WO 02/ 040900 PCT/ EPO1/ 13398 DESCRI PTI ON "Transm ssi on devices, for ground
vehicles and nore particularly for notors-cars” This invention relates to
a transmweioon4dervi ce for ground 5 vehicles and nore par tcemprar/igos or
notor-cars. The invention nore specifically relates to a transm ssion

devi ce capabl e of automation and/or capabl e of providi ng nunerous
transmission ratios with a relativel PESCRIRRIQB ructure. Alnost all the
automal| ¢ {r aRSHaLA.ACK £E8IRKS: Unanl 4R IS eranblal mahan spp, and
nore particularly eprcyclic trains i Whil ch-select i ve coupliing means %Such
as brakes, clutches and/or one-wajoxindtoescatsow to change the

transm ssion rati QupLoy \geerg:ioplyrg?%pesel QImenty ra%ésr%{&l,'%n QuyeatE Pag#é{rnda.n
epicyclic train provides one of e other of “two ratios, one of tHe ratios
bei ng 155a dehéctedrande molbe apared dw}amgransowfmogortadch. whi ch bi nds t oget her
two internmeshed refary %]ﬁ% of LAl ' LiLCc. Lrai ovj.di ng
more than two ratios ar e nownshboute rfs%%gég%%lrlf&fﬁ%gg%sfét gon%g%%ﬁ/ lg)él
"conpl ex" eplielfyeqfi%anabdieng,f ahamats onoasdfor epipedti ef tymivisiihaviwge e
than three ibbRcAEshiosh Latacy 2AeheRem oG Wil ars. R bact equival ent
to at least two elenentary epicyclic tralns. result of the current
demand for aut omaflecstrahbnissinometier Frpanigséan dewbess ofakdi ffser et
Lransm 951 0Qs £ 8t A%a1® il chbh i lanlV ROrS! ar diluPRE LIRS NINAL ot 4651 4B, 25
automatic transm ssions conprising four or even five epicyclic tralns.
Such transni“83FBns8éerEess ar@iridagy mearpenyFheas duabessorbuters powtior
efficient |pnberdp OfuRMREIGLIGw &8 ThRIRACYheFUELAGE TN S L6 UPRLPUR G
epicyclic trains result in a 30 particularly conplicated and expensive
automati c c&Mt reAch EPLAIREEY 87 R idl-scloRentapnalivmtinc eRiaysiissi orrin

device in phbehaddeoRUIRMRhECoERNE T&H dd HFBEE.ST MLl RABKSat Pos being
exploitation of the axial thrust of helical teeth, at the sane tine as a

measur ereént 2of FREE tEVEnPPERP b PyuBeany @S aarlaschcthish hgrasr Eeasiicch i s
propor ti onalkwbo ihfksmésHatlexottthys f@keats MBENtaNS rhAint h@pﬁjbf@fbgﬁg@.qains
condition a direct-drive clutch nounted between the input elenent and the
out put el en&nfV?* TITEAE PSRRETFYWORUEEE %) are known but they generally

consist of so-called “complex” epicyclic trains, that is to say

epicyclic trains having more than three intermeshed rotary

20 elements and which are in fact equivalent to at 1least two
elementary epicyclic trains.

As a result of the current demand for automatic

transmissions offering a great number of different transmission

ratios, e.g. five or even six, it becomes usual to design

25 automatic transmissions comprising four or even five epicyclic

trains. Such transmission devices are  heavy, expensive,
cumbersome, and ©poorly efficient in terms of energetic
efficiency.

Furthermore, the numerous epicyclic trains result in a
30 particularly complicated and expensive automatic control.

EP-A-0 683 877 discloses an automatic transmission device
in which the automatic control is made simpler thanks to
exploitation of the axial thrust of helical teeth, at the same
time as a measurement vof the transmitted torque and as an

35 actuating force which is proportional to this torque. This force
maintains in the disengaged condition a direct-drive clutch

mounted between the input element and the output element
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WO 02/ 040900 PCT/EPO1/13398 2 of the epicyclic train when the epicyclic
train operates as a speed reducing gear. Sinultaneously, the third el enent
of the twaim/okmoorai nt ai ned stationary by a one-way cl ut circifmreriisheel )
when the engine torque is notive and by an auxiliary brake 5 subjected to
an hydraulic actuation when the engine torgue is reversed (engi ne-brake
operation). The engagenent of the direct-drive clutch takes place under

the effect of ge i f1y-welg the rotatignal speed is _high
enough for aPFogﬁégééﬁﬁﬂf%ﬁqy¥ﬁ§?gh?ég?ggggé?cﬁﬁggfﬁekﬁﬁ%%Jo %ﬁ%gﬁstﬁFugt.
10 The hydraukpeedcreitding fosrce Ssmalsmaesedyf othe nfhimehcelmgnenieof the
automati ¢ behayi gur; - SIP_SSi that is.t f.0 | tering.the
"natural " balan%gyﬁéf&ggﬂ%? %&?5%%%§%ﬁ$ﬁ%t aﬁdoﬁﬁegaigﬁf%f%uégf@%é?ﬁgg§ng
force. Wth tHhenkhbanede¥nee tortiee cont mokive addi tivediry desidiaty brake
compli cat ed aggy sary-wash] ngul; 302 AL A SHAPLECEPLEYCLS: nd 11, pr oyl de
only two ratios.” Furthernore, "'nunerous thrust bearings are necessary,

whi ch are a cagserssfd ndiesgiandoyadar . oPReabkéml . diTdel aceperprmentneed sphines

operating und i ywhieh t pol y e d
speed 20 sigﬁgf%éﬁﬁgi&iggggﬁvgﬁﬁgkggo ﬂggﬂﬁﬁg%gaﬁggﬁ§H%ﬁg'ggn%%ég{ﬁﬁgﬁgg

fly-wei ghts réspettighdly. wigre dhangertdiidonst timesdnowd dpiddyceneudly aifar

between one angd,4he, alher Ak -LESgiu0 {J ANVASSEORLE LLOS) CONRSS NG, Ak . the
conmponents of the train and needs a relatively conplicated 25

synchr oni $ht i e betdier Laceahtr hphdeBersis At soutiedarforepnéliedncdngr 4ha i s

theoretical | yaabl@atie Hiandvdgubelat ivvel ¥ raRYARE OUsh t el 551 0h Labi @sy it
has not been practically possible to provide nore than two, taking into

account the ebHHindatd8 SAFFIIHG PRORRSS HotUREBNENY FIME SPRRETt ot KBSt wo

30 ratios. Ancobfectuq@f Lbtsatinenrbresn. is to provide a transmnission device
wherein the neans necessary for shifting fromone ratio to the other in a

differential nechanf'sth aret§ e aldsy 1C8r i et FRBEESS Ihok it t6hfdct eaf
this invendi oBormsl itd@ tpHOVEIER @neddyaRaBt S5 OButevigaeni 2 Wlingh ea &JiMkeic
differential pechanism. WO 02/ 040900 PCT/ EPO1l/ 13398
traln provide only two ratios. Furthermore, numerous thrust
bearings are necessary, which are a cause of noise and wear.

The axial displacements. need splines operating under
load, which have a tendency to "pollute” the torque and speed

20 signals provided by the tooth thrust and by the centrifugal
fly-weights respectively.

The change-over of the known epicyclic train between one
and the other of its two transmission ratios concerns all the
components of the train and needs a relatively complicated

25 synchronisation between actuating members. Although an
epicyclic train is theoretically able to provide relatively
numerous transmission ratios, it has not been practically
possible to provide more than two, taking into account the
complicated shifting process from one to the other of the two

30 ratios.

An object of this invention is to provide a transmission
device wherein the means necessary for shifting from one ratio
to the other in a differential mechanism are remarkably
simplified.

35 Another object of this invention 1is to provide a

transmission device in which a simple differential mechanism,



3 that is to say with only three interneshed el enents, is capable of
providing nore than two transm ssion ratios. A further object of the
present iWoeRb#om is to provide a transm ssion device al lPOREPGI/II3r OVi de
nunerous ratios with 5 a remarkably sinple structure and an enhanced
mechani cal efficiency. According to a first aspect of the invention, a
transm ssion device wherein a differential mechanismconprises: - a casing
el enent; 10 -_an input rotary connection el ement .an n_output., rota
connection el Bhgntt® 't%ﬁr aay r"()‘{t:i‘r ﬁngVe ht's l\ﬂiieéﬂesé}%eecgregteg 3%?@ Vi tct?pr’a%}s(f)ect
to the casi ngoelpmendiagduerd wabhytvaterameshedion tamiobri cti on coupling

nmeans between said gl ts; 15 - _a pne-way clutch _forbidding . one direction
of relative rotati%ngﬁ?¥h§nf9%§?cgn%go€h? ef%ﬁgpérﬁng?gﬁkﬁﬂsf%%%ﬂ1aﬁggbggt to
a second one af tsaishiekémendsyice adtluat nggtorganrsy ider nsaedocou ting means;

i S Char aCtieri Zedreim%rtkggs. 20 i_m %efl rﬁ%u&nuereOf aggl d nsele%%talnggdcoxﬁléj hia%gCQ'Eans
i's nechanlca?ly in paraYIe Wth the one-way cld%ch; - a second Oné o
sai d sel ecti veftioupinicgg nmeans is nounted operatively between said first

el emrent and a thirdAéH%?di%f said elepents; 25 - . sald twp frictiaqn goupling

means are coordi nate y a I'nvert er control” means befween two stabl e
states i n eachrafsmiwisich dee wf whheetoupldiddereanisali sieehgaged @ riihes ot her

is released, respectjvel " i.s device, the first rotary el enent of
the 30 differenti al %é%ﬁéﬁ?z%%$gﬁﬁﬁvolved in all the coupling changes

whi ch arelecessary-f @n chapwfi ngothey t cansarssdonelareot Fme §ir Putpbtary
el enent is i)rS#éﬂFEmHﬁQ@tLﬁ?%l@REHtFhe second el enent (e.g. the casing)
e

by the first selective coupling neans and, 35 for one of the torque
direction, by the oneth&Be cPGeEy ORIEG FRipArald eOtRERL® NSt jGespect

coupling nea@é’tﬂ@odg%éQéqgggw%@TQEEQ$hﬂ§§&§ intermeshed;

- two friction coupling means between said elements;

15 - a one-way clutch forbidding one direction of relative
rotation of a first one of the rotary elements with respect to
a second one of said elements;

-~ actuating means for said coupling means;

is characterized in that

20 - a first one of said selective coupling means 1is
mechanically in parallel with the one-way clutch;

- a second one of said selective coupling means is
mounted operatively between said first element and a third one
of said elements;

25 - said two friction coupling means are coordinated by an
inverter control means between two stable states in each of
which one of the coupling means is engaged and the other is
released, respectively.

With this device, the first rotary element of the

30 differential mechanism is involved in aLl the coupling changes
which are necessary for changing the transmission ratio. The
first rotary element is

i) either made fast with the second element (e.g. the

casing) by the first selective coupling means and,

35 for one of the torque direction, by the one-way

clutch mounted in parallel with this first coupling

means,



4 1i) or made fast with the third elenent (e.g. one of the rotary
connection elenents and, in a still nore precise exanple, the input rotary
connect i owo oelogrvent ) by t he second sel ective coupling neamrsT/FpoTiEs9®ot her

el enents constituting the transm ssion device are thus rendered nmuch nore
sinpler. The friction coupling means can4be spatially grouped close to
each other in a particularly advantageous nmanner. The actuating neans are
si mpl er because eaciif riet i fadec ofgHt ngtmeamg hasra paetembhi ¢b.d0 ose fast
with the first rotary elenent and it t erefore no__l.on er, %ﬁ$ sary to
transnit forces between eﬁ?ﬁ?§yr%ﬁﬁﬂgcﬁé°n at AT Er BRE shedus E

i nverter control neans, p%ndﬂ3e|5ethp1@alth@onnmmned f@ﬁanﬂnnnmmneotabmon

with the first rotary elenen etmeen it st abl e .condi ns, nove
through a 15 floating posi %W%S% &E%r 4% KECPIND ?éi%é??gﬁ %%F‘?l“ﬁg nég%s are
bot h di sengaged. ThTise istheat aaedeambacmndnmmaM$egthkeonEﬁmwmAssabutGBV1ce

simul taneously realises tuatlon gorres ndi n he
first selecti%%?cgbbflren aﬁ% m?% t APs® enémBQ?ﬂe g%e d%ﬁggﬁgﬁch g nt ed
in parallel whédnd heanou:@I i agat?ihhtsangrwdpe@h tkosmngagecedar Dhleex)pernataon

provi di ng the_| ower . of nsm r 0s egti
f or bi dden by ?%rtlcélr%grvxé ccf‘%Jatn ?hg}%%w%?chaltv}v{oeul 3(:% 5%1292 gdesatl leowe
transm ssion sfmpknrIhecass@aea¢Mnﬁnﬂdtyoadvau@kgﬂ&nm&ang dagse PﬁéthhSFh 25

rotary elﬁyent ogag e%{g q{eq%gg%rgggggplgigﬁé%tb%nhng%g %Itﬁgrggoggeno

i nverter control fean$ an ute to actuation  of the inverter
control neansléyerayneagfessheyt bot hrammmidt forkes betvéribed Igrafide 1eEREERY. | n

this mnner, Lhe SEEUELA € shscal nplrﬁeaqquwue@blc%n@@gl 32ahRe taoidy thgust

is transmtted to 't e inverter control nmeans without alteration. The
i nverter conttwpicrddns dosnpeeder &bl ycomnapl SABAEEM dsitd sihfplfe sresstrey

menber having i&@er&p%§edbe€@&e€§ 1€aCch,9f sWi1Gh dosiagapabl & Rivd Itghbaghng a
respective one of the first and second friction coupling neans. 35 As a

rul e, onelhayfttaitigespepidiiPablecrn the &coAmErdetisn ﬁatlpéﬂl%wn?%lil%t R
axi al displ acgpent 4; Johfnabl e thhe fiisr slot Ot @RlkeMBRlcalige MYe axiealhy

despite provision of the one-way WO 02/ 040900 PCT/ EPO1/ 13398
clutch simultaneously realises the situation corresponding to
engagement of the first selective coupling means. To this end,
the one-way clutch is mounted in parallel with the coupling
20 means which is engaged for the operation providing the lower of
the two transmission ratios, and the direction forbidden by the
one-way clutch is that which would produce a still lower
transmission ratio.
It is particularly advantageous to cause the first
25 rotary element of the differential mechanism to be integral
with the inverter control means and to contribute to actuation
of fhe inverter control means by way of the tooth thrust, the
teeth being made helical.
In this manner, the structure is simple and reliable and
30 the tooth thrust is transmitted to the inverter control means
without alteration. The inverter control means is preferably
implemented as a simple pressure member having two opposed
faces each of which is capable of tightening a respective one
of the first and second friction coupling means.
35 As a rule; one-way clutches available in the commerce do
not allow relative axial displacement. To enable the first

rotary element to move axially despite provision of the one-way



5 clutch between said first and second elenent, there is a preferably
provi ded nmechanically in series with the one-way clutch between the first
rotary elwomav4@nd t he second el enent, a neans for comobmrCT@EPat/izzvs and
axi al displaceability. 5 This coupling for common rotation is preferably
mount ed operatively between one of the fisrst and second el ements and a
one-way clutch support. There is provided nechanically in parallel wth

t he one-way ctuitdn astexdral lspiansiiirdablaencbeastargl biémeen thEeme-iwaya

cl utch support er. .of sai t. 10. and second. el epent s

t he one-way c?ﬁ?%faltbgypé?rfoé’&tdleg mﬁrcg?%l?;l&yfronm ARy axi aJr&st?Esson&w%%

ot her hand, feruastoisditmgeabrior Nlrstr rctagn ellaméine amedahs fecorcbriBnent,
rotation with_axial Ildablllt efer t f rotary

el enent is gu?d%%ari‘soff axrafr s OItaFifL%ré 3 ndgﬁé‘-ﬁdeﬁ[ SE Fg@hller%ans f or
comon rotation w thhisax¢alpldingplfaceabithort yrotﬁheoneaﬂspf@fewftwomonota@i on

may be nounted betwee st_el o | S ort .
The support errae%léfregyr g? a‘f’éeésr{a tﬁgnggémgg%eteg%d QS |ér;13e'tﬂ1 te?lgfq' aggg :

el ement 20 V\hmhe-vbae,l ngloade avipabky. f &serei tis t heO’sethﬁldmébmeahMYi chnis
typically the ¢asi eqh%'l%ﬂﬁeﬁe J@Qwagdg?g#ca s khgylaaﬂ%phﬁgl&@abll%e@@amsher

act uating neans, as a s can t hus urge the first
rotary el enenbew:eidmlnheanyleneeﬂ @Iutdhntsep}p@lsu rﬁgldarweasaiilaq?r tHy lﬁ@tldbéaris*ﬁg

25 A stllMﬁ1 o further, eAshyal. 1@gegﬁgnsmﬁ@9 CORg! SheOfia@Nc1BYEK ayki Cpe&tféewg

el enent i ch®i'S att e first' rotary elenent, (s coaxi al
t herewi t h andrcaresiaruifrancous|axicdnttidvit-e to the slidable guiding of the

first rotary elenenp, .fonseqyently, Al &B@aﬁ% L@do%glw@fp&l%elﬁee%sary
for the 30 ratio-changes nmay be perforned sol el #)é di spl acenent of the
a

first rotary eeementfoandcerneme GavasieRr Yot r okidkarid igRPehity Attt athed

thereto, undep gmltidy e contyd forces ang wichbauhe tEaRsAbssi eprobxihe
control forces through axial thrust bearings. 35 For selection between two

transm sstdn FatdEY | ROEPeSSREYY| O (1P ﬁ“eaf‘ﬁerfé?rha{r‘é’“]mﬁ& Ip&8hi gt Fbed

an el ementary,xsir ugtdngcbori coupl i ng and control which is essentially

grouped VE)02/040909he€§g£§23%£%3%g§mon rotation may be mounted between the
first element and the one-way clutch support. The support
therefore rotates at the same speed as the first rotary element

20 while being made axially fast with the second element which is
typically the casing element. The support is then adapted to
bear another actuating means, such as a spring, which can thus
axially urge the first rotary element without any need of
interposing any axial thrust bearing.

25 A still further actuating means can consist of an
hydraulic pushing element which is attached to the first rotary
element, is coaxial therewith and can simultaneously contribute
to the slidable guiding of the first rotary element.
Consequently, all the actuations which are necessary for the

30 ratio-changes may be performed solely by displacement of the
first rotary element and of the inverter control means which is
attached thereto, under multiple control forces and without
transmission of the control forces through axial thrust
bearings.

35 For seleétion between two transmission ratios in an

epicyclic train, there has just been described an elementary

structure for coupling and control which is essentially grouped



6 together onto one of the rotary elenments of the differential nechanism
The i nvention al so enconpasses provision of another such elenentary

st ruct ur ewonko4@pot her one of the rotary elenents of thePdirfiPer/esvs al
mechanism The third rotary 5 elenent of the differential nechanismmy for
exanpl e be permanently connected to one éf the input and output rotary
connection elenents, e.g. the output elenent. There is thus provided an
epi cyclic tratsgeadeabloatof oheurafdith{eerrenhrppelatérrtgs condid | dinkferk@tifla

sanme rotary con e%t |Son {aemsnténtlog a& € emp S% emsn(tn,/,lSlon or}a%%d %}o be
associ ated with ah o FFi ¢t On Colpt T ng TEANS “Whi €A a1 Tot B5F&FI el

with a one-wasudi uEdlamentmey ofstrthrettfmuromp@rmomgecomhetl ofis oy r espandi ng
to the case V\pemreenttshe man%k dchavl\o Ing(;: trll‘los co&lﬁjel ngnme ns %5?%15
e

di sengaged is a neutraf con ition i's use 1w ng
vehicle t& reeﬂaam@r&'t abfonarey vkhff@:etnheaéngiletélanshaf tmaoyf tthe vemnmlle be

rotates. 11 the 40,01 ber gséﬁtd Ve, GRUPLENRIEANS, 81 8nlr Aep.pl acklpg the

differential Mechanis erew e output connection e enment
par ki ng br akec@eagneoti @rlemsns$ nmuetanedbs| putpif i Blementror Thawef tmgthu@m

this neutral, cONCH O 4280801 (L UEEg, Ot heredinndi keOfon: Gofl-aspapdi ng

to a transmission ratio, isS nerely essary to change condi'tion of one
of both inver¢erdidgensel neans and this can be nade with a progressivity

which 1s fy oh enoughe ! @ ZaRNSHIE. A OQLERIINE,SIAILRY, Ofe tif1e D! G
W

There is thus provide a sole sinple epicyclic trai n a transm ssion
devi ce of f eri aemstnty hel ssapenadede thriee BFaASH & ol that Fos, tvAe frietipal

condi tion andc&pqu%gr geshy QrlAr Lkag, Aevincpacapadl &i¢h aa5$@maag di@tcn,
di spense with the clutch or torque converter which 30 is conventionally

provi ded bet weeh ¢thehendrHe apRFITHEI CPAALH Y GRrdesrerding domst6r caar.

According to gnothekrnaspafdveOhehifordddyenhd Orf,rJ.'cTtlbﬁ dpdiibbe daursseaa the
transm ssion device two differential nechanisns ch are controlled in

the just HescPite@agsAndr. B5Penkraf tdiddndi ﬂ*blﬁél ofS on@e Tt thed- for
differential fEchiamigSnheByenilecd tQ€VeESLiA UBLEBLbitarPr @i Erabtye thgine

reverse run rsakgalfot I ng\Q:her/ Oélt(l)lgcol% PrCcT'éaEtzosll 13 98 e7 two other selective

coupling means are brakes Dblocking the differential mechanism

and, therewith, the output connection element, a parking brake

20 function is simultaneously fulfilled. For shifting from this

neutral condition to one of the three other conditions

corresponding to a transmission ratio, it is merely necessary

to change condition of one of both inverter control means and

this can be made with a progressivity which is high enough to

25 ensure progressive starting of the vehicle. There is thus

provided with a sole simple epicyclic train a transmission

device offering at the same time three transmission ratios, one

neutral condition and a progressive starting device capable of

allowing to dispense with the clutch or torque converter which

30 is conventionally provided between the engine and the
transmission device in a motor car.

According to another aspect of the invention, it 1is
possible to use in the transmission device two differential
mechanisms which are controlled in the just described manner.

