ER. 0 408 314 Bl Description FIELD OF THE.I NVENTION 5 - The present
invention relates in general to agpepjosisBihaving a | ow tooth nunber
differential, and, in particular, to a double internal planetary gear pair
having a | ow t oot h nunber di fferential as well as a transmission cont aini ng
such a gebéscgipiion BACKGROUND OF THE | NVENTI ON 10 The pl anetary gear

transm ssion has substantially replaced.the fixed-axis gear train

transmi ssEBED OR THRINVENEION of hi gh-efficiency transm ssions. However the
primary restriction on further increase in the efficienc Iane ear
t ransmisssi orf8e posanhisvantiqr relatgs @rﬁaﬁ%‘ﬁ%ﬂtg"%fpf"f E?V@va‘%;"bf“th V‘Fer §ear
pair and Paficulas, dhp fdopis, int 255 802 Rait fyIng 3,10 1o, pymig diffpranyal @ ae?f or e,
a signifi E?i'ﬁ'f“s%?i\f‘&?ff'%%sué PEPXEPYGr an efficient 15 planetary gear

transm ss % ng |_I 6h nunber differential that al so exhibits a
hi gh tran atent No. US-A-3 451 290 (W I dhaber)

di scl oses a 'Iﬂiglane?aw Qt§|¥ Hérfas tsﬂb@ﬁﬁtmlysl% 193 HHe! k-3 HB4r | 18 A SrAs3 RS inGhe

housi ngs, afloflnidh\hici G nsm} or%nHtﬂ\H & Uhe pﬂ}ﬁ trestriefGAl dnMEherIAPIASY ih t1@ officiency of -
doubl e-r ' edt1ra ¥nsCRMY linifd éﬂﬁagﬁ?ﬁ@nt GRS of AR fixbd-BESgdan pahJdnat trel
with eaChsrﬁﬁrfﬂﬁﬁt pOWeradks G BN blbrefanShiafigs. The@RAY, alsighificariChdvantags exasts Bl biy eflicemat ed
concents i ietaYy Gl trirdhisaibr Mavidg taSibwl @othhRimEerUditetsntidl 113t gansxhibis & nigh yramsmibsibras a
di f f er ent rggginber of gear teeth than the outernost gear of the double-ring
assenbly. Thes.gesdnt INoADSARS 8510 2900 (Wildsabbr)i rdlsbieses Gao hiph-éfficiancyt \geer f tiarsmission i dsive
gears, Thi@npeising tasec bi ousingsderc puttshaft brdaah @wput shafthBegtings surndrt [Fedoublerijag gear
Hovlever , Wisbribinbemprigicnt tweotoaxibl gean sngstimesratasiotith oaehdthep o aimescetrs shaft. A [geas ¢ing
gears, 20 his wadghe lagatbd conednirically and fadiah @rslqerga@qublpummﬁtsamwy apch has|pedifferent
oper at i onnusfibet hiegege teethtthanribmpuiariess gerrjof the douple-ring ammk'ylﬂfge?avears 'Rﬁg%‘f Ui )
di scl oses fusiher saaefrasiine Freers erars; AUiS constuction efyess t:gé%dr e

i ncl udi ngHewAR: !ﬁ’l"‘l' bey dpes b‘i‘is"éﬁt@? ﬁ%ha%ﬁ"i‘bpai’ﬁ'i'te & th? ﬁ°°8?r8tl¥ effegts o

i mprove t WACRimpact “Y?]'fy ;‘g’g "‘eﬁﬂ’ 08 s;: ec ge feSin en%t Janﬁ" asse bly
%l

di f f er 8hce (ﬁB' +h 19 ema ge of
%2%?2“}}3 i ig “ZWS&Q ity ,o ft‘l = h D i%@r klowit é%dg&i‘fe"ﬁ :
hk+Q. [ e V\'/helr nejrr S presfsolljre angfll K I's th’eaaddenad(uht

coefd,igje | famenge in tooth nunbers bet ween t he
0088 K 0loSs o, !féﬁ'h Ub%x@iz
gear/é %g andga{ founctlon ofk [err] V\hen the tooth nunber differential is 2.

In the pri orwifeln e, isWdntisll PGssifdrangibiim is thetddtidnd(re ceeficiit a0 KaLaHop theiiffemaes i ed
for resol WolhGuinbés Bédideh adigadrs RN 20d a Binctioh 6f o; @Mératsd tosth hintbea ditferéritial is 2.

i nterferencan @b padt alt/iNchiding Moroiirsir )21 (gepa@r oregual) ir@yuinad) foa resavingt taeptontradiichidnaf

di f f er ent idlcontddiatio il theein@tisence aft dndnvoltta dnterdahgear paintaving a lowtdoth nueber diffprentiel
wher ei n BThis istbecauyd rethér ticsh fdco odritact felireg] is the reference helix angle, [err]
=3.4416, and mis the normal nodule, (mis a standard nodul e when the gear
is helical) only the profile con(%;t_ mtisand @¥] (or [err] as shown in
Morozum ) is taken into account hat is QY. [err] has a cl ose

relati dship with 45 addendum coeffici ent "fla (or "hk"as shown in Morozum,
ha equal s the ratio betvve ?H dend é?e hg dul'e), but [err] has

