; €3eGY=GV44599pb=6=T=#06 May 2003 1 TOOTHED BELT, TOOTHED BELT POVNER
TRANSM SSI ON APPARATUS, AND BUSI NESS EQUI PMENT EMPLOYI NG THE SAME 5

TECHNI CAL FI ELD The present invention relates to a toothed belt, to a

t oot hed belt power transm ssion apparatus, and to business equi pnent using
such a toothed belt power transm ssion apparatus. The present invention
bel ongs particularly to the 10 technical field of reduci nggshgay 2003
nonuni formty of belt velocity, i.e1, the variation in belt ve?%0|ty.
BACKGROUND ART Such a type of toothed belt has been known in the art. In

t he past, toothed belts having belt teeth of trapezoidal 15 profile were

used. However, ,TBQ&Hém%EﬂshiﬁgggggatBﬂfT Bb%&?&mﬁﬁ&ﬁfsézbﬂ”ﬁﬁﬁﬂr%?ra”d for the

further reduction 1 n noise, S W thyy tooth profile having ank
surfaces of convex profhysenBay EdReeRewF GPeE6ehincOPGE sadpype of belt has now
been used extensively nowadays. One of such tooth profiles is 20 shown in
Japanese Unexam ned Patent Application Gazette No. S50-42252, which is
known in $he art as the STPD tootrecgwxdaLl eredhe ot her tooth profile is
shown in Japanese Unexam ned Patent Application Gazette No. S59-89852,

whi ch i s knowthen jrdeseatt iasebhiprHTE2ldtesoaioh pr abotieed Thertf,ortwer a25 t oot h
profile, i.e. , the STPD tooth profile, has been put to practical use (for
exanpl e) SUPERtHERQUELSYRNGRY BEtaNsmas piad LAripagh tBANDG CHEM BALLneRBUSTRI ES,
LTD.). The latter tooth 2 06 May 2003 profile, i.e.) the HID-1l tooth
profile, hase®E@EReRt sHsEAe P aet i twthade Hefldr rXwaT| EF2aPOMERIGRI P GT
BELT, a product of UNI TTA COVPANY). Further, Japanese Unexam ned Patent
Appl i cat i on IRPAERFRS Nothes PEgRe SAYCBhifls PRRar gt RBddsuiatidottRedh el t for

t he purpose of accurate |l qQcatjon drivye of novable parts incorporated in a
busi nesslorrac?ﬁcﬁ‘é‘}c?i{)r efelfﬁgci PT cAiqWC g RSwn PPRHEITGEREt Y7 °fa BRbtality of

belt tooth p\perltoicg S lll'e, 1€hQ var a‘%ioor}ll _ymotr,lgltoi,e oci;icth is shown in the
figure) are provi ed Al ong a | an Ine Y.

BACKGROUND ART

Such a type of toothed belt has been known in the art. In

the past, toothed belts having belt teeth of trapezoidal

15 profile were used. However, for the achievement of higher
power transmission and for the further reduction in noise,
belts with a tooth profile having flank surfaces of convex
profile have been proposed. Such a type of belt has now been
used extensively nowadays. One of such tooth profiles is

20 shown in Japanese Unexamined Patent Application Gazette No.
850-42252, which 1s known in the art as the STPD tooth
profile. The other tooth profile is shown in Japanese
Unexamined Patent Application Gazette No. S§59-89852, which is
known in the art as the HTD-II tooth profile. The former

25 tooth profile, i.e., the STPD tooth profile, has been put to
practical use (for example, SUPER TORQUE SYNCRO BELT, a

product of BANDO CHEMICAL INDUSTRIES, LTD.). The latter tooth
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10 LL of a main body 9' of a belt 8 at their fixed pitch. Each belt tooth
portion 11' conprises tooth root portions 12' forned of circularly arcuate
surfaces which are arranged symretrically with each other in respect to a
centerline C2 in the tooth width direction, power transm ssion portions
13", 15 13" formed of circularly arcuate surfaces of convex profile which
contiguously adjoin the tooth root portions 12', 12' and ar@6 Maya{fsd
symmetrically with each other in respect to the tooth width direction
centerline C2, and tooth tip portions 14", 14' fornmed of circularly arcuate
surfaces which 20 contiguously adjoin the power transm ssion portions 13,
13' and are a@mcdidged syemeth¢ dHID-§Iwiedthencdfidichehas rbgeespéed 2t tthe t oot h
width direction centerline C2, wherein these tooth tip portions 14', 14
are interconfEECEdcBy uFet A6PR TrEPles uPVERe CREP §¢BrBREd . of Bredumt ofrf ace.
When the toothed belt 25 8 is in static neshing engagenent with a toothed
pul ley 1', UHIEBANERMP2H¥3- t he tooth root portion 12' of each of the belt
tooth portions_11' sub%tantial CONes iPto contact with a tooth top arc

I
portion 4' of &'ptHFey ?88’[‘?158911%86%’“% oFns APRAECHOR) G8FP U™ MRe bel t
t oot h i 1! t | ] th 5 i 3' dual |
00 por 1’5I 0%6;{-%%?{loom%wgua?c?%%%c%%sesggof.)%ogthtedp%rﬁat:Oit:]or t r%r?ur%ps

i ncreases fromt oo 1onto oot i p por %/he bel t
tooth portion.11 gf\__q,g:t thapf 18 Qr rtion_ 3'
exceeds the %éfi éﬁ% of t Egc el%t ?go‘{%ggogﬁon)élkgﬂ%]nlg]tc%?é&b%%gr lgr

exanpl e, theppacksashavhife ! MerBULd&M £t 001 TY IROOMEWROLRI Plyute 19,15 reduced
to zero at the tooth root portion 12' of the belt tooth portion 11', while

t he backl ashpastinidie quiday ttoeth geponmspantiomi8, j.s (gradusid Yo ncreased
fromthe tooth root portion to the tooth tip portion of the belt tooth
portion 11' saithais tshewbeid theothgpeslt iaee gddvildepensoh®vAnantiheind t oot h
tip portion, thereby to suppress neshing interference between the belt
tooth potvi obL1d4f am@inheodpdt'hofop kald Bor &t orhedr Oixedeipahl efadtoot h
groove portion 3" for the reduction of belt pitch line variation due to
such meshi ngbeht ettbetenpertion Rigurecmprisepothotft oo9et f Pankiangr fe 20
portions of concave profile of the pulley tooth groove portion 3' are

assi gned t hefpEtast epk e CATRRIIILYS' arcqat g otSHIHRGBY eVibbth oATporLTHIISds
assigned the reference nuneral 6', and the pitch line of the belt 8 is
denoted by PEY™HHTEHALHY reSPof@sPt 8t h%e 1B FEAPETT ci% DfePHETHiRY &¢ 1' .
Further, 25 for_th I pQ of. providing _an easy understandin i_n Figure
206 Wy 20057 179 RECHLCAT Bt THFLar - darer obt SEAS Bt ey ‘4% s hown (1
expanded, { asiy Oy o h3ACLRCE M b §CabAlde e surfRAIS Jef UILLEE BRRYG. 1N 2

typi cal busi ness machi ne su
which contiguously adjoin the tooth root portions 12', 12'
and are arranged symmetrically with each other in respect to
the tooth width direction centerline C2, and tooth tip
portions 14', 14' formed of circularly arcuate surfaces which
20 contiguously adjoin the power transmission portions 13', 13!
and are arranged symmetrically with each other in respect to
the tooth width direction centerline C2, wherein these tooth
tip portions 14', 14' are interconnected by a tooth crest

surface 15' formed of a flat surface. When the toothed belt

25 8' is in static meshing engagement with a toothed pulley 1°',



a printer and photocopier, a character printing (including 5 printing of

i mages) device making utilization of a toothed belt power transm ssion
apparatus is used widely. In such a printer, a carriage carrying thereon an
ink supply and a printing nmechani smsuch as a hamrer is attached to a
toothed belt. The toothed belt is wound around toothed pulleys and 10 the
pul l eys are forwarded and reversed to cause the carriage to ég&%p(ﬁggte. I n
order to enable the carriage to provige inproved printing ag %

image quality, it is required that the nonuniformty of velocity of the

t oot hed belt when traveling 15 over the pulleys (i.e., the belt velocity
variation) betheduced ASod @WrasoAesi b &acRabtiaid aehy, tdh bHherGage of
printers, there have been made rapid inprovenents in color printing, color
printing speed:UpsussdaqtiPrint ddr@squaltbt vontdde e ng sddrhatiopn aieel ocity
nonuni formty caused by 20 neshing) of toothed belt may cause printing
nonuni f or m t ypandionmageofhanyuilfiey ntdoth geoddratporhese Irav@hberscisiashng
demands for the reduction of the nonuniformty of belt velocity caused by
meshi ng. For ¢hetkaseelf eeptipremrtipor lbiskhesBeupeliechtastia Gpopgei nter, a
t oot hed belt, such as an STPD toothed belt or HTD 5 06 May 2003 |

t oot hed bett P<P1”st1@6n=?mrﬂr)?du§é@’ J\Nﬁé?ﬁ?ﬁ tfﬁemt'b*tﬁ foprl cirotspeetiasetow 3 mm
(for exanple, either 3 and the tooth has a profile
which is jUStth §€€F€d6ﬁ@1?ﬁrq?ﬁé PBOYW? ﬁFﬁFlF%P?H ROETE4P? vhl 'y 3n4r §Bet oot h

tch h tch Ho th t oot h f
er e orig nifw ?“voeﬁ OB PITactr e %ooasﬁ%‘i%%%sﬁisqx%ﬁe heBhi ch no

schenme to ne et % or tgﬁ:rggH%;|0n5?§ Qg no un;og%gé%X%gTFV€IOC|ty

was taken |nto ébn5| erati on at arl oligh™ t f the

foregoing prigr,gnt, (tlsho b4éRfon ‘é@?hptrn%o%fﬂe;} %%b@ﬂxgiz@o%af&%i% she

occurrence of bel't velocity nonuniformty to sone extent, alled to

provi de & q 00{ HaRAELd & PREFFUM f1ie tBELH GAdE! ¥,9&1Q>fn hhe ponyi feiamity of
velocity. This prior art technique is 15 therefore unable to reduce the

nonuni for m t yr@fnbgbit el Qait ywhor 5i4f folaek Bl @4kBNkne | puihiagt tobid tl e
research in tooth profile has been done for the reduction of toothed belt

vel ocity nonutoboenbdnrioBear i ng draduhily tiheraboae frohetps esenth roventi on
was nmade 20 by the inventor who intensively conducted anal ysis and
experiments qerraenots flecttoroshcanpt peotiiong of tbet hepr ofadtd @braidroot hed
belt for use in equi pnent for business use or the |like. Accordingly, an
obj ect of thellgr eéfenthatnidgt ikeAdti $opdh r et N 'ndTAPSEF otATETA ofhea oot hed

bel t veIOC|ty as | ow 25 as possi bl e.
tooth tip portion, thereby to suppress meshing interference

between the belt tooth portion 11' and the tooth top arc
portion 4' of the pulley tooth groove portion 3' for the
reduction of belt pitch line variation due to such meshing
interference. In Figure 17, tooth groove flank surface
20 portions of concave profile of the pulley tooth groove
portion 3' are assigned the reference numeral 5', a tooth
groove bottom portion is assigned the reference numeral 6',
and the pitch line of the belt 8' 1is denoted by PL, which
corresponds to the pitch circle of the pulley 1'., Further,

25 for the purpose of providing an easy understanding, in Figure



6 DI SCLOSURE OF THE I NVENTION 06 M ay 2003 In order to achieve the
above-descri bed object, the inventor conducted research. The research
result had shown that, for the case of toothed belts having tooth portions
5 with convex flank surface portions, the flank maxi mum pressure angl e had
consi derabl e influence on the nonuniformty of velocity. This factor had
not at all been taken into consideration before. That is t 3@%1 b@
conventional toothed belts having eifher an STPD tooth 10 QP Yg ? an
HTD-11 tooth profile for use in high power transm ssion applications) the
maxi mum pressure angle of the tooth flank surface is set low for the

avoi dance of ,t,0 j i 0 i dur i i roir 1 SSi 0

operati on. F3% gkgn% e, ggF1%%H%+PE? %5thgrg*%ﬂgﬁaﬁgsé f%gt o%?t% is 15

between 1.5 mp,aRged AsAdn t B8k ERK JIRYI MEnppiesgure angle is set to fall
in the range between an angle of 14.2 degrees and an angle of 14.4 degrees,

while, for an kKghrt leropothe Ribebe] einMa0sepiRal BuPiddy RetnaRN stk 48n and 3.0
nm the flank maxi mum pressure angle is set to fall in the range 20 between
an angl e of & prdegeeesn@nghavcapgée, od Shdrategreesinfind h@netbeindrand, for
the case of toothed belts that find applications in equipnment for business
use, theysar erdntiren amderageeW peware tmaknisgl ssibizatdndi bf oas todtresdef or e,
there is alnmobst no need to take into account belt tooth junping. The 25
research restkltbyovdre tirapentssiiosheppardtays ttheusehunidedym fy such @6 May
2003 of belt velocity can be reduced to a considerable extent if the flank
maxi num pr es®Gietengl @ FIrEEGet FAFAYINT nthekeoparfe ét weP1dn aadglae of 15
degrees and an angl e of 25 degrees. As an enbodi nent of the above finding,
the present BTiPtAR MR GBSP 2% Sot'RBHCHetS AMhRErLE diip i §edthedbel t main

bod ith itch Li i t il nb i dded th i d
olurality of BbFT TACIOBBRRI BRLS i DuTeid AEOR | SRITR, ERLLRY=a nd |1 ne
of the belt gpln,body, EACholoLRS heldl (LOGLALPYL!LANS, GQIPLLEES,JL00tN T oot
portions Tored of cireularfy” ar cuat 6 SUrtaces Wwhich are arranged

symetricall y,wdh eaghpther in respect to a centerline in the tooth width
direction, power transm ssion portions formed of circularly arcuate

surfaces of cofwvexRepfidee whhel: CoRbi giRWshye adjo0i Préditiet OOhtrdvaaQt
portions, lie at flank surfaces of the tooth 15 portion, and are arranged
symret ri cal | grimdimgeacbuddyeand ninafpaoblity t he tootdyuardihtghy eaki on
centerline, tooth tip portions formed of circularly arcuate surfaces which
cont i guous| ynemljrdifnrihey povee Lbeays Rifs shentgohedobsl andear eravalanged
symmetrically with each other in respect to the 20 tooth width direction
centerlihb®, aver atheothlieest (5u¢f.ackhe belt velocity variation) be

reduced as low as possible. Particularly, for the case of

printers, there have been made rapid improvements in color

printing, color printing speed-up, color printing quality.

The meshing vibration (velocity nonuniformity caused by

20 meshing) of toothed belt may cause printing nonuniformity and

image nonuniformity., so that there have been strong demands

for the reduction of the nonuniformity of belt velocity
caused by meshing.

For the case of equipment for business use such as a

25 printer, a toothed belt, such as an STPD toothed belt or HTD-



formed of an approximately flat surface which interconnects the tooth tip
portions) wherein the maxi mum pressure angle at where the power

transm ssion portion of the belt tooth flank surface and the tooth root
portion are connected together is 25 between an angle of 15 degrees and an
angl e of 25 degrees. 8 06 May 2003 At the time when a tooth portion of
the toothed belt conmes into neshing engagenent with a drivigqgéigg éooth
groove portion of the toothed pulley, such engagenent of tQ Y Pooth
portion with the pulley tooth groove portion takes 5 place at a | ocation
whi ch is sonewhat delayed with respect to the location of the pulley tooth
groove porti e t i C f torque, that i I i ed.
COnsequentIy?edﬁﬁgggaf?gﬁ' Egr#Q%%Mg? %ﬁ%Lbgﬁgg%%bfﬂgp%??%oﬁkﬁﬁgﬁgspect to

the travel i ngedi §&Gh] QNmhS (£ds Siahp PHIN: thBE O3 CARNL 8CTMM bR @ o Guif)l ank
surface of the pulley tooth groove portion. Thereafter, the belt tooth

portion slidgggitHed thBen MHd @y pkopile GhOOY e POkE0A. sAl1chBle 4 MRe at a
span of the belt (i.e., at a belt portion that is not being wound around

the pulley)) tbhen heldeipet 60 kéneiRavesiavyd iwalthy pibci shdtecdd anmpor mal to
the belt 15 span, resulting in the occurrence of nmeshing velocity

nonuni f or i t pitdherahountpicthverti cal novenent of the belt pitch line is
determ ned by a reaction force produced when the belt tooth portion slides
into the pul |l eiowegerh drasevecpdr irefil tasd ware orpiorneatlofdeyebepdd ttensi on
force produced when 20 the belt is pushed upward by the reaction force.
Because of tW#f%, il idRe POYAT atTaPHLEEIh By edishafof Fehftehdpaerect
meshing position of the belt tooth portion and the pulley tooth groove
portion, thed®eANds; ER%i Ghef BPERFISRpOhette dBEFEHEEI™ thetbYelaFdFBasi ng t he
anount of upward nmovenent 25 of the belt E'tch line. In other words,
earlier cont%titigeniintogceBsRF22603 4tha i)el t tooth portion with the
pul l ey topoth gr.Qove portion results. in_greater velocity nonuniformty.

Ther ef or (P [ fqntlﬁ‘eou tEitrlpuem 8?%%%&&rbéﬁ§naf geltr}es TSRRPTIs plr# haérl{c frsl\g/éﬁti onal

tooth profil ?@ﬂt)h%st rﬂ)@‘??gﬂiﬁc{glﬁ%gminttge agglb\gntS {lgaolt &J&&@K&é UBE ace with

the pulley tooth 'groove surtacCe takes place early (see Figure 4(b)).

On the ot herpdiandyeiickithe nBRXATRIARESSSHN @oRBIlegthSe Seic| 2b98La 1 Po
conmparison with the conventional techniques, this delays the contacting of

the belt tooptbfikanie SiooftACerefile t Bt muml eaprl GHeOMdaugt oatvVeof | aRk surface
(see Figure 4(a)), thereby reducing the nonuniformty of belt velocity.
nonuniformity of veloclity. This prior art technique 1is
15 therefore unable to reduce the nonuniformity of belt velocity
to a sufficient extent.
In fact, little research in tooth profile has been done for
the reduction of toothed belt velocity nonuniformity.
Bearing in mind the above, the present invention was made
20 by the inventor who intensively conducted analysis and
experiments on various factors constituting a tooth profile
of a toothed belt for use in equipment for business use or
the like. Accordingly, an object of the present invention is

to reduce the nonuniformity of toothed belt velocity as low

25 as possible.