35 One of the conditions of one of the differential mechanisms may

be a reverse run ratio. Preferably, the reverse run ratio is



provided in the differential nechanismwhich is |ocated further

downstream Even with a single sinple differential mechanism it is

possi bl e, wa92mudobo be seen, to provide a several -ratios forearmPor/B3dsi ve and
a reverse drive. According to a further aspect of this invention, there is
provi ded a transm ssion device wherein a transm ssion mechani sm conprises

. - an input rotary connection elenment and an output 10 rotary connection
el ement; - atpl®asied Wa tid alif rekeneidls mekhehi af evhiehat abl eanetih fuk espect
to the casing elenent and are, at least indirectly, nmutually interneshed;
- at least one®fH%ERBn coupling nmeans capable of 15 providing a neutral
condition in the trensmwwisdhor reRabaai shipwher fdk semgiagechecandi émpoieris
transmi ssion rel ationship bﬁ] en _said two connection elenments in the
engaged condiXPGHC1e afult ?Wé?ﬁél’f P BRERUSE Ag SERR™3H7°&58R EQTBTThg
means, saisd agtitad iang Aeasmserenpriséng @ 20 a) two antagoni stic actuating
nmeans, at | east one,_ of aid two t agoni sti c .actuati.ng .neans. bei n

control | able; b) anA%‘iﬁrﬂsmﬁD&gbial ?fpuﬁ%g?r a?sffeecatsto%ﬂtehlosf LGt Wy Phere

i nt erneshed ro arproelienent s, tanrdshisnism sskeoicereansre2d for treansmssiomg an
axial tooth thrust .of said interneshed rotary elenment to a pressure nenber
of the frictTOHE9dP FAFMEATs. This aspect of the invention provides a
possibility of di spensi ngnwit hrvoharconventécoimal ebguantcl ahdh aor Pnpodt
torque 30 converter. A friction upling nmeans provided in the

t ransni ssﬁ)on FReHahiSRITS %Opneregﬁfngg or providing a neutral condition in
whi ch the power transat skeamt fidwowrpasty felemenhe whid¢hmearrovw@tatabitewivad to

be driven e.g._the el f .a.. vehi s ynterrupted withisn the
transm ssi on %%S eacr%_’l sm é%é)Fﬁ%Jﬁl r Eol%n?ntthénaxiaale’t G0t h thrust created by
t he gear teenltuallivhenteamsitiesisi on i s used as an actuating force for the

friction coupling neans htalhe dr@ot Bridial bSubfiny dhEge! ! QapH0:02/ 40900
15 providing a neutral condition in the transmission mechanism
when disengaged, and a power transmission relationship between
said two connection elements in the engaged condition;
- actuating means for actuating the friction coupling
means, said actuating means comprising
20 a) two antagonistic actuating means, at least one of
said two antagonistic actuating means being
controllable;
b) an axial movability of at least one of said two
intermeshed rotary elements, and transmission means
25 for transmitting an axial tooth thrust of said
intermeshed rotary element to a pressure member of
the friction coupling means.
This aspect of the invention provides a possibility of
dispensing with the conventional input clutch or input torque
30 converter. A friction coupling means provided in the
transmission mechanism is operable for providing a neutral
condition in which the power transmission flow path from the
prime mover to the load to be driven e.g. the wheels of a
vehicle, is interrupted within the transmission mechanism.
35 Furthermore, the axial tooth thrust created by the gear
teeth in the transmission is used as an actuating force for the

friction coupling means. If the tooth thrust is in a direction



correspondi ng to engagenent of the friction coupling nmeans, the result is
a reduction of the additional force which is necessary for engaging the
friction wouwplirg neans. Typically, this additional forcecrsErpr/odesed by
the controll able actuator, 5 such as a hydraulic actuator. D sengagenent of
the clutch can be performed by a spring vhich is strong enough to
counteract the tooth pressure when the controll able actuator is de-

ener gi zed. SugbrfeHRMIAER ] So AR gbAeREr OruReprRgEesEi Woupl any mé¥nd, hehe
vehicle when the transm ssion device is initially jn the 10 neutral ,
condi ti on whi FestHe véhi 2l eFeHGiTHE hasT beilfy 6983;?30%& TOrGFt e Cthe is
control | abl e astaad0ry ifsrcenta@idabine eneegidedecodplingemtofisi Mypically,
progressive, snpoth start of_the vehicl 'Qég regul atign ﬁin ge £rovided for
avoi di ng any Shbtiaddigspnastinsice st H’éo‘g% &Y atForc V- né2Pehi 148y  be
det ect ed, andsdén conparegitamiacdastugtoval pigsenfhger@sull df ofhd hilsiteanpani son
is the basis of an_adjustnment of the | evel of energization_ of th

control | abl e Q%tﬁ%f%ﬂrﬂgﬁd%éraoﬁpfﬁangVkﬁhzﬁﬁﬂ%ﬁropgpgﬂ?u%W the® %ﬁ?ﬁgF | t
is al so possi bhe twoahr anges e twaasmtssi otont2d1Mebhanismmusaot hais t kie-
direction of the tooth %hrHst .S contrar%% to the %irectionrggstgagy%& e
produced by t RBSEGRS 0l PGl e® SEVUEt of FHE st A FuREPFOR 'Y KR To
sonme extent sekfthd eguiial edwibecalhee taanexcessnvakyide gy dadelerat iion tbe t he

vehi cl e produces_an increase of .the tooth pressur r
g )

e, this. 25 in S
tendi ng i W t uPRUE5 5 SRR fo%li%hélr%&aééet%ee GGt RIS &9 Pedlide ?%gloglrsilﬁ in
the clutch. Theatiteibatike ototticsl lsbllat iaotunsort hat coherpbiael t celrrgirzeduced
by the actuat ?éa‘;rg;%trgg g I()(%r)],[g%:tc??e.'resfsrilv%f,lldoﬁfr]nl?%,([gﬁplsltrlgtmaﬁn'st}'lg Q'eﬂﬂcpgcaﬂse

it has to ove rust a ernore to engage the clutch.
30 According tegalastiidnl ftant Hey aspedctiedf fdv saivavéind orny t hkepeki.s For

provi ded trangplssion GRVICEMIPLEl dh &4 IANSHAILRD nIPCHANGSB LD I5ES -
an input rotary RHect i on &f 6ment and an output rotary connection
el enent; 3% - carpdembtta wo destiaeyg @héenent Bhanhieshilar efr 60 as abPerafiAsiyn 1

respect to th%&ﬁémgs Qer%madE\@gtr@é}ﬁ:’ oAt theastvd Ndi¢ @elkkYi zafMBHAA ¥he
i nt erneshed:; 02/ 040900 PCT/EPO1/13398 9

controllable actuator and/or of the power and/or r.p.m. of the
engine.
It is also possible to arrange the transmission

20 mechanism so that the direction of the tooth thrust is contrary
to the direction of the force produced by the controllable
actuator. The starting function is then to some extent self-
regulated because an excessively high acceleration of the
vehicle produces an increase of the tooth pressure, this

25 increase tending in turn to somewhat disengage the clutch, i.e.
reduce the grip in the clutch. The drawback of this solution is
that the force to be produced by the actuator for engaging the
friction coupling means is high because it has to overcome the
tooth thrust and furthermore to engage the clutch.

30 According to a still further aspect of this invention,
there is provided transmission device wherein a transmission
mechanism comprises

- an input rotary connection element and an output
rotary connection element;

35 - at least two rotary elements which are rotatable with
respect to the casing element and are, at least indirectly,

mutually intermeshed;



- at least two friction coupling neans, each of which is capable of
provi di ng, when in an engaged condition, a respective power transm ssion
rel at i onsWop2bevmeen said two connection elenents, wth aCTEPpECci3Dye
transm ssion ratio; 5 - antagonistic actuating nmeans for actuating the
friction coupling neans, said actuating n®ans conprising at |east one
control |l abl e antagoni stic actuating neans : - wherein a neutral condition

is realised in the -tgansdEsISItad PECOERINS BbWPEThd heabwp ésiétd ORHGRUPLEENg
means are 10 both in a di sen?aﬁed conditiaon. The two friction coupling
means al | ow t 62B&PETt Une RIPVIERRI ot HEFE of 1o 2P aRBPFSRT orF stitd8n - Win

the two frictireBpe€oiil i pgvareatsadind sbobh diesebgagadp ab&rdnal sgondictibon
is realized in the ,tranﬁm' ssi on nechanism allow ng the engi ne of 15 the

vehicle to rof8PRETiiMobt BN ol &8 pdridisRG F oY at iR sBf SEhT TH5iPé wheel s

of the vehjcle. A remaekabyynisvipl e astubeiny € reanspr ddrdedhdt@atsaecthsg
bet ween t hree o?er.ati ng condi tions. Preferabl gl a fourth condition is

avai | abl e, wi CATEHET t GOPRIARGt iR Coupiditiy HEAARE DRI AGEDDL FOBRGAGEY 8hch a
fourth 20 condhét adhd TonbrdbEdbleaarsagordistect actiatangondatis on. Accor di ng
to a still further aspect aof the invention there i,s provjded, a.

transm ssi on devi ce wh&tEiS a di f PPt af O RPN $M gﬁﬁ%JrJlsseeds An_ fhe

casi ng el enentr2bsmi saionnpathdratsar yheonitecttivonf el @nent candl amy onetapust are

rotary corllgec%iogn eA ement ;- te‘@c%%{({f"ntom hed el enents which are
rotatable Wt ?eJSpect ts% {He Casi ng el'ément and conprise a sun wheel ; and

30 . a crown-wheel ; The ptamef r tarivnercoeb eimntmessperltliong tpl aréest meshi ng

with the sun-yheel tﬁ“g Lpe grown- wheel., gonnegtlon HES‘“%erg‘&%erkéiﬁ%'on
pl anet-carrier and the “output fotary connection elenent; 35 - selective
coupl i ng neansobet iveenmédres ceaxi dbthootihedgasdddnent sesut hel cashagt edrenent

and the iDDUtrggppgg ifH‘E%Eeﬁ?g£émﬂ@@igﬁlQé@ﬁﬁ%lsﬁ§Té§E&}b%§%%% e%%ine of
characteri zed by said selective coupling neans
15 the vehicle to rotate without any corresponding rotation of the

drive wheels of the vehicle. A remarkably simple structure is
provided for selecting between three operating conditions.

Preferably, a fourth condition 1s available, with the
two friction coupling means being both engaged. Such a fourth

20 condition is in most cases a direct drive condition.

According to a still further aspect of the invention,
there is provided a transmission device wherein a differential
mechanism comprises

- a casing element ;

25 - an input rotary connection element and an output
rotary connection element;

- twe coaxial toothed elements which are rotatable with
respect to the casing element and comprise

a sun wheel; and
30 . a crown-wheel;

- a planet-carrier element supporting planets meshing
with the sun-wheel and the crown-wheel;

- connection means between the planet-carrier and the
output rotary connection element;

35 - selective coupling means between the coaxial toothed

elements, the casing element and the input connection element;



conprising : - a first grouped structure for selectively coupling the
sun-wheel with the input connection elenent and with the casing 5 elenent;
- a secomaogrowped structure for selectively coupling thecempaniisbeel wth
the input connection elenent and with the casing elenent, thereby to
provide 10 - a low ratio when the sun-whe& is connected to the input
connection elenent and the crown-wheel is connected to the casing el enent;

- an internedi ate ratdaodeenztle syn-wheeh i ssentuiacked cb@o1ihg caskngs
el ement and the crown-wheel is connected to the 15 input connection
el enent; - a TR I8Fi ve rati o when the sun-wheel and the crown- wheel are

both connected to thesifpst ¢eBaped i oirweitarentor Adleratkab) yeSiglphg the
structure is provided for a three  speed transnjssian chanismw th. a
number of t oot HEd'\RTeel's R 2B SuHiPOH ey B HE™ B %ﬁ9%|%5§er t H*€al*fB5P9 no
suppl ementsal epsdmexity a neutral condition is furthernore provi ded when
bot h nodul es di sconnect the ig@yt cgnn%ction el enent rqg1t@e sun_wheel
and fromthe crown wAedi®PEEp&EFIETRy ST oM Sor gttt a6ty 1 FPUPLAR?
aspect of thishé nwenin oheelt Retle il Ampukdednee dtrians pilsseon aelviwiéh the
conprising: - _a three-speed nmechanismproviding a low ratio, an

i nternedi ate F&IY gﬁﬁmgﬂtUpper ratio, with a first ratio-gap between the
|l ow rati o and the interamsditat preéatde :bei ng at | east 30 about the square of
a second ratio-gap between the.internediate ratio,and th e tLp, a
tmo-speed&hechanisnfnﬁu ogdl?%lgeﬁﬁgg mffhfiHEWB?%%eé§sﬁggag%§% a%?s%?%nd
provi ding a | omwut anchreedtiighereleaeno, anai the actéwn-tvheati dsgapnnhetebetareen

which is integﬁgq&gte g?egg_yﬁen said first and said second rati o-gap,

wherein six géars §ﬁggprOV| ed by the following conbinations . WO

02/ 040900 PCT/ EP01/413398intldrmedfiptst rgeky whdrowheatsiup-dpek ] ovfercanaeicged

to the casing element and the crown-wheel is connected to the
15 input connection element;

- a direct drive ratio when the sun-wheel and the crown-
wheel are both connected to the input connection element.

A remarkably simple structure is provided for a three
speed transmission mechanism with a number of toothed wheels

20 which may be as low as three.

With almost no supplemental complexity a neutral
condition 1s furthermore provided when both modules disconnect
the input connection element from the sun wheel and from the
crown wheel respectively.

25 According to a still further aspect of this invention,
there is provided a transmission device comprising:

- a three-speed mechanism providing a 1low ratio, an
intermediate ratio and an upper ratio, with a first ratio-gap
between the low ratio and the intermediate ratio being at least

30 about the square of a second ratio-gap between the intermediate
ratio and the upper ratio;

- a two-speed mechanism mounted in series with the
three-speed mechanism and providing a lower and a higher ratio,
with a third ratio-gap therebetween which 1is - intermediate -

35 Dbetween said first and said second ratio-gap,
wherein six gears are provided by the following

combinations



- second gear : lowratio and higher ratio; - third gear internmediate ratio
and lower ratio; - fourth gear : upper ratio and lower ratio; 5 - fifth
gear : imnwermedivaie rati o and higher ratio; - sixth gear poirgiror/at3po and

hi gher ratio. Such a six-speed nechanismw th the described ratio-gaps
distribution may be of the type defined im the preceding aspect of the
invention. 10 O her features and advantages of the invention will appear

fromthe follow ng desiditplkon, : r@wathbgo tandNaBubini4dng exanples. In the
attached drawings - figures 1 and 2 are diagrammuatic views, in axial 15

cross-section, correspovdingctd a v ERtihdn] §48BRY TA6di nents of a
transm ssi on devi ce-agtafdigegrt 0 M@ rmbAVAIY ir@Rjo- ahd W r3rh6id Sonmewhat
nore detailed half-view, in axial cross-section, of a third enbodi nent of
the transmission 20 R¥AtEeISREor BPRGTL B Hife P AVEAYT o2 2% i gure 4 is a
sectional siew made-ationg kebh pamtlkhfibdifxesadliocaatd aisfHessiranislevi ce
according to the invent the formof ha iews with respect to each

ion, in f-v

axis, and with broRe?ﬁ’%%a?eﬁBri itgwh 38tio fﬁ“élulr"ég%e}f SHWiew sinilar to
figure 2, but beingsugard isdlk-apdes howhagism Mo ite erbodiwehtratioclggpse 6
is aviewsimlar to figure but oW n nodi fied enmbodi ment; - figures
7 and 8 are d?hﬁﬁ'%?g Dewe of fa%%&%t aSFln%é) lélrr%(?&i ﬁ‘é?\?ggld\‘g’ R8¢

i nvention; - bEgthe 9vesthommodi fied enbodi nent of the right part of figure
8, corresponding to_ the two-ratios chani s - figure 10.i di agrammati c
vi ew of anot her enb%ﬁrilen%n\t%ga%‘fre[%eafq%vea%f'?rén;ge&% E)gfié;huer elﬁe?%lan LT

di agrammat i ¢ wpese0ff rannbié f fed oweéndodk semptodnt heedtght partoroflimiéing
enbodi ment of fi ure 10; and WO 02/ 040900 PCT/EP01/13398 12 - figure 12

is a diagramatie view of a still further
In the attached drawings
- figures 1 and 2 are diagrammatic views, in axial
15 cross-section, corresponding to a first and a second
embodiments of a transmission device according to the
invention;

- figure 3 is a somewhat more detailed half-view, in

axial cross-section, of a third embodiment of the transmission
20 device according to the invention:

- figure 4 is a sectional view made along both parallel
axes of a transmission device according to the invention, in
the form of half-views with respect to each axis, and with
broken-away portion;

25 - figure 5 is a view similar to figure 2, but being
partial and showing a modified embodiment:

- figure 6 is a view similar to figure 2 but showing a
modified embodiment;

- figures 7 and 8 are diagrammatic views of two further

30 embodiments of the invention;

~ figure 9 is a modified embodiment of the right part of
figure 8, corresponding to the two-ratios mechanism;

~ figure 10 is a diagrammatic view of another embodiment
of the invention;

35 - figurel 11 is a diagrammatic view of a modified
embodiment of the right part of the embodiment of figure 10;

and



enbodi nent of the transm ssion device according to the invention. In the
exanpl e shown in figure 1, the transmssion 5 device is essentially

conpri sedwofo2a4mdd f erential mechanism 1l conprising : - aPcagipngiBbenment 2,
which is only partly represented and conprises i.a. a stator shaft 21,
which is made stationary against translatizon and rotation, and extends
along a main axis 10 X of the mechanism - an input rotary connection

el ement 3, which is- pigventer {som bhagsmidan With ob€specitito tchecgasi ng
el enent 2 and conprises an input shaft, 31 extending along the main axis X
beyond an endSBPo¥Endt atO%r §H§ftt§i?s”ﬂlhseslioﬁpuge’§h% t FLBEEAG 15°i ntBRhded
to be directl yn@ndingi.rectly connected to a drive engine shaft of vehicle;
- an output rotary connection elenment 4 intended to pe onnect ed, at | east
indirectly, to the VBhi'Cfe WHEHE &Y™ cdhpri¥Wig a' 1 ubtfar " aisfEs§1on
arranged & ongedXés 6 Wddend 1201 posshdyilseldy odf ar elidtéventriGiatieenanl &und t he
stator shaft 21; -. a sun wheel rotary elenment 5 arranged along axis X
around the st&P®? sHaft ‘21 and capable of rotation with respect to the

| atter about axis X; a aasbi@rylareomn 26| emerh Gswhhih psrilot atephlegenpaat ed
25 about the axciis X and arranged aﬁbocut tge 8 V\/rev%el hel enen 5tar%d t he
stator shaft 21¢ TH®I8Gt Lecdhnecti‘on ePerbht*3 KAVIAg 2 MHe 1S%€has8asY

el enent 32 byaghirdt tthenstawipiwkeel rétasiamdenfiasttendist Alohe 4 mpuith skast
31; - a pg(fne%-cgrgi er rggr?rélm_el ement 7 which is integral 30 with the
output shift 21°Rnd CEFFIEe i ndl es 71 which are regularly distributed
about axis X and eceendm atieghumi t hotasgpectonntotide mAemeaiki s3,X amdcbn whi ch

e, ol SLETER, SE A hsptpec e sl
with 35 thenrad epircyickscat rigipwt shafondl wayesdincrl8nahtieh niag. nreK ek yX
oSl bSson) WESLESE S, BRI S Bretae 1D unbeel et g0
2 in a ditectippended to be directly or indirectly connected to a drive
engine shaft of vehicle;
- an output rotary connection element 4 intended to be
connected, at least indirectly, to the vehicle wheels, and
comprising a tubular shaft 31 arranged along axis X with a
20 possibility of relative rotation around the stator shaft 21;
- a sun wheel rotary element 5 arranged along axis X
around the stator shaft 21 and capable of rotation with respect
to the latter about axis X;
- a rotary crown element 6 which is rotatably mounted
25 about the axis X and arranged about the sun wheel element 5 and
the stator shaft 21, the input connection element 3 having a
bell-shaped element 32 by which the crown-wheel 6 is made fast
with the input shaft 31;
- a planet-carrier rotary element 7 which 1s integral
30 with the output shaft 41 and carries spindles 71 which are
regularly distributed about axis X and eccentrated with respect
to the main axis X and on which planets 72, which are freely
rotatable thereon, mesh simultaneously with the sun-wheel
element 5 and the crown wheel element 6, thereby to form with
35 them an epicyclic train;

- a one-way clutch 8 which is merely symbolically

represented and which prevents the sun-wheel element 5 from



whi ch woul d be contrary to that of the input shaft 31. Wuld the

transm ssion device be |imted to what has |just been described, it would
oper at e owby2as9e0 speed-reducing 5 gear and only if the trorgrel/sps i ed
onto the input shaft 31 is a notive torque. In such a case, the | oad
undergone by the planet carrier 7 fromtige output shaft 41 tends to stop
the spindles 71 so that the notive torque applied onto the crown- wheel 6

tends 10 causg,feVvelSe, kAt %ee&ef td h@héueaé/!}f‘geleﬂe%e%lterzemn & Buledis is
prevented by the one-way clutch 8, so that sun-wheel elenment 5 is

st opped and t Vi@l aleeddche redytrazyr e a%f@st &tf éh%p’ééﬂltvﬁpéﬁtl%l i ntermedi ate

between the zero spgedy ofnd h%r§#ﬂn1%%%h elfert 2 anthihe speedndf the
crown- wheel 6 corresponding to that of the input shaft 31. 15 If the

torque appliedutlo RIfE SR§rAECXhafit Fpuild operlts VLY 28, AawARMLI HERITdNAe of

the vehicle ogesatam RRIyairbfkesodde whgel& ofntohenvehhghe drgnd, shhrgugh
the output shaft 4, to cause the planet carrier 7 to rotate faster than

the crown- wh2efob1Ednhetdwst tB’tﬁ‘éc}i nputashaf £181 18A0 RAETERPRISPY 0 26

cause rotatioprffet heasuRrWEdrom el lodtastesnhhanatheephaned seapricge 7,
an occurrence which is not prevented by the one- vvag\; cl utch 8. This faulty
operation nusﬁpb‘édlé‘\FO|7&e(§°aﬁ8a\t/\oEF%I me SR tEAHIUEhEPRh heP o TG KEFCRTE o

idle without Praki ng tfendsvebdclusthersaifarse, fchfartaohs @fowhdecbmexwm@@m t he
sun-wheel 25 elenment 5 and the casing elenent 2 g first fric |on cqupling

means - ofY br Sk hiBH i ifecRafrEEFPTET Phat X | V1 Wth THEC  ofe- RRy

clutch 8. Wieanhghgagedunt-hRed1 akien@niBkesst ]é]’eogspdam- wheelkhe Spsdmdt arzaimyiewi t h
respect to th i

casing elenent 2 and t al.l ows t ransm ssi deV| ce to
operate as a gpé%ﬂ%ﬂu?ﬁ ng §ﬁe§§a¥’hb\{1&é 1$ hd tor a&ﬁp?’l Ztﬁe% ;%E% At
shaft 31 is nepatdves tid dlrewsase shaneit as avientHehesdesoq e itﬂlepG:S:IOMn\fe

The brake 9 e dinensioned in a i ch |s ough for the
br aki ng operagﬁ%% Q& RS TRV Rubh’ Weaké:\r%.'t of uutes % ? peak notive
torque. 35 The transfi ssieon tdegiuee dppltilker nbre @id owsigtioer ealhafzte 31 diitsect

capabl e of selogtTvery cSupFiNG FBF Sonrin UD 037 079000 PCHTERGLS 13388° 14

rotati on two bfakde tther ebeebt arfy thkenentsless tegd, 7tlyfoudhe the output shaft

4, to cause the planet carrier 7 to rotate faster than the

crown-wheel 6 connected to the input shaft 31 and this tends to

20 cause rotation of the sun-wheel 5 still faster than the planet

carrier 7, an occurrence which is not prevented by the one-way

clutch 8. This faulty operation must be avoided and would

result in the engine coming back to idle without braking the

vehicle. Therefore, there is provided between the sun-wheel

25 element 5 and the casing element 2 a first friction coupling

means - or brake 9 - which is mechanically in parallel with the

one-way clutch 8. When engaged, the brake 9 makes the sun-wheel

5 stationary with respect to the casing element 2 and thus

allows the transmission device to operate as a speed-reducing

30 gear when the torque applied to the input shaft 31 is negative,

in the same manner as when the torque is positive. The brake 9

may be dimensioned in a manner which is just enough for the

braking operation, which involves much weaker torques than the
peak motive torque.

