P ORABIE- t 0 i nprove the noi se
chargcteristics of chain-drive systens include increasing teeth nunber,
mani pul ati ng paraneters which affect the perfornmance of the system and

i mpr ovi ng BackgroluhdrArt oot h -2 engagi ng nmechani sm | ncreasing teeth nunber
is the nost direct and effective nmethod to reduce pol ygonal action,
especially in the case of high speed chain drives. Design paraneters which
are commonl v TRR FadedioR Rad ¥n&BBLT&s & BhARGLAIBIEROAIR! AR Aolightsr
tension) and inertia of sprocket. The engagi ng s mechani sm can be i nproved
by the useolief chaireddve isgstemsbini ttenb yearsi. liteist gerreraliys recdgnitedythiadds ralfer t he
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i nstance, gtfiorl 86d @Reh&ide iMPaBidRy tofeldtRRl VelbHUbétRR et hietHAR B&Ikrs Rhacket
di mensi on, and installation of guide wheel requires additional space.

Mor eover , Sproskefetaedtl sUFg taeimmeshing wegeessuReligeonapeetien is/ the affgetrafitbal ar

tangent 1 affouagol oL Be R, by BrigrHie, SRR BRY b Mrdetie e i FRons.
but not awvaysing |6f Genehain i ke pobidopds mantdre qusing ayoth | IBngitedipgls ande,

i.e. they provide renedi es based on the standard tooth Profi e design,
20 transverse chain span vibrations. The vibrations result in unsteady chain speeds

which affect the engagement process as well as the impact levels.

The effect of impact due to relative velocity (see FIG.1) may be thus

elucidated: the drive sprocket rotates at a constant velocity, and in converting

25 rotational power to pulling power, the rollers are seated on the sprocket teeth in
turn and follow the motion of the spfoéket. At the moment that a sprocket tooth
engages a roller, there is an instantaneous change in the direction of roller motion,

resulting in an intensive impact.

30 In the prior art, standard approaches to improve the noise characteristics of
chain-drive systems include increasing teeth number, manipulating parameters

which affect the performance of the system and improving the roller-tooth



which is a maj or drawback. An active approach would be to tackle the root
of the problemof noise right fromthe initial stage of design, such as by
designing a new tooth profile to mnimse inpact. As wi'll be appreciat ed,
the term"tooth profile” herein refers generally to the two-di nmensional
shape or profile of the sprocket 2a toot,h in a plane substantially
perpendi cular to the rotational axis ofthe sprocket. The design of a new
teeth profile is of no easy task, since design nethods have been devel oped

(Pt or nat E00a0 & heBliinsRF OBt LR too@ AMBeq 1B i3 B R bR
(Japanese netdodtibi @duSe apulngehal Bictida2 etp8diallyive tee asager ephigthuspeked mhEINGS.

3-4, respecti Veldﬁiﬂ' Neverthel ess, there is still nuch scoge for the
devel opneffives. an rasamedergeWniin &ha SHEMaNtY dnapigyaiedr e the d&htign to

reduce noi Nd-kead | - h refd i years.
50 U s, " parteRes (NBRD SHRRLRCHIE tinbBAREEN Rrie br SHERS, ' The RFERLIET' 3
sil ent ti meuhanisan rcarhbe éamprovesl bpribekete DB iftensibed Wibricaionesdentnandias, of
teeth of whicp t here rﬁ e?lternati ng tooth profiles. ~3_ U S Pat

No. 5, 397, ¥Ngel ggides And; thedikgl | descri bes an i mproved sprocket which
decreases the inpact between the rollers and the sprocket during neshing.
The vi bration noi se caused by pol ygonal action is not addressed. s US. Pat.
No. 6, 036, 614, {ToeRdfdusméntiorndastechhigsea impnone thecadise phacaateristinst of chiaim a

conplex prafile i ch, addresses hot.h, i npact noise as well as-the ise
arising fF’BYﬁ’ p%\f%gh%@ﬁafo Ecoldl ?ntTﬁéUtpﬂt&ﬁr EA e ofm'gsl'%atli:éb-'n%ﬁaf% .
excegdi ngirfc?é’ésitkg(tﬁéffﬂﬂﬁ@@r BY téS3R. retdired drtihdreased eprackepidimenbloaMandur i ng
di sengagenent. MNoreover, the determ nation of the connecting point between
the to sebstalgtiporafigyideawbeehisquirep additional spars: Maregvehithe Methedahy nohe

des) gner AN vals Bihdsdf bBoiy Ta BB SR 4 WGk Aglalled 1 e gt *©
5, 993, 344gphh mayPatideNbe @II8PH Abvet @NYentidly ttete piteh airtlel dfethecdrooket
sprocket having inproved is noise characteristics. The underl¥|ng_pr|n0|ple

is the preRdeieerrtan condiiopsnbit nehpiways: i geaeealt i meatkodriet the prigk art
Face. e e A ol e ] . & F t
cocdie i BB B, 1RRYIad Belios BBSEA ofIRE Sidhdirk B0 AL e JIBAET

si ngl e i nwath isrd mdjovodraabiack Ag aitivdidpbesastt woulkebe tbaadki¢ tiee rastgsfthieal
of 't ho. pr BSEAGNAGS B T ahe D UeIdRoan of AgFGde 80 Sp PO BRTPHAG LRt ed
of the pr i i e ed
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A furt he?ﬁg&s Z’g?ﬁ%ﬁetﬁgﬁ@rl%gén é@n\%!gnwlogg{%dptro %r ovide an i rov‘Zd
sprocket hérein refecs geneallyeto- theotwioidipaosiobgl ébapegrirngrofilenefvthe capiogieasf i | e.
or o des tgoltp e REe bsdidly EReenary g R heareh s QUbEsoneshlor
serially connected rollers. The sprocket conprises a plurality of teeth
spaced apart around a periphery thereof for driving ~engagenment with the
rol l ers At | eakhe designfoftshosw teeth profitis of _d eraytgsle shrcadesigamethads a

ast hat | rUNECPER sterdd R S haRthd fod FRE-PAORKEE VRIS hoBaly
flank. Theuctnge iSOy intbaitionar StseiiraOrigankatioppsindbed 6061 1994(E pagagedent
with a s roller, with the inp ocated on a tangent to [)rom).te a

i |
o Prmm i (PpRaeSe Indkstial Bt g b AOLAARTaT hese AES RATBONESA b1 FLGS: 2h 1 or

such t hat [ ' t i | L rst
(i'e nor miPSPECel e fireies thdre B iamluth 50t BBORHRL JéoIobingRt bPch

radi al diprefilel designeandr thid @kt bb tboth podfild desifacte) redurelmeisenpast bpennt i s
desirably Iocat,‘eﬁ'iiI on a Iin& tan%@?t to a cjrcular seating portion of the
toot h prct4bsEaNtigHy fese R ANFIrRENGh{NeieCeRt ¥ Scentre or rotational axis of
the sprocket. ~s The engaging flank profile preferably conprises three
regions or portions which include the seating (bottom portion, an inpact
(i ns@er medi at e)USorRatoiNadd 58, 20% ttal Léd\vna hdesgpibgsoatspackathior desst imith a

i i f bly. defined, b i I M th di i I
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The inpact portion is preferably defined by another arc that connects the
seating portion at its tangent point fromthe centre of the sprocket, with
the arc centre being |ocated along the centre line of that particular
tooth. 2s ~o The distal portion is preferably yet another arc whose arc
centre is determned by the JIS standard. The radius is determ ned by the
end point of the inpact portion that i sthe intersection of the i npact
portion and the extension of the Iine connecting the centres of the inpact

and distal porti Accord t he pec t herefore, the presen

i nvention pr owujgs Fat sﬁ?&c&?ﬁgr ?%%élz\%h ?é’? %@qcé'lbeéh%ﬁ hmHéQ/\f%’gga"OC ol
successi Ofevrﬁéh %%Hhe%lskag tﬁé’r}ﬂgﬁéﬁ%tweeﬁéhé b5 santhh@ SREQG R{urPTRELSIRY. 2
plurality of teet aced art around a periphery thereof for “driving
engagenentlha tibratioe ntmte eassedby pelygbnahaction is aiotl atidestsisedland pr ef er abI y all
of them) having a tooth profile including an engaging flank adapted to
contact a roller as that roller noves into engagenent with the tooth, s and