However, the maxi mum pressure angl e cannot be increased excessively and if
t he maxi mum pressure angle is too great, this wll not reduce the

nonuni formty of velocity; rather 15 the nonuniformty of velocity
increases. That is to say, as described above, the anmount of shift of the
belt span is determined by reaction force (produced when the belt tooth
portion slides into the pulley tooth groove portion after Rﬂf

surfaces conme into contact with eachyother) and 20 belt te Mﬁyforce
conponent. However, at that tine, if the maxi num pressure angle is too
great, then a conponent of a reaction force in the vertical direction

(i.e.) in the direction nornﬂ ﬁfﬁﬁe &e%h gduced when the belt

tooth portion slides into the pullTey too groove portlon 25 becones too

great. This wild, ngisal ! qw tashpe%t 00t N RQLL HOLkr1vEE Oﬁbf@y 2003, 1

snmoothly slide into the pulley tooth groove portion, theretore pusﬁlng up
the belt pitcihveh@srt Qohdifdt@as @ekderdion il %abaycrpfré/&mc'htaﬁ shB§n anal ysis
result obtained by the inventor shows that an 5 optimal allowabl e range for
t he maxi mum piRssurcerangke chse bet Weestiva ajeghke @hvidy degs@eSpadoRs angl e
of 25 degrees as described above. In conparison with the comonly-used
pressure anglwithangenygdet i@enk arsuatigbe alortdols degihees faatk amagghe Of
14.4), the present invention is able to reduce the 10 nonuniformty of

vel ocity nor eereffucre i veingle Furtidder , coheidearbhaim pnédsene: angine athevhere the
power transm ssion portion of the belt tooth flank surface and the tooth
root portion repenétrmEdvedtt ggbedidy -i Fhbet fretrrakagngos ef 28ldeerres and
an angle of 23 degrees. Furthernore, the 15 maxi num pressure angle is

bet ween an art§k&nof 1A% déﬁ’l"éé@e%%n B#fTE - of THIL delgy ed®. AdYa risult of
such arrangenent, the nonuniformty of vel oci téﬂcan be reduced to a further

extent. The Wégﬁﬁquﬁen’f‘?%ﬁeﬂr s B3V nBUH1SE t 2B onpiisi RPE: bel t

in bod th tch | Wh t | nb i 0 nbedded
Therein 380 £2F4Ph 51, =br gl t%°o%r*ﬁ'aﬁorre??o%§f%$ oUF el ali 4§ PREF pit ch on
a land line Qﬁﬁﬁgﬁl&ﬁ'& OBLIY ?S!an E Rfaxiln.?n ??L,Es\ho th RQrE# %

conprlses t oot root portions orned Cclrcu Yy arcuate surfaces which

are arranged3ypmekiinal dorrukbhigaghe omﬁrfw fRSPRAGiahRc@ eb £&stherline in
the tooth width direction) power transm ssion 11 06 May 2003 portions

formed of cifedpatd Yodhedahe SuinaCesgRf pewdty eorapki 4 R nMbipeRacdH.i guously
adjoin the tooth root portions, lie at flank surfaces of the tooth portion,
and are arramgedesywpiet,r ifoal iy SWADh teath mtdTeilei whosspeotht pitdre ifsoot h
width 5 direction centerline, and a tooth tip end portion fornmed of a
circul arly abeteten slursf aoeanhi P imn.s¢bpr blanke azsmun presespcenIresite t he
power transm ssion portions and whose center point lies on the tooth width
direction ceAfef®t ne® LRfér &1 Fheh&E2RE&i MATHERT s GPE1aY] e 4af AR¥Te®sSt he power

transm ssi on 19 portig, of thg pell Looth Llapk syrface,gpd g he figoth root

profile whose tooth pitch between 1.5 mm and 3.0 mm, the
flank maximum pressure angle is set to fall in the range
20 between an angle of 7.5 degrees and an angle of 8.1 degrees.
On the other hand, for the case of toothed belts that find
applications in equipment for business use, they are driven
under low power transmission conditions. Therefore, there is
almost no need to take into account belt tooth jumping. The

25 research result by the inventor shows that the nonuniformity



portion are connected together is between an angle of 15 degrees and an
angl e of 25 degrees. Such a tooth construction is able to provide the sane
effects as above. Further, since the tooth tip end portion of 15 the belt
tooth portion is defined by a single circularly arcuate surface, this nakes
it possible to further delay the contacting of the belt tooth portion with
the pulley tooth groove portion in conparison with increasiggpﬁnlé hge

maxi mum pressure angle (see the virtgal | ine of Figure 8). A% 6P ngly,
the nonuniformty of belt velocity can be reduced to a further extent. In
such a case, the maxi num pressure angle in the toothed belt is between an

angl e of 16 degrgen ANdoaniangle of 2,de0nees SFHELASL LG T

pressure angle i s between a angle of 17 degrees and an an

degrees. As arpespldnk mdidlfh YRYsARQ3 2961 SUGH 3@t £4 N1t B eﬁg%ﬁrggﬁrm ty of
velocity of the toothed belt can be reduced to a further extent. e

present invenbé@peRl aXi &80 8ot 00 RiRdrb&d tanROMErardg1aNss SSiaegrappar at us
conprising a conbination of any one of 5 the preceding toothed belts and

t oot hed pul | eysasach hawbdtmanpl us@l ithy Ohbpid | €yndDOd,h @greoOvVerda@nii ons
which are provided at a fixed pitch on a pulley outside dianeter |line. Each
of the pul3 eyitwcotthogrmomdper4 i teshed iplitsesidioobhptigesancopbr tiadans f or med
of circularly arcuate surfaces which are 10 arranged symetrically with
each other inbedspdeh gopiichedire |9mehiphthetansdlety membeveini eltfeddiedect i on,
tooth groove flank surface portions formed of circularly arcuate surfaces
of concave prBiegednnARE R FIERGLBU STy PEYF ofIPthhBeoF bists PEpVEted pér &i ons and
are arranged symetrically with each other 15 in respect to the tooth
groove wi dt h EX&EcPLET C8ntetithdirandf $heobtH JroBVRHot E/FR (ir then

provi ded so as to inger connect the toot h6gr oove flank surfaceﬁlgorti ons. The

bel t tooth poftitorf°RA8 PYEMICSuFrPIRES S RhEE_ M hriotat &oF it AREraPfy t he
that of_ fl t . pul | t ion.
sane as tha &rcfulrgpﬁ Sa&rctﬁgg.ss@facggegl?llc%g_ %%’g%?é)r%dg%%gu}{%xg{%é;ifg whi ch

Further, Tn a powe ansm ssi on sta a r S

the toothed hgld, bscivound-aipund the {pat begd o4kheys, and @ocsﬁﬂ%iiteﬁhforce i's

applied to the toothed belt, the pressure angles of the belt too portion
flank surfaceyigRdtide, PdWety tranthiHieaVgortider ttboked | éhke StHigeey at their

respective locations in the 13 06 May 2003 tooth height direction are
made appr oxi redcehye espuslacek® €fCdbnvex profile which contiguously adjoin
the tooth root portions, lie at flank surfaces of the tooth
15 portion, and are arranged symmetrically with each other in
respect to the tooth width direction centerline, tooth tip
portions formed of <circularly arcuate surfaces which
contiguously adjoin the power transmission portions and are
arranged symmetrically with each other in respect to the
20 tooth width direction centerline, and a tooth crest surface
formed of an approximately flat surface which interconnects
the tooth tip portions, wherein the maximum pressure angle at
where the power transmission portion of the belt tooth flank

surface and the tooth root portion are connected together is

25 between an angle of 15 degrees and an angle of 25 degrees.



other and a belt land portion cones into contact with a pulley outside

di aneter portion. As described above) if the maxi num pressure angle is so 5
increased as to fall within the range bel ow 25 degrees ( preferably )
between an angle of 17 degrees and an angle of 22 degrees), this delays the
belt tooth flank surface to cone into contact with the pulley tooth groove
flank surface, resulting in reducing the nonunoinormty of bgl t velocity.
10 G her than this) even when the preﬁsure angl e of the belt 5(%@3(129%?’ti on
remains small as in the conventional ftechniques, it is possible to
geonetrically delay, within the delay range of the pulley tooth groove
portion with regpe t h | t tion_dyri oW power torque
transm ssion, the %e c%rr{{eag?ﬁga g%g?{zlgp%g{ltont %%tt#lef Incgﬁkhes%rtfee}&ecﬂﬁ‘?% t he
pul l ey tooth gheevewekhank sHii by Skt ing p x| ressure angl e of
the pulley tooth gr ooveﬁ%ortiéogn%%nrml l'er tha[;nd%ﬁgitngg?i{%gltg%ﬁ footYf
portion. As desctidedmbome,tootnédepnmel, MU, g5 e |l -0 e ul | ey
tooth groove portion is nmade 20 sngil)l e)rélyt hanglghifd%)g%m'?ﬂg feI {Ch% oo'?lrlgc
portion, thentbbeh backtiash wehwesr theaikel ttdoent rBevd i go-alh thg Jul | ey
tooth groove portion gradually increases fromroot to tip. This Is the sane
constructi ®n Biagh@inai koadtdopryttichans $@cihagues (ayBd Unestarengs. Patent
Application Gazette No. S64-74341). 14 06 May 2003 However) the

i nventor' s reS®r E9Fafiofis o hake | pulley rtarithuorpres poreiamngbecniset he pul | ey
t oot h groove Eort_i on is set_smaller than the maxi mum pressure angle of the
bel t tooth pot?§ offiPRPES | ML ritedesoraRe ndMiniiSorpbliedf Opakegidntlief the 5
belt. That isa;{ 0, SaY% V\Qr:n the maxi num pressure angle of the pulley tooth
groove portion i ‘st NeTITERSE Hh e PRkki FAATNpPeSEAPe 1angtpastt the bel t

tooth portio t hi inly delays the contacting of the belt tooth flank
surface wit hn% eehcﬁélvgg{ﬁfg&tr %Cblroéloég %f"éshtkobéfﬁf"f’%"ce‘f“tﬁoﬁé‘(?@?t tH&hpel t 10

tooth flank spihacguiSadar ' tact. not with the pulley tooth
groove flank surface but \g\nytgﬂ%et hgi?%}gt ot%gpgléor"(‘:’ep%?’ﬁl(%'(g TFEEGEFe 5(b)).

As a consequediee wfitSWebtiOpdAGhn theade! 10 jon is pushed up by
the tooth top arc portion o thenpul ey t' oot hqé?ogggeﬁ’oﬁolooﬁ) 9%8°Y%hat the

belt 15 toot lpopaibh oMt Shunadie, t O YRELAI ¥ Shedfei Q. Lhe pull gy, tfooth
groove portion and the belt pitch line is pushed up, resulting In

i ncreasi ng t erhbeminitacr it yoofbeual ovbing asuidierHet Bei1dand tnacgordi ng to
the toothed belt power transm ssion apparatus of the present invention, it
is 20 arrang@dtshchinchapveheeptéssidive iangldiseotidthachht dt0@hb mort i on
flank surface and the pulley tooth groove portion flank surface at their
respecti Ve | GBARi orReSUdtirg tidot khpei epmurdenest iafn meshimade vappeiny mat el y
equal to each ofher, Sﬁ that the belt tooth flank surface cones into

uni form 25 cORtAct WEAYt & HuT1o8Ytt 88t HegE Hrite TOVERR S L9F athe  bRIits

pitch line is determined by a reaction force produced when
the belt tooth portion slides into the pulley tooth groove
portion and a component of a belt tension force produced when
20 the belt is pushed upward by the reaction force. Because of
this, as the contact position moves away from the perfect
meshing position of the belt tooth portion and the pulley
tooth groove portion, the belt tension force component
decreases, thereby increasing the amount of upward movement

25 of the belt pitch line. In other words, earlier contacting of



15 06 May 2003 allows the belt tooth portion to snmoothly slide into the
pul l ey tooth groove portion (see Figure 5(a)). The belt pitch line will not
be pushed up) which considerably reduces the nonuniformty of velocity of
the belt. 5 Further, an arrangenent nmay be nade, in which the pulley tooth
groove portion of the toothed pulley has a tooth groove bottom portion
which is forned of an approximately flat surface. As a result of such
arrangenent, the tooth groove bottomgortion of the pulley té@®MaygR¥B e
portion and the 10 tooth crest surface of the belt tooth portion are forned
of identical) approximately flat surfaces) which is preferable. The tooth
groove bottomtper i b med . surface inscribing an arc of a
circle having its c%ttregr%%ihng{J gfoﬁulwllgé g}é"m?%leéﬁ F8RtH dteoYs PaREtinmesent

i nvention proveses:saihogtdadbe sm ssi on apparatus conprising a
conbi nati on of the for eég)%i ng to%itor?ggvﬁéﬁl{ng%an%t&‘hed pul | eys each having a
plurality of pulHexgfbpOf NrQkHOE:RRAGH LC re.provided at a fixed
pitch on a pulley outside dianeter Ii n%b%éggh %fgalfol?hsemaﬁgl Pay d&eh groove
portions conprémseationdh toophapeofiQeti Offerd AHEELoREa&isLEULAT LY, %reggat €
surfaces which are arranged symretrically with each othéer In respect to a
centerline intadi@ tBarnk gsecfazewi dtth dinecipuliey t @QbbL 91QQYE, f 'fﬁ?h surface
portions formed of circularly arcuate surfaces 25 of concave pro |}I(e whi ch
conti guous| y HHfGrA tRkes optdre rrly16s66 NhyuR00(NC par tthangraed are
arranged synmatrica_lly w th each other in respect to the tooth groove w dth
direction cemt®™rink " 4R MPHEER PRSGEETHOtanTEpPOLd | BRLPr Matigded §p as to

i nt er connect ctohea;_ooc;t hlﬂr oove flank surface portions) wherein 5 the belt
tooth portion has TTAnKIEr Fat SONYRBEP ot PPN iaes bt antdeably tie sanme as

that of flank gurf s of the pulley tooth groove portion and wherein in a
power transnmi Ssi ontaig] atog it?fe\/\,ﬁlggﬁ EPRE R %ﬁﬁgdsb’éfatcei Figbutitle apelrey t he

toot hed pul | @¥st@Nd;ALENSEQ) O is applied to the 10 toothed belt, the
pressure angl es of c% he bel t 1 oot %S%foér 9 ogg?? ank- Earf abe)dnd therehyl | ey

t oot h grooverpaidingnthé altnusvEd 68 Abs 18T JLESpective | ocations in the
tooth height direction areumade apgr oiign%ttel"f/f%(glﬁgl‘ to each other and a

belt |and portiaovevesEsheNmaxeMit asteddut-0 AnRYL! €Y sj de_ 15 di anmeter
portion. This construction is also able to Srgovi eth e é%n%n%’beé"lsﬁfli on and

effects as t#xceadsdvely Fand higr mbeemax indrh @ rb85@401 3G 1L 09L heg, bgerletatpomer
transm ssion apparatus of the present invention, the pulley tooth’groove
portion of e ofllfh@otosefece ptid eysuhasomiy o@okl)gEagyre L@t Lom portion
whi ch conprises a circularly arcuate surf ace inscribing an arc of a circle
whose cefit er oI WPUPLEFT8AYE RE Yobidityr dneeeasiedt hTHAT et it@n sgent g¢ | i ne and
whose radi usdeiss %{)e‘?t er than that of the tooth tip end portion of the belt
tooth portion. Thatoi 8PV sayPe iaMoUAE 925 chsEtthe bbét bebot bpporid on has a

h ti I on whi ch
tooth tip eQQmQQ&lAéH]by fedction force (produced when the belt tooth

portion slides into the pulley tooth groove portion after
their flank surfaces come into contact with each other) and
20 belt tension force component. However, at that time, if the
maximum pressure angle is too great, then a component of a
reaction force in the vertical direction (i.e., in the
direction normal to the belt span) produced when the belt

tooth portion slides into the pulley tooth groove portion

25 Dbecomes too great. This will not allow the belt tooth portion



17 06 May 2003 is a circularly arcuate surface (i.e., a curvilinear surface
inscribing the arc of a circle), the pulley tooth groove portion may have a
tooth groove bottom portion which is an approximately flat surface. In the
present invention) however, 5 the tooth groove bottom portion of the pulley
tooth groove portion is formed of a circularly arcuate surf ace whose
radius is greater than that of the tooth tip end portion OfOth‘ﬂg l%bg tooth
portion. This arrangenent is preferabl e because the belt toot %Oftl on is
able to slide into the 10 pulley tooth groove portion in a much snoot her
manner. The present invention provides a toothed belt power transm ssion
apparatus conprigy c hhat fed ed ekt o] ul | eys.
The t oot hed Egl tédﬁgghgybgﬁhﬁaﬁhggogy vvil%uﬁgéppi tocﬁ I ig%gg%% %%Pgﬂorg tensile
nmenber is enbeddeehtS fhenagnupa tBbunhit i 0n bekte t @9t RnpREddedNEL N OVi ded
at a fixed pitch in the belt main body, and a | and portion provided between
adj acent bel hoh@oiforpaedyi nserbacdy.of the belt tooth portions has power
transm ssion portions formed of circularly arcuate surfaces of convex
profil e which The @aia126if|mdulsushacieedobyt tte timokht@ordhoan amgk ame
arranged symmetrically with each other in respect to a centerline in the
tooth wi déh dpriawtl on)loweblid ragpgeofdn otte: froaximdmobresswnd aarglearicuat e
surfaces which. contiguously adjoin the power transm ssion portions and are
arranged synhetweedalapryanpgleyofhleéagesnseiefnd rAr é8géetof @5t Hegrerst swi dt h
direction 18 06 May 2003 centerline, and a tooth crest surface forned of
an approxi naf@f§riedt &HPY%ce Whi CRMPRTEWpr itledt s tPTRPEY Witdect t he

tooth ti tions. On the other hand h of the togothed pull h
phural ity of PHATEy FOBIh TaREBuPS Ach FoRSSH o1 o ek P RS it ch on a

pul | ey outside di aneter S)in . Each of 1he pulley toqgth_grooye tions has
tooth top ar 8°pot tc}'%r%g_]@ frrtghdﬁ‘ FFeErte né’relnsl%? c%satagﬁgurtgag?a%uﬁic{i‘ﬁ are

arrangedléynygr;\g{i%gg{nytwqtfhvgfgglt?w%e IJEeLES G, to a centerline in the

tooth groove w rection, too groove flank surface portions forned
of circularly AfGWate ULl aaRSm FPOGAME RMQLE! %tWh‘éF’leCQ:rﬁ_re' Heusl y adjoin

the tooth top arc portions and are arranged symmetrically with each other

in respect terdhiaibooéd WreQye of dink delecidodh eemberduriece adid ankoot h
groove bottom portion provided so as 15 to interconnect the tooth groove

fl ank surfaceoqror rbonsporkhien nad ruM@ErEsiStoge gl es atetieenear lgtieot h top
arc portion and the tooth groove flank surface portion in the pulley tooth
groove portioh B cdexneneched awgandier ofs 2Bedpereesan Fapghernsirel 5tegr ees and

an angle of 25 degrees and the belt tooth 20 portion has flank surfaces

whose prbii | Ba%igugpEesitieaPrgle HE SaRECHS aPharobt f ddkdevrsegcesdof the

pul l ey tooth groovg Fortion. Moreqver) in a power transm ssign state in
e

whi ch” the t ot I8¢ BePt t5 RIGRTS arBufdTBRE G6t ABRT FATPBIR HHd &"¢ ensi on
force is aPpr',A%eLﬁ%igonﬁlr%t&%&%%ﬁeﬁ'éan QerQéuecsfgi%g L3 RALES,QLnt e belt
tooth portion ank 'surface and the pulley
The present invention provides a toothed belt comprising a
belt main body with a pitch line on which a tensile member is
20 embedded therein and a plurality of belt tooth portions
provided at a fixed pitch on a land line of the belt main
body. Each of the belt tooth portions comprises tooth root
portions formed of circularly arcuate surfaces which are

arranged symmetrically with each other in respect to a

25 centerline in the tooth width direction, power transmission



06 May 2003 tooth groove portion flank surface at their respective

| ocations in the tooth height direction are nade approximately equal to
each other and a belt |and portion does not come into contact with a pulley
outside dianmeter 5 portion. The arrangenent for reducing the nonuniformty
of belt velocity by increasing the maxi mum pressure angle is effective for
t oot hed belt power transm ssion apparatus that are used in ﬁQ agﬁﬁgdition
that the belt land portion does 10 ne{ cone into contact wt a¥ y
out si de dianmeter portion. However, in such a case, areas of the belt |and
portion, the tooth root portion of the tooth portion, and the tooth flank

surface that !gé%ﬂggh§iq%rﬂgyogg &:gfgyikﬁy Qutside fia gropogk%gﬁéin t he

radi al direction have no direct influencé on t he behaviors of t bel t
tooth portion ghortile {hiEn OfodESRLAy AALRIET RELY tobhe PR MUPHLESSUr €
angle of the belt tooth portion in the belt alone is not inportant) but the
maxi mum pr essurie angkeamd sar€asRecdd @RePoddth @brtivh t @atihat®paraaagp@rti on
and the tooth groove flank surface portion is 20 inportant. In accordance
Wi th the preseymenyviontlilgnwitheedmxiather piessaspacangbetbd tdvahewtiAeht oot h
top arc portion and the tooth groove flank surface portion are connected

t oget her i $ betiweehiean cangkeligfe.18ndeyrteeth atigd end apyttd oof f @Fedegf ees) as a
result of which arrangenent the sanme operation and 25 effects as the above
can be obt ai nedrculaglye anayatr00gurfrachevhbdveidese? i pedvidrst hed bedt power
transm ssi on apparatus, the |and portion of the toothed belt conprises an
appr oxi mat el y HtEFCAeCicERe RIYER FEanSTEEF LB REEE &P SNPA YIRS eHEPREe D0t h
portion flank surfaces through tooth root portions 5 forymed of circularly
brcuate surfadBPinLH &b QP ARGEY EYAMeERFEaTISP RepReTHRe odPAFSHL

direction centerline. The | and portion of the belt, since there is no
e aRiIng ke a?gf%egtnowhqﬁﬁief g%ﬁ’i yUor BEATY™ET R ty, may

constrai nt when taking I nt'o accoun y " of
be formed,gf g cLighl & |yAncHRt @43 G ROPBY&! radd ¢n8 1808 eLthab' e
y flat surface. That

f
that the belt "l and portion be ?or neggoffafaan appr oxi mat el _ _
is to say, toqbhefhpekts H@rQ?ecQtadleoﬁH{@rha{Ee baMfeheen usgdeWisgelys in

equi pnent for business use because they are superior in the shape accuracy
of tooth portigegsedy ahheah ideryiePas tixabgrdas. Wwhen the belt 15 tooth portion
pitch is below 1.5 mm nearly all of toothed belts are nmade of

pol yur et hane, fstclk ubbewobe| tconatendtabnalilse dxieneei pegiidee st Ssande t he

busi ness equi pnment because they are poor in tooth shape accuracy. In such a
pol yur et hane wefbettsd agebbovea Contkers pbdned direi Soghadtipcend ypoptow aéd in 20
the belt land portion in order to separate the core cord fromthe | and
line. Howd%er thh&AlE h&opER t PPBBIMR Py t4UHNpHt BF i5% HEI9% FiBcwRTlfhe
formation di nensi ons of such a concave portion _are considerably small,

resulting in GF?‘F?Q%ISPrﬁ?‘é‘?prt&&ésg?lﬁeg? l_ltnp?ﬁﬁié’rlet &° cOpEREt fie weHhg
[’Lgb' em the core 43,5068 tRePLOVE degh i LS QVSh RS Land ] ingw thout

groove portion in comparison with increasing only the maximum

pressure angle (see the virtual line of Figure 8).