35 The transmission device furthermore allows to realize a

direct drive ratio thanks to a second friction coupling means-

or clutch - 10 capable of selectively coupling for common



epicyclic train so that the whole epicyclic train rotates as a sole part
about the axis X. This is automatically permtted by the free wheel 8 but
needs t o woDIengmge the brake 9. 5 According to an inportarcCTiePat/ua3es of this
invention, the second friction coupling neans 10 is associated to the sane
rotary elenment, i.e. in the represented exanple to the sun- wheel el enent

5, as the other already described coupling neans, i.e. the one-way clutch

8 and the firsbreou | fgo meanscHR:. - MOr eoanit i Cd@dnky, 5,n theqr epr esgat ed
exanple, the second friction cou Iin% means i s nounted operatively between
t he sun-wheel B SfEMC 574M8 Fﬂetﬁ4%oﬁp cBRARETtTRTYmeanst 3210 trokasepedn @
expl ai ned her ebnabswe: tadvattesgagemmntk ofrhi beis sacend el £4 Ty Grraoupbd NGy
nmeans 10 needs. to disengage t he firgt 15 friction. coupljng nmeans 9.
Conver sel y.  eRBRgETREFIER  t hePtr S6896 Troots SREa%H SBR0RGBKE Ut oh 10, To this
end, accorsgling to aacédrdier tompar iragdrthaat Beecofe biethnyenivamtioa, Sthgl e
control menber 1%} ggerates as ggBinverter?Qetmeen twp stable conditions
r

in each of whPER°™ PO EBRe 187 TRE7T r 1 €t 1Bn 258°THUHT P nEXhsS&Me 10
i s engaged andotdey ot hetentr,esipect i el ghe | Seprdissebgagedamg e the thé ustnat ed

exanples, inverter control _neans. 111 is an axiall vabl e pr.essure
merbar - hen GPGEH TOREPRS S (1b TGRENSE TEGARE oo Beaur e R o131
engages brakei9eanthe dinsengages:tehus ciind O-heWiens uraped 1t ogvatatsst ke | eft of

figure,l,%$5 pressuyre nenber.ll%?gisenQ%ge hbrake 9 angefnqgggslglutgh 10.
|

Shifting fFom one t8°The S5tHEF 5 1Hese "t wh St abite “ohar T i ons =i’ pertor med

by an axi al trsanstdt fonalionowenphing Biessurie menbeed 1dderstiivieflggbakwaeh h

t he sun-wheel __el enment 5.an her ef or at at F S ed of
rotation 30 gget?ﬁ§I%gffér?ﬂﬁéﬂgé%bg?ﬁ'¢¥ﬁ§%§§%(%%%%?F%g né%ﬁ% g'and 10
bot h have the functiibnhaf seineekpVelned dwemettibnyet basuanydesgientebéneigé 5

wth a respect] ther. . e f 1t C | 1 i ar, -
connecti on ofg%gggﬁuﬂgcﬁg%ggggﬁ%%n\% Bﬁagn?%}{e%@s g eﬁgﬁ?ﬁ g%l Itg\l?vsftlf)St
real i ze piessrectrmmberuplingnearie ¥.oCAnversady, accoantrpr efsthe heater
haV|ng two OPQO%%QaspE85§&98n5£ﬁ§%nuﬂcheio@ @Be%%&EQeBQQEaéégr&£%;t@ﬁ stack
of discs of brake 9 and a pressing face 113 for the stack of discs of
clutch 10. WOfB2tDA0 9D PCEAEPGEAEBBD80T 1 5heehetaltipns plalgmglet Kenbhel way

clutches avaighb&r i M11  operates as an inverter between two stable
conditions in each of which a respective one of the friction
20 coupling means 9, 10 is engaged and the other, respectively, is
disengaged. In the illustrated examples, inverter control means
111 is an axially movable pressure member. When urged towards
the right of figure 1, pressure member 111 engages brake 9 and
disengages clutch 10. When urged towards the left of figure 1,
25 pressure member 111 disengages brake 9 and engages clutch 10.
Shifting from one to the other of these two stable conditions

is performed by an axial translational movement.
Pressure member 111 is integral with the sun-wheel
element 5 and therefore rotates at the same speed of rotation
30 as the latter. Since both friction coupling means 9 and 10 both
have the function of selectively connecting the sun-wheel
element 5 with a respective other element of the mechanism 1,
the integral connection of pressure member 111 with sun-wheel
element 5 allows to realize pressure member 111 in the form of
35 a common pressure member having two opposed. pressing faces,
i.e. a pressing face 112 for the stack of discs of brake 9 and

a pressing face 113 for the stack of discs of clutch 10.



t he commerce need to be nounted between two conponents which are axially
stationary with respect to each other. Thus, taking into account the axi al
novabi | i twoabk/osme wheel el ement 5, the 5 one-way cl utch 8Ppcareroi/133es
directly nounted between the sun- wheel elenent 5 and the casing el ement 2.
For this reason, there is provided a suppprt 51 having on its outer
periphery axial splines 52 engagi ng correspondi ng axial splines 53 of the

sun-wheel el ement Sgepdaneby spunivwhgel cakemprbwayi ciskidabl @vdQ bid in
respect to the support 51 while being coupled for coombn rotation

therewi t h. ThEMSupPEIRE 951 Negdmd@e béxu%uwegt SEFORRT yEWNi EAMRASHESL WhaChhe

casi ng el enenf 2 i a18gnstHfi A2 rgXath YrespRehi dabdabeanehg iy ounRkedy
bet ween the support 51 and the stator shaft 21. The one-way cl utch 8 |s

al so nount ed betweirours Shppériabimafrbidisy oPIsRARTYERRY (Ri5HREE! &f W?h

bearing 54 Feofeth idMREhI BY G@ORALEOLeOLiROEN § ri@in @ GRUMEAd thABans-9
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inclinati on ofeans 9 and 10, the 1nverter control means 111 is subjected to
the coordinated action of three actuating means
- a first actuating means consists of the already

20 described integral connection between the inverter control
means 111 and the sun-wheel element 5. By virtue of this
integral connection, the inverter control means 111 1is
subjected to the axial thrust occurring in the sun-wheel
element 5 due to the helical shape of its teeth. This thrust is

25 a measurement of the torque transmitted by the teeth;

- a second actuating means comprises at least one spring
114, e.g. a stack of BELLEVILLE washers, interposed between
support 51 which 1is axially stationary and the sun-wheel
element 5;

30 - the third actuating means is an hydraulic actuator 116
comprising an annular chamber 22 formed within the casing
element 2, and a piston 117 which is integral with the inverter
control member 111 and has an annular shape around axis X.
Piston 117 is thus rotating about axis X within' chamber 22

35 which is integral with the casing element 2.

Figure 1 illustrates with arrows Fl and F2 the two

possible directions for the tooth thrust experienced by the



the teeth, the axial thrust appears in a corresponding given direction
when the torque applied onto the input shaft 31 is notive, and in the
cont rary wproeotison when the torque applied 5 onto the i npercTatrai/i338d is
negative (engi ne brake operation). Assumng that the tooth thrust is
oriented towards the right (arrow Fl) whén the torque is notive, the
operation is as follows : - during starting, the springs 114 maintain
brake 9 10 epgrgetcandiehubehslOrdi sengaged: di hecttibansifi Sisicafndevoceos
operates as a speed-reduci ng gear. Durj ng transm ssion of a ggti ve.torque,

the teeth axi&Petheeidtr FI°S et fifor C8SUBhgagRTEm 1'bf? cFUSHPequBYt §1 B8l ng
added to the §{or&e: i Syenngseltdrque f oppishkidf tanmg taet hepuppehatt aBBENissi on
ratio, an 15 appropriate hydraulic pressure is applied to the actuator 116
for overconmi n§Pthe f ¢k B Chr Fﬁﬁgr%ﬂ d:\lﬁﬁcfﬁ%nf }Eecne ﬂ? itforqéifﬁy;E"pP’i\“?)‘%1
causi ng the dewisecHeo iabuft sthank 3ir oamrchetdire ecdngidei veakatieeaibhe.
speed-reduci ng pressure,, it is_on 20 _necessary. to release.wth sired
progressivity the prés t'\}QiatthithgcP‘_i?lo Iér%‘lirz"lso actU4 eélr%eéléfjwfffr'ilgngge

engi ne brake epgf#atjarowt Ae) twehh tharustques isreversed thhi beetadkiongia as
relatively | o%/ Yfl ue which is not enough for overcom ng the springs force
114. The devi 8 t%l%s 25 normal |y operates as a speed reduci ng gear except
if an appropriate hydhaihic gueessng e icbeapplriieds wiltldi mairgadhanierke 22,
During transition between both,operating condjti N NN - S e

stable co @i tlefﬁ?l%geocie £he ccgln%trcgl fr(%nﬁjérs grﬁalg,edei'he?gg iesr aglﬁmllgrjltﬂeérl}qameg’legt9 %Q
condi ti on wheppenotss ofis bet spkedetddici80 geapli Pyraransrassmirfdgad.of a
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8 so that the operalipn takes plACE, i Rrbhesaaed:adlioi N RDdgild, Dyn35
contrast the torque applied to the input shaft 31 is negative, there is a
theoretical riskrepmitatehdyspaeti ofPresEaLe ohs ofPPhEd sith MifedCt@rEAENL LS

increases, ang,thatethgnsReadofrdie bRPUL W21 0409080 PRI/ EPPAL 183898 17
shaft 31 decreases while t’he output shaft 41 would accel erate.
any;

- for causing the device to shift back from the direct

drive ratio to the speed-reducing pressure, it 1is only
20 necessary to release with a desired progressivity the pressure
within chamber 22 of actuator 11l6.

During engine brake operation, the tooth thrust is
reversed while taking a relatively low value which 1is not
enough for overcoming the springs force 114. The device thus

25 normally operates as a speed reducing gear except if an
appropriate hydraulic pressure is applied within the chamber
22. During transition between both operating conditions, 1i.e.
between both stable conditions of the control member 111, there
is an intermediate condition where none of both friction
30 coupling means is engaged. Assuming that the torque applied to
the input shaft 31 is motive, the simultaneous disengagement of
both coupling means 9 and 10 is not a problem since the sun-
wheel element 5 remains stuck by the one-way clutch 8 so that
the operation takes place in the speed-reducing mode. If by
35 contrast the torque applied to the input shaft 31 is negative,
there is a theoretical risk that the speed of rotation of the

sun wheel element 5 increases, and that the speed of the input



But practically this effect is small taking account of the inertia of the
| oad applied to shaft 41 (the nass of the vehicle), of the | ow val ue of

t he negatwoemeamoue applied to 5 the shaft 31, and of thecTmpot/13308 ati on

of this situation. It is also possible to chose the angle of helix of the
teeth so that the tooth thrust occurs in the direction F2 when the torque
applied to the input shaft 31 is notive. In such a case, the spring 114

have to be pOM@éf@bﬁ%‘é&@aE% R Y aindi B¢ té}?afie\ﬁllc%h['dti@cei@%ﬁge
reduci ng operation in all the situations ere this may be practically

desirabl e aga?%%tpﬁh@tlQQkkW1Ehw&w?fﬁﬁFt1¥ﬁthm%1bn§ak}%9 3ceinthekesshey

that the springs:pfoytdend glroea%t @;3&:91%%%1 Oe‘ofgﬂg,et 4§ 1 @nenqugh that cLoe
clutch 10 be rel eased even if brake 9 is only weakly engaged 15 since the

one-way cl ut chelBipeforads Tife HUnctilsR 6f FRFnP&PATHE SUHRhSEPLaPeERAt 5

stationarys Dugd nghddre 3enobne & ake soper afur@RioRrekandsi §i @ . ght 1y
engaged since the tooth thrust is reversed and adopts direction Fl. For

the direct drive opBFat? oRlsq ROSSHAABero2ghPRe ke WM tof Aepiésefir 8Phi ch

is high enoughed@t £Ngagicn@ne! vs&th kA rustr 08GhYs BROUHR. aAse SHIQIMN FonwhBANt oM
lines in figure 1, it is possible to replace sErln gs 114 by springs 118

mount ed bet weBhe t X BifpSoPL 128 1anthY W BYY SPREF dbntT T eifber P151°R 0% as

to act no | onggse 25 HeN saréhg ectd GRvEORS NSy ke ragt L@t@rghllérbuamtralhm@gsane
direction as the latter. In such a case, and jf as shown no . o

act uat i ngldreahRe i 8IS dd, FEei sSRRECesSERYCIY chEEEatiMaL Yhe aﬁ&ot hhe

thrust be in theudliieet waBr&l themdyneet @rgueicapp |d@dlwbmagar1mut shaft

31 is notive. The operation occurs 30 in the _ speed- redu0|n ehmgen t he

tooth thrust bYRrto %uT%ertoﬁ?r5P§stﬁ?ﬁstlel§prﬁgITf§ Y of ¢

pressure prevaﬁfiﬂgbIp}ov&ﬁéuat@ﬁeékl@xcbﬁsaﬂy fdﬁudt|1mglbOeﬁ$mthuhacttHé|ve

operation occurs en. the tooth, thrust fflClentI decreases and/or

when a pressu?£Ut%g ]tr)br B¢ AfPFPERRnE 4" plrg; & Suffi (?f%ﬁtﬁ/ael YQRI98958p1 i ed

Wi thin thes chatbes tofe aabuasprcllitch Fhﬁemﬁqpmmetbeakmnqnm@nabfcmaﬂNDa@2A640900

PCT/ EPO1/ 13398 18 neces ar|I occurs.in direct drive au | |

actuating forcesthe thzn 8|¥ec ed a&ﬁﬁ?% the1¥nfg ?§§ %ﬁg%'. bR
operation, brake 9 is more tightly engaged since the tooth

thrust is reversed and adopts direction Fl.
For the direct drive operation, the chamber 22 1is fed
20 with a pressure which is high enough for engaging clutch 10
strongly enough.
As shown in phantom lines in figure 1, it is possible to
replace springs 114 by springs 118 mounted between the support
51 and the inverter control member 111 so as to act no longer
25 in a direction contrary to actuator 116 but in the same
direction as the latter. In such a case, and if as shown no
other actuating means 1is provided, it is necessary to chose
that the tooth thrust be in the direction Fl1 when the torque
applied to the input shaft 31 is motive. The operation occurs
30 in the speed-reducing mode when the tooth thrust overcomes the
contrary thrust of spring 118 and of the pressure prevailing in
actuator 116, if any.
Shifting to the direct drive operation occurs when the
tooth thrust F1 sufficiently decreases and/or when a pressure
35 or a supplemental pressure sufficiently high is applied within

the chamber of actuator 116. The -engine brake operation



Still other conbinations are possible, e.g. by causing the actuator to
operate in a direction contrary to the springs 5 118. In such a case, the
springs IWB otemdod o pronote direct drive operation and thecamrPorisps may be
energi zed for pronoting engine brake operation. It is then advantageous to
chose the direction FI for the tooth thrist when the torque applied to
the input shaft 31 is notive. For the engi ne brake operation, 10 the tooth

thrust is revgssedaadypeenspts dhrectedl i e RPRLLIE aBY thBi S &30+ bEy
sel ectively counteracted by an appropriate hydraulic gressure. The exanpl e

of figure 2 wPTcHFe 2d8sehshed r8RFSE dLWigdpt Ehe disfiffePEnEEE MR vdr figure 1. 15
Figure 1 showed i npéemantatieen cohbansordal |8¢ "Wseuped, conNt Kol cstisuggure
whi ch strongl %hgroups together all the contraol and coupling nenbers
practical |y ofP® &TGer ohe YieHehE 1Pof afyF KIERBNFeNbf2the DItARe CREYNET ai n,

i.e. the sun-wheel 15. sudhis psQvi das tderipessithil itkiqokopeyrbaretnaiother
controls and 20, ot her selective couplings on at |east one other rotary

el enent of tHelY QREFAF{PR AR FhF o7 FoP#Y FUrPREPLEFANGR SEPBRtiNng

ratios. In thengxanmiexel cbegtfor2, B SECoftkrAddiahi-ageans t608h66& the
structure is grouped onto _the crown-wheel 6 of the pl anetar%/lp%ggin g?] 6,
[

7. 25 In this Prerdt, TPh &B8i PO t P EHE SteIwirEEl terr8HEn may

be sel ecti vel yn€oniiest etharitt B1t he nmepiite .caBREEhE 0OBng P MRtdke3 oplerditibnf he
casing elenent. 2, the crown-wheel 6 ca e selectively connected with the
i nput conHect F'oh teqo&ﬁeﬁ’%r%st éﬁdrﬁi’?ﬁet(ﬁ@ngagf?f&"teq gﬁéﬁgtz,“avneoﬂ?&ra ofti on
23 of which isuB0thow ickhuster adedidbctThel gr avpete contedol byandnc cpplriopgiate
structure forh)séhe crown-wheel 6 is very simlar to that described for sun-
wheel el ement PETABAE BpEEiFical Iy, an inverter control nember 211 is
integral with crowntiwhealamplandt aigalky2dvspl aceabkerilbdrbreiivt las Menbes 211
conprises a pLe fgrn% Eacgvezrl?fif 826315 sel ectively engagi ng brake 209
operatively noun ed between the " ¢rown-wheel 6 and the portion 23 of the
casi ng, atd an oppoBerhreprlestiongdf auel @k thoiosedct i vetgaldreglagionguekdt ch

210 mount ed W0 02/040300, PCTLEPQL 43398 .19, gpesatiel yobetygen e oo

cr own- wheel- nd the 1 nput connection e he portion 23 of the
casi ng el enentoRtidf japdsceupling members practically on a single one of the

rotary elements of the planetary train, i.e. the sun-wheel 5.
This provides the possibility of performing other controls and

20 other selective couplings on at least one other rotary element
of the planetary train, for providing further transmission
ratios. In the example of figure 2, a second actuating and
control structure is grouped onto “the crown-wheel 6 of the
planetary train 5, 6, 7.

