2 6 SEP 2006 -1 SPROCKET TOOTH PROFILE Technical Field 5 The present

I nvention relates generally to sprockets for use with roller chains, and

nore specifically to the design of a sprocket tooth profile tdbf §SERGHE

noi se. The present invention also relates to a chain-drive system

i ncorporating at |east one sprocket havipng the new tooth profile, as well
as to a nethod or system for designing such a sprocket tooth profile. 10

Background Art Noi se reduction has energed as a paranmount criterion in the

design of roller chain dri veSpPRUGHETI TOOTEEPRORIBES. It is generally
recogni zed that in roller 15 chain systens, the two nost significant noise
sources are fromthe polygonal action and intensive inpacts due to relative

velocity b tI I hain rollers and sprocket teeth during their neshing
process. p@?&ﬁ@%—ﬁ%@ on'is the effect of the fluctuation of the position
i n which the chain and sprockets engage due to the wapping of the chain

I n a pol ygonal nmanner, causing both |ongitudjnal and 20 transversge chain
span Vi br at i ons Thenheresept aﬁ?\(%%@nr ealetes generaly daSPreskats é’ﬁé&?s W“@hr‘{]\%f

G R R A L b S TR R

| npact due I've vel ocl u ucl
drive sproabkie. rthapasecat irveation talsu relates ¢o taychaimdrive systeneindanporatibg at

rotational power to pulling, power, the rollers are seated on,the sprocket
teeth in t R3St QAE SAEPEHRN hain iQﬁW&OtE%OEIBr BE NI 0 @Hee'i'?eﬂéﬁt@ﬁﬂ%ﬂ“ a

sprocket tﬂ?}tdrboi eﬁngéh% Srp%élgéstﬁ?(%tpﬁﬁsﬁib's an i nstantaneous change in the

direction o noti on, gin an intensive inpact. 30 In the
priorigart, standard approaches to inprove the noise characteristics of

chai n-dri v% s%st eLr!ns i gil ude increasing teeth nunmber, manipul ating
par aneters t the performance of the system and inproving the
roller-tooth 2 6 SEP 2006
Noise reduction has emerged as a paramount criterion in the design of
roller chain drive systems in recent years. It is generally recognized that in roller
15 chain systems, the two most significant noise sources are from the polygonal
action and intensive impacts due to relative velocity between the chain rollers and
sprocket teeth during their meshing process. Polygonal action is the efiect of the
fluctuation of the position in which the chain and sprockets engage due to the
wrapping of the chain in a polygonal manner, causing both longitudinal and
20 fransverse 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 th.e sp};(;ket. 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




-2 engagi ng nmechani sm Increasing teeth nunber is the nost direct and
effective nethod to reduce polygonal action, especially in t?%h§ﬂ§ fo
hi gh speed chain drives. Design paraneters which are comonl i@ at ed
are the centre distance (which controls initial tension) and inertia of
sprocket. The engaging 5 nechani sm can be.i nproved by the use of
intensified |ubrication, silent chains, wheel guides and the |Iike. The

af orenenti oned techni ques inprove the noise characteristics of chain- drive

systems t 0epfagnbifechAtibnt. NAERa8ING &R dlunbdrist ikl GRSt dirett endteffective 10
I ncreasi ng the nunber of teeth requires an increased sprocket dinensian,

andhi nst g| mathod t@fregur@lewmmal restony espeqiait ioie capacd. highrasper chaine
gui de. 1 not A1 en" PRARTE reiReteHE kAR, IR hpnly” el g e YRGS

tangenti al istascd PRhRht ebntedls ChRiapfrehdion b Bhacikettia whdprociat! dihe engaljibgons,
but not always. In general, the nethods of the prior art 15 are passive,

i . e. they preshagisn gaadbedmpraved by thediss: ahdgresiierblybrisabien) lgit Gans,
which is a .e? u@%@"g%ﬁhe.liﬁ active approach would be to tackle the root
of the problenror noise right fromthe initial stage of design, such as by
designing a new tooth profile to mnimse inpact. As will be appreciated,
the term"tooth_profile” herein refers generally to tBe tcgo-.(# me sihonal
shape or profi | dhgrafprmepiaiaddechaiauestMPIoveathsi riee SiBCsiLP Q) chain-

per pendi Cu!dﬁ(fe.tgyét frs” 8 3l WAL merfahﬁréﬂq{e?fé tlimité'fﬁ%sd%rg%s‘?én@e,”ew
teeth profile is” of no easy task, since design nethods ave been devel oped
for nmany yé&areasing theenurabengof testhbyequires cars irstreastat dprockst dimassipgOand

Lt tional St d O ganj sat | tandard 606: 1994(E) and JI S 25
(Japanese. (RN e ea) FeBuE8D pddBal diasse Mrgor S ing TEReds e nes
3-4, res p%éﬁé%:waHWﬁdtm%r%ﬁéply.tmqfa@tsélﬂaﬁ thé WH@éP?u@@Qﬁgtaﬁ@cﬂ irt e tight

devel opnment of toot profil'e design and the art of Tooth profile design to
reduce noi spahavapegeide thebeilanto andye tangeatishetd tedpitdi ciiele ofthecsisneke

Nen a oi tefer PRARGRIENS,hoF foh BRI P BinekFal T RuBol b S hridlEr >
nunbeys of eebBssile, Mithdy bR ArBedibt ®aBad iohdht @Mrbapd e@bdthasrofile design,

which is a major drawback. An active approach would be to tackle the root of the

problem of noise right from the initial stage of design, such as by designing a new
tooth profile to minimise impact. As will be appreciated, the term “tooth profile”
herein refers generally to the two-dimensional shape or profile of the sprocket

20 tooth in a plane substantially perpendicular to the rotational axis of the sprocket.

The design of a new teeth profile is of no easy task, since design methods
have been developed for many years and are recognized by various standards,
such as ISO (International Standard Organisation) standard 606:1994(E) and JIS

25 (Japanese Industrial Standard) B 1802-1981. These are reproduced in FiGS. 3-4,
respectively. Nevertheless, there is still much scope for the development of tooth
profile desién and the art of tooth profile design to reduce noise has been

substantially researched and refined in recent years.

30 U.S. Pat, No.4,758,209, to Ledvina, describes a sprocket for use with a
silent timing chain wherein the sprocket is formed with an even number of teeih of

which there are alternating tooth profiles. -




26SEP2006 -3 U. S. Pat No. 5,397,278, to Suzuki et al, describes an inproved
sprocket which decreases the inpact between the rollers anngﬁﬁﬁﬁﬂﬂPCket
during nmeshing. The vibration noise caused by pol ygonal acti-on”i's hot
addressed. 5 US. Pat. No. 6,036,614, to Baddaria, describes a symetri cal
sprocket ‘tooth with a conplex profile wli.ch addresses both inpact noi se as
well as the noise arising from polygonal action. The profile has a roller
scating angle exceeding that reconmended by | SO which nay be a source of

probl enms duringy. di pepaaseBaT27dvbioegugiki éthal, deseribesani bmproled heprocket
connecting point between the 10 seati n%@éortion and i npact por,tionebsgs not
st rai ght f omiiighideereases theimpastihepveen threrallersignd e ppockebdwalo F1esH Nk

5021, oo, TDEQBLPRlse SG8Y W6 TeptisRibf R ABERSY05 o Voung,
describe a roller chain sprocket having inproved 15 noise characteristics.