20 Accordingly, the nonuniformity of ©belt velocity can be

reduced to a further extent.
In such a case, the maximum pressure angle in the toothed
belt is between an angle of 16 degrees and an angle of 23

degrees. Further, the maximum pressure angle is between an

25 angle of 17 degrees and an angle of 22 degrees. As a result



21 06 May 2003 provision of the foregoing concave portion, and the belt is
used in such a condition that the belt Iand portion is not brought into
contact with a pulley outside dianmeter portion so as to prevent the core
cord from bei ng damaged by contact 5 with the pulley outside dianeter
portion. In such a case, since in the present invention the belt |and
" portion is an approximately flat surface, the position of t N&&ggyﬁprd can
be nmade stable by the belt |and porqéﬁn which is approximately Flat.” 10 In
such a case, the maxi num pressure angle at where the tooth top arc portion
and the tooth groove flank surface portion in the pulley tooth groove

portion of the toothed bght t@x%"‘ﬁﬁ%&r{ -%§H1§Sio‘%nvéf@@irtgf §§Oﬁ(e§§%§'@9§&t ed

together is between an angl e of egreesy and an an egrees. 15

Further, the gaxi GanJar esss apal edrsnbetigentan angle of 17 degrees and
an angle of 22 degrees. As a result of such arrangenment, the nonuniformty
of toothed bel fhyel DGEskytCathbatisfluGhdtigesd faIr tthgenext eyt Fﬁé&é}er, in
the present invention, the pulley tooth groove 20 portion of the toothed
pul | ey has a tirenédigioaVveptiatas qadpiri 6ingVa ebubsndtabiedf afnyaBne of
approximately flat surface. As a result of such arrangenment , when the belt
i s wound arothd piecegdihgetgothhé teddts ang terdhpdrguldeyefeddie hbeltg taoot h
portion can be received at the tooth groove bottom portion of 25 the pulley
t oot h grooveprperaiidy wfioselkavedorth | grqpaye Phrsions28hieh Mne 200Bidrakes it
possible to stabilize the core cord position (pitch line) of the belt when
wound aroundathe piFedk\pitthi e readiddeYt RetHsleudipBe AT Vi6R - vBRBEiafy to a
further extent. The present invention provides a toothed belt power 5

transm ssi onTAppRIHALYs L eV AFEr Y PRTEOTT (FREPEH ST ttBot h&SP beldrCand

t oot hed pul |l eys. The foothed beli has belt main body with a pitch [ine on
which g §ensPrECHARTnc e o dtias SABT LT ATUNE LPUTARS SorHePT 6ot h
portions,proyide t i jtch in t el in _bo and | and
portion i p%l\—/?ng;eeg b%frx\/'\'lee)é%g%%%l cen &be:atgcgoé)ttﬁg%or g o%és@.’pel‘—_:gchg%f % he belt

tooth portiops,{as 1RQVeL EH@%BW%%@%R&W%&Q%%,Ofto‘éitt{l]%‘xlo%%y arcuat e

surfaces of convex profile which ITe at flank surfaces of e tooth portion

and are arrapggtk SUFRBRLS | i di¥n¥i #4krRACHE O NRJu1kP1 ¥ ESRAGket QuieREt erl i ne
in 15 the tooth width direction and a tooth tip end portion forned of a

circularly agguabmcasier fpaoeivdi wiidhS o tpeMisded aajoi® tHd etdxamnesp t he
power transm ssion portions and whose center point lies on the tooth width
directi on ceaterpamgon®natdeans rerahgedl)sywwehrofalilye wibot é@ch putheeys has a
plurality of 20 pulley tooth groove portions provided at a fixed pitch on a
pul l ey obisite desnfsttertol ithe. tFAEh gFfoqvee widkh egixesttihngrepierldoeti ons has
tooth top arc portions fornmed of circularly arcuate surfaces which are
arranged sy ridcaltP9tihi t9Fo8%8h RATTER | PPTESPecPrd-%cef? erdS n&%in t he

tooth groove, wdth, 25 di tection, tooth orgave T,.Lank, syrfage poylions

belt tooth portion has flank surfaces whose profile is
substantially the same as that of flank surfaces of the
20 pulley tooth groove portion. Further, in a power transmission
state (i.e., in a working state) in which the toothed belt is
wound around the toothed pulleys and a tension force is
applied to the toothed belt, the pressure angles of the belt
tooth portion flank surface and the pulley tooth groove

25 portion flank surface at their respective locations in the



23 06 May 2003 circularly arcuate surfaces of concave profile which
contiguously adjoin the tooth top arc portions and are arranged
symmetrically with each other in respect to the tooth groove width
direction centerline, and a tooth groove 5 bottom portion provided so as to
i nterconnect the tooth groove flank surface portions. The maxi num pressure
angle at where the tooth top arc portion and the tooth groo Sﬁtflarzlé §urface
portion in the pulley tooth groove pegtion are connected toé) M@V 9

bet ween an angl e of 15 degrees and an 10 angle of 25 degrees. The belt
tooth portion has flank surfaces whose profile is substantially the sane as
that of flank surfaces of _the pulley toath groove portion. .In a _power
transm ssion § Og e%Fﬁg%i%Jhretcﬁgo? o%%/ehem (aﬁef“?p 'os){lv%gﬁ%y aer({)‘i?r%dnctoheegf%ot hed
pul leys and a,§ensiqn fPr6erd S1aRP! betibl 0G4S 1heot Befbel L, &he, pressur e
angl es of the belt tooth portion tlan surface and the pul T ey oot h groove
portion flank,syelage Alset BeiMedeeSpeLtione | 0cations in the tooth height
direction are nade approxi mately equal to each other and a belt |and
portion does nak GREBrib¥d LVUedClitWithh Aapithdre)porédsaué Shgdi pireser
portion. That is to say, in accordance with the toothed belt power

t ransm ssison iappaasédls asf Hohefgpresenthinnverd | pinge hBeLdNSLE URlehdBe Hf t he
belt tooth portion is changed to the sanme one as the above and the sane
oper ati on andpekfercdislyas beheeb abengleadf by debaeqedchind a4 a@Gid/byt 2003 I n
such a case) the land portion of the toothed belt in the toothed belt power
transni ssi on 22ppagreas .cbhpy idedgyantheppedkiteetd| flgnkasusfadeade odmech is
interconnected with the belt tooth portion flank surfaces through tooth
root portionsPbof GOREACHf WEFR clibar PPLEE ubt¥Ehs FFeeves fARPEkh saFéaear anged
symmetrically with the tooth width direction centerline. Such arrangenent
provi des the TESHEEHIS b sTEUHRG dRSv OB Y i RfadEdFddivdehith t he

t oot hed bhelt wer transm ssion apparatus of the present [nventiaon, the
maxi mum 18 ppgggﬁrégééthgftélsat SMTEr é’ﬁfﬂeikaeoo?ﬂestsgﬁeaﬁﬁgg%r?% oan®*the tooth
groove flank surface rtion.in the pull o I pQortion are
connect ed toécé)%%rpﬁrécgggtﬁ\?egﬁngngrgaﬁlg]] ésoﬁyfégd%%vgggggﬁa gﬁggﬁlg e%f 23

degrees. Mrgeuer, ddiep IEXiJNYTLRE ESULE By GRS, w1 AERWESD d@Nagndl ol 17
degrees and an angle 15 of 22 degrees. As a result of such arrangenent, the

nonuni f or m t y£0kht OQENRY REbEn Ve Qe YotBRnbGite O k0ta 1Y thar extent.
In accordance with the toothed belt power transm ssion apparatus) the

pul | ey toothtgbo®Veopeidén ORuding haot opbherl 20rpued | eyahasi sibapt kngr oove
bottom portion which conprises a circularly arcuate surface inscribing an
arc of aieir chbetadidse oénttbe peinttdatds foank heunfggehwitbbovkee wwilleydi rect i on
centerline and whose radius is greater than that of the tooth tip end
portion of tKeoHR| §Teqyst 1Bkt SBIfacSull &PFEHYenEit "EFipEBVPERESURe sane

effects as the above.
angle of the pulley tooth groove portion smaller than that of

the belt tooth portion. As described above, if the maximum
pressure angle of the pulley tooth groove portion is made
20 smaller than that of the belt tooth portion, then the
backlash between the belt tooth portion and the pulley tooth
groove portion gradually increases from root to tip. This is
the same construction as shown in the prior art technique (JP

Unexamined Patent Application Gazette No. S64-74341).



25 06 May 2003 Finally, the present invention provides equipnent for use in
busi ness applications which is provided with a toothed belt power

transm ssion apparatus forned in accordance with the present invention
wherein a carriage is attached to the 5 toothed belt. As a result of such
arrangenment, during the operating tine of the toothed belt power
transm ssi on apparatus, when the carriage is shifted for pegégﬁ '?ﬁ03
character printing, the variation ingarriage velocity caus ép e

nonuni formty of belt velocity is reduced. This nakes 10 it possible for
the carriage to provide inproved printing accuracy and image quality. BRI EF
DESCRI PTI ON OF THE DRAW NGS I n the draw _ngs: Fiqgur sho i N _Cross
section an enl &F§8¢ t'0CtR por I}tébﬁeiSr%sfeaargEo%? d 3%t l‘|L‘1nJC ¥ s

embodi ment  ofp LE.PI eSEN. | L CPRd OB FIOUA R 30806 CRLALASRH 15 cor
cross-sectional view ilTustrating rn a-“devel op mannér a state when a belt

tooth portionm.316P RSN Nk eROAGGHERLe¥dR angeet Red vaul kY ti Rodti 0Ot hed
belt 20 power transm ssion apparatus according to the first enbodi nent;

Figure 3 is golrtosi, Wiraw $abedHelsCahé YnshawEsgnittye oeNve I ity Wet ke of a
t oot hed belt power transm ssion appar atus; 26 06 May 2003 Figure 4 is an
expl anat osy dieagt aThschiesmabi sayt | whshothegnazistmatrrewkane aariglet of ottt porti on
is in meshing engagenent with a pulley tooth groove portion; Figure 5
corresponds tolEeyuteth oxhove ngprtineshs ngeth swagagentimn sthat eawireun t he
pressure angle of a belt tooth flank surface is approximately equal to that
of a pull ey pressure angle of the belt tooth portion, this certainly
delays the contacting of the belt tooth flank surface with
the pulley tooth groove flank surface; however, the belt
10 tooth flank surface is brought into contact, not with the
pulley tooth groove flank surface but with the tooth top arc
portion (see Figure 5(b)). As a consequence of such contact,
the belt tooth portion is pushed up by the tooth top arc
portion of the pulley tooth groove portion, so that the belt
15 tooth portion 1is wunable to smoothly slide into the pulley
tooth groove portion and the belt pitch line is pushed up,
resulting in increasing the nonuniformity of velocity.
On the other hand, according to the toothed belt power
transmission apparatus of the present invention, it is
20 arranged such that the pressure angles of the belt tooth
portion flank surface and the pulley tooth groove portion
flank surface at their respective locations in the tooth
height direction are made approximately equal to each other,

so that the belt tooth flank surface comes into uniform

25 contact with the pulley tooth groove flank surface. This



tooth groove flank surface; Figure 6 corresponds to Figure 1, show ng a
tooth portion of a toothed belt in a second enbodi nent of the present 10
invention; Figure 7 corresponds to Figure 2, show ng the second enbodi nent;
Figure 8 corresponds to Figure 4) schematically showing a state when a belt
tooth portion is in nmeshing engagenent with 15 a pulley tooth groove
portion in the second enbodi nent; Figure 9 corresponds to Fig re éD ghomﬁng
a third enbodi nent of the present inygntion; Figure 10 corr & Hﬂﬁﬂ P
Figure 2, show ng anot her enbodi ment of the present invention in which a
belt land 20 portion is not brought into contact with a pulley outer

di aneter portj <N p . transmssion state i ich tension is applied
to the belt; %?gﬁ%e1ﬁf s oﬁs1%%§§d§P5k%%}iV%dsT?éhéggnéﬂﬁngl&ﬁotﬁée

nonuni f or m t ypoifi eRekboMel@6bty RRRLYSI &Y E |l ytical. 25 nethod;
27 06 May 2003 Figure 1292h0“5£§ relagﬁgns ?%”Eg?&%@ﬁ %ﬁg g%%%‘?&SPh

pressure angl Birandritthenbel be VBhaRid Yup)ORMRLS 05 M dieden |y ed di0m Lhe bel t
vel ocity nonuniformty analysis data; Figure 13 Shows @ system f or "bel t

vel oci ty nonuminuolfiodnyity BBasdlioefefter rhgUk& 14 shows the neasurenent data
by the belt velocity nonuniformty measurenent system Figure 15 shows the
data derived f Fortipet.t arelachbyemonumiayonbe mydé | eguencicnandly $hsiey 0 Figure
16 shows a relationship between the belt tooth pressure angle and the belt
vel oci ty nonu®PtBreiaoyedeeitiog Pf orhe eobsdd puelegitay aomstH Qesbtey
measurenment data;, and Figure 17 corresponds to Figure 2, showing a state
when a toot h PO5EPT oROBELICR cB@Nt Londlormedt héd apel aprirexiinateshi Aoat

surface. As a result of such arrangement, the tooth groove
bottom portion of the pulley tooth groove portion and the

10 tooth crest surface of the belt tooth portion are formed of
identical, approximately flat surfaces, which is preferable.
The tooth groove bottom portion may be formed of a surface
inscribing an arc of a circle having its center in the pulley
central direction.

15 The present invention provides a toothed belt power
transmission apparatus comprising a combination of the
foregoing toothed belt and toothed pulleys each having a
plurality of pulley tooth groove portions which are provided
at a fixed pitch on a pulley outside diameter line. Each of

20 the pulley tooth groove portions comprises tooth top arc
portions formed of circularly arcuate surfaces which are
arranged symmetrically with each other in respect to a
centerline in the tooth groove width direction, tooth groove
flank surface portions formed of circularly arcuate surfaces

25 of concave profile which contiguously adjoin the tooth top



15 engagenent with a toothed pulley. BEST MODE FOR CARRYI NG QUT THE

| NVENTI ON Best nodes for carrying out the present invention wlll be

descri bed bel ow by maki ng reference to the acconpanying draw ngs. Referring
first to Figure 3, there is shown the 20 entire structure of a toothed belt
power transm ssion apparatus A according to a first enbodi nent of the
present invention. The power transm ssion apparatus Ais Of&%ﬂ@ t%ﬁﬁ t hat
is nmounted in business equipment suchgas printers or photoc ¥ R
Figure 3, the reference nuneral 1 denotes a 25 driving pulley fornmed of a
toothed pulley and the reference 28 06 May 2003 nuneral 2 denotes a

driven pul | ey forgmd igfsa,ipoL e u These ys. 1 and 2 are so
arranged as to opp03|1t e to eac M’&y |§](:)ln Lﬂ1lyd| FERt P AKPeSot hed

belt 8 is woungl pEspeg Qgthhghep | &c3vl in_ne n
engagenent 5 therewith. A carri gg{éﬁl cgrr;%?gagadgﬁép%ﬁ)?n £y iﬂéﬁa a

printing mechani ses $u6th a drabVEr dottbhxegptiaht a%tmg)i gt Lds attachment
portion 19a, to a | ower span of the toothed 6e | t S0 as to beasrm\%/labl e

t oget her wi t hirttlegcbmmddtednbetdoth. gFb@rendlhey sukrabd Porahignk orpaided and
reversed to cause the 10 toothed belt 8 to travel, so that the carriage 19
reci procatdes et bedl ﬂhetMrmqﬁuyynpuhheylénkunhﬂfheeerhﬁyb Holr@ye 215 AS

enl argedly shown in Figure 2, the driving and driven pulleys 1 and 2 (the
toot hed pul | p¥Ftantip Jvethg piameal a8 ythd obf pullhey toofdvegr cavesnd, 3, ..
(only one of which is shown in the figure) which are unifornly spaced apart
by a fixed pPeh®Bn EePBut G7@6VEi apstteen| | aed of whereipul liey eut poweer i phery.
Each pulley tooth groove portion 3 has (a) a pair of tooth top arc portions
4, 4 forned otl‘raBEfP% ﬁoﬁeﬁga%etjrlf"aHB%c*?Ott’é’aéHOFfl‘%%lhielétngs arpumdc apdurad ci rcl e
(|. -, C|rcuI%rlxoa£cqged13%nnetrdcalI% w th each other in respect to its
centerline CIinf R Gr BB W dERPH e tIT6R, 1EpRPRLIRE rtofthepot h
groove flank rt S formed of _ci | y 25 arcuate surfaces
of conca\}g pfcgyfﬁégcpﬁbf\%ngmg %IS%SS%reo?ﬁrIEle gt té %%{%VO%OQOJFW‘{“M

vicinity of gipht CBuftd&d ok the fpul.tl.&? 80, p%kgéveafs ct)ptei ¢l re %I‘l y

arcuate surface center point 01B of a power transm ssion port|o in a

tooth portioBudfady dherieiat hedpbelived Wiathohs h?ﬁouﬂiﬂt ? d,t;gagp,l g
engagenment with the 5 pulleys 1 and 2 as described | ater a radius RP

greater thandihectiont hrai tadle mfrokhfatagt hedabeks gaaml&&egoahhgaousl y
adjoin the tooth top arc portions 4, 4 and are arranged symetrically with

each ot her ibhe¥espocst dogtibe comes into contact with a pulley outside
15 diameter portion. This construction is also able to provide
the same operation and effects as the above.

Furthermore, in the foregoing toothed belt power
transmission apparatus of the present invention, the pulley
tooth groove portion of each of the toothed pulleys has a

20 tooth groove bottom portion which comprises a circularly
arcuate surface inscribing an arc of a circle whose center
point lies on the tooth groove width direction centerline and
whose radius 1is greater than that of the tooth tip end
portion of the belt tooth portion. That is to say, in the

25 case the belt tooth portion has a tooth tip end portion which



tooth groove width direction centerline Cl, and (c) a tooth 10 groove
bottom portion 6 fornmed of an approximately flat surface which

i nterconnects the tooth groove flank surface portions 5) 5 (note that in
Figure 2 the outer periphery of the pulley 1 (2) is shown in a devel oped
manner together with the toothed belt a for the purpose of providing an
easy 15 understanding). On the other hand, as enlargedly SE§§QM4J?66#MJre 1,
the toothed belt 8 has a belt main bedy 9 nade of elastic ar-"1t is
preferable that the belt main body 9 be nade of either rubber or

pol yuret hane. Qther than these materials, 20 the belt main body 9 may be
formed of, f X Lc resi erial. ubber rial for
t he belt nai%gb%dgﬂg%gg %P%%%é%% Fu ggfn?éiﬁéeg.cé?ﬁg#nfﬁﬁng§% gFoprene

rubber, it hepodBiRin5BRaoERDM (a1 4 hevddike, Mo DRuusef Ukooddhogs,Jbber
materials preferably have a JI S-A hardness between 25 about 65 degrees to

about 85 degpeeSionl R MRAG dENEAHEIHBEve BOLQG MYt 2803, ey usetiane may
be used as a material to formthe belt main body 9. Thernopl astic ester

pol yur et haneapmbiRatiend fahsosaFage et eronal ptdsen@r imddia ibal, t nswmivarbody 9.
Further, enbedded in the belt main body 9 on a pitch line 5 PL thereof is a
core cords ( nttte strmmh igrobhe Hotghwme potrhddn sef vies: amldey ensote gmisber. The
core cord is usually formed of glass fiber or aramd fiber) regardl ess of
whi ch one of peuiidvar or poimad ethane digcuseriyt oaforatet heudfakce miiorebody 9.