a di sengagi ng fyankat. Wlwefoasfﬁha etagaguagnél aBkcrims @nsymﬁc@oswock@f
initial engagenent with a rolle the i npact point_ being |located on a line

t angent t éocthcwitle @ germpéex prtg‘llwvmcfmd@iresseé betbt ippacsiaise aghwelh asatigent

or ot or r e BirGo g vt RRvbRVE, Rl The" ehoug FaSTa oL isceobr afele

profile i egbestifgaRat rRaAIMONIdd BY 180] agrdH nidyebes aaidunge PO bidemsanting
di stal portion adj acent the inpact portion. Each of the seating portion,

i npact poflisegagatment. d¥iareqysr therdesermaination g gis gonnegtiogop@int betwastptheses a
circyl ar r LN d:
enbodi mn?é%?ﬁheﬁg%%vgﬁ m’i tﬂforﬁ&qa(:?] Ogoﬁrna[q&m&?,ﬁéa Zal’l? datgrfenSBﬁ é){ﬁ/ ' each
tooth |i egefihingehé ip@oﬁ’letihn@) h&ocbﬁ Mb]edﬂlonaﬁlé at |&yg1ad hlesignelrs.] i ne whi ch j oins
an arc centre of the seating portion (ie pitch centre) of the respective
tooth and an arc centre of the seating portion (ie pitch centre) of an zo
adj acent toothpa 0 o i tion
of the engagi ng %}%r?géﬁﬁeag%?%bgst er e'\# o?ééfg:gzgs%fﬁ%ywvaftﬁ%g@gngt

and t he i PphclNop6i090,033 It@dé:ltﬂ'[g mcebermrmllqnacdtalrpcsrpmmmmvmg imprcmedtl ng

portion. In a preferred e n of the eitlon t he rc centr r the
paldt 2sNBSPqERRFPHStIGY ik ptinghleor e BU kB o'oa BV RESiHFan

ext ends.f (o SiacakfatiRALAEs @fﬂét@%rf%%ét bRSVIAIRG b ‘3t BdiamRNWiRlein! the
respective tooth through the inpact point, and the radial centre |ine of

t hat t oot &. tangeatiak mmpactad)oeuta)d‘rsatenfpllomdhby|auvmdualonnpactte Althouginithis of

t he dlsta ortiqn is.defi.ned ccor to JI S standard,B 1802-1981, and
the di o alechBRRLRPER 4 Sitdle Ao S50, fhd Ssstegsat KfETERt et Hoif i
flank at @n?@ﬁﬁél‘aﬂﬂi HieRdlampabiraiehfirictiélebs istaltbABogxt ends bet ween the arc
centre of the distal portlon and the arc centre of the inpact portion

woul28 intersect the circular arc of the inpact
Therefore, an object of the present invention is to provide an improved

sprocket with reduced noise generated when used in a unidirectional roller chain

drive system.

25 A further object of the present invention is to provide an improved sprocket )

with reduced roller-tooth impact by designing a new tooth profile.

Summary of the Invention

30 According to one aspect, the present invention provides a sprocket for use
with a roller chain having a succession of serially connected rollers. The sprocket

comprises a plurality of teeth spaced apart around a periphery thereof for driving



portion. The circular arc of the distal portion preferably term nates at an
outer circle of the sprocket. s In a preferred enbodi nent of the invention,
the pitch of said sprocket is smaller than the pitch of said rollers, and
thus pitch circle radius of the sprocket is nodified to be smaller than
that dictated by JI'S standard B1802-1981. The tooth profile of the sprocket
according to the .invention is preferabl4-io asymetrical, and the

di sengaging flank is preferably designed according to JIS standard B

1802- 1981 usi n dified tooth root radius and the nodifi ??draglt(:h circle

Fadi s, AGTSFERAETIGMID 15 (e aahIget o0 gneseeindBALTBIF APV IS Ok

chai n- dr| S t

Cnvent | on B2 Al IR M RS o R R Ik 2PEPL) B o
for engageuvier as Heakvelten. mbrey entoaangdgemestpedh, thehtoopn eardta idsenyaigo al so

rovi des c e that.in des chai n-dr accordin t he
Pt on Naph. altus eapagngTatk Frdes o rmBadaaint B dinLaaaosmog e
provigles Goffért Rath &e ‘#ﬁﬁé&nb&ﬂt PSP UFER tTaﬁ?éHt Rf‘b?d)rh@tef @rrrﬁ‘mﬁﬂfrﬁfh'ﬁ%l ina
chain drive system the sprocket tooth profile including an engaging flank

adapt ed t dmpent aed aagradabhchangein te vﬁaclty of ther ratiev ssichribat tegeltpngenof wit h

ot er i i HGTRY CotcuR R B ppn Bt o s TElRE i POt B21E FodhERinee)

circul ar geRiwetd Hyout herduaP change! infthatradiababRcbn t (e Riraigi RO tihé abbth
profile; and defining the | ocation of an inpact point for initial

engagerrentSUWBQ‘h) aroller on aline tangent to the circular seating portion,
whi ch, tangent line also intersects a centre or rotational axis of the
sprocket. ~o In a preferred enbodi nent of the invention, the nethod further
includes the stigp iffpactpbintiisdesirsbly naratéd pai atin@tarident 40 gagrdidarf $ertingof
each tooth as |ying aboveog e radially outwardly of) a hypothetical |ine
whi ch j oi ﬁ@”&’r’ﬂ %frt@ec,t@ﬁihrlér fe, tvrech tangdest fing lrp)tgquqﬁ]a(qe@trﬁ Qroietatianal axisof
t he respe a[SJBeR& and an arc centre of the seating portion (ie pitch
centre) o acent tooth. In a preferred enbodi nent of the invention,
t he nmet hod further includes the s step of: defining the engaging flank of
said tooth profjle as havin npac tion a ent said seati
o ton g aTHPeIaglol (ROK TaiBcaeieahl $PRRsSpITEPoR O BPNORS]
seating pwmérpmcnud@metse%%g (BBH8AA IR arPRPdcR inRimidiistop peALinand bank
profile conprising a circular arc ined by a radius and an arc centre.
distal (tooth top) portion. The seating portion is preferably defined by a circular arc
with a radius slightly larger than that of the chain rollers. The seating portion
preferably extends upwardly from the tooth root, and may actually form or define

20 the root circle.

The impact portion is preferably defined by another arc that connects the
seating portion at its tangent point from the centre of the sprocket, with the arc

centre being located along the centre line of that particular tooth.

25
The distal portion is preferably yet another arc whose arc centre is
determined by the JIS standard. The radius is determined by the end point of the
impact portion that is the intersection of the impact portion and the extension of
the line connecting the centres of the impact and distal portion.
20

According to another aspect, therefore, the present invention provides a

sprocket for use with a roller chain having a succession of serially connected



io In a preferred enbodi nrent of the invention, the nethod further includes
the step of: defining the arc centre for the inpact portion as lying at the
intersection of a hypothetical |ine which extends fromthe arc centre of
the seating portion (ie pitch centre) of the respective tooth through the

i npact point, and the radial centre is |line of that tooth. In a preferred
enbodi nent of the invention, the method¥urther includes the step of:
defining the arc centre of the distal portion according to JIS standard B
1802- 1981, such that the distal t|o act portion of fhe
engagi ng 28'?@? ni16atSPEO¢ a??’BHr ' Wbotorqe{]qeélél haqsd wkeEh aé%'éit

bet ween  arhent@iahédt af dfiifg @r@a@bm%t Withthaheiidre aflasE 6L bf safd bt

i npact portion vwould intersect the circular arc of i mpact portion.