R/g; 2 IZ E?n ; 39’ @H%ﬁh%ﬁ%%gﬁ]né S a seténd%tﬁ;eo ent ] ?&e hér &I)%g tr%rbrc(f c;orgtglcst 5&2 y

own ) ? |h
reduced, enéu ccs!; gn(? ha ég%: :kl r@%ﬂvﬂ\ gl b4la itio%ﬁb&ﬂh@% Edduiniafdihe X
Lerr], (?r{oﬁul as I h| e@fﬁfahtoﬂ tﬁ@éﬁﬁéﬂbrﬁ#a@ﬂttM&ézuﬁt herein

external %&’ S s cor'ts‘r‘dere ﬁ'dt‘@b' I5reaiebiiced thod 1agér diffekeRBd ofGdddérndem

i nt er nal %ﬁl’flca ofiEignt<R B = )Qa% Wharef X, 1i€1ih6 bithduOmoditidtion Bdefficielitiof thaBeterial
are the aggenAdim ROGY ddd6rilin GRbIBe@br coRHEIBHt St 186 inferal GeAOWIBR AoSyelramlp &Cani iMerha)
when thg gﬁ‘@ror RAAdd . Srettfie Badofdumdrhod@iotibn taeffidissl oft the Wb ige@é respreetivelxmdenr thiigear As
a result, phihR anRPbMal@he)as@ag GaHsdt thedarhd hg.ohs,a éullsthe gbaf bagagempntin tpeaye wnt

i neffici emﬁacemnlg lbegpénmmt Insidency-and issedngpbss, FdvisramplarMorpednii idefinef er i eveex?-
such pr eniuagar séabrpranit®, footherishraulgout fofvardija Mdropumi kise Bormmiia (1) descritied ebaypleln OMEpr to
descri bed satistyviag nterferense cbendition fas gorrest gngagementraf @p fruelde intemabers PRihpving foduced
cor r ectsseneptigrmbert difigrential, hynagivstingahe paraselpsy Xig derh 389 F'c I‘ld‘%f%ﬁ SP%‘H’lRee‘tfe%Sh“s

t oot h nuniseducied the dive fficiency- by adj usti n the ar arret err a
| arge X shouThg Rrsenidwention Razsdope BRyend e é'F é ia'é é';anng.%on a;;
i nvent i on'PA4Y 9g'8‘f’1é’°t§é‘§"'dh?ﬂ ditgrentigl, 8y, 6 elﬁsn"i1 p6°r’t' PPy 138}3 y husen\c/’o

internal -gearing pair having a | ow tooth nunber dlfferentlal eg., 6 or
| ess, and provides that [err] may be us2d on condition that



2. EP O408 314 Bl [err] or even [err].. Since face contact ratio [err] is
meani ngful in relationship only to gpbansgseesiel i x angle [err] tooth wdth
B and nodule m and since it has nothing to do with ha, an increase of
[err][does not affect a reduction of ha. As a result, ha may be greatly
reduced unte>0 andie,== @. GG BVeR e Firert 420N Binga fatseqontekit ffie racli meanngfukin §lationship
Ther ef or e, onbido prfasisce helisfangle Betopth midc B apd meduleomyand sigice idiet ndtiingrte 418w hg an
the differ d5teess of epinge R sFRch PYCtonaf he s @ grsil. he may be qreaﬂr]eda%d ”BF" peT W6 tp A2
[err] 50. 1 (#en é‘!?é‘rﬂ”%ber@' o =H)- | Thetelere: %@P‘@?%Pfe"te@mgé‘?% fiffout increasing
transmi s8i '??‘E’?efﬂ“‘&? '8 gedpndym mpdificatio %%Rg"’%?ﬂ‘d‘ 3 fefagion ée"P%é VbR/B'r‘%E‘bm
lCl?g IS CQUFES

737, on t °'$‘P’ﬁe?"9 Ay fasign

that no i nt <& P H‘a& §gd}e scrr Ve, the LJEH(;‘%?el
addendum cqei wga Inhe Lr &gd Rk
equal t 01]plt od e\)e.“th § 108 nrr&dr y's% J 4 n& Q6. |ﬂ<|“<b“1‘”&r5
Xis diffi Ce n X anee Fcﬁ @zﬁﬁh Jogéﬁbt e k%“erﬁﬂ@&rﬁé?&&ce in %Ntﬁ{ber ? not
present i nvyesd kaR, 1By >3mk|t yorﬁmwhashriueﬂb&am.&ee.hsémgQman 28%s SR hak 1~ Wilen the
Si nce For medrefick)in @othMamBar W is s@Sto A OMor6kaini 17287 dofivdaaiut kB8, dixkE A[-AGR X DX, >
t oot h nunbey orddzn, 2retbtaindd. 1tS®Onecedssry kg polnfi@t thatO#Hahl biflerbriR8 inl théth hubnbBidZa tisdtiudl e,
meani ng #hanfdel theicenditioh that thé) gsarslare Waiht dplicgedisf(s €0)cdpce, dna tHe@aé ho inWidEIce Fhich S
equal to 1,s ddinaizoMorozufBY thdekéfened stdpabt pérambterssior ih@easing lifie efficiony|assr hit X0 to
obt ai ned. . 10t55i e =108 as 8.8rip. 0.6<430i<AB (ehereirt ind¢ haMashXdh$ 05 Ehws Eonmulat(Betf Morozumi
nu nd) eSS Zd cannoteyighih effestive, scabs tameduse P K .5@e it @i confived bihthe intofferenge gorslition. e

1 ght spur gear s (| Yé = 0), [err] >1, and there is no interference

( ch i2 GYMMABY , the preferred scope of pararreters for
i ncreasing the effrcrenc arethat X =0.5t 055 ha=0