I nstead, the core cord may be nade of carbon fiber or PBO 10 fiber. For the
reduction of radigét ApcIpetieT tthae FratcdfsihedtestiitdPnensd eeftiigrenf, it is
required that core_cords of smaller dianmeter be used for the achi evenent of
| oss torque FREIUCEEBN. TGPt RIZEIPR - viBWSof AT EGEMARYE t HE nBFRAATEBLFI ty of

velocity 15 of the toothed belt 8, it is hetter tq enpl core cords of a
hi gh el asti cbei’ﬁ?dlﬁfaus?%?r 5’?‘#{: h§°f.’)8? NPT HEP tiffe a?’llﬁi det {%Héggt HB*? 0bPfed belt 8
is reducleod i n q1rédegoc§t at rEQ\? piotrgglmlliine PL, f s;ﬁhgtﬁe(}o%\ggdepel t 8 can be

mai nt ai ned STHBICE, “Ahd PrOm T He TpoTht "t Ral “Thé P eRY 0N er'asti ¢ nodul us of
the toothed b 8 IS | gased | ; t hat Ng,dnter nce under
| oad can be rggﬁceag%vhﬁﬁiggglnlng tﬁgg%%%%h %it% ?g? t %ﬂ?aﬁ%géfeduction
of velocity MahisallOfbn dkbABatlsACemPAEN NBUST BERSI NAFUbPENt, ItDoshadted. A

plurality of tooth portions 11 11, ... (only one of which 25 is shown in
the figure) dwat ngaatboeidi Wuleey¥ armepriveitded wdnt HE Mawe2008a 31
body with a pitch line on which a tensile member is embedded
15 therein, a plurality of belt tooth portions provided at a
fixed pitch 1in the belt main body, and a 1land portion
provided between adjacent belt tooth portions. Each of the
belt tooth portions has power transmission portions formed of
circularly arcuate surfaces of convex profile which lie at
20 flank surfaces of the tooth portion and are arranged
symmetrically with each other in respect to a centerline in
the tooth width direction, tooth tip portions formed of
circularly arcuate surfaces which contiguously adjoin the

power transmission portions and are arranged symmetrically

25 with each other in respect to the tooth width direction



a land line LL of the belt main body 9 in the direction of the belt length
at a fixed pitch. Aland portion 10 is defined at a bottom surface of the
belt main body 9 between tooth portions 11, Iying on the land line LL.

Al t hough there 5 are no particular constraints for the pitch of the tooth
portions 11, a pitch between 0.5 mmand 3.0 mmis selected for business
machi ne parts. Wien the belt main body 9 is nmade of rubber, a fabric of
synthetic fiber (not shown in the figgre) is applied onto t 6 May80Bace of
the tooth portion 11. It is preferred that such a fabric be nmade of

pol yam de fiber. Instead of using polyam de, polyester fiber may be useful.

The fabric i s.dhedahly. subjgcted to adhesi on treatment such as RF treatnent,
epoxy treatnent, RFL Tr egatnnen?, %Poﬁ'ﬁe Ti%s, SHBEFfRen fB™edbbef 18ncement

treatnent. | mppeBRiGASAS, BUGN LHP cepgent treatment is carried out on
both sides of the fabri 2 HO\A/ever,Pangepec?g y ‘For*t h& 845D a&quipnent for

use in busi nesseagmreeat it@élsaoo':‘tgaug(rjéggigglsrLghbgtrhepg?g%a%} fromthe toothed

belt 8 surface is undesirable. In addition) In view o af@'r%‘?ﬁfbtion of

vel ocity nonefi tloe mdoghed guieeyooidied pehtai8tyi br ig1REGESSALY LO decrease
the coefficient of friction of the toothed belt 8p§1ur§gc§ed.so%?hgf%?‘ber e) it is
better nof t8ostjnsct pxdwidedt ert sar fragredofpitbe togoth Egﬁgyonog[gslléa r ubber
treat ment. 32 06 May 2003 On the other hand, when the belt nai nebody 91is
made of pol yBi&tHi&Te 11ne- fBaghi ©fi $happlilByy aRbeht HEoS fhodeCof die tooth
portion 11 and onltly a core cord is enbedded in the belt nmain body 9. 5 The
present inveh??dh 598 @RarRRutéPRs efpimpdt hE piofulbelpfatd@tbektrifaith portion
11 and the p‘[lrtl)ifci | e of thg%qpul | ey tooth groove portion 3. That is to say, as
shown in Fi giFeN 3 &SR dead SEBPAtHalilgnwith leesh athet sibotdspsicdes in t he
belt length directiqn) .(a) a pair of tooth root portions 12, 12 10 forned
of circul arlgd aarec%%r&ee)rsl&rr’% a%rés%vtior?é:ha IpPevret eidhhndd reattians rtbBtmhi ch are
arranged Y gelohbkCah Ly, W each other in respect to the centerline C2 in
the tooth vvirg]dth di relctlf\g%nagﬁa"tehémﬁtéf*?“% og‘?"?i“eﬂor"tfi GATEY1laglye arcupte bel t

| engt h direcdd-@aceenter lbRE) tiguously adjoin their respective |and
15 portions 10, ((:b) a pair o‘]"eaggrvovecfﬁqﬁ g"rﬁ’éﬁ’lﬁs PBﬁi%’cﬂ“lsilﬁné'dig%“ 1814 or med of

circularly aoeyat @ogUntacssriQfons0RUEX 4L Of L] vi_n radi us RB whi ch
contiguously adjoin the tooth root pOI‘atIéOI’lS a%f{gglf,yﬂ'f'?tengfﬁﬂ’aﬁkt%urfaces
of the tootleapbrbithar 11 asshetite @ R0 el MgeLE+Lal M ;0 _each other in
respect 20 to the tooth width direction cent S?Fi ne %ﬁ{&‘c{lc)dtlgeﬁgﬁ" of
centerline, and a tooth groove bottom portion provided so as

15 to interconnect the tooth groove flank surface portions. The
maximum pressure angle at where the tooth top arc portion and
the tooth groove flank surface portion in the pulley tooth
groove portion are connected together is between an angle of
15 degrees and an angle of 25 degrees and the belt tooth

20 portion has flank surfaces whose profile is substantially the
same as that of flank surfaces of the pulley tooth groove
portion. Moreover, in a power transmission state in which the
toothed belt is wound around the toothed pulleys and a
tension force is applied to the toothed belt, the pressure

25 angles of the belt tooth portion flank surface and the pulley



tooth tip portions 14, 14 formed of circularly arcuate surfaces having a
predeterm ned radius r2B which contiguously adjoin the power transm ssion
portions 13, 13 and are arranged symetrically with each other in respect
to the 25 tooth width direction centerline C2, and (d) a tooth crest 33
06 May 2003 surface 15 fornmed of an approximately flat surface which is so

provided as to interconnect the tooth tip portions 14) 14. Ib IS Béﬁéerabl e
that a center point OLB, i.e., the cegter point of the ci rcd aMf“{/ uat e
surface of each power 5 transm ssion portion 13, be |located either on the
pitch line PL of the toothed belt 8 or in the vicinity thereof. The center

point O18 is iraply located wthjn.a specific_range, in other words the
center point %%%lhi sglf(}(g)(‘:’aet e%&gtl(?f"st e as Jr:—fé’(5:.e13a£o AW IR ER® | and
line LL and a di.stance b, (_+4Q O. 0..81W . from .tooth width direction
centerline C2 of the be?rt1 t oot h ptc%))roit?on h%fgv’mﬁerglﬁ%?%cfnhe T 0ot h™##4t h

(i-e.. the widbhooinddady! 8ghln Pes ! b8 1ddner WSl pdliel LDl [Be radius

RB of the circularly arcuate surface of each power transm ssion portion 13

is set approxosst aby egMal ifeo tEshthett QR Wi dlh W o5, l:eat Qﬁa&@%&the
tooth wwdth W(i.e., RB ~ Wor RB> W, nore preferably) RB = 1.0 to 1.5W
In the tost hedrbedi. 8, the maxi num pressure angle 8B at where the power
transm ssion portion 13 at the belt tooth 11 flank surface and the tooth
root portion 12har ercomgmwentd 20 togetchey, thse sehuhofdBitylohit obad: degr ees,
preferably 8B = 16
velocity by increasing the maximum pressure angle is
effective for toothed belt power transmission apparatus that
are used in such a condition that the belt land portion does
10 not come into contact with a pulley outside diameter portion.
However, in such a case, areas of the belt land portion, the
tooth root portion of the tooth portion, and the tooth flank
surface that lie outside beyond the pulley outside diameter
portion in the radial direction have no direct influence on
15 the behaviors of the belt tooth portion at the time of
meshing. Accordingly, the maximum pressure angle of the belt
tooth portion in the belt alone is not important, but the
maximum pressure angle at a connection point of the tooth top
arc portion and the tooth groove flank surface portion is
20 important. In accordance with the present invention, the
maximum pressure angle at where the tooth top arc portion and
the tooth groove flank surface portion are connected together
is between an angle of 15 degrees and an angle of 25 degrees,

as a result of which arrangement the same operation and

25 effects as the above can be obtained.



to 23 degrees. Mire preferably, AB - 17 to 22 degrees. Optimally, 88 = 19.3
degrees as shown in the figure. Furthernore, as shown in Figure 2, the
profile of the flank surface (i.e., the tooth width direction flank
surface) of 25 the belt tooth portion 11 is approximately simlar to the

06 May 2003 34 profile of the flank surface (i.e., the tooth groove w dth
direction flank surface) of the pulley tooth groove portion é. %ﬂ act ual
power transm ssion state whermlﬂtrm?doothed belt 8 is moung &4 % ot h
the pulleys 1 and 2 and a tension 5 force is applied to the toothed belt 8,
the pressure angle of the belt tooth portion 11 flank surface and the

| f i t thei
pressure angle £ ggl,l,gydetsggwecgrgQ%{%bet%ﬁr%éeﬁghgo&é@m%{%h'ﬂfs%‘ioﬂ err

respective flank surface points in th directiron are nade

appr oxi mat el v, 6quakyt 0 €RCH A8 NeraBH. of NerkD 3ddhdd b1 tl bohgr&Ghan
constructed that the | and portion 10 of the toothed belt 8 is brought into

contact with sppreklieycayt side dimmeber wpiuh 1i@ninAsEDndeBBéy )with tthe present
enbodi ment) as shown in Figure 4, when the tooth portion 11 of the toothed
belt 8 cones bed1ito tdsthmawltitngn eAlgag esertacest thidught oedth goeoviofabhson 3 of
the driving pulley 1 inplenented by a toothed pulley, such engagenent of
the belt tsootflorpedt icdn eiddulehdy pakteate ostdfagesowhipbr taren drakese@l ace at
a location which is somewhat del ayed with respect to the |ocation of the
pul | ey t oot h s¥mgrpbsal yowitiorthiseteoetde wafith Mirneptieemeateflimad t or que t hat
is applied. Consequently, an aft flank surface of the belt tooth portion 11
in respect to fThe taed/gtoridgoni ¥fedheohels fSipse BreyifgHe PAtePrsdARdet with a
flank surface of the pulley tooth groove portion 3. Thereafter, the belt

tooth porti offPEE 38K} d&40) AFP e thTl PP 6T g S6vEShbrisoRisY. 35 06
May 2003 At that (taifrroefmthefbelct,r iit’ctl I iane I?clé ngvgsd .ab aes‘ir)ran_of,the
t oot hed bel t "§¥(Pe ™ &F oI BT SnE RAttS §URtSiodRES S ouhl the
bul | &y) (overdbeaidind N Aafll Lectlon NOfAIRl Le: g PRL! spaly Wi oy causes
meshi ng vel oci Ty nonuni formty. e 5 anount of vertical nobvermént of the
pitch line P'apb%oximately flat surface. That is to say. toothed belts
made of polyurethane have been used widely in equipment for
business use because they are superior in the shape accuracy
of tooth portions or the like. Particularly, when the belt
15 tooth portion pitch is below 1.5 mm, nearly all of toothed
belts are made of polyurethane, for rubber belts are not able
to meet requirements of the business equipment because they
are poor in tooth shape accuracy. In such a polyurethane
toothed belt, a concave portion is practically provided in
20 the belt land portion in order to separate the core cord from
the land line. However, when the belt tooth portion pitch is
below 1.5 mm, the formation dimensions of such a concave
portion are considerably small, resulting in difficult die

processing. In order to cope with such a problem, the core

25 cord is provided directly over the land line without the



determ ned by a reaction force that is produced when the belt tooth portion
11 slides into the pulley groove portion 3 and a conponent of a belt
tension force that is produced when the toothed belt 8 is pushed upward by
the reaction force. 10 Therefore, as the contact position noves away from
where the belt tooth portion 11 and the pulley tooth groove portion 3
perfectly engage with each other, the conponent force decreaéﬁﬁ%f€®%$ t he
anount of pushing up the pitch line AL increases, so that i acting
of the belt tooth 15 portion 11 with the pulley tooth groove portion 3
takes place early, this results in increasing the nonuniformty of
vel ocity. As Fi gt 4(h) o] inth venti on t.oat hed be 8, since
t he maxi num fgggﬁﬁg‘gﬁgféggﬁﬁfﬁg%ﬁﬂé %gﬁgﬂfbéfﬁgféﬁtiﬁﬁé ggelge¥%aﬁi surface
s small (1. Geoalh Zoddh % [Qnld e SofCHACThe bOLE EAHPGRI06, PELT,d00
portion 11 flank surface to early conme into contact wth the pul?ey tooth
groove porti @Rodght aitoSbhass: «Itnt Re pal gy NaRdaei BidhE R §58PIon
enbodi ment, as shown in Figure 4(a), the maxi num pressure angle is 25
great er thansbhascanygriveanatheon@ret Bddd ifFom 8B thg™> dahBgdte Bye@Sntact36 06 May
2003 This arrangenent del ays the contacting of the belt tooth portion i
flank surfaceiwht hhé¢ hpubldyl eyutisade hdgamahee Dofrtaok. s f aeey 4 heasby maki ng
it possible to reduce the nonuniformty of velocity of the toothed belt 8.
5 As descri bednebhoire, theherrgsent t dundntpont tom ddltf |lamkd sarfawe is dwr ought
into contact with the gglley tooth groove portion 3 flank surface. This is
fol |l oned by eReryidmetesvtidafoFuriare.| the inpisagieomiad the ¢rpd eprd ownh groove
portion 3, producing a reaction force which, together with a conponent of a
belt 10 tensP®n FPdfge, SHPLEr mPHes thAe BfbuntldM sHoFtior tWeldel tisspan . At
that tinme ( if the maxj mum pressure angle 8B is too great) this excessively
i ncreases a CBAPBHEARLSOY %iageaction force produced when the belt tooth
portion }& slides iq}qithe pul .l ey tooth groove gorti n 3 i§ha.vqytica

| :

| e
( . . t .
directioh?(i.e” THN f % ect ol hor hhl P15 PR BRTEE spani ®*fhi®prevent s

t he belt too orii.on ; hly _slj di i t I t Qot h
Lo G LPTR BASSATORT oo S0 g 00 Rl b

groove portion 3 an line PL is I's) on the

contrary, fupdhelon NG adseHuliiey NS f @Fd8vky Rt Y&l 064 t ¥nof td1eho0t hed
belt 8. However, in 20 the present enbodi nent, the maxi num pressure angle

AB is 8B s 2befleiiRe itRaRémi¥ysibhakppdraithel hré O6dthepeli Ofgdtheganssnoot hly
slide into the pulley tooth groove portion 3. This suppresses the increase
i n the nonunbéovernt ynohnykd outff t36 afedrbest @ot hed dmglie 8f Thafledgreelo say) if
the val ue of the 25 maxi mum pressure angle 8B is set to fall within the
range 15 Further, the maximum pressure angle is between an angle of 17
degrees and an angle of 22 degrees. As a result of such
arrangement, the nonuniformity of toothed belt wvelocity can
be reduced to a further extent.
Further, in the present invention, the pulley tooth groove
20 portion of the toothed pulley has a tooth groove bottom
portion which is formed of an approximately flat surface. As
a result of such arrangement, when the belt is wound around
the pulley, the toot tip end portion of the belt tooth

portion can be received at the tooth groove bottom portion of

25 the pulley tooth groove portion whose area is large. This



37 06 May 2003 between an angle of 15 degrees and an angle of 25 degrees,
this reduces the nonuniformty of velocity of the toothed belt 8 as | ow as
possi bl e. Mdreover, in the present enbodinment) the pressure angle of 5 the
flank surface of the belt tooth gortion 11 and the pressure angle of the
flank surface of the pulley tooth groove gortion 3 at their respective

| ocations in the tooth height direction are approximately e@ﬁ%h3}$(§%

ot her, so that as shown in Figure 5( the belt tooth porti 3 9 k 10
surface conmes into uniformcontact wiTh the pulley tooth groove portion 3
flank surface, thereby allomﬁng the belt tooth portion 11 to snoothly slide

into the pulle O%%]tsogtch QQME Qor%tl 11§z thet @%rga(%] Pf)ﬁa Szri’”(t%h%ngl e of

the pulley t OC groo ortlon s 56 greater elt 15

tooth portion il thi §heceaé§%sww€ J%lnh Lpam RALLHON e %1 bhA0K. o %Egce to

cone into contact, not with the pulley tOOt groove portion 3

surface, but met hoamm&byt&pvewcﬂqr tb0R hr@hel N&cRWkl €y tooth groove
portion 3. As a result, the belt tooth portion 11 is pushed up by the tooth

top arc 20 potires 4p@ésetnhte ity d M oh 00pFollde8V €a Poidat@Ba 3 ksee bbgere 5(b)).
Unli ke Figure 5(b))) in the present enbodi nent the nonuniformty of
velocity of ttensebidied hebirfiusaproherisipgr eSssatbinataof Uit hercoexheant . | n
this way, the nonuniformty of velocity of the toothed belt 8 is reduced as
38 06 May 200#1lkownds tpogsidipelldis s Preoviodesed nprlayérmnias bedt hatn exanpl e,
the printing accuracy and i mage qual ity of business equi pnent. Furthernore)
in the pull eypedy whth 2 tRi&chobine grovhEctbct ttensblor tepheB o embedged | ey
tooth groove portion 3 is fornmed of 5 an approxi mately flat surface.