Thus, the(@m@st,zreterabiyeﬁt obrthempviaveyy a tosih tpyotile mctn‘dlmga groengagiogl #gankchai n

2 ket te th for def t h

a1 so pr ov Adantedst Barteh i DIRE o8 YHRL MR STt ighPRA i B itithe

t hrough t@ﬁd@é%@h?h@ﬂgﬁ%ﬁa(vh@%mﬂh@% gagin AN [Rdd 8R iR aﬂﬁbblnﬁﬁ)rnﬁn‘ﬂéptype
testing. Although rofile has been eveoed primari for the drive

spr ocket engag@n@qnwlttyaarpmr ¢he liempaet pn@tdnamgamc@e@ma Ilrreotanlg@nhé@va

cPracket. LAShL 68ty BeRRilBCk oLt Bhhs, 8D BopIETR DGRt coniy o

the _g_oergtatomng dxigiokthelsprotket h profile according to the invention is
preferably asymretrical, with the design of the disengaging flank
preferably determ ned accordl ng to the nethod stated in the JIS standard.
Inschapref t i nal ,
and 8 ¢ hougn-t e afig PR 4 EBBHrR JIE ikl IR ehdadthaf GiibBTbHET

di r ect i onpfofite iriluddshen engagdipugtiom ddjdicenhiirgseringl porkien 2ared ardistat partigad)
it does not, reeve any noi se reduction benefits in that case. One manner in

whi ch t he2gidegBhthe IMRast iPORIAN: FashOfthe Feaing PRriThdmpaet P@H'qrba%fjﬁ"é%ls is
that the brttﬁlﬁ ﬂﬁqb%ﬁglﬂﬁﬁk ?)froﬁlg%o?ﬁtﬁ%%@ta cﬂ%f@l'ét' Q8 definsdaly §'r a{iﬁl@” the

roller ch I'n pi ereverse s true fror t e conventi ona
sprocket . afithiam drs canfrecessary condition for a proper engagenent process, as
ascertained by finite elenent analysis. is The principle underlying such a
prof?le is to distribute the instantaneous inpact of the conventional

sprocket desi g %Ug:ré‘@rrte@e eFERARBRN lof O uﬁ/e‘h%ho%ef mtt 8§|h¥odmrtﬁe

gradual change in rection of the chain rol The vel OCI
chai n_r ol ¢rgagieg fb@kr@smdewothtl@stahmeoﬁpdadmﬂy aoutetardly eof) adhgpothatical

tangent tQo th tooth surface a npact..poi nt.. At.the i nnin t he
mact | cuing VEHER 3phen b Aol g8 R SRRYRT i i PisTy BRRTONS the

t hereaft aresptabwe: B @aridah tt&ctcam:%nbf £her e6atinn F@ﬂfdrﬁﬁé%ﬁtch\ﬂbéﬂttﬁe)t ofthn of
the radial direction increases. A gradual overall change in velocity

reddtes t3§acentaopth.evdte distahiporiantimpaghgortivadand dhe ae@tlgg n@tmtqfdhe A
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at the tan oclt ange |'s nlmsed
for 2s thmoinhistlocdted wisere thd hmpactportety prsifie @éattrt@epmtleﬁent invention is

t he provision of a tangent
In a preferred embodiment of the invention, the arc centre for the impact
25 portion lies at the intersection of a hypothetical line which extends from the arc
centre of the seating portion (ie pitch centre) of the respective tooth through the

impact point, and the radial centre line of that tooth.

In a preferred embodiment of the invention, the arc centre of the distal
30 portion is defined according to JIS standard B 1802-1981, and the distal portion
preferably joins the impact portion of the engaging flank at a location where a

hypothetical line which extends between the arc centre of the distal portion and



point as the inpact point, allowng a mninuminitial inmpact and a gradual
change in the velocity of the chain roller during engagenent, resulting in
reduced i npact ~o and noi se reduction. -9 Anot her advantage of the
present invention is that the chain roller inpacts the sprocket tooth at
the tangent point first, and then falls gomnmards onto the seating portion
gradual Iy, thereby reducing the pol ygonal action and vertical vibrations of
the chain. s Yet another advantage of the present invention is that the

engagi ng. fhankic el e AL 19031 b3 B whlIeRates: el s, SEnYf 5, Whieh ™y

be determnéd rna strai manner, itating the'ease of
desi gn andgraomif atfieircirculbp aretofshiel distangohigyn pbfardtagaeohinates pt eseniter
invention is the full contact of the roller and the seating portion al ong
the curvatdficte aftersripgsienent, thus all owi ng slight di mensional

tol erances, leading to a reduction in broad-band nmechani cal noi se caused by
di mensi onal inaccuracies. is The above and further features and advant ages
of the present lnnyenéfeonredweinbobmeemteciathraineehtiom, theopitcts lof [dagdl sprodkee isar t

fromthe follow n etajled descrjption of the inventiaon en taken in
oo ner i SaHar ey e, By Be S5 ol s ane Jaus BRcPIER ragisr ol Inp okt s

Dr aw i - t
aw ngs %ﬁ@g‘(&b@@n%lﬁrw@ﬁ tHARUERY RPASAYARARO85802-10B¢. Presen

i nvention e nore appreciated Tfromthe foll owm ng detail ed
description of preferred enbodi ments of the invention with reference to the

acconpanyi ng dr,aw in.Zzs ich like referenc har.acters indicate |ike
par oy and b viie: ot AeBiE o S SpiaokSt BRESTHER R IRAdP i aleRs 5 Pietbly
convgnti ora%}/nﬁmhea@ Férn@Ct'ﬁ@tdi%ﬁéefq]mg fiankli&préferiiyi iy acasding VG the
engaging roller and sprocket tooth, together with the conponents of the

vel ocity ectandged B 18024 F81aQusing showedifietk taadbtraopradius @ngnidhesowdifisd piteh

desi gn parcﬁ'cetr%Ejnsus{iccord' ng to the 1 SO 606 standard,;

According to a further aspect, the present invention provides a chain-drive

15 system including at least one sprocket according to the invention as described
generally above, and a complementary roller chain for engagement therewith. In

yet another aspect, the present invention also provides a machine that includes a

chain-drive system according to the invention.

20 According to still another aspect, the present invention provides a method
of designing a sprocket tooth profile for a sprocket in a chain drive system, the
sprocket tooth profile including an engaging flank adapted to contact a chain roller
as that roller moves into engagement with the tooth, and a disengaging flank, the
method including the steps of. determining a root circle radius for the sprocket

25 tooth to define a circular seating portion for a roller at a base of the engaging flank
profile; and defining the location of an impact point for initial engagement with a
roller on a line tangent to the circular seating portion, which tangent line also

intersects a centre or rotational axis of the sprocket.

30 In a preferred embodiment of the invention, the method further includes the
step of: defining the impact point on the engaging flank of each tooth as lying

above (ie radially outwardly of) a hypothetical line which joins an arc centre of the



FIG 4 shows the "S" type tooth profiles and the design paraneters for a s
JIS conpliant roller chain sprocket; FIG 5 is a pictorial conparison of
the tooth profile according to a preferred enbodi nrent of the present
invention and the JIS standard; io FIG 6 shows the ideal limts of the
tooth profile shape assum ng that t he s&rocket tooth and roller chain are
rigid bodies; and FIG 7 illustrates a new sprocket tooth profile according
to a preferred enbodi ment of the present invention. is Detailed Description

engagerentopnsteatb B S GaftLAERe Kkt Qs baltEabar G fRroL e

sprocket 3d8tif@PhattRn @ pheh derwapddr adr@b@ﬁﬂthtI”SZ and each point on the
sprocket nmoves along its tangential direction. Fully seated rollers 121

follow the notion of the sprocket teeth 112. Rollers 123 which are not yet
engaged nove a tHelmle

engagenent wit n%é%teo% %’(ﬁ]k) rﬁé{'ltlcgthé'ﬁ\éggt“?hg at aﬁj(?}n%ta@t%rmlmeso%f

| medi at ekiepabt:edefintpgcthe émgading |fRinkvef saidt Yoo pxbateges haviegiarcirdpavii t h
the 2s tooth velocity Vt of the sprocket tooth 112 at nﬁact poi nt, 114.
Thus, thePartiog ad@ﬁaﬂtgéar%seatrtg;.nortyowsan% Qﬁt@'sp@’ﬁ'@”r%@%@ toihey Bpaten

i npact. | u I e t | ygon
130 et ePRfibrt Mol of 3akfRplng Hofidi PR TN B lsBaCRorBR.CY 7 Ve
30 engagi sggaginhefiaranprofite cokedrisirgpaihciratametd defindchby compainerdarel ah arce
change in velocity Vs. One nethod of resolving the vector Vs is shown in a
vector di 88§f%n 132, which are in the radial and tangential direction with
respgct to the sprocket centre, denoted by Vs~ and Vs, respectively. The
angl e which the conponent Vs, makes with VS is further denot ed by ~~J.
Anot her net hodln a$)reﬂemm émbadimdnd of the inventiogihermet®d fugtber inebidesahe

fil di t f I
ot het o58R it 6efint e alngreed By e IMPARPETEB Ao Ew S\ihe i EReLion ot ™
per pendi cyl@potRetida® IRBrWRIchbiteRds Honh Shel e tAtiaYofViie sBatitd PaHiaT (ie
referred to’as the perpendicul ~ direction for sinplicity. The use of