0. 5<X<hk<0. 6 Y*Wr'i’ ertw ‘Lvercgmﬁ{% Eﬁf‘ °“rﬁa PYrﬁfF & '_r edaf'nwb? sife

O

cannot exi Yg49 '?' nts_|

the int erfé’F%e}ﬁ éY 696?181‘ o °°'E' 0 Al i 'iﬁl??:‘ﬁ‘r‘ ite H?’%?Srﬁe"m'"g j)y
%:el?g rgﬁ %g g\ﬁnt an trans ISSI n & IClel’ICI reatl rncrease
i nvent i o h & 5o ik 3 iR vi ir Bw Sok by Sitbrentia
* 9 jﬂ@ ﬁ’“‘;ﬂ?° %ﬁﬁérf fos tal

reduci ng ”’rﬁeERﬁeQJ &'taﬁa &t ¢ é%ﬁé?ﬁ‘ar i '3}? ha? bdrWd an
coef fi ci entgge }‘a‘m Ehelilc -H 8 sati§tifl x>0,
under the GRSt tl'neoéb%r b staﬁraeéen&ﬂn&cﬁﬁl&eﬁt%l' Pprofiie EhaRd ﬂaﬁ'@i ﬁn&‘{odﬂ' c@?ﬂﬂﬂt ratio e,

| nterf ergnehistyg BhdoBsNE16MAd ¢,25 ¢, g{ R arRINEESRETREHp akidrg HIFSRB nSSdtIPRumber Zd of

ef M/ci enci e RefalCfeaRbdyth BREMAA LR thb MhbSUIAE ValdsOof riRRbiitiakehc i SddeRiumCinodificBtdn

I nvent i on [RbeMicicde X & tgLiatern@adnd tHaaakiehal gbal GWXE-ROtaRd e rabdondwh Ededicienttha ahtisfyihge
preferred averfellogiagrans: conpri ses an involute internal gear pair including an
i nternal gear and an external gear and having a reference helix angle [err]
satisfyismg [err] a face contactf TgfTp [§TI[ satygsTyrhg [err] wherein the
gear pair has an addendum coeff4€4e4= ha; ps+e++e—gontact ratio [err] and
totlaly contact ratio [err] 30 gatilsf yﬂ’ﬂéo-ha<0°-9§t°°[2er r] and the

rel ati onshi p anong difference iln 1200 K alhte# 038 of f{he internal gear and
the external gear, the absol utd ¥814E 8891 HeS8Ftferefce in addendum
modi fi cdion coefficients X of the internal and the external gear [err] and
t he addendum wreesn preferbiy, theatoladbntadt yatio g, of the géab baisatisties & abd, & karr] 40

wher ei n, pr efleis dloihgr, préféreditict te differeoadt addatdum. rheificition todfficienty Xaaddpraium modifica-
sati sfies [ier edeffitient jof infernat gear Xapandfextemel hoertia tsatisfycthel fofildwingarpletionship: X d8:e%caPnand
modi fi cafi &n zedpitionallve edgefience delxrrdgiensrrriersllicranges from abayb i f itcshopit 146 if the gear

i nternal gealispaplicpl %ﬁé"@%?ﬁ?&flﬁgé‘%ﬁ@mﬂiépr if the-geprraly -%@uwem'm\mptvpe
rel ati onshl p: 1t ie alep pesisahip that the profilepnple |“dea9’?s§“’° angle ip @apierence SirgiRd satiRty dhpfpliowing
[err] prefé‘?’a& sﬂr""ranges fromabout [err] to about [err] if the gear 45

pair is a helical one, and fromabout _[err] to about [err] if the gear
pair issa double helical spur type.{l2d |s akso sirable that the profile
angle a (or pressure angle in a refprentg,Clgld satisfy the follow ng

rel ationship: [err] 55 Accor di np ;b0 a@oohgr aspect of the invention,
there is provided a gear pair havi ng—a—tew—+teetH nunber differential,
wherein the gear pair is an involute |nternal gear pair and includes an

i nternal%g earAcsfr'i‘éi"Qaﬁ‘ aé%h%raﬁ’oﬂct é’l&r'“"eg"lﬁ‘ﬂ Hher i§Prqvided 68&’ PRl having 4dowytopth mplegh c e
hel i x ang Ié ’8‘?"? waerpin '3{°‘Ftad'§°’ ﬁP%{d’F" ag f“&'uTeérﬁ“E"*%'ai'rgg?'%ﬁQ"

— H | =
E“e][ ]I; ]er ;nt i g?tl @? %bg)sr:ﬁf Eon :gi jaatropIrsatls u:g?{? ch‘, gf}grsf 1sgl:l?rhier di erentl een
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3. EP 0.408 314 Bl internal gear and external gear Zd satisfying Zd =4 to
6, and an absol ute val ue of the digpfeedggmg gin addendum nodi fi cation
coefficients [err] satisfying [err] <0.05 and an addendum coefficient ha
satisfying ha = 0.35 to 0.6. It is again preferred that the absolute val ue
of the diinbwelegrae and)exateht wdarrddeatisifing Zd F ério oerfdl arc plspltte Valwe rof tHeedittaarad int o
zero. 5 addendnpwndiifation easffigiertts, Kt satisfyingdld <0105 ed anraddéndwre pesffisiant hesatistying da =
provi ded ¥3%¥ap-8: 'al'sr agpiy Prafgred thalnihe bsdivten aliseet e Miffererastin ridengime medifications
gear par r coplicignts | HR?C?HP,FFE’Z@% ernal gear pair and includes an internal gear
"Pi’g"‘ Bfper aélpfwﬁ‘a%a aear %?"é?a@?ﬂ:e'%é?qﬂkn'-ﬁ’rg?

and an ex r‘\ﬂ?fd' é%\f" f”’@?,fc?ﬁpef’h%{tthet

Lerr] Sat ear qh o ?xéﬁr Tan e istyin &5 Q% g;ar o
profile gg‘ p%f co b &,ﬁfﬁ?fg mta?%oﬁ %025 163? %d%T%f;L
an absg) u,;, ggLH fc,e " d%g |cat | 0?1 ’3’03 ?d e