Theref ore, tH&eFedth Yr BOVEIBEYt O BSLEI GAOER oRortHENPpuUPFRYLdssbtat ¢ oove
portion 3 and the tooth crest surface 15 of the belt tooth portion 11 may
be formed of fg&ft iPd&rR dﬁ‘prfﬁﬁ nﬁ?%‘fy"‘F‘F%\t b§3¥f a@@g aThea‘?%oPHrbﬁ"Hbve
bottom paqrtion 6. urvi | surf i nscribing an
arc of a%& r &F&VHYS n%eeﬁ""teen gn?aecre %teﬁ‘g 5u? f’g? aﬁ?certt?% nt"Ref er ence
i s now made [ S iGhash t he
present i nvetr'latg|l](c;n)g&k—lgl ggrﬁqu,sl P\X\% %f Qﬁn%nﬁ'g%?owpﬁgp 0 f’%‘é‘?és tJ(;f t he

present inveniiomdNg 13caare ;uyéacegsoesceﬁwa§ %ﬂ%&@lénwﬁiéﬂ”i%% %nend 2
have been assigned the sanme reference nunerals and they wll not be

descri bed i ngdghmi |sudrBcthie 4 esgat eddradi gBAtiont hendr afdd eaofaddia bel t
tooth portion 11 is changed. More specifically, in accordance with the

present 20 egbeadetErallaswstiowachnobhgtirin kespach of 4 henpatlme ti@ot h
groove portion 3 of the pulleys 1 and 2 has (a) the tooth top arc portions
4, 4 formed ohectoqhil anByh atiggatéom Afda@e$onf diip end portion formed

of a circularly arcuate surface which is so provided as to
interconnect the power transmission portions and whose center
point lies on the tooth width direction centerline. On the
other hand, each of the toothed pulleys has a plurality of
20 pulley tooth groove portions provided at a fixed pitch on a
pulley outside diameter line. Each of the pulley tooth groove
portions has tooth top arc portions formed of circularly
arcuate surfaces which are arranged symmetrically with each
other in respect to a centerline in the tooth groove width

25 direction, tooth groove £flank surface portions formed of



are arranged symetrically with each other in respect to the tooth groove
width direction centerline Cl, (b) the tooth 25 groove flank surface
portions 5, 5 formed of circularly 06 May 2003 39 arcuate surfaces of
concave profile which contiguously adjoin the tooth top arc portions 4) 4
and are arranged symmetrically with each other in respect to the tooth
groove width direction centerline Cl, and (c) the tooth groQ% Ei/%@(#
portion 6 formed of an approxi mately %Iat surface which is R’!ﬁ ed as
to interconnection the tooth groove% ank surface portions 5, 5. On the

ot her hand, as shown in Figures 6 and 7, each of the belt tooth portions 11

of the toothed hell, £ Nascydhe! ! S,R0:10, 51 desnba,d he,helit ol engl,

direction, (a) “the tooth root portions 12, 12 forned circul arlg’y arcuat e
surfaces havu:sg_t&%eo@ﬁde&ﬂmne&er adbsksn rif@pvm&h B iahtangfd are
symetrically wit ach other in respect to the tooth width direction
centerline Carehngde bghietraabinpowitoneddh agchaxonid gueusdot 1& aghoin their
respective |and portions 10, 10) (b) the power transm ssion portions 13, 13
formed of cireukar yoarec watieh saitfeatesn oferctriexre pradd £ twehngrbdee radi us
RB whi ch contiguously adjoin the tooth root portions 12, 12, lie at the

fl ank surbacestomt perbein poetidedordd oas 1o aimtegrenrrtar tlangedoth
symmetrically with each other in respect to the tooth width direction
centerline CaroavRl {l@pkasubiads PrptEIns -pdhei Brximmf pregairef aagks ratul arl y
arcuate surface having its center point 02B on the tooth width direction
centerline C¥P8¥ethee beAAPt 66Ph2pDr PP oR1 28Ad Hhe r BeR'dls F°PBYet AkPortion 17
40 06 May 2003 bei ng so. provi ded as to |nterconnect t he power transm ssion
portions 13, SY553%% PRATIIR® fiPstt PEbBHiIt TNt 52t e FEBAFUNR P eS8ur¥Fangel f)B
at where the -Bover, | r%nﬂ%% si an %o[:]t on 13 of thgﬁzisanAEQS surf ace of the

belt tooth p&r Ll‘%cnt e oo R 30t pSreidn are Eoﬁﬁe%rf ed"t oget her,

is set tQ,AB,5 (g@grﬁe/s %%gé de ge%elpretf gl&gb|ﬁldrt§§n ja'?] (rjg% es to 23

degr ees. R/bre pref erab grees to 22 degrees 8B -

19. 3 degr ees) ;28 &RoWRoLE E)lellegﬁ!gesut;&aﬁﬂiéf@ rm{ee,saﬁgeape{ﬂatt QJQt h
portion 11 is approximately simlar in flank surface profile to the pulley

tooth groovespgii isAR£dced DfaBn@dGiiiaky POMh LEEASTIpdSt O6h Stiat &8 pwerei n the
toothed belt 8 is wound around both the pulleys 1 and 2 and a tension force

is applied terdtsnitsenbimestdiel in8yhidne tpeessitihedlbe Bglse woliné herdwalat t oot h
portion 11 flank surface and the pressure angle of the pulley tooth groove
portion 3 fl &ank Sootfrede rafllenei and espewtsive ffoank $sir ipwidegoitot Shien t he
tooth height direction are nmade approxi mately equal to each other and) in
addi ti onl5it teathadcpedbnsthruciredstratandies| aadtPo ot iteathopertiche t oot hed

belt 8 is brought into contact with )
lank surface and the pulley tooth groove portion flank

surface at their respective locations in the tooth height

direction are made approximately equal to each other and a

belt land portion does not come into contact with a pulley
20 outside diameter portion.

That is to say, in accordance with the toothed belt power
transmission apparatus of the present invention, the
construction of the belt tooth portion is changed to the same
one as the above and the same operation and effects as the

25 above can be obtained.



a pulley outside diameter portion. The other constructions of the present
invention are the sane as the first enbodi nent. Accordingly, also in the
present enbodi nent, the same operation and effects as the first enbodi nent
can be obtained. 25 Additionally, since the tooth tip end portion 17 of the
bel t 41 06 May 2003 tooth portion 11 is forned of a single circularly
arcuate surface) this arrangenent nakes it possible to furthgr, del t he
contacting of the belt tooth portion,i1l with the pulley too M%@@é?’
portion 3 as indicated by solid line of Figure 8. 5 This provides the
advant age that the nonuniformty of velocity of the toothed belt 8 can be
reduced effectiynel%ﬁ%o acJ urther extent as conpared with the arrangenent in
whi ch only the HaxXifinf pressub?e daglePt s oRcPeaded tasthasdibeat et Fpevi r t ual
line of Figurg,8,.40 Belerenge, is now nmede to Figure 9 which shows a third
enbodi ment of the present invention. In the t APPA-ErfodicRERTISqShe 2Poot h
portion 11 of A |t i rovided, at,its tooth tip end area,
with the toot ?15%}?)5{&@%%&%&%%& s%fé?coefn“gl cgf 3 %%Lheg EmREFR Y &PGuate

surface for 15iinteseRNRRGLbAGTAE POVWE k! gRSLOSLPRLLLORS (13, (13 on
both the belt length direction ; des, ascei nt eggecoc%pgr?‘%% °n¥écﬁt°.h501 t he

other hand;s tfemie@otdt geoauA RO}t aRtROFd | Br&RE thEcRUl] QY gﬁgﬁgegroove
portion 3 of each of the pulleys 1 and 2 20 is fornmed of a single

circul arly arswekeerscaflyceibavinegtodth GrALRIdRRENLoO2ZR @A e t @QLh groove
width direction centerline Cl and a radius rTP slightly greater than the
radi us r TB ofanrhegemsstth prppidasd therddameneffeatfs bhetheldbotre@ot h portion 11.

42 06 May 2003 In the present enbodi ment) the tooth groove bottom portion 6
of the tooth gF8s¥epor tiron agcexdangenedith othei r cobtindd) apedwat eosenr f ace
having the radius rTP slightly greater than the radius rTB of the
circularly arcGafBI$iioraderafatiuge of oblth DFesEpt enVepsion onthk7 mekitime bel t
tooth portion 11. This arrangenent enables the belt tooth portion 11 to
mare snoothl PTEFFUE | LS 1fE pleFey thoot PP d9Pe 3561 POBHLT) etbrily nore

effectively essin e.increase in_the nonuniformty of velocity of
t he t oot hed %gh% e?ro Hgl %D?nhke SPFTER® BbbtiThedht The PULABY PR EFARI@T ssi on

state in whi t h i around the pulle 1 and 2 and a
tensi on for cg)lafgﬂg]ppfg]?éedgg%%%lﬁ%dt %8?%%%(1‘% % %%jtwteﬁg el tar%é;ﬁd Ogorlte*l on 10 is
brought intogegriaCtand tdh aamilel & GUt S L a rtipn. Wwever, as
shown in Fi gurg 10, in 15 thrgﬂsarre %a?gggggéabg%%)%rof’%g'bgﬁg f"g%l portion 10
My not CONEpr8s@ure0ahglé MW bbBtwediUlaheyn At skde7 HeadBLEaROLLT Q16! N SUCh a
case, 8P, which is the maxi num pressure angle at where the tooth top arc
portion 45andft he2 t clelgitegs 0owe f hankessinf ase paichi OArfadgambhe, PWhleey t oot h
groove portion 3 are 20 connected together, may be set at 8P - 15 degrees
to 25 degr eedo{wddorngty eoD) todsthed mhs} ruve jpcdssuran angl eeBRRedayoba set at
AP = 16 degrees to 23 degrees , nore preferably, 8P = 17 degrees to 22
degrees. | n &UTUBThE¥TPRYt power transni ssion apparatus in which, as 25

descri bed abovIe, the I and portion 10 of the toothed belt 8
n accordance with the toothed belt power transmission

apparatus, the pulley tooth groove portion of the toothed
20 pulley has a tooth groove bottom portion which comprises a
circularly arcuate surface inscribing an arc of a circle
whose center point lies on the tooth groove width direction
centerline and whose radius is greater than that of the tooth
tip end portion of the belt tooth portion. Such arrangement

25 provides the same effects as the above.



43 06 May 2003 does not cone into contact with the outside dianeter
portions of the pulleys 1 and 2, areas of the belt land portion 10, the
tooth root portion, and the flank surface portion that |ie outside beyond
the pulley outside dianmeter portions will 5 not have any direct influence
on the behaviors of the belt tooth portion 11 at the tine of nmeshing.
Therefore, not the maxi num pressure angle 8B of the belt to%t Ikj‘\/lgorti n 11
in the toothed belt 8 alone, but the graxi mum pressure angl e BMay 20Rer e t he
tooth top arc portion 4 and the toot% groove flank 10 surface portion 5 in
the pulley tooth groove portion 3 are connected together, is set at 8P = 15
degrees to 25 q.q%g??s, VM’IeI ch makes, it ﬁossi ble to reduce the nonuniformty
of velocity of the thothed BEFENE 1 PHLOR RRPELSnETREONENE SBBVESE 15 | n
such a case, ¢ oLt 0 of e.toothed belt 8 may be fornmed of a
circularly arlcnhug?desqgg??a%ébf) a\]/\té\(?ré?, %F%cr} s Hhri (’evrlgﬁfie “hat 2t He°bRed | and

portion 10 b&cher pegdePf t AN saR | face_which is contiguously
i nt er connect ed wi ?ﬁ the Tl ankgiﬁc;rﬂ%c ;r%té)g%’fﬂt ﬂfteorg'gfit Q?O(a)f%‘)ré%m%r?’fgh 11

flank by the theopbesani imoeht QIS wherbok Ml GhE CYl ALK ALEURL Eosur faces
arranged symmetrically with each other in respect to the toot W dt h

di recti onscenethédebdlx. |ms therdnathed kekh Zrbavidi@ntheahel s maih body 9
made of pol yurethane, when the pitch of the belt tooth portion 11 Is 25 not
nore than 1. 9pengtinge dimensionshef socmmaaaveePortgo@dr drhn@fi My, 2003
formed to keep a core cord away fromthe belt |land portion 10 are small and
di e processi Agrasatiuser e¥lgre dhéf i carirtiagdorist hslsiftedsofor t hereer@ingord i s
arranged directly over the belt |land portion 10 without the provision of
such a concafBeFRfIMeFoRTiNting . obltfervarda pyasy ént catrd ager ee poridyf comeget t i ng
damaged by contact with the outside dianeter portions of the pulleys 1 and
2, it is desPYntY AveH Rt Keof dbrl to BRI PRI YL@ Sotedtred. oBhhedhdrelst 8 i s

made outlgf cont 9§§ib"fet hfot hethoutsi de dianeter portions of the pulleys 1 and
2. Accordi ngly, P83 T the carriage to provide improved printing

accuracy and image quality.
BRIEF DESCRIPTION OF THE DRAWINGS
In the drawings:
Figure 1 shows in cross section an enlarged tooth portion
15 of a toothed belt in a first embodiment of the present
invention;

Figure 2 1is an enlarged cross-sectional view illustrating
in a developed manner a state when a belt tooth portion is in
meshing engagement with a toothed pulley in a toothed belt

20 power transmission apparatus according to the first
embodiment;

Figure 3 is a front view schematically showing the entire

structure of a toothed belt power transmission apparatus;



10 descri bed above) the arrangenent that the |and portion 10 of the toothed
belt 8 is forned of an approximately flat surface is able to nake the
position of the core cord stable. Further) the tooth groove bottom portion
6 of the tooth groove portion 3 of each of the pulleys 1 and 2 may be
formed 15 of an approximately flat surface. As a result of such
arrangenent, when the toothed belt 8 is wound around the pullﬁ%s é Sgd 2,
it is possible to make the tooth tipygnd portion 17 of the 08 May g8
portion 11 receivable by the tooth groove bottom portion 6 forned of an
approximately flat 20 surface having a large area. As a result, the core
cord position (Jj.e. e pitch Jine PL) of the_toothed |t 8 when wound
around t he pulﬁg§gri %J%f f“caﬁpiﬁ§a%85% %ﬁ%ﬂﬂag,s??ﬁﬂﬂgﬁ8?gf SATERG T he
nonuni formty, % it t t bel & .a further extent. 45
06 May 2003 EJ%&ﬁe‘?’l,’é)’fr? %Sﬁg’t ctc?%g?r%%@.%gnl%fme?‘te%glrng[ SHE T s TR

enbodi nent) tah?,uﬁpg QWoRg %tc;oq,gg JENt, ey be made. That is, in a power
transm ssion state 1 n which the toothed belt 8 is wound around the pulleys

1 and 2 and a Fegsion sf OE6LrdspoRdfPRId edid@rd ], t aihedgbel t mekhendel t |and
portion 10 does not cone into contact with a pulley outside dianeter
portion amd tdhgagErdntumngfates et anhgl @rdPsate Waese tdre L 06kbhtt @po@t C
portion 4 and the tooth groove flank surface portion 5 in the pulley tooth
groove porti dlaBkasertarmetd edpimgemnhtsly | sqsat thD eatBR £ 45pdegees to 25
degrees (either at 8P = 16 degrees to 23 degrees or at 8P = 17 degrees to
22 degrees). tEath woovhef }ankegurfareenbodi nents of the present invention has
been described in terms of the toothed belt 8 and the power transm ssion
appar at us A i nE&THSH & sOTrASRSpRenfigwre 15 FHSVIRS 2 URetBuBRTEPpri nters
and phot ocopi ers. However, the present invention is of course applicable to

t oot hed bel t 8faifd AL PEAS nildsiBnSeiATdr ARG pof atl® PEEIENFachi nes
ot her than busi nessngqui pment. Next, exanples of the enbodi nents of the

present iAverf Rt

Figure 7 corresponds to Figure 2, showing the second
embodiment;
Figure 8 corresponds to Figure 4, schematically showing a
state when a belt tooth portion is in meshing engagement with
15 a pulley tooth groove portion in the second embodiment;
Figure 9 <corresponds to Figure 2, showing a third
embodiment of the present invention;
Figure 10 corresponds to Figure 2, showing another
embodiment of the present invention in which a belt land
20 portion is not brought into contact with a pulley outer
diameter portion 1in a power transmission state 1i1n which
tension is applied to the belt;
Figure 11 shows the data derived from analysis on the
nonuniformity of belt velocity analysis by an FEM analytical

25 method:



20 will be described. In the first place, the nonuniformty of toothed belt
vel ocity was anal yzed using an FEM anal ytical nethod. In the FEM anal yti cal
nmet hod, two-di mensional dynam c anal ysis was carried out using a

general - purpose software program ABAQUS. An anal ysis nodel was derived by
nodeling of 25 two different pulleys and an endl ess belt having tooth 46
06 May 2003 portions in the inside thereof, wherein after aBB| i ca&'bag of
tension force to the belt the pulleys, were rotated. The pro IMay, bel t
tooth portion and the profile of a pulley tooth groove portion were forned
in accordance with the 5 foregoing enbodi nents. Each belt material constant
was input by agt S nts for S, hayi a tqoth pjtch of 2.117 nm
and respecti ve%%gﬁi? :r'?gt il%ﬁglg mat re%aécl gh%kll P \;\a/%espv%(%‘sit et eﬁgjt%at?o?ﬂé

materi al congirasbusd daftfle VAGY WRLCRIBCDL 1A o ORI AT E, VLM, The
belt main body was set as a 10 quadrangul ar pfFane el enen dnd the core cord
was set as arkoamie eeRRtvdiRAdyi Abrk@nsdadargt hem afisf gheii on, the surface
that was brought into contact wth the pulleys was set as an interface

el enent. A nodeigwfe tise piswkey systatersvsoa tr iv@iidce sty f @ifini rdimiie
velocity of a specific point on the belt pitch Iine was output to obtain
data on the measyweamennity of belt velocity. The data thus obtained is shown
in Figure 11. Figure 11(a) shows the data for an exanple of the present

i nvention (whi&¥gure dduisheventhe mepherdnenst detdooly neet tefitt helqrieagent 20
invention) in which the belt tooth portion conprises tooth tip portions

whi ch are ar PAMGEE oSPHREMERERFEYENt SHSke¥h other in relation to the tooth
width direction centerline and a tooth crest surface which is formed of an
appr oxi mat el y T1EEesutt ad@oFdr Tt ePRENNSEEITRA t HEOR oS tt | pelrstitvons and
the 25 maxi mum pressur.e %%gl e is betﬁee,n 15 degrees and 25 degrees. 47 06

May 2003 On PAETOERET RakdTIBT Yt 871 1{D)°'shows the data for an exanple of a

conventi 9(518" tﬁ%ﬂgbql&% i&é’x‘@ CQ trgfa%)%ismilg] ré ‘%ggr[;ethe belt tooth

pressure angle and the belt velocity nonuniformity derived
from the belt velocity nonuniformity measurement data: and
Figure 17 corresponds to Figure 2, showing a state when a
tooth portion of a conventional toothed belt is in meshing
15 engagement with a toothed pulley.
BEST MODE FOR CARRYING OUT THE INVENTION
Best modes for carrying out the present invention will be
described below by making reference to the accompanying
drawings. Referring first to Figure 3, there is shown the
20 entire structure of a toothed belt power transmission
apparatus A according to a first embodiment of the present
invention. The power transmission apparatus A is of the type
that is mounted in business equipment such as printers or
photocopiers. In Figure 3, the reference numeral 1 denotes a

25 driving pulley formed of a toothed pulley and the reference



angle is 14. 4 degrees. Further, the relationship between the pressure angle
of the 5 belt tooth portion and the belt velocity nonuniformty (the belt
velocity variation value) was found fromthe data and the results are shown
in Figure 12. In Figure 12) the belt velocity variation value is
represented by an index indicating that the conventional technique exanple
is 1.0. 10 Moreover, in Figure 12 the solid line indicates bg %g?@ %or a
belt tooth portion having a tooth prggile conprising tooth |§w P ns and
a tooth crest surface forned of an approximately flat surface wherein the
present invention exanple covers a maxi num pressure range between 15
degrees 15 and 25 deqrees. t he ot her. han th roken line indicates the
data for a befl?mefroagt g%“‘ﬁ%ah%ﬁ"ﬁa BUt 63t gb |epdeé)lr%1dap%°ﬁt|h8rgl %irhr%d of a

circularly ar @g%ee p%g?%fscel hayi 99,14 SSOCQQL%((Ege%OiaQt £OMogde 1 £ Q0L gt h

direction centerline i nterconnecting the power transnission portions,
which is 20 eguiyal gntndo; Aaeaseaops-armRodiaTeni,tabat BE1Pr gsant ddantion. A

power transm ssion apparatus nade up of a belt and pulleys was prepared for
performng a hesigla besh e dulBassrenmat 25YSdB1G LR MBASWGE ehhSgement

nonuni formty of velocity of the belt. Mre specifically, as exanples of
the presemd 2thddewenhi on, daswibs@ot hedchetrting( xXaspdEly loangnk afdt he

pr esent 48 06 May 2003 invention) having the sane construction (i.e., the
constructi on gcioonidpngedtantihes sechnd wiredi rentixeldwmettachegura: Grsbut
havi ng different maxi mum pressure angles (an angle of 17.6 degrees for one
and an angl e aftarhm@niggrprddégnslFagr tehe pwher jranOaft hiee goesheddredt &s an
exanpl e of the conventional technique, a toothed belt having a construction
shown in Fi gui® a5 ¥ Hee fesdiakdm SPe’dinte Wil &he 1800thedgroeds) Bwadher epar ed.
The follow ng table shows the di nensi ons of these toothed belts. Their

di nensi on valREdeEFe Ir HtestnfEl £67HFUA iFde X WRFERY | hEi CAPEe that the

06! L0 DL (% 13T e 5L 0 TEBLE SLVENSL IR LW o X 1
Ty A e (PR BT P e ARG 0

0. 140. 08 pulley 2.