The underlying principle is the provision of an asymretrical tooth space
that isncl udes aU3.abPa uNfJeﬁ}@@G-éﬂﬁvit@li%@d%@"%t%@ﬂbesr%lfrwn'ﬁeﬂﬁ?itsﬂm&%' n
a tangenti | | -0l | | i c

thi ot ecnirooPREE BERRI: RIS wiich ARRSRY foth Bt HEREELs il B8 e
times, bot holsee arisimgg $rin apolggohdladition.i Thacpofite echawretobéreseating angle

i nst ant aneous. 20 Therefore, aﬂ% ogj ?éé of _H_hhe resent inve]pti n isé%la
provi de anekfpp@vadhalygrarIarndRd hY Ieduidirhioe é)eg%ﬁevaieeam?g%’me% "NE a
uni di rect | Bfé%lngﬁﬁb!'r%rnt.clﬂafé?)v.egrt'h)éede%ﬁﬁiﬁa’ti%ﬁ%f fhd Eéﬁﬁ@ﬁi_n?%cﬂﬁi b&{velehethe
present inventrol I's to provide an 1 nproved sprocket w th reduced .
{gj/l ero- t oosbalimy pottidyy addsinyact patioe s trodtdraghifarvard seamiiney comptexdy in
tnvention 30_Accordi ng.to one aspect., the present invention provides a
sprocket f8EiREY tF'?vipf ilg mpy ?'@P%‘%ﬁ’lﬁc‘i‘%ﬂtﬂ% 33%%5%9??{%‘96?- serially

connected rollers. The sprocket conprises a plurality of teeth spaced

apart around a periphery thereof for drivi ng 2 6 SEP 2006
A series of patents, U.S. Pat. No. 5,921,879, U.S. Pat. No. 5,993,344, U.S.

Pat. No. 6,090,003 to Young, describe a roller chain sprocket having improved
15 noise characteristics. The underlying principle is the provision of an asymmetrical
tooth space that includes a flat surface, providing a “staged” roller impact wherein
a tangential impact occurs first, followed by a radial impact. Although "this
technique splits a single impact into two occurring at different times, both the
tangential and radial impacts are nonetheless instantaneous.
20
PR Therefore, an object of the present invention is fo provide an improved
sprocket with reduced noise generated when used in a unidirectional roller chain

drive system.

25 A further object of the present inventigp_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




_4 engagenment with the rollers. At |east one of those teeth, and
preferably each of them has a tooth profile that includes arMag\gﬁng\g
flank adapted to contact a roller as that roller noves into engagenent
with the tooth, and a disengaging flank. The engaging fl ank includes an

I mpact point for initial engagenent withgqa 5 roller, wth the inpact point
| ocated on a tangent to pronote a minimuminitial inpact and a gradual
change in the velocity of the roller such that the change of velocity

occurs in eRgagemeaniital thei roRsrsl At 16adtsdnd bF ekttt Caridh prdferibly each ate) ,
foll owed by a gradual change in the radial direction (ie parallel to the

tooth sur lﬂmm,) hag @ tomshiprpilet thebiingludes @asengaging |fleekt adpriad do| ¢andastapgent
ntor sect o alec i Mo TN, o [iucb8ficht M € 1ol Shd 38GHaadiE

f1ank prof flhgk pridlecstddging AaRK iiveiadéd baENREE oMt dor Mitidl isngagentaint vithna! ude
the seating (bott_or%@pprt lon, .an inpact (internediate) portion . and a. .
di stal5 (to&eller: with her imract paiet loeatadhgn R tangant o prasele-d piniBYIMialy 5

circular ak | S hit Loy ' ldrer s.
The seati ngﬁg%%&lg@ng %rragélééllr% Hy@ e'btﬂéﬁ(fgél %@%@ﬂ% #)p%tms?%he{%gc’gﬁ %rh gggg dénd
mayf act gfal wglo;cpy mdcmgrsief 'rtma taRgeritizé r?imtioniﬁrsﬂ e r?]amai npabe footh isarfacs),
preferably define y another arc that connects the seati ortio its
tangent poif@ltowadsky: Aedieghal ehange He HRdigh dirgelign t(}?epéfé]%lggn eﬁﬁgf‘ng

| ocat ed al g[]ga{:ge centre line of that particular tooth. 25 The distal
portion is preferably yet another arc whose arc centre is determ ned by
the JicS standard. The radius is determ ned by the end point of the inpact

pefti that i he int ti of .t [ t ' dth t ' f
Phetl ne. cannecthAdmimet bR 14 80P BoeldBaR 3t ekl e dRuf ' Shthg" ©
Accor di ng 18rRRPSNRE tBSIESTOFild, RAHIEH Rirgent NRe MNtBARREs hRéRREI MoRitRYEFgRsa

of the sprocket.

15 The engaging flank profile preferably comprises three regions or portions
which include the seating (bottom) portion, an impact (intermediate) portion and a
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 fine 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.
30

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

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




sprocket for use with a roller chain having a succession of serially
connected 2 6 SEP 2006 -5 rollers. The sprocket conprises a pl gﬁgk@

teeth spaced apart around a periphery thereof for driving eng é

the rollers, at |least one of said teeth (and preferably all of them
having a tooth profile including an engagi-ng fl ank adapted to contact a
roller as that roller noves into engagenent with the tooth, 5 and a

di sengagi ng fl ank, wherein the engaging flank has ‘an i npact point for
initial en‘@hxyerrﬁ"mtte sprdtket radmgrisest f@e plurphityt opdesth lspiangd | apat eatoandaal i ne
tangent to a .  circular seating portion of t e tooth pr file,

V\:h
line int er P8HPRery thegrraf dor gvi %?HQ?%@P"EM the rqll%ssfﬁ é?t”e%sqi‘ﬁtf e
preferred gﬁtpgiréﬁ?éblgp alf BPtHéHt Ml t@%tﬁ@ﬂ@ﬂénﬂclhb%kaﬂfeﬁ%@aqgtatatk

profile in an 1 hpact port on a Jacent seat 1 ng~porti
di stal por tdeptedattj ecstatt ahellémpadhatpwiier amoveSaioto ehgapemeatwithgthpoobtgn,
i mpact_ port ortion

d di st al f th fl k fil
a o r cul ar '98@ deniecing ek whp(Rin e, anaRORS dCEBEscAn NEbAet ReoF BHAld

enbodi nent ¢ &% hD WAL & QBie ' A% $hB8%ah tc*h
each tooth agov\ém?l e radﬂaﬁi3 "ﬁg V\Eﬁm 'Bblr%‘ldcﬁﬁeydpgt het |hcala b I ne which
joins an acwc@enseatlmg port@rss@‘athedgotloptdfmt Whighgangentclenst inégrsefitst heentre
respective _toaqt c centre of the seating portion (ie pitch centre)

d
of an 20 a8f5@8ﬁ?f?‘{‘]@6<?%n9faﬁ‘ﬁe‘s Pirel portion, inpact portion and the seating

portion of the engaging flank desirably therefore join snoothly wth one
anot her, and the inpact egFOI nt is located where the inpact portion joins
the s¥at i ng por In 8rprefaires pmbpdinent afthe diventionothe emagm@rﬂtanbmf theréoathc

ceh

oot ot cRISe PR o nBRasPor B HE s BN H0A i b el e i on
(ie pitch adjpcen) itef inigit pesRet Hath défaBkbdaling :qumpe@pp@mopoartu distdld
the radial centre line of that tooth. In a preferred enbodi nent of the

i nvent i on, PPRPNEPLthecergaging flank piplle gommisesor Cireular areleeiined byca sadiiRg t o
JI'S standagﬂd%nlég?ce%%.l and the distal portion