[err] satis 860% t@ Tal thr Q&%ﬂ'dﬂ%e rﬁl/eﬁtroh Uthérg'?sr pr@\ﬁd%ﬁ%tgeglf trdnBRisdidAVERS LS

there is ipfoRW |ﬁ|l€|aal%eﬂep3fr hhvirg ESIBW #9th Hmbdr | |aMrBrehtidl, Whbrsi thb ¥ikkien bifvh Giclidds agear
pai r havi 1Bg cade lop WousRG pbrishIHAES right £ds8 bERJUEIAY porf¥AEErEinBgraiBe of SBEHRSERBErSY | Ve

i ncl udes goal @hlpoa HEWO codrialxiertgl daar Ang§ Bncuaiall} oliksigélthe GASIEhS HoBRYBY §&hr being :
porti ofs suppdriad B beatitgd of lthestEediib Ipertiortis @b lecrefittidIghafi STAE tvxjEOmgslofafie dodble-ring
coaxi al egenerosmRLtivele angays witiss fibedexis ininal deyr, whithsis thed tihibe Bt lbase and & etatable fixed
doubl e-riaxiy igerasl demi which1i$ instglied o the aightboasd thenughn Bw-speed tbe@ingss Tbe becetriqshatt iison
of ap ecceried by tehlgh caseEine alsquooogerales withgns outdut sheés tietough Ihightspead bgaiags, thus two
respecti vase P%'h% germad therein faf Igest| orexdf Shej geicnalre has(tbenfollowioigi netamptersf the edilendumt he
| eTt c2secogkigionh ha gt &b% iecrrpile eeptagh ratio k51 .cihey fpttal gendact vallip eh =i & T s &Vl and then
the ri ght'e'é%%ﬁ“ﬁs%ﬁggﬁml‘ Auiphep diiereniialfd; the dlifferpmce Xoip addepdynemedifigation iceefficignts pled
by the | &t Nedakoea#3 §P§8°’8€18Baé=ra&i’3‘§aﬁﬁ"’f“l’i’"a??e’@ﬂ?%ﬂi saligfy he f‘t“ﬂ't‘"i‘.ﬁ}g‘i’ie

hi gh- speed bearings, thus two_gear pairs are formed wherein at | east one of
t he gegqr pai rs has the foll ow n@dpdr anet ef s: tHae addendum 20 coeffi ci ent

ha < 0%55, the profile contacfr [IOlXS%I‘I‘ ] %al contact ratio [err]
and the rel ationships anong tpoty nuy i fifggrentijal Zd, the difference X
i n addendum nodi fi cation coeff |3%@rt|§|$gf1 er.d nternal gear and the external

gear and the addendum coeffl +ert—hRa—seatt+-s+y—the—+Hol | owi ng table: Zd
err Preferably, the two gear pairs are helical

ge\a-rfs the fW?" Wt@ Héﬂg §a'aqeé‘sd\‘° W ptemal ggardings #pof 3 'eert & he

gear rin a ea . th ¢ iy l?]ftl;ﬂg PY'HE %:gf‘@f"@"?’% af H%thtggagffjh%ar
f & I | |I

03 o e P%"éerm T O HOFT 8 e ST ose B o oo e

centers Ofcal, , . WO gear rings of each pair overl ap

axi ally. CR = | NVENTI ON | n conveni ent planetary

transm ssi op anﬂleﬁtnﬁadetaf‘ ngan Qérﬁhbﬁfh Shhdlif 16468 RGfver (dHerehR24R 8RR dofida ty ti"rehe
pl anet ar Yo ag@fyi fagihgé MelLaBe bERNAR BN Bb dhidihg Sircof thiCordhgol Cbi Dak I(tsr@ ﬁf.ap
the engagRepgRalof Bjaging roaa)grariﬁel ddlblé PterraIERPLABEry @hnshitgiodiisitg thedotile-ring! ddart Ne
doubl e™i rdf eHelNment@PR Gthe Péripheidl adrdbs tapFlied Fespettively tbl ths Mitheit 448 otlRLIEYaL ririgk 13Fthg @&ubleOT

t he i nvemng @sartaleoppesite heac bthérpsryetheingiitdrénes andethg exdibli combyhshtaf the @ndaging forcdn d
out er geaact togetigs oo fthet flaneieiy Lsbrings, iwhigh geatly @duesihp doad toe pladet@p bbariogsh Bence ael v
t hei r di flifedime ottye healingshreayr ednadasebypiomrdn tlozeds df times thgagverdoss v beariggstreduced

t oget hgr Roriwe hiedsiand he taad papseitiof the Bansmissigtinagasest | y r educes the | oad on

pl anet ary bB#&rdengJedurpeihe ioad prothp plaeetaryeoatifosi ayelatyely splberofiitadnolee maydeasgsider by
four to dbpelemalgearpajrwih invqlde fopHerofilp agcgsmqll tqs'@awmh Sliferefcee Ee Sgnoth@ “lerﬂe?fds

and the |'%ad“'e'5( %??%T“s?rgethg r"%{@%;h%leg feg'ﬁa o “mg;’f qgfeﬁ‘f;e 'ﬂtat'l"@ﬂLﬁEQ? t he
| d t Imu n I W N al

uggd ?sr;r " °f1r?f INIF Ig% “F fWkt 3?"89 ﬁ'd qnyl‘?aoot h
number dlvrﬁ:ﬁ%ee&l\%a |ed S a Ito I‘::z;su IVG o ||egI%o f %’1 g\

t he |nter£ ?ﬁn |°|' st°a?° E
tooth nu ix % 1BHodr q Mﬂ& F a'n

wi den thegg bdhfﬁ%imng%ldg Sf:é aﬁ ety etgrp%taﬁmes Pea§e9 tHJ‘ Of e

profil¥ ixgme eﬁé? aHidlong} rnemé ln tﬁer&uasiri.endrﬁeh%%ryqraﬁaﬁssh@wme aBublo
greatly riagge®chn khﬂidﬁ&dn)ﬂoﬂeﬁﬁ& tiehhBaghhg TdrcéBthd M&n Rl detingConafsI SEBHIARR bearings.
modi f i catThersforspsaidisnal glafilé ebleis bilspédifie sighifidahdeed coef ficient difference equal
to zero. O course, the nodified coefficients of both internal and external
gears may be equal to zero and the profile angle a may be reduced to | ess
than 20 degrees 4