As enlargedly shown in Figure 2, the driving and driven

pulleys 1 and 2 (the toothed pulleys) each have a plurality

15 of pulley tooth grooves 3, 3, .. (only one of which is shown

in the figure) which are uniformly spaced apart by a fixed

pitch on an outside diameter 1line of the pulley outer

periphery. Each pulley tooth groove portion 3 has (a) a pair

of tooth top arc portions 4, 4 formed of curvilinear surfaces

20 each inscribing an arc of a circle (i.e., circularly arcuate

surfaces) having a radius rlp which are arranged

symmetrically with each other in respect to its centerline Cl

in the tooth groove width direction, (b) a pair of tooth

groove flank surface portions 5, 5 formed of circularly

25 arcuate surfaces of concave profile having a center point O1P



49 DI STANCE byqg/ 2RADI US r TBO. 20 0. 18- 06 May 2003 More concretely, the test
toothed belts are made of rubber and has tooth portions of circularly
arcuate profile (tooth pitch: 2 . 117 nmm . The rubber is chloroprene
rubber having a 5 hardness of 70 degrees. The core cord is nmade from gl ass
fiber of a diameter of 0.3 mm The fabric, nade from pol yam de woolie
finish yarn, is RF processed and only its rear side is proc§§$ﬁﬂlg% éubber
cenment. These toothed belts were actyally run to neasure th 0 % ocity
nonuni formty by a belt velocity nontuniformty neasurenent system of Figure
13) The measurenent system conprises a driving and driven pulleys 41 and 42

which are inplenented.b toothed,g Ile¥s around whi ch each test toothed
belt 40 is wilni® B tBhA%bAR P cg‘pﬁll e By ATt oat itBe| R BNS 3% t he

driven pulley, 42 and .t drivi puyl. | 41 i.s rqtated n direction
i ndi cat ed by¥gﬁ gﬁ%%algﬁyt ﬁ’écﬁr%ur% r\jl:-\llg%/?l THeS r?’\?gﬂgpﬂjr ec;’lpﬁ Pi'acded in the
nol 0ad st at e, A Belds18h 8ol ohNes SLAGK (ShEE SHATRT 11 Ne Bglt (40,al 2
di stance of df :_15 ﬁnlﬁganlfhe shaf t éenter of ?he dpﬁbins_ﬁa t%f 41,
20 illum natgdii Bh@ibRseE lbrghind3endd ARAiRGORA4AJeddiAl :Sn! OGRted a
di stance of d2 - 1002 mm away fromthe area in respect to the belt |ateral
side. Based ph1idie Qutapdt 2Shgn@dsdriesat herepn)0bRd 43, rddi@sNRBUGE Qe ty Of
vel ocity of the belt

than the tooth width W of the toothed belt 8 which

is

contiguously adijoin the tooth top arc portions 4, 4 and are
arranged symmetrically with each other in respect to the
tooth groove width direction centerline Cl, and (c) a tooth
10 groove bottom portion 6 formed of an approximately flat
surface which interconnects the tooth groove flank surface
portions 5, 5 (note that in Figure 2 the outer periphery of
the pulley 1 (2) is shown in a developed manner together with
the toothed belt 8 for the purpose of providing an easy
15 understanding).

On the other hand, as enlargedly shown in Figure 1, the
toothed belt 8 has a belt main body 9 made of elastic
material. It is preferable that the belt main body 9 be made
of either rubber or polyurethane. Other than these materials,

20 the belt main body 9 may be formed of, for example, synthetic
resin material. As rubber material for the belt main body 9,
chloroprene rubber 1is used. Other than chloroprene rubber,
either NBR, SBR, EPDM, or the like may be useful. These
rubber materials preferably have a JIS-A hardness between

25 about 65 degrees to about 85 degrees. Thermchardening ether



50 06 May 2003 40 is neasured by the velocity nonuniformty measurenent
device 44. The frequency of the velocity nonuniformty thus nmeasured is
anal yzed by an FFT 45 and the analysis results are fed into a personal
conputer 46 and then printed out by a 5 printer 47. The data neasured by
the velocity nonuniformty measurenent systemis shown in Figure 14) while
the data derived fromanal ysis of the frequency of the beltoéﬁégckgg
nonuni formty is shown in Figure 1530A rel ati onshi p between %) %ure
angle of the belt tooth portion andthe velocity |10 nonuniformty derived
fromthe belt velocity nonuniformty neasurenent data is shown in Figure

16. Note that ﬁach elt velqgit ariation valu%oi an i.nd x%éalue in which

the conventi Shal "TEWREQURY SEanpre Two B B mhh pPER UK PaddI B2ts 14, 4

degrees) 15 bofly 35 A5 601 I%8°80cLs UMIELOMISA 2 el Fod NS EKL UG Pr e5SUI e

angl e at where ransm ssion portron of t ank

surface and Lhgatool EQOkoOkLE Ofk13T RaEPYRQGt d together is between an
angl e of 15 degrees and an angle of 25 degrees, this reduces the

nonuni formity phrhelt, webeddddy 1h0tAe 20t flinaleT b6 SNtonl B GERAriSEN Wi th
t he conventional technique exanpl e whose maxi num pressure angle is 14.4
degrees. bt ps phefe&smble & hadtrd heormXimatmMyhoRsStih e tRaglEeghes hetnsren 16
degrees and 23 degrees. Further, if the maxi mum pressure angle is set to
fall wi thin shevesange sbeeneble embegr eBise ancte250?? Tegrse@s lyt hésmedichi eves a
consi derabl e reduction in the 51
of glass fiber or aramid fiber, regardless of which one of
rubber or polyurethane is used to form the belt main body 9.
Instead, the core cord may be made of carbon fiber or PBO
10 fiber. For the reduction of electric power that is consumed
by business equipment, it is required that core cords of
smaller diameter be used for the achievement of loss torque
reduction.
Further, in view of reducing the nonuniformity of velocity
15 of the toothed belt 8, it is better to employ core cords of a
high elastic modulus from the point that the rigidity of the
toothed belt 8 is reduced in order that the pitch line PL of
the toothed belt 8 can be maintained stable, and from the
point that the tension elastic modulus of the toothed belt 8
20 is increased in order that meshing interference under load
can be reduced by maintaining the tooth pitch for the rapid
reduction of velocity variation taking place when business
equipment is started.

A plurality of tooth portions 11, 11, .. (only one of which

25 is shown in the figure) having a tooth wide W are provided on



06 May 2003 nonuniformty of belt velocity. It is optinmally preferable that
t he maxi mum pressure angle be 19.3 degrees. | NDUSTRI AL APPLI CABILITY In
accordance with the present invention, at the time when 5 a belt tooth
portion is about to conme into nmeshing engagenent with a pulley tooth groove
portion, it is designed such that the contacting of a flank surface of the
belt tooth portion with a flank surface of the pulley toothogrlﬂgxgopgrtion
is delayed and, in addition, a vertiéz | conponent of a reactlon orce
produced when the belt tooth portion slides into the pulley tooth groove
portion is reduced. This allows the belt tooth portion to snmoothly slide
into pulley tpo r e.poLti on r consj derably r I th
nonuni f orm ty901wr{/(gll§gl:ét ;‘EOFEt ﬁ%‘g t%%?hglgy%e? t?pl?gvﬁ%aegg?%%{% cal’ y

excel lent 15 givaplpgesesiteh & LMPLQUENEREcHN AheaRE! ?;B&:E‘Qor?cfb”"i‘gy and

i mage quality of business use equi pmrent such as a printer. Because of the
capabi l ity ofad¥iRat beNaObodtdd isAPEMELENENL Nbd e AR BERNE B dfyeBHSI NESs
use equi pnent, the industrial applicability of the present invention is
high. 20  06tddxn 2008idnd Wi, Alyiny ChAtMED NG 11néd\ tnothedohg ttheeapnsuy a
hel | main bode ss nh a pitch trite on ss loch a tensile ntrnber is enbedded
t herei n; & plareal 1d ypaftibellbrt cohstpantsofsrpraei edcat oa fthsedopthch on a
|l and line of said belt main body. each of said belt tooth pot-ttons

conpri sut g~ tmwtthorpotll por tpioieh foeitweered .Gf moi @pbaBl § @ cimtselsgred aces
v~hich nme arranged ~ymmurically wrth each other in inspect to a centerline
m t he tooth V&I BpRiRRc@aeRing®AREESt r ancnussi on portions forned of
circularly arcuate surfaces of coin cv protilc which conucuously adl oit
said tenth toot'fBr thdnReklt "2iBoPAEY AntF 1M3deaPthIRRPYr flad@drdf 2%i d tooth
portion. and arc_ananged synnncutcally ss~tth ca;,h oilier mrespect to
said tooth s-SYEPRtInHEIRER LRt SPPYRED £Pe OFHEBITR) plhGPP169d €08y of
circularly arcuate surface ich _contiguoysly_ ad rl S3l.d poOVv el
trall5117PsciovFteper Elotzr%ls? zﬂ%rpé’r%%?’én éd%gy%sn ")reltﬂreéﬁf y RN ERRath ot her
mr cspcct t i 0 i i rectd. C i . rest surface
formed of an(}g}ijgh‘rgo%? g'%tlag:\éf ﬁogtyg%#ra gég%sﬁ%ghg%ﬁg Sgﬁ{ﬂgggttorslyggg ' t oot h up
porions, ss RRHQBsfeMBEHBULN tndy, | 8SURLARNY! eTdd SRbdi PO SSubffe said
posvcr tt ansnussion portion of said belt tooth flank sui face and said
arcuat ¢ surf ae@gefedaid danekhod GHatpnt i Judh AaLEREOBALLINREALT Osp&ther is
bet ween an englc of 15 degrees and an angle of" 'S degrees 2. The toothed
belt of cl ai mrkassédter AL tthreampemtruneprEgss Urikeangng ahesaitd pobidr wher e
said pos, ei transm s~ron ;~orticin of said belt tooth 1lanl, stir face and
sai d tootlld t cgoenporncagmert ¢ Ipoapeetaagdes ogatcherubkerheenentedreatmentyl e of 16
.iegrccs and an angle of 23 degrees. s. The toothed belt of claim!|l

ss~her cu~ t hésnaKPFiifdp PUEsSBr ePort| 6182S s&fd PR ntfabTifrer HOYRYRF .pos~~cr
transnussron ortton of said heir tooth flank sot face and said tooth root

portion are ESRASLIEY iP5 cit%etCIE ¥t -STdeReRh ARE| 856f 117 PBERYEs and an

angl e of 22 %%gs.igé:tsions, scattering of rubber powders from the toothed
belt 8 surface is undesirable. In addition, in view of the

20 reduction of velocity nonuniformity of the toothed belt 8, it

is necessary to decrease the coefficient of friction of the

toothed belt 8 surface. Therefore, it is Dbetter not to

subject the outer surface of the tooth portion 11 to rubber

treatment.



4 . A toothed belt pov,~cr transm ssion apparatus conprising a conbination
of a toothed belt of any one of clanns land toothed pullc~~s each has rng a
plurality of pulley tooth groove portions ss hick are pl us idcd at a fixed
puck on ;: pulley outside dianmeter Iine, caih of said pulley tooth groove
poi -ttons coitpnsitC. tooth top arc portions fonned of citrularly arcuate
surfaces which are ananLed s~~tnnetrtcall~~ \~ 11h CaCh QO I%ﬂyatyleé (ffpect
to a centerline in the tooth groove §2idih dn-ecion, tooth q ank
surface portions formed of circularly arcuate surfaces of concave profile
~s~ltich corti~~uously ad~o;n surd tooth top arc ponrons and are an-angcd
syinmeuically o3 chd S8R0 OIR |AGheRRECh1O L hagt R gLuURsE, sS, M dth
direction ccnterlrne, ~a toot gr oove botton1p61-€ron groviaeg SO as to

[ ricreonnect waLArLaL | nb0RYE:L AN SHRECOPON LR Syckackt BEEL, - al d

belt tooth ponum ha~ ank wifa:es whose pi~fi ~5 sub~tanu, Ty the sane
;. s that of aloark purtasesiiOfangaiof1y- al | e¥re 00840 HLWHHRABE0R, thO6 My
2003 53 tit a pol ~~er transnusston state rat v prep said tootltcd belt is v
ound around s=hd heof edypal | egs and a tension force is Itl,hed to said
toot hed belt, the ma>, 1 mum Pressure angles of said belt tooth Portion flank
surface of sai Ghé, présantt .1nveht pmooe @ardotefizadk bsurthac @ratildese

i especuve locations rat the tooth hcl ht dnectlon arc nade apl oo~.tmatcl ~~
e:;ual to eacheobéler tanth apdsdlion| Bhdngdt She inprofitondgs thet pull@yt acothw i h a
pul | ey outside dianeter portion. s. The toothed belt |,ov~et transm ssion
appar at us of ggPaverPrtdper 2atThegi 4s ptd @y -t edtIhoyrudyrFpoiceadn edetach of sa
| d toothed Pulleys has a tooth iroove botpon1%ortion for med of an

appr o~. nnat eP§LEi &POEUr PRI, 1A 3§t h&d BEFt PEBR nPidest HYy: the bt it nau

body wap a lLatch Irate on W htch a tensile nenber is enbedded thereat, a
plurality of BBFE™ tHFRATEHBY LAYLLS B GviCdedOqt? &£ 308 &G4BT ctéortZa | and