15
In a preferred embodiment of the invention, the impact point on the
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
20 adjacent tooth. The distal portion, impact portion and the seating portion of the
s engaging flank desirably therefore join smoothly with one another, and the impact

point is focated where the impact portion joins the seating portion.

In a preferred embodiment of the invention, the arc centre for the impact
25 portion lies at the intersection of a hypothetical Iinﬂe:i__\ivhich 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




preferably joins the inpact portion of the engaging flank at a | ocation
where a hypothetical |ine which extends between the arc centre of the
distal portion and 2 6 SEP 2006 -6 the arc centre of the inpact? pSkh iigh
woul d intersect the circular arc of the inpact portion. The circular arc
of the distal portion preferably term nates at an outer circle of the
sprocket. 5 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
radi us of the aspcesketofitbe impdct pationovingd dntersast thenghcylaaare ot tha wapast J1 S
standard B1802- 1981. Theitooth E&@fk*§ ff t he sprocF t,according to tge

i nvention PSTHILS Fyculaln aKe ohthe digial Porion RreIeraPyeimIiaiGS rat Hik OPET

- preferably fleri GMAE sprcckelli ng to JIS standard B 1802-1981 using a nodified
tooth root radius and the nodified pitch circle radius. According to a
further aspect, the present invention provides a chain-drive 15 system

general 'y above t ghirgelBHFRRAPET Hoedh et P Phol SiaBRkAS o
In yet anghidler #isdtetie pitdreoPsia edllers NARA thipitdhseirdds padids of thareprdicket ishat
includes a chain-drive slyst em accor di ng to the invention. 20 According to

still anot teedifigghéa be smallepiharcihat dislatetibyn)IBredandasd Bl &2 W of desi gni ng
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 agHehtjoth @rbfile ofothessprockeeagagdmgnto g invemtiohdet frefexalllya
di sengagi ng flank, the nethod including the steps of:. determ ni,ng a rgot
et cl B r adid@¥mmestiicale aogrtberdisengaging fiank ds peslierdly desiangdaccasdingrg J!

pot tion f.‘”ste?nc{a%'@ﬁ saéuﬁaqaééipﬁfa H&iﬁé@ﬂ&ﬁitﬂ%éﬂ Aldffus Bhﬂfthberhoéi'ﬁgfjgﬁfch”i ng
the location of an inpact pornt~for 1nitial engagenent wth a roller on a
| i ne tangemircleaadhes.ci rcul ar seating portion, which tangent |line also
intersects a centre or rotational axis of the sprocket. 30 In a preferred

enbodi ment of the invention, the nmethod further includes the step of:
defining the i MpachfAgRS LRfHRE a8PIAYHIY pfdARK iffenBBR hrbRiRks Penaikidite
above (ie radially outwardly of) a hypothetical [ine which joins an arc
centres of tslystem 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
sy of designing a sprocket footh 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 rolter at a base of the engaging flank

profile; and defining the location of an impact point fofmi‘r;"itial 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




7_ 26SEP2006 seating portion (ie pitch centre) of the respective tooth
and an arc centre of the seating portion (ie pitch centre) of an adjacent
tooth. In a preferred enbodi nent of the invention, the nmethod further
includes the 5 step of. defining the engaging flank of said tzggﬁ Q@gfile
as having an inpact portion adjacent salfd seating portion, an gi al
portion adjacent the inpact portion, each of said seating portion, inpact
portion and distal portion of said engaging flank profile conprising a
circul ar ageatingf pagwnbile pitchdianrearad the raspectiventooth and amaic peefreafdhe

enbodi ment _of..the i.nventi. t he .net hod,.further.. includes the step of.
defi ni ng tﬁ%atmp%'ﬂ{‘ﬁtﬁ ‘P'gc;h ?ﬂfﬁ)ﬁé*&a%a?%méﬂmﬁs | ying at the intersection
of a hypothetical line which extends fromthe arc centre of the seating

portion (ie pitch centre) of the respective tooth through the inpact
poi nt, and the Hnaipatferredtembodimarted the invieation,dbermetheddugher incluggs the

et nfng  AEPapE SRV hp ndelnd TR ot FHilinu dFalticas I5ing” efbindiad
1802- 1981, pstioh hbjatehheaidi séaingdPoHIGH) drtl BSdishg pdrBes tadi@sdntotheOimpare

engaging 20 f|l ank at a | ocati on where a hypothetical |ine which extends

bet ween t hBORiOR, @ashref sgid serting portionpdimnash parion radadistal dirtien ¢ $aid

i mpact port,j . i d e r.Ar; t ' rii

Thue, ¢ he. cPeautl Hidhk Biofle 6ot 8o & SR Bl dorled B o FRAGS R S M, |
25 sprocketentfe.st ep- by-step net hodol ogy for defining the new profile is

al so provided. Noise |levels have been shown to be significantly reduced
rhroudh the underlying mechanics, numerical sinmulation as well as

pr-Ot ot ype testi f ; : ' i or
~the drive sprocE-g%l p%%%?%%ﬁ@@rg%:tﬁg@? ét[%qp ﬁgﬁgﬁbgggﬁhgmngg{gg% ¥h§0
The new spstepkst defiing tipe af¢ centinafarrthblimpaochartion dsdyimgeat thedgatgrsegtiandfa
. 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

15 line of that tooth.

In a preferred embodiment of the invention, the method further includes 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.