(ti.ll six degrees), 6 to 14 degrees is a particularly inportant range. Wth
the decrease of angle a, the radial gpaygesBB1of the engaging force acting
on the planetary bearings decreases, the coincidence increases and the
-engagenent efficiency inproves. In the doubl e internal gear planetary
transmni ssi on Vi bidert teefudivan iharease thy epgagemetthefficienchi al the cgepro tiensmisgién, tpadicularly the
engagi ng f oplenstarysgephieangraibsipnfvith smalhioeth memieen difference farreeraply deyblarring gear transmission
Ther ef ore, diRevantdhe intgiesgrice fo e goas PP'SW'EST smaf) doofhf 'Puﬂ‘bS“ NP epfpased pf the doyilp
408 314 B1 19 98ppad ity Gatf’%l thethigh- °ﬁ’ﬁ'€’?¢é§§% *’P’P‘Fé"sé' arGerfiam o tee ipyeptioa cepprises qntgput
gear trarfsnihé |"‘8H“tp‘g§'i‘atﬂ| 'I"EFF ?'}9 ™t ransni SSI on wlt
tooth numﬁe{oPt ?'epro 8? 8?% e?cg e{ %l tl r &)ﬁf %ﬁcnentxz
prevent the mner earfan he di |%cf C|e e ou j!)f tz in ernal palr is zero, or its
1S

di f ference

sed b reducm
hi gh-ef f L,,pl ?¥ ng?éiﬁcehrear&?ﬂ-h@flicgl QrCQ é%gt Ra ﬁ teh | to ’Tg %’JZI
i nput 5 Sh chmstéhdesOkHeRUhe of gﬂfultlﬂlgﬁaeﬁ'lg ftafMbilend énrr\Mﬂ sH)El?
gears. |f Gih b dffdRhde $hBRE BE thksERocofdidRral uutﬂﬁ’é"{osmakb Eéo%% @l a solution

coi nci dencem&ﬁéuéo] beonled @%reﬁéaltﬁbcé Qj@ﬁm@nt[eﬁi&éﬂcy'bf 6 elidiedl ofaidd! iRBiute gear pair. In
coi nci dencecdse bif dxtekiaPdhgided p&ir, BN Breliead tolidte tidh Disain 8N GAd # theidRametNMay be
modi f i ed € oarédsed @Y. bl Gicreasiff 8 lahe® widha &Ff t@Maindasaducing encdlieli did.Jesd @ae ke Lenta
[err] of thestaied etalygje at the intetrfabenggee ke [paigie atad@as Bliows: The bceddres ifdr saleubsian aftes
val ue i s noéndr¥pare kbdwane. thal be tedaced ingthg samervay @$ the addenduyn coefficiers tiaik keduded, so as to
i ncr eas ed bgvorddithurossile prefile Interferencafwher thé taoth jnuber diferanre detwpa the inusr atchater gears
hel;i €al geals véry singl Tespeptiium paraméters prerte be ¢hasandn the folieyingl range: PX])S, 0.1, preforatrly X =Xe-
unuSual &1 r ¥uiths Xeadoks0:\ilividing dirple heligal|angle €5 161~ t41elholical topgs) andt &t #5 “co AP o (ould
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und ei rf@n Teil krei s- Schr~gungswrker———det—-8—=0—¢trfd It, und eine

Sprung~berdeckung ef hat, die e# > 0 erfUlt, wobei das Radpaar einen

fil h Kk * deck
B ot SRR UBL A n o S osBh ol S2CE0S 20 VBB T2,
erfill €4 unﬁadﬁéa‘? anFtZAn Qb ' e§99%ﬂfelgﬁzr de'Pf' ﬁél%? 23 X, dfé%él?z@k&%ﬂrﬁb‘ de;d

n
Zwi schen e”hhel?é?ﬁia@é‘ gl ﬁThé’déE@'aﬁriol Ieh:€NZ
Profil verschi ex bgngeny ghgdiMegchen dem i nner en d dem Suseren Rad (X =

X2-Xi) und dem Profilverschi e- bungsfaktor hae d| e foI gende Tabel |l e
erfU I 1t: 435Radpaar nach Anspruch 2, wobel das Radbauteil ein SERFsgverzahnungiradpaar ist und déraRilidsis-
D S 0,s8 O, Sdhragurgysvnkd! Rgleich 1° bis 14°4t. 50, 1 50,35

5. Radpaar nach Anspruch 2, wobei das Radpaar ein Doppelschrigverzahnungs-Stirnradpaar ist und der
Teilkreis-Schrigungswinkel 8 gleich 25° bis 60° ist.

55 6. Radpaar nach Anspruch 2, wobei das Radpaar einen Profilwinksl « hat, der die folgende Beziehung
erfilit:



40 3 oder .4 I XI 10, 0,
nach Anspruch 1, wobei die GesantiJgepdessigg1fyY fE erf UI I't.
45 3. Radpaar nach Anspruch 2, wobei die Differenz der Pro” &l}lé ”mgﬂ

- die Profilverschi ebung des inneren Rads X2 und des auBeren ”
foI gende Beziehung erfUlen: X = 0, éé L0 und XI 2 0. 4. Radpaar nach® *
Anspruch 2, wobei das Radbauteil eijp—se *a"‘v'crzamungsradpaar I st und der
Tei l kreis- so Schragungswi nkel [ & gl é‘ffc‘l’isi5 s 14 ist. 5. Radpaar nach
Anspruch 2, wobei das Radpaar ein Coppe gcb.gagve zahnungs- Sti rnradpaar i st
und der Teilkreis- Schrggungswi nkel T8—gtrercir250 bis 600 ist. 55 6.