25 In this embodiment, in addition to the sun-wheel element
5 which may be selectively connected with the input connection
element 3 or with the casing element 2, the crown-wheel 6 can
be selectively connected with the input connection element 3
and with the casing element 2, another portion 23 of which 1is

30 now illustrated. The grouped control and coupling structure for
the crown-wheel 6 is very similar to that described for sun-
wheel element 5. More specifically, an inverter control member
211 is integral with crown-wheel 6 and axially displaceable
therewith. Member 211 comprises a pressing face 212 for

35 selectively engaging brake 209 operatively mounted between the
crown-wheel 6 and the portion 23 of the casing, and an opposed

pressing face 213 for selectively engaging clutch 210 mounted



chanmber 24 of an hydraulic actuator 216, with a piston 217 being fast with
the crown-wheel 6 and slidable within said 5 chanber. A support 251 is
coupl ed fwpocomyon rotation with but axially slidable relrarinrei/y3sv® t he
crown-wheel 6 thanks to splines 252, 253. Between the support 251 and the
casing elenment portion 23, there is proviigded an axially unslidable

bearing 254 in parallel with a one-way clutch 208 forbidding 10 rotation of

the crown-wheghe £ t¥ellyr 88PRESN tihd R oGaSkiGE] & ementhd ifpwr ddn@eti oo
contrary to the normal direction of rotation of the input shaft 31.
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hydraulic 15 pressure which may prevail in chanber 24. The transm ssion
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di sengaged. The result is a neutr condition because the .input ﬁﬁg{}fc“ on
I"a
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ary
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i rovided by causin ontrol nenber 111 to . e to its . oth t abl
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by free-wheel e288entA fi1sta 30i rediich apntabrp, teothespondilnglitrecaidow §peed
of rotation of _the output, shaft 41 wth spect. to t in haf t. . 1S
real i sed; a s&tbhdt T a%’gﬁg%i 6%9?%tf%agits élg'al |§%reld1g55y qul r@uqoﬁ%tgﬁéoggﬁﬁé

al nost si mul t paews] ytichasgigrgtt S 1statl eche35icaedi Rildnsixaklbpt hrgavehe er
control nenbers 111, 211 _thereby.10 enga cl ut . ile
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reduct i onihoder¥G 0 G40000nPCHEPELL 183898 amPeroPer ati on of figure 1, which
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that of the input

of four main operating conditions, corresponding to the four
possible combinations of stable conditions of the inverter
control members 111 and 211 :

20 -~ if member 111 is in its stable condition toward the
right of figure 2 and member 211 is in its stable condition
toward the left of figure 2, both clutches 10 and 210 are
disengaged. The result is a neutral condition because the input
connection member 3 is discoupled from all the rotary elements

25 of the planetary train;

- starting from this neutral situation, a first
transmission ratio is provided by causing control member 111 to
move to its other stable condition while the crown-wheel 6 1is
kept stationary by brake 209 and/or by free-wheel 208. A first

30 reduction ratio, corresponding to a low speed of rotation of
the output shaft 41 with respect to the input shaft 31, is
realised;

- a second‘ transmission ratio is realised by
simultaneously or almost simultaneously changing the stable

35 conditions of both inverter control members 111, 211 thereby to
engage brake 9 and clutch 210, while disengaging clutch 10 and

brake 209. This creates again the speed reduction mode



shaft 31, but with a mlder reduction than in the situation of the first
transm ssion ratio which has just been described in 5 relation with figure
2; - the wouwewmimesondition is a direct drive condition obtairmrdl/mBss

mai nt ai ni ng control nenber 211 of crown-wheel 6 in the condition causing
engagenent of clutch 210 and by causing emntrol nenber 111 to nove into
its condition causing 10 engagenent of clutch 10. The i nput connection

menber 3 is thus-assicauldaneausley fasinmid hedhe $¥nawhesl aelgts@ﬁ Ir aRfeW th
the crown-wheel 6, this realising the direct drive in the ransm ssi on

devi ce. The s@ntRifeethadtentht WBiHavielp el i kaien ddtap it cpbwhbe 15 RHEel 6

al so has hel i gplrd et hpandyconseapanichy rebie Wrouped 180ph& 0 @ndieaupki ng
structure associ ated with the crown-wheel 6 is also subj ected to the

coor di nat ed aE®f ofl GTC tHF@e™ 87 t¥s ratdRprPéFhghas t 98t h kefustescaipPedi Frent

force and a fggce (whi Q,E]thiﬁlgﬁﬁlee(zt,i vely applied by hydraulic neans. 20
Again, different conbinations of directions, of these three forces are

possi ble as expl ai ned Ghiet hIPwrtdY eReRAtd op giif e @ 191FRCYE h&réXamftadition

illustrated iBotd HYE g, mbhet Y OHIEGoEORST Clembaitd 2agt yat tfl@NrSiumlé@tLUl6€ln
associated wth crown-wheel 6 has been reversed with respect to th

associ at ed wi Ehe stORYHTEEr SPEREM WageBeRhust Fhioperdtd g Ry tcc?b’tsﬁng

thrust in thecghoml- Wikalbe® aml libthﬂyvﬁaun-l\ﬁﬁﬁeel iekenmeshd b iare aﬂa\mayag
equal and_opposite. Consequentl inthis non-limtin

conbi nat i th ofPIHFESE 85585 tctrhéL var Pous Rt lfé’t”lnﬁ(jtf‘B’?cIE%mak?r% %hésséﬁﬁsf or
bot h gI’OUpedsthLli]uﬁnléb&Sly?:@aéﬁ wischnathiec eahlghédiat e Kespitt & pam@vmmntﬁfa

four operating con Lons in_ga, single.si Ieelc cli tra trol
and no coupl i ﬁg g‘ fs z.’g. t?hse p]?eaaﬁétmngrrl ‘$ Janacqctherl(‘)"tij"t put' s?‘iﬁ
41, and no thtuatsrhsalibngdéﬁcmecessary for transmtting thrust between

rot ary nenbers havuﬂlg dlf ef,em %dhaY r%?qjth%a%x%ggj(q? of f| Qure 1,
a i's

the hydraulic pist ons are 03| tfoned y grea tance romt he
associ at e V\Dwﬂ@éD4®9@Ds@(ﬁ'd£ﬂ®é.hl®39&ee2m rotlacynetemeritly  witthe wiriooketihey

are integral gnd simullanggusly, 9.0 SAll kAUl dent be. a5305] Ahet)

rotary el enen
6 is also subjected to the coordinated action of three forces

comprising a tooth thrust, a resilient force and a force which
is selectively applied by hydraulic means.

20 Again, different combinations of directions of these
three forces are possible as explained with reference to figure
1. In the example illustrated in figure 2, the grouped control
and actuating structure associated with crown-wheel 6 has been
reversed with respect to that associated with sun-wheel element

25 5 because in operation the tooth thrust in the crown-wheel 6
and in the sun-wheel element 5 are always equal and opposite.
Consequently, in this non-limiting example, the combination of
directions of the various actuating forces is the same for both
grouped structures.

30 It 1is noticeable that despite provision of four
operating conditions in a single simple epicyclic train, no
control and no coupling concerns e.g. the planet carrier 7 and
the output shaft 41, and no thrust bearing is necessary for
transmitting thrust between rotary members having different

35 speed.

As in the example of figure 1, the hydraulic pistons are

positioned at relatively great distance from the associated



pl anetary train. Thus, the splines 52, 53 and 252, 253 have no guiding
function and therefore do not introduce noticeable 5 friction which would
tend to awDer/#d9e0 t or que si gnal produced by the tooth thPOTIEPOAIB39S
appropriate choice for the direction of the actuating forces, nore
specifically anmong the four possible conbZhations described as to the
exanpl e of the grouped structure of figure 10 1, allows to minimse the’
ener gy whi ch kstsweedadrkatstdiech hpdeautiay actuahteayraandndonsrguentbysihne
power consunption which. i intrins% al Iy necess ry for operation of the
transm ssi on detT%e® DOFtHg % raHsit i g’ﬁ B‘éf’\?\%le%tet & ¥t egﬁﬂe?’hse %gc P 15
reduction ratpbamdtddygureidd, Thes.e the apliimsds t3rat 58 andnziznt2s53shbuat hon
appears, which uld correspond to neutral or, else to, a direct drive This
G be avoi ded by Hhpf BB T Atol 57 syHeht Shicsi B TR ol oNEeh! SLREaHE ol
menbers 114 afdidilon byhiway wofildntapproprdlate coat tokqod $immalygradhced
pressure 20 2%thin q%%QhoLhchngers 22 and 24. For exanple, for the shift

fromthe firstYtd's s Sécond ratio, it is possible to start w th engaging

clutch 210 for proghesspvelpricaeascingiaeotfati bine ofiregcrtdwn- whedle @agneiing he
speed rati o between the o . f n in t - [ onds
to the second§§EEﬁﬁﬁi%ﬁ%ez§5§§§F§¥%%§¥ é%??gafk%:Eagrs¥§53§%g%i?ﬁu ﬁéggggég

rel ease cl utcled€ribedi lag goi hige oexdnpdreeasi bige tdgphredi agreftwieutcéh£29dreo
that due ;50 2 mihygl,CUPERLAl AR ofpdoLRf LocfRea, 16 h&, d@RSMiGiST e

rati o remal ns thén substan I Ty constant, to the second Treduction
ratio, until bhetravdrenacofative rard ocohangeepriycetke BOWRE tdnmsgfpEgon

appear s that agﬁcﬁ nventiop: Al lows N aeé%saatﬂyvelf%r SighRkge PBONELs tone

synchroni se substantially sinultaneous changés of conditions of four
friction coupkragsmession #avi¢re neutral condition, springs 114 and 214

mai ntain brakes 9 gpg; 209 d0,the; Snosgede &Nt op 8¢ thal the Waeksnd 35
epicyclic train and therewith the out put shaft 41 are i mobilised agai nst

|
rotation, lvheredyce pardditig Bfakedvze ZLbttdierédis|f fhtk Satudt iGRPSEE s

possi bl e to cause.EIBREa VD 02iRA0960 PCHrEPSd4 B3B8 nedrof drhelkapsd
shaft 31, for exanple by startiqﬁyﬁhe vehicle engine, and then to

progressi vel yast tte¢he 9BHCI e s can be avolded by appropriately
synchronising the motions of both control members 111 and 211

by way of an appropriate control of the hydraulic pressure

20 within each of chambers 22 and 24. For example, for the shift

from the first to the second ratio, it is possible to start

with engaging clutch 210 for progressively causing rotation of

crown-wheel 6 until the speed ratio between the output shaft 41

and the input shaft 31 corresponds to the second reduction

25 ratio and only at this stage beginning to release clutch 10

while going on increasing tightening of clutch 210 so that due

to a mutual compensation of both processes, the transmission

ratio remains then substantially constant, equal to the second

reduction ratio, until achievement of the ratio-change process.

30 It therefore appears that the invention allows, in a relatively

simple manner, to synchronise substantially simultaneous
changes of conditions of four friction coupling means.

In the neutral condition, springs 114 and 214 maintain

brakes 9 and 209 in the engaged condition so that the whole

35 epicyclic train and therewith the output shaft 41 are

immobilised against rotation, whereby a parking Dbrake is

obtained. In this situation, it 1s possible to cause movement



progressively applying an hydraulic pressure within chanber 22 for
progressively engaging clutch 10 and introducing a 5 progressive start of

t he vehi cwe.02@emsequent |y, the transm ssion device of fi gora&rdl/adsboOws to
di spense with the <clutch or torque converter which is conventionally
inserted between the engine and the gearbpx of a vehicle. The transm ssion
device of figure 3 will be described 10 only as to its differences over

that of Tigurge2ppdnihbe: CXAOPL €30f [hgUlGaipiLhey! A0S SS1 QARG
conprises two differential nmechanisms nounted In Series, nanely, in the
fol | owi ng or dergineom Bhe i AR donn@cepdassiglediventt8rio thre olghggtle by

connection el empnt 4, .8 §iL8)ymRehani aoula, B hischri Sy egsentdabkby -shai | ar
Co that of figurs s andh Fodand o PR hochant om 303 whreh wi [T be
descri bed in faet aptodreseindet ovenddsdhani SAPBO di &t i aifli shidgosv€Eng hae of

figure 2 i ;tﬁﬂzgtretsfggvétatsocra&hafgf21 ire tubuhagiand %HEEQHM?tltﬁe | pRUL

20 shaft 31, vehi cl e engine being assuned to be of the left "of figure 3

and no | ongerteornatissipgheevice hef f ifgares (dagélevs fPgdiéreyse Thethafidus

components of . fiereghan, sS0L, ey Re  hecaon] sedoftom g yr efeencas
which are identical to those 25 of figure 2. However, piston 217 integral
with the crowpeires! tBeiengid)s asedthy FFPsront 27 ehi&dfal with the casing

element 2 and it ignd herglemeatof beymtagokheighomnsvwheeh wWai clesdefibaes
t he correspondi ng hydraul i c chanber deS|gnateg %% reference nuneral 64.
t

The sprinls 2auLh@s GAgeEs sEdifesRrect Y SH $1'8 fig9rsr & mount ed about

gui ding rods 61 whigh ane idd-egial od thidhe ¢f owneel ereihni6siand dhiidably
extend through the support 251 which is provided with appropriate hores.
The springs 23FRigesnpiie eddbetshsanial baBkHEE S S Pﬁ%ng port a&ff§s-
flange 62 of pihe ,0d8n61chdF0ko a1 betder oshiédi MFoaui tie: f uRgLt ONgortrketabawn
35 elenent 6 is provided on an inner bore with_ a bushinQMES fgr |.i di ng
onto the out el P pReFal FRAR TBE t ARV THUICAr SSHETRE 41 rth- Agwentse
repr esent ss nogoonkyitheioukpséntshaflty ofirtinarf icbstthA® QX OZB3H0GE® 2 and a

e A7) D LB B0 00 P r o B
detail hereinbelow.

Mechanism 301 distinguishes over that of figure 2 in

that the stator shaft 21 is tubular and surrounds the input

20 shaft 31, the vehicle engine being assumed to be of the left of

figure 3 and no longer on the right of the figure (case of

figure 2).

The various components of the mechanism 301 may be

recognised from their references which are identical to those

25 of figure 2. However, piston 217 integral with the crown-wheel

6 is replaced by a piston 27 integral with the casing element 2

and it is the element 6 forming the crown-wheel which defines

the corresponding hydraulic chamber designated by reference

numeral 64. The springs 214 no longer bear onto the piston but

30 are mounted about guiding rods 61 which are integral with the

crown element 6, and slidably extend through the support 251

which is provided with appropriate bores. The springs 214 are

mounted between a back face of the support and a flange 62 of

the rods 61. For a better sliding guide function, the crown-

35 element 6 is provided on an inner bore with a bushing 63 for

sliding onto the outer peripheral face of the tubular shaft 41

which now represents not only the output shaft of the first



330 of mechani sm 302. Mechani sm 302 conprises a sinple epicyclic train 5
essentially conprised of a sun-wheel elenent 350, a crown elenent 360 and
a pl anet -wearoziogrwo®d70. Crown 360 is integral wth output elcemPat/1339@and is
made axially stationary by nmeans of bearings 365 with respect to a sl eeve
26 belonging to the casing elenent 2. Thg output el enent 4 conprises gear
teeth 42 10 arranged coaxially with the main axis X. The gear teeth 42 are

intended to ngshy Witdh 30Ri BhOMa1 RO RSNONH SURRAT 1ed L Rb O HY r@thEn Bk Ch
is parallel to axis X. The planet-carrier element 370 carries eccentrated

spi ndl es 371 82 whikaftpl4ndtss tBr akachest 4ralsny 1AbYht eePnaAtiioR FRSReW t h
the teeth of the st whgglsd3eel ement 350 and with the teeth of the
crown-wheel element 360. The sun-wheel elenent 350 is associated with a
grouped coupling aHeckayismol 3§€r ucPUPEITBNPIa si Wi tak EPIGYCLEE  train

sel ectively copnectingt hemgiunsuhee)r el enpat w380 Welbndéhe 3685i ng ekepgnt
2, a clutch 310 for selectively connecting the_ 20 sun-wheel el enent 350
with the inputlemgiec?$bnied efeRt2BI0,caghief nvéPt eFTeWht PBY ABnBELe81a!

conprised of @;pKesstyg rmrhert Migh i dddegkabl W t brdtheonsuy- vheakans
el ement 350 and conprises a pressing face 312 for en ag{ng t he brake 309
in one of itsoft@B2%iHE & Coditti GREPATY Hh dpPoiE el Sl&REERd pFessihg

face 25 313 fgpsengadidi@ne! pt chn3 1ttt Beeitiers ebmpt ssd vy estraltketh 42
conditions. The sun-wheel el enment 350 defjnes with the casing 2 ? chanber
322 of anlhydrapieehegsterl B16 W SPBsBYTF otidr §ir ng™e s‘iﬁ?ﬁ’\mt%t?lthe énBht 350

towards the stableicondi tic@R wEOKT £SPOmiing no® engagen®ipxafieal atlohg34f and
di sengagenment of 30, brake 309 ' o a differenc over t he

whﬁn fed. Ac org ng i C
grouped strucftre "BESRHCIARYWEN the 3EUR- RheelCePERBAL B4 *heShERTSMm 301
the one-way ghotehr30& iscrnuntest ispipanak| evlwht hwiclart glladtBsadd2 noe

|l onger in parallel with brake 309. One- .clutch 308 .35 prevents sun-wheel
el enent 350 fFOhETrH tiWﬂanggtthﬁﬁﬁu?%F e%lghphgecgﬁﬁgbf¥£3§§1éﬁ%h?ggggh
However, the pounénng3Soashdomith tthel feafh tolfetbaesmwayn-ghattheianesitnBhar to

that already VO 02040900, PO/ EPOIL13398. . 24, described oy thenonesuay glut ch
308 is nmounted in paraIFe? Wth “an axria ?y uns$|&% e gearlng 3éﬁ%b8tmeen
the input conmegpiomy and control structure comprising brake 309 for
selectively connecting the - sun-wheel element 350 with the
casing element 2, a clutch-310 for selectively connecting the
20 sun-wheel element 350 with the input connection element 330, an
inverter control member 311 comprised of a pressure member
which is integral with the sun-wheel element 350 and comprises
a pressing face 312 for engaging the brake 309 in one of its
two stable conditions and an oppositely directed pressing face
25 313 for engaging clutch 310 in the other of its two stable
conditions. The sun-wheel element 350 defines with the casing 2
a chamber 322 of an hydraulic actuator 316 disposed for urging
sun-wheel element 350 towards the stable condition
corresponding to engagement of clutch 310 and disengagement of
30 brake 309 when fed.

According to a difference over the grouped structure
associated with the sun-wheel element 5 of mechanism 301 the
one-way clutch 308 is mounted in parallel with clutch 310 and
no longer in parallel with brake 309. One-way clutch 308

35 prevents sun-wheel element 350 from rotating faster than the
input connection element 330. However, the mounting fashion

itself of the one-way clutch is similar to that already



el ement 330 and the support 351. The input connection elenent itself is
axially immbilized with respect to the casing 5 elenent 2 by a bearing

di agr ammewpDa@lokogoo | | ustrated as 333. The support 351 is ecumped1f3es conmon
rotation with the sun wheel elenent 350 by neans of splines 352, 353.
Springs 314 are nounted between the suppétt 351 and the sun wheel el enent
350 for urging the sun-wheel elenent 350 in a direction opposed to 10 that

defined by thgepsessir e itRet BRe hyflf adlldtehcbasrbm m2dtedhen peeih ef wtllea
epicyclic train are helical ~and conse EPX % t he grou

in ed
structures de@Rrfbrrf WerBPhdBovts %‘?ﬁf t%%olflgu%u‘b? &d°to a
conmbi nati on otléddree FAr cesl thenplippbhty BhHe. thet hntphltus:bnnéh‘eld’rﬁsél]]elmeﬁt

force of the s . 15 314 and,th ydraul i c pressin rce_in the
chanber 322. ¥ %e]rr]r"gcﬁe?m%’i‘ﬁ fﬂ]?‘?‘ﬁé{ﬁﬁtﬁe i $68P% 3 E"!P%h cagyBfem
373 conprisi nglameontar bly genbﬁlriﬁ?@leammangcammplimsmeeéh 356333Th&‘he
control nenber 374 |sdﬂovab (i ?n the neut rt\i}i gom t| on ! N' % ehs
illustrated, S“Fdtiar? EO9BIE0sIPT of™ " 'R EGAL R THE pitne uncé’frrl er
370 is coupl edlément cBHODDYr OtetnisO N Bﬂillirhaes |3m),t asmneeprormgel @henkrad30

of the second nech m_ 302 and arev e dr.i p05|t| R4 whi
the planet caPPyRre Cg%?s%ea. uplBR T ginﬁslt ﬁ"éld| \égﬁt connec l|oenleme mgﬁp 330

and coupl ed wfbh el e;a\eesﬁﬁ wmagrealem\mth%man?& casenygieh evpprisedThe
O R paY il BPO LN Sl LS, MRNABhY L DSEed BELNGED dhe shator

shaft 21 and or ~ sfeeve ér at'i on° of? tHhe second mechani'sm
will now be deschidbfdiwherpidyeldogtehin cre shdliceheah®' cpose¢qucortlal | éw ng

30 two different oMl d.Aipls SRELOR - olNelbhe &l U 310008, engagede, ! he

i nput connection® i S connected for compn rotation at the sane
time with thelsmenwhded elsenertje@5@dbyta he clonbihaBi anél wibirhet Hercpbanet

carrier 370 bg?ﬁ%ﬁ; plthggt&?&% '}éﬁ%ﬁ@to‘cgﬁrJ‘ere@?Qé&AHtfH}c@o%?ghe e

mechani sm 302 op rat es in irect Ive no When t he cl utchngio, is
rel eased, land3i heatst dhhe BRIrangayedesshes rsewheethe|dierer3%¥Y i s bl ocked

with the casing el eggpnt n%cﬂQFhé’%P %/2043&91@%'?&345'3@%2@5@& 25 & divReh

connection element 330 solely drives the planet- carrier 370, Conse(iuently
the planets 372S¥at | 3BbotemRhes i"getsh control member 374 carrying coupling

teeth 376. The control member 374 is movable between the
neutral position “N” which is illustrated, a forward drive
20 position “D” in which the planet carrier 370 is coupled for
common rotation with the input connection element 330 of the
second mechanism 302, and a reverse drive position “R” in which
the planet carrier 370 is discoupled from the input connection
element 330 and coupled with the sleeve 26 integral with the
25 casing element. The control member 374 1is a tube which 1is
movably inserted between the stator shaft 21 and the stator
sleeve 26.
Operation of the second mechanism 302 will now be
described when the dog clutch is in the “D” position allowing
30 two different forward drive ratios.

. When the clutch 310 1is engaged, the input connection
element 330 is connected for common rotation at the same time
with the sun wheel element 350 by the clutch 310 and with the
planet carrier 370 by the coupling teeth 376 of the dog clutch

35 373. The mechanism 302 thus operates in a direct drive mode.
When the clutch 310 is released, and the brake 309 engaged, the

sun-wheel element 350 is blocked with the casing element 2 and



of the sun-wheel 350 and cause the crown-wheel 360 to rotate faster than
the planet-carrier 370. The mechanism 302 then 5 operates in an overdrive
node. Durwog2ns@nsi ti on between these two stabl e conditi orsT/EPVIIE3388 own 360
tends to be retarded by the |oad applied to the output elenent 4 and
consequently the sun-wheel elenent 350 t&hds to rotate faster than the
assenbly conprised of the 10 planet carrier 370 and the input connection

el ement 330. Boé ihbus iconpeevest edlderithestmeswvayl €l dt £he 308he Wiannthe dog

clutch device 373, is.in the "R' positi t he pl.anet rrjier 370 is
prevented froffFotsk i gﬁ'aaﬁ“sec%lr‘?élgﬁeﬁt eyptlﬁgebga smg;z %%‘éﬁ' ats &§eth
novenent revebsalthgeams—var&ebetmerantiheassl@ mheeetrcﬁ»ﬁ{}mdlt B&ocrrowronheel
360. In this _case ut ch. 310 rrus be en an appro ri at aulic
pressure Wt hFﬁSE% n3§§ea§’&|aﬁg ?‘?ferl§8r ?‘ﬁg 30 58 aa'i) ?o?m‘éﬁ

i nt roduceds byopamﬁescamnerttmoa“ro&hemmzisdeBSO be transm tted by the sun-wheel
el enent 350. The m)gement revers gg ccurs le educt n since

the dianeter of the” ¢tdih rffétfl &t hthestana?W e S ee(f of °'Rée
sun-wheel el erkat cr@a0. 3aBy tandappo olp)e i Jaettfarciladl be omethmd aappdseldettweehet he

gi ves an appr OXI Pt e“1 ¢ ea ransms 10 devi ce 0 ure provi des si x

forward driveteads OSOV\kncctIatar efasacppramainat@iw dissmhlb’ute@tnmwdt hef the
O Ol g COBh B T2 LA N 37100 G gD ernBOShEL Do TEST 81 11RO 30¢ P

foll ow ng or t st” ‘over aI i rafil an| sm oper ates
with its firsthspeed predastédrpy a;trlreooré@ﬂ@yngéut@péékﬁ reduci ng one) and the

second nechani sm SO%hQIFe{}@é es ncliuttggoég%(g?(ﬁj ecd dri ,}4-?% de;, o fiQr, the

second overall ratio hé nmechiani’'sm i nt e overdrive
condi tion whi rteet helantharviagmi8ol Bedrai s |meV?hée@t rbrgt y speddoredasing

operati on; %éé)q 29, PG ng’%(e%é?’%z AR atéoéstrﬁlﬁze‘in@hrcdrgwf@l‘ me@hk O,

t he machamsm operates wth its second ratio (noderate
speed- r eddtt i BAYVeR thhesppoHmtls M0 2shethla s | YRl r 869 dFRvéhAdde;

case, clutch 310 must be engaged by an appropriate hydraulic
pressure within chamber 322 against the springs 314 so that the
motion introduced by input connection element 330 be
transmitted by the sun-wheel element 350. The movement reversal

20 occurs with a speed reduction since the diameter of the crown
360 is greater than that of the teeth of the sun-wheel element
350.