Thus, the present invention provides a new tooth profile for a roller chain
25 sprocket. A step-by-step methodology for defining the new prgﬁ_[e 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




di sengagi ng fl ank, although the present invention focuses predom nantly on
the z 6 SEP 2006 -8 engaging flank. The tooth profile according to the
invention is preferably asymetrical, with the design of the diﬁ%ﬁ@%ﬂﬂ&g
flank preferably determined according to the nmethod stated in the JIS
standard. In such a preferred enbodi ner88-the noise reduction is only

uni di rectional, and although the chain s sprocket systemmay still operate
in the other direction (wherein the engaging and disengaging_ flanks are

i nt er chang&apaging dieek. nbhe rieod vierofiley ansiosdng etiudbeoinvepéaef is Preferabiyt

case. (ne nner .i.n whi.ch .t he, present, inyention di o) jonal
el an T o TR RheftiBal igh thd Fadbi? SR et RBNGATRE B pro iy HRiEfthingd

i nvention iggceffnd o thamettirl rsthiedr i hakn JIB tstndader asuchear evefeaedi s
true for the conventional sprocket. This is a necessary condition for a

proper eng&iehasimept dhe awisesediuction s aely yyidirectionad, and althoughathgsplaing s

The prjinci I i le i i i . i ous
"mpact: of ERPHSASLT ey 6l BeRiBhefo siheiaieieBds hahbRil i efdia 2hg
period of didgengagild Avhkg are dniicidngatbnftedods diot aeteion ary oisec heduttion
roller. The vel oci t% of the chain roller may be resolved into two
conponent s beRgfitsipdnateiset and tangent to the tooth surface at the inpact
point. At the beginning of the inpact duration, 20 there is change in only
the tangent direction; thereafter, the change in the tangent direction
decreases, whi | ©rdatannbr irhwhichdhalpreseredtvarionrdifferssesm cangemsitiral designal |
coocts | L asee e RS B e FErob Bl B b B oyl b
est abl i shi 'ﬂgetrﬁferiéﬂéqﬁtpitcﬂpmbr s HéGréz W 1l 1Bt lthé)'boﬁ%erﬁtﬁzl?‘_%‘i sPRHket.t

the velocity change 1s mnimsed for S the initial 1npact. Thus, an
advant age dhig isea peesssary candition dor a proper gngagegient pufcesst asgeoertaiped by as

. the inpact in allowing a mnimuminitial inpact and a gradual change
inthe vel g@ﬁ?)’?li e'f'%%”%)‘l%?'n roll er during engagenent, resulting in reduced
i npact 30 and noi se reduction.

15 The principle underlying such a profile is to distribute the instantaneous
impact of the conventional sprocket design during the engagement over a period
of time, allowing a gradual change in direction of the chain roller. The velocity of
the chain roller may be resolved into two components that are radial and tangent
to the tooth surface at the impact poini. At the beginning of the impact duration,

20 there is change in only the tangent direction; thereafter, the change in the tangent

- direction decreases, while that of the radial direction increases. A gradual overall

: change in velocity reduces the impact level significantly and leads to a noise
reduction. A new tangent point is herein defined, and by-establishing the impact
point at the tangent point, or at least near it, the velocity change is minimised for

25 the initial impact.

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.




2 6 SEP 2006 -9 Another advantage of the present invention is that the
chain roller inpacts the sprocket tooth at the tangent point Zﬁr P,g@nd
then falls downwards onto the seating portion gradually, ther ﬁ g ci ng
t he pol ygonal action and vertical vibrations of the chain. 5 Yet another
advantage of the present invention is that- the engaging flank preferably
consists of three arcs with arc centres which may be determned in a
straightforward nmanner, thereby facilitating the ease of design and

manuf act ure. 10 Avethest advardage betheapresent gerenfion e thatdbe mhaimyalet impacts t he

full contact of the, roller and the seati portion along the curvature
after engaé@%’?f?cq‘temgc’tbl alothientgnoent Qﬁtnt(ﬂr;%eﬁ@ﬂo'!rlﬁp %HF ,dswﬁaiutﬁa to
a reducti ongl r - afH [|SBAC | O :
naccur aci oo S BRHoRARGATRR“Hcrdy ALERq- e Rayebnel HRABh 8y varical
present i nwinatiams ofdhkelchaécone apparent to those skilled in the art from

the following detailed description of the invention when taken in
conj umction with the acconpanyi ng draw ngs. 20 Brief Description of the

Drawi ngs The abgig fMathdriadvipade st %@?r&?ﬁht %w@ﬁbﬁqglsmgf tﬁé”'éng%g;;ﬁgg%nk

invention wll be nore fully dppreciated fromthe follow ng detg (
descri pt i ofreferghlgiconsists oktived iareswdthoarct ¢antiasvehichomayi héh deteraninatt in ao

e soer SR A B ety R BP0 B BRES BRSSO AU BB Bk T L
conventional chain sprocket system 30 FIG 2 shows an enl arged vi ew of

the engaging roller and sprocket tooth, together with the conponents of
rhe vEl ocity chd®jétil asotber agyestagemithepraseridngention is doe Mulpeaitpetcoidhe

sefre of 1 h?o!%?%rﬂf‘thgage%%beﬂo%on along the curvature after engagement, thus allowing
slight dimensional tolerances, leading to a reduction in broad-band mechanical

noise caused by dimensional inaccuracies.

15 The above and further features and advantages of the present invention
will become apparent to those skilled in the art from the following detailed
description of the invention when taken in conjunction with the accompanying

drawings.

20 Brief Description of the Drawings

R

The above and further features and advantages of the present invention
will be more fully appreciated from the following 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 cofnponents of the velocity change;




according to the 1SO 606 standard; FIG 4 shows the "S" type tooth profiles
and the design paraneters for a 5 JIS conpliant roller chain sprocket;
FIG 5 is a pictorial conparison of the tooth profile accordigggf %
preferred enbodinent of the present invention and the JIS st @I %I UEO
FIG 6 shows the ideal limts of the toollh- profile shape assum ng that the
sprocket 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 inventi 6hG. 15 sheved Ithe Doiflerprofileorangs spme [aivihet idsisigRe fRArameterss

now made tq FI rates the engagenent process for a
conventi Ongpc%rﬁ‘m%toﬁ%d%@ édés%;t@f‘ cjeA drive sprocket 110 rotates at 20 a

constant velocity Q and each point on the sprocket noves along its
tangential direction. Ful I¥ seated rollers 121 follow the notion of the

sprocket teeth Fi@. 4 shawsihe 193tyne toptmpeofiies apdithefipsien pasneetars 40 al | er
vel oci ty Vr p0| nt of engagenent wth a sprocket

t oot h 112 Jisrrppg |%§{@$égﬁﬁaﬁn S@‘?&I%d nt 114. Imediately after inpact, the
rol ler vel ocity Vr changes to coincide with the 25 tooth velocity Vt of the

sprocket tooth 112 at the inpact point 114. Thus, there is a  change in
vel ocrty Vs, wﬁr@h5|'%atFH@t0F'é%QFPmP6'ﬂ3% Qﬂﬂ'@etﬁoﬂrrﬁf&f'ie aggording locd preveged

depi of "LNEsyfseh AbhOBFH ek Borh VAR ARFIE IBAUNERRALSL. Ref erence is now

made to FI an en arged Vview o 30 engaging roller and
sprocket tooth, as well as the conponents of the change in velocity Vs.

One net hod of | vi g th ector, Vs is shown vector diagra 2,

WfT?Chl are in thﬁé‘agl OV%Hh qgﬂﬁ@ghmlférofdh?etepﬂbﬁw?% RhARE FssY rH?éJ}ﬁ

Sprocket 2 Ero%'ﬁgtﬁﬂﬁﬁand]réllé@dﬂaﬁ Eréjﬁ%attﬁﬂléyaﬁﬁ and Vst respectively. The
es

angl e whi ch t he conponent Vst is further denoted by w.
Anot her nethod, as shown in another vector diagram 133, uses the tooth

profile gradl en%lét 7t t]I%s,{ral act gvlvnépr%%lf'et footh profile according to a preferred

embodiment of the present invention.