Radpaar nach Anspruch 2, vvobei das Radpaar e| nen Profilw nkel a hat, der
di e fol gende Bezi ehun |
2 2 6, bI A VI \:e en-l oz IH er_e[s gﬂﬁndeﬁ:g a%fl%\éls R%uggsi wob: Rjaé l|l irr?i
auler es Rad a %er nz ei' P%\ﬂ% ichl hen‘deRthhersh/Ha '[Jﬁ‘d &ngﬁjaéilgﬁ&gﬁw /05, B
der 0=0 &rful ?dlrb ﬂ' B RSl deFhe® =E8135Rics 6 &k ei ne

D fferenz der verschi e ungen X zw schen dem i nneren Rad und dem
auBeren Rad, ﬂécﬁaér%gchi\ngpr% 7€%duel did Ditfersh? AeriroimrsEigblndel RighRh Nabisings T akt or
ha! hat, der haé = 0,35 bis 0,6 erfillt. 8. Radpaar nach Anspruch 7, wobei

die Df f%r &) Z E¢RentbH- ﬂfBbﬂré@ééiCaﬁsaiﬂ"U mg&ees HMad) Ll @l 2DBokds Readlt aufwbist udl einen Teilkreis-
Evol vent en- AuBeiigaskamkel 40RS § & erilit et @he Batinglihatdaskung a4 Hak Kie s, Re.@rflit fvalesi d4s
und ei nen Tei RkdpairsineoEhufiverstihigbungsiakedr haBeigkeProffiberddckend CQluhd eine Gigsamittiperdeckung
Spr ungUber deckumg eing Difatonz dhir Eroliverscbielnbad X ewischertyisn zyte S4perel desfadpiarps hat, die e,
g‘dl I ver schi ebungsf aki bes ha ha" E|0né)lﬂ30r5ﬁnﬂll>(|§@r1d’é&|kmng c. und el ne
nt Ubsr deckung s, und eine Differenz der Profilverschi ebungen X ZWI schen
den zwei RaWeehnidgstirbel petdekes Yidtungsgrad uater ‘@”f"ﬂma dF_s E"°“‘9 "‘Béd 'si‘a puch_

0,1 bis 0,5 u gﬁagﬁr;ég;& %@F? UI‘P)éﬁ‘d 92109‘1'%?3 ' qes r ;‘eﬁw"'
W r kungsgr ad n a
ein |inkes Ge \Rgﬁ%sém b t%‘ ég %’Wf‘dg% BZE ea"aue e ra 9y {%
Rad (5) ffit z X tﬂsf 7dfrac t |s l‘%ﬁ\%eﬁ

angeor dnet en n ra 26N mnt%fz it 0 ‘én é)‘B estlgt
einer (1) der, vﬁg@ % Hé%@rle &Dgg% windigkeits-
befi ndet, das L ofli zn rgc%h %A rgeﬁ) Q§t |,=r"Eﬂ§|F tf &téhdn uRkPdichedie Q&éntrlsche
auBer i t {j gen i Bdr 18 QoA Bihy S Gse((19a) bANGE BEAebiwslie (EWONRE, Waret
ZWei Zahnkr anzgei Rhdpasrd (495 B@stt() él)sg&ﬂ&etﬁﬁ@|woZélEﬁHﬁﬁd%&ZdﬁfRdﬂb5ar @dr MadPaare (1, 11b

| nnenzahnrad @ddle, l%])) drieh PRYfikSERRb@GsiAMIN K&, cirfdaSofiiBbridcRing R, (ndlving Basariibedpckung
befestigt ist, ﬁaz%nﬁmem drehbar&r 4, nngrzezherube, rdlje Buzibhung tbeiScbert dar Difterasze,
das Uber N ed rdbrgmaﬁ&hmzadwg&en tiém inhérgreRad( uhalem E@kByeni Rurlr doc DifferanzCieh Profiesrschis’)
angebr ackt i SbungemXEwiaghen tiém tihabreRadund damn dhBethn Bae kze Mi-x1) snstrdemIVofilverschighbpnge-
(7) Ober LageffakioPig® diflijgendn Tabslk eriliiGehause (11a) bzw. an der Abtriebswelle
(GaLstLJtzt womt zwei Radpaare (1, 11 b und 2, 6b) ausgebil det sind,
wobei zum ndest ein Radpaar dei ﬁadpa ire (1, 1,;1a b und|2, 6b) einen
Profilverschi ebungsfaktor ha*, ferfe—Prot+i+tbgrceckungie, und eine

Gesant ob& deckung C, hat, die Ha* < 0|5/ S&1 | Q06pig E7 =Sc +02: 0,7
erfU len, und die Bezi ehung zwi|schen dexi »,f flesesy derl Zahnezahl Zd

zwi schen deminneren Rad und d DiTflerenz der
Profilverschie- 35 bungen ‘rg?%‘g':ﬁ &'m igﬁgﬂmn Rad und dem aul 3eren
Rad (x = x2-x1) und dem Profil verschi ebungs- faktor ha' die fol gende
Tabelle erfU llt: zd X ha' 40

1 11)(|Za|gnre@lgg;nebg ngeh Apsryugh 19, wobei die zwei Radpgareq(i.j 1 und 2565) rdgzapnydder sjnd
IXi SO, 1 @n@dle zwei Zahnkrénze (1,.2) sowie die zwei Innenzahnréder (11D, 6b) gleichen Sinn haben

12. Zahnradgetriebe nach Anspruch 10, wobei die zwei Zahnkréinze (1, 2) Zahnbreiten haben, die einander

80 axial liberdecken.