"t angent i pitchicentee)i afrihe irespaativeddothethrough thedmpaghpainbiangd the riadial centre

nonencl at yre FIS termis strictly reserved for Vst in the vector
di ad am 1@% O%%?g%og e between Vs~, and Vs is further denoted by ~. It is
apparent that ~is a function of the tooth io profile gradient at the

i npact poi nt, Wnereas yr i s independent of the tg radient and is constant for
)

a given i npact !Ny preferredambediments oh the invgptionythainethodifurthpabclusssiibe 114
is align Qfgzbft ngr@g Rl A" &Gl By the afs‘tiaﬂrfporﬁ{ﬁ a%%ﬁim(%”tg JS&t5HA B

di agr - ans are corncrden he conventi onal sprocket
desi gn, V&802n88YVssuac that therdistal Ipprlmn"r]dlrosarlim)urspyct perslohtofntyter angagrag ge

t. t t th h { ts t t t t fot
St hgbs mank L lncation TS 2 PriraReUGg TG weh SHETES beitiaen Thacraraliack ¢ o
SUCh an apmheagistdl E)OH’U?}'P afdtReArct demtlenef ﬁteaﬂﬁéa&%lﬁ‘héﬁ wlld Eint‘é'r§édt RRé

i npact of a very npact time. A nore gradual” change in normal zo and
per pendi ccnjl‘(miar\afb@tflthq'lmpmt porfieml onged i npact time will reduce the inpact
noi se nore significantly. The present invention is directed towards this
task by describing an inproved tooth profile. The new profile should neet

the foll ow ng Pag, Qhé%}éséﬁnﬁvéﬁtloﬂ\@r&}hé‘! bl n&lf tbo@Nprdfilee farbd réltedihain

Conti nuous curvature of the tooth profile Standards on tooth profile
deskgn, rinfeckett Aestersoyaﬁtapmeshgtifalﬁawf@rsdefmmg the new profile is also provided.

Noise levels have been shown to be significantly reduced through the underlying
mechanics, numerical simulation as well as prototype testing. Although the profile
has been developed primarily for the drive sprocket, it is equally applicable to the
driven sprocket.
30
The new sprocket tooth profile naturally includes both an engaging and a

disengaging flank, although the present invention focuses predominantly on the



M ni mum t oot h shape to all ow engagenent and di sengagenent of the roller
with the sprocket. ;o -12 A continuous curvature is essential to maintain
a snooth contact between the roller and tooth w thout inducing additional

i npacts. Kinks nmust be avoi ded, especially between the different sections
of the profile. s FIG 3 shows the |1SO sjandard. O specific interest to
the present invention is the roller seating angle, a, which should lie
within the limts: 120-(90/2)< a<140-(90/ 2), vvhere Zis the teeth nunber.

o sengag) mioroRkorlack ' Ee Gpppledid nactsTane? AREEle, AR € freleratl ana

equat i ons Johfgetiesebyith apeodesigd. of The HMn@agrr@f flhek Qfrefdrablyr @e&tnined
invention i S founded I;ﬂ)rlmarll on the JI'S standar In particular, the

di sengagi BgcOrding for dhe | @eﬁmgo%t@teéﬂ Wi S  siardard.t e %409 § aMetareed
Aspects | L S

Fig. 5 fa%"\{%(ﬁn’gbpghé:,@o'a rESﬂCtYM Issolr£1Bﬁ tB \he'aﬁar%g (ﬁﬁ’él gB ?an der?aen\é'wﬁt'a Le new
profid e. Zprdixetspstem nmyrmwmatetm thé Gthes, disdatioh (whevanﬁthmengegjlngcmsb of
the limts of the tooth profile shape in which the sprocket 110 aad chai n
rollers ald‘*,setﬁgé‘ﬂt%ﬂ%k%%ﬁd'”%ehﬁrﬁ edindt €BeS &Pt ciecelvesamegidse rREUFHRIN on
of a roll ®en éﬁé ﬂfthéteé%te' ve position to the sprocket 110 as the raller 124
noves outwar durl ng di Sengagenent. This inposes a constraint on the
profile of the engagenent flank 2s 115, since the route of the roller 124

ill b bst ted should t limti fil b
Similarly, a I GORG FRGNEE 8 MRENIBE Rrehi el SR AR CPryoak s depign
Pr Opgy engﬁélﬁﬂ&é"is 4t thE dlt%haofrfhéréifroblf&gﬁ tAE gré&entGndditn 1hsmufér tHan!

axis. The latter constraint is of I'esser relevance to the profile of the
i nvent i onthesroltes ¢hain qmtsbnglblgreay theardverses i tluedas thersopventianah sarecket.

I I d d f
Const dbr aiflie 4 Sosttamar Cap e T Bt EroebRbrRatectiitc R Boptehdg oY

13_ appafifité eldméntadndljfisexact instant of initial inpact at inpact p0| nt
114, assum ng an ideal fnctionless scenario, there is only the Vs"

eS| gn

corrponent (in practice friction will attribute to VsP, but the latter is
h |1 h t
Thertar ter .« ndPapiioundithfiy stgh £ dIBHE 8 HishibS b InpBhiRedl B

and the cnﬁp@@ttofﬁaerﬁom@aﬁ@e@ sp%cltélldiesi‘g)ﬁélﬂlrﬁng tﬁmedga@@hennooér themul d
have shifted due to the rotation of the sprocket Vr would al so @@f
changed. Phtmss aewing 3 gragdal drangst 'Pld'fef%'of‘cﬂflteﬁ chain rallery e veiaityPfsuch

that Vr apgd, XﬁaxﬁrrSl]m:th%g/ bé:PésoWé% m\«ﬁataom ﬁ@ﬁﬂf%tre‘iiﬁé*aﬁﬁndttgﬁ érﬂt' re

duration I's ver ractice | nmensi onal erances and
uncert ai nto the tomtlh Mrﬁaoeea‘tgbgenm'ct permaAt thg begipatiy dothe mmacaldmgtsomccur

t the desi t 't1,vvh'.| dd | e f th
enga ng. Biede as change Bronyaae tangth diertion: REfSarielatte SiEee Bahetatyent s e
by i ni mi §fr@&.o\‘§decreaké§qua#ib e d?%é'rb&i@l Hﬁé&ﬁfﬂ ﬁm'&é‘e?éé%oh Sraduesevékad

this sinply s Reference I's now nade to Fig. /7, which shows the new
profil e othange in ecloityi reducesdhe imMpagbrlevéll sigoificantly englatfiadg ta ankoise

conprises_t e dikstin ortiaon nanel e or 211,
o | npact FUEEEP e S GST R gRe s AR e B A BY s BB bnéile 13
The seati pginpat thetangbht ipdirNoAAE 2Bt AbarF QOﬂwer@élb&ga angb fsenﬁmmuééd fdrhe

i mpact portion 212 is another arc BC of radius 20 CC and centre OBE,

whi 126 t heth@iisitigl ipRAGti on 213 is yet another arc CD of radius QcpC and
centre Qco. The fundanental idea for the inproved profile emanates fromthe
concept

Thus, an advantage of the present invention is the provision of a tangent

point as the impact point, allowing a minimum initial impact and a gradual change
in the velocity of the chain roller during engagement, resulting in reduced impact

30 and noise reduction.