15
Detailed Description of the Invention
Reference is now made to FIG. 1, which illustrates the engagement
process for a conventional chain sprocket system. A drive sprocket 110 rotates at
20 a constant velocity €2 and each point on the sprocket moves along its tangential

EN 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




ref erence. The conponent normal to the tooth profile is denoted by Vs,,.
The 5 conponent with the perpendicular to the normal direction is denoted
by VsP, hereinafter referred to as the perpendi cul ar direction flof SEP 2006
simplicity. The use of "tangential direction" is avoided here to avert an
anbiguity in nonenclature since this teflmis strictly reserved for Vst in
the vector diagram 132. The angle between Vs,,, and Vs is further denoted
by ~. It is apparent that $ is a function of_the tooth 10 profile gradient
at the inpaettraoienotediyréasand Vs: respepbvrlent he ingleewhichdihengorapenentsVst

Copact " poftat@s it Ve BBt éHated v, PngBE edhiba 658 oL L budlher and
the vector veabagﬁ@;@ngﬁésaﬁﬁeﬁﬁe %strp?t%fﬁ gﬁéﬂientlét o ipaccpBinentisonal

sprocket design, d VsP occur vir simul taneously, resulting in

a | arge i npefetencei tTher component nbamal bedhe dootnprafile ds darated byt Nen.i Fpact s

into two s disglosed in. .U, S  Patent No 993, 344 b Young., The
ar awbdek ¢ BOZREReh vl s ohrreryigtier (8 aRSohoril FleiBnasegoteiRll BV Vsn o
di stinct ippRtaftdr R¥esy t6Ne thd TRASENdIEWMEr dicBRS® fOF SMEIcityhaRgeusd of
normal 20 and perpendi cul ar velocity over a prolonged inpact time wll

reduce t he'tPhgeriial directiennsravaideshherecnayert ammambigeiyin nomenslataie sisce

new pr ot i 1 TSI Yl e e REN o™ RS oL HRIOPARCIHL Yl i o8
then be el ¥bQraideUs is fatidriaristed by Rl UiseapsfaréMethboti® apfudttibe of Hiansan ds
on tooth profile design, nanely the 1SO and JI S standards M nimumtooth

gh pell(()t;) aggqt"ge g@ﬁ@ﬁ%ggedmfgdtp\ s@ing?yeereas yofs independinterf thth[ﬁadilbet and
Pr ocket . - cont.l OuUs curvature_ I s essentl . 1O
i Al oSS ATS5h Bt eBeTORH PCtHe WHERT &6 40t DBIACeaERIgR: SriiAchg
addi ti onal phiEpaqusis Kij R $he lqu%YQJir%%ﬁon, FSRARF WAl RRINGER HEE vector

di fferent sections of The profile.
diagrams 132 and 133 are coincident,

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

e’

describing an improved tooth profile.

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

30




5 FIG 3 shows the SO standard. O specific interest to the present
invention is the roller seating angle, a, which should lie wt ?igrspalmuﬁ
limts: 120-(90/Z)< a<140-(90/2), where Z is the teeth nunber. he upper
bound is inperative to ensure a proper ‘engagi ng and di sengagi ng nmechani sm
FIG 4 shows the JIS standard, with the-t-agram and equations being hereby
reproduced. The tooth profile of the present invention is founded primarily
is on the JIS standard. In particular, the disengaging flank profile
follows a nodi f Aetontiupusicuryaiute & essandial &b maipieint @ smoathi esmtadiddatween

differ wl int ut ..subsequently. . while Fig. 5.facilifates a,vjsual
Conpar i son MELLUBE A IS iSRRG aliiBel Enfats: Rink® byskBr voliad S«
now nade t espééallpbetifdephtheofsrehbsetiinil ofapspretflet he limts of the tooth
profile shape in which the sprocket 110 and chain rollers are treated as

rigid bodies, The dotted circles depict the notion of a roller 124 of

ur ng i Songabiten SbllR B8 RE Shaddfl X pRGkInGRES e Bt Vel
engagenent i thansll@dsdating @idis co.twikich@hbaldie WhiinrtBe ligtitsi24 will be

obstructed should the limting profile shape be exceeded. Simlarly, a
limting profile for the disengaging flank 116 exists for proper

engagenent, whi b i rr lmage,-Qf FIG _6 abaut,the yvertical axis. The
latter constrai ﬁ?oi zg(ge{ﬂée%ggd ?@e@n‘ﬁ’ge{eozf%@’%%m P'éméfar't he invention,

since the disengaging flank 116 follows the JIS standard cl osely. 30 Having
| aid down the key requisites, a discussion of the design considerations is

now i1 order. REher ¢ppperi Bowuly isadmpbeativet do FEGUIR. d tpropep cORFRP0g and3’

apparent that he ct. instant of initial inpact at inpact point 114,
assum ng aﬁé’epaéall%gfmgé%'ﬂﬁﬁness scenario, there is only the Vsn conponent

(in practice friction wll attribute'to Vsp, but the latter is nuch
smal [ er in magnitude) which is the main contribution to inpact noise.
Thereafter, theFHal Hephaws theollSsstansiandhawith ®ei disgrgmt and equations being

hereby reproduced. The tooth profile of the present invention is founded primarily
15 on the 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
£y 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




5 a lower point and the contact point changes. At this nonment, the
direction of t would have shifted due to the rotation of the $ﬂ§§§£ Vr
woul d al so have changed. The process is repeated until the rold 1 S
fully seated such that \r and Wt are equal. For the conventional sprocket
design, the entire duration is very sheokd- In practice, owing to

di nensi onal tol erances and uncertainties in the 10 engagenent nechani sm

| npact does not always occur at the design inpact point 114, which only
adds to t h@pperpitdhatat the expet insigay Dﬁ'@itiﬁ? dopaet atlimpgat peist$14,@ss661BE ADe

t hat i npact 1£S & it Lpimsing Vsn, although,the.detailed
rechant om (oS0 Soanpli’ Bibre s Phfl o™ & catFondli UM Tudlr W
7, which shawbuteheo Vey buottid Ritier i heuctpiamdel inh miagiituee) wifieh i ahé lrRainf
the engaging flank conprises three distinct ortions; namely, a seating

I

(bottgn’) péPnFtwtion 10 iraRactAnise. Thetealten tharaler jeet rals” dgwnwaﬁfé:: slightytte
Fadtus Rl G i BofaRt bR RabL8. A fis Tadifeff. tnf didcioh W s

20 OBcC anavaddht aeveORRiftadhidue tohehdi istatlonp ©f tthensZrbdkeéts Wrelvoaipiaey hawve CD

of radius 00ng centre QCD The fundanmental idea for the inproved
profil e em&hRangeds therProressdneeprateds uptidhgiralen 12 isciulyiseptest sechnthay sy

m ni m si ng | ARgRAt : ' 25 | s VSLL S
i ni m sed \ﬁ)@n%ti% ] pr@?iqogggbﬂékglﬁei r??’%‘#e? ﬁgsﬁaﬁp% Eﬁ@eﬁ@%@ isyvely

al i gned i nshhd. riadpedctidey estingnios dehendianal$ tagrmicesyand Timcertantishire vibe by
est abl i shi n% the i EFact ojnt 114 at a tangent point 2 t B, defined by