13. Zahnradgetriebe nach Anspruch 12, wobei die Mittelpunkte der Zahnbreiten der zwei Zahnkrdnze (1, 2)
zusammenfallen.

55 Revendications

1. Un couple d'engrenage intérieur en développante de cercle, composé d'une rous d'engrenage
intérieure et d'une rous d'engrenage extérieurs, ayant un angle hélicoidal de division de cercle 8

8



45 11. Zahnradgetriebe nach Anspruch 10, .wobei die 11 b
und 2, 6b) Schragzahnrader sind ump ¢ligs 3391 ZahnkngH"gEﬂ e die
zwei | nnenzahnr | der (11 b, 6b) gleichen Sinn haben mr a etrrl ebe
nach Anspruch 10, wobei die zwei Zahnkrinze (1, 2) Zahnbreiten haben die
ei nander 50 satisfaisaxi2ap >Ubgenbecirelencd 3o partiendenidg ei tel abre <sria©h dimsdeauelclh 02@'9
wobei di e Mdengbmge lptésertepn Zedffisiontedet ddpart dfa, ungetolrZigpneR rdgrface {'adremi <. ot une
zusammenf al |celncideRea/elaldicctat queita <10.55 ) <belph «d* erfyP-Brrhlgdeiation eptieda diffesence do
d6vel oppant moueres dy dints, Zdcaniip iyeuect'anerenage ieriopre Alds 1Y | Noranpgs ETRuER: BXPTIeq ne
roue d'sengr dAalgecopficient imodiié: X enye i roup, digngienace, infériewss gLl TS dipnorenpgs eXifgeure
cercle , B 9 (X=Xas%tjskegpafiigiont do dfpart s Ia danti'e satiFfall AdPhleaY §8VaBtr t i e dent eo Ep
tel quo Es > o, dans loquel le_couple d'engrenage présente un coefficient
de depart h*a, une cohnci dence| dedf gce xl' e treLa'tG Ga et une cohnci dence
totale el, tel quo h*a < 0,55, < o] ot flep 2 0,7, et la relation
entre Ia dlfference de nonbres (L:I?zde o é’?ﬁtsfg’% roue d' engrenage
interieure et la roue d engrenagbeorqxt&rgoqu e,sEXprinbe 5 par |e
coefficient nodifie X entre | alrewetd—engrerage—tnterieure et | a roue
d' engrenage exterieure (X = X2-Xi), et le coefficient de deport de |a dent
*
2 a Sfitg ;g.alll:[e c%#pl%%gn!g?egggzstg Iq}:/ea I%{I%qulga lf revencéa'ﬂ?nésda\% }e&ue‘?‘aﬁ% coincidence totag 0.5
Le coéﬁi‘%‘t&"eng‘rerfaéé teI quo revend| que a la revendication 1, dans

l eq\u.|) gl L COI nCdl'er ergrgge teqt ue re\%hdla l%lléndiphtl dgis I % SICI &‘3 Jiﬁére%ce Llfr‘

9 fdu¥ b Qhtérreure RN 8t HE B Rbe

te 2d' ffeJ eer‘mp ggxténeure X1, satlsfathQ§ ea{l&\'sﬁl%ntenﬁ 6 )@z ot kE2 g0€f fi ci ent
m)dlfle de la engrenage interieure X2 et de la roue 20

d' engrenage \@xlb&did @bﬂg?enaﬂe: 11506 te¥érdighs & 1 rBveh@taddn RarBUdu@NeRjrendgeesbun c6dpid O
et X1 2 0. 4yenkRindgl UBlcSiudl, oBI06H AR IBIcH A dfl URisibrededditiecibst 8gal 21r @vendi cat i on
2, dans lequel |"engrenage est un couple d' engrenage helicoTdal, ot |edit
angl e K2l isc abdlplél eorenbgd ©Nqud eevendiqu & 18 revarsitcatiog 2| dans 1quak; it coup@ST'engrenage
coupl e d' enggsoira@eplé dlengienage £ vremdn cqui daubledélice,et fedit anmlei hélicolial déadivision deg gertle

| edit coupl es est égutprie25eigé0-est un coupl e d' ongrenage & chevron ou a double
helice, et ledit angle hdlicoYdal de division de cercle ,B est egale A 25 &
60- 6. 3},e 6 Owepioeplel denapnegral g)ﬂgbqt{eéwecflm'é oy eavendication & pags lagyrl iedt é%ﬂpled’rfnge“*’@%ns

| otwel T edi trressutpbeangloci haﬁ@“ﬁﬁ@@@ﬁﬁ%mﬂhaﬁﬂble de profil a satisfaisant

a larelation suivan Zd| 1 . 250 35

22 6, 140 7. Un couple d engre1age |ntar|eur en devel oppante de cercle,
conpose d'une roue d'engrenage 40 P Trle et d' une roue d' engrenage
ext6riesre, dans loquel le couple d i@n;rgn% g résente un angl e h6licoTdal

de division de cercle P satisfaisahnt ne coTnci dence de partie

den{6e 6B satisfaisant a 65 = 0, une di fference de coefficient modifie X
entre la roue d engrenage interieure et la roue d' eng renage ext 6rjeure
sat i sf ai sdntUm cpugfe Setnramges intdiipur cese AéveloprRane doc CRIEpoFIMPRSe, 'unn f%'?aﬂ%‘ﬁ'ﬁ?agﬁ
h*a = 935 anérigyre ejgf'uge roue depaipIRee SRR CANS eq"f"é? Bdreé%?f‘a Qg%""& ngle
revendi cat i og?"@“alj%?rpé‘"ﬁwé éP’C'sztﬂmfs?'sﬁnmt AT "g 1o §Len?§ mtneur ttl'a 'rsouE
egal a zero.2 % — Lﬂ'ﬂ eg c
conpose d' un%e’}gﬁ’ﬂ%gec?’dg Q'Feeﬁq‘égaésg% Pﬁ@e &n H"r°° r'enﬁ d 3 g‘tg a 65&
exteri our e, ant un angle h6licoTdal de division de cercI e ,

8. Le couple d'engrenage tel que revendiqué & la revendication 7, dans lequel ladite différence du
coefficient modifié est égal & zéro.