By an appropriate choice of the ratios between the
different diameters of the toothed elements, a choice of which

25 figure 3 gives an approximate idea, the transmission device of
figure 3 provides six forward drive ratios which are
appropriately distributed when the dog-clutch device 373 is in
the “D” position.

These six ratios are the following :

30 - for the first overall ratio, the mechanism 301
operates with its first speed reduction ratio (the most speed-
reducing one) and the second mechanism 302 operates in its
lower (direct drive) mode;

- for the second overall ratio, the mechanism 302 shifts

35 into the overdrive condition while the mechanism 301 remains in

the strongly speed-reducing operation;



- the fourth ratio is a direct drive throughout the 5 whole transm ssion;
- the fifth ratio is obtained when the nechanism 301 operates with its
second r awpD@2moder at e speed-reduction) and nechani sm 302CrEPVhe33g8/erdrive
node, and - in the sixth ratio, the nmechani sm 301 operates in 10 direct
drive node and the nechanism 302 in over-d¢éive node; - for the reverse
drive, with the dog clutch 373 in the "R' position, a convenient ratiois

obtai ned when the nmechafy She301ni sy i Novidr1$€CHLG; J,at i-fe ONGREAldrQBn( MBEIEr at e
speed reduction). 15 Position, "N' of the dog clutch 373 results in

rel easing thePHHATRR YEiténeis $ecandondiq ofmadfiréRe mape el psecGionk, gndf or
pushing the vehi Gle&rRyiiBANGoOrodOWkBY id id@SRit&ct heifachoddat in the ,
absence of energisation of the mechanism 301, a parking brake condition is
realised in mechani smt861.fopfitd piddrbiis t§ FAr8ft ndgtral ithrAgehME pak%i ng
brake funcdi opngesWdasshi 98 oechani sm 301 bei ng | ocat ed upstream of the
dog-clutch system wth respect to . the power flow Bath bet ween the engi ne

) . Y .
and the wheels of Th&hgefildF8. rfféot AanHAtELPBA YBET c&PBf MErgares™ PEL

remar kabl e i nopeddiatyiith AEVisdesnsi ¥at8d i Qodndtd EpYed-Sedtictho@n! ¥ndwo
sinple epicyclic train only three hydraulic pistons and six friction
coupl i ng neanlg‘?cwltsﬁ‘e?ﬁ%rb? Nfe OHGOPELIS E°4Et u%ﬁ rs only supply a

conpl enentary force-ang the r senet gya€oSuspd | aBchdniHON3IEHUepétataseduced.

Anong the six friction couplings, there 30 .are_always three of themin the
engaged cbhdi 8H03ET WHiER ™ %%?gﬁuéh?l@e%nﬁﬁfn Ej@%éétogeéﬁgmr"eesima al
friction in the transsi sSioOneviieenayitd) wiitahthbedddir€mtcat 308 of the
first nmechani §g), 301 are obtained.in_a basic eﬁfag%/cli Erai{h generates a
mich 35 greatar 46 8ap® bet Wi Phe™ 14%t °a i& S 8E6hd ratice than"
bet ween the sgecondianditheidsr estécard veratabl 0.opkbaeiorspetiddecakby, sphed
first ratio- g;}i(gchilcstisolg1 stantially equal to WO 02/040900 PCT/EPO1/13398 27
nore than the square of the second gap, and still nore typically about a
cubi ¢ of the secondPesittii®ngapN”Fof ®heamploeclutdie Iat iresuare in redeldsing:

1.4 and 1 : 1thgiéqég%tae&gﬁéﬁtrfgiaocondition which may be useful, e.g. for
pushing the vehicle by hand or towing it despite the fact that
in the absence of energisation of the mechanism 301, a parking
brake condition is realised in mechanism 301. This possibility

200 of neutralizing the parking brake function results from
mechanism 301 being located upstream of the dog-clutch system
with respect to the power flow path between the engine and the
wheels of the vehicle.

The transmission device of figure 3 1is remarkable in

25 that it provides six ratios and a reverse with only two simple
epicyclic trains, only three hydraulic pistons and six friction
coupling means. Furthermore, the hydraulic actuators only
supply a complementary force and their energy consumption is
consequently reduced. BAmong the six friction couplings, there

30 are always three of them in the engaged condition, which
consequently do not generate any residual friction in the
transmission.

The way in which the three ratios of the first mechanism
301 are obtained in a basic epicyclic train, generates a much

35 greater ratio-gap between the first and the second ratio than

between the second and the direct drive ratio. More

specifically, the first ratio-gap is substantially equal to



gap of 4.2/1.4 = 3.00 between the first and the second ratio, 5 and a
second ratio gap of 1.4/1=1.4 between the second and the direct drive

rati o. Thwoogesm®nd ve ratio in the second mechani sm is selpetiEPdy/s398s to be
i nternedi ate between the first and of the second ratio gaps in the first
mechanism i.e. about 1.8, thus with theyoverdrive ratio being about
1:1.8. 10 The exanple of figure 4 vm'II be described only as to its

di fferences qyel. that of. fd guLg. 3 Q t e eg@@ghg i QURE 45t ihe
mechani sns 301(%aend g%Z atre es[s]e%tl al | f)c/ i denti cal tggat%ose of E‘ll gurgoﬁebut

are arranged eywiTgladxesbXut apdevt ameifcthgr secpad ardelo amP -sg@ce@*apate. f rom

each ot her. The, quiput skeenient 415, 41 ofy yhe,gechani sy 304, cardiies ag. oyt put
gear 43 whi ch neshes an i nput gear 334 of nmechani sm 302, t hi s i nput

gear 334 bei$rp itk e"nga(Il \ﬂn £h3t A& PeipirencohfediFoh elenEit SEIONd| Aathe:

nmechani smg302,,4 her& dosidn@at ANAR, el ppit; shafkwddn A {h@naskatioknshaft
31, and consequently the input connection elenment 20 330 ocgﬁgles t he

central placedifadt grinar¥asss FAPrYYSH§irdvesftin3d &hE SEFOMUAESHBY ST he

sl eeve- shaped; gogd rQlc cERBERS3¥4 BE idthandedact Ub&tiectha i faxkal and of
arrangenment of figure 4 is sinple to realise due to the fact that both

mechani sis 300e 3Eodde ragiongtt it diilfedtied tt Be6aRN Bther- Sy 224 gl &/

rotating connggld QN thotnt hevqut-put shafd bdingfadhig fii:nss. mechani sm with the
i nput connection el enment 330 of the second nechani sm)

particul ally short HSiSRTPLE 95 HiRref br el bods lﬁ’ieécffbbe%o‘?ﬁ%é/ Satt8 1For
exanpl e, a stgpkHenseX 6Yéi nderk @mgm@ul&p 1 rmswaésekympswr&&(tugnrbhe
vehi cl e and associated with ? Si X- eed automatic.fransni ssi g

axi al space- r B PRTEAE ST s 3 hr”’f”h%r EIENEITEBG DY ¥ i PesP gl Ito 8?6
di spensing wiéh aigetdtThood &4 qa.lz&'a(h@@kAEIétLeﬁg bekweerit beaeng| nalalmdathe

transm ssi on devi_ce proper xanp le of figure 5 wl| de Cl’lbd
only for its PHFF&E eRCls 5898?dt?'Paéiret PlgGren 20 t;@fI)27k(‘)e40(§ﬂ:(5j ¢" €Tt
PCT/ EPO1/ 133981 &8 thhe rplcanstsrceaoli ear¥ies avo dlmpger geagi €3 wicahneesedst o

the output shaft 41. Trpeurte |s | #r od ced in lIshe i’B-’zChat%_%m glpugo%eglfuggg
device 73 conPtFisi Yy +PRU% 948§ &Pt 8 WhiCh 1< 'provi dei
actuation being 1ntegral with the 1nput connection element 330. In the
mechanism 302, there is no longer the input shaft 31, nor the
stator shaft 31, and consequently the input connection element
20 330 occupies the central place with a shaft 336 carrying a gear
334 and surrounded by the sleeve-shaped control member 374 of
the dog clutch.
The bi-axial arrangement of figure 4 1is simple to
realise due to the fact that both mechanisms 301, 302 are
25 merely connected to each other by a single rotating connection
(of the output shaft 41 of the first mechanism with the input
connection element 330 of the second mechanism) and allows a
particularly short design. It is therefore possible to
contemplate, for example, a straight-six cylinder engine
30 transversely mounted in the vehicle and associated with a six-
speed automatic transmission. The low axial space-requirement
is furthermore enhanced by the possibility of dispensing with a
clutch or torque converter between the engine and the
transmission device proper.
35 The example of figure 5 will be described only for its

differences over that of figure 2.



5 menber 29 and connected for common rotation with the output shaft 41,
and axially novabl e between a "N' (neutral) position, a "D' (forward
drive) powaptozomoshi ch is illustrated, perform ng a coupl iPag/HPo1/13388mMDN
rotati on between the planet carrier 7 and the output shaft 41, and a "R’
(reverse) position performng a 10 couplimg between the crown-wheel 6 and
the output shaft 41. For this purpose, the crown wheel 6 is provided with

dog clutch teeth 65he -parfled Ghwtieh 28i5snpoupted forgikeingohApebid i zsd
against rotation onto the stator shaft 21 and translatable 15 together
with the dog EPeit eRtRHE AR thle dOGTEl UtSch 4Pt thetRe pBEFRFBIET the

dog clutch 28dg(%n{ﬂ|&%ht hevptanet cempfifng/: Wth the stator shaft 21, and
consequently with the casing 2; - a dog .clutch 255 s freely rotatable onto
the dog clutch 44 and €ehnetied 4 COARBNL1Er BRRY S0 ithePBnidChiaThe? 20

dog clutchs 258 Resepenthy peshes ca tdbrdagnelont Ghtheedh @56n pepyi dadpen the
support 251 which is no | onger. connected with the crown-wheel 6 except in

the D positiofdhy digh2PRe2 g LYcPaY et 2BS tHARR R ™ tAPYE IS PPGAt @l so
meshes with the glog roehbtehdtierhpbbit 2m haitar varid 1dektyered heco@erathen is
the sane as in figure 2. In reverse d,rivg), brake 209 and clutch 1 %fi gure
2) being engaged®iig IBF N7 ICRF T B SEKEECBY G0 PRt CHF P8 %And £

pl anets 72 operat&ugs:itnBrefently emer sal'rReansvdreteweetds t hitors yrer folrehg a

el ement 5 connected to the input and tt}g rawn twhi chti S 30n %%”Q?Ctﬁd to
the out pul® anB°E e &oFBSF 0t A% SF AVP eltitde Ot ARAKE™S PELRFE cBiitectiion T om

t he one-way ctrwishpstipper,t 2El.crbhve wpeed-or ddugirnoohdes déshr dbyy chiigbh
between the sun wheel 5 and the crown wheel 6. There is thus realised with
a single si rrpF%er\é\%iengclic 35 train the entirety of an automatic

transm ssion for a vehi cieg wlthchhrée for wandtal | ¥er r deiiog, iammobueélsed
drive, a neutral and a

For var d W0 027 3050 Poay B0L Svon h S0k Ue. £orovet cdrdr i Ve 5 856 et ut ch
syst em i sihor hagéyhersatiitsf abeoddyg sthoehsydh dhehi fite mmgnedliupchakésipl aee
when the veniglenis,8l0BRed:,@ 214 UaLLEN ba Mlillsathe thERAr e Laupl yed
in the dog-clutch s 1Tt aré stationary even i the engi ne
with the stator shaft 21, and consequently with the casing 2;
- a dog clutch 255 is freely rotatable onto the dog
clutch 44 and connected for common translation therewith. The
20 vdog clutch 255 permanently meshes with dog clutch teeth 256
provided on the support 251 which is no longer connected with
the crown-wheel 6 except in the D position through the dog
clutch 255 which, in this position, also meshes with the dog
clutch teeth 65.
25 In forward drive, the operation is the same as in figure
2. In reverse drive, brake 209 and clutch 10 (figure 2) being
engaged, the spindles 71 are blocked by dog clutch 28 and the
planets 72 operate as movement reversal means between the sun-
wheel element 5 connected to the input and the crown 6 which is
30 connected to the output and allowed to rotate in reverse thanks
to disconnection from the one-way clutch support 251. The
speed-reduction is desirably high between the sun wheel 5 and
the crown wheel 6.
There is thus realised with a single simple epicyclic
35 train the entirety of an automatic transmission .for a vehicle

with three forward drive ratios, a reverse drive, a neutral,

and a progressive starting device. For shifting from forward



5 rotates the input shaft 31. In the reverse drive node, the crown wheel 6
is rotating while the support 251 is stationary. Therefore, an axi al

t hrust bwero2/geiell has been inserted between the spring 2C4/EPndiizhe crown
wheel elenent 6. 10 The enbodi nent of figure 6 will be described only as to
its differences over that of figure 2. The springs 114 and 214 have been
suppressed and replaced by a single spring neans 14 inserted between the
sun wheel 5 @nd:;d heocr euhe wheeldrf vkor aur gbgocterm | Bystémialisy Ioreaniyary
directions which are, for each of them the sane as _those pronn#ed bx
springs 114 atRFFPLACEATY| GRS SUGh & FYTtchanretbctt e PegpecthoR the
hydraul i ¢ actuaiine. 1Sl fespddie ar st atdigprspaedsi@f dihe thunpaheelinvoanddt he
crown-wheel 6 are except in direct drive node, different,_ a_thrust,
bearing 142 28 h&Bep&lof Fhukrh edPbEt wesR tHE TSBPRRY F¥5Rs 14 ST GRELBE the

sun wheel 5 apskgewWAnwhegdutd sehevents, e.g., in the illustrated exanple,
the sun wheel S. In_each of the first and second ratiogag% éhe

X I t
of figure 6, one of % HEhyGVELFT CHCEUAPEFs H&E &if&erli ¥ diuﬁgggog%ggn

=}

as

back the pi stwief thBesappere actiuas ostdtircouagh . t hiee syvireg ameansall4handtt he
t hrust beari 142. In.direct drive operatiaon, both hydrauli C t are
energi zed toq%% sgqgh&agpﬁfﬁa ﬁﬁaﬁgti RS SR Uit ﬁﬁ??eglgnéggigé? as

in the enbodi e&gvin ohetl geremedt the cl utches 10 and 30 210. In a nodified

enbodi nent, not sho the spring 14_and thru ear| 14 y. ay
be replaced by a sdﬁ%ﬁéﬁ%ﬁFéﬁen%yoreﬁﬁ %§ea§tﬁé?%rQ%h?%%%%é?#@egézggg%zggafor
the direct driwve didgerabcesn.ovds Thet embodigneat2of figure 7 will be

used i n WO 02/ 04000L PCRFEROLT 13586 50 air o T PSR wer o Toady Geed I n
f oregoi ng dr amemigadeidgbives s¢ogtesponicha aesare 14r ipeeyted ridtaleeco¥ponénts.
The e”bOdi”?n&h&L_fkgﬁhﬁ lh%oWH%M%GQH%eﬁeQQ”ﬁoﬁﬁﬁPgﬂﬁf”khéQZiWh%ﬁQu5§1¥_
generally simTar to that of figure 4 wth the 5 follow ng nain exceptions
15 contrary directions which are, for each of them, the same as
those promoted by springs 114 and 214 in figure 2, i.e. to
counteract the respective hydraulic actuators. Since the
rotating speeds of the sun-wheel 5 and the crown-wheel 6 are,
except in direct drive mode, different, a thrust bearing 142
20 has been inserted between the spring means 14 and one of the
sun wheel 5 and crown wheel 6 elements, e.g., in the
illustrated example, the sun wheel 5.

In each of the first and second ratios of the embodiment

of figure 6, one of the hydraulic actuators is energized and
25 pushes back the piston of the other actuator through the spring
means 14 and the thrust bearing 142.

In direct drive operation, both hydraulic actuators are
energized to compress the spring means 14 to a maximum while
engaging, as in the embodiment of figure 2, the clutches 10 and

30 210.

In a modified embodiment, not shown, the spring 14 and
thrust bearing 142 assembly may be replaced by a supplemental
hydraulic actuator which is de-energized for the direct drive
operation.

35 The embodiment of figure 7 will be described as to its

differences over that of figure 4. Reference numerals used in



- the input connection elenent 330 of the mechanism 302 is integral with
the planet carrier 370 and with the input shaft 131 of the transm ssion
devi ce; -wODhe/osmoer se drive nmeans are no | onger included iPaTtEPe1/13808 second
mechani sm 302 and forma separate unit 303, which will be described |later,
within the transm ssion device; - the secemd nechani sm 302 i s nounted
upstreamof the first nmechanism 301 al ong the power flow path between the

input  shaft 131, and,the; qutpul teebhyd2,af the 41,2050h$SheN, 98Vi 6%y reld
and - the cr owna%heel el ement 360 of t)ﬁ_e 'secolnd cfirfger e(?lteljal ’ %echgvrlllirser;n 302
is integral wePhrasP@ 3at Sedhriec Vel tieiant cgoonaattisch consi sts of gear

teeth driving, throwgh @pnddieh?edirakegufd M Qbr@kiskheat 9othed ddth;katary
connection element 3 of the 20 first %ransm ssion nmechani sm 301. The first
mechani sm 301303 gBaehalby9sneddidy torihatr 6P thrgupé 61Gkih fhel&Rcépei on

that its outpuybifohdly e@RNestdongl ement 4 is connected to the pl anet
carrier 7 through a do clutch system having a gga clutch 44 which is
a

novabl e between a 25 tP® pERE% i WEERRRE LS TR ke Aét tRarts &Rt s B8Rt he

out put  connegki anteheAENLifhf @he CRMERE: I ehatian theremit Rit@ndna "iRpNt
position in which the planet carrier 7 and the output connection elenent 4
are di sconnect8atfrbih edchlet HAnSTASSIYhA/RYIC80 The out put connecti on

element 4 of the firstnEeebdddsaMardfd hsafy QHeded WohHegeakchirrbh ikeshing
with gear teeth of an .internediate out%)rﬁt el ement 45 on whi ch the out put

teeth 42 dPe SPRPRYrAPFRATHEGPMEHZ aftd wHi'ch 3 SSPEEAFaDIY hotitred M dnto "iHeé

i nput shaft 13lgeécthed napsa ssitBAndend agan$hussidrhelevnpat (shaft 35 131)
and the output (teeth 42) of the whol e tra%rbfzm' Ssion device _are coaxi

. | .
This is of advantagé BE€afsE°Nt BFFR o THeely "BYitEAt PRETEFANE 'Xlggleon

devi ce about trheseom@@ar%hs36B dafonyhehd\RD2/r04080 0 RETHEPOELA 3388 indhit

| put and e QULPUL 1 DLISIOLGL SPTRELUTSD) Of el ele oo depeding, on

geonetricab axins X3 so as to selectively by-pass the first 5 mechanism

301. The reverse erV%hQE§¥E¥H % e§93ef§%3%y §88 gfc¥E£ second differential
mechanism 302 is integral with an output connection element 304
which consists of gear teeth driving, through an intermediate
pinion 81, the toothed input.rotary connection element 3 of the

20 first transmission mechanism 301.

The first mechanism 301 is generally similar to that of
figure 6 with the exception that its output rotary connection
element 4 is connected to the planet carrier 7 through a dog
clutch system having a dog clutch 44 which is movable between a

25 “D” position connecting the planet carrier 7 with the output
connection element 4 for common rotation therewith, and a “R,N”
position in which the planet <carrier 7 and the output
connection element 4 are disconnected from each other, as
shown.