of changing the velocity gradually by mnimsing Vsn. It is apparent to
those skilled 2s ~in the art that Vs" is mnimsed when the tooth profile
gradient at the inpact point 114 is aligned in the radial direction such
that ~ equals W This is achieved by establishing the inpact point 114 at a
tangent point 210 at B, defined by taki a line passing though the centre
of sprocket O touching the arc AB. In the prior art, the inpact point and
hypot heti cal tangent point arc not necessarily coincidental. In ,o0

G monsi onal |+ olARAfEE 80 dHieag SLAE PRt ot § Ut 1 EFLbBRrBAAE 1o

the tangenhe pprotket tBoth at tHet taritent dintafirst, et there éslisadowangedobnuetaci ty
in the tangential (also normal to the tooth surface) direction first,

fol | owed I9galingrpertian ershvgdyi thergby rrediuging( e PPIRNA! epctich e vedical
surface) dj j direction of initial inpact Vsn is s coincident
wth Vt, S)ﬁtgggéd]gef:t()@zﬁ%ﬁnt to the roller only tangentially, and not in
the radial direction. The roller is _allowed to "roll" into the seating
position gradually over a prolonged inpact duration, thus |essenjng -the

i npact noi se. IetiangiRey advantage of fae Presendrinyenrtian 1Sethat ithe &NJpaMICHFRK
transvers i i : ! i J ; prpfile
peyond 1 e vy RS B YRoB AR aRCEdls i RRe Ml B 1 o
On t he onetraghtforivaet manseg themblyifaglifatiofithe eake ofi deaignranid banekaoteded | est
t he di sengagi ng mechanismis inpeded. On the other hand) a continuous
curvature will result in the profile being exceeded, at least if Is
convgntional  desitGh aRBIRAENRANBIR GIALIEsertNBvEnticridi theTBINESnRicEof #iend to
be satisfied by provision of an arc BC at the inpact portion instead of a
strai ght Irolles anthibessnadiogeporfion atongotheotureatuce aiter pngagemeant, shas allewing

present in tion di.ffers, fromthe conventional. design. For the .
Convent | ontM e gregtondldlerpadie. EadiRa 18 Ba3eqTE 1L BlondiBral Frenenical 0ao2
connect i ngofseecdusedas) dinfiNsidtidl Macearddigs. Thus, the sprocket pitch shoul d
be slightly longer than the roller chain pitch to account for the tensile
deformation in the roller chain, Conversely, for the new design, the inpact

poi nt. is now | t i 0 i n r t

Bt o becomes 108 o b ayd fuBfet R dng UevalAERR S I breBe IR o
that theywilb beedbniatappaeathtotthese dikiliedgirt tre eagagomg tine dolewingAsletailed
corollary, the pitch cycle radius O O-, will he spaller than the JI S

st andard H8SHRLOMBH AR RYRNtGRaVNER 1@KeBIREOHHREICN HE Hes @rEePARYINFank
215 follom\ﬂn dified JIS standard using a nodified 30 tooth root radius
and a reduce rtch cycle radius. There is little necessity for further
nodi fi cations since inpact is not considered during di sengagenent, and a

ng;rg;t Lbcglrie rDOefslclert%%sg thoenDE'Q\?rinnfs)/V profile only interferes with the

The above and further features and advantages of the present invention
will be more fully appreciated from the foliowing detailed description of preferred
embodiments of the invention with reference to the accompanying drawings, in

25 which like reference characters indicate like parts, and in which:

FIG. 1 illustrates the engagement process for a conventional chain

sprocket system;

30 FIG. 2 shows an enlarged view of the engaging roller and sprocket tooth,

together with the components of the velocity change;



- 15 process. The asymmetrical profile of the present invention is thus
able to exploit favourable aspects of the engagi ng and di sengagi ng fl ank
design. For instance, the |1SO standard on the maxi mumroller seating angle
a need not be conforned to in the new asynmmetrical profile. s The

met hodol ogy fc~~the new profile design is outlined herein below as a

st ep-by-step procedure: 1. EXam/pitch'&ﬁfcle with radius Rp° = Rp - OR,
where OR is determined fromto the tooth radius R and roller radius R-. 2.

Draw a circle wth togth ro Lu n n t . [
slightly Iar ge%{}ha% %%W? otﬁfgeg&ﬁgdﬁﬁo@%%& {%er@? @fg?h%x%%f;gw%agn&?h?n
whi ch R =4gcérdind tdthdIS0t606 8fdaRt;) ~~3 3. Find the tangent |line OB of the
above circle to determ ne the tangent point 15 B. 4. Plot line O- B and

extend it to intersect with tooth centre |ine OOBC at OBc 5. Draw an arc

wi th radi us OB@B~and Le, ak» ' ' : i tp JIS
standard. 7. Plo 'Ig'i %e(g%gc(ﬁ%céa %egagt‘g?]??é@égﬁﬁn?%rg%%'&\?\?%&%%’lﬁg@éua?ve
BC ats t he Jidicomph@nioll8r clhaiavgpaocketd t h radi us O-pC and centre at O-p with
the arc intersecting with the outer circle 118 at point D. 9. Determ ne the
profile of the disengaging flank 215 accordi-ng to the nodified JI'S standard
in which sproc i ThSyri i i I ,th-g eis
now nmade back ﬁé FIB(% %g,)lb%l?gﬁé g?égﬁ%%?ﬁ%ﬁ%ﬁ@gﬁgﬁ%sén (;t?)?“5 aﬁﬁgféﬁgﬁj’c
profil e aedthhbdinenbotthedyresent imhéntton andithef JIS stendarsk i ngui sh t he key
characteristics of the new profile. Dotted lines are used for the JIS
profile 117, while solid lines represent the nodified JIS profile 217. The
pringry disting{GoB sHowd tH RIS It Qe the todtH Bﬂ)fﬁé’%hbtznéfhékhnﬂn@%ét‘ e 220
to the engaging flank 115 of the nodified JIS profile 217. There is little
modi f i cat Bprpcket taggh pndfroller altain aee dgiddnghies: @idi | ank 116. - 16 Thus, a
new and i nproved tooth profile for a sprocket has been described which
reduces noi se during the nmeshing process, and this has been corroborated by
finite el enent FaBal7yflusira® Wehéw asprbykdtr Rioth \nefileeatidrdingle £>ppeferreent al
results showed that the particul ar, sprocket tested having the new and

i nproved embegimeptffthpdresentiavemigant i on reduced t he system noise from a

| evel. of 90.82 dB to - - a level of 86.33 dB. This represents an approx. 5%
reduction in systemnoise. Although a specific methodol ogy for draw ng the
t oot h pr oDeta#ildthDeberiptidasef thedeventions possi bl e to make nodifications to

t hat net hodol ogy without ~o departing fromthe spirit of the invention. For
exanple, the arc centre Cco of the distal portion may be | ocated by neans

apart from JI SRatBAEE tis RLWC Pnesth 9BIG. 1, which illustrates the engagement

process for a conventional chain sprocket system. A drive sprocket 110 rotates at

20 a constant velocity Q and each point on the sprocket moves along its tangential
direction. Fully seated rollers 121 follow the motion of the sprocket teeth 112.
Rollers 123 which are not yet engaged move at a roller velocity Vr. A roller 122 is
at the point of engagement with a sprocket tooth 112, impacting at an impact point
114. Immediately after impact, the roller velocity Vr changes to coincide with the

25 tooth velocity Vt of the sprocket tooth 112 at the impact point 114. Thus, there is a
change in velocity, Vs, which is the result of a sudden impact. It is useful to depict

this relationship in a closed vector polygon 131.