0.

vakind a ENHEIPES MechRBIsgh ITRACaoRs BOLATWaYS QoRkk ab’fjﬁ@dfe&%@mré PRIt A,
M7t he pri Qrqakdhi i [ +h i cal: 965 RPI not
necessari | 31(4:1,0mhé?%tgﬂfya:aa@?ﬁi)?)tgepéﬁangﬂéggy @ﬁg@%ﬂ%@m%ﬁ?m liﬁp%gﬁﬁﬁg%qge
predi ct ed wonsirgethatimpacionbisg cap bedimiteds by maihinisingr\dsc edthough éhe detaledbut
it should be consi stentltg%cldose.to he .t angent point 210. 2 6 SEP 2006
_14 The i niGeENSM SRpNQRE deSerped RIS FMPY-oci ty in the tangential- (al so
normal to the tooth surface) direction first; followed by a gradual change

in the radial (also ]
15 Reference is how made to Fig. 7, which shows the new profile of the

present invention. The profile of the engaging flank comprises three distinct
portions; namely, a seating (bottom) portion 211, an impact (intermediate) portion
212 and a distal (tooth top) portion 213. The 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 OpcC and centre Ogc, while the distal portion 213 is yet another arc CD of radius
EY 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 minimised 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.




parallel to the tooth surface) direction. As the direction of initial

I npact Vsn is 5 coincident with Vt, there is constraint to trmar%gggpzﬁply
tangentially, and not in the radial direction. The roller is allowed 't
"roll"™ into the seating position gradually over a prol onged inpact i
duration, thus | essening the inpact noisBt-It transpires that there is an
added benefit of reducing transverse vibrations due to polygonal action.

10 The design of the profile beyond the inpact point 114 is constrai ned by
two conflicting requirenents. On the one hand, there is a limting profile

whi ch:may not e ded l.est the di sengaging .nmechani sm. s, inpeded. .On

the ot oy hand, TheBERE gkt S2ba A dheiod S it ise Riticelh AT Rl 6

exceeded, afie te@Btsurfackp drebNS firstNRIlodes [BhaapReACRMgR’ i thBNadRl (alkBese

requi renents are found to be satisfied l;K %rowsmn of an arc BC at the
As

i mpact por tREHlel dettbadtosth sugface) giecliom e dikgstion keft inial dmpest Vsl isr

deot o Foto TR VE Sl ERinstr R A plller i OB YBINE HELHGER. BT
bel ow t he Iradial Qitebidor; oThie edligrds talleowadotA AT B1ld the taating bditsen fhatuallyhe

sprocket pitch should be slightly | onger than the roller chain pitch to
account f oPvet ReProlangadeineRad dvagtiony thes tessaning e inapet, nelsay Krisanspiresor

i ch' meang dnaer sk FPOEH (AR of fod it RERb HesPAMEHRAS duelth ddhal.

than the raktiem. chain pitch so that they 25 can match each other during the
~engagi ng process. As a corollary, the pitch cycle radius 0,01, wll be
simml | ¥y than the JI'S standard to accormpdate the smaller sprocket pitch. .

The di sengagi ngTheaddsi éf‘fh‘é'%’ﬁ’(f’:i% d@ea{ﬂthgithb%ﬁlpébﬁpﬁh?ﬁlﬁi@q%c&%t@n?q tB?ﬁJgBi ed

30 tooth root radius and a re h cycle radi us. ere 1s
necessi ty tonflicting réguiremetitsi Oatthe npediande therpas & linsiting prafie sitder sdydhwoti ng

di sengagenent ., an symret.rical .profile based.on th ew profile onl

"t or for o6 D 1R RSP S0 "ol egsnistaas jnpeass. OB SbareRtcd

profile of chAfnRsRS UfrvatIRE WillORed it tiRUherbfifeC bR Qbkceeded, at least if
15 conventional design approaches are applied. These requirements are found to be

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 04,0, connecting the two adjacent pitch centres. Thus, the

sprocket pitch should be slightly longer than the roller chain piich to account for

the tensile deformation in the roller chain, Conversely, for the new design, the

impact point is now located above the line O4,0,, 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 the engaging process. As a corollary, the pitch cycle

radius O,0,, will be smaller than the JIS standard to accommodate the smaller
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




favour abl e aspects of the engaging and di sengagi ng fl ank design. For

I nstance, the |SO standard -on the maxinumroller seating angle a need not
be conforned to in the new asymmetrical profile. 5 The met hodolpgygrg ot he
new profile design is outlined herein below as a. step-by-step procedure:

1. Draw pitch circle with radius R,'=H_Rf~- AR, where AR is determ ned
from 10 the tooth radius R and roller radius R 2. Draw a circle with
tooth root radius R and the centre at 01, where Ris slightly larger than
t he rol | er Preafisgs TRe. agyswaetricel peofierpf #)e pregent invenliohdd thus ablento explodl Rr

+ 0.065(2 A Fl t t line OB of the aboye cirgle.t

deternine (NEUSHEAPeR bl e BRGEGhe' 4tE olsenfiaotyy KAk Hubhe Far istence.

i ntersect YAd [BOaRARIHENSH thd m2irkRGoibr EBStindPandlealy rR@daict i EbnfoRdbds
OBCB and centre at OBC. 6. Determ ne point according to JI'S standard.

7. Plot |iteindbeasey asgmeatdeal profileo i ntersect with above curve BC at the
point _ 20 C 8. Draw arc with radius OCDC and centre at OCco with the arc

i nt er Sect | ng with the outer circle 118 at point D. 9. Determne the
profile of the ghaenasdiditbdy Rrkhe HevhpreHleidegignlist AiRline® MeldiRtheldw as a
standard in which sprocket pitch is snmaller than roller chain pitch. 25

Ref erence Btepbyvstaiierosadureco FIG 5, which gives a pictorial conparison

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, WDrh® sidhi ¢irdié Reth rRIeReNE R heaRodvhéRAAR! iS d¥tefrhinedddom The
primary distinction of 30 the new profile is the addition of a portion 220
rout e engtlis iogth ratius Risndrolleneadive® fied JIS profile 217. There is little

rmé' ficati gn tODtrQ\ﬁ 2 rc?ljclel \?vitﬂf totoﬂle roc%' PR gﬁdft gn(l;(enjfrleesat O4, where R is
slightly larger than the roller radius R; . [See, for example, Fig. 7 in which R = O4A
=1.01R; + 0.065(2R,)"? ] B

3. Find the tangent line OB of the above circle to determine the tangent point
15 B. _
4.  Plot line O4 B and extend it to intersect with tooth centre line OOgc at Oge
5. Draw an arc with radius OgcB and centre at Ogc. -
6. Determine point O¢p according to JIS standard.
7. Plot line OcpOge and extend it to intersect with above curve BC at the point
20 C.
L3 8. Draw arc with radius O¢pC and centre at Ocp with the arc intersecting with
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 litle modification to the profile of the
disengaging flank 116.