30 The output connection element 4 of the first mechanism
301 is provided with gear teeth meshing with gear teeth of an
intermediate output element 45 on which the output teeth 42 are
integrally formed and which is rotatably mounted onto the input
shaft 131 of the transmission device. Thus, the input (shaft

35 131) and the output (teeth 42) of the whole transmission device
are cocaxial. This is of advantage because it allows to freely

orient the transmission device about the common axis X3 of the



clutch system 361 which selectively connects for conmmon rotation the
crown-wheel 360 of the second nechanismand its integral output connection
el enent 3WO oaiosdro@ pi ni on 82 which is freely rotatabl e alPomEPONEIYS shaf t
131. Pinion 82 neshes 10 with an internedi ate eccentrated stepped pinion 83
which in turn neshes with a third tooth set 84 of the internediate output
menber 45. The arrangenent is such that in direct drive, the direction of

nmovement of ”ﬂﬁ Ut piy tREt Bufgud Si£0RhE aRytd® cdipdhtaknef dfnputveshafit, 131
by virtue of %ernedlate glnlon 81 between the output connection el enent
304 of the seé@@ﬁpdﬁékﬁﬁnF o B2 1ahdet FRAGput connection el enent 3 of

first mechani sm 30%me WhesRaSet hQIroub puhe dreatiRnd 2 3ead ithe moptdesshabbur131
have the sane direction of rotation in the reverse ¥e 20 node. The dog

clutch 362 of 9epRedIGadl ACF s¥3t & 861 §% STHRFADIVE Be WEBASH tRepfirst

position, shomBchdnifdngBoe .7 The Nrabd K d&ﬁeeOM@¢HHnﬂ%hEBBBtc&%ﬁkﬂﬂéstbEdS@COHd

mechani sm 302 i s dlsconnected from pinion 82 "R 05|t on in which
they are confttt@ tBGeERer 3°¥he” ?ﬁé} cFG@EﬁEkvéby aﬁ8n§§gt%r 9%oi FM°25

actuated so thatativ rtﬂiéel‘cSﬁJvdlr—le@eEOBdtDtbﬂnthé Be@dnozeﬁbd/mmmsmdagdcllutsch
44 is in the "RN $05|t|on whi | e dog cl HFCh 36§ %S én R RAsi %

the forward difbRIid AP eFORRBNSHBY SIEFGPERSAS Vi, t?ﬁPLQB Fosi't |on
while the doglglu&651§620t5tawuet$ubudﬂ1d®htp&3ﬁﬁkon31andualneuweaheshes
condition |s realised cl ut n the " osition.and
dog cl ut ch’ 36?13% aphénmﬁrmfg %%%l??%ﬂ&mﬁﬁe?hgt?g?marHlﬁ%T@eB%osbﬁlon, a
par ki ng brakeuttunakkbasi siiper feor iedrdytédieh f seist 8Aectfaniisan 30te wieahi athe
actuators 116 _and 216 re g energi zed, whereas the output teeth 42 are
freely novabl 8-heh eeﬁeusr condition is 35 realised. Therefore, the
i nput shaft 131 of frhe tammnmmmehuniidevhce nEng tbein ntaigreait! ydeormected

W th an engi ng, 3 a{fonog??nmcypeme%/o %90 CPCEWEB(El %%%884232136%1,11%%%}91{:0

wi t hout interposTTion i nput or “torque converter
enbodi ments of thagupé anmutlSbefdeéétlbedV@ntVeasftent¢I@ﬁQﬁaﬁﬁemeﬁée§ 8ver

that of fi QuUr 8. fueeh TQ%“SQ@&@%%%%&&PZ 'l%m@h\gn | 854 t @t hade ofsfebgure 7
except that. |ts output connecti o l ement 304 is no | onger
mechanism 302 and the input connection element 3 of first

mechanism 301, whereas the output teeth 42 and the input shaft
131 have the same direction of rotation in the reverse drive
20  mode. The dog clutch 362 of the dog clutch system 361 1is
movable between a “N,D” position, shown in figure 7, in which
the output element 304 of the second mechanism 302 1is
disconnected from pinion 82 and a "R" position in which they
are connected together. The dog clutches 44 and 362 are jointly
25 actuated so that the reverse drive condition is realized when
dog clutch 44 is in the “RN” position while dog clutch 362 1is
in the “R” position, the forward drive is realized when dog
clutch 44 is in the “D” position while the dog clutch 362 is in
the “N, D” position, and a neutral condition is realised when
30 dog clutch 44 is in the “R, N” position and dog clutch 362 in
the “N, D” position. In the forward drive position, a parking
brake function is performed by the first mechanism 301 when the
actuators 116 and 216 are de-energized, whereas the output
teeth 42 are freely movable when the neutral condition is
35 realised. Therefore, the input shaft 131 of the transmission

device may be integrally connected with an engine shaft of an



connectable to a reverse drive nmechanism and directly neshes wth gear
teeth of the input connection elenent 3 of the first nmechanism 301,

i nst ead oWotowewgh the internediate pinion 81 of 10 fi guPeT/& POTIES39E i r st
mechani sm 301 is identical to that of figure 7 .except that the planet
carrier 7 is permanently connected to the2output element 4 of the first
mechani sm 301. Furthernore, instead of selectively connecting the crown 15

wheel 6 with theigasiclg alen® idtebPes OliWnCh 209y anhuenel weyn & Woehnu208
assenbly connects the crown-wheel 6 with a cage 86 which is rotatable
about the axi §°%#e%¥e4-he first transm ssion nechanism 301. The out put

el ement 4 and the cage &bRliteht O¥f dethuet B w2Q1r BSpestE M Geamn1t,eakh twhi ch
mesh with corresponding teeth which are integral with respective rings 87,
88, which arelfdt&HarEncapotter ipat Shdf@ui81’and coaxially therewith. A

stationarys ring 89Ths §&dR@r akchbhisrCaiong selsefRBDdr 2t@nthdts caXifdlghye 7
aligned with rings 87 and 88 and npunt ed bet ween t hem que 25 three rings
87, 88 and 89°%FePY ofBRGbIES aBYEP G EOARLTE Chatte™eaf it ernedPgt £°198T
connection el epeRécbiandobeat weesr sawditbed hedthahl angesnd 6dnfedthiys reshekar
shaft. A first dog-clutch 91 _selectively couples for co n rotatiQn rin
87 with the oﬂf‘blihtgea[reetteﬁtRZOBf%%éntpflgnéﬂ?%%' nds%%%m?ﬁ’ Odﬁ'r &t fgﬁfis e, °
or with 30 theeshatianany, rimgeedd 86 asrduyhi mhebihtiaenedhetpl mivetorc #ir oér 7
for reverﬁ(ﬁ drive. Aﬁ second dog-clutch 92 selectively connects for conmon
e

rotation §689HY Ting 88 with the output teeth 42° or with the
stationary ring 89 SheasSidsax eethamigordiéctist héercaigeal 86 whéth ¢hefigutrpuf’

teeth for the reverse drive or, to,the casing 35 f di Lve,
boch dog ol ot EHeeSbtheh' e BiabRer PaxfEL S 38 Belblnddla JlcibbofllY S,
02/ 040900 PCTEEPOdU1B3981eB3ntTHe oénbioeli Merstt oechamisame 391wi | | be descri bed

only as to its difterences qver t, of fi . 8T iff nt,i al
mechani sm 302 i s reff; 5%eecfmv(\)/irt8h 5n§ 3?8. ggegag%]%ls‘%alfyt Qﬁ\ggﬁgﬁ?{sﬂgmdd OeZ%rvﬁi ch
si mul t aneasis| yhpet f 6r wsth Sher amasfing ofendrd Fowdhef cdntaxi 20XRAndd omg-whivch

| nput shaft 131, exf egé’é,as%%@lgg&@ﬁrle%ts%@ X4opb-dheaf id st di &f engat isal
mechani sm 301, not shown, an re particularly fromi nput

which is rotatable about the axis X4 of the first transmission
mechanism 301.

The output element 4 and the cage 86 are provided with

20 respective gear teeth which mesh with corresponding teeth which

are integral with respective rings 87, 88, which are rotatable

about input shaft 131 and coaxially therewith. A stationary

ring 89 is integral with casing element 2 and is axially

aligned with rings 87 and 88 and mounted between them. The

25 three rings 87, 88 and 89 are rotatable about a tubular shaft

of intermediate connection element 45 and between two toothed

flanges 46 of this tubular shaft. A first dog-clutch 91

selectively couples for common rotation ring 87 with the output

teeth 42 of the transmission device for direct drive, or with

30 the stationary ring 89 so as to immobilize the planet carrier 7

for reverse drive. A second dog-clutch 92 selectively connects

for common rotation the second ring 88 with the output teeth 42

or with the stationary ring 89 so as to either connect the cage

86 with the output teeth for the reverse drive or to the casing

35 2 for the difect drive. Both dog <c¢lutches 91, 92 are

synchronized by a coupling member 53.



shaft 131 of the transm ssion device to input connection nenber 3 of the
first differential mechanism 301. 10 Mechani sm 402 conprises two inpeller

pi ni ons 440,0242000 of different dianmeters, which are rotatabprommipt ed onto
i nput shaft 131, and nesh with respective receiver pinions 411, 421 which
are integral wth input connection el enengs 3. The smaller one of the

i npel l er pinions 410 is selectively coupled to input 15 shaft 131 by a

one-way clutch 408 gpur&&%d'lﬂeﬁ@r@%'ﬁguwet@ @116 18 che 443 puhi gl 5a§“19@99d
when an actuator 416 i1s energized | mpel I er pinion 420 having t | ar ger

di ameter is sltigablffeneueredvent thahpth fdhare 831 and is sel ecti veI y
coupl ed for common 'fk?% ast%c%'ﬂdt ReE LW ; Melﬂe@l’lgr{l ?nt '3@§l 5?:15 U;.té?;hac%Q 428ni s

engaged Engagenent utch 423 is 1nitiated draul i c actuator 426
axi al |y pushitp-ispsed| éryphnitornesdgnipn §6 ‘d?lr‘“é’ctsllﬁﬁl MIVSPENBFRGOFDS t he

tooth thrust é%a’i‘s%r}e“feeﬁ@dpomr i#rRal LeLs Pk ARnd20nnhen: dganshikLi gy a
notive torque rom input shaft 131 to input connection nmenber 3. There is

provided 25 bettesels i npetd erapphith £¥@santt 426 atpr ifAgShedhd FEEANFHAL

series wth a,d st besi nondd2sndlie, ORREaAkRB Qarkheurbadi mes ofpht gure
9 is as follows : Wen none of the actuators 416 and 426 are ener |zed and

30 a notive t¥rafife 433 8fpFredTeESPAPEROTSIESMECE30 ITREtwagr R tioR ™

drives i el | §o pich0:440. o ekt Dl Uickrdbi yessgmput  connect on el enent
3 with the Iovver of the two transm ssion ratios. The actuyator 4?1] rrga/
a3e4the toVque

ener gi zed!® or i nt¥EHIAY Sthé 025 STEPEF 39 nF Y| P EFo PLARLR

applied on ingpty; 8% ehaf bilddtavyl dnhesoaee negaltiavey (Rogi tet ihake input
operation). The mechanism 402 is shifted into its hl‘gﬁgr t,rans%isi 8§1
rati o when actiftorl e 3¢ Feshel'yFs ehe ShRF WHS03£ 620500 BETPEPO 34

actuator 426 {si@hene 2adefpd Qﬂg&ghﬂgutddﬂrmhcé?&n emlmentesmm smalder
slower rotating speed of input shaft 1

tating, speed.of
i npel | er pi ni 8" £, thfhiBReHY erdé’tlelr’“ﬁ?ﬁe%:mo)}s fhe® ]tV§ COll%leedg%of if But
connecti ors el eperd 831 reyva nSnd-wiychanged, 468 mbmzmmd iy rerelhay wium ch -or

grffemﬁges-ogg‘gt?rhqur E%Igb‘é}idhlslr%%gg%ﬁ%l urnea%oac Hideo® 1 98P 1 RRYABHO 119
Impeller pinion 420 hav1ng the larger diameter 1is
slidably mounted onto input shaft 131 and is selectively
coupled for common rotation therewith when a friction clutch
20 423 is engaged. Engagement of clutch 423 is initiated by an
hydraulic actuator 426 axially pushing impeller pinion 420 in
the direction corresponding to the tooth thrust 425 experienced
by impeller pinion 420 when transmitting a motive torque from
input shaft 131 to input connection member 3. There is provided
25 between impeller pinion 410 and 420 a spring means 414 in
series with a thrust bearing 442.
The operation of the embodiment of figure 9 1is as
follows :
When none of the actuators 416 and 426 are energized and
30 a motive torque is applied to input shaft 131, one-way clutch
408 drives impeller pinion 410, which in turn drives input
connection element 3 with the lower of the two transmission
ratios. The actuator 416 may be energized for maintaining the
same transmission ratio in case the torque applied on input
35 shaft 131 would become negative (engine-brake operation).
The mechanism 402 is shifted 1into its higher

transmission ratio when actuator 416 1is deenergized and



The first nechani sm 301 and the second nechani sm 402 are nmounted in series
al ong a sane geonetrical axis X5. The vehicle 10 engine 101 is connected
to the i mpotozoernecti on el ement 3 of the first nmechani sm 20I/RPhr/asgh an

i nput clutch 102. The first nmechanism 301 is essentially simlar to that
of figure 6 except that the output elenme#t is a tubular shaft 41 al so
forming the input connection elenent of the second nechani sm 402. The 15
second mechanastnA02 U861 deninecgl zé® tdratenghgingurlet@hexe@ptThidhatesul ss

i nput connectjon elepent is s. al ready, nenti oned, ubyl,ar shaft r ough
whi ch t he staf%rashﬁﬂﬁﬁﬁi B?t$$%m¥i?%?Jjngghéﬁﬁgh1SSHéé&tgﬁgs.shls e%geof
bei ng ri gi dl yrematiect egdetd dheimpyiliter 20ndonnétd i ormistrenientdederbdnbhd by
receiver pinigns 411 and 421 of the . second chanismA402 are,ri gidl
connected to gh?iﬁﬁ%ﬁﬁuﬁhiéﬁee$sogelﬁlLﬁVe ?jé%%ﬁggtéa 0 %he3bugﬁﬁﬁx?%eth
42 by a dag- chndicinge86. aArdtlloeeddoy-olatwely 8Tutsdl ectri Yeby-wwoamect 408he
output teeth 42 with an.internmed ate erse | V . i
integrally includes{%fgﬁq%ogﬁgﬁﬁ. %ﬁ ﬁﬁ%@%n& i 4 %idgﬁﬁgﬁgﬁgfggnéghgg é??h

pi ni on 99 anddifidregeas ¢emt the82rpvivmisdedbonindrgs.i nput connecti on nenber

3 of the first mechall S0-301ne I i SoReChA WL RODEL, & ohesou! put

teeth 42 and the ring s the receiver pinions 411 and 421
ext end al ong mowdrmibnnaxésiets akhngha i sanpagabhetricnlaixds X85 of The WEbicE st

and secong, mechan] SmcA0l, 402cDpgaclyt ehes; 96,and AL At enULger.apast ofr om
each other by spring 83 ereby, in the rest position of both
dog- cl ut ches, théefimsttpaecheartin £Platbrdpge ciinddPad BoERCY r B 35 ehd ir8E war d

drive motion arriviing hiough 8khbel: 0neafi1af ecsiciRl Bienkops-All atef?l,
and fromthe reverse drive notion arriving through the internediate

reverse driveteahnaet icgiHPWD 9EAG008 PCTHEPEY B3398 4352 henbrrrggy the

Starting fromfhis shhy@idiQR, INgndner ver d tdei Ve dmde ndéhAstkabl iehedThy
pushi ng dog clutch 96 toward dog clutch 97 being maintained at rest, and
conver sel ¥ t heee@vbraschapior Abdeisi sdetiamli RedBy PdsHilid§8od EXGEBR 97

towards dog clyiehi Q6 impukeicBans®i Haidedeat Lestas| Blidiy emeiSendaj ve
node, both the first nmechanism 301 and the second ne%gagasgk3% LA
by- passed. tubular shaft through which the stator sha
mechanism 301 extends.
Instead of being rigidly connected to the input
20 connection element 3, both receiver pinions 411 and 421 of the
second mechanism 402 are rigidly connected to a ring 94 which
is selectively connected to the output teeth 42 by a dog-clutch
96. Another dog-clutch 97 selectively connects the output teeth
42 with an intermediate reverse drive member 98 which
25 integrally includes a pinion 99. An intermediate pinion 181
meshes with pinion 99 and with gear teeth 182 provided on the
input connection member 3 of the first mechanism 301.

The intermediate output member 98, the output teeth 42

and the ring 94 as well as the receiver pinions 411 and 421
30 extend along a common axis X6 which is parallel to axis X5 of
the first and second mechanism 301, 402.

Dog-clutches 96 and 97 are urged apart from each other
by a spring 183 whereby, in the rest position of both
dog-clutches, the output teeth 42 are disconnected both from

35 the forward dfive motion arriving through either one of
receiver pinions 411 or 421, and from the reverse drive motion

arriving through the intermediate reverse drive connection



The input clutch 102 is therefore necessary for allowing progressive start
of the vehicle in reverse drive. 10 The exanple of figure 11 wll be

descri bedwev2med s differences over that of figure 10. Poe/RrPevessse drive
connection 182, 181, 99, 98, 97 between the input of the first nechani sm
and the output teeth 42 is conpletely suppressed and the output teeth 42
are rigidly 15 connected to the receiver pinions 411 and 421 as well as to

a reverse regpehNef d¥.NiseBrdBdy Admi Bhes nedivateo) NireN r483a FRSNES e Whkh the
reverse receiver pinion 484 and with a reverse hnlg[rg:g:l I i ni on_482 nount ed

) ' er p
for free rotatfofSadobtshere URASALNI sHET t CHUTS ¥acdndorechahFR_NP402.

20 I nstead of pbehfthd At addbet ween ,t hed i diekkes1 PitheoreddBse and viehgobaput
connection el enent of the second nechani sm. the ne-way. clutch_408 is_now
mount ed bet weéfd EREARIpEELePYpPHPBHI A ér}d‘tﬁhr?ﬂgtci Asp 989 ¢HaFR N2 86
sel ectively cgapnggtiailtt@intdbid afesghaft 41 with the ring 184 for direct
drive, or wwith 25 the reverse inpeller ]ﬁ%ni on 482 for _reverse drive. _Since

power flows through™t RS f T+ QT SreSRAKTE sATE01 B50h T10r F+ ot ndb i ari o8 38hd
reverse driveanfihise erhoduneaéhaes Bo: freedyapysdarput clutch 102 (figure
10) between the engipe 101 and the | nput onnection nmenber of the.first
mechani sm 301. 30 TheS ehtith ﬁgﬂcgfiwgﬁﬂ égfﬁe 19 %&eaawi%’erd a&ﬁr’vlag to
its differencesogrvedsifiegeeers.oflThtef vesicredhantsms30drhas. been nodi fied so
that each  friction_coupling device.9, 10,.209,. 210 i.s_controlled by.
specific &tuator 355? %T@Tgﬁ9°£3§b?ﬁ%i th 4 iPrude?e lrel)cia yaSSSt?rerlgS
arrows. The sdhfiheeicesl enenttimtand fheuwoy ddn wheel elenent 6 are

stationary in the aﬁ' al direction.. For this W) 02{9&099%1PCT5§P01§18133?§ 36
4 ’\M

. . reverse ~drive  connection
reason, it is nolo g%r necessary 10 provi de veari ngs in "parall el h the

one-way cl utchesw&en 208 ifpmtspifi ngeméanst arechehii s nat@dthd mutipug teeth
enbodi nent, t avai l apl a i a t i p, f1gur
Q?U%%FFOWé}e%e%gn%%gﬁyésggg %iﬁ éﬁ% o tﬁﬁyn%e§§h o Td A rqgggly

However, the engage neede real I'si ng each gear ratio,
respectivefy, canegedeterid rieg bpgceever giigiingst hel conrd eédorddi mglénes bf ehe

th%g; aulic actyahorse JNe:i38¢0Pe: IBENAN SRL30R HARMNGte PEER: SIPUidf &dsRYET

with the reverse receiver pinion 484 and with a reverse
impeller pinion 482 mounted for free rotation about the tubular
shaft 41 in the second mechanism 402.

20 Instead of being mounted between the impeller pinion 410
and the input connection element of the second mechanism, the
one-way clutch 408 is now mounted between the impeller pinion
410 and a ring 184. A dog-clutch 186 selectively connects the
tubular shaft 41 with the ring 184 for direct drive, or with

25 the reverse impeller pinion 482 for reverse drive. Since power
flows through the first mechanism 301 both for forward drive
and reverse drive, this embodiment does not need any input
clutch 102 (figure 10) between the engine 101 and the input
connection member 3 of the first mechanism 301.

30 The embodiment of figure 12 will be described only as to
its differences over figure 8.

The first mechanism 301 has been modified so that each
friction coupling device 9, 10, 209, 210 is controlled by a
specific actuator 317, 318, 319, 320, which are illustrated by

35 mere arrows. The sun-wheel element 5 and the crown wheel

element 6 are stationary in the axial direction. For this



of figure 8 but could have been nodified in the sanme spirit as 10 the
first mechani sm 301 by naki ng sun-wheel elenent 350 axially unslidable,
cancel | i myogpmiaego 314, and providing a specific actuator PCorEPerciz9ONe of
the friction coupling neans 309 and 310 instead of the common one 316. O
course the invention is not limted to tha shown and 15 descri bed

enbodi nents. Qther actuating forces than those represented may be

i nvol ved, e.gredyrCesipraduced hyngent mdcegahr§ | Woei ghtsidepr padtimg in
operation with a higher transm ssion ratio when the rotating speed
i ncreases, orP¥Iadded Yakbndhhyaealry CHGcessi bt £%20 direction contrary to

the first one for beidGpabhg h@anNfidrdenceniasidt.i vely in one or the other
direction the operati ng ~condition of a grou ed actuation aﬁd controlh
structure. It has bEentRBERNSPPCLENENDIIENEVEIOROT gdPRT 27 ANt bf 2T T h688
deriving thergfgoms tihatigyen s HBwewor grivepedutemtdrejageRbnan cheniepl ifng
structures on a single sinple train, one of the roltary el enents_of

: f .
differential hetHatgm{IT t AR2ExdRpIR’ CREPHF BNE 3 er YEreht

h
Year 71 er) remnalns total l y
free of such stemgisung. thé causgohbiemy heesont enpd atyedatidi praoviwkeoast hird

grouped structure ssociated with the apet carrier. .This invention is
conpati bl e with conplex P eleRt:H ™ r%@%hgaﬁls She. HFAVH ﬁggégp%%ads‘{&f gh%@
rotary el enends. fildures 8t ban cpossitdve beennoodiaSied e nhebsanofsgjrotped

coupling and control = structures. .35 W) . 02/04090 | EP 3 Al VB
ot anthy S EPD Gt BECURBEET o By Fraral SO seeter [ o G405,
conpri ses - augssiduplel ememice(2ingSspramgi Apdt rotamrovoAhedt forsrREcdfeAt

(3, 303) and an__qut rotary cannectian el ,1 1t et apby¥ sng
el ements (5, %‘.,:tu?a?t%gg%()%beﬁc%%l)e \%ﬁi 5’?{8 afr%gggg%té%%pellv%\n@t E{%raespect £0 t he
casi ng el emrenBl( 2)nsardd mat tked [gpminpheemestiéd; 10 - two friction coupling

means (9, 10; 209, 8goéo&¥§% tﬁélq%vggﬁﬂ§9q1§4kg QHﬁﬁggésto the shown and
15 described embodiments.

Other actuating forces than those represented may be
involved, e.g. forces produced by centrifugal flyweights
promoting operation with a higher transmission ratio when the
rotating speed increases, or else a second hydraulic force in a

20 direction contrary to the first one for being able to influence
positively in one or the other direction the operating
condition of a grouped actuation and control structure.

It has been seen in the embodiment of figure 2 and of
those deriving therefrom, that even with two grouped control

25 and coupling structures on a single simple train, one of the
rotary elements of the differential mechanism (in the example
the planet carrier) remains totally free of such structure. It
could then be contemplated to provide a third grouped structure
associated with the planet carrier.

30 This invention is compatible with complex differential
mechanisms, having at least four rotary elements. It 1is then
possible to increase the number of grouped coupling and control

structures.