9. Un couple d'engrenage intérieur en développante de cercle, composé d'une roue d'engrenage
50 intérieure et d'une roue d'engrenage extérieurs, ayant un angle hélicoidal de division de cercle 8
satisfaisant 3 8 > o, une colhcidence de partie dentée ¢, satisfaisant & ¢,> & 0, dans lequel le couple
d'engrenage a un coefficient de déport h*a, une coihcidence de face d'extrémité <x et une coincidence
totale ey, et la différence du coefficient modifié X entre les deux roues d'engrenage du couple
dengrenage satisfait h e < 1 etey = ea + ¢g> 1;h'a = 0,12 05 et |X|so1
55
10. Une transmission & engrenage 4 haut rendement, utilisant le couple d'engrenage en développante tel
que revendiqué & la revendication 1, comportant un carter gauche (11a) et un carter droit (12), st un
ensemble monobloc 4 deux roues d'engrenage concentrique (5) composé de deux couronnes a

10



satisfaisant a f > o, une col hcidence de ,partie dente a
65> & 0, dans lequel le couple d engsgagggifpyn coeffi mmﬁm mnu‘m“i]*a
une coTnci dence de face d extrenmite ea et une co nC|d nce ct ot , *et la
di-ffdrence du coefficient nodifie X entre | es deux roues d' engrenage du
coupl e d' engr esmageexesgibuirs {1:8) tisppséna radialbment, IGige (1) & courdriesétdnt disposéea TptErietir Ogr5
et | Xi S 0, 1. rabportl2) I'autdm gourenae £2)i ladite aove al'engrgmage Apouble barenne Gh étantawmaniée par des
utilisant |e paierpl(@s, 8b)ewrde eantryexcentré deVabre pyranttiquot(@|. dejbrgoyrennesdii rquecd'englopage
revendi cat i on(11,2) doripdeueagienoranagead tdovbley gerrdnee (5 dngipnast respeckyemeety avge ¢ipg rous
(12), etsun efsraranpae st infériedredti)@ 9 fike qa astibpedang le cadns gaushe {1 et {gyoue
conpos6 de deﬁ NgreDaged @greéouir@nte a a%e A%q ntee dans le carter droit (12) sur des paliers
111111i 111111 iaibi V"P?Sel(‘% 10P), it it o400 Péﬂ re “'d?’% b garges paliers (9a, 9b)
radi al ement , SLUH% j 1&%‘ bph ‘arky Tp 'lr‘e gPefreaU'P' ﬂ f°2“pées
r appor t & | aﬂE%ﬁ: 0 c CIe ] (kug © a Oll"l§ n GS cou es E

(5) 6tant’ monf '@gt.s& sm <f § 1 Tikiipid tela R t%é o'
excentrique ( te' ﬁorUJ OE‘ |F1t@|lrb%re(fetqs'%ugmﬁre ri % ?prlrr\@é'%ar Ie

d' engr enage &c ﬁIUIB tmodifs! f(gﬂi%el d%ﬁ@én"a&ﬁ%nerul%sd? ﬁ(}Bde\@dﬁE@ﬁag@\'Sﬁ&leH'@ Sx 4 348),5

d' engrenage aetd@weﬁe.emIdah@dohws@nsfaéambataaea%a.véntxe quiest fixee dans Ie
carter gguche (11 a) et une roue d'engrenage |nt6r| eure tournante & axe

fixe (6b) qui est nont6e dans | e géLl‘l Eruu ﬁg qur des paliers a faible
vitesse (10a, 10b), et un arbre |ex¥fenfriBue (7\—3nnf6, respectivenent, par
des\/allers (9a, 9b) sur le boltien ghitket (jla.6§2aee |sur |'arbre de sortie
(6@):, de mani bre A forner ainsi [de@x pdgbed ds88Yyregnage (1, 11b et 2, 6b),
dang’ | acgeel | e au noins |'un des |[cdopt g d0.tngr&RBge |(1, 11b et 2, 6b) 10
presente un coefficient de deport h*a, une col hcidence de face d extremte
Ea et une cohncidence totale 6, satisfaisant & h*a < 0,55, eU< 1 et ey =
E6 + ca K Ou/LLtransmissil BbhdidhagelieCqueFevdhdidu@s @NE Rvshidicatiei 0, eiafe1aqlRIE Bsdfisl deux
entre | a rouecd.psaeb@?@e@ (.Ni161et 2,LBbEscAt dds doued Hengienegedishddagies exéscdeue tdulnnes
expri n6e®®par bengeamede (1) ednt momabliod, iebquil earektrdd ridnerpourdsstis@nguea Ridggrenans ntSraase
et la roue d' enmgmsenage ext6rieure (x= x2-xl), et le coefficient de d6port
h*a sati sfai sant au tabl eau suivant: 15 Zd X h*a 1

| XI S50, 1 13, D6 trénsmBsion B engrendgiX|tellg(ud reverRiiqéed § 12 @evendication 10, dans laquelle les deux
3 of 4 X Seromnes dpngresiage 11, 2) présantentsdes dasgeuns da denfue Sp ppeuvrast nitugjigraent axiale-
reVendlquee amedt- revendi cati on 10, dans laquelle lesdits deux couples

d' engrenage (1, 11b et 2, 6b) sont des roues d en renage h6licoTdal es et
les deux coldr bhifagmission & 9"98“38 '%H gV Tq“eQ I35 ﬁﬁ'ﬂ’b - gons lagyelig fps contrag,degg ¢
de merne pour 2/98Ws des flenturgs des dethesouroles dRNgrerees (T PUEdOTY b " 6p) . 12, La
transm ssi on & engrenage telle que revendi quee a |la revendi cation 10, dans
| aquel I e | es deux couronnes: d' engrenage (1, 2) pr6sentent des |argeurs de
den{ure se recouvrant nutuell ement axiale- nent. 13. La transmi ssion a
engrenage telle que revendiquee a |a revendication 12, dans laquelle |es
centres des | argeurs des dentures des deux couronnes d'engrenage (1, 2)
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