26SEP2006 * -16 Thus, a new and inproved tooth profile for a sprocket has
been descri bed which reduces noise during the nmeshing process, :i dﬁphozﬂ

has been corroborated by finite elenment analysis, as well as by ﬁr @Spe
testing. The -experinental results showed that the particul ar sprocket
tested having the new and i nproved s tookéh profile of the invention reduced
the systemnoise froma level of 90.82 dBto a |level of 86.33 dB. This
represents an approx. 5% reduction in systemnoise. Although a specific
met hodol ogy f or TBuawamgew bad timptdved tobth prdfies fdree spieket hbs deentdassribed

ible to,mak dificati,or t hat. met hodol i t 10 d ti
From the SO RSRCER QTR BN e SehiRBREss ol LIt esherd Seraparatete
di st al porb'y%iféwéfﬁemoaﬁb isOYad RS ad Y tordtoiPe] teatinhaNdRy Sxpsiimenta
slight shift in the location of Ccp is not deered to have any

si gni f i canresultsf shepvad thattthe particar spiheket tasted basingsiine nev Arsbinapreyed, it

ill b t t hat [ |, t [ d/ dditi [
par ti dul ar EBNSPPTE She INET PP sRguFERnech AR ais TRLA IR o BoidZ%8 e, e
of the i nyagydl 8BIFTYHBUThY rdprchbesn %Pr&@SW@E&ju&tithByﬁéﬁﬁﬁéiéég from
the spirit or anmbit of the present invention as defined in the appended

clainms. -17- 2 6 SEP 2006 Cains: 1. A sprocket for use with a roller

chai n having a i ~serial l opne r ' 0
conprising: a p?‘ﬁﬁgﬁgtﬁfo %Pgbggt egk)gééoﬁ%’a@r(&}aagnéﬁ%%gg" g’géfﬂ%ﬁggrsygg ﬁér eof
for drivindestiiageniens posdibleheo robker modificali®ds ttootitat Ofnetisddbld@e tithauti ng
a tooth profile including an engaging flank adapted to contact a roller as
g’h' t Yol | eflenailivg fremdherfpidicfcthe v enticsair@r sixampia: thenarc esitre Ognpfdhe
i-Sengagi ng; 4 [ [ j f S jj@Ned : j

it e oo koM IR REARBIHLAR Wl ol sRar, A0 dh Slont

I'i ne tangeshifitin thelifcatiorcof @gpSeabt dgepedt iodmavef ahpsignifidamtipreffacteonvthech
tangent line i ntﬁrsects a center or rotational axis of the sprocket. 2. A
sprocket aBESRIPHYCHR BIeEPANEM.wherei n the engaging flank of said tooth -

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 dep_érting from the spirit

_...orambit of the present invention as defined in the appended claims.

el e’




profile includes an inpact portion adjacent said seating portion, and a
distal 15 portion adjacent the inpact portion, each of said sezb ?
portion, inpact portion and distal poriyon of said engaging fla Sg c}ﬁqﬁl e
conprising a circular arc defined by a radius and an arc center.

sprocket according to claim1l or claim2, wherein the inpact point on the
20 engagiGlainfid:ank of each tooth lies above a hypothetical |line which joins
an arc center of the seating portion of the respective tooth and an arc

center of t he seatln ortion.of an adjacent, tooth. 4. A's

ccor di ng-t o & SPAYSRElFRr b Vet sl S5ER hATE Fslico SR (Sneeralyang
the seat iga@nBered flle®s, thig §|&%ﬁéﬂ@ofﬂpﬂi§ﬁtg Od IplGEmBL BF Xedtht B @(ﬂﬁi apatther .
5. A sprocket according to claim2, wherein the inpact point is |ocated

wher e5 t soundacReribery therpoef fes drivingsengagegnerdrwithoine Bdless, ak legst reeef

2t the 1 e G By 2360 ot Bl Bh SnabBio iy AR P ERbtER ' o
center ofrouétea§elaz§t ralepandvemind drivagesre clitty 8aidoat ledshiopeotooti) eandrpact
point, and the _radi aI center line of that tooth. t$ 2 6 SEP 2006 7. A

sprocket dizengaging, fiegke wharem sakeesgagingelianisthas 3BripRast jRaints at Haitizlpact

por ti 0N Qlnd e EHEIAING LGN 'e ifiphAAYHEBeBCbERAMPAL IR idilont 1913 Whi ch

ext ends he arc center por I'on and rc center of
t he iwpadirculasrgeiating veutioh iofitles $eath proflecwhiok tangent liné intbesectppacienpar ti on.
5 8. A sproc to ck|m7 wherein the circular arc of the

ag.t accar di
di stal [ErPIARNE ’Ft?r?£ SRICCEA- outer circle of the sprocket. 9. A
sprocket according to claim1, wherein the pitch of said sprocket is 10

smal l er than the pitch of said rollers. 10. A sprocket according to claim
9, whereii t heA tsprddkepraatoiding $o eymret wherdin thandgaglagdlaﬂcnqamidgotﬂmnk S
desi gned usjng, a rH)dIfled tooth r.oot r.adi us g rPItCh circl %dl us of
sai d sprdE'Rﬁ es an impact portion adjacent sai seatl g portion, an istal
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 center.

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

seating portion of an adjacent tooth.

4, A sprocket according to claim 2, wherein the distal portion, impact portion
25 and the seating portion of the engaging flank join smoothly with one another.

5. A sprocket according to claim 2, wherein the impact point is located where
the impact portion joins the seating portion.

30 6. A sprocket according to claim 2, wherein the arc center for the impact
portion lies at the intersection of a hypothetical line which extends from the arc
center of the seating portion of the respective tooth through the impact point, and

- the radial center line of that tooth.



11. A sprocket for use with a roller chain having a succession of serially
connected rollers, said sprocket conprising: a plurality of teetg Siﬁalﬁ@d
apart around a periphery thereof for _ggiving engagenent with t |Fer s
at least one of said teeth having a tooth profile including an engagi ng
flank adapted to contact a 20 roller as that roller nobves into engagenent
with sai @.at |lAeaptocketacomting ndaimn 2dinhengadghedgidtbbpdrtionaineitine sapact

engagi ng fl ank ppcludes an_inpact point af initial n ement, With

Folter . i b SidRaIRe Bank ot rdbcatn Bhete's hxgemetitd TBRoNueR XehdRni mum
initial iygsaebnafd arcobasterlofcihangiidl pdrien P td Yrdfcentdrdof Hd @hpastch
that said change of velocity in-the tangential direction first, followed by

a gr adualportor werkkintersepletheaaiicalargire et theompaghgowios: ei n sai d engagi ng
flank includes a seating portion, an inpact portion and a distal portion,
each &f said seating, inpact and distal portions conprising a circular arc

defned . a 'RAUNSIAacibrding (P ldiin 72\ herbiC IR dirblRr |4FRAGH RO\l S

| ocated in the inmpact portion-of the engaging flank at a tangent to the
ci rcul ar portionterrieatesat iangyier cirede of the sprocketgent i ntersects a center 30
or rotational axis of the sprocket. 12. A sprocket according to claim 11,
wherein the inpact point on the engaging flank of each tooth |ies above a