35



- a one-way clutch (8; 208; 308) forbidding one direction of relative
rotation of a first one (5, 350) of the rotary elenents with respect to a
second orwoO(02/04®80) of said 15 elenents; - actuating neamsT(EPLH133946; 214,
216; 314, 316) for said coupling neans; characterized in that - a first
one (9; 209; 310) of said selective coupl$’/hg 20 neans is nechanically in
parallel with the one-way clutch (8; 208; 308); - a second one (10; 210;
309) of said selective coupling neans csamperatively nounted between said
first element (5; 350)_and a thjrd one of .said el enent (3; a2)f;f 232 E'§fi d
two friction couplihg nBand*aPEmtHordi na‘%é’dcﬁy AP hVer fer Confrol heans
(11; 211; 3llpedetneen (Lnwo3st,abbe) st@tedsesn: each which one of the coupling
nmeans i s engaged and the .ot he{ S ree%seased, respectively. 2- A device
according to claim1,2dfr48t 8r7%8F ‘A’ that 30 the inverter control neans
is a conmon pressure gantienputllota?ilroBddgtiwmi oflamenmovidhl e3d3et weeh &mo
end positions, each of which cgr.reséoloerrln%%tt Q,Pne of the stable states, and
which is - act 84 R0l %59 T¥ he® HECTAPT ngf e ans  * 3. A device according to clai m
1 or 2, characterizedthhee 35otdrat eflhmente/erd,eré,cotvt rifl0, m8&fs B30 nvbyell
with the first elenent. (5; 6;,350). /0 0 EP 98,,38.45 A
devi ce accordfhy tr8t8g%béef gllgpnsre)fpggp %%ar%c?ge%fagg‘c{ié byeq%én%g?i sclzr%g, ana
mechani cal | y mats£rlvednnethedteel; one-way clutch (8; 208; 308) between the

first rotary elenment _(5; . and Sec | epent,{.2; ,330) 1@ MBgps for
common 5 ?%t ation witﬁ(qui%ﬁg f%fol gé%gblﬁ%i Sry%%('g ,(%3;1252, 253: 352, 7353).

5- A device actor diatyeo chdd mlémegharacterized in that the first rotary
I e i L e
to claim4 ordbrectimmactferiezetivh rateatonhef neahsr florongontvon 3P81 aPfohNE52,
53; 252, 253;r§§£ﬁy%§§%@nts with respect to a second one (2, 330) of said

15 elements;

- actuating means (114, 116; 214, 216; 314, 316) for
said coupling means;

characterized in that

- a first one (9; 209; 310) of said selective coupling

20 means is mechanically in parallel with the one-way clutch (8;
208; 308):

- a second one (10; 210; 309) of said selective coupling
means is operatively mounted between said first element (5;
350) and a third one of said element (3; 2);

25 - said two friction coupling means are coordinated by an
inverter control means (11; 211; 311) between two stable states
in each which one of the coupling means is engaged and the
other is released, respectively.

2- A device according to claim 1, characterized in that

30 the inverter control means is a common pressure member (11;
211; 311) which is movable between two end positions, each of
which corresponds to one of the stable states, and which 1is
acted upon by the actuating means.

3- A device according to claim 1 or 2, characterized in

35 that the inverter control means is integral with the first

element (5; 6; 350).



is nounted operatively between one of the first and second elenents and a
one-way clutch support (51; 251; 351), and in 15 that an axially unslidable
beari ng (¥%6;028%5%00 354) is provided nechanically in paral IPelr/ERO1/IB3d$he
one-way clutch (8; 208; 308) and between the one-way clutch support and
the other of said first and second elenes¢s. 7- A device according to one
of clainms 1-6, 20 characterized in that the actuating nmeans conprise an

axial novability of_thg fifest gl enebrG2ng6; t350)orendesr a £9OLRs reagtion
thrust (FI, F2). 8- A device according to claim?7, characterized in that
t he actuati ngClEaTSeEoApEi 88 F@Bpéh%%ni%ﬁqr@nééﬁ%yf ot8 F2I4es pEthi1ghe214,

216; 314, 316)nongofcivhish (bs sepabiesofpaiicast kf8 fifsd hetsage cdihegti on
as the tooth thrust. 9- A device according to claim8, characterized in

that one of the #tftlagdifl stficc sgccndt 6LEMERE at21 3 rorfe "GFFnFOL1 £4™MOB 1 4;

314). 30 L0- Adavisse pagorgiing t@spiacenfiioharasterszedzen thes; sspgd at
| east one spring acts in a direction contrary to the tooth thrust. 11- A
devi ce accor d? 10 one of clains 8-10, characterized in that the

antagoni stic actuater mhi&hdeS ac3oréapabte @faian 4acthepadiediR@dSaABthat
direction as the tooth thrust is a contrallable actuator, preferahly. an
hydraul i ¢ act tRf oftrgFecasy62l I | (A0 T2 046968 BT/ BP0 19713398 lé@“‘iz- A
devi ce accor dingdenenel pf o€l 8hasmdadd, fochasmedreriaedibn t(baf tbe bbest

el ement is a sun wheel %g 350) of the differential nmechanism (1; 302).

13- A devi%e %%%’or3dri‘2n93 "one of claims 1-12, 5 characterized in that the
second el enent is the xasdvwigeelaerentiind 2o IA-aiA devicce, accaraitrgitedone of

clals 113, ofergelelizedn gty Lherais piovl dod ) aily, Uoughyihe
elenment (2), téembahted bperatiyetiie Ixacerd enement . tid- fArslevase aecondi ng
tsar (r:l)ﬁ‘ln(Ts 12’ S%I e?r{e% tseralnéeqa Io%e-gdggt CEQQCI?[ g‘lgp%orscha(%tl;( %J;'v)l;l §5E}J,bu<|axq<§ ?Hd

15 that an axially unslidable bearing (54; 254; 354) 1is provided
mechanically in parallel with the one-way clutch (8; 208; 308)
and between the one-way clutch support and the other of said
first and second elements. '

7- A device according to one of claims 1-6,

20 characterized in that the actuating means comprise an axial
movability of the first element (5; 6; 350) under a tooth
reaction thrust (F1l, F2).

8- A device according to claim 7, characterized in that
the actuating means comprise two antagonistic actuators (114,

25 116; 214, 216; 314, 316) one of which is capable of an action
in the same direction as the tooth thrust.

9- A device according to claim 8, characterized in that
one of the antagonistic actuators is at least one spring (114;
214; 314).

30 10- A device according to claim 9, characterized in that
said at least one spring acts in a direction contrary to the
tooth thrust.

11- A device according to one of claims 8-10,
characterized in that the antagonistic actuator which 1is

35 capable of an action in the same direction as the tooth thrust
is a controllable actuator, preferably an hydraulic actuator

(116; 216; 316).



(31) which is fast with the third element (3). 16- A device according to
claim14 or 15, characterized 15 in that the stator shaft (21) is

sur r oundewolwg/oaodube (41) which is fast with the ot her cecmaPvi/az9el enent
(4). 17- A device according to one of clains 1-15, characterized in that
the third element is one of the connectign elenents (3; 330). 20 18- A
devi ce according to claim 17, characterized in that the device conprises a

sel ective dog-clutch, devAcedggqce ~add) A Bgrwegd ggbveogoskghgas cqupecting
a remaining one of the three 1nternmeshed &l ements of the differential

mechani sm wi t hhatrctetrheed conrtdeti dhe ef iermnelanent He Se€BRd"NH l%émeAP) at
| east selectlgelﬁﬁyhﬁhfgpghggﬁjg@cgg ti1;-363y a reverse drive position,

connecting said remaining elenment o he differential nechanismwith the
casi ng el enent, anU31heAse@ehﬁﬂele#EWFdhpgh the 6fRer °fonrrdéilMdn éréfent .

19- A devige @H&de[@UeQQzEQ £l ai il &neCharased eefl'e%n%?lt' Rs 8Retbadirddhe 1darhee
conprises a third friction coupling neans (210; 10) by which the third

el ement (3) i$2kelectively connected to a fourth one of the el enents which

is formed by one of jhe proyapycel exmnsiiag; eb obher bhancghemglrsL13
el ement (5; 6). 20- A device according to claim19, characterized in

that the devi 6Bacsfimriged WO (FRG40FG0SPCT EPOVAE8308%120lY HBERREN FH%

fourth el ement; (& olemnt aﬂpt hﬁTO one {rorofsnalie ehememesongifi®uedhthe
friction coupling neans (209; in parallel wth a second one- way clutch

(208; 8); anCas S1 GIGRBE bt 5P b S SREBHEY (PE1L5°E R Wi T

coordi nates the thifg-and dhectourd-Braonpl tag cneans et waeiratwerisédablia

conditions in each of which one of the third aqd fourth couplin a ? is

engaged and t hB3bt RB? Shate sehifgetfl) rdspetiy 9elfnd2fu?§°859fcg %@82 di ng

to claim20 im3$9mhhﬁﬁth@nfa%ﬁletEOtnéEﬂHnra eLerddéht qharacterlzed in that

the spring is nounted operatively between bggggiqgerteﬁ confrol means 22-
&t

A devi ce according t8 ctafhis6, %fﬁangT%rVE raCterlZEd

ald adtua |n means
conpri singsa eantthakl abke saatuat ehafouneed 19penatowmdthmyweemusald4ﬂmD
Inverter cont I;lglchkrlreiasnsfast with the other connection element (4).

17- A device according to one of claims 1-15,
characterized in that the third element is one of the
connection elements (3; 330).

20 18- A device according to claim 17, characterized in
that the device comprises a selective dog-clutch device for :

- in a forward drive position, connecting a remaining
one of the three intermeshed elements of the differential
mechanism with the other connection element and the second

25 element at least selectively with the casing element;

- in a reverse drive position, connecting said remaining
element of the differential mechanism with the casing element,
and the second element with the other connection element.

19- A device according to claim 18, characterized in

30 that the device comprises a third friction coupling means (210;
10) by which the third element (3) is selectively connected to
a fourth one of the elements which 1is formed by one of the
rotary elements (6; 5) other than the first element (5; 6) .

20- A device according to claim 19, characterized in

35 that the device comprises :



15 23- A device according to one of clains 20-22, characterized in that
the second inverter control nmeans (211; 11) is subjected to a tooth

reacti on wbroamsosod said fourth elenent (6; 5), which is mourfred1¥308

di spl acenent under tooth thrust. 20 24- A device according to one of
clainms 19-23, characterized in that said4other elenent to which said
fourth elenent can be connected for rotation by the fourth coupling neans

is said second el enenpefiden 29re AcdeY¥hCE1EELRT disN st OaRCa M crdaione 19y 24,
25 characterized in that one of the connection neans (3) is adapt ed to be

coupl ed with 8f ERgi HECRHESY, anwifoNshE LFHIGOPoSPEPORNGIMSRNP s@APii A in

clutch. 26- Aﬁggymﬂ acear di §8:4r1 one- Ply dialker L2@P, s)Gharacterized in
that one of the connection nmeans (41) is 30 connected to a mechani sm (302)

providing at |east Two?ratSc88d 27IVeAtgavi e dOdor BE#P t d 2dtai nd Y6, which

characterigzedchbBrdaidiatest Reet ¥0: FRtan@S tﬁ@cmtarrb&u@mfgeﬁneaas n@éﬂ@@nf Q8N a
differential mechanismaxis to a second, gar al | el axis. 28- A device

according to &FaPiR ZPNYikAPREL LR i AP iOF “B5CH Hte (He Hifothatd A HedREAFEm
conprises - tweuppoifecevhsel 8sr admtiyyel yanurhed O acher sdis«@ageali on
shaft; WO 02/040900 PCT/EP01/13398 41 - a second connection shaft having
two pinions rfgFRASFIYR0Unt ed t hereon and having different dianeters: - a

clutch selectively gcouphi agvoae @&cdﬁmfﬁgoebhedalmhwl 5nvxubxhbirimelbhrs:ﬁth
shaft; 5 - a one- clutch cou t he ot her toothed wheel wit

first shaf? wheat® hé QFut’'h |%h%€£5glr€7é?%dm taﬁtaﬁg?l |s§|r§7n?,‘l ﬂltscﬁnouﬁted
parall el w thopégatine-lwapeteéert oth?2nvdritavicoat ACCotedngg t o cl ai m 28,

characterized in 1 ghgt ré@eict oot hed ,wheel assqci at %d w,th a clut ccr has a
possibility of axia S-S0 THRENEE 8ot Bacdli on "YETFET At RVt o
actuation of Bhﬁdcdcuitmhinaorneamsjewm@elaﬁm@radlcngtr@lxntaeofacchatm @En28d

characterized bgr qprl sbngweeresva%rds grinvveerq_gw gon% chg

15 23- A device according to one of claims 20-22,
characterized in that the second inverter control means (211;
11) is subjected to a tooth reaction thrust of said fourth
element (6; 5), which is mounted for displacement under tooth
thrust.

20 24- A device according to one of claims 19-23,
characterized in that said other element to which said fourth
element can be connected for rotation by the fourth coupling
means is said second element (2).

25- A device according to one of claims 19-24,

25 characterized in that one of the connection means (3) 1is
adapted to be <coupled with an engine shaft, without
interposition of any starting clutch.

26- A device according to one of claims 1-25,
characterized in that one of the connection means (41) 1is

30 connected to a mechanism (302) providing at least two ratios.

27- A device according to claim 26, characterized in
that the two-ratios mechanism transfers a motion from a
differential mechanism axis to a second, parallel, axis.

28- A device according to claim 27, characterized in

35 that the two ratio- mechanlsm comprlses :

- two toothed wheels rotatlvely mounted onto a first -

connection shaft;



15 activated by a dog-clutch, selectively by-passes the differential
mechani smand the two ratio nmechanism 31- A device according to one of

cl ai ms 2WwWDd2/0409b@r act eri zed by conprising a reverse dri veci@prouessvhi ch
once activated by a dog-clutch, selectively by-passes the two-ratio 20
mechani sm between the axis of the differeftial mechanismand the second,
paral l el axis. 32- A device according to claim 26, characterized in that

t he mechani sm havi ng at skeasd ¢tawnecatipos saadtt hevimg f fventpialiomschdmiisidy ar e

arranged al ong A"Pecgiﬁé?%&?t r{&a%gbi% dl%ffe%éﬁ@ §#5me 82 33- A device

according to crai m aracteri ze nprising a suppl enent al
connecti on nmenber whi ¢h c&ut@amsaltecwweﬁyt heommr}gat pre necghahhe mtaedhed

coupled with t gelcsoggqﬁt LR %‘%ﬂﬁﬂé pf the differential nechani sm ot her
t

than that which'1’s coup ed e two-rati o nechani sm whereby input
and out puts of the transm-sgivonldesi cwurdéngothiaher3goopherbwhee lacéshdi ng

to claim33, char citsetr 726 QYR tBQV @C%hdﬁgvgeg@&h,ad@egm mount ed bet ween

the two-ratio mac anism and the sup enment al connection nenber, reverse
control neans 35 bernganpr avxidéd rivor chetladct ivelBaradt pYatiitg t Blee r ey
drive device.and.jointly desactivating the differential mechanism WO
02/ 040900 PCT?EPOl/ 13398 42 35- A device according to claim 33,
characterized in tRat Phelediiftersrpraingrethamileimard t HaFaspreiesd aln

connectiopy negber ale ¢eBRged ediHei1sehesliva Logwekit ch nEARSHCaUSNgat he
differential nechanismto operate either with several forward 5 drive

ratios, or wi PRSHLRihidyseCtr idfdatatiyer8st Adediet akcor dPAERt FSAAT32,

charact eri zedph pr 1 dhat ek heo rREhaRE 5 HawinRgcabr digast two ratios (302)
noreover provides a reverse drive ratio, 37- A device accor di ng t e of

clains 26-36, 10 ch@racherfSEFs n aRRFIHE tWO- rdts o MecH 2¢%s a

second diffepgatd@ledTRERANY SBOASEViGIGNG rRvAAYONEr Dfe cdieaulr& JmachS&ncA
devi ce accor di ng to clai m 37, characteri zed in_ that, econd

mechani smi® t hBCSEE0RE el Bfent (3% GL8EE" comfdelFdhe B err%?it pa?ﬁleas t h&PEhi r d

el ement is a eaasiagreliemenéchildnila) and hehey enBi phifp arehed366). of the three

rotary el ements of 31- A device according to one of <claims 27-29,
characterized by comprising a reverse drive device which once
activated by a dog-clutch, selectively by-passes the two-ratio

20 mechanism between the axis of the differential mechanism and
the second, parallel axis.

32- A device according to claim 26, characterized in
that the mechanism having at least two ratios and the
diffential mechanisms are arranged along two different parallel

25 axes (X1, X2).

33- A device according to claim 32, characterized by
comprising a supplemental connection member which is coaxial
with the two-ratio mechanism and coupled with the connection
element of the differential mechanism other than that which is

30 coupled with the two-ratio mechanism, whereby input and output
of the transmission device are co-axial.

34- A device according to claim 33, characterized by a
reverse drive mechanism mounted between the two-ratio mechanism
and the supplemental connection member, reverse control means

35 being provided for selectively activating the reverse drive

device and jointly desactivating the differential mechanism.



the second differential nmechani sm (302) being connected to the other
connection elenent (4). 39- A device according to claim 38, characterized
in that waiodosmweond el ement of said second nechani smis trhg/EPRO1B8INect i on
el enent with the first nechanism (301). 40- A device according to one of
clainms 38 or 39, characterized in that sgid other rotary elenent (370) of
the second nechanism (302) is selectively connectable to the connection

el ement (330) for psovidind,acgiLect-daiard dilye 38 abhoaaithized in

selectively, a differen orward drive ratio, or to the casing elenent (2)
for providi ngtleatr eher def flefarg ipdt nechafismAadevilee sappbemiig 1t goonechion
cl ai ms 38- 40, erhagdddy t ber 1 90-dALEQuPBE AL S s Phacask
upst ream of trﬁeen%%?r; ?%trGeﬁ!tolag Cﬂn%cﬁhgﬁ}ssetfln ‘\C/\%‘}LQ% rogspelcl:t to tr?e SOSpo%er flow
di rection throutflerehsiet ansehasison tdevipesatd2eithefeWidd &ersrdl ngorvarhe of

claim 19, ehyracterized,i nikhal 10w secqnd,elampl (330) is a connection

el enent, and the third el ement i's a casing elenent (2), the renmining one
(360) of the three 3%tabydevépenescpeiy BE EdpHectéd CHAFREt DTG 1in

connection el gient, (4) o 437 :18nd8YL 66 ag€0TiNT 40 Clalims42308hangetsvézed
in that the second elenent is the input connection elenent (330). WO
02/ 040900 PCTPRPOHeE3398evarFe44ripe dedfil®e according to one of claims 38-43,

characterized in th@ﬁ—th@ Q&Rﬂ%%ti%chkgﬂﬁﬁt {33Wnef 0rgF NG 1hes Ssecone,
el enent is noreover selectively connectable to another one of the rot(?ry

el ement s (B70§hamABriaedein ddiagcEBE diiRy TG 1BNBe PR hi048-1432 Secon
characteri Zeddif'fémttifafﬂemé&[@ii@inngcmﬁg theat e ok Ot Bdns @-ements i s
sel ectively connected to a reverse drive device. 46-_A d%vi ce_accordi ng to

claima42 or 43, chaf@ct 8ri%EEdCei FCCREELIMA| B ofhei™ r 3 ar I8 AREHT 185709 s
sel ectively {Qiconnectbl feddndt hecaannac! i e edemeat «(33)t f o33@r add ding a

direct forward drive ratio and, selectively, a.different forward. drive

ratio, or to EPRNHS|ORg S¢FBRRht 3 6 tﬁr%gi BFATE T Yever€e 18R F&< Pt T o.

47- A devige agrordhagrémuionegobnel ases) 38f 46he dirazharcactrgr ezedents t hat

said differen%héoggggé% %ﬁk%grég%ia %%cﬁgnism (302) being connected to the
other connection element (4).

39- A device according to claim 38, characterized in
that said second element of said second mechanism is the

20 connection element with the first mechanism (301).

40~ A device according to one of claims 38 or 39,
characterized in that said other rotary element (370) of the
second mechanism (302) is selectively connectable to the
connection element (330) for providing a direct forward drive

25 ratio and, selectively, a different forward drive ratio, or to
the casing element (2) for providing a reverse drive ratio.

41- A device according to one of claims 38-40,
characterized in that the two-ratio mechanism is placed
upstream of the differential mechanism, with respect to the

30 power flow direction through the transmission device.

42- A device according to one of <claims 1-9,
characterized in that the second element (330) is a connection
element, and the third element is a casing element (2}, the
remaining one (360) of the three rotary elements being

35 connected to the other connection element (4).-

43- A device according to claim 42, characterized in

that the second element is the input connection element (330).



overdrive ratio. 48- A transm ssion device wherein a transm ssion

mechani sm conprises : - an input rotary connection elenent (3) and an

out put  2®0roeiamygo connecti on el enent (4); - at |east two Por@Py/edsesrent s
which are rotatable with respect to the casing elenent and are, at | east
indirectly, nmutually interneshed; - at |gast one friction coupling nmeans
capable of 25 providing a neutral condition in the transm ssion nechani sm

when di sengaged, ang,a pgmege\;lr@ensrgcsc%lrggn&el ati ogshi po bet weehs saggi4t3vm
connection el enents |n t he engaged condition; - actuati Rganeans

actuating thecharatticorizeguphi Hept ndensoNSartl el talameny Bk ’é%lffblrri%utrl?g

30 c) two ant agopistd ferekualsl iR AB30s, sé@eéé%%%ﬁyo@%nﬁéctéﬁﬂéjEd“bnother
ant agoni stic actuating neans being controlable; d) an axial novability of

at | east one ehesaf dhewsotenY erlpEshéd (dtUry el ements, and transm ssion

means 35 §or transgiitifng ggyvfed aladeelhnthr ust @iﬁesabgl | pi eroeshegl- gt ary
el emrent to a pressure nenber of the friction coupli n% means. WO 02/ 040900

PCT/ EPO1/ 13398hanacisyi zaddei ddadc doredi FRPASIBFaPRP48 T ik adtsS A3t

that the thrugt h&ANSMsSSEOOBANG BbRndfrddtteghale ciReCkiion abetiseen one
of the interneshed rotary elenments and the pressure A devi c

according to claim 48 of 4971 Eh&AECEEL T et TP ith e toﬁengonfpﬁf?%’bef%lzed

antagoni stic gganshds Myt edehor £ouEter ackhage t hestogot Ast heuséctindlyg
transm ssion of a notive power. 51- A device accor% Q to one of, clains
48-50, 100 ch&PAREEYARAED th that COMRETIMDT AHSEEPE diit gorﬁ°§t|pcr Hednadi &
mount ed for aghi-Bgti Nedriv@rgangr did ec¢hk08 asnd,he skoettitdiryyst a daiffegrent
transm ssion of the notive gower 52- %dew ce ac or di ng 1,0 Qne of ¢

48-51, wher ei AOTtREd £805t FRG Mredifs o ?l%ae“é‘gsﬁ PRY Colfdt &° ac’t"|r<?1‘(f:jlcilhnéq 15
control | abl e antagerdesstdrG vaeaisSio.

47- A device according to one of claims 38-46,

15 characterized in that said different forward drive ratio is an

overdrive ratio.