Reference is now made to FIG. 2, which shows an enlarged view of the
30 engaging roller and sprocket tooth, as well as the components of the change in
velocity Vs. One method of resolving the vector Vs is shown in a vector diagram

132, which are in the radial and tangential direction with respect to the sprocket



shift in the location of Cco is not deened to have any significantly

effects on the noise reduction nechanism is Accordingly, it wll be

understood that various alterations and/or additions in the particul ar

construction and arrangenent of sprocket and chain-drive systemof the

i nvention previously described may be e W thout departing fromthe

spirit or anbit of the present inventioh as defined in the appended cl ai ns.
17 _ri einnc. 1. A sprocket for use with a roller chain having a

succession of serially connec rollers,, sajld spro omrising:
ooty Cofeedencehueltant A tnstiben” Thr i BRET 5 T FEDPOVBIONERt Srng
engagemeniaMeshwithev! § hatiser aéndteasty aneaRdther métabd, beeshoviravih nghaahéoot h
profile including an engaging flank adapted to contact a roller as that

rol | er novestor miagranyd§emasesvihehtosth @rafile |gradiendaé theonpachniat 114 as

di sengagi nq fl ank;_wherein said en i flapk h an | ct, point for
nitial elgaEsiEni T CRTPAnEt ol ta Harioeth psole BedFirFd Al afFrod Mg 1 i ne
tanggnt tgompbRAeht MAtH &ie SRADEAGICIEF tthOheOhoirhal HREERbPIDIddndtedMbyC s,
tangent line intersects a centre or rotational axis of the sprocket. DA

sprocket hewinaftargraferred donad thevnarpenrdiculer aligstion dor Isémrligty. skhel usedeth

file includ o : " 4 . : .
i ot ol o BSe TR e lBEne SRISOEHRIEETE SRS BaRERY P SRR re I
portion, {nPes ROstHtON redtved sdrals pottié 0Bctor disRjrdme @ dT g ahyrnbetpeehi | e
conprising a circular arc defined a radius and an arc centre. 3. A

b
sprocket ¥eedr Mg i$ durthesi danoted b&l%i'HSZ?pR/ﬁféf'bm@t orig g fanstion sfithe teptht he

20 engagin | ank.. of h.tooth |lies abagve (ie. radial | f) ,a
nypdbhet BRI ArRctch AR hech polaf wBaRAR ) i nchREeBuet: B eRER? ehe
pitch cenfsr @nsphnt % 4 GRRBCHAYStLRAKD VOREN ARe ABSINCEINEG BFadiBRt aERhPAG
portion (1e pitch centre) of an adjacent tooth. 2s 4. A sSprocket according
to any onpoiof 1tldeispakgret i the aadial diestienndtard di sral equal tansh the vestar
portion and the seatin ortion of the engaging flank join smoothly with
one anotH@?gﬁﬁnsﬂggﬁ¥ﬁgyg%aﬁ%ﬁ@ﬂﬂpﬁatto any one of clains 2 to 4, wherein
the inpact point ~0o is |ocated where the inpact portion joins the seating

portion.
15 For the conventional sprocket design, Vs, and Vs, occur virtually

simultaneously, resulting in a large impact. Hitherto, there have been attempts to
stagger the impacts into two stages, as disclosed in U.S. Patent No, 5,993,344 by
Young. The drawback to such an approach is that each of the two stages consists
of a distinct impact of a very short impact time. A more gradual change in normal
20 and perpendicular velocity over a prolonged impact time will reduce the impact
noise more significantly. The present invention is directed towards this task by

describing an improved tooth profile.

The new profile should meet the following basic requirements, which will
25 then be elaborated:

« Continuous curvature of the tooth profile

- Standards on tooth profile design, namely the ISO and JIS standards

» Minimum tooth shape to allow engagement and disengagement of the

roller with the sprocket.



18 6. A sprocket according to any one of clains 2 to 5, wherein the arc
centre for the inpact portion lies at the intersection of a hypothetical

| ine which extends fromthe arc centre of the seating portion (ie pitch
centre) of the respective tooth through the inpact point, and the radial
centre line of that tooth. 5 7. A sprocg t according to any one of clains 2
to 6, wherein said arc centre of the distal portion is defined according to
JI'S standard B 1802-1981, and wherein the distal portion joins the inpact

portion of the ,en ing flank at .a location where a hypothetical,line which
extends bet weeﬁ‘ ?‘ﬁ% SC%W?%”%fS Fﬁ%erﬂ@?%!m%g{agﬁl gnsrﬁﬁattf]~c%ntgﬁteb%ﬁwcee@ent re
of the i mgactolR@raddPRUlihdUtiraSERY ddaftichial GHbastsakenlaf niude bemasitied,
portion. 8. A sprocket according to claim7, wherein the circular arc of

t he di st akspegialivhetvaan therdBermnt aacknseef tbeepdeof the sprocket. 15 9. A
sprocket according to any one of the preceding clains, wherein the pitch of
said sprocket is smaller than the pitch of said rollers, and thus pitch

circlse radi us 6iGt BshspsahkesO stanudid, iGFdpeaificantanast] torthé passdrianvetitionat ed
by JIS standard B18021981. 20 10. A sprocket according to claim9, wherein
t he t oot hisgngfoller seatinganaie rq.cubichshguidiie withedhadinie: f | ank i s desi gned
according to JIS standard B 1802-1981 using a nodified tooth root radius
and said nodified pitch circle radius. 2s 11. A sprocket for use with a

roller chain hagdngGe/Bceesf) (900Z)swher 7 s teneeti sgmbet.| ers, said
sprocket conprising: a plurality of teeth spaced apart around a periphery
thereof for driving engagenent with the rollers, at |east one of said teeth

Fol 187 as' that THeI ePSrobaLHY | Eo BRGBINAG “ahvites 4 b8 LBe5TRY " Bhet
and a 3o disenyagiayr8ethaiidm. wherei n sai d engagi ng flank includes an inpact
point for initial engagenent with a roller, said inpact point being |ocated

on a tangent to pronote a minimuminitial inpact and a gradual change in

oceurs i the t Shinti s dhe HE stanare with thShiaBfar] SREERAPRYRARY Y,

fol | owed lhyrebygeprbthicedh@hgeooth prodle efdihal presemicinventidn & foanaet erinharilyhe

t OOtl? Surcl;r?(t:hee; JIS standard. In particular, the disengaging flank profile follows a modified
form of the JIS standard. Aspects in which the two differ will be pointed out
subsequently, while Fig. 5 facilitates a visual comparison between the JIS

standard and the new profile.

20 Reference is now made to FIG. 6, which shows the ideal case of the limits
of the tooth profile shape in which the sprocket 110 and chain rollers are treated
as rigid bodies, The dotted circles depict the motion of a roller 124 of relative
position to the sprocket 110 as the roller 124 moves outwards during
disengagement. This imposes a constraint on the profile of the engagement flank

25 115, since the route of the roller 124 will be obstructed should the limiting profile
shape be exceeded. Similarly, a limiting profile for the disengaging flank 116
exists for proper engagement, which is a mirror image of FIG. 6 about the vertical
axis. The latter constraint is of lesser relevance to the profile of the invention,
since the disengaging flank 116 follows the JIS standard closely.

30

Having laid down the key requisites, a discussion of the design

considerations is now in order. Reference is now made back to FIG, 2. It is



s 12. A sprocket according to claim11l, wherein said engaging flank

i ncludes a seating portion, an inpact portion and a distal portion, each of
said seating, - inpact and distal portions conprising a circular arc
defined by a radius and an arc centre, and wherein the inpact point is
Located in the inpact portion of the enqqging flank at a tangent to the
circular arc of the seating portion, whith tangent io intersects a centre
or rotational axis of the sprocket. 13. A sprocket according to claim1l or

¢l aim12, é@%rr@rﬁﬂhéf‘&t tjh%p(%{atct @f‘%')té?h oﬁ%ﬁ%\ﬁgﬁﬁ%ﬁg{ i{ﬁ?pafdt%@hntolHAe%%Qur’inﬁgfé;? Li €s

above (ie ially outwardly a Ica i'ne Ich jorns't
centre of ited faetidnless pogriaran tiere ipidnbhtreeXty epmpbnehe(in praetipettictive wilbot h

and the arc centre of the seating portion (ie pitch centre), of an adjacent
toot h. 14 atKDu}G é%lé})e?na gé‘&HP%iiﬂ&?rt'é RHEN osrﬁ%g'lﬂ’ 'BH@aBP%‘é‘é@i wﬁlc&u 5 e Maier ei n

the dist ?lcoﬂﬂfﬂdtﬁﬂ’to'irglgﬁﬁf n@gé.ttﬁ’é}e%ﬂgr,ttﬁg.rélﬁf}tfZﬁg‘frBﬁg"td&v%WérdE%gﬁqgf’&i ng
flank join snoothly, preferably tangentially, with one another: . A
sprocket aclorati paint andutlye coetasft polirdi chany2st At THis mberent nthehdireationcenVt e