hypothetigal |Ang¥bidNadrimgt fF cBlith € I tHd pitett Sof €8d eRa5;
seating porti onr%‘){ t he aF‘esrgectqi Ve 00t h’ an}gér?ﬁet 5{1?' Center ofsglt?rﬁe Seat i ng
portiion cfmalier thal) dvepitch obsdid rdlBers A sprocket according to claim 11,
wherein the distal portion, inpact portion 5 and the seating portion of

the engaging flank join snmoothly, preferably tangentially, wth one

anot her. . ' : | &l 0. ' ; for
the 1 mpactt” pds SPEroNer oBSFRG IS k] & ATl SRR IR, BarmiRthedl o
ext ends farahthéhdismngagivg flank e desighbe usiray anmogdifieti tootrofodtiradiussaredtta ve
tooth thrqugh.the ippac int, and the radial center |line of that tooth.
15. A spr%@%&'mﬁ@ﬂﬂ‘gﬁﬂ 35'3 SPIoGket11, wherein the distal portion joins the
I npact portion of the engaging flank at a | ocation where a hypotheti cal

| i ne ¥hich extends 15 between the arc center of the distal portion and the
arc centef1.of Ahsprooketcfor use with a roller chain having a succession of serially

connected rollers, said sprocket comprising: a 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
20  roller as that roller moves into engagement with said at least one tooth, and a
disengaging flank; wherein said engaging flank includes an impact point at 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
that said change of velocity in the tangential direction first, followed by a gradual
25 change in the radial direction; and wherein said engaging flank includes a seating
portion, an 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 center, 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 intersects a center
30 or rotational axis of the sprocket.

12. A sprocket according to claim 11, wherein the impact point on the engaging
flank of each tooth lies above a hypothetical line which joins the arc center of the




portion would intersect the circular arc of the inpact portion. 16. A
sprocket according to claim15, wherein the circular arc of the distal
portion term nates at an outer circle ¢f. the sprocket. 20 17. Qﬁsﬁf‘oﬁ] t
according to claim 12, wherein the pitch of said sprocket is mal 1 er than
the pitch of said rollers. 18. A sprocket according to claim17, wherein
t he t oot Iseatingipoetiors ohthemsspecthad tootl? andrttetdre cantee g dige sgatingpartion of
desi gned usi ng a r{Dd{'fied tooth root radius and a pitch circle radius of
sai d spr g¥kafiacany ©Oathehai n-drive systemincluding at | east one sprocket
according to claim1 or claim1l, and a conplenentary roller chain for
engagenent therewith. 30 20. A machine having a chain-drive system
accordi ngl3d. 0 & gprocket addordignet digich afl, deeranitng distapoetidketinipact porioaf i | e
for a sprock%t in a chain Prive system the sprocket tooth profile
i ncl u@i n@shtherRpagNaPartiom et Hiepraaging flank joip smoathly spreferablytgpgentialiys act a
chai n roly; roll er noves into engagenent with the tooth, and a
di sengagidﬁg{?ﬁiﬁbpﬁﬂé met hod including the steps of: determning a root
circle radius for the sprocket tooth to define a circular seating portion
for aroller at a base of the engfa_gi ng flank profile; and defining the
| ocati on T arf isPpREiEt @sicatdiag tg glaim 14, vdhrsaifethenaravcentes febtheimpacty | i ne
tangent tg f-he.cir r. i t { i S
|t or sectRohOH 166 i 1h8inBE st BPEBimettal it MAHE B Rt the gre
accorigi ngenterchfathen sehting ypartien of tred edipegtivd e ath ¢roath thefimpacigpsihe andnpact
poi nt on jhe enga inlg_fla k of each tooth as |ying above a hypotheti cal
line to A aF%‘?’H@ ine g hat &8y of the seating portion of the respective
tooth and an arc center of the seating portion of an adjacent tooth. 23. A
met hod according to claim22, further including the step of: defining the
engagi ng 138.ankA eprapketlatamrtiimgatoadiaie1 fswhereirmn theadisiairpaiongoinisithe imgaeicent
said 15 seati ng hporti on, and a distal portion adjacent the jnpact portion,
each of degrHion of the engaging flank at a location where a hypothetical line which extends

15  Dbetween the arc center of the distal portion and the arc center of the impact

portion would intersect the circular arc of the impact portion.

16. A sprocket according to claim 15, wherein the circular arc of the distal

portion terminates at an outer circle of the sprocket.

20
17. A sprocket according to claim 12, wherein the pitch of said sprocket is
smaller than the pitch of said rollers.

18. A sprocket according to claim 17, wherein the tooth profile is asymmetrical,
25 and the disengaging flank is designed using a modified tooth root radius and a

pitch circle radius of said sprocket.

19. A chain-drive system including at least one sprocket according to claim 1 or

claim 11, and a complementary roller chain for engagement therewith.

30
20. A machine having a chain-drive system according to claim 19.

21. 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




seating portion, inpact portion and distal portion of said engaging flank
profile conprising a circular arc defined by a radius and an argﬁc%rpt %
24. A met hod according to claim 23, fuppher including the step or: f1hi ng
the 20 arc center for the inpact portion as lying at the intersection of a
hypot hetical line which extends fromthe arc center of the seating portion

of the repeadtiavehdinablier a@nmxg’ouehmdvgpamo Pehagemertdyitth ¢he itial andat er

Line of that tooth. 25 A et acc rdl to clajm 24, further |ncluding
the step B¥engngingfiagks e "ﬁnaﬁgjdﬂ@é F@r QJ'J Qe&q?maamg. BrTosbieiClenat

the distgh i&%%g‘?ﬁ?’ls@%%eft Wé?ﬂh”ﬂ&a&éw&tézmlaroé dt eméﬁ'ﬂiﬁefr‘oﬂéﬂ‘aﬁfa a

| ocati on ere I ne ch exten en t arc center of
t he di st ebaspocuftmere@aglmglﬁaa}x @rmfielet and dtaflmhg theacationpafran enpaeipaint at
i nt er sect. tthF circul ar arﬁ t‘ F\ é)ort (%n. . . .

5 initial engagement with a roI er on tangent 1o the circular seating portion,

which tangent line also intersects a center or rotational axis of the sprocket.

22. A method according to claim 21, further including the step of: defining the
impact point on the engaging flank of each tooth as lying above a hypothetical line

10 which joins an arc center of the seating portion of the respective tooth and an arc
center of the seating portion of an adjacent tooth.

23. A method according to claim 22, further including the step of: defining the
engaging flank of said tooth profile as having an impact portion adjacent said

15  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 center.

24, A method according to claim 23, further including the step of: defining the

20  arc center for the impact portion as lying at the intersection of a hypothetical line
which extends from the arc center of the seating portion of the respective tooth
through the impact point, and the radial center Line of that tooth.

25. A method according to claim 24, further including the step of: defining the
25 arc center of the distal portion such that the distal portion joins the impact portion
of the engaging flank at a location where a hypothetical line which extends
between the arc center of the distal portion and the arc center of the impact

portion would intersect the circular arc of the impact portion.