l'i ne of id_belt i n.bod a ch of said_belt tooth poi_irons conpnstn-~.
tooth rod paPETehes 6P AGETET Tc A EUr i Iy AP Ctra e Va7 A KU RTLE S art” an;
,_ed symetr Y, .eac t SFedetclo t LI he tooth
~~~tdth duer6%§?G%6%¥§q@?gﬁs%¥€§¥§%nggét|ons%F%gﬁgapggkgnﬁégfa% fﬁércuatc
surfaces of ciQnY@é'pe%“tOftb: &Mfﬂlefpfﬁé @YOUS| A Gs0LR WAl hadalh: fot

pontons at a point, and lie at (lank sw faces of said tooth portion, and
ate arran~~edssynamleliCeddth poiticraalh of har, thd vespeeigtrO asakékitopaot h wi dt h
duecuon cenieiline, a tooth tip end portion forned of a circular |y arcuate
surface ,t 1édfderiSnsd lapgowsdadigsodsdyunericannchtisairdspadtitl tramasnussl on
portions and whose center point lies on said tooth width ducctton center

| ut e; whes ei noatimms, AAuniipr esBayie cdngbeemttrapsnisyiont pontkione bai d3power
transm ssion J,onion of said belt tooth flank su: Exec and said arcuatc
surfaces of $§afePd 06f h FERELIPONY uBFCHTE cHHif@ceed Hogehea® | BrdWe' een an
angle of | 5 decrees and an aqale of ?5 dqggees 7. The toothed belt of clann

6 wher eat t hBSHHIHAUMIPHBESTE W ighgCeREITREFHY p3tIntty ther EO% Fopbver
t ransnusston_pori t on.of id.hell oth flank swtace and id tqoth toot
portion are Egﬂtnleo@tseégf oggt ﬁlelre s %g?l\}\}éesnu%ﬁcasnt?f]aet%gf r?:fg%éic‘éf’rretelémand art

angle of "' 3 gf,c;atn%eﬁr.;‘armﬁggeogﬁﬁwfégngf wEldledLh YRR LA apwnum

ptcscure angle at said point where said pov~et transm ssion poWon of said
bel't toojh clanknsatoddra @it ket Rl enthli b0kt 1QL} at &i¢04211eA Cd
LOyetlter Is het cen as angle of 17 degrees and an angle of 22 decrees. 9
. A toothed bebétrpowep tpoasMESSLeAN ARPArSdnss COMMPel S8EL A 160Mdrbduaktbon of a
toot hed belt of any one of clanns 68 and toothed pull eys each having a plu;
alit~ of pul beytdoeet hagimphk' proGitieronsedMriatios arzBcwipi@vicdediqiowa1yi xed
pitch on a pulley outside dianeter Itne. each of said pulley tooth ~roovc
1)01' (1011S @icAml) khe Staower'  trdyisin¥s$ige apOrpi@ns1103.15 1Bunaed efe
clrcularl\' atcuate surfaces wdttch are arranged symmttncally \~" uh each
ot her tn inspeeangded £YPEAEEFIFIAF i tPheachotdthef ndbe tespdeh da &bel on,
t.~uth groove flank surface poi'ttons fot~rted of ctrculattv arcuate
surfaces2df EeftidavE PsPotFectiianc Febft i gfofdl ~23rd~(dhnt sEPQFN SBeRtt op air
portions and are arranged syntntntall ~~ a 7th each other in rusJteea to
said tooth gtoolc t~ idth direction ceutcrline;



06 May 2003 54 a tooth groove bottom portion p 7 owmded so as to

i nterconnect said tooth groo\ a flank surface portions, \~ |7crcln" ~, ~td
belt tooth portion |7as tlanh sin faces \\ hose | 7rofilc rs- substantially
the same as that of 1lanl: surfaces of said | 7ulley tooth groove portion,
In a po\a'cr transnnssron stale in v hrch said toothed belt rs wound around
said toothed pulleys and a tendon lorcc rs appllcd to card 6§m§1pgqé§lt

t he ma~, nnum pressure angl es of card%< elt tooth portion flank si'n"face and
satd pulley tooth groovellorlon flank surface at their respectt~~e

| ocations mthe tooth herLht dlrectron arc nmade appro>, unatcly equal to

cach other and: 2.0l is |ARG-RODE | §0 GRIRS 0, CORLECLIdack B Bopul) o

outctde diameter portion 10 e toothed be ower transnusston apl 7arat us

of croon 9. whepgiiaedl ds P ligYel R8T OV @ BENT AN pot £8EH 12f pai d

toot hed pulleys has a tooth groove bottom punron \\ ﬁrch co0)))t ices a
crrc ular | ~~ af clatfresbiibfcAGRak NG COANRT BHind IABOT & . €1 F &g whoss center
point lces on said tooth groove wndth direction centerline and \vho, e
radius i s greaiet tdfl apné hatiretiisalyd teeidtet i putdtepPobs | i IEhOf pSadd bel t
tooth po rtion. 1 1. .A toothed belt pov\'cl transn7l ssion appar atus
conpri sn7g atcomnisstiponpaftignt 33t hiesd lvehtedrrd theot b7 ctle Ipdtkhcyisne (a) said
toot hed belt having' a belt main body with a pitch line on ~ |7rch a

tensl | ¢ men7Ber ofs tea7hedatkas threht & noT alpl theaal Tigindtybéhereefot Hhsorti ons
provtdcd at a (iced pitch tit satd 17el( nmaul body, a |and portion provided
bet ween adj aE®htehHEPLRt dYtth 150f¢FGOLY (PCaEsR H b igap dSBRSIME LEoBRI¥epOr t i ons
havi ng' power transnussl ontrFeorti ons fornmed of circularly arc uatc surfaces

of convey | 7tBfOtHeE WORAERtHe (E&ETT PAINY OBt i 1oraA$dof EAFEARG0Ph portion
and arc ar rang syn7tncti really wih each ofher rn r..cspect to a center
fine tit thelT oot & ?’dg#’d :°‘“cé‘iojﬁ‘,d ?%[‘Jﬁirbﬁﬂ apérlﬁ%*ﬁes“rdf' 177Cd O
CrCUalll\’ at.e f S, v=17 7. 001111~ 1 n_ 531d_pO\\'Cl
tra) 7517]7%88?%;1%%0%"?%3{1&%&%%/F ;troé%r?lg%éeé%‘%?néc’%f%&%?@h&é%h ot her m
respect to sghd $aQt Rosed didrtdBRCEL OPh&RNLCHLT BRe tARIR GhESE guUlface forned
of an al 7ptommatel ~~ slat surface \\hrch rs so provided as to I nterconnect
sai d tooth tife RAELhOSS, the oBtRCHIri@honsei f. treeihed, prdreysphaWiyea
plurality ofpulley tooth eroovc portions provided at a fi~;cd | 7ttch on a
pul | ey out si g@1idisamst et |iHee;citdplessh afcuadé dsputd®Ry dooddtnerave
por-trons ha\ rng tooth top arc pnr'ttons fornmed of circularly arcuate sot
faces N ht chtmanemassi@nepartseormidu iseaddty amprhxawedtelyt lpgnali tor thpect to a
centerline mthe tooth ~~roo\ a \~~rdth direction, tooth groove flank sot
face poris onsodthr medtlofW orr greately’ thar udieetsantf sddsh of (denca\REa=pwolire v
hl cl 7 conirguously a,?lonl card tooth top arc poritons and arc an'an gcd
S)' 177177Clrori B311\W) vmolrecpeftergbher BB Fcipt ot 6-8%HI d tooth Lroov ¢ vildth

dlrccticmccntel I nc, . 06 May 2003 55 a tooth gt oove bottom po; uon pro(
tdc:d so as tdnirither cootbed Baltd 8 oothe etaxdove Pressurst iangflac8Bpetti ons at
a pour, ,~, herein: ;: ma> rnmum pressure angle at said point where said

tooth top arwheser thenpewed $appsnigstinn-~penidee 13 artk tder Pate fyothi h myard
pul |l ey tooth groove ponton are conncttcd togcthci is L~ciwccn an angle of 1
- degrees E”ﬁpg%* éﬁgﬁéc%fag% H@br%&%ﬁh root portion 12 are connected

20 together, is set to OB = 15 to 25 degrees, preferably OB = 16
to 23 degrees. More preferably, 6B = 17 to 22 degrees.
Optimally, 6B = 19.3 degrees as shown in the figure.

Furthermore, as shown in Figure 2, the profile of the flank

surface (i.e., the tooth width direction flank surface) of

25 the belt tooth portion 11 is approximately similar to the



Ard belt tooth portion has rank surfaces ~~hose profile is substantially
the same as that of flanl. swfaces ofsatd pulley tooth ~roovc portion) 'n a
pove~et tlanS1711S,tOn Stale 117 U hick card toothed belt is wound around
said toothed pulleys and a tension force is applrcd to card toothed belt,
the pin>sma angles 0l said belt tooth pot uon flank stu f tee and surd
pulley istih groove ~~, rrlon flank sot face at their rcbhl Cndé@ oc@d{%{]s m
the tooth height direction arc made L;{proannately equal to ay al 7d
a belt land portion does 170l Colll 1710 e011liiel 1~ 1t11 111C pulley
outside dianmeter portion )?. The toothed belt pov~ct transm ssion apparatus
of claim1 1, m} | and pcn'tton of card toothed belt conps tscs an

eﬁcm aitg _
O 8t W FACR A M HATRES cohtS-gudBEl FOR r SfYEC a8t -t t h

appro~, t mat cIBrS

said belt toqfh.petiian k surfa by taoth rogt pot-ttons follnCd of
cn cularly ai lcgn?'?:“sur faglégés]urv\tﬁgga %ffthﬁnl?%lﬁlgeé’d%? °P¥aIPINFIent 3h sai d

tooth u~tdth gneg r%lﬁqntp%CvIaPt (Er;'nﬁnisgigﬁ Eggﬁ{eghebr%li% F{%\é~etroo%£1a SnTssion

apparatus of claim1 1 or claim1l ~, wtercnt the maxtmum pressure” anLl e at

ve-herc sal degeth 10RodhE R OB @Ndngabehilegq! | Caf Q0%Fa T ARk 4 T ace
portron msaid pulley tooth groove portion a.” connected together iIs

betv~een an #ogte 0f abplieltGo €ré Btnad B @, Ofne prd€PEALSngla LogNe

t oot hed belt power transm ssion ahharatus of claim f | of clarm 1?, wherein
t he maxi mum phessede aogke atrwher elsafThrikocddrriaep ana pet' tgeBsa@nd said
tooth gtoote flank surface portion msaid pulley tooth groove poriton ;.re
CAlnel'tCd eagée hef the puiherntethaggbevefportidegs eEanxnduabac@ngdte of 72
degrees 1 ~ The toothed belt pourer uansnrssion apparatus of clann 11,
vherctn sai dtBelT ejesRAAtAVYr Sdoek pourfiase oloisbehinf thai dobtit hethrpul | eys
has a tooth gr_ oove bottom pot uon v loch is formed of an ahl n-oat matel ~~
flat surfacedIr&E R0 HEISe PPPEOYNE LY a2fs P opadppdbaruandonpnsuy~ a
conbi nat &gn og?gt t oot hgd, bel t and toothed pul | eys, lré; sard toot hed belt
havi ng a~bel PRI body VW iTR FPRTHUCIAR Yirtvithectend worsirn ewfer is
enbedded thc%g%;'rog\trpeldurballitt)é o{s béalt L ot h pot i ons provided at a fined

prick in sai T h=at n° body: 2 | andIPont8h° pFRvTad gerPHdieEcent bel t

tooth pot~tighsside BlafaGh gir-s@ld belt tooth pnrirnns hawn~~ bower
transnnssron hornons fornmed ofcncul atlv arcuate surfaces ofconvet, loofilc

N-hich lie at Adcapkissiy agastRl s@ldntOBhdbARLAE ! AL ARDLAT £, afv%ggfgd
symmetrically with each other tn t espect to a centerlnte tn the tooth a
idth dtr ccuon:whenl 6f |tbotthpp@ndopoll taan ther vmadneli Beat BCUbAL] UnaLcuat e sot
face a hick is so prop idcd as to naerconncct said power tt ansnrsston

p01' 11011% afelshling logegeemitewipbntthel itestiongsaive tpeethonndt Bedichect i on
center Itne. 06 May 2003 56 tc) each of said toothed pulleys haw a

hl urahty of §ivHeg tBPtleYcrbovmplemantednsy oavitdedhed auftlexd kitkh on a
pul I ey outside dianmeter line. (d) each of said pulley tooth groove pot
tines hawn~-*RGEERCRbp hatthe Rlti SRR oPPRIdOBf Wéhb ctibai PU3Lear daatle suri accs
whi ch are art_an~cd _s; ~mmtt ncallXavwh each_ other mrespect to a cenicilntc m

the tooth c.BECEWRAFH U r@EPFoR M 2TD0th Yt LURAFEOR| WRiCst3S oxeBhpor t i ons
formed of cn;cularly. cual e surfaces of cqncave profitlr w hich

cont yuousl y daegtlé rgnasglilggt 66t Top-%ar &0 ?‘faotgf nat°%a B8t iRt L18Rd T3P ar r anged
s~~MeNtay | YorlooyBNpEACKObebsel tole liie~ k1l dhcBald LI 1o ~tooye ~ndth
direction ccntcrline: a tooth ~aroovc bottom portion prow 48d 43t as to

i nt ei conncutissaigh1i 0@t heaRauen #3NK SUTSfrACe 1 RRK t LdNSice~5E! tELCPL A T Na~; nnum
pressure angle at said potttt >xhcic said tooth top arc portion and said

t oot h yoove toamk surtane 1r-ofmiofedpectaitd pukl eravéNoigh @reeye.Poidion arc
connected together is bctv ccn an an~lc of 1 ~ degrees and an anelc of' 'S
decrees; saifdrbel braugbthipor icoonadtasvifthamke snkf seecahesernat paf1dd e s
substantially the sane as that of flank stir faces of said ullcy tooth ~y
o0V a porti dgeoth erquseror tiams A sBicaeastert e tirewbe Ith t8Sat gooatbeditbel t i s
wound around said toothed pulleys and a tension force is applied to said

t oot hed 25el s1ifpg Hrtesshe PdAgY ekodh gapeve@rtiay Bh portion cl ank surface
and said pulley tooth groove portion flank surface at rhea respective

| ocations m;he tooth height direction are made appro~, nnatel ~ equal to
each other and a belt |and portion does not come ntto contact v~ith the
pul | ey outside dianeter por,ion 1 ". The toothed belt power transm ssion
aphriratus of clatin 16, whet emsaid |and portion of said toothed belt
uunpriscs an apprownatcly flat ~urfacc vinch is contiguously tntetconnectcd
v~ith said belt tooth portion flank ,t.rfaccs by tooth tout portions for;
ned of citcularl~ arcuate surfaces v~htch arc arran~_ed symcttiically ~nh
said ;n~nh a idth dirce;tion centerline. 1;;. The toothed belt power

T - T Y I A~ T . o — I I o o



| 9 The toothed belt puv cm ansm ssion apparatus of claim16 or clann 17,
wherein the maam um pressure angle ,a said point where said tooth top ai c
pore ion and said tooth gt owc flank sw face portion msaid pulley tooth
~~-00ve portion ore com-ccted together is bcw ecn an angle of 17 dc~;recs

and a:~ ai:glc of ~? degrees. ="'t The toothed belt |ower tianst:ussion
apparatus of claim1l. Nlieremsaid pulley tooth ~.;iouve p%w‘%{}f Qé each
of ,,:~d toothed pulley s has a tootjg ~~t uovc bottomprn t % €p conp
t iscs acircularly ai cuatc sui face inscribing at: ~c of acnc le a

hose center point lies cmsaid tooth gt uov a width dn-ection center |ine

and v hose radi,ys S, “plgat ¢l f sa tooth tip_end_portion of
said belt toot h'%pollry1 Fof -ea kﬁ bei« %P%éfu kg %@e Y- A@pag ok

S. Asy. A" . A9( . Qe A %,ﬁt AL( r

AL AR A AR AR AS()CA edA‘ e A@ (ALLF atA bMAL%a?r/Eé?rll?.tﬁl:at. A,s not wound

e.Aa. A'u. AL. Adrofifta Adn e?‘gblﬁ(lé’y N @értn!%@ilya‘ 1r16‘|-5§5111éct10r&6‘ fbrmal to_ the
qs+C$%WW ] i } ~ozupkf a\ Wca] ca] ca] ca] ca] ca] ca] ca] ca] c<a] cRa] ca] ca] ca] ca] cal] ca
] ca] ca] ca] ca]ueakcabhe ] emidalcakeahastliag U e 8 €alyC @loluniformity. The
02>, | VINng| wr | ga\ Vkf a\ W ca] caU] ca] caU] ca] ca] ca] caU] ca] ca] ca] cal] ca] ca] ca] ca
] cal] ca] cal] aapoat cajft abecajcaill)] calenvdra] od] celcajpracRVukidie PL  1s
(hx&a561 | w mhc"Ykf a\ W] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca]
ca] ca] cal] calceatireaicchabcal wactadbr ddirog] tiea d&] prodydeEnwi@DERhe belt
noab} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
Ca] Ca] Ca] Ca] d:g})éa] mt@.@}’lca} C%]}J(_’G&F(:aﬂl%lthe( p)ll].ey groove portion 3 and
AT $$353$890@&&t ' u' (zupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c
a] ca] ca] ca] c&] EaTRYIE] 6] & dJedE) E%E]Séé.’]]c’é‘]lt%] G&PJ} cHUPEaRfest (heR Kyher*  * * 4
. G/ n0p0| 000\ 11122222r 3s3333{vqgl gb d]C ca cal] caU] ca] ca] cal] ca] ca]
ca] ca] ca] ca] CAPERGEaPELF c &) cif cg]‘%‘;ﬁl afci]eé‘&]:t‘: caPBR%686266618
99M N;

- <<=( =} RO=-BESPRFP O BB arGatRRARGE n%os’*\ﬁlf]’ c'&']veﬁ] ng%a]%"é'] 8’3]35%1@’}%] calcalc
ajcalca]calc c cal ca!l AAAA- BC
C]C:D]>DD]EE[ }:F?ggx\g%ﬁgﬁ%%%} ﬁlaq % \ Q!]%W g’ ggétf]%hc glJ] gJa]aca] caj ca]
ca] ca] ca] ca] %@]:JE@JL%. ] cakgr%eca]wq%caéga,] C@Lﬁa} ca]t@,@] ce]mdnféakca%&al ca] caj ca]
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11 sliding into the pulley tooth groove portion 3, producing

a reaction force which, together with a component of a belt
10 tension force, determines the amount of shift of the belt
span. At that time, if the maximum pressure angle 8B is too
great, this excessively increases a component of a reaction
force produced when the belt tooth portion 11 slides into the
pulley tooth groove portion 3 in a vertical direction (i.e.,
15 in a direction normal to the belt span). This prevents the
belt tooth portion 11 from smoothly sliding into the pulley
tooth groove portion 3 and the belt pitch line PL is pushed
upward. This, on the contrary, further increases the
nonuniformity of velocity of the toothed belt 8. However, in
20 the present embodiment, the maximum pressure angle 6B is 6B <
25 degrees in order that the belt tooth portion 11 can
smoothly slide into the pulley tooth groove portion 3. This
suppresses the increase in the nonuniformity of velocity of

the toothed belt 8. That is to say, if the wvalue of the

25 maximum pressure angle 0B is set to fall within the range
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between an angle of 15 dedgrees and an angle of 25 degrees,
this reduces the nonuniformity of velocity of the toothed
belt 8 as low as possible.

Moreover, in the present embodiment, the pressure angle of
the flank surface of the belt tooth portion 11 and the
pressure angle of the flank surface of the pulley tooth
groove portion 3 at their respective locations in the tooth
height direction are approximately equal to each other, so
that as shown in Figure 5(a) the belt tooth portion 11 flank
surface comes into uniform contact with the pulley tooth
groove portion 3 flank surface, thereby allowing the belt
tooth portion 11 to smoothly slide into the pulley tooth
groove portion 3. If the maximum pressure angle of the pulley
tooth groove portion 3 is set greater than that of the belt
tooth portion 11, this causes the belt tooth portion 11 flank
surface to come 1into contact, not with the pulley tooth
groove portion 3 flank surface, but with the tooth top arc
portion 4 of the pulley tooth groove portion 3. As a result,
the belt tooth portion 11 is pushed up by the tooth top arc
potion 4 of the pulley tooth groove portion 3 (see Figure
5(b)). Unlike Figure 5(b)), in the present embodiment the
nonuniformity of velocity of the toothed belt 8 can be
suppressed to a further extent. In this way, the

nonuniformity of velocity of the toothed belt 8 is reduced as
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the printing accuracy and image quality of business equipment.

Furthermore, in the pulleys 1 and 2 the tooth groove bottom
portion 6 of the pulley tooth groove portion 3 is formed of
an approximately flat surface. Therefore, the tooth groove
bottom portion 6 of the pulley tooth groove portion 3 and the
tooth crest surface 15 of the belt tooth portion 11 may be
formed of identical, approximately flat surfaces. The tooth
groove bottom portion 6 may be formed of a curvilinear
surface inscribing an arc of a circle having its center in
the pulley center direction.

Reference is now made to Figures 6 and 7 which show a
second embodiment of the present invention. Note that in each
of the following embodiments of the present invention the
same portions as ones shown in Figures 1 and 2 have been
assigned the same reference numerals and they will not be
described in detail. In the present embodiment, the profile
of the belt tooth portion 11 is changed.

More specifically, in accordance with the present
embodiment, as shown in Figure 7, each of the pulley tooth
groove portion 3 of the pulleys 1 and 2 has (a) the tooth top
arc portions 4, 4 formed of circularly arcuate surfaces which
are arranged symmetrically with each other in respect to the
tooth groove width direction centerline C1, (b) the tooth

groove flank surface portions 5, 5 Fformed of circularly

10!! ! @@
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the tooth top arc portions 4, 4 and are arranged

symmetrically with each other in respect to the tooth groove

width direction centerline Cl, and (c) the tooth groove

5 bottom portion 6 formed of an approximately flat surface

which is so provided as to interconnection the tooth groove
flank surface portions 5, 5.

On the other hand, as shown in Figures 6 and 7, each of the

belt tooth portions 11 of the toothed belt 8 has, at its both

10 sides in the belt length direction, (a) the tooth root

portions 12, 12 formed of circularly arcuate surfaces having

the predetermined radius rlB which are arranged symmetrically

with each other in respect to the tooth width direction

centerline C2 of the belt tooth portion 11 and contiguously

15 adjoin their respective 1land portions 10, 10, (b) the power

transmission portions 13, 13 formed of circularly arcuate

surfaces of convex profile having the radius RB which

contiguously adjoin the tooth root portions 12, 12, lie at

the flank surfaces of the belt tooth portion 11, and are

20 arranged symmetrically with each other in respect to the

tooth width direction centerline C2, and (c) a tooth tip end

portion 17 formed of a circularly arcuate surface having its

center point O2B on the tooth width direction centerline 2

of the belt tooth portion 11 and a radius rTB, the portion 17
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being so provided as to interconnect the power transmission
portions 13, 13.
As in the first embodiment, the maximum pressure angel 0B
at where the power transmission portion 13 of the flank
5 surface of the belt tooth portion 11 and the tooth root
portion 12 are connected together, is set to 6B = 15 degrees
to 25 degrees, preferably, 0B = 16 degrees to 23 degrees.
More preferably, 6B = 17 degrees to 22 degrees. Optimally, OB
= 19.3 degrees, as shown in the figure.

10 Furthermore, the belt tooth portion 11 is approximately
similar in flank surface profile to the pulley tooth groove
portion 3. In an actual power transmission state wherein the
toothed belt 8 is wound around both the pulleys 1 and 2 and a
tension force is applied to the toothed belt 8, the pressure

15 angle of the belt tooth portion 11 flank surface and the
pressure angle of the pulley tooth groove portion 3 flank
surface at their respective flank surface points in the tooth
height direction are made approximately equal to each other
and, in addition, it is such constructed that the 1land

20 portion 10 of the toothed belt 8 is brought into contact with
a pulley outside diameter portion. The other constructions of
the present invention are the same as the first embodiment.

Accordingly, also in the present embodiment, the same
operation and effects as the first embodiment can be obtained.

25 Additionally, since the tooth tip end portion 17 of the belt
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tooth portion 11 is formed of a single Ccircularly arcuate
surface, this arrangement makes it possible to further delay

the contacting of the belt tooth portion 11 with the pulley

tooth groove portion 3 as indicated by solid line of Figure 8.

This provides the advantage that the nonuniformity of
velocity of the toothed belt 8 can be reduced effectively to
a further extent as compared with the arrangement in which
only the maximum pressure angle is increased as indicated by
virtual line of Figure 8.

Reference is now made to Figure 9 which shows a third
embodiment of the present invention. In the third embodiment,
the tooth portion 11 of the toothed belt 8 is provided, at
its tooth tip end area, with the tooth tip end portion 17
formed of a single circularly arcuate surface for
interconnecting the power transmission portions 13, 13 on
both the belt length direction sides, as in the second
embodiment.

On the other hand, the tooth groove bottom portion 6 of the
pulley tooth groove portion 3 of each of the pulleys 1 and 2
is formed of a single circularly arcuate surface having its
center point O2P on the tooth groove width direction
centerline Cl and a radius rTP slightly greater than the

radius rTB of the tooth tip end portion 17 of the belt tooth

portion 11.
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6 of the tooth groove portion 3 is formed of a circularly
arcuate surface having the radius rTP slightly greater than
the radius rTB of the circularly arcuate surface of the tooth
5 tip end portion 17 of the belt tooth portion 11. This
arrangement enables the belt tooth portion 11 to more
smoothly slide into the pulley tooth groove portion 3,
thereby more effectively suppressing the 1increase in the
nonuniformity of velocity of the toothed belt 8.

10 In the first embodiment, in the power transmission state in
which the toothed belt is wound around the pulleys 1 and 2
and a tension force is applied to the toothed belt 8, the
belt land portion 10 is brought into contact with a pulley
outside diameter portion. However, as shown in Figure 10, in

15 the same state as above, the belt land portion 10 may not
come into contact with a pulley outside diameter portion. In
such a case, 8P, which is the maximum pressure angle at where
the tooth top arc portion 4 and the tooth groove flank

surface portion 5 in the pulley tooth groove portion 3 are
20 connected together, may be set at 6P = 15 degrees to 25
degrees (see Figure 2). The maximum pressure angle 6P may be
set at 0P = 16 degrees to 23 degrees, more preferably, 0P =

17 degrees to 22 degrees.

In a toothed belt power transmission apparatus in which, as

25 described above, the land portion 10 of the toothed belt 8
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does not come into contact with the outside diameter portions
of the pulleys 1 and 2, areas of the belt land portion 10,
the tooth root portion, and the flank surface portion that
lie outside beyond the pulley outside diameter portions will
not have any direct influence on the behaviors of the belt
tooth portion 11 at the time of meshing. Therefore, not the

maximum pressure angle 6B of the belt tooth portion 11 in the

toothed belt 8 alone, but the maximum pressure angle 6P at
where the tooth top arc portion 4 and the tooth groove flank
surface portion 5 in the pulley tooth groove portion 3 are
connected together, is set at OP = 15 degrees to 25 degrees,
which makes it possible to reduce the nonuniformity of
velocity of the toothed belt B8 to the same extent as the

above.

In such a case, the land portion 10 of the toothed belt 8
may be formed of a circularly arcuate surface. However, it is
preferable that the belt land portion 10 be formed of an
approximately flat surface which is contiguously
interconnected with the flank surfaces of the belt tooth
portion 11 flank by the tooth root portions 12 formed of