for the inpa orti |ies at the intersectjon of ypot heti cal |jne

whi ch ext TS (1A hitert Stiecln 1B ot ShathengPimsiel S Wi Ten BafR r e)
of the r e%ﬁﬁﬁ?é&.ﬁﬁ@??&be%% i hepestadt DAt thBasllePP2Phs fialykdAed saeh dhatognt re
line of that Tooth. 16. A sprocket according to any oné of clains 12 to 15,

wher ei n saind \drareceaual eF @t thereonyestianal sprockat desigie the eatiescdaiationds verydl S

por 11 on ofMPHe 8ngsce e 6 Puheisiphat Boehitassr ntl ko fetRBiet aR Thene
whi ciy ext endagdmienefitchanisat, Gmpait d6edhot AvalsBosur BPtHE @ésigm#npa@t Bkt

centre of the inpact portion would intersect the circular arc of the inpact
portion 114pwhigly only agdesdretheae@opigxity afdthel engadivg mreess. it iséfiasisr oul ar

o A spr GoRefuginel bR hoiSa o Bl Bl rhhing Ve " ou bl SRR o1,
of said spieptleaism sasnal bedesdribed thes sinfphh of said rollers, and thus pitch

circle radius of the sprocket is nodified to be snaller than that dictated
by JI'S standard B18021981. |0 19. A sprocket according to claim 18, wherein

t he t.ooth profj i S; n,‘q@g,r' +-aRd, the,, gl kNG, f LS i gned
accolTPdi ng to J §€F%Hte§ﬁ§al§d 1@%%1@8?%sﬁn\é¢ﬂg&ﬁ§g%e§iﬁ% h%%pﬁ)ﬂ(l) Ebrﬁva{g'i%us
and sai d pretieht adventiach The ghrefileadf ubhe @0gading hitanmk donvyeisegstrepei distincti ng a

at | east one, sprocket accordin 0 an ne,~g of the precedi ng,clains, and
2" conp enBARISY: ROTELh 2 FERRG G0 @RLROR 21 naPdUIPRR (B MR dREhPAGORav ng
a chai n- dph ¥ @ndly s RITLPAESHhHoPY pbRidH 8430 PR seating portion 211 is an arc AB of
root radius R and centre Oy, the impact portion 212 is another arc BC of radius
20 OscC and centre Ogc, while the distal portion 213 is yet another arc CD of radius

OcpC and centre Ocp.

The fundamental idea for the improved profile emanates from the concept
of changing the velocity gradually by minimising Vs,. It is apparent to those skilled
25 in the art that Vs, is minim_iie_zd when the tooth profile gradient at the impact point
114 is aligned in the radial direction such that ¢ equals . This is achieved by
establishing the impact point 114 at a tangent point 210 at B, defined by taking a
line passing though the centre of sprocket O touching the arc AB. In the prior art,
the impact point and hypothetical tangent point arc not necessarily coincidental. In
30 practice, the impact point 114 cannot be predicted with certainty owing to
dimensional tolerances, inter alia, but it should be consistently close to the tangent

point 210.



20 22. A nethod of designing a sprocket tooth profile for a sprocket in a
chain drive system the sprocket tooth profile including an engagi ng fl ank
adapted to contact a chain roller as that roller noves into engagenent wth
the tooth, and a di sengaging flank, the nmethod including the steps of:
determining a root circle radius for tb?4§procket tooth to define a
circular 2s seating portion for a roller at a base of the engaging flank
profile; and defining the | ocation of an inpact point for initial

engagenent with a roller on a line tangent to the circular seating portion,
whi ch tangent line also intersects a centre or rotational axis of the
sprocket. ,0 23 heAnited mpaaceesd dgarige of wlotiBlin thertthgential¢bisdinugniahé st ep

T N
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step of: s defi,ning t engar~ing flank of said tooth profile as havi an
ipact por84iahcitepter e S s clomel ol hg seait Bpsiefargruen "
adj acent oh8r MPRAdn Inhi9dbt RAGHorRf theidi 18sS@hd ABe RRTPRCP RoideTMRFEn&SFdd ON
and distal portion of said engaging flank profile conprising a circular arc
defined byhat that issaaradided kenefit ofreducing tzmsverseevihtationscdueal i gotygoshhi m
24, further.including the step of: defining the arc centre for the inpact

portion a?C}'W'ng at the intersection of a hypothetical |ine which extends
fromgthe arc centre of the seating portion (ie pitch centre) of the
respective tooth through the inpact point, and the radial centre linet s

of that tooth. The.degigreehthe RIelierkeyanditbedmpast paint flitis epnsiraingdibydwone
t f: L.NJ- t i | i. S
St andar d EOMUBYAS sealfreBentS i Ohifie BheRid, iferdlis BIhRE AGRRAMIN iy doe> .

of the enpagixvgededflbstntheadisendaxsiag innschamism ia ilmppdedeCrctie bihee halnide

ext ends between the arc centre of the distal portion and the arc centre of
the i npacCORHRUYQUSH GrbAtHe villr sesult thetha rRrgfilgr being cexqaedednpalctleddr ffi on.
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satisfied by provision of an arc BC at the impact portion instead of a straight line.

The sprocket pitch to roller chain pitch ratio for the present invention differs

from the conventional design. For the conventional design, the impact point 114 is

20 located below the line 0,0, connecting the two adjacent pitch centres. Thus, the
sprocket pitch should be slightly longer than the roller chain pitch to account for

the tensile deformation in the roller chain, Conversely, for the new design, the
impact point is now located above the line 04,0,, which means that the sprocket

pitch becomes too large and should be less than the roller chain pitch so that they

25 can match each other during th_e‘engaging process. As a corollary, the pitch cycle
radius 0,04, will be smaller than the JIS standard to accommodate the smalier

sprocket pitch.

The disengaging flank 215 follows a modified JIS standard using a modified
30 tooth root radius and a reduced pitch cycle radius. There is little necessity for
further modifications since impact is not considered during disengagement, and a

symmetrical profile based on the new profile only interferes with the engaging
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the outer circle 118 at point D.
9. Determine the profile of the disengaging flank 215 according to the
modified JIS standard in which sprocket pitch is smaller than roller chain pitch.
25 - .

Reference is now made back to FIG. 5, which gives a pictorial comparison
of the new profile and JIS standard, and which is useful to distinguish the key
characteristics of the new profile. Dotted lines are used for the JIS profile 117,
while solid lines represent the modified JIS profile 217. The primary distinction of

30 the new profile is the addition of a portion 220 to the engaging flank 115 of the
modified JIS profile 217. There is littlte modification to the profile of the

disengaging flank 116.
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noise reduction mechanism.

15 Accordingly, it will be understood that various alterations and/or additions in
the particular construction and arrangement of sprocket and chain-drive system of
the invention previously described may be made without departing from the spirit

_or ambit of the present invention as defined in the appended claims.
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FFmvA0% C)y trge!trlfhg‘\)//%%(@ c%tgl)p_rg}lle including an engaging flank adapted to contact a
roller as that roller moves into engagement with said at least one tooth, and a
disengaging flank; wherein said engaging flank has an impact point for initial
engagement with a roller, said impact point being located on a line tangent to a
10 circular seating portion of the tooth profile, which tangent line intersects a centre

or rotational axis of the sprocket.

2. A sprocket according to claim 1, wherein the engaging flank of said tooth
profile includes an impact portion adjacent said seating portion, and a distal
15 portion adjacent the impact portion, each of said seating portion, impact portion
and distal portion of said engaging flank profile comprising a circular arc defined

by a radius and an arc centre.

3. A sprocket according to claim 1 or claim 2, wherein the impact point on the
20 engaging flank of each tooth lies above (ie radially outwardly of) a hypothetical
line which joins an arc centre of the seating portion (ie pitch centre) of the
respective tooth and an arc centre of the seating portion (ie pitch centre) of an

adjacent tooth.

25 4. A sprocket according to any one of the preceding claims, wherein the distal
portion, impact portion and the seating portion of the engaging flank join smoothly

with one another.

5. A sprocket according to any one of claims 2 to 4, wherein the impact point

30 is located where the impact portion joins the seating portion.
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LuxVanbC a hypothetical line which extends between the arc centre of the distal portion and

10 the arc centre of the impact portion would intersect the circular arc of the impact
portion.