48- A transmission device wherein a transmission
mechanism comprises

- an input rotary connection element (3) and an output

20 rotary connection element (4);

- at least two rotary elements which are rotatable with
respect to the casing element and are, at least indirectly,
mutually intermeshed;

- at least one friction coupling means capable of

25 providing a neutral condition in the transmission mechanism

when disengaged, and a power transmission relationship between
said two connection elements in the engaged condition;

- actuating means for actuating the friction coupling
means, said actuating means comprising :

30 c) two antagonistic actuating means, at least one of
said two antagonistic actuating means being
controlable;

d) an axial movability of at least one of said two

intermeshed rotary elements, and transmission means

35 for transmitting an axial tooth- thrust of said
intermeshed rotary element to a pressure member of

the friction coupling means.



53- A device according to one of clainms 48-52, characterized in that the
i nput connection elenent is permanently connected to a prinme nover (101).
54- A dewoa2aemor di ng to one of clainms 48-53, 20 charactremirpet1isss t hat
the pressure nenber (113) belongs to an inverter control nenber (111)
integrally carrying another pressure nenper (112) for another friction
coupling neans (9), the inverter control nenber being novabl e between two

end positions in each af Jhiieh ackespecdive engiRf sbhe daupkbioag 2% nmpans
is in the engaged condition and the other in the disengaged condition. 55-
A devi ce accoffithgth®d Eraish S42ngRhbtHENeMe2B8 PRE thatifFadf ®RBSFFIeRi on

coupl i ng nMeangetwed cRdXbki By inGQERLIHG FBRRSY NDIEMead s NBENaTHL plrky siiPe
parallel with a one-way 30 clutch nounted operatively between two el enents
of the transhf®¥%n. mechanism 56- A device according to one of clains
49-54, characterizgg in ddhatceSacdoddideast coaemf nschbi oo CathraRgeFEABS
conprises two such friction coupling neans. 35 57- A device according to
clai m 56, chatBctBffzddS ncotHat 183ty AR TULH HFi 5288 coupf? ™y aﬁ%r are
mount ed oper abived e Jeehyeene o tof tHaisht cauriest itean eheEnins odnd ao¥\Dre

02/ 040900 PCT/ EP01/13398 45 respective one of said internmeshed rotary

el ements, thePR®ttral condition being created when said two such friction
coupling nmeans aresbet hai ndéhieedi sergagety cotudi tdren. &E8- AatimansdBssSdpn
device wherein a transmssi,on_ .5 hani sm ¢ rises . -_an input_ rotary
connecti o OelEﬁﬁﬁﬁCRﬁfﬁzﬁadlﬁnt@ﬁfg&ﬁe f8pg¥3fggﬂﬁbé?F8ﬁogf%%%%tm?%S% % at

| east two rotasyneddeneit saattingh iar eheosanablieredttion raespbet tbothhéhecast ng

el enent and are,. at | east.indirect Q.rmutually interneshed; - at |east
% géﬁﬁj

two friction SoUBIY NG HERAES ERSh § ich i 8°"¢apabl e of providing, when

in an engaged condi 62enk devi@spesiordéngoner ot ansntbsimon 4%15dt | hshepn
et veen, 25 LK PRSI EL A R N T 2, GG VARG O
15 controllable antagonistic means.

53- A device according to one of <claims 48-52,
characterized in that the input <connection element is
permanently connected to a prime mover (101).

54- A device according to one of claims 48-53,

20 characterized in that the pressure member (113) belongs to an
inverter control member (111) integrally carrying another
pressure member (112) for another friction coupling means (9),
the inverter control member being movable between two end
positions in each of which a respective one of the coupling

25 means 1is in the -engaged condition and the other in the
disengaged condition.

55- A device according to c¢laim 54, characterized in
that one of the friction coupling means 1is an auxiliary
coupling means mounted mechanically in parallel with a one-way

30 clutch mounted operatively between two elements of the
transmission. mechanism.

56- A device according to one of claims 49-54,
characterized in that said at least one friction coupling means
comprises two such friction coupling means.

35 57- A device according to claim 56, characterized 'in
that said two such friction coupling means are mounted

operatively between one of said connection elements and a



friction coupling neans, said actuating neans conprising at |east one
control | abl e antagoni stic actuating neans - wherein a neutral condition is
real i sed wo ozh@90d r ansm ssi on mechani sm when the two fri ctcerepoogsbs ng
means are 20 both in a disengaged condition. 59- A device according to
claimb57 or 58, wherein both friction co¢pling neans are nounted between
said respective one of the interneshed rotary elenents and a sane one of

said input andgutput 6RANECLOA chedBRished2boblry Aldavhes, atrondungalo
claim59, wherein said sane one connection elenent is jEh_e i nFut co?necti on
n

el ement. 61- KWTEELEE RELBFIFRGE Y oWeeTbf sthhi e 57290, Mren RUPLLRY her

t ransmi ssi on K&dds0ars PHOViidednehensdrafdychr tehdDdioncoupl i ng means are in

t he engaged condition. 30 62- A device according to claim 6]f wher.ein the
further transmissiBi rati otTASPIGPIeRt GFYVES t r e isi 6h ralt S ™ R Wi ch
power is tsr angdiHanedmt Bsmpigliseishe i ntermeshed rotary el ements, whereby
tooth thrust is maintained during direct drive. 35 ?3- A degi ce according
to claimb56 or 57, ch ati®ti Z8>T¥n PRAECHHE priedsiife (MenBaF £113"81%) of
each of said tovaryf cbahéofi @owpkenagt means bel ongs to a respective inverter
WO 02/ 040900 PCT/ EP01/ 13398, 46 control mber (111,.211) int ly.
carrying anot her pressure?StefBer rf&i?j %T%ermeéltrsegéé% i?/%g ot ea‘r?t%%?%c%gll(t)rﬁ
coupl i ng nmeansesHde®), wacthd nvesirey «lomtenal ameintxere,beiglemmrabirglilyettéen t wo

extrenme pgsitions.i.n each of i.ch a respective one of the 5 coupling neans
isin thel%engnétugteuc?lclé’n(lziflfeleronrllesaktlrtla ‘the other in a disengaged condition. 64- A
devi ce accordi ng t o- cdtailma58, twhafaicttéonz eduphing meangt eedstofondieh &aid
other friction couplin LS an ili.ary _gouplng freans Jyeupt ed
mechani cal |y Cfanp‘agogreal Iogl n%%gﬁlgi)ongg or@ié\)%ay 121| utagh Engﬁ%ed operati ye1 y 2

bet ween two etespnitsvef pdvee treaTsmissiom medhbhdrIhiresbetvasdyi sxldhcEWPdi ng

to clalmsS oL, b Ghar éf%&&e,dwipx URIEL 00 RAANLCALA Yeddogeri es
with the one-way clutch a means for common rotation wth axial
slidability which is 1Bnefdasdisitie berhear the TrRSWayf W utati@sd"®netBf t he

two friction coupling means, said actuating means comprising at

least one controllable antagonistic actuating means :

- wherein a neutral condition 1is realised in the
transmission mechanism when the two friction coupling means are

20 both in a disengaged condition.

59- A device according to claim 57 or 58, wherein both
friction coupling means are mounted between said respective one
of the intermeshed rotary elements and a same one of said input
and output connection elements.

25 60- A device according to claim 59, wherein said same
one connection element is the input connection element.

61- A device according to one of claims 57-60, wherein a
further transmission ratio is provided when Dboth friction
coupling means are in the engaged condition.

30 62— A device according to claim 61, wherein the further
transmission fatio is a direct drive transmission ratio in
which power is transmitted through the intermeshed rotary
elements, whereby tooth thrust is maintained during direct
drive.

35 63- A de?ice according to claim 56 or 57, characterized.
in that the pressure member (113, 213) of each of said two

friction coupling means belongs to a respective inverter



el ements between which the auxiliary coupling nmeans is nmounted. 66- A

devi ce according to claim65, characterized in that the neans for conmon
rot ati on Wwo22/0858p0 252, 253; 352, 353) is nounted operati PelryEPor13seEN one
of the two elenents and a 20 one-way clutch support (51; 251; 351), and in
that there is provided, nechanically in paéallel wth the one-way clutch
(8; 208; 308), an axially unslidable bearing (54; 254; 354), between the

one-way cl ut ckostuppbrierared t(helpther) afntegisdl tywcarelyergntfot2br GresAudevi ce
according to cl t hat one_of the antagonistic neans

im6 haracterized in,
bears onto th@e%ﬁﬁo?“f)%foﬂ BeFCERSALTHT o Y Tt of T 16F cqoé’ipﬁ'én%-"@?,ns
characterized (by, ceaphi dnngrtén setims Wwdnbesaind ihganvia®seomety@ehaRvEM a
second nechani sg1 gr ovi di n%i at | east ({hhvm éat i .0%1. 30 69- devi ce acgorgi ng
to claim68, ERAFELT ePPIETTH that®These®ond' ni2cRERAPERT ohpri%e’t r &08r se
drive neans. ¢BupAimewiccamsadcoidi e t enguy@doicoatiat en ABrHB& hef Withber in a

conprising in_series vgth ajcd transm ssi on nmechanisma reverse drive
e con l0on

mechani sm ha\(;ilﬁ%n?ae(%/erse rTV8 neans 35 71- A device accor di ng to claim?70
in combination w thédel & mie8 cecharcactieng zed iciatimat5st hechraseertseiged veén

mechani smis r apl - passin e s nd. nechani sm 02/ Q940900
PCT/ EPO1/ 1339§RQ§7Q€2?9%0%80\%Cé%%a?:é(l)gdléﬂbeﬁ gtcrgr‘fgl‘gg ‘éié\‘a‘%lrsrlsn%\?ﬁ%is ?Lrsi \%ﬁi ch:
- the input cemrétidmn qregdsnarecyer menehed ynegraméceedy W tprrtdid epr iwikh

mover for gi myl toﬁ'%@%\f ERLALH Mouritehin® @?QEI\?(%l candi L1.gn d.3 ael%@%l%i:%‘go?rake
condition; 5 - the output rotary connettion el enent 1S connected wih o a
| oad to be dritkentrdwssighidogeedhanébmneans. 73- A device according to claim

71, wherein the doggscl Mt gh, 4 .%%cwd%ggoa@ & 10f @eesrcgi@d! LhONS 113 zed

forward drive and parking condition; - a neutral condition allowing free
rotation of th& cpPeagisingg megbpRECElrlyvdncERdi e onltiy4then eneamdyi £divgah

dlevi ce vx/nergi N AiddLlerbl-albontBRCRaPLEB Lkt ROMPIASES idabP1it R BFASKNYs
el ement (%g’ effective between the one-way clutch and one of the two
elements between which the auxiliary coupling means is mounted.
66— A device according to claim 65, characterized in
that the means for common rotation (52, 53; 252, 253; 352, 353)
is mounted operatively between one of the two elements and a
20 one-way clutch support (51; 251; 351), and in that there 1is
provided, mechanically in parallel with the one-way clutch (8;
208; 308), an axially unslidable bearing (54; 254; 354),
between the one-way clutch support and the other of said two
elements.
25 67- A device according to claim 66, characterized in
that one of the antagonistic means bears onto the support.

68- A device according to one of <claims 48-67,
characterized by comprising, in series with said transmission
mechanism, a second mechanism providing at least two ratios.

30 69- A device according to claim 68, characterized in
that the second mechanism compriées reverse drive means.

70- A device according to one of claims 48-68, further
comprising in series with said transmission mechanism a reverse
drive mechanism, having reverse drive means

35 71- A device according to claim 70 in .combination with -
claim 68, characterized in that the reverse drive mechanism is

operable for by-passing thé second mechanism.



- an input rotary connection elenent (3) and an output rotary connection
el ement (4); - two coaxial toothed elenents (5, 6) which are rotatable
wi t h respwotozbaovdhe casi ng el enment (2) and conprise 20 . paTsrni/vdseel (5);
and a crown-wheel (6); and - a planet-carrier element (7) supporting

pl anets (72) neshing with the sun-wheel ¢5) and the crown-wheel (6); -
connecti on nmeans between the planet carrier (7) and 25 the output rotary
connection el enent ;72- geldeet t¥ eacaitplinggt oreans olet weims tdve 7¢pai athitc@ot hed
el enents, the casing el enment and the ti-.ngut connecti on_el em?crit;
characterized by sai d*82l &8P veC¥StisiNRg MEEAE 2EBnBFILiRg - Y3G O g FFT st
grouped structinte ther pseheatdweal Yoeosiphilngnthes satrertibeel (5) with the

i nput connection el engnt an \erthor;@%.ogalsi ng eal ement a%()e; an(getcioor}ld gr ouped
structure for selectiVel yE6Upri Ag o the" cr'own Pahésl? (8)° Wi Th T he T riput
connecti ors el ement anthandutpul5 roherycasinngcel @neritemenhet ebyorre quedvivileh WO
02/ 040900 PCT/ EPQO1/ 13398 .48 - | ow ratio t un-wheel is connected
to the inputacl?'%riar?{egttoi gﬁ %lflevneennt%hé:lﬁldgrf %}eogcrcgﬂwsl-ghmh%galn%i's connected to the
casing el enent; - am3+nkerdewrdcat ecratdimgnen theisunlwhwberés) the 8og-
connect ed to Lhe asing el enent. (2) oand Jhecorgnameel (6) s connect ed
to the i nput connection el enent (l); - adirect drive ratio when the
sun-wheel (5) and thea forrommdwheste (@F neaekigat lroedhhewtied to the i nput
connecti o el ement. 10 - deyl ordi - i.m har eryzed
in that [hhere is pr 0\]% dé%u%énleu(t\%rgcﬁtggﬁdiaﬂll%%lk e?rt%ﬁe Lgoﬂbr?-t\%gge?ﬁt(%@and
t he crown-whe&dbadre both connected to the casing elenent. 76- A device

according to claim 74, qf.L3s.CHA[ACtLLLZEMAn 15 in that at |east one of the

grouped structure conprises : between the correspondi ng coaxjal toothed
el emrent and 74- A transmission device wherein =~ a differential

mechanism (1) comprises
15 - a casing element (2);
- an input rotary connection element (3) and an output
rotary connection element (4);
- two coaxial toothed elements (5, 6) which are
rotatable with respect to the casing element (2) and comprise
20 . a sun wheel (5); and
a crown-wheel (6); and
- a planet-carrier element (7) supporting planets (72)
meshing with the sun-wheel (5) and the crown-wheel (6);
- connection means between the planet carrier (7) and
25 the output rotary connection element;
- selective coupling means between the coaxial toothed

elements, the casing element and the input connection element;

characterized by said selective coupling means
comprising :
30 - a first grouped structure for selectively coupling the

suﬁ—wheel (5) with the input connection element and with the
casing element (2); '
- a second grouped structure for selectively coupling
the crown wheel (6) with the input connection element and with
35 the casing element,

thereby to provide



the casing elenent, a first friction coupling nmeans (9) nechanically in
parallel wth a one-way clutch (8); - a second friction coupling nmeans (10)
nounted WO oepemaii vel y bet ween the coaxi al toothed el enerCTaPd1/13308 | nput
connection elenent. 77- A device according to claim76, characterized in
that said first and second friction coupldsng means are coordi nated by an
inverter control neans (11; 211; 311) between 25 two stable states in each
whi ch one of the caupling,mans, ofned Nengr QURSFh &I UL UEEHH Sc1@R¥aged ghd
the other is disengaged, respectively. 78- A device according to claim 77,
charact eri zedinpwt tdeanechion Nt oWt ridle fERMe —1aeal cHfMBANDE s tr &°
menber 30 (1. 211;in31d)enpicch is novabl e between two end positions, each
of which corresponds to one of the stable states, and which is acted, upon
by the actuating meangl 7optexmeepEe adrdi Wae o theaj Aty 7igelrg (3)  is
charact erigzed., fackbat t& hgnd MLRLbEr « COMAWO! (2BaRE EBe | EQaT-AhewiLt hef hes 35
correspondi ng coaxi al toothed elenent (5; 6; 350). WO 02/040900

PCT/ EPO1/ 1339%nnggtg- ty tdey it BBU R eV GCHEOR B GTESf (&1 &i ns 74- 79,
characterized in thaty oger&ft tdve v@onngebi @Resl eABNESN(HledsS (EpnNaetteleto a
two-rati os mechanism 81- A device accordi ng to claim8Q, characterized in
5 that a | oweFrIRe“Beet hd &8 wiHrat FUL | SORRSH-PEctt Ur FVe (PRYC €2PPASHE  ce
according to £&ign80 or 81, characterized in that a higher one of the two
ratios is an overdrive (75)., 83- A device accor di ng to %n%ong ofzec aiqus
80-82, chiracteri zetPby? pFeviaf ngCEP3gWar &° by ¢ HE I | GhiFRG b

conbi nati ons that fiHest geaprbowiddta omandalowendiaido;when seromingeaeel | ow

rati o and high tio- third ©int di at ' d i.0;
ratio and ioher taio tPLid ssat.. A ehped algalle and Lover.catie

t1ro;
i ntermedi ate gaddemtand hi gher ratio; - sixth gear : direct drive and
hi gher ratio. 84- A(Zﬁdevic according.to qne of .cl aj 754-83, terized
characterized in th&™ dod e"&tcl‘aoﬁcﬁ%gdnlsngbe Owé:ceiﬁl%I Z!r}le Tcartier acrertee

15 in that at least one of the grouped structure comprises

- between the corresponding coaxial toothed element and
the casing element, a first friction coupling means (9)
mechanically in parallel with a one-way clutch (8);

- a second friction <coupling means (10) mounted

20 operatively between the coaxial toothed element and the input
connection element.

77- A device according to claim 76, characterized in
that said first and second friction coupling means are
coordinated by an inverter control means (11; 211; 311) between

25 two stable states in each which one of the coupling means of
the grouped structure is engaged and the other is disengaged,
respectively.

78— A device according to claim 77, characterized in
that the inverter control means is a common pressure member

30 (11; 211; 311) which is movable between two end positions, each
of which corresponds to one of the stable states, and which 1is
acted upon by the actuating means.

79- A device according to claim 77 or 78, characterized
in that the inverter control means is integral with the

35 corresponding coaxial toothed element (5; 6; 350) .



and the output connection element conprise a dog-clutch (44, 20 28; 91) by
whi ch the planet carrier can be discoupled fromthe output connection

el enent (WO 04B309emd connected to the casing elenment (2) pcamphhe3ss
dog-clutch (255; 92) allowing to release one of the coaxial toothed

el enments (6) fromat |east part of its cquresponding grouped structure and
to connect it to the 25 output connection elenent (4; 42), for providing a

reverse drive condidion, 8BsyiActransplesiPn Wevige COIritbigs- a4-79,
t hree-speed nechani smproviding a lowratio, an internmediate ratio and an

upper ratio, ekaipciefiired iatit agaﬁn%@fbéﬁl\ﬁe&?n?ﬁ@t}% PTG tEnd @ het S

i ntermediate ratiQ i pg @ttdoe%%rm@p%chtah@sﬁquare of a second ratio-gap
between the internediate ratio and the upper ratio; a two-speed nmechani sm

mounted in series wWth Bheeviheeacspedintrethafiai aff pFS@FGF?@r%eIdoWé"r and

a higher ratig,.. 35 1With Gnd Nif dnkatio-GaRLhey ebetiveen akiwh (i73)
internmediate between said first and said second rati o- gaps V\D 02/ 040900

PCT/ EPO1/ 13398 50 %#rerkeidewior gespPsddie Yor SurdBd8By°t nEl 1 ofegwichgt - 2©

conbi nati ons p-tfdd St n96REr oreOWsr Bl QwdNdat ONETi s @hi OyerdiS@eonds gear
|l ow ratio and higher ratio; 5 - third gear : internedi ate rﬂglo agg g?wer
ratio; - fourth ge®d: PupP&Fifat idCARETDWEP rARYHE - OFi £ ¢

internedi ate gfin@ndzBEghey rakbiding Sisixh GRAFsUPREr Il Of@ndohi@rjner
ratio. 86- A device according to claim85, wherein the three- 10 speed

nmechani smtonp?PIieRER"8pi cyclic train having - a casing element; - an
input rotary connectipirsl gaent; low a:at@utapw b@éal’lyatm@nnectl on el ement; -
a sun wheel; 15 - a crown wheel ; - pl anet rﬁah connect ed to the

output rotary connectiSHh%erEfEnt ]aﬂ‘i’drgﬁb?)oar aneats meshing with the
sun wheel and with-theier @war\/\heﬁ{teraladmﬂfmrmtmo amdneldm@w ratio is
establ i shed by Conngcéggg{g:ggagup direct drive and lower ratio;
15 - fifth gear : inteérmediate ratio and higher ratio;
- sixth gear : direct drive and higher ratio.
84- A device according to one of claims 74-83,
characterized in that connection means between planet carrier
and the output connection element comprise a dog-clutch (44,
20 28; 91) by which the planet carrier can be discoupled from the
output connection element (4; 42) and connected to the casing
element (2), another dog-clutch (255; 92) allowing to release
one of the coaxial toothed elements (6) from at least part of
its corresponding grouped structure and to connect it to the
25 output connection element (4; 42), for providing a reverse
drive condition. 7
85- A transmission device comprising :
- a three-speed mechanism providing a 1low ratio, an
intermediate ratio and an upper ratio, with a first ratio-gap
30 between the low ratio and the intermediate ratio being at least
about the square of a second ratio-gap between the intermediate
ratio and the upper ratio;
- a two-speed mechanism mounted in series with the
three-speed mechanism and providing a lower and a higher ratio,

35 with a third ratio-gap therebetween which 1is intermediate

between said first and said second ratio-gaps,



20 wheel for common rotation with the input rotary connection elenent and
the crowmn wheel wth the casing elenent; - the internediate ratio is

est abl i shwo obp4@omnecti ng the crown wheel for comon rot @cir@mPowaisbs t he

i nput rotary connection elenent and the sun wheel with the casing el enent;
25 - the upper ratio is established by conpecting the crown and the sun
wheel for common rotation with the input rotary connection elenent. 30

wherein six gears are provided by the following
combinations

- first gear : low ratio and lower ratio;

- second gear : low ratio and higher ratio;
5 - third gear : intermediate ratio and lower ratio;

- fourth gear : upper ratio and lower ratio;

- fifth gear : intermediate ratio and higher ratio;

- sixth gear : upper ratio and higher ratio.

86- A device according to claim 85, wherein the three-
10 speed mechanism comprises an epicyclic train having

- a casing element;

- an input rotary connection element;

an output rotary connection element;

a sun wheel;

15

a crown wheel;

- a planet «carrier : connected to the output rotary
connection element and supporting planets meshing with the sun
wheel and with the crown wheel, and wherein

- the low ratio is -established by connecting the sun

20 wheel for common rotaticn with the input rotary connection
element and the crown wheel with the casing element;

- the intermediate ratio 1is established by connecting
the crown wheel for common rotation with the input rotary
connection element and the sun wheel with the casing element;

25 - the upper ratio is-established by connecting the crown
and the sun wheel for common rotation with the input rotary

connection element.
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