circularly arcuate surfaces arranged symmetrically with each
other in respect to the tooth width direction centerline C2.
In the toothed belt 8 having the belt main body 9 made of
polyurethane, when the pitch of the belt tooth portion 11 is

not more than 1.5 mm, the dimensions of a concave portion
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formed to keep a core cord away from the belt land portion 10
are small and die processing is therefore difficult. For this
reason, the core cord is arranged directly over the belt land
portion 10 without the provision of such a concave portion.
5 In order to prevent the core cord from getting damaged by
contact with the outside diameter portions of the pulleys 1
and 2, it is designed such that the land portion 10 of the
toothed belt 8 is made out of contact with the outside
diameter portions of the pulleys 1 and 2. Accordingly, as
10 described above, the arrangement that the land portion 10 of
the toothed belt 8 is formed of an approximately flat surface

is able to make the position of the core cord stable.
Further, the tooth groove bottom portion 6 of the tooth
groove portion 3 of each of the pulleys 1 and 2 may be formed
15 of an approximately flat surface. As a result of such
arrangement, when the toothed belt 8 is wound arcund the
pulleys 1 and 2, it is possible to make the tooth tip end
portion 17 of the belt tooth portion 11 receivable by the
tooth groove bottom portion 6 formed of an approximately flat
20 surface having a large area. As a result, the core cord
position (i.e., the pitch line PL) of the toothed belt 8
when wound around the pulleys 1 and 2 can be made stable,
therefore reducing the nonuniformity of velocity of the

toothed belt 8 to a further extent.
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wound around the pulleys 1 and 2 and a tension force is

5 applied to the toothed belt, the belt land portion 10 does

not come into contact with a pulley outside diameter portion

and the maximum pressure angle 6P at where the tooth top arc
portion 4 and the tooth groove flank surface portion 5 in the

pulley tooth groove portion 3 are connected together, is set
10 at 8P = 15 degrees to 25 degrees (either at 6P = 16 degrees

to 23 degrees or at 6P = 17 degrees to 22 degrees).

Each of the foregoing embodiments of the present invention
has been described in terms of the toothed belt 8 and the
power transmission apparatus A incorporated in equipment for

15 business use such as printers and photocopiers. However, the
present invention is of course applicable to toothed belts
and power transmission apparatus incorporated into machines
other than business equipment.

Next, examples of the embodiments of the present invention

20 will be described. In the first place, the nonuniformity of
toothed belt velocity was analyzed using an FEM analytical
method. In the FEM analytical method, two-dimensional dynamic
analysis was carried out using a general-purpose software
program ABAQUS. An analysis model was derived by modeling of

25 two different pulleys and an endless belt having tooth
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profile of a belt tooth portion and the profile of a pulley

tooth groove portion were formed in accordance with the

5 foregoing embodiments. Each belt material constant was input

by actual measurements for belts having a tooth pitch of

2.117 mm and respective constitutional materials (it was

considered that the material constant did not vary even when

the tooth profile varied). The belt main body was set as a

10 quadrangular plane element and the core cord was set as a

beam element, and in consideration of friction, the surface

that was brought into contact with the pulleys was set as an

interface element. A model of the pulley surface was a rigid
surface.

15 The velocity of a specific point on the belt pitch line was

output to obtain data on the nonuniformity of belt velocity.

The data thus obtained is shown in Figure 11. Figure 11(a)

shows the data for an example of the present invention (which

is equivalent to the first embodiment of the present

20 invention) in which the belt tooth portion comprises tooth

tip portions which are arranged symmetrically with each other

in relation to the tooth width direction centerline and a

tooth crest surface which is formed of an approximately flat

surface for interconnecting the tooth tip portions and the

25 maximum pressure angle is between 15 degrees and 25 degrees.



109 ()- 10 10 10LY7 109 ()-D}dEbCLO 10zS10% ()- 10% ()-S10%& ()--
109& () - 3109%& () - Sy109& ()-?;.Ib dgggl(()) 10é( %gggg) -y&10%&' ()-L$

109 ()- @109 ()-L s 109& ()-MLOY ()- G j : o
102‘4%0% ()-f(2)10%&' ()-y0' 109& ()-9. 109& ()-y, 109%& ()-f* 109& ()-jb@Lo
102! X' &1 109%"2"& ()- 10% & ()-"gl0% & ()- 10 10 10988z

109 ()-y6: 10%& ()-R°D-\: b@0 10z!; 9& 10%'"&' ()-@4 Lg 10% | B
109/& ()-5yQLO% & ()- & 0%&'()-qu% 10%" & ()-Dt~_@0 &

"f 1098 ()-10%& ()- 10 10 10 &0 10%& 3--IN&0 109" (" & ()--9& o
10% & ()-@J}[ 9~ @0 10z!6s 10%& ()-!Ns 100/&'() 109& ()- f, 109%& ()-m f,

9 ! % ()zLLY. Z
18(%% ()s mlo%p%/& I(C)ofh%h%%? ()@8“‘1‘%2”6%? °“’S ifeﬁ?t%ﬁ 9% Y71 \S*REBEYL0

10z! Y109 () - of a conventional technique in which the maximum pressure

angle is 14.4 degrees.

Further, the relationship between the pressure angle of the

5 belt tooth portion and the belt velocity nonuniformity (the

belt velocity variation value) was found from the data and

the results are shown in Figure 12. 1In Figure 12, the belt

velocity variation value is represented by an index

indicating that the conventional technique example is 1.0.

10 Moreover, in Figure 12 the solid line indicates the data for

a belt tooth portion having a tooth profile comprising tooth

tip portions and a tooth crest surface formed of an

approximately flat surface wherein the present invention

example covers a maximum pressure range between 15 degrees

15 and 25 degrees. On the other hand, the broken line indicates

the data for a belt tooth portion having a tooth tip end

portion formed of a circularly arcuate surface having its

center point on the tooth width direction centerline for

interconnecting the power +transmission portions, which is

20 equivalent to the second embodiment of the present invention.

A power transmission apparatus made up of a belt and

pulleys was prepared for performing a bench test by a

measurement system to measure the nonuniformity of velocity

of the belt. More specifically, as examples of the present

25 invention, two toothed belts (Examples 1 and 2 of the present
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invention) having the same construction (i.e., the
construction according to the second embodiment shown in
Figure 6) but having different maximum pressure angles (an
angle of 17.6 degrees for one and an angle of 19.3 degrees
for the other). On the other hand, as an example of the
conventional technique, a toothed belt having a construction
shown in Figure 17 (the maximum pressure angle: 14.4 degrees)
was prepared. The following table shows the dimensions of
these toothed belts. Their dimension values are represented
by an index which indicates that the belt tooth pitch (2.117

mm) is 1.0.

TABLE
DIMENSIONS PRESENT INVENTION | PRIOR ART
EX. 1 EX. 2
BELT THICRNESS 0.62 - -—
BELT BODY THICKNESS 0.26 - -—
TOOTH HEIGHT 0.36 -— -—
TOOTH PITCH 1.0 -— -
TOOTH WIDTH W 0.61 - -—
RADIUS riB 0.09 -— -—
RADIUS RB 0.61 0.63 0.61
PITCH LINE HEIGHT 0.12 -— -
DISTANCE a 0.12 0.14 0.08
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More concretely, the test toothed belts are made of rubber
and has tooth portions of circularly arcuate profile (tooth
pitch: 2.117 mm). The rubber is chloroprene rubber having a

5 hardness of 70 degrees. The core cord is made from glass
fiber of a diameter of 0.3 mm. The fabric, made from
polyamide woolie finish yarn, is RF processed and only its
rear side is processed by rubber cement.

These toothed belts were actually run to measure their

10 velocity nonuniformity by a belt velocity nonuniformity
measurement system of Figure 13. The measurement system
comprises a driving and driven pulleys 41 and 42 which are
implemented by toothed pulleys around which each test toothed
belt 40 is wound. Belt tension is applied by a static load DW

15 to the driven pulley 42 and the driving pulley 41 is rotated
in a direction indicated by an arrow in the figure with the
driven pulley 42 placed in the nolocad state. A belt area in
the slack side span of the belt 40 at a distance of dl = 10
mm from the shaft center of the driving pulley 41, is

20 illuminated with a laser light 43a from a probe 43 that is
located a distance of d2 = 100x2 mm away from the area in
respect to the belt lateral side. Based on the output signal

from the probe 43, the nonuniformity of velocity of the belt
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10"" measured is analyzed by an FFT 45 and the analysis results

are fed into a personal computer 46 and then printed out by a

5 printer 47. The data measured by the velocity nonuniformity

measurement system is shown in Figure 14, while the data

derived from analysis of the frequency of the belt velocity

nonuniformity is shown in Figure 15. A relationship between

the pressure angle of the belt tooth portion and the velocity

10 nonuniformity derived from the belt velocity nonuniformity

measurement data is shown in Figure 16. Note that each belt

velocity variation value 1is an index value in which the

conventional technique example (whose maximum pressure angle

is 14.4 degrees) is 1.0.

15 As can be seen from Figure 12, if the maximum pressure
angle at where the power transmission portion of the belt
tooth flank surface and the tooth root portion are connected
together is between an angle of 15 degrees and an angle of 25
degrees, this reduces the nonuniformity of belt velocity to a

20 further extent in comparison with the conventional technigque
example whose maximum pressure angle is 14.4 degrees. It is
preferable that the maximum pressure angle be between 16
degrees and 23 degrees. Further, if the maximum pressure
angle is set to fall within the range between 17 degrees and

25 22 degrees, this achieves a considerable reduction in the
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nonuniformity of belt velocity. It is optimally preferable

that the maximum pressure angle be 19.3 degrees.
INDUSTRIAL APPLICABILITY

In accordance with the present invention, at the time when

5 a belt tooth portion is about to come into meshing engagement

with a pulley tooth groove portion, it is designed such that

the contacting of a flank surface of the belt tooth portion

with a flank surface of the pulley tooth groove portion is

delayed and, in addition, a vertical component of a reaction

10 force produced when the belt tooth portion slides into the

pulley tooth groove portion is reduced. This allows the belt

tooth portion to smoothly slide into pulley tooth groove

portion, thereby considerably reducing the nonuniformity of

velocity of the toothed belt to provide practically excellent

15 advantages such as improvement in the printing accuracy and

image quality of business use equipment such as a printer.

Because of the capability of promotion of the improvement in

the performance of business use equipment, the industrial

applicability of the present invention is high.

20
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WHAT IS CLAIMED IS:

1 A toothed belt compnising:

a belt mam body with a patch line on wineh a tensile member 15 embedded therein;
a plurality of belt tooth portions provided at a fixed pitch on a land line of said belt main body.

cach of said belt tooth portions comprising:

tooth root portions formed of encularly arcuate surfaces which ae arranged synunetrically with each other 1n
1espect 1o a centerlme n the tooth width direction;

power transmission portions formed of cicularly arcuate surfaces of convex profile which contiguously adjon said
tooth 100t poruons at a point, and he at flank surfaces of said tooth poruon. and arc amanged symmetncally with
cach other i respect to said tooth width direction centerfine.

toath up portions formed of circularly arcuate surfaces which contiguously adjomn sard power transmission portions
and are arranged symmetncally with each other m1espect 10 said tooth width direction cemerle,

a tooth crest surface formed of an approximately flat surface which mterconnects with tooth up portions,

wherein a maxunum messure angle at ssd pomt where said power ttansnussion portion of said belt tooth flank
surface and said arcuate surfaces of said tooth 100t poition are connected together 1s between an angle of 15
degrees and an angle ot 25 degrees

2. The toothed belt of claim 1 wherein the maximum pressure angle at said point wherc said power transmission
nortion of said belt tooth NNank suiface and said 100th 1001 portion are connected together 1s between an angle of 16
Jdegrees and an angle of 23 degrees.

3. The woothed belt of claim 1 wherein the maximum pressure angle at saxd pomnt where said power transnussion
portion of said beit tooth flank suiface and said taoth root poruen are connected tagether 1s between an angle of 17
Jegrees and an angle of 22 degices

4 Anoothed belt power transmission apparatus comprising a combination of u toothed belt of any one of clams 1-
3 and toothed pulleys cach having a plurality of pulley tooth groove portions which are provided at a fixed pitch on
a pulley outside diameter line,

cach of said pulley tooth groove portions comprising.

toath top are portions formed of circularly arcuate surfaces which are artanged symmetnically with each other in
regpect 10 a centerhine n the tooth groove width direction,

tooth groove flank surface poruons formed of encularly arcuate surfaces of concave profile which contiguousty
adjoin said 1ooth (op arc portions and are arranged symmetncally with each other m respect 1o said tooth groove
wi1dth direction centerhine,

a 100th groove bottom portion provided so as 1o micrconnect said tooth proove flank surface portions,

wherem

said bel tooth portion hae Nank s faces whose prefile 's subdantially the same 2s that of flank surfaces of sad
nulley 1ooth groove portion,
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1A power transmussion state m which said toothed belt 1s wound around said toothed pulleys and a tension force 1s
<pphed 1o said woothed belt. the maximum pressure angles of said belt tooth portion flank sutiace of said pullev
tucth groove portion flank suiface at then respective locations i the tooth hetght diection are made upp;omm'a(cl'\'
cqual to each other and a belt land poition comes into contact with a pulley outside diameter pornon.

5. The toothed belt power transmission apparatus of claim 4. wherem sard pulley tooth groove portion of cach of

said toothed pulleys has a tooth groove bottom portion formed of an approsimately flat surface
t A toothed belt compiising:

a belt main bedy with a pitch Iime on which a tensile member 1s embedded therem,

a plurality of belt tooth portions provided a1 a fised prich on a land Iime of said belt main body,
each of said belt woth portions comprising.

tooth root portions formed of crrcularly arcuate surfaces which are arranged symmetrically with cach other in
regpect 1o a centetline 1 the tooth width duection:

power transmussion poruons fonmed of circulaly arcuate surfaces of convex profile which cont'guously adjom said
tooth root porusons at a point, and lie at flank swifaces of suid tooth portion, and are arranged symmetrically with
vach other v 1espect 1o said tooth width duecnion centerline,

4 100th tip end portion formed of a circularly arcuate surface which is so provided as to mterconnect said power
wransmission portions and whose center poimnt hes on said tooth width duection center hne;

wherein a maximum pressure angle at said point where said powes transmission portion of said belt 10oth flank
su:face and said arcuate surfaces of said tooth root pattion are connected together 15 between an angle of 15
degrees and an angle of 25 degrees

7. The 1oothed belt of claim 6 wherem the masimum pressuie angle at said point where said power transmission
portion of said belt tooth flank swiface and said tooth 100t portion are connecled together 1s between an angle of 16
dJegrees and an angle of 23 degrees

& The toothed belt of claim 6 wherem the maximum pressure angle at said point where said power transmission
portion of said belt tooth flank suiface and said 1ooth 100t portion are connected together 1s between an angle of 17
degrees and an angle of 22 degrees.

9 A 1oothed belt power transmussion apparatus comprising a combination of a toothed belt of any one of claims 6-
8 and toothed pulleys cach having a plurahty of pulley tooth groove portions which are provided at a fixed pitch on
a pulley outside diameter line.

cach of said pulley tooth groove portions comprising’

tooth top arc portions formed of eircularly wicuate surfaces which are arranged symmetrically with each other in
1espect 1o a centerlme 1n the tooth groove width duection,

tooth groove flank surface portions formed of circularty arcuate surfaces of concave profile which contiguously
asjom said tooth top arc porhions and are ananged symmettically with cach other n respect to said tooth groove
width direction centerline;
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and are arranged symumetrically with each other w respect to said tooth wadth duection centerline

2 1ooth crest surface formed of an approaimately flat surface wlhich 1s so provided as to mterconnect said tooth tip
portions,

{c) each of said toothed pulleys having:
a plurality of pulley tooth groove portions provided at a fixed pitch on a pulley outside diameter line;
(d) each of said pulley tooth groove portions having

tooth top arc portions formed of circularly arcuate suifaces which are anianged symumetiically with each other in
123pect 1o a centerlie 11 the tooth groove width direction,

toth groove flank swface porions formed of circularly arcuate surfaces of conca ¢ profile which contiguously
adjom said tooth top arc portions and arc arranged symmetncally with each other m respect to said tooth woove
width direction centerhing,
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a taoth groove battom pottion provided so as to interconnect said tooth groove flank surface portions a1 a point,
wherein:

a maximum pressure angle at said pomt where said tooth top arc portion and said tooth groove flank surfuce

portion m satd pulley tooth groove portion are connected together 18 between an angle of 15 degiees and an angle
of 25 degrees,

aard belt tooth poruon has flank swifaces whose pofile 1s substantally the same as that of flank swifaces of said
nulley tooth groave portion,

1 a power transmission state m which said toothed belt 1s wound around said 1oothed pulleys and a tension force is
apphied to sard toothed belt, the pressuie angles of smd belt 1ooth poruon flank surface and said pulley 100th groove
portion flank suwiface at their respective locations n the tooth height direction are made approxmmately equal to
cach other and a belt land portion does not come mto contact with the pulley outside diameter portion

12. The toothed helt power transimssion apparatus of ¢laim 11, wherem said land portion of said toothed belt
compiiscs an approsimately flat surface which 1s contiguously interconnected with said belt tooth portion flank
surfaces by tooth root portions formed of encularly atcuate surfaces which are arranged symmetically with said
tooth width ditection centerline

13, The toothed belt power tansmission apparatus of claim 11 or claim 12, wherein the maxumum pressure angle

at where said tooth 1op arc portion and said tooth groove flank surface portion m said pulley tooth groove pottion
2 connected together 1s between an angle of 16 degrees and an angle of 23 degrees.

14 The toothed bhelt power transmisston apparatus of clam 11 o1 claim 12, wherein the maximum pressure angle

at where said tooth top arc portion and said tooth groove flank surface portion m said pulley tooth groove portion

wre connected together 1s between an angle of 17 degrees and an angle of 22 degices

12 The toothed belt power transnmssion apparatus of claim 11, whercin sard pulley tooth groove portion of cach of
sa1d toothed pullevs has a tooth groove bottom portion wlich 1s formed of an approanmately flat surface

16 A toothed belt power transmisston apparatus comprising a combination of a toothed belt and toothed pulleys,
L&) said toothed belt having

a belt mam body with a prich hne on which a tensile member 1s embedded therem;

a plurality of belt 1ooth portions provided at a fixed ptch m said belt mam body:

4 land portion provided betw ecn adjacent beit tooth portions;

th) cach of said belt 10oth portions having

power transtmission poruons formed of eiculaily arcuate sutfaces of conves profile which lie at flank surfaces of
said 100th portion and are arranged symmetncally with each other 1 respect to a centerlime in the tooth width

direcuon:

a 1ooth tip end portion formed of a circularly arcuate suiface which 1s so provided as to interconnect said power
uansnussion portions and whose center point lies on simd tooth width direction centerhine,
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(¢) each of said toothed pulleys haymg
a plurality of pulley tooth groove portions provided at a fised piteh on a pulley outside diameter line.

(d) each of said pulley tooth groove portions having

tooth top arc portions formed of circulaily arcuate surfaces which are ananged symmetrically with each other 1n
1espect 1o a centerline 1 the tooth groove width direction;

tooth groove flank suiface portions formed of circularly arcuate surfaces of concave profile which contiguously
adjoin sard tooth top arc portions at a pomt and aie arranged symmetncally with each other 1 1espect to sad tooth
gtoove width direction centerhne:

a tooth groove bottom poition provided so as to interconnect said tooth groove flank surface portions,
wherem

a maximum piessure angle at said point where said tooth top arc portion and said tooth goove flank surface
portion in said pulley tooth groove portion are connected together 1s between an angle of 15 degiees and an angle
of 25 degrees;

said belt tooth portion has flank surfaces whose profile 15 substantially the same as that of flank suifaces of said
pulley tooth ooy e portion,

m apower transmission state m which said toothed belt 1s wound around said toothed pulleys and a tension force 15
apphied 1o said toothed belt. the pressurc angles of said belt tooth portion flank smiface and sad pulley tooth groove
portion flank surface at then respective locations in the tooth height direction are made approsimately equal 10
each other and a belt land porton does not come 1nto contact with the pulley outside diameter portion

17. The toothed belt power transnussion apparatus of ¢claim 16, wherein said land portion of said 1wothed belt
comprises an approximately flat surfuce wlich 1s contiguously interconnected with said belt tooth portion flank
surfaces by tooth root portions formed of encularly arcuate surfaces which are arranged symmetnically with said
wooth width direction centerhine.

18. The toothed belt power transmission apparatus of claim 16 o1 claim 17, wherein the masimum pressure angle
21 said point where said tooth top arc portion and said tooth groove flank surface portion n said pulley 10oth
Zroove portion are connected together 1s between an angle of 16 degrees and an angle of 23 deygrees.

19 The toothed belt power transmission apparatus of claim 16 or claim 17, wherem the maximum piessure angle
at smd pomt where said 1ooth top arc parion and said tooth gioove flank surface portion in said pulley tooth
groove poruon are connected together 1s between an angle of 17 degrees and an angle of 22 degrees.

2% The toothed belt powe1 ransmussion apparatus of claim 11, wheremn said pulley tooth groove portion of each of
sa3d toothed pulleys has a tooth g1cove bottom portion which compnises a circularly arcuate suiface msenbing an
1c of a encle whose center point hies on said tooth grooy e width direction centerhine and whose radius 1s greater
‘han that of said tooth tip end portion of said belt woth poruon