8. A sprocket according to claim 7, wherein the circular arc of the distal

portion terminates at an outer circle of the sprocket.

15
9. A sprocket according to any one of the preceding claims, wherein the pitch
of said sprocket is smaller than the pitch of said rollers, and thus pitch circle radius
of the sprocket is modified to be smaller than that dictated by JIS standard B1802-
1981.

20
10. A sprocket according to claim 9, wherein the tooth profile is asymmetrical,
and the disengaging flank is designed according to JIS standard B 1802-1981

using a modified tooth root radius and said modified pitch circle radius.

25 11. A sprocket for use with a roller chain having a succession of serially
connected rollers, said sprocket comprising:\; plurality of teeth spaced apart
around a periphery thereof for driving engagement with the rollers, at least one of
said teeth having a tooth profile including an engaging flank adapted to contact a
roller as that roller moves into engagement with said at least one tooth, and a

30 disengaging flank; wherein said engaging flank includes an impact point for initial
engagement with a roller, said impact point being located on a tangent to promote

a minimum initial impact and a gradual change in the velocity of said roller such



10!/ mA0%& ()-m !/ mA0%& ()-m !/ nmd0%e! u& ()-m

P 0%&' () -! nPd0%~& ()-!nmd0%z& ()-Lucudueuful uuvRvbC 10!/ n?dG' 10%&' () - F
Z"10%& ()-10%@& ()-10%& ()- 10z 10z 10z;s1l0%& ()- Rvvvli ww2xxaBbC

10!/ mPAr™ 1096 () - ! YO 0%@&' () - mlOY@&' ().-1hl0%a& () -3 0% () -

F*'10%@&' () - xxxCyyy+z, zdB4C 10 10ff! YS&$f 10%f& ()- "Z"10%& () -

m' 10%@&' () - YFOA0%a&' () - 10%a& ()-yY'10%&' ()-,z-z.z4z>zzz-{gHC 10 10ff!YY

;/%]9:/@?{ E ;ﬂ ;ﬁl ﬂ};%—a%’_/%f%fg)alo&yei&@%dchrs MM%@&néént@Qﬁ%@h&ﬁ firskQfd normal to the
10%g&' () - Zt%:tbp/g&‘f@e sﬂj'llmﬁ@&bj)a graﬂcmgemr)g@m' treeredigl) disda (i€ aralied t~~~d
EHC 10 10ff ! k@ tgiocy &' "Y' 10%& ()-1"s10%g&' () -

Y 100g& ()18 &g(c &10%91 & ()-~HPba?1C

10gg! 5md 0%g&' () -2GL0%&' ()-! @ M 0%u& ()-,, &10%& ()-*Y"10%& ()- (| "10%
& ()-46gHC 10gg!  109%&' ()-3F y10%& ()-3Y"10%& ()- 3ynt 109%&' (f} S10%& ()- 10gg
10gg6s aBHJ 2. 10g‘§lspl[@}‘&'t @ccorig i claim 1% wbegein saidrengaging)flank includes a

&Y" 10%& ()sea ?18%30%05) a%f impact portion and a distal portion, each of said seating,
impact and distal portions comprising a circular arc defined by a radius and an arc
centre, and wherein the impact point is located in the impact portion of the
engaging flank at a tangent to the circular arc of the seating portion, which tangent

10 intersects a centre or rotational axis of the sprocket.

13. A sprocket according to claim 11 or claim 12, wherein the impact point on
the engaging flank of each tooth lies above (ie radially outwardly of) a hypothetical
line which joins the arc centre of the seating portion (ie pitch centre) of the
15 respective tooth and the arc centre of the seating portion (ie pitch centre) of an

adjacent tooth.

14. A sprocket according to any one of the preceding claims, wherein the distal
portion, impact portion and the seating portion of the engaging flank join smoaothly,

20 preferably tangentially, with one another.

15. A sprocket according to any one of claims 12 to 14, wherein the arc centre
for the impact portion lies at the intersection of a hypothetical line which extends
from the arc centre of the seating portion (ie pitch centre) of the respective tooth
25 through the impact point, and the radial centre line of that tooth.
16. A sprocket according to any one of claims 12 to 15, wherein said arc centre
of the distal portion is defined according to JIS standard B 1802-1981, and
wherein the distal portion joins the impact portion of the engaging flank at a
30 location where a hypothetical line which extends between the arc centre of the
distal portion and the arc centre of the impact portion would intersect the circular

arc of the impact portion



fi dEHC 10gg! ' 10%&' ()-$Z2"109%& ()-fY"Z"109%& ()-
G'10%&' ()-VY109%' ()-G'10%& ()-i C@aBHC
10gg! 34F"109%&' ()-2Y"10%&' ()-'!'S,/ &109%66& ()-, S10%&' ()-*3"109%& ()-(3"10%& () -
:xmbC 10gg! f10%<& ()- 10 10
10: F" 109 ()-9Y"10%&' ()-1 7F90%& () - 5F" ng%&' ()-BldEMC
10gg! M 10%<& ()-3sF"10%& ()- $10%& ()
109%<& ()-3Y"109%<& ()-3Yn'10%<& ()-B}! qdEnbC 10gg!'! Z2"10%& ()-Z"10%& () -
3F"109%& ()- s109%& ()- SY'"10%& ()- Y'10%& ()-q' | dBnbC
10gg!!'!'s) 0/(10%<<&' ()-&109%& ()-s$G' 109%& () -
"4"109& ()7 10955RrdkeBURUFEING) tor S4im 185, 3WhBPA the: - SANEEa() of 1A <dididr<
10<<! S) (V<i0%<<&' ) -1.S) X 0Yx<& (t) S) %40%& ()-%$s"vdErS4 13 3"10
"10%g& () PTH "Watgz ef @ogrRiten CifGle PHthsrsirpckebygoogs ()- 10%g& () -\ dBr S4
13 3"19' F/d0%p& () - $10°/¢g&' ()- 10%& ()-
39%40%9& ()-F"10%& ()-SS10%g& ()-i ZaBr S4
5 18. A sprocket according to any one of claims 11 to 17, wherein the pitch of
said sprocket is smaller than the pitch of said rollers, and thus pitch circle radius of

the sprocket is modified to be smaller than that dictated by JIS standard B1802-
1981.

10 19. A sprocket according to claim 18, wherein the tooth profile is asymmetrical,
and the disengaging flank is designed according to JIS standard B 1802-1981

using a modified tooth root radius and said modified pitch circle radius.

20. A chain-drive system including a at least one sprocket according to any one
15 of the preceding claims, and a complementary roller chain for engagement

therewith.
21. A machine having a chain-drive system according to claim 20.

20 22. A method of designing a sprocket tooth profile for a sprocket in a chain
drive system, the sprocket tooth profile including an engaging flank adapted to
contact a chain roller as that roller moves into engagement with the tooth, and a
disengaging flank, the method including the steps of:

determining a root circle radius for the sprocket tooth to define a circular

25 §eating portion for a roller at a base of the engaging flank profile; and
defining the location of an impact point for initiaré;lgagement with a roller
on a line tangent to the circular seating portion, which tangent line also intersects

a centre or rotational axis of the sprocket.

30 23. A method according to claim 22, further including the step of:
defining the impact point on the engaging flank of each tooth as lying

above (ie radially outwardly of) a hypothetical line which joins an arc centre of the
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s defining the engaging flank of said tooth profile as having an impact
portion adiacent said seating portion, and a distal portion adjacent the impact
portion, each of said seating portion, impact portion and distal portion of said
engaging flank profile comprising a circular arc defined by a radius and an arc
centre.

10
25. A method according to claim 24, further including the step of:

defining the arc centre for the impact portion as lying at the intersection of a
hypothetical line which extends from the arc centre of the seating portion (ie pitch

centre) of the respective tooth through the impact point, and the radial centre line

15 of that tooth.

26. A method according to claim 25, further including the step of:
defining the arc centre of the distal portion according to JIS standard B
1802-1981, such that the distal portion joins the impact portion of the engaging
20 flank at a location where a hypothetical line which extends between the arc centre

of the distal portion and the arc centre of the impact portion would intersect the

circular arc of the impact portion